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Dear Reader! 

Our life dictates what topical issues should be discussed by the current Journal issue. Our scien-
tists are carefully analyzing the current situation in the world and trying to avoid snap findings. Time 
shows us possible ways of how to solve the complex health care problems. The key conclusion can 
be very simple: a human being must be healthy, and as a consequence, his/her immune system must 
be tuned to respond to unfavorable infection attacks in an optimal manner. Therefore we have asked 
some our researchers to voice their opinions how to strengthen the human immune system. We think 
it is useful for every of us and therefore publish their recommendations and statements on the first 
pages in this issue.

We should mention that Cardiometry is a fine diagnostics tool to assess heart life expectancy. Our 
experts, using Cardiocode in “red zones” in intensive care units, have confirmed effectiveness of non-
invasive measuring of the hemodynamics data on the cardiovascular system performance in critical 
patients with different severity degrees. The medical staff involved had a possibility not only to moni-
tor the state in each critical patient, but also to predict and control the progression of a disease. We are 
going to publish some results of this pilot study in our next issues.

We are optimistic about the future of Cardiometry and do believe that with developing telemedi-
cine it can solve a great variety of most complicated practical problems. And our aim is: disease pre-
vention and protection.

Sincerely yours,
Editorial Board
Cardiometry
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The metabolism rationale for applying of 
succinate-based compositions to maintain 
high performance in a human organism  
Eugene I. Maevsky, Anna A. Vasilieva,  
Elena V. Grishina, Mikhail L. Uchitel,  
Lyudmila A. Bogdanova, Mikhail V.Kozhurin
Our paper reflects basic principles, which are decisive for 
the design of the offered succinate-based agent to in-
crease the organism performance and the rate of recov-
ery after intensive physical loading. We have treated a 
special role of the metabolic conversions of succinate in 
energy exchange of mithochondria: high energy efficien-
cy, possibility of beneficial oxidation under oxygen depri-
vation, anaerobic formation and possible consequences 
of the above phenomenon. 

Cardio-oсulometric indicators of 
psychophysiological readiness of students 
to examinations
Vladimir A. Zernov, Elena V. Lobanova,  
Elvira V. Likhacheva, Lyubov P. Nikolaeva,  
Diana D. Dymarchuk, Denis S. Yesenin,  
Nikita V. Mizin, Aleksanrd S. Ognev,  
Mikhail Y. Rudenko, Natalia Y. Galoi,  
Anna R. Sudarikova
Cardio-oсulometric indicators to grade psychophysiolog-
ical readiness of students to examinations are described 
herein. Given is an experimental evidence that transitions 
from a low level of psychophysiological readiness of stu-
dents to examinations to a high level of such readiness 
thereto is really accompanied by significant changes in 
the organism performance, first of all, in that of the heart.

Personal profile of systemic hemodynamics 
in solving global problems of public health
Mikhail А. Yakushin, Roman V. Gorenkov,  
Olga G. Dvorina, Sergey Y. Yarotsky, Guzal Shukurlaeva
The study of systemic hemodynamics has been conducted 
in individuals who suffer from arterial hypertension. 
Regularities of formation of the personal profiles of the 
systemic hemodynamics have been determined in this 
category of patients. A fresh method of antihypertensive 
therapy is offered which is based on establishment of 
relationship between the personal profile of the systemic 
hemodynamics and the hemodynamic drug effect.

The importance of the study of central 
hemodynamics using volumetric  
compression oscillometry in clinical  
practice: resolved and unresolved issues  
Roman V. Gorenkov, Mikhail A. Yakushin, Diana E. Safina, 
Olga G. Dvorina, Sergey A. Orlov, Natalia P. Сhernus
The article discusses the promising possibilities of using 
the method of volumetric compression oscillometry in 
clinical practice, which allows to simultaneously determin-
ing 20 indicators of central hemodynamics. 

Cardiometric evidence data on human 
self-control of emotional states in 
the context of the use of metaphoric 
associative cards
Vladimir A. Zernov, Elena V. Lobanova,  
Elvira V. Likhacheva, Lyubov P. Nikolaeva,  
Diana D. Dymarchuk, Denis S. Yesenin,  
Nikita V. Mizin, Aleksandr S. Ognev, Mikhail Y. Rudenko, 
Natalia Y. Galoi, Anna R. Sudarikova
The paper presents our experimental evidence of validi-
ty of our hypothesis that definite, substantively different, 
psychophysiological states of a human individual can be 
really fixed with the use of metaphoric associative cards.

Assessment of system-related 
hemodynamics and tissue hydration in 
female patients with preeclampsia
Nikolay N. Chernov, Aleksandr A. Bezverkhii
Multifetal pregnancy is a risk factor for developing 
of preeclampsia. The given study has been designed 
to obtain main data measured in pregnant patients 
experiencing preeclampsia.

Signal morphological criteria for 
cardiotoxicity in breast cancer chemotherapy
Alla I. Shikhlyarova, Elena M. Frantsiyants,  
Lyubov Y. Vladimirova, Anna E. Storozhakova,  
Larisa N. Vashchenko, Emma E. Kechedzhieva,  
Galina V. Zhukova, Elena A. Sheyko
The toxogenic effect of anthracycline drugs on the 
cardiovascular system under conditions of oncological 
pathology determines the need to expand the diagnostic 
capabilities for detecting cardiotoxicity, including searching 
for signal morphological markers in blood serum.
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The study of hemodynamics in  
critical patients under intensive  
care unit conditions  
David М.Tamrazyan, Alla I. Shikhlyarova,  
Oleg N. Kopylov, Olga G. Pyagai
Studies of hemodynamics in critical patients under inten-
sive care unit conditions have been a very difficult task 
until now [1]. There are a number of reasons for that. No 
instruments capable of noninvasively recording data on 
hemodynamics and metabolism, as well as the cardiovas-
cular system performance, could be used.

Evaluation of general repolarization of 
cardiomyocites with biphasic pulses of 
different shapes
Nikolay N. Chernov, Aleksandr A. Bezverkhii, 
Vladimir I. Timoshenko
According to data provided by the European Resuscita-
tion Council (ERC), 76% of sudden cardiac arrests should 
be attributed to ventricular fibrillation. The main treatment 
of this disease is an immediate cardiopulmonary resusci-
tation, one of the components of which is a defibrillation 
of abnormal rhythms.

Polynomial filtering of low- and high- 
frequency noise for improving the accuracy 
of ECG signal processing: new advancements
Yeldos A. Altay, Artem S. Kremlev
The article describes a solution of the ECG signal process-
ing problem in the presence of low- and high- frequency 
noises, which reduce the accuracy of selection of the signal 
informative parameters during their processing. To increase 
the accuracy of the signal informative parameters selection, 
developed is a new method for noise filtering based on 
a polynomial approximation of high frequency filters and 
wide-band reject filters using Newton polynomials.

Review of the recommender systems 
application in cardiology
Konstantin V. Kamyshev, Viktor M. Kureichik, 
Ilya M. Borodyanskiy
The article provides a review of the recommender sys-
tems application in medical field, cardiology, in particular. 
The concept of recommender systems is defined, the brief 
history of the recommender systems development is giv-
en. The main types of recommender systems and princi-
ples of their construction are presented. The advantages 
and disadvantages of the recommender system methods 
application in cardiology are identified.

Effects produced by electrode  
characteristics on the accuracy of  
formation of electrical cardiac signal  
parameters 
Yeldos A. Altay, Artem S. Kremlev, Sergei M. Vlasov,  
Alexey A. Margun, Konstantin A. Zimenko
Our results of analyzing effects made by electrode char-
acteristics on the accuracy of the ECG signal parameters 
formation are presented herein. Analyzed is a correlation 
between the measured characteristics of the electrodes 
and a probability value that determines accuracy of the 
ECG signal parameters formation. With the help of scatter 
plots demonstrated is the strength of the correlation be-
tween the assessed variables. 

Rose Angina Score can really estimate 
myocardial perfusion scan results in both 
diabetic and non-diabetic patients?
Nasim Namiranian, Aryan Naghedi, Narges Soltani, 
Reza Nafisi Moghadam, Amir Pasha Amel Shahbaz, 
Seid Kazem Razavi-Ratki
Cardiovascular diseases are among the most important 
causes of mortality and morbidity worldwide. There are 
different risk factors explained for cardiovascular diseases 
and diabetes mellitus (DM) is notable among them. There 
are different modalities for diagnosis and risk assessment 
of cardiovascular diseases such as myocardial perfusion 
imaging (MPI) but considering high price and low acces-
sibility of this modality we decided to assess any possible 
association between MPI findings and Rose angina score 
(RAS) in both diabetic and non-diabetic patients.

Effects produced by automated 
plasmapheresis on morphofunctional data 
on cardiovascular system performance in 
ischemic heart disease patients
Yury.E. Malchevsky, Aligeidar A. Ragimov
We have performed the study of the effects made by the 
automated plasmapheresis application on ischemic heart 
disease clinical manifestations, echocardiographic indices 
and heart rate variability in patients with exertional angina 
III-IV functional class. It has been found that the applied 
plasmapheresis method is capable to reduce the severi-
ty of the disease clinical manifestations and improve the 
echocardiographic characteristics of the heart, in particu-
lar, reduce the level of end-diastolic volume, and increase 
ejection fraction. The clinical effect is already apparent at 
the early stages of the treatment and remains unchanged 
even after 6 months thereof.
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Boris Ivanovich Leonov (1935 – 2020)  
Doctor of Engineering Sciences, Professor.
1978 - Winner of the USSR Council of Ministers Prize. Winner of the S.I. Vavilov Prize.
1982 - was awarded the title "Best Instrumentation inventor" and "Best Inventor of Moscow."
1984 - Honored Scientist of Russia.
Since 1993 - President of Russian Academy of Medical and Technical Sciences.
Since 1984 - Director of the All-Union Scientific Research and Testing Institute for Medical Devices under the 
USSR Ministry of Health (VNIIIMT).
Member of the Expert Council under the President of the Russian Federation, VAK RF, RAMS.  
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We commemorate great Russian scientist and organizer Boris Ivanovich Leonov

All-Union Scientific Research and Testing Institute for Medical Devices was established in 1951 in Moscow. 
Since 1985, it was headed by General Director, Doctor of Technical Sciences, Professor Boris Leonov.

Since 1993, B.I. Leonov headed the Academy of Medical and Technical Sciences. The Academy brings to-
gether prominent scientists and experts in various fields of medical and technical sciences, education, rehabil-
itation and prevention systems, medical industry, as well as the outstanding state and public figures, inventors, 
developers and manufacturers of medical equipment.

In 1988, based on the experimental plant at the All-Russian Research Institute for Medical Engineering 
(VNIIIMT), Scientific and Production Association "Ekran" was established. 

Scientific and Production Association "Ekran" implements the scientific and technical solutions to provide 
the healthcare institutions with medical devices, system of products and medical technologies standardization, 
system developments, testing, registration and certification of medical devices; organization of manufacturing 
and use of medical devices and their metrological support, efficiency and safety of use as well as the develop-
ment of social, legal, administrative and operational tasks, training and retraining of engineering personnel for 
the national health care system.

VNIIIMT provides information and technical assistance to various clinics and hospitals of the country, ac-
tively cooperates with the Moscow Higher Technical School named after N.E. Bauman. Every year increases 
the number of young scientists who defend candidate and doctoral dissertations in the Regional Dissertation 
Council functioning in VNIIIMT.

Conducted are research and development works on combating diseases that are a particular threat to the 
health of the nation as a whole (tuberculosis, HIV / AIDS, hepatitis B and C, diabetes, cancer, avian and swine 
flu, drug addiction, alcoholism etc.).

A special place belongs to the issues of stan-
dardization, certification, metrology and testing 
of domestic and foreign medical equipment.

Successful field of SPA "Ekran" activity is the 
development of mobile medical complexes for a 
variety of health problems, as well as for prepara-
tion of drinking water from open reservoirs and 
wells.

VNIIIMT has a license to issue more than 300 
medical devices for different areas of medicine.
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The performance of the cardiovascular sys-
tem and the immunity: new philosophy in 
health care

Our organism works as an integrated unit. The per-
formance of the cardiovascular system is linked with 
all levels of immunity. Any changes in an external and/
or internal environment of an organism, including the 
presence of latent infectious and toxic processes initiat-
ed by pathogens of bacterial, viral, fungal and parasitic 
origin, affecting the organs and the systems therein, that 
may result in chronic diseases, find reflection in hemo-
dynamics. The most advanced theory of hemodynam-
ics is covered by our journal in details, and the pres-
ent issue is not an exception. But we would like to note 
some practical recommendations on maintaining the 
normal immunity in healthy subjects: the recommen-
dations have been prepared by our authors, researchers 
having extensive experience in theory and practice.

1. Adaptation reactions in a human organism
Professor A.I. Shikhlyarova presents her statement 

as follows:
Relationships between the cardiovascular system 

state and the adaptation reactions (AR), including 
the coagulation mechanisms, have been evidenced by 
many research works; that has found successful appli-
cations to many techniques in practice.

First of all, each AR has its own specific profile in re-
lation to the coagulation and anticoagulation systems.

Under stress, especially in the phase of alarm, there 
is an increase in the coagulation potential: the R reac-
tion time is shortened by half, and as a result the total 
time of coagulation T is reduced. In other words, the 
activity of the coagulation system grows.

With the reaction of training the diametrically op-
posite events occur: hypocoagulation is observed: the C 
clotting time becomes longer by more than twice and, 
despite the fact that the R reaction time remains the 
same, prolongation R + K is observed that indicates an 
increase in activity of the anticoagulation system. At the 
same time, a decrease in fibrinogen constants is found.

With development of the calm activation reaction, 
especially its primary phase, the functions of the coag-
ulation and anticoagulation systems are well balanced. 
There are differences between the calm (CA) and ele-
vated activation (EA) according to the changes in the 
blood coagulation. In case of EA, a moderate hypoco-

agulation develops. The R reaction time becomes lon-
ger; the anticoagulation system (R + K) is activated, 
but moderately, not as pronounced as under the reac-
tion of training.

Besides, when investigating the brain activity (EEG), 
also some rheological parameters characterizing the 
magnitude of systolic supply, the microcirculatory bed 
vascular tone, the diastolic index, the vascular elasticity 
have been studied that characterizes the state of the elas-
tic properties of large-size arteries and other parameters 
at various adaptation reactions. There are some descrip-
tions of these changes outlined by my monograph “Ad-
aptation reactions and activation therapy”, 2002, page 49.

In Journal Cardiometry, Issue 15, you can find my 
paper treating some aspects of practical applications 
of AR. It offers practical recommendations on the AR 
type correction using conventional biostimulants.

It follows that the nonspecific basis for the cardio-
vascular system state, as one of the essential integral 
component of the organism life maintenance, is an ar-
chetype of that adaptation reaction, which performs 
differentiated implementation of the homeostasis reg-
ulation mechanisms under variable functional loads.

2. Increase in nonspecific resistance and  
immune protection of the organism

Professor E.I. Maevsky writes the following:
Succinate-based food additives: Miodon (developed 

by ITEB RAS, Research Center “Mioran” Ltd.) and its 
analogues Signalom Active and Signalom Pro Sport, 
produced in Canada, in addition to their capability to 
intensify the performance, accelerate the recovery rate 
of the human organism from fatigue and asthenic con-
ditions, demonstrate their pronounced immunotropic 
effect, increase the nonspecific resistance and the im-
mune protection in a human organism.

The mechanism of the action of these agents in-
cludes four main factors:
1. The primary component of this sort of food addi-
tives is succinate at doses of 10-4-10-5 М which acti-
vates cell receptor SUCNR1, responsible for the mobi-
lization of  the proper functions in various tissues, and 
especially, the hypothalamus, the heart, the kidney, the 
liver and the main elements of innate immunity: den-
dritic cells, macrophages, T and B lymphocytes. 
2. The same signal doses of succinate stabilize intra-
cellular factor HIF1α, which induces formation of the 
HIF dimer initiating transcription of genes respon-
sible for the formation of the adaptation to hypoxia, 

EDITORIAL
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and, in particular, activated is the synthesis of glyco-
lytic enzymes, erythropoietin and angiogenesis-relat-
ed factors.

3. Small quantities of succinate activate catalyti-
cally the Krebs cycle and the associated processes of 
energy exchange and plastic metabolism. As a result, 
power supply of cells is improved, and mitochondria 
produce regulatory factors of the gene expression as-
sociated with the synthesis of interferon α and β. 

4. The high sensitivity of the hypothalamus to ex-
ogenous succinate improves the control of the neu-
ro-immune-endocrine system. This primarily is appli-
cable to the activation of innate immunity, mobilizing 
anti-inflammatory potential of the organism and the 
formation of a new balance between the activity of the 
sympathetic autonomic nervous system and that of 
the parasympathetic one.

The preventive effect of these food additives has 
been revealed in our experiment in flu-type-virus 
infected pregnant mice and their descendants. There 
has been another trial completed: the succinate-based 
food additives course during a flu epidemic has re-
duced morbidity in patients under the ambulatory 
conditions and has decreased the probability of devel-
opment of acute viral respiratory diseases in top ath-
letes in their peak performance form, when the im-
mune protection is lowered. 

The above effects are determined by the fact that 
the components of the said food additives partially re-
produce natural interactions between metabolism and 
the regulatory systems. The supply of the food addi-
tives in the fractional "spike" mode promotes trigger-
ing the mobilization adaptation reaction mechanisms 
acquired in evolution, without exhausting reserves of 
the organism and supporting regenerative processes.

3. Strengthening of nonspecific immunity
Professor G.A. Garbuzov has outlined his ideas as 

given below:
Official medicine fights viruses mostly by enhanc-

ing the specific immunity, e.g., by vaccination. It is a 
good decision. But in the future a vaccine is effective 
only under the condition that the virus does not mutate. 

What should we do? Remember that the fight 
against any viral disease is also possible by strength-
ening the nonspecific immunity. This is another good 
decision: the way of preventive medicine.

Of course, you should avoid contacting any patho-
logical agent: as often as possible wash your hands, 

use an antiseptic, exclude touching your face, espe-
cially the eyes, the nose and the mouth. Avoid visiting 
crowded places.

But all the measures cannot fully protect from in-
fections. Only the immunity, which may be specific 
and nonspecific, can cope with it. Therefore, we have 
designed and prepared some phyto-compositions to 
enhance the nonspecific immunity.

CURCUMIN
It is the best remedy to counter pulmo-
nary fibrosis that is the most critical 
complication of coronavirus. Curcum-
in significantly improves the structure 
of fibrous tissues affected not only by 
viral and infectious processes, but also 

by radiation, chemotherapy or toxic exposure. 
The anti-inflammatory action of curcumin is its 

most important feature. Curcumin fights inflamma-
tion at the molecular level. Curcumin blocks NF-kB 
protein, which penetrates into the nucleus in a cell 
associated with inflammatory processes at the ge-
netic level. It is precisely the NF-kB molecule that 
triggers inflammatory mechanisms in most chronic 
diseases.

In case of a coronavirus, it is advisable to sup-
press, extinguish excessive inflammation. Curcumin 
is especially reasonable to take at the beginning of the 
appearance of extremely high temperatures, such as 
37.5 – 38 degrees, but perhaps it is more reasonable 
to use it preventively, from the very beginning of the 
virus infection. In the latter case, Curcumin should be 
taken immediately after the disease, for a long-term 
period of time till fibrosis disappears.

GINKGOTROPIL
Tablets of nootropic compositions, con-
taining Ginkgo. The brain through its 
neurotransmitter dopamine directs im-
mune cells to the site of an infection at 
its early stages. It is the neurotrophic 
immune effect of the brain. 

GINKGOTROPIL also contains the following:
Filipendula has an anti-inflammatory effect similar to 
aspirin, which moderates an overinflated inflammatory 
reaction produced by the organism.   

Succinic acid makes mitochondria and weakened 
cells perform adequately, improving their oxygen ener-
getics, thereby making them more viable and active.
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NUT BUTTER “CAESAR” and “FLAXSEED”
Butters based on processed flax seed 
are the best source of omega-3 fatty 
acid, which is a powerful anti-inflam-
matory agent for the prevention and 
elimination of fibrosis. It is much bet-
ter to deliver omega-3 fatty acids into 

the organism in the form of such food additives. 
The omega-3 fatty acids retard the production of mol-
ecules associated with pathological inflammation type, 
namely cytokines and eicosanoids, and are responsible 
for the production of inflammatory prostaglandins.

Methods for elimination of a  
secondary infection

In case of a secondary infection we consider it is 
better not to use antibiotics, which are more suitable 
for the obligate type of pathogenic bacteria and acute 
phases of the disease, since they make numerous side 
effects, therefore we think it is better to use harmless 
natural remedies. Here below are the best of them.

SILVER WATER
It is a multi-purpose antiviral and 
antibacterial remedy. Its main fea-
ture is that it has a nonspecific ac-
tion, i.e. it is not aimed at elimina-
tion of any particular pathogen, but 
at a wide range thereof. Viruses can-
not adapt to the remedy, whereas 

they periodically adapt to other drugs, as is well known 
on the example of the flu, when every year there are new 
strains thereof. Being accumulated on a membrane of a 
sick cell, silver ions first deprive it of its ability to divide, 
and then penetrate into the membrane, blocking the cy-
toplasmic membrane and disabling the enzyme func-
tions of the bacteria. After these actions the pathogen 
dies. It is known that silver water, produced with elec-
trolysis method, kills viruses in most effective way. You 
can take 1-2 tablespoons of silver water every day and 
rinse your throat, nose and even make inhalation.

MYRTABIOTIC
It is produced on the basis of the myr-
tle, which has a unique strong thera-
peutic effect. The curative effects of the 
myrtle are attributed to the availability 
of essential oils, as well as polyphenols, 

flavonoids and saponins found in the myrtle leaves.

This is the basis for a new generation of power-
ful harmless natural broad-spectrum antibiotics used 
against the opportunistic and pathogenic type of bac-
teria, which can be out of control by our organism in 
case of weakening of the organism’s natural protection. 
The natural antibiotics are used effectively against the 
staphylococcus, streptococcus bacteria and Pseudo-
monas aeruginosa. But an antiviral effect thereof is also 
known. It surpasses antibiotics which are focused on a 
secondary infection and, at the same time, it is harm-
less. It strengthens the immune system in its struggle 
against viruses.

STOPRAZIT 9
It is a complex multi-purpose antipara-
sitic drug against all types of parasites, 
which may suppress the functioning 
of our organism and weaken its pro-
tection potential. Numerous species 
of parasites, which may colonize our 

organism, may be the cause of many chronic diseases 
and weak immunity. Once a year each person is rec-
ommended to complete a comprehensive program of 
removing them. It can greatly strengthen the organ-
ism’s defense.

JUGLONE-premium Extract of Black Walnut
It prevents the spread and multiplica-
tion of a pathogenic microorganism, 
which weakens the organism's resourc-
es. Juglone is usually taken as a second 
course after STOPRAZIT 9. It is re-
quired because Stoprazit 9 struggles 

well against adult forms of parasites, but their eggs and 
cysts remain unaffected, so that they 1-3 months later 
can wake up and infect the organism again. And there-
fore needed is the second course with Juglone as it is the 
best soft remedy to kill adult forms of parasites.

Reasons for combining methods both of  
specific and nonspecific medicine

It is known that 80% of the patients infected with 
COVID-19 show little to no symptoms or demonstrate 
subclinical symptom patterns. This should be treated 
as evidence for successful activation of the nonspecific 
immune system response in this sort of infected indi-
viduals. Consequently, it would be of advantage if as 
many people as possible would experience this mild 
form of the virus disease: that might result in a sharp 
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decline in the rate of those who follow an acute severe 
or even life-threatening scenario. The methods of the 
nonspecific medicine can be referred to the basic med-
icine that is responsible for fundamentals required to 
strengthen our health. That makes possible to moder-
ate specific diseases and considerably reduce mortality 
caused by the most dangerous obligate pathogens. 

With aging, under influence of a great variety 
of factors, we observe a loss of blood vessel elastici-
ty. Blood is still properly saturated with oxygen, but 
the cells in an aging human organism are not capa-
ble to use the available oxygen amount in full. With 
decreasing motion activity, there some conditions of 
hypodynamics-associated hypoxia which are respon-
sible for lowering in energy production and metabo-
lism in cells. The energy exchange level becomes low, 
and the specialized functions in cells weaken. These 
processes are determined in full by the state and the 
performance activity of the cells. In particular, mem-
brane-sensor abnormalities and disorders appear 
which are expressed in lowering of the cell sensitivity 
to glucose, cholesterol and the use of collagen. With 
age, observed is loss of skin elasticity, and appeared 
are negative visible changes in the skin. This leads to 
developing conditions of improper removal of waste 
products in the cells. But these processes can be effec-
tively retarded: the only way is physical exercise!

www.garbuzov.org

4. Breathing control
Professor Valentina E. Demidova makes her state-

ment as indicated below
The human organism being a macro-biological sys-

tem is originally programmed to resist the attacking 
by microorganisms including viruses. But a misun-
derstanding by our contemporaries of their own stable 
biological systems results in an imbalance between the 
biological control system and protection in the human 
organism. As a result, we observe not a single case, but 
multiple virus attacks in a human subject. 

Therefore, awareness-raising of everybody with re-
spect to ways and manners of the natural restoration of 
the natural biological capability of the macro-organism 
to withstand attacks by viruses of any modification is of 
enormous value.

Let us separate TWO PRACTICES from a large 
toolbox designed to raise both the specific (immunity) 
and nonspecific protection of our organism, capable in 
one case to prevent infecting and in another one avoid 

developing severe complications including atypical 
pneumonia.

The first PRACTICE is self-acupressure, one of the 
methods of reflexology, which can be used by every in-
dividual at home. Hereby we are offering an application 
of a self-acupressure technique involving consecutive 
treatment of 9 acupuncture zones (AZ) that has been 
developed by Prof. M.D. Alla A. Umanskaya.

The above technique can be successfully used even 
by not trained individuals. Everybody can control 9 AZ 
on the surface of his/her own body on a regular basis, 
for example, as a simple measure accompanying regu-
lar morning or evening personal hygiene routine.

In the context of this statement we should address 
AZ No.1. The first AZ is the most sensitive point lo-
cated on the sternum. This point can be found starting 
with short rotating finger movements along the ster-
num, beginning with the manubrium of the sternum 
and reaching the xiphisternum. Upon the identifica-
tion of a region with a higher sensitivity, you should 
massage the region for 30-40 seconds clockwise and 
counterclockwise, changing the direction upon every 
9 rotations. 

The second PRACTICE has been developed on the 
basis of the 24-hour Breathing Culture System Design 
discovered by Konstatin P.Buteyko, who has detected 
the immensity of the role of endogenous carbon diox-
ide (CO2) in the human organism.

The essence of the second practice is to control your 
nasal breathing: you should BE A NOSE BREATH-
ER for 24 hours a day. The requirement is to control 
your breathing: only nose breathing is acceptable, while 
mouth breathing should be avoided. Similar to any 
habit, it can be trained within one to three weeks: it 
depends on your own motivation and regular exercis-
ing. The motivation is very simple: nose breathing is a 
very reliable protection since the human nose is orig-
inally provided with all protective means to kill virus-
es. To train, you can use signal stickers to motivate you 
at home, in your office room or in your car. Use your 
own memes like this: Mouth breathing is toxic! Or: DI-
ETARY BREATHING is my informed choice! It should 
be noted that on day 2 and day 3 you may “taste this 
breathing style”: a slight inhaling deficit. But you will be 
protected! Therefore, be patient, and upon several days, 
nose breathing style will be properly maintained by you: 
it will be even enjoyable. For this purpose, it would be 
advisable to avoid numerous conversations, especial-
ly emotionally laden debates and discussions, because 
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in the circumstances there is always mouth breathing 
available due to the emotional state of a participant that 
involves breaking of the natural organism protection.

1985 the Ministry of Healthcare of the USSR pub-
lished Healthcare Methodology Recommendations ap-
proved by A.M.Moskvichev, Chief of Head Department 
for Diseases Treatment and Prevention. They have 
been used as Manual to train population to apply the 
above mentioned simple self-acupressure techniques.

5. How to train breathing
Doctor Mark Litvak and Sergey Zaguskin recommend: 
Visiting site https://www.topmed.info/ru/programma- 
medbreathe you can find details of a simple, but very 
effective method how to master the proper breathing 
technique. 

 
6. How to increase health margin in a human 
organism

Physician V.A.Lukyanchenko has prepared his re-
commendations as follows:

We can offer the following relevant recommenda-
tions to increase your health margin:
1. Activation therapy by L.Kh.Garkavi should be con-
ducted on a regular basis: it may promote your organ-

Figure 1. Acupuncture points (regions) to massage

Figure 2. Breathing training device

ism achieving the desired levels of those activation 
reactions, which are capable of maintaining the high 
level of protection from any infection.
2. Regularly, preferably two times a day, do breathing 
exercises. The breathing exercise procedure “Breathing 
stairs” is advisable. This exercise technique should be 
conducted as given below: your should try to provide 
the same duration of each inhaling and exhaling, and 
the duration in each subsequent cycle should be incre-
mented by 0,5 seconds, respectively (you can simply 
count it). It looks like this: one – inhale=one exhale; 
one-two – inhale= one-two exhale etc. reaching your 
own possible maximum count. Upon reaching the 
maximum result, you should do it in the reverse order, 
i.e. gradually decreasing the inhaling and exhaling du-
ration. Upon every training course, you will note that 
your upper limit is increased: it will be an indication of 
strengthening of your personal health margin. 
3. It is advisable to perform simple push and pull exer-
cises like jumping, striking, object throwing etc.
4. Improvement of buffer-type systems in the organ-
ism are recommended, too. For example, for a short 
time, say 10 days or so, do every day the following: 1/3 
tea spoon bicarbonate of soda should be slaked with 
30 ml boiling water, mixed till quenching is complet-
ed. Add 200 ml water to the quenched mixture and 
drink it 40-60 minutes before your meal.
5. Strengthening of the glutation-peroxidase system: 
soft-boiled eggs, broccoli one hour before to go to bed.

The above measures to be taken on a regular basis 
are capable of increasing the health margin in a hu-
man organism and providing an adequate response by 
the immune system to a virus infection. All the above 
recommendations have been tested and experimental-
ly verified: they have demonstrated their effectiveness.
7. Genome expression induced by some 
specific low-intensity electromagnetic field 
frequencies as an effective way to improve 
the immunity response

Developers of Device EZh-2 (“Energy of Life”) 
www.эж2.рф designed for noninvasive physiotherapy 
present their opinion as follows: 

In our everyday life everybody is exposed to a great 
variety of natural electromagnetic fields and waves in-
cluding those generated by different biological objects. 
Some of the EMF types can be used to maintain the 
normal biophysical processes in living organisms. Pro-
vided that the mass values of living cells, proteins etc. 
in a human organism are known, with treating them 

Inhale

Ribs

diaphragm

Exhale
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by exposure to some specific resonance frequencies, 
it is possible to restore their normal functioning. The 
developers of the above mentioned device have care-
fully studied and analyzed the resonance spectrum of 
human ECG frequencies, and involving the data on 
the Earth’s natural frequency background, they have 
designed and manufactured a device to restore the res-
onance frequencies of a membrane in a living cell. In 
their experimental studies, the designers of the EZh-
2 device have discovered that a contactless exposure 
of soft tissues in a human organism to some specific 
broadband carrier signal frequencies, correlated with 
the relevant types of adaptation reactions in a human 
organism according to the concept by A.I.Shikhlyaro-
va, can relieve pains of different origin. Upon comple-
tion of the deeper experimental studies, it has been 
detected that after the above exposure the immunity 
effectiveness is 3 to 5 times higher as compared to the 
initial state. An assessment of effectiveness has been 
carried out on the basis of values of ratio thymus mass/
andrenal gland mass. Table 1 herein below shows that 
the value of this ratio, treated as a marker of the im-
mune system performance, upon completion of the 
EZh-2 therapy has reached an average value of 3. This 
is much higher than it is the case with any medication 
therapy. And there is one more advantage of the EZh-2 
therapy: no adverse effects are available.

The effective applications of the EZh-2 device 
during several years have demonstrated its high gen-
eral efficacy: you can find more details upon visiting 
site www.эж2.рф . It should be noted that the device is 
user-friendly: it is designed for intuitive users at home.

The processes, which are initiated by an influence 
made by some specific low-intensity electromagnetic 
fields, are associated with genome expression. In par-

Table 1.
Mass parameters of some organs in endocrine and immune system in male rats upon exposure to EZh-2 device therapy in the 
early post-immobilization period

Group Rat No.
Body mass (g) Mass of 

thymus (mg)
Mass of adrenal 

glands (mg)

Thymus mass/
Adrenal glands 

mass ratio

Mass of spleen 
(mg)Initial Final

Test 
exposure 

group

1 230 220 140 60 2,3 1500
4 230 220 145 50 2,9 1200
5 230 250 305 55 5,5 1500
7 250 245 125 60 2,1 1300
8 200 205 155 60 2,6 1400

Reference 
groupe

2 240 palp.
6 215 palp.
3 225 195 85 80 1,1 2300
9 215 180 60 70 0,86 800

230 190 85 70 1,2 1800

ticular, upon the above specific MF exposure, hypoxia 
inducible factor HIF1α is initiated. As noted by E.I.Ma-
yevsky, in this case, as a result from transcription of 
genetic information from hypoxia response element 
HRE, a considerable spike-type acceleration of syn-
thesis of a number of adaptive proteins takes place. As 
a consequence, glucose supply to the cells is increas-
ing, and glycolysis as main ATP source under oxygen 
deprivation is activated, erythropoiesis and angiogene-
sis are induced in hypoxia affected tissue regions. This 
promotes the stable activation of anaerobic and aero-
bic energy-crediting processes, provides more com-
plete oxidation of all energy-producing substrates and 
removal of incompletely oxidized metabolites. So, we 
may conclude that the HRE mobilization makes pos-
sible to achieve the desired long-term favorable effects. 

In this connection, we should mention that the No-
bel Prize in Physiology or Medicine 2019 was awarded 
jointly to Kaelin Jr, Sir Peter J. Ratcliffe and Gregg L. 
Semenza “for their discoveries of how cells sense and 
adapt to oxygen availability.” They identified molec-
ular machinery that regulates the activity of genes in 
response to varying levels of oxygen.

In our opinion, applications of the low-intensity 
EMF resonance frequencies hold much promise. But 
there is a challenging task to identify individual res-
onance frequencies of viruses that is required to take 
proper measures in supporting our natural immunity 
and disabling any virus activity.

Conclusions
To finalize the statements and opinions presented 

herein by our experts, who have a vast practical ex-
perience, we would like to note capabilities and pos-
sibilities of cardiometric diagnostics. The cardiome-
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try-based method of the cardiac cycle phase analysis 
is capable of identifying an imbalance between the 
systemic and pulmonary circulation in the most ac-
curate way. The cardiometric technology is easy in 
use, accessible and delivers a lot of valuable data. The 
technology can be used now and here. You can find 

more details pertaining to cardiometry in our book 
free available under www.cardiocode.ru .

Prof. V.A.Zernov
Prof. M.Y.Rudenko
Editorial CARDIOMETRY 
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Abstract 
Design of an effective succinate-based agent for the use in 
sports has required a profound analysis of the main action 
mechanisms of the agent in question. Our paper reflects ba-
sic principles, which are decisive for the design of the offered 
succinate-based agent to increase the organism performance 
and the rate of recovery after intensive physical loading. We 
have treated a special role of the metabolic conversions of suc-
cinate in energy exchange of mithochondria: high energy effi-
ciency, possibility of beneficial oxidation under oxygen depri-
vation, anaerobic formation and possible consequences of the 
above phenomenon. The listed key factors have determined 
the applications of succinate in practice in order to maintain the 
energy exchange as well as design a number of anti-hypoxia 
means. It is assumed that the treated peculiarities of the succi-
nate metabolism can provide the basis for formation of a signal, 
regulatory role of this molecule in the organism environment.
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Introduction
For thousands of years there have been created leg-

ends and tales of healing properties assigned to amber 
powder and amber oil [1]. One of the first document-
ed cases of pharmaceutical uses of succinic acid is 
Hagers Handbuch published in German and Russian 
since 1856 till 1999 [2, 3]. Known is the St.Peterburg’s 
version “Handbook of Pharmaceutical and Medical & 
Chemical Practice” dated back to the XIX century. It 
is interesting that at that time to normalize the human 
condition, recommended have been succinate-based 
composition “Mixtura tonico-nervina Stahl”.

Participation of succinic acid (SA) in the metabolic 
processes has been discovered much later: in 1910 by 
Battelli and Stern [4]. In the 1930th Gozsy B. and Sz-
ent-Gyorgyi A. as well as H.A. Krebs in his autonomous 
research in parallel have identified and established the 
SA participation role in oxidation & reduction con-
version processes in the energy exchange [5, 6] in the 
tricarboxylic acid (TCA) cycle, which is also known as 
the Krebs cycle. This discovery has promoted studies 
and design of pharmaceutical succinate-based compo-
sitions (SBC) targeted at the maintenance of the cell 
energetics under loading conditions. At present, there 
are succinate-based agents available, which are used 
in treatment of brain ischemia [7] and blood loss [8]; 
there are also parapharmaceutical Biologically Active 
Additives (BAA) on the succinate basis known, which 
prevent development of meteopathy [9], are beneficial 
in mitigating menopausal syndrome [10], elevating 
the human performance [11, 12] and the resistance to 
alcohol intoxication [13, 14]; the family of these sub-
stances includes some veterinary drugs, too [15], etc. 
Described has been a great variety of exemplary cas-
es of applications of different SBC types in medicine 
and veterinary [16, 17, 18]. The range of the above 
SBC products includes well-known Reamberin, Li-
montar, Mexidol, Yantavit, Mithomin, Enerlit-Klima, 
Amberen, Potensa, Antip, RU-21, Mithocalcedar etc. 
The other family of the products designed for eleva-
tion of the performance offers Enerlit, YantarIn-Sport, 
Miodon, Signalom active and Signalom pro Sport. Ini-
tially, the idea of the SBC developers has been to use 
them as a succinate source to maintain the cell ener-
getics. Therefore, we consider first of all the participa-
tion role of succinate in metabolic conversions, which 
are directly linked with intense physical loads.

REVIEW Submitted: 20.02.2020; Accepted: 15.03.2020; Published online: 21.05.2020
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Succinic acid as an intermediate in the  
energy exchange

Within the Krebs cycle, succinic acid (SA or succi-
nate) is produced as a result from the oxidative decar-
boxylation of α-ketoglutarate and the progress of the 
succinate tyokinase reaction. The next step is when 
SA (succinate) is oxidized to fumarate by succinate 
dehydrogenase (SDH), which is not only a ferment in 
the TCA cycle, but also complex II in the respiratory 
chain of the mithochondria. The papers by Chance B. 
[19], Kondrashova M.N. [20, 21, 22] and some other 
researchers have demonstrated that there is a uniquely 
high power output produced by mithochondria due to 
succinate oxidation. The process of the succinate oxi-
dation outperforms all intermediates found in the en-
ergy exchange for the oxygen consumption rates and 
the ATP synthesis, value of the transmembrane elec-
trochemical potential of hydrogen ions ΔμН+, gener-
ated on the inner membrane of mithochondria, as well 
as for the capability to maintain energy-dependent 
processes like reverse electron transfer (RET) or accu-
mulation of the Са2+ ions. The succinate oxidation re-
sults in a release per time unit of much greater energy 
equivalents than it is the case with the oxidation of any 
other substrate in the TCA cycle or any fat acids in the 
β-oxidation reactions. 

M.N.Kondrashova and her Scientific School have 
presented their own concept of a special role of the 
succinate oxidation in mithochondria in energy sup-
ply required for the functioning cycle “rest – per-
formance – recovery” [20, 21, 22]. This concept has 
played a leading role in the proper understanding of 
the fact that a high energy power due to the succinate 
oxidation is a prerequisite for a success in the use of 
SBC under high energy consumption conditions, or 
energy deficit and acidosis, under adaptation to heavy 
loads and post-loading recovery [23].

Anti-hypoxia effect produced by  
succinate-based compositions

The most vivid example to illustrate the succinic 
oxidation and formation features can be found under 
hypoxia. Acute hypoxia ranging up to anoxia is at-
tributed to most functional loading cases and should 
be considered to be at the root of many adaptive and 
pathological states. It should be remembered that even 
under normoxia there can be detected some hypox-
ia-affected areas, which may appear due to hetero-
geneity in oxygen supply of different areas in tissues, 

cells and mithochondria [24, 25]. Tissue heterogene-
ity in the рО2 distribution can be explained by dif-
ferent lengths of the diffusion path used to transport 
oxygen to the cells located at different distances from 
the respective blood vessels. And in addition, it is well 
known that at rest not all of the capillaries are involved 
in the operation. Therefore, the farthest cells, which 
are located at the greatest distances from the arterioles 
and the artery part of the capillary net, are affected by 
hypoxia. The same is applicable to the mithochondria 
located at the greatest distances from the cell surface. 
Under a considerable surge in the tissue functional 
activity, there is mismanagement or discord between 
a relatively slow and/or deficient mobilization of the 
blood circulation system plus oxygen transport, on the 
one hand, and a very fast transition of the cells and tis-
sues from their rest to their activity, on the other hand. 
The most pronounced disagreements in the energy 
demands can be established between the cells being 
at rest and those being active in the excitable tissues, 
which are found in our heart, skeletal muscles and of 
course our nervous system. Energy expenditures re-
quired by the excitable tissues may rapidly grow by a 
factor of ten and over. As a consequence, the amount 
of the tissue рО2 decreases, the number of hypox-
ia-affected areas rises and some temporarily available 
zones of anoxia appear. In our further considerations, 
we dwell on differences in conversions of SA in the 
TCA cycle under the hypoxia and anoxia or anaerobi-
osis conditions. 

Due to high affinity of citochrome oxidase for oxy-
gen, the transport of the reductive equivalents and the 
oxidative phosphorylation in the respiratory chain is 
maintained even under deep hypoxia. Lowering ox-
ygen concentrations up to 04,-0,7 µM does not stop 
functioning of complexes II, III and IV [26, 27]. But 
it has been revealed that the redox state of respira-
tory carriers and cytochrome oxidase in tissues are 
more sensitive to a decrease in рО2 [27, 28] as it is 
the case in vitro. In particular, for the first 5 seconds 
under heavy hypoxia (with an oxygen concentration at 
a level of 20 µM), in isolated tissue sections, pyridine 
nucleotides are much greater reduced than the other 
transporters in the respiratory chain [28]. The same 
differences have been reported for a perfused organ 
during the transition from normoxia to anoxia [29]: 
in the hypoxic transition state, practically full reduc-
tion of pyridine nucleotides has been observed with a 
sufficiently high degree of the oxidization of flavopro-
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teides. As a rule, under the hypoxic conditions, the ox-
idation of the NAD-dependent substrates is disrupt-
ed, the NADН/NAD ratio significantly grows, and 
some preconditions for the prioritized oxidation of 
succinate are generated [30]. It has been detected that 
complex I is highly sensitive to actions of a great va-
riety of damaging factors and inhibitors, represented 
by different lipophylic compounds [31, 32]. Besides, it 
has been established that complex I can lose its pros-
thetic flavine mononucleotide group [33,34]. Due to 
an effect of increased concentrations of the nitrogen 
monoxide and other nitrolyzing compounds, formed 
in the cell under oxygen deficiency conditions, com-
plex I leaves its active state A for its inhibited state D 
[35]. Barbiturates, acetaldehyde and rotenone repro-
duce this situation and make it possible to simulate it 
in vitro with the total inhibition of complex I and con-
sumption of oxygen in the oxidation of NAD-depen-
dent substrates, for example, β-oxybutirate (see Figure 
1 herein). It has turned out that of great importance 
are the presence of electronophylic metabolites like 
oxaloacetate and the progress of the fumarate reduc-
tase reaction that promotes the succinate formation by 
the reductive conversion in the Krebs cycle. Owing to 
functioning of complexes II, III and IV [26, 27, 36], 
succinate produced due to a high level of NADH is im-
mediately oxidized (see Figure 1A herein). Malonate 
as the SDH inhibitor stops both the succinate oxida-
tion and the fumarate reductase reaction. According 
to recorded data on the malonate-sensitive oxygen 
consumption in the presence of rotenone and by gen-
eration of transmembrane potential ΔΨ (see Figure1 В 
herein), we can estimate dynamically the contribu-
tion of the NAD-dependent substrates, for instance 
of α-ketoglutarate or some mixtures of substrates like 
α-ketoglutarate with aspartate, or malate with pyru-
vate etc., to the succinate formation.

The prioritized oxidation of succinate under hy-
poxia (against the background of a high degree of the 
NADH reduction) is provided by the availability of the 
oxidized flavoproteides and coenzyme Q and a flow 
of the reductive equivalents at the terminal portion of 
the respiratory chain. It is interesting that even under 
normoxia (really under hyperoxia in the incubation 
cuvette) in state 4 according to B. Chance and G.R. 
Williams [36], due to an increase in the degree of the 
NADH reduction, observed is the prevailed oxidation 
of succinate that is recorded by loss of radioactivity of 
a radioactive tracer in vitro in the intact rabbit’s heart 

Figure 1. Addition of rotenone into suspension of respirating 
mithochondria suppresses oxygen consumption (А) in the ox-
idation of β-oxybutirate (β-ОВ). By adding α-ketoglutarate (α-
KG) we can easily restore the respiration of mithochondria in 
the liver (RLM under uncoupling of the oxidative phosphor-
ylation by 2-4-dinitrophenol (DNP). Generation of the trans-
membrane potential takes place despite the fact that there is 
rotenone block (B) in the presence of α-ketoglutarate (α-KG) 
with aspartate (ASP), malate with pyruvate or α-ketoglutarate 
with ammonia. The proper full-scale transmembrane potential 
is generated under the oxidation of the added succinate. The 
incubating medium has been composed as follows: 250 mМ 
sucrose, 10 mM tris-HCl (pH 7,4), 10 mМ KCl, 3 mМ MgCl2, and 
3 mМ KH2PO4. Concentration of mithochondria is 3 mg per 
ml; t  26°С. All substrates have been added with a final concen-
tration of 5 mM. DNP – 30 µmol, rotenone -10 µmol. Oxygen 
consumption data have been recorded with polarography. The 
transmembrane potential has been measured with the use of 
the selective electrode according to changes in concentrations 
of the lipophyl cation of tetraphynilphosphonium (TPP+).
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mithochondria [37]. In state 4, a high value of the 
ATP/ADP ratio for the mechanism of the respiratory 
control retards the flow of the reductive equivalents 
that results in an increase of the NADH/NAD+ratio. 
During the oxidation of the traced pyruvate in mi-
thochondria, a non-proportional drop of the tracer 
concentration in succinate (contrary to the theoretical 
stoichiometry of TCA) in state 4 is detected. Converse-
ly, in state 3, when values of both ratios NADH/NAD+ 
and ATP/ADP sharply decrease, a non-proportional 
accumulation of the tracer in succinate appears, while 
it lowers in the intensively oxidizing NAD-dependent 
substrates [37].

The priority of succinate to be oxidized in vivo 
under the hypoxia conditions can be evidenced by al-
most doubled drop of the succinate concentration in 
the liver in rats placed in an altitude chamber, when 
simulating the true altitude conditions of 8000 m 
[23]. It has been demonstrated by N.A.Glotov that 
upon staying “at the above elevation” for 2 hours, a 
significant reduction in the succinate concentra-
tions in blood, the liver, the heart and the kidney in 
the rats has been reported, while a doubled concen-
tration of the NAD-dependent substrates has been 
detected [38]. An indirect argument in favor of the 
prioritized oxidation of succinate under an arbitrary, 
short-time, for 40 seconds, breath holding, is an ab-
normal decrease in the value of the respiratory coef-
ficient R=ΔСО2/ΔО2 up to 0,45÷0,55 in the first por-
tion of the exhaled air [39]. Under eupnea, the R value 
in volunteer test subjects has been reported to reach 
0,95÷0,97. We think the observed decrease in the R 
value reflects the oxidation of those substrates, which 
have not been subjected to decarboxylation (in the ab-
sence of anywhere pronounced respiratory acidosis). 
In this connection, first and foremost succinate can 
be classed with the above type of the substrates. The 
oxidation of lipids is accompanied by a decrease in the 
R value to 0,7. It should be noted that with developing 
respiratory acidosis the R value can exceed 1,0 due to 
an increase of рСО2.

Some researchers believe that it is precisely the pos-
sibility to retain the oxidation of succinate that favors 
the maintenance of the oxidative phosphoryliation 
under hypoxia [8, 23, 28, 30, 36, 37,]. So, we can sum-
marize it as indicated in Figure 3 herein: inhibition of 
the oxidation of the NAD-dependent substrates at the 
level of complex I and the prioritized oxidation of suc-
cinate under hypoxia.

The presented materials suggest that under the hy-
poxia conditions, the functional disruption of the link 
between the NAD-dependent dehydrogenases in the 
TCA cycle and the respiratory chain and the selective 
prioritizing of the succinate oxidation change essen-
tially the progress of the redox reactions in the TCA 
cycle. So, under the oxygen deprivation succinate 
maintains energy production in mithochondria.

Anaerobic formation of succinate in  
mithochondria

Under the anaerobic conditions, in the suspension 
of isolated mithochondria, similar to an organ with an 
interrupted blood supply, just upon expiration of sev-
eral seconds, a ten- to fifty-fold accumulation of succi-
nate can be easily found [40-47]. Hochachka P.W. and 
G.N. Somero have described a spike of endogenous 
succinate concentration at the level of the organism as 
a whole in deep-sea animals and divers [48]. Usually 
the TCA cycle reductive conversion of oxaloacetate is 
assumed to be a source of succinate. 

Figure 2. Against the background of the hypoxic inhibition of 
the oxidation of the NAD-dependent substrates [26, 27, 35], 
the oxidation of succinate is further maintained. SDH delivers 
a pair of electrons into the respiratory chain irrespective of the 
degree of the NADH reduction and functioning of complex I. It 
has been shown that the energy released during the transfer 
of the pair of electrons (2e) through the respiratory chain to 
oxygen is converted into transmembrane elechtrochemical po-
tential ΔμН+. With the use of complex V – АТР-synthase, ΔμН+ 
provides for phosphorylation of ADP to ATP. Despite a decrease 
in the АТР/О value, a high rate of the succinate oxidation under 
the maintenance of functioning of complexes II, III, IV and V 
makes possible to keep a sufficiently high energy efficiency of 
the oxidative phosphorylation. It has been also shown a single 
electron leakage promoting generation of oxygen superoxide 
ó2 as a progenitor of other reactive oxygen species (ROS).
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Figure 3. The H1-NMR spectra under mithochondria incubation 
(16 mg of protein per ml) in the rat liver with different sub-
strates under the closed respiratory chain at the level of com-
plex III with antimycin A (0,35 μg/mg mithochondrial protein). 
Cuvette volume is 0.5 ml, t 26°С. Incubating medium compo-
sition: 100 mМ KCl, 3 mМ KH2PO4, 3mМ MgCl2, 0,5mМ EGTA, 
0,4 mМ АDP, 2 0 mМ tris-НСl buffer (рН 7,4) and 2,5% D2О. 
Substrates(А – 5 mМ malate, В – 5 mМ aspartate and 5 mМ 
α-ketoglutarate, С – 5 mМ α-ketoglutarate and 2,5 mМ NH4Cl. 
Each curve is a result of 90 accumulations for 90 seconds. There 
are curves upon 3 and 9 minutes of mithochondria incubation. 
(Operated by M.S.Okon with NMR-Spectrometer [50]). 

We have measured with the use of Н1 Nuclear 
Magnetic Resonance (NMR) spectroscopy in accor-
dance with the NMR technique by O.I.Pissarenko [40] 
theoretically possible pathways of accumulation of 
succinate under the stopped respiratory chain in the 
mithochondria in the heart, the renal cortex and the 
brain in rats and guinea pigs [23]. As it is evident from 
data given in Figure 3 herein, we can identify in the ex-
amined mithochondria at least three metabolic path-
ways of the anaerobic formation of succinate (AFS).

The most known AFS pathway is the reductive 
conversion in the TCA cycle from oxaloacetate (OAA) 
or malate (see Figure 4 A). The most powerful AFS 
pathway is represented by coupled fluxes, when the re-
ductive conversion in the TCA cycle supports the ox-
idative part of the TCA cycle (see Figure 4 B herein). 
And, finally, the anaerobic dismutation of α-ketoglu-
tarate according to Krebs-Kohen [49] in the presence 
of excess of ammonia (of the order of 1-1,5 mM) takes 
place (see Figure 4 C). In this case, under intense load-
ing, deamination of adenyle nucleotides due to energy 
deficit is the prime contributor.

We have demonstrated in the schemes given in Fig-
ure 5 the anaerobic pathways of succinate formation 
in that step sequence (А, В, С), which is implemented 
in mithochondria without regard to from what tissue 
they have been separated. Initially, against the back-
ground of the preserved oxidative phosphorylation, 
process A has taken place. A driving force for this is 
a high degree of the reduction of NADH and the ox-
idative phosphorylation due to an increased level in 
ADP and non-organic phosphate. The next step is ox-
idation: process B is started due to the appearance of 
NAD+. As endogenous ammonia is de-energized and 
accumulated, process C is initiated: it’s the anaerobic 
dismutation of α-ketoglutarate. By the example of mi-
thochondria in the heart as indicated in Table 1 here-
in, a typical contribution of these pathways as a per-
centage of the AFS value in consecutive time intervals 
under the anaerobic incubation of mithochondria.

Table 1
Changes in ratios between the pathways of anaerobic 
formation of succinate in mithochondria in the rat’s heart as 
percentages of [succinate] growth in consecutive time intervals

Pathway of anaerobic  
formation of succinate

Duration of anaerobiosis
3 min. 4,5 min. 6 min. 7,5 min.

А. Reductive conversion in TCA 100% 39% – –
В. Coupled oxidation of 
α-ketoglutarate – 51% – –

С. Anaerobic dismutation of 
α-ketoglutarate – 11% 100% 100%
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Figure 4. Scheme of anaerobic formation of succinate in mitho-
chondria in different organs. The reductive conversion in the 
TCA cycle due to excess of NADH from oxaloacetate (OAA) to 
succinate (Figure 4 A) takes place under participation of ma-
late dehydrogenase (1), fumarase (2) and SDH undertaking the 
role of fumarate reductase (3). In the fumarate reductase reac-
tion oxidized are the reduced flavoproteid and Coenzyme-Q. 
This is responsible for the fact that the reductive equivalents 
are transferred from complex I to the oxidized Coenzyme-Q, 
and the oxidative phosphorylation of ATP (4) [51- 55] occurs. 
The OAA source may be aspartate (ASP) in the aspartate ami-
notransferase reaction (5), phosphoenolpyruvate (PEP) in the 
phosphoenolpyruvate carboxinase reaction (6) and pyruvate 
(PYR) in the pyruvate carboxilase reaction (7). Reaction (6) in 
rats is presented to 95% in the cytosol, while that in pigeons, 
guinea pigs, rabbits and human individuals appears practical-
ly equally in the mithochondria and cytosol. Under the stress 
conditions, activity of the cytosol phosphoenolpyruvate car-
boxinase significantly rises: hormonal induction of synthesis de 
novo takes place. Figure 4 B (coupling of two AFS flows): the 
reductive conversion in the TCA cycle from OAA to succinate 
(1) favors the oxidation of NADH to NAD+, which is reduced 
in the usual progress of the oxidative reactions in the TCA cy-
cle, among them in the progress of the oxidation of isocitrate 
and α-ketoglutarate to succinate (2). In this case, the oxidative 
phosphorylation occurs in the same manner as it is the case 
with situation A in the course of the reductive conversion in 
the TCA cycle. At the same time, the substrate phosphorylation 
of GTP at the level of succinyl-CoA, formed as a result from 
the oxidative decarboxylation of α-ketoglutarate, takes place. 
Under the anaerobic dismutation of α-ketoglutarate (see Figu-
re 4 C) [49], in the glutamate dehydrogenase reaction (1) NA-
D(P)Н is oxidized due to the reductive amination of one mol-
ecule of α-ketoglutarate to glutamate. The oxidized NADP+ is 
reduced by transhydrogenase at the expense of NADH (2). For 
this purpose, required is generation of ΔμН+ of the order of 100 
mV that is twice less than required for the ATP phosphoryla-
tion. The NAD+ oxidized by transhydrogenase and reductive 
amination favors the oxidative decarboxylation of another, the 
second, molecule of α-ketoglutarate (3) to succinyl-CoA, which 
provides for the substrate phosphorylation (4) of GTP. Nucleo-
side diphosphate kinase (5) discharges a small pool of GTP by 
transfer of phosphate to ADP: ATP is formed. It is conceivable 
that it is just ATP that is used to maintain ΔμН+ required for the 
transhydrogenase reaction (2).
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So, under the anaerobic conditions in the TCA 
cycle, succinate is formed and accumulated similar 
to the case when lactate is stored in the anaerobic 
glycolysis. 

It is of importance that, as opposed to anoxia, un-
der hypoxia, when we deal with heterogeneity in the 
рО2 distribution, both AFS and the succinate oxida-
tion may take place at the same time, in parallel, in 
different areas. Where the anaerobic conditions are 
available, SDH operates as fumarate reductase, with 
reducing fumarate to succinate. In those areas, where 
higher рО2 values are found, the terminal portion of 
the respiratory chain is in operation, and SDH func-
tions as succinate: coenzyme-Q-oxidoreductase. In 
doing so, a fumarate-succinate shuttle is provided. 
First the fumarate-succinate shuttle has been detected 
between the lungs and peripheral tissues under hy-
poxic exposure in animals [54]. We suppose this sort 
of shuttles takes place between the mithochondria in 
cells and between the cells within the same tissue type 
due to heterogeneity in the рО2 level in different ar-
eas and in the degree of the reduction of the respira-
tion-related carriers. 



Issue 16. May 2020 | Cardiometry | 21

Consequences of anaerobic formation of 
succinate (AFS)

Originally AFS in mithochondria have been con-
sidered as an exclusively adaptive process, which fa-
vors formation of energy-rich compounds and main-
tenance of the functional condition of poly-ferment 
systems in mithochondria in the absence of oxygen. 
It has been suggested that an additional bonus in this 
case is a fast way to tackle an energy deficit under the 
re-oxygenation due to the oxidation of the accumu-
lated succinate. Of course, the energy-yielding role of 
AFS in mithochondria is small and cannot meet even 
the basic requirements of mithochodria in the TCA 
cycle with the stopped respiratory chain (see Figure 
5 A herein). The energy output from AFS may only 
cover the requirement to avoid a sudden drop in the 
АТР/АDP ratio for 3-6 minutes under the blockade 
of adenylate translocase by carboxy-atractyloside and 
ATPase in mithochondria by oligomycine (see Figure 
5 B herein) [50].

It is probable that AFS in cells under the anaerobic 
conditions is a minor energy source, which is available 
in addition to glycolysis [23]. So, under the cold car-
dioplegia conditions, with suppression of the energy 
consumers in the intentionally arrested heart, when 
the blood supply is interrupted, the beneficial contri-
bution of AFS to the intactness of the myocardium is 
most pronounced [44-46].

Reperfusion damage and oxidation of the 
accumulated succinate

A large body of research papers shows that a 
post-ischemic oxidation spike of succinate accumu-
lated in the heart is combined with an explosive ac-
celeration in formation of reactive oxygen species 
(ROS), which are responsible for development of 
post-ischemic reperfusion damages [56-62]. An inten-
sive formation of ROS at the moment of reperfusion 
is determined by a rapid рО2 growth. It is favorable 
to free-radicals’-single-electron leakages with the re-
duced carriers – the formation of ROS, which increas-
es in proportion to the рО2 value in a wide range of 
the oxygen concentrations, even in the transition from 
normoxia to hyperoxia. It has been demonstrated that 
the process of generation of ROS in mithochondria 
can be provided in full only in the case, when the ΔμН+ 
value exceeds 150 mV [58-60]. However, it has turned 

Figure 5. Changes in the energy condition of mithochondria in 
the rat’s liver under AFS. Legend: A: The [АТP] and [Рi] dynam-
ics in the presence of α-ketoglutarate and aspartate with the 
traced change in the AFS pathways. ATP and phosphate con-
centrations are estimated according to the respective 31P-NMR 
spectra. B: The [ATP] dynamics in the mithochondria suspension 
under incubation in the presence of different substrate sources 
of AFS and two inhibitors at the same time: 10-5М carboxy-at-
ractyloside (inhibitor of adenylate translocase) and 10-5М oli-
gomycine (inhibitor of Н+АТPase). The incubation conditions 
are the same as shown in Figure 3 above herein..
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out that the рО2 level and the ΔμН+ value or the elec-
trical ΔΨ thereof and the ΔрН component are not the 
leading factors in the ROS generation. The key role 
plays a high degree of the reduction of the respiration 
carriers in complexes I and III, which are maintained 
in the presence of oxygen due to a high ATP/ADP ra-
tio in state 4 according to Chance B.- Williams G.R.

Hence it follows that in case of the oxidation of suc-
cinate, which is accumulated in excess after ischemia, 
the situation with generation of ROS is not so simple 
as it is reported in many papers including those men-
tioned by us [57,58]. There is a lot of research works, 
which demonstrate a direct relationship between the 
excess generation of ROS and the oxidation of the suc-
cinate excess and active operation of ADH (succinate 
dehydrogenase, succinate: ubichinon oxidoreductase) 
with the reduction during the reverse transfer of elec-
trons (RTE) of complex I as well as a rapid growth of 
the degree of the reduction of components in com-
plexes II and III. However there is little likelihood 
thereof [62], for at least one reason: at the moment of 
reperfusion, plenty of ATP consumers reproduce ac-
tive state 3, i.e. an excess of ADP and even uncoupling 
of the oxidative phosphorylation. In the circumstanc-
es, neither maintenance of a high ratio NAD(P)H/NA-
D(P)+ or keeping of a great value of ΔμН+ is possible, 
since de-energization and destroy of intactness of the 
membranes in mithochondria take place.

In the above mentioned experiments on AFS we 
have estimated the phosphoryl potential (the ATP/
ADP ratio and the pool of adenyl nucleotides) and the 
maintenance of respiration control (in our experiment 
it has been shown as dependence of the AFS rate on 
the ATP/ADP value in isolated mithochondria). It 
has been evidenced that even in vitro under relative-
ly comfortable conditions (the closed system), name-
ly free of calcium overloading, without external ATP 
consumers, in the presence of excessive substrates, at 
a temperature decreased to 26°С, de-energization of 
mithochondria and uncoupling of the oxidative phos-
phorylation inevitably take place that is growing for 9 
minutes of the incubation with the stopped respiratory 
chain [23]. This situation has been treated in detail in 
experimental works and reviews [60, 61, 62, 63]. In the 
cells, a heat-associated ischemia, reperfusions against 
the background of not isolated energy consumers, 
post-ischemic calcium overloading and opening of the 
mitochondrial permeability transition pore (PTP) hin-
der maintaining ΔμН+, a high NADH/NAD+ ratio and 

RTE. In addition, there is a pool of papers, which have 
demonstrated that there is protection of mithochon-
dria from peroxidation of lipids (POL) of the mem-
branes at the expense of the succinate oxidation [64]. 
Conversely, inhibition of SDH provokes enhancing of 
the pro-oxidant activity of mithochondria [65] and in-
creases formation of superoxide radicals followed by 
developing apoptosis [66]. In vitro exogenous succi-
nate hinders inactivation of SDH in case of initiation 
of lipid peroxidation by entry of Fe2+ [67, 68, 69] and 
inhibits the lipid peroxidation induced by the Fe2+-ad-
enylate complex or potentiated by ageing of mitho-
chondria [70]. It should be noticed that the oxidation 
of succinate is more resistant to damaging actions by 
pro-oxidants than the oxidation of the NAD-depen-
dent substrates, in particular of α-ketoglutarate (KG) 
and pyruvate [54]. It follows that in order to identify 
in vivo specific conditions, under which oxidation of 
the succinate excess may produce pro- or anti-oxidant 
effects, required are further special investigations.

Our materials presented herein treat some metab-
olism-related grounds for the application of succinate 
and succinate-based compositions in order to main-
tain the energy exchange, especially under hypoxia, as 
well as an anti-oxidant means. However our analysis 
of the role and effects produced by succinate cannot 
cover all the aspects. The offered metabolic interpre-
tation is based on studies on actions and effects made 
by sufficiently high concentrations of succinate in vi-
tro and high dosages of succinate in vivo, which are 
comparable to those millimolar concentrations, which 
are capable of producing a direct effect through their 
participation in the metabolic processes. There are not 
so many physiology grounds for the interpretation of 
the above matters, at least due to the fact that succinate 
delivered via the the stomach and the gastro-intesti-
nal system is intensively used by the epithelium  of the 
stomach and the bowel, the microbiome, the liver etc. 
As a result, only very small quantities of exogenous 
succinate can reach mithochondria in other tissues 
in the organism. Studies conducted for last decades 
have considerably extended the conceptual scopes of 
possible succinate application effects on the human 
organism. In this connection, we should mention 
that discovered and widely studied is the role of ex-
omithochondrial succinate as stabilizer of the cytosol 
transcriptional adaptational hypoxia-inducing factor 
HIF1α [71]. It has been established that extracellu-
lar succinate is a specific ligand of the cell succinate 
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receptor SUCNR1 [72], which is called by some re-
searchers a stress-receptor. The special role played by 
succinate in metabolism of mithochondria has been 
justified and preserved by evolution at the regulatory 
level in the systems of higher hierarchical levels. This 
scientific field requires further particular treatment 
and a thorough analysis.
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Abstract  
Cardio-oсulometric indicators to grade psychophysiological 
readiness of students to examinations are described herein. 
Given is an experimental evidence that transitions from a low 
level of psychophysiological readiness of students to examina-
tions to a high level of such readiness thereto is really accompa-
nied by significant changes in the organism performance, first 
of all, in that of the heart. It is shown that a reliable marker of 
such changes is the heart rate variability assessment using the 
Baevsky stress index (SI), as well as the oculometric peculiarities 
of response to the visual stimuli, which students associate with 
their upcoming examinations.
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Introduction
Academic examinations are one of the repetitive 

stress stages in life of a modern individual. As a rule, 
when preparing to examinations, the highest attention 
is focused on the cognitive component of an individ-
ual's readiness, which relates to either a demonstra-
tion of a specific knowledge or skills of applying the 
knowledge in practice. But at the same time, a psycho-
physiological state of an individual, which is the most 
important component of his/her readiness to the ex-
aminations of any type, often falls beyond the scope of 
the focused training and is out of sight for researchers 
of such trainings. In this respect, even the unified state 
examination (USE), which is an object for stormy pub-
lic and political debates, is not an exception. It seems 
to be at least strange against the background of tens 
of thousands of investigations in the field of pedagogy 
and sociology, which try to prove the effectiveness of 
the above form of knowledge assessment, consider-
ing its importance for education system and students’ 
training. Besides, in the early years of the USE intro-
duction, sometimes appeared some works of psychol-
ogists with their recommendations on how students 
should improve the effectiveness of their preparation 
for examinations, but now such recommendations 
have been replaced by polemical notes of supporters 
of either negative or positive attitude towards these 
examinations. 

It is also surprising that the issues of influence of 
the personological characteristics of the student as a 
subject in the educational activity on his/her effective-
ness of coping with stress of such kind remain still in-
sufficiently studied.   But without studying the above 
issues, all programs of psychophysiological training 
to examinations become impersonal. In this case, the 
programs tend to formulate a set of some general-pur-
pose guidelines, which are based, at best, on just a 
common sense and life experience. Their justification 
and possible adjustment still require a more in-depth 
study of relation of psychophysiological readiness and 
personal characteristics of the students with their suc-
cess in overcoming examinations.

To a large extent, the reason for this lack of attention 
to the psychophysiological component of the students’ 
readiness to examinations is the absence of reliable 
means to measure this decisive component. However, 
taking into account our studies described earlier [1-
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12], we may assume that PC-assisted cardiographs of 
the Cardiocode type and modern portable eyetrackers 
can serve as the above mentioned measuring instru-
mentation. Our hypothesis takes into consideration 
the fact that, as shown in [1-4, 6, 8, 12], Cardiocode 
makes it possible to identify the nature of the respon-
dents’ affective response to certain stimuli using heart 
rate variability and Baevsky stress index (SI). Eyetrack-
ers can also be successfully employed in evaluating the 
personal characteristics of respondents [13]. In addi-
tion, we demonstrate in [2, 11, 12] that the level and 
the nature of the respondent’s stress reactions to visual 
stimuli can also be estimated based on oculographic 
data using the autonomic coefficient by Shiposh (AC) 
and the total deviation from the autogenic norm (TD) 
calculated on the basis of the Lüscher color test [15].

Materials and methods
To test the above hypothesis in the first part of our 

study, a complete set of subtest visual stimuli prepared 
as on paper sheets of the A-4 format, contained images 
as listed below, has been given to respondents: 

toothy jaws of an attacking vampire bat;
a pretty image of a giant panda; 
a huge spider devouring a wasp;
a rattlesnake preparing to attack;
a funny kitten playing around;
150-point typed word EXAMINATION;
190-point typed word SESSION;
a standard form of answers, which is used during 

the USE procedure.
During an alternate demonstration of each stimu-

lus to respondent for 15 seconds an ECG has been re-
corded with the CARDIOCODE device, which allows 
an automatic calculation of Baevsky stress index (SI) 
values. 

In the second part of the experiment, the above 
visual stimuli have been presented individually to 
each respondent on the screen of the GP-3 portable 
eyetracker. The complete set of the stimuli included 
the following images in this case:

110-point typed words GOOD MOOD surround-
ed by eight color squares from the Lüscher test;

150-point typed words EXAMINATIONS sur-
rounded by eight color squares from the Lüscher test;

190-point typed word SESSION surrounded by 
eight color squares from the Lüscher test;

located in the same places, eight color squares from 
the Lüscher test without any other images or wording;

Figure 1. Examples of the used in the parallel recording cardio- 
oculometric indicators upon presentation of visual stimuli

a standard form of answers, which is used during 
the USE procedure.

samples of math examination tasks; 
three runners at different distances from the fin-

ishing tape with the placed in the upper part of the 
stimulus wording WHERE ARE YOU?

located in the center of the stimulus, 110-point 
typed wording I AM A MAN with 90-point typed ad-
jectives SUCCESSFUL, UNSUCCESSFUL, STRONG, 
WEAK in the corners;

red line with wording NOT TO CROSS THE LINE 
placed above the line.

located in the center of the stimulus, 110-point 
typed wording YOU NEED WORK with 90-point 
typed words WITHOUT MISTAKES, RAPIDLY, EF-
FICIENTLY, THOROUGHLY in the corners;

Examples of the mentioned stimuli are presented 
in Figure 1 herein.

When showing the above stimuli on the eyetracker 
screen (eyetracker) of the GP-3 type, the cardiograms 
of the examinees have been recorded using the Car-
diocode computer-aided hemodynamic analyzer. Af-
terwards, using the algorithms embedded in the an-
alyzers software, the Baevsky stress index (SI) values 
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have been calculated for each examinee. Illustrations 
of this stage are shown in Figure 2 further herein.

The following psychological tests have been used 
as questionnaires in the study: 

- Self-efficacy score by R. Schwarzer and M. Jerusa-
lem (translated and adapted by V.G. Romek);

- the Keirsey Temperament Sorter (KTS);
- identification of subjective conditioning or read-

iness to stress tests;
- the TIPI-RU questionnaire 
- self-estimate of susceptibility to stressful factors 

(M. Friedman, R.Rosenman);
- an analysis of life style (the Boston Stress Test);
In total, the study has covered 258 participants. 
The statistical analysis of the obtained data has 

been performed using statistical package STADIA 8.0.

Results and discussion
The average SI values for various visual stimuli are 

presented in Table 1.
The first column of the present and all the follow-

ing tables shows the numbers to indicate the visual 
stimuli as follows: 
1 - toothy jaws of an attacking vampire bat;
2 - a pretty image of a giant panda; 
3 - a huge spider devouring a wasp;
4 - a rattlesnake preparing to attack;
5 - a funny kitten playing around;
6 - 150-point typed word EXAMINATION;
7 - 190-point typed word SESSION;
8 - a standard form of answers, which is used during 
the USE procedure.

The static significance of differences in mean val-
ues was confirmed using the χ criterion (chi-square) 
that, as noted above, was evaluated using statistical 
package STADIA 8.0. 

The obtained distributions differ from the 
Gauss-Laplace distribution. Therefore, in order to 
identify correlation relationships, we applied the Spear-
man and Kendall coefficients. Since the nature of the 
identified relationships for each of these coefficients 
and the factor structure revealed for each of them are 
similar, in the further analysis the data for the Spear-
man coefficient only are given because of its greater 
generality. 

Table 2 shows the parameters of the factor struc-
ture after using the orthogonal rotation method (Vari-
max Rotation), with which we sought to minimize the 
number of variables with high loads on each factor. 

Table 1
The main statistical parameters of the SI for various ego-states 
of respondents

 Number 
of stimuli

Arithmetic  
mean

Standard 
deviation Median

1 207,9 257 175,5
2 519,9 371,4 404
3 386,2 284,8 374,5
4 308,4 358,3 323,5
5 417,7 347,1 400
6 239,5 242,2 189
7 212,4 138 184
8 279,1 266,8 196

Table 2
Factor structure of the correlation  relationships after the 
varimax rotation

Number of visual stimuli Number of factor
1 2 3

1 0,7647 -0,2473
2 0,8438
3 -0,526
4 0,519 -0,4196
5 0,2821
6 0,9305
7 0,7644
8 -0,5418

Table 3
Factor structure of the correlation relationships after the 
equimax rotation

Ego-states Number of factor
1 2 3

1 -0,8557
2 0,9165
3 0,4447 -0,7031
4 0,6404 -0,5715
5 0,5107
6 0,8876
7 0,8342 -0,4406
8 0,3703 -0,7449

In addition to the orthogonal rotation method 
(Varimax Rotation), we have also employed the meth-
ods as listed below:

- the quartimax rotation, with which we tried to 
minimize the number of factors, which are required 
for a meaningful interpretation of each of the variables 
involved;

- the equimax rotation (Equimax Rotation), which 
was used to simultaneously minimize the number of 
variables with large factor loads and the number of 
factors to interprete them;

- the oblique rotation (Оblique Rotation), with 
which we sought to minimize the number of factors 
without ensuring their full independence (orthogo-
nality). 
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Figure 2. Demonstration of the parallel recording mode of respondent's cardiooculometric indicators of response to the USE form 
presentation.

It has been found that the factor structure of the 
correlation relationships upon the oblique rotation 
(Оblique Rotation) exactly corresponds to the struc-
ture obtained after the varimax rotation (Varimax Ro-
tation). When optimizing the factor structure of the 
revealed correlation relationships, we analyzed vari-
ants, which included from 3 (covered up to 80% of the 
dispersion and associated with larger losses of infor-
mation) to 7 factors (covered over 90% of the disper-
sion and characterized by the presence of a significant 

Table 4. 
Test scores 1 2 3

The USE results 0,367
Stress tolerance (Boston test) 0,418 0,523
Susceptibility to stress of type A (Friedman-Rosenman methodology) 0,462
Subjective conditioning/readiness to USE 0,704
Extraversion (TIPI-RU questionnaire) 0,277 0,693
Friendliness(TIPI-RU questionnaire) 0,654
Fairness(TIPI-RU questionnaire) 0,388 0,539
Emotional stability(TIPI-RU questionnaire) 0,402 0,528
Openness to experience (intelligence) (TIPI-RU questionnaire) 0,477 0,398
Self-efficacy 0,307 0,706
E score  Extravertion (Keirsey questionnaire) 0,354 0,803
I score Introvertion  (Keirsey questionnaire) 0,364 0,743 -0,396
S score Sensation(Keirsey questionnaire) 0,694 0,414
N score Intuition (Keirsey questionnaire) 0,734
T score Thinking (Keirsey questionnaire) 0,727
F score Feeling (Keirsey questionnaire) 0,756 0,328
J score Judging (Keirsey questionnaire) 0,623 0,307
P score Perceiving (Keirsey questionnaire) 0,686 0,401

Table 5
variables 1 2 3 4

SI 1 0,462 -0,883
SI 2 0,338 -0,618
SI 3 0,782
SI 4 0,894 -0,285
USE mark 0,887
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number of less informative relationships). With Kaiser 
normalization, optimal has been found the optimiza-
tion of the factor structure in the revealed correlation 
relationships, which included 3 factors and covered 
over 81% of the dispersion. The data for the above op-
timization variant is given in Tables 2 and 3 herein.

As we can see from the data presented, the SI val-
ues obtained in response to the positive visual stimuli 
serve as a part of the number of a sort of some factors, 
and the SI values upon presentation of the negative vi-
sual stimuli such as word EXAMINATION, SESSION 
or a USE form are part of other factors. Moreover, this 
regularity and the above factor structure, as a whole, 
are preserved for all the rotation variants used. This, 
as well as the fact of statistically significant differences 
in average SI values, also demonstrates a substantial 
commonality of the positive stimuli, which signifi-
cantly differs from that of the substantial nature iden-
tified for the SI values for the negative stimuli.

Statistically significant Spearman correlations are 
detected between the USE  indicators and the values 
in accordance with such scores as stress tolerance 
(0.367), susceptibility to stress (-0.343), ability to 
come to an agreement (0.498) and fairness (0.519) ac-
cording to the Big Five Personality Test (the TIPI-RU 
questionnaire), score I (0.356), S (0.347), T (0.478), P 
(0.342) from the Keirsey Temperament Sorter. The re-
sults of the factor analysis of the complete correlation 
matrix with the following varimax rotation are shown 
in Table 1herein.

As shown in Table 4, high results from the USE ex-
amination make a statistically significant contribution 
to the factor formed by high indicators of stress toler-
ance in respondents, their fairness and emotional sta-
bility. They are statistically significantly higher in the 
respondents having signs of temperaments of the ISTJ 
and ISTP type. As known, the success of these types of 
representatives in various activities is based on their 
intensive exercise training, participation in multiple 
repeatable tests of their ability to solve certain kinds 
of problems.

In addition to the mentioned psycho-diagnostic 
questionnaires for 48 examinees, who had favorable 
experience in successful completion of the USE, their 
response to stimuli used in the course of examinations 
in mathematics has been assessed. Sample assign-
ments and forms to record the responses served as 
visual stimuli. Portable eyetracker (eyetracker) GP-3 
has been employed to record the eye movement re-

sponses to the visual stimuli, the various capabilities 
of which in oculometric diagnostics and its benefi-
cial application in combination with the Cardiocode 
PC-assisted hemodynamic analyzer are described in 
[5-7, 11, 12]. The time of each stimulus exposure and 
recording of the related cardiological data is 10 sec-
onds. When working with each examinee, we have 
identified the stress index (SI) value in the organism’s 
regulatory systems, as conditioned by each separate 
stimulus, and the heart rate (HR). When working with 
the stimuli, the time of the examinee’s sight fixation 
at certain fragments of the visual stimulus has been 
recorded with the eyetreker, and its percentage (%) 
referred to the total stimulus exposure time has been 
computed.

Arithmetic average values of the SI parameters 
obtained by alternate demonstration of the Lüscher 
eight-color table, the assignments for mathematics 
from the USE demo version, the USE form and phrase 
"good mood” on the eyetracker screen were reported 
to be 513, 822, 611 and 537 units, respectively. Statisti-
cal significance of the differences between these values 
was confirmed by calculating a chi-square parameter, 
the values of which in all cases were not below 1894. 
The correlation relationships for the listed parameters 
were calculated according to Spearman, the factor 
structure of which is presented in Table 2 herein.

Table 5 shows the SI values as the variables of ob-
tained by alternate demonstration of the Lüscher 
eight-color table (SI 1) on the eyetracker screen, for 
the assignment for mathematics from the USE demo 
version (SI 2), the USE form (SI 3) and phrase "good 
mood” (SI 4) and the final USE mark of the respon-
dents. The indicated factor structure of the correlation 
relationships demonstrates that the nature of the re-
sponse to stimuli associated with past examinations 
in the respondents does not depend on the degree of 
their success. It also follows from the table that the 
similar pattern of the response is observed when pre-
senting the eight-color Lüscher table and phrase "good 
mood” on the eyetracker screen. Responding to the 
presentation of the assignments in mathematics from 
the USE demo version and an USE standard form is an 
independent factor. 

During the post-test interviews more than a third 
of respondents have noted that a strong destabiliz-
ing factor is teachers and parents’ statement that they 
doubt about the students’ ability to successfully pass 
the upcoming USE examination.  Very often such kind 
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of doubts has been expressed by those respondents for 
whom it was typical to combine their intention to pre-
pare their exam work free of errors and the desire to 
do any work as quickly as possible. Moreover, accord-
ing to the respondents’ statements, in many schools 
not enough attention is paid to preparing students for 
the procedure of passing such examinations. This fact 
is the most alarming thing for those types of the re-
spondents, which are characterized by a combination 
of low self-esteem, lack of self-confidence and high 
self-control.

Conclusions
The obtained results have confirmed the validity 

of our assumption that PC-assisted cardiograph Car-
diocode and modern portable GP-3 type eyetracker 
(eyetracker) allow assessing the psycho-physiological 
component of the students' conditioning/readiness for 
examination. During the confirmation of this hypoth-
esis, we have also obtained statistically significant data 
that makes it possible to state that the mandatory part 
of preparation for examinations should be not only 
a subject-related training, but also a psychological 
conditioning of students targeted at improving their 
general stress tolerance and their emotional stability. 
An important part of such conditioning/preparation 
is also an educational activity, aimed at creating and 
strengthening the integrity of students, their fairness, 
increasing of their readiness to undertake the role of 
individuals solving vital problems. Versions of such 
conditioning/preparation, techniques and mecha-
nisms included therein are described in detail in our 
papers [1, 2, 7, 14]. Within the framework of such con-
ditioning activities, it is required to form skills of the 
control and regulation of their psychophysiological 
state in students. Particular attention should be paid 
to cultivation of capabilities of applying such skills in 
real daily practice in students. 

The obtained experimental evidence has shown 
that transitions from a low level of psychophysiological 
conditioning of the students for their examinations to 
the respective high level thereof is really accompanied 
by significant changes in the organism performance, 
first of all, in the performance of the heart. Therefore, 
a reliable marker of such changes is the heart rate vari-
ability assessment using the Baevsky stress index (SI), 
as well as the oculometric peculiarities of response to 
the visual stimuli, which students associate with the 
upcoming examinations.
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Abstract 
The study of systemic hemodynamics has been conducted in 
individuals who suffer from arterial hypertension. Regularities 
of formation of the personal profiles of the systemic hemody-
namics have been determined in this category of patients. A 
fresh method of antihypertensive therapy is offered which is 
based on establishment of relationship between the personal 
profile of the systemic hemodynamics and the hemodynamic 
drug effect. The clinical effectiveness of the proposed method 
has been proven. 
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In 2018 the new guidelines of the European Soci-
ety of Cardiology and the European Society “ESC/
ESH Clinical Practice Guidelines for the Management 
of Arterial Hypertension” (hereinafter referred to as 
the Guidelines) to govern the treatment of arterial 
hypertension (hereinafter: AH) came into force. The 
new revised edition of the document is substantially 
different from the previous one; proposed is a funda-
mentally new variant of the initial therapy of AH: in-
stead of a single drug therapy it is recommended now 
to begin the treatment immediately with the use of a 
two-drug combination. Selection of the drug combi-
nation, as it has been the case before, is based on the 
presence of diseases associated with AH, as well as the 
state of the hypertension-mediated organs, i.e., the or-
gans involved in pathophysiological processes caused 
by AH. The Guidelines’ developers present a variety of 
different strategies to initiate and escalate BP-lowering 
medication to improve BP control rates initiating treat-
ment with different monotherapies and then sequen-
tially adding other drugs until BP control is achieved 
almost as a fundamental solution of the AH problem, 
but at the same time they complain that "Despite this, 
BP control rates have remained poor worldwide”. The 
strategy developers believe that "bad" doctors should 
bear responsibilities for the stated inadequacy: they are 
those who are afraid of prescribing the proper dosage 
of the medical drugs and who are incapable of con-
trolling BP medication; at the same time it is consid-
ered that patient adherence to treatment is low so that 
not all of them complete the course of their medication 
in full [1].  

The effectiveness of the strategic approaches is 
treated in the Guidelines casually; in the opinion of 
the developers, there is a forceful argument in favor of 
the Guidelines’ correctness: “The evidence from RCTs 
demonstrating that BP control can be achieved in most 
recruited patients, and that no more than 5 − 10% of 
these patients exhibit resistance to the selected treat-
ment regimen, suggests that ineffective drug therapy is 
not the source of the problem.”[1] (i.e. we, the strategy 
developers, escape our responsibility). In other words, 
if you have competent physicians and an eligible pa-
tient’s adherence, you can rise the efficacy of the AH 
treatment up to 90-95%! 

Among the other things, the mere proposal to dou-
ble the amount of the used drugs is an evidence for 
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an inefficacy of the conceptual approaches offered by 
them thereto. It is not the way to base the treatment 
strategies on taking into account comorbidities, when 
selecting the medication lines, since there are no ac-
companying diseases at the first stage of treatment; the 
target organs are not yet affected by the AH disease at 
the first stage; the presence of some associated clinical 
conditions points to a highly neglected disease case. In 
the meantime, in the scientific debates "hypertension 
remains the major preventable cause of cardiovascular 
disease (CVD) and all-cause death globally"; so that 
searching for fresh solutions to this problem is perhaps 
the most topical challenge for modern medicine [1]. 

Aims
The aims of our studies are systematization and ap-

plications of hemodynamic patterns in the diagnostics 
and treatment of AH.

Every medical student knows the following formula:
AP = CO . TPVR,

where AP is an arterial pressure; CO is cardiac output; 
TPVR is total peripheral vascular resistance [2].

Taking into account the fact that the CO is the prod-
uct of the stroke volume (SV) by the heart rate (HR), 
i.e. CO = HR . SV, the AP value is directly dependent 
on three key factors: HR, SV and TPVR. By influencing 
these parameters, the level of AP can be controlled, both 
upwards and downwards. The only thing is to identify 
the relevant treating factors. This truth is so simple that 
it is really surprising why it has not been so far used 
as the primary conceptual approach to the treatment of 
AH, as well as arterial hypotension. But, unfortunately, 
there is even no attempt to discuss this conceptual as-
sumption at all. This is much stranger, since the effect 
of antihypertensive drugs (AHD) on the systemic he-
modynamics (SHD) is a well studied subject; the evi-
dence data are directly available, including annotations 
to drugs (see Table 1 herein).

The only justification is that, until recently, the 
"gold standard” in SHD studies has been the Swan-
Ganz pulmonary artery catheterization, which implies 
an insertion of a special catheter into one of the main 
branches in the pulmonary trunk. Such procedure is 
not safe; 2-3% of cases are complicated by serious dis-
turbances in the heart rhythm and conduction that 
hinders the widespread use of the method, even under 
the in-hospital conditions [3].  

At present, the above mentioned drawback has 
been removed; moreover, appeared are accessible and, 

Table 1. Effects produced by AHD* on SHD
Group SAP DAP HR TPVR SV

BB ↓↓ ↓ ↓ ↑↓ ↓
CCB ↓ ↓ ↓↑ ↓ –
TD ↓ ↓ – ↓ ↓–
ACEi ↓ ↓ – ↓ ↑–
ARB ↓↓ ↓ – ↓ ↑–

*Legend: BB - beta-blockers; CCB - calcium antagonists;  
TD - thiazide diuretics, ACEi - ACE inhibitors, ARB - angiotensin 
receptor blockers; ↑ - increase, ↓ - decrease, – - no effect 
available.

most importantly, non-invasive techniques for investi-
gating SHD, which reveal vast prospects for their use in 
general medical practice [4].

Materials and methods
The materials of our studies cover 1447 examinees 

aged from 18 to 89 (mean age 37.5 years), including 
832 (57.5%) males and 615 (46.5%) females. 

Our method of examination is the compression os-
cillometry: for this purpose, we have used device KAP 
TsG osm “GLOBUS" (Manufactured by Globus Ltd., 
Registration Certificate No. RZN2017/6582 dd. De-
cember 15, 2017), which allows non-invasively mea-
suring 22 SHD parameters, including systolic arterial 
pressure (SAP), diastolic arterial pressure (DAP), HR, 
SV and TPVR. Since the values of SV and TPVR de-
pend on the patient's height and weight and do not 
have clear standard boundaries, in our calculations we 
used their integral analogues: SI (stroke index), calcu-
lated as SV/T where T is a human body surface area 
(m2), and SPVR (specific peripheral vascular resis-
tance) equal to TPVR/T. The standard SI value is 30-45 
ml/m2, and the standard SPVR parameter is 32 ± 6% 
arbitrary units. It is assumed that the normal values of 
HR, SAP and DAP are as follows: HR 60-80 beats per 
min., SAP 120-130 mm Hg, DAP 70-80 mm Hg. 

Results
Results obtained from our studies are given further 

below.
In the above examinees we have revealed various 

combinations of HR, SI and SPVR parameters; we have 
pooled them to form 15 SHD profiles. In this case, 
noteworthy is the detected dependence of each profile 
on the corresponding AP level (see Table 2 herein).

The following SHD profiles have not been detect-
ed in any examinee: 111, 131, 132, 133, 232, 233, 312, 
313, 323, 331, 332 and 333. Besides, in patients with 
increased SAP and DAP we have never recorded the 
SHD profiles as listed below: 213, 223, and 322. The 
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Table 2. Dependence of SHD profile on AP level
SHD* profile (HR/

SPVR/SI) All AP<120 АP120-130 АP>140 АP>160 АP>170 DAP>90

112 10.9 3.9 4.8 17.6 3.6 0 23.2
113 3.1 9.1 0 5.2 0 0 4.7
121 0.3 0 0 0.7 4.5 2 0.2
122 9.4 11.7 9.6 15.3 0 0 2.7
123 0.7 0 1.2 1.1 0 0 0
211 8.5 0 3.6 11.8 12.5 10.4 18.4
212 19.5 14.3 25.3 4.5 32.1 37.6 24.3
213 1.3 10.4 0 0 0 0 0.9
221 16.4 6.5 19.3 18.1 14.3 8.3 4.8
222 14.3 39 22.9 7 0 0 0.9
223 0.1 1.2 0 0 0 0 0
231 0.4 0 0 0.2 0 0 0
311 4.7 0 7.3 7.1 18.7 22.9 13.9
321 10.2 1.3 6 11.2 14.3 18.8 6
322 0.3 2.6 0 0 0 0 0

*Notes: SHD profile is ratio HR / SPVR/ SI, where 1 - increased value of the parameter; 2 - normal value of the parameter; 3 - 
decreased value of the parameter.

123 and 211SHD have not been found in the hypoten-
sion patients. The combination of the normal values 
of HR, SI and SPVR (SHD profile 222) occurred in 
16.4% of the patients (see Figure 1 herein).

It would be logical to expect the prevalence of SHD 
profile 222 among the examinees with the normal 
levels of SAP and DAP. Indeed, in this category of ex-
aminees SHD, profile 222 occurs more often (22.9%), 
though not as often as one would expect. The above 
phenomenon may indicate only the following: AH is 
not only (and not as much as) an increase in AP. Early 
pathological manifestations of the AH disease in the 
form of impaired cardiac reflex activity and vascular 
tone imbalance for a long time are compensated by 
the redistribution of the hemodynamic constants. AP 
is the main hemodynamic parameter in the organism 

Figure 1 Figure 2

Figure 3
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that provides normal perfusion; its stability guarantees 
an adequate blood supply to tissues; all compensatory 
hemodynamic responses are aimed at maintaining the 
normal AP level. The relatively rare occurrence of the 
normal hemodynamic profile is an indication of the 
completed compensatory hemodynamic responses at 
the early stages of AH. 

The obtained data confirm the given concept: the 
normal SHD profile is almost absent in the patients 
with DAP> 90 mm Hg (0.9%); the profile has not been 
observed in the patients with SAP>152 mm Hg. All 
this clearly indicates that the exhaustion of the com-
pensatory SHD mechanisms appears with grade 1 ar-
terial hypertension. 

In contrast thereto, in the patients with a decreased 
SAP (SAP <120) the normal SHD profile has been re-
corded 2 times more frequently (39%) than in those 
with the normal SAP. In our opinion, the logical ex-
planation of this phenomenon is that a reduction in 
SAP is one of the earliest compensatory mechanisms 
of the response to an increase in the CO and TPVR 
parameters (see Figure 2 herein).

Among the examinees aged 18-25 years, a separate 
group is formed with healthy individuals according to 
their anamneses having the normal AP (n = 144). In 
the above category, only every fifth examinee (19.4%) 
has shown SHD profile 222 that is consistent with the 
previous results and gives us a reason to believe that 
hemodynamic disorders found prior to developing 
AH are formed well in advance before the first epi-
sodes of the abnormal AP increase [5]. 

The most frequently recorded case among the 
individuals with the normal SAP is SHD profile 212 
(25.3%); less often found is SHD profile 221 (19.3%); 
every tenth (9.6%) has been reported to have SHD 
profile 122. The above distribution indirectly charac-
terizes the polymorphism of the starting mechanisms 
in hemodynamic disorders preceding hypertension: 
in a third of patients (28.9%) the disorders start with 
increasing CO (SHD profile 221 and 122), and in ev-
ery fifth individual (SHD profile 212) they begin with 
increasing TPVR (see Figure 3 herein).

A redistribution of the SHD profiles is a mandato-
ry attribute of AH; at the same time, hemodynamics 
may change either according to the hyperkinetic type, 
which is characterized by an increase in the perfor-
mance of the cardiac pumping activity (SV, HR), or in 
line with the hypokinetic type (distinguishing feature 
is the preferential growth of TPVR) or in accordance 

with the eukinetic type, when the values of all three 
parameters are in the middle of the oscillation range. 
At the onset of the disease, as a rule, the hyperkinetic 
hemodynamics prevails, while at its later stages the hy-
pokinetic type is dominant [6, 7]. 

The obtained evidence data support the specified 
pattern regularity: in the patients with higher SAP ob-
served is a tendency towards CO decreasing, while the 
share of individuals with an increased TPVR is directly 
proportional to the level of SAP (see Figure 4 herein).

Depending on the ratio between CO and TPVR, 
the SHD profiles are integrated by us in 3 groups: the 
hyperkinetic group (122, 221), the eukinetic group 
(222, 211, 321, 112, 113, 121, 123) and the hypokinetic 
group (311, 212). The relationship between the differ-
ent SHD forms and SAP is shown in Figures 5, 6 and 
7 herein.

Among the most common hyperkinetic SHD pro-
files, recorded has been profile 122; among the euki-
netic profile types we have detected SHD profile 123; 
and among the hypokinetic profiles we have identified 
SHD profile 311.

Conclusions
The obtained results show that even in a healthy in-

dividual with the normal AP levels recording of a SHD 
physiological profile, which is characterized by the 
normal levels of CO and TPVR, is the exception rather 
than the rule. The share of individuals with impaired 
performance parameters CO and TPVR aged 18-25 
years (80.6%) approximately correlates with the preva-
lence of AH among the individuals older than 60 years 
(80.7%). This correlation allows us suggesting that the 
AH onset should be related not to the age 40-50, as it 
is generally accepted, but much earlier life spans. It can 
be supposed that the hemodynamic disorder of this 
sort at the age of 25 may predict the onset of arterial 
hypertension with 60! 

Latest research shows a close relationship between 
hypertension and the metabolic syndrome. It is be-
lieved that hyperinsulinemia and hyperleptinemia 
developing against the background of visceral obesi-
ty, associated with metabolic syndrome, contribute to 
an increase in CO and TPVR, thereby triggering the 
pathophysiological mechanisms of AH [8]. 

Knowing the SHD personal profile, we can select 
the proper AHD, taking into account its targeted effect 
on each component of the hemodynamics profile (see 
Table 3 herein).
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Table 3. Effects produced by AHD on SHD
AHP Registration No. (SRMP) HR TPVR 1 TPVR 2 SV

Atenolol ЛП002294-051113 decrease increase decrease decrease
Bisoprolol ЛП-004617-251117 decrease increase decrease decrease
Betaxolol ЛП-002502-160614 decrease decrease decrease decrease
Nevibilol П N011417/01-100809 decrease decrease decrease decrease

Metoprolol ЛП-001760-020712 decrease increase decrease decrease
Amlodipine ЛС-001987 no change decrease decrease no change
Diltiazem ЛС-001987-261211 decrease decrease decrease no change
Nifedipine ЛС-001381-190911 increase decrease decrease increase

Nitrendipine ЛП-003289-051115 increase decrease decrease no change
Moxonidine ЛП-003255-151015 no change decrease decrease no change

Kaptopril ЛП-002918-170315 no change decrease decrease no change
Chinapril П N014329/01-010411 no change decrease decrease no change
Lizinopril ЛП-003753-260716 no change decrease decrease no change

Perindopril ЛП-003712-290616 no change decrease decrease increase
Ramipril ЛП-003235-081015 no change decrease decrease no change

Fosinopril ЛП-003603-040516 no change decrease decrease no change
Enalapril ЛП-002572-080814 no change decrease decrease increase

Candesartan ЛП-002525-080714 no change decrease decrease no change
Eprosartan П N012018/01-110310 no change decrease decrease no change
Irbesartan ЛП-003987-011216 no change decrease decrease no change
Losartan ЛСР-010617/08-261208 decrease decrease decrease increase

Telmisartan ЛП-004442-010917 no change decrease decrease no change
Valsartan ЛП-004219-300317 no change decrease decrease no change

Indapamide ЛП-003095-170715 no change decrease decrease no change
Legend: HR - heart rate; TPVR1 - total peripheral vascular resistance in the first month of starting treatment; TPVR2 - total 
peripheral vascular resistance after a month of starting treatment; SI - stroke index.

Figure 4

Figure 6 Figure 7

Figure 5
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Table 5. AHD selection priority
Order of 
priority in  

AHD selection
Characteristic

1 Normalizing improperly changed (increased or decreased) parameters, not affecting the normal levels 
2 Normalizing improperly increased parameters, but decreasing the normal parameter
3 Normalizing improperly increased parameters, not affecting the decreased parameter
4 Normalizing improperly decreased parameters; not affecting the normal parameter 
5 Normalizing improperly decreased parameters, decreasing the normal parameter
6 Normalizing one of the parameters, not affecting the other two

7 Normalizing one of the parameters, not affecting the other one and decreasing the normal value of one 
more parameter

8 Normalizing one of the parameters, not affecting the other one and increasing the normal value of one more 
parameter

Table 6. AHD rating corresponding to individual SHD profiles
SHD* profile  
HR/SPVR/SI АP>140 АP>160 АP>170 Code and rating for AHD administration**

112 17.6 3.6 0 112, 111, 141, 212, 113
113 5.2 0 0 113, 112, 213, 212
121 0.7 4.5 2 111, 141, 212, 112
122 15.3 0 0 112, 141, 111, 212, 113, 213
123 1.1 0 0 113, 112, 213, 212
211 11.8 12.5 10.4 111, 212, 112
212 4.5 32.1 37.6 212, 112, 111, 141, 213
221 18.1 14.3 8.3 111, 212, 112
222 7 0 0 212, 112, 111, 141, 213, 312
311 7.1 18.7 22.9 212, 312
321 11.2 14.3 18.8 312, 212

*The SHD profile is ratio HR / SPVR/ SI, where 1 - increased value of the parameter; 2 - normal value of the parameter;  
3 - decreased value of the parameter.

** AHD Code - effect produced by AHD on HR/SPVR/SI, where 1 - decreasing the parameter; 2 - not affecting the parameter; 
3 - increasing the parameter.

Table 4. AHD effects made on SHD

AHD group AHD Effect by AHD* on 
SHD (Code)

Calcium antagonists

Nitrendipine 312
Nifedipine 313
Diltiazem 112

Amlodipine 212

ACE inhibitors

Perindopril, Enalapril 213
Zofenopril, Kaptopril, Chinopril, Lizinopril, Ramipril, 

Fosinopril 212

Betaxolol 111

Beta-blockers
Nevibilol 112

Atenolol, Bisoprolol, Metoprolol 141
Losartan 113

Angiotensin receptor blockers Valsartan, Candesartan, Eprosartan, Irbesartan, Telmisartan 212
Selective imidazoline receptor agonist Moxonidin 212

Diuretics  Dichlotiazide, Indapamide 212
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The mapping between the SHD profile and the 
AHD actions and effects on SHD is implemented by 
assigning a three-digit code (Code) to each drug; the 
first item of the Code exhibits the effect of AHD on 
HR (1- HR decrease, 2 - no effect, 3 – HR increase); 
the second item of the Code indicates the effect made 
by AHD on TPVR (1- TPVR decrease, 2 - no effect, 
3 – TPVR increase 4 – increase of the parameter in 
the first month, and decrease therein after a month, 
etc.); the third Code item marks the effect produced 
by AHD on SV (1- SV decrease, 2 - no effect, 3 – SV 
increase) (see Table 4 herein).

The priority in selection of AHD definitely de-
pends on the degree of its modulating effect produced 
on an individual SHD profile. Selected should be such 
a medical drug which is capable of normalizing im-
properly changed (increased or decreased) parameters 
of HR, SV and TPVR, but not affecting the SHD val-
ues remaining within the normal range. Characteris-
tics of medical drugs of the second and next order of 
the priority are summarized by Table 5 herein.

Having identified the correlation between the in-
dividual SHD profile and the respective AHD, we can 
determine the rating modulating effect of the drugs on 
each SHD profile (see Table 6 herein).

Conclusions
1. Hemodynamic disorders appear at the preclinical 
stage of AH, well in advance (perhaps several decades) 
before the first recorded AH episodes. 
2. In patients with increased AP, 15 variations of the 
SHD profiles are identified.
3. A hemodynamic effect of each AHD is determined 
by its pharmacodynamics as well as the patient’s indi-
vidual SHD profile.
4. Taking into account of an individual SHD profile 
is an additional criterion for the AHD selection to in-
crease the efficacy of the treatment based on the above 
mentioned Guidelines. The given conclusion is based 
on the evidence data, which have been obtained by us 

earlier and which have demonstrated the effectiveness 
of this technology in nine times out of ten cases [9].
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Abstract 
The article discusses the promising possibilities of using the 
method of volumetric compression oscillometry in clinical prac-
tice, which allows to simultaneously determining 20 indicators 
of central hemodynamics. A comparative analysis with other re-
search methods is presented herein, and the advantages of the 
presented method in the diagnostics of cardiovascular diseases 
are shown. The problematic issues in using this method and ways 
to solve them are considered herein.
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Cardiovascular diseases (CVD), according to the 
relevant WHO data, remain the leading cause of mor-
tality worldwide. Arterial hypertension (AH) is con-
sidered as a separate disease and at the same time as a 
major risk factor for developing other cardiovascular 
diseases owing to its high occurrence rate and poor 
controllability, even in countries showing a high level 
of health care system functioning. The AH occurrence 
in the Russian Federation (in 2017) reached 39, 5% 
[1]. The risk of CVD-associated death doubles with 
every episode of surge of the systolic arterial pressure 
(AP) of 20 mmHg and the diastolic AP of 10 mmHg, 
from the starting level of 135/85 mmHg [2]. 

Despite the standardization to cover the AH di-
agnostics methods, the AH diagnosing in outpatient 
practice, especially at the initial stage of the disease, is 
a very difficult task. Rises in AP may be episodic, often 
at the time of the emotional, physical and stress-re-
lated overloads, while the normal AP in the same pa-
tients can be recorded at rest. 

Thus, for example, some Polish researchers, basing 
on periodic examinations of 144 professional car driv-
ers, middle-aged men 50,2 ± 9.3 years, have detected 
arterial hypertension in 39 individuals (27.9%). How-
ever, during the ambulatory arterial pressure monitor-
ing daily, arterial hypertension was diagnosed in 104 
of 135 persons (73.8%) [3].

Some other researchers, including Russian scien-
tists, believe that under the influence of various fac-
tors, initially some parameters of central hemody-
namics (CH) are changed, and that only thereupon a 
persistent, steady increase in systolic and diastolic AP 
appears, i.e., hypertension develops [4,2]. 

On the other hand, an administrated medication 
should take into account pathogenetic mechanisms of 
the AH development which may be as follows: a pre-
vailing increase in stroke volume, in the peripheral 
vascular resistance or a combination of both factors. 
During the AH treatment "an escape effect” often de-
velops, which is associated with the CH restructuring, 
so that the treatment becomes ineffective.

All the above evidence dictates the need for 
searching for a new approach to the tactics in the AH 
treatment and follow-up: in addition to systolic and 
diastolic pressure the CH parameters are to be taken 
into account. At the same time, required is continu-
ous monitoring of the CH parameters, since a single 
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measurement thereof cannot detect abnormalities 
due to lability of the hemodynamic parameters. The 
CH examination is usually performed with ultra-
sound technique to image the heart (Echocardiog-
raphy), which involves applications of sophisticated 
ultrasound equipment, trained personnel and takes a 
lot of time. In this connection, the ECHO CG cannot 
be considered as a method belonging to the family of 
the CH monitoring techniques, especially if this ex-
amination is carried out regularly under the ambula-
tory conditions. 

Today this problem can be successfully solved with 
the use of device CH HSS osm. GLOBUS, the hard-
ware & software system designed and manufactured 
for noninvasive examination of central hemodynam-
ics with the use of the method of volumetric compres-
sion oscillometry (VCO).

The problem of measurements of the main CH pa-
rameters in parallel with the use of a compact simple 
device has been first formulated in the framework of 
national Russian space mission programs. In order 
to provide medical monitoring of the cosmonauts’ 
health state under the conditions of long-term space 
missions, required has been design and development 
of original diagnostics devices. The offered hemo-
dynamics monitoring equipment designed for this 
purpose by the experts of the Institute of Biomedical 
Problems and the Institute of Aerospace Medicine is 
based on the conceptual ideas and methods developed 
by N.N.Savitskiy, 1956. [5]. 

Oscillometric devices used by orbital stations "Sa-
lyut" and "Mir" have demonstrated their capabilities, 
which are completely equivalent to those available in 
an in-hospital functional diagnostics unit furnished 
with the respective equipment to record the main CH 
parameters. CH HSS osm GLOBUS has been com-
mercially manufacturing by Globus LLC, Belgorod, 
Russian for the last 15 years (see Figure 1 herein).

The CH examination device is a medical instru-
ment designed and manufactured for applications 
both by intuitive users and for examinations of in- and 
out-patients. The device is approved for the use by the 
Russian Federal Service for Health Supervision, vali-
dated, appropriately registered and certified; an appro-
priate Russian national Certificate of Conformity and 
Certificate of Product have been issued [6].

An assessment of the recorded CH parameters 
can be performed by an intuitive user at home or un-
der the outpatient conditions with a simple method 

of arterial pressure measurement conducted with an 
upper-arm cuff oscillometric inctrument, which is 
connected with a portable device capable of assessing 
pulse oscillations in the brachial artery walls under the 
conditions of rising pressure in the pneumocuff.

The received signal in the form of an oscillogram is 
subjected to analytical and mathematical processing, 
upon the results of which the major CH parameters 
are determined. An example of a hemodynamics data 
record is presented in Figure 2 herein.
The obtained CH parameters can be divided by con-
vention into 4 groups as follows:
1. Types of AP: systolic AP (SAP), diastolic AP (DAP), 
true systolic AP (TSP), mean AP (MAP), stroke AP 
(strAP is a difference between SAP and TSP), pulse AP 
(pAP), pulse AP velocity;
2. Vascular characteristics: linear blood flow velocity 
(LBFV), pulse wave propagation velocity (PWPV), 
vascular system compliance (VSC), total and specific 
peripheral vascular resistance (TPVR, SPVR);
3. Cardiac activity indices: cardiac output (CO), stroke 
volume (SV), cardiac and stroke indices (CI, SI), vol-
umetric ejection rate (VER), left ventricular contrac-
tion capacity (LVCC), energy consumption per liter of 
blood circulation (EC); 
4. Types of blood circulation: hyperkinetic, eukinetic 
and hypokinetic circulation types, differentiated by 
three characteristics as follows: SI, CI and TPVR.

Figure 1. Portable automated hardware & software system for 
noninvasive examination of central hemodynamics: CH HSS de-
vice (Device CH HSS osm GLOBUS).
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Figure 2. An example of hemodynamics data record issued upon hemodynamic examination
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Aims
The aim of this study is to assess applicabilities 

and capabilities offered by device CH HSS osm, the 
hardware & software system for noninvasive exam-
ination of central hemodynamics with the method of 
volumetric compression oscillometry (VCO) in clini-
cal practice on the basis of the relevant data evidence 
available in Russian national publications.

Methods
A survey and an analysis of the Russian publications 

available at www.e-library.ru, www.ncbi.nlm.nih.gov /
pubmed with the use of keywords have been conducted.

Results
1. Comparison and comparability of the CH 
parameters’ investigation results with other 
methods

Comparative characteristics of several methods of 
CH calculation are shown in Table 1 herein (the data 

evidence reported from http://gemodinamika.ru with 
supplements).

As seen from the above table, the advantages of the 
VCО method are as follows: noninvasiveness, rapid 
simultaneous measurement of 20 hemodynamic pa-
rameters, a simple automated procedure of measuring, 
its accessibility and availability to the population. 

Published are several papers, where assessments 
of the central hemodynamics with the use of the CH 
HSS osm GLOBUS device employing the oscillome-
tric methods are found to be in a good agreement with 
the results of other applicable methods applied to the 
hemodynamic examinations.

In the paper by V.A. Mazurok, 2017, compared 
have been the reproducibility of cardiac output indices 
measured by the classical technology of pre-pulmo-
nalnory thermodilution and those calculated accord-
ing to VCО using device CH HSS osm GLOBUS [7]. 
200 parallel measurements have been recorded (100 
measurements with each method) in 7 cardiac sur-

Table 1
Comparative characteristics of several methods of central hemodynamics calculation*

Parameters
Methods

Invasive method: 
thermodilution Echocardiography Oscillometry CH HSS osm 

GLOBUS
Accuracy of cardiac output 

calculation High level Medium level (KK = 0.86-
0.9)

Medium level (KK = 0.85-
0.9)

Capability to measure mean 
hemodynamic AP Not available (computed) Not available (computed) Available

Capability to measure actual values 
of the AP levels Available Not available Available

Methodology complexity of the 
method Very high High Low

Invasiveness of the method Yes No No
Measurement technology costs Very high High Low
Duration of the measurement 

procedure 1 hour and over 30 minutes and more Less than 1 minute

Simultaneous determination of 
indices Not available Not available Available

Requirements for medical staff 
training and qualification High (physician) High (physician) Medium level (nurse)

Suitability of the method for 
screening Yes No Yes

Stress test applicability Yes Yes Yes
Availability and accessibility to the 

population No No Yes

Specific requirements for the 
examination conditions

Narcosis, pulmonary 
ventilation, (anesthesia), 

surgery
Lying position Not applicable

Applicability of continuous 
automated monitoring No No Yes

Applicability of continuous 
automated monitoring No No Yes

*According to the data published on http://gemodinamika.ru with supplements
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gery patients in their early post-operation period. The 
mean values of cardiac output parameters measured 
with thermodilution and VCО have been found com-
parable: 5.41 ± 0.12 vs. 5.33 ± 0.13 l min–1, respec-
tively; cardiac index values of 2.93 ± 0.13 vs. 2.92 ± 
0.94 l∙min–1∙m–2, accordingly. The mean error in CO 
and CI is approximately 10%. The author concludes 
that VCО may be used to calculate CO in cardiac sur-
gery patients that is very important for this category 
of patients. When interpreting the obtained indices, 
the limitation for any method on the CO calculation, 
based on an estimation of the pulse wave, should be 
taken into consideration.

Comparable results have been obtained by V.A. 
Degtyaryov, 2015, by analyzing the CO data delivered 
with VCО and those produced with the thermodilu-
tion method in patients with acute myocardial infarc-
tion both during their scheduled examinations and 
under the conditions, when admitted to hospital [8]. 
For this purpose, a total of 70 investigation procedures 
have been completed. The CO value obtained using 
the thermodilution method has been recorded to be 
4.986 ± 0.222 l/min versus 4.76 ± 0.48 l/min delivered 
with the VCО method, so that the correlation coeffi-
cient has been found to be 0.92 [8]. 

In the paper by Trivozhenko A.B. et al., 2019, the 
expert Doppler echocardiography has been applied 
as the reference technology to assess the accuracy of 
the VCО method. The method has demonstrated an 
allowable accuracy in measuring SV (± 15%), with 
consistent displacements (± 1.96 standard deviations) 
in the estimation to describe agreement between two 
quantitative measurements produced by two tech-
niques according to the Bland-Altman plotting. A 
close correlation between the oscillometric peak blood 
flow velocity has been detected in the brachial artery 
and the Doppler velocity of the blood flow at the aortic 
mouth (p <0.001; r = 0.85). A similar correlation has 
been observed between the aortic Doppler spectrum 
integral and the peak arterial flow velocity measured 
with VCО (p <0.001; r = 0.68) [9]. 

Researchers S.Y. Ivanov and N.I. Livshits, 2015, 
have compared accuracy of arterial pressure measure-
ments obtained with the auscultatory technique and 
the VCО method. For this purpose, 50 patients hav-
ing hypotension, the normal pressure level and mild / 
moderate arterial hypertension have been tested. Dai-
ly blood pressure monitor "Kardiotechnika 04-AD3" 
(CJSC "INCART", Russia) has been used as the refer-

ence technique. In parallel with the automatic monitor 
pressure measuring, two experts have measured AP 
with the help of a dual phonendoscope according to 
the "blind" method assessing the first and fifth phases 
of Korotkoff sounds, reading the pressure digits in the 
cuff displayed on the device screen. 

When using the oscillometric method, a more 
significant difference of -1.8 mmHg for SAP and 0.8 
mmHg for DAP (SD 5.0 and 5.2 mmHg, respectively) 
has been observed. Thus, the arterial pressure measure-
ment by the Korotkoff method delivers more accurate 
results than using the oscillometric method. However, 
in about 6% of patients the AP measurement by the 
Korotkoff tones seems to be more difficult due to the 
presence of hollow low-amplitude sound tones. The os-
cillometric method for this sort of patients appears to 
be more preferable. Thus, the accuracy may be higher 
with the simultaneous use of both methods [10]. 

In the paper by S.A. Shidlovskaya et al., 2015, it is 
shown that in case of a pronounced stage of AH (stage 
III) the degree of the overread SAP obtained with the 
auscultatory Korotkoff method is fairly greater than 
it is the case with that delivered by VCО. The VCО 
method has been found to be more accurate for this 
category of patients. The difference between the AP 
readings measured by the Korotkoff and those ob-
tained with the VCО method is an indicator of a 
pronounced aortic wall and artery lesion and, conse-
quently, a predictor of an unfavorable outcome in pa-
tients suffering from AH. The value of the difference 
between the AP readings measured by the Korotkoff 
and those obtained with the VCО methods demon-
strates the degree of actual resistance and stiffness of 
the vascular system [11]. 

The paper by M.S. Gerashchenko et al., 2016, of-
fers an analysis of basic errors typical to the oscillato-
ry methods involving the use of the pneumatic com-
pensation cuff, on the basis of the applied the circuit 
design techniques employed for development of mea-
suring instrumentation by LabVIEW. Shown are the 
prospects for the use of the hydro-cuff technology to 
generate oscillations for assessing hemodynamic pa-
rameters as well as a possibility of implementing a new 
class of devices to solve the topical task of evaluating 
the CH hemodynamic parameters [12].

In the paper by Y.G. Kuzminski and S.V. Shilko 
[13], 2014, on the basis of a single-dimensional bio-
mechanical model of hemodynamics, confirmed is 
an efficacy of the primary diagnostics of the cardio-
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vascular system condition, using an original soft-
ware, which implements a mathematical analysis of 
the relevant oscillometric data. The screening con-
ducted with the proposed method allows extending 
the capabilities of classical oscillometry and obtain-
ing important data on the state of the heart and the 
blood vessels, including assessments of adaptation 
capabilities in human subjects (in particular, ath-
letes) under the conditions of different physiological 
loads.

2. Many works are devoted to the CH investiga-
tions with employing the VCО method in healthy 
subjects [14], adolescents under various climatic con-
ditions [16], university students [17, 18] and athletes 
[19] aimed at identification of the adaptation abilities 
in the organism and the CVD prevention

According to the data obtained by L.V. Shpak, E.S. 
Galoshina, 2013 presented in [14], when identifying 
the blood circulation type in normal subjects, with the 
mean age 27.8 ± 0.8 years, at an optimal and normal 
AP (118.5 ± 1.6 / 71.82 ± 1,2 mm Hg), more frequently 
(32%) recorded is the hyperkinetic type of blood circu-
lation: SI 46.75±1.92, CI 3.5±0.05, TPVR 1112.25±23; 
then the eukinetic type (30%) follows: SI 39.6±1.6, 
CI 3±0.06, TPVR 1170.5±; and less frequent appears 
the hypokinetic type (24%): SI 36.2±2.5, CI 2,8±0.08, 
TPVR 1359.8±28.5, including the mixed type (14%): 
SI 44 ± 2.1, CI 3.5 ± 0.2, TPVR 1297 ± 44.4, that gener-
ally is consistent with the evidence data found in other 
studies [15].

L.I. Grechkina et al. in their investigations of sys-
temic hemodynamics with application of the VCО 
method in male adolescents aged 13-16 in Magadan 
(n = 424) and Moscow (n = 437) offer their own clas-
sification of the following three types of the CH reg-
ulation: the cardiac type, the vascular type and the 
mixed (cardiovascular) type thereof. As to the cardiac 
type of the regulatio, hemodynamics is maintained by 
increasing HR; under the vascular type of the regula-
tion we can observe enhancing of the left ventricular 
contraction capacity and an increase in SV; the cardio-
vascular type involves both mechanisms as described 
above. The researcher believes that the most appropri-
ate and well-balanced type of the systemic circulatory 
regulation are the cardiovascular and vascular types 
thereof.

Adolescents showing the cardiovascular type and 
especially the vascular circulation type have higher 
adaptation abilities of the cardiovascular system as 

compared to those with the cardiac type, when even 
at rest a higher level of HR is found that requires a 
constant consumption of the organism energy re-
sources. 

An analysis of the distribution of their hemo-
dynamic indices according to the blood circulation 
self-regulation type have demonstrated that the cardi-
ac type is observed in 63.7% of the Magadan’s students 
and 44.4% of the Moscow’s students, the cardiovascu-
lar type has been identified in 26.9 and 41.2% of the 
cases, and the vascular type has been detected in 9.4 
and 14.4 % of the cases, respectively, referred to the to-
tal number of all surveyed adolescents. 

The authors thereof arrive at a conclusion that 
there are significant stresses in the performance of the 
cardiovascular system and reductions of its adaptation 
capabilities upon a long-term exposure to unfavor-
able environmental factors in the Far North in Russia 
that may result in the development of cardiovascular  
diseases. 

In the study tests in 368 young men, students, the 
natives of the North-East of Russia, with the mean 
age of 18.5 ± 0.08, an analysis of the distribution of 
the individual values of the systemic hemodynamics 
index types employing the VCO method has shown 
that 48.1% of the adolescents has the cardiac type 
of the blood circulation self-regulation, 35.9% of 
them has demonstrated the cardiovascular type and 
16.0% of the cohort have the vascular type there-
of. The highest values of SAP, DAP, SV, LVCC and 
TPVR are typical to individuals with the vascular 
type of the regulation, and the respective lowest val-
ues have been found to be typical to individuals with 
the cardiac type thereof. Male adolescents with the 
cardiovascular type of the blood circulation self-reg-
ulation have the medium-level indices. At the same 
time, the values of HR, PWV and the Kerdo vege-
tative index have been reported to be the highest in 
young men with the cardiac type, and the respective 
lowest parameters have been recorded for the young 
individuals with the vascular type. The author 
comes to a conclusion that adolescents with the car-
diovascular type and particularly with the vascular 
circulation CH type have higher adaptition abilities 
of the cardiovascular system as compared to those 
showing the cardiac CH regulation type, who have 
even at rest a high level of HR values that requires 
an interrupted use of the organism energy resources 
[16, 17].
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3. Possibilities of using the VCО method  
in identification of a cardiovascular risk, 
clarification of pathogenesis of arterial  
hypertension and other CVDs

In research papers by Strakhova N.V., et al., 2013, 
clearly confirmed is the possibility of using the he-
modynamics assessment with the VCО method in 
identification of a cardiovascular risk. Based on the 
conducted mathematical analysis, the authors therein 
propose to include the VCO indices in the cardiovas-
cular risk scoring system. According to the conven-
tional CVD risk factors with assessing 14 VCО indi-
ces, designed is a point risk scale capable of predicting 
a high and very high cardiovascular risk. A significant 
relationship between the VCО indices and the clinical 
course of AH has been detected. The most import-
ant criteria for an assessment of cardiovascular risks 
are the level of AP, PWV, LBFV, SPVR parameters 
and the qualitative characteristics of an oscillogram 
("a bulge"). The last parameter indicates an increased 
vascular rigidity.

An increase in the total score according to the 
newly proposed scale by more than 20 points with a 
sensitivity of 95.6% and a specificity of 65.6% makes 
it possible to predict the presence of a high and very 
high cardiovascular risk and contributes to an early 
identification of this category of patients followed by 
taking preventive and therapeutic measures [20,21] 
well in time.

The same researchers in their further works have 
analyzed changes in the hemodynamic status with the 
use of the VCО method in patients with AH combined 
with postinfarction cardiosclerosis that is of great im-
portance in assessing the severity of the patient's con-
dition, prediction and specification of the required 
medication. Detected is a significant relationship 
between the VCО indices and the cardiovascular 
complication risk factors as well as the presence of 
the postinfarction cardiosclerosis. An increase in the 
PWV, LBFV, SAP VCO, MAP values and a decrease 
in the vascular compliance parameter, as determined 
by the VCО method, are predictors of an unfavorable 
clinical course of AH in combination with postinfarc-
tion cardiosclerosis [22,23].

Ovsyannikov V.V. et al, 2014, 2015, based on the 
application of the VCО method, have detected higher 
values of the MO, SV, TPVR, PWV, LBFV parameters 
and a low compliance of the vascular system in case of 
combination of type 2 diabetes with AH in compari-

son with a group of AH patients without diabetes. The 
authors thereof conclude that the variations in hemo-
dynamics of the different grades, detected in a patient 
with type 2 diabetes accompanied by AH with the 
VCО method, have a common pathogenetic element, 
namely the insulin resistance, should be considered as 
early indicators of a disorder in the elastic properties 
of the aorta [24, 25].

In the paper by L.V. Shpak et al., 2013, we can find 
an evaluation of the evolution of hemodynamic pa-
rameters at the stage of the initial development of AH 
and at its further stages of increasing severity. Among 
the above indicators, TSP and MAP become the uni-
versal parameters as their recording is possible with 
the use of VCО only. The TSP dynamics serves as a 
possible pathogenic mechanism, which reflects the 
value of the pressure, to which the inner walls of the 
arteries is subjected under AH, that may be of a prog-
nostic significance, and at the  same time, it might 
be concluded that MAP can be a criterion for AH 
progression. The latter is particularly important be-
cause the MAP indicator is an integral value of all AP 
changes from the minimal to the true value, and this 
integral value is characterized by its significant con-
stancy, when exposed to various stimuli, but demon-
strates a reliable increase from AH grade 1 to grade 3 
degree. 

It is reported that in patients of AH grade 1 to 3 the 
vascular characteristics, the indicators of the cardiac 
activity are increased, while the vascular index, i.e. the 
vascular wall compliance, is decreased, that indicates 
the strengthening of the myocardial contractile func-
tion against the background of increasing the arterial 
walls tonic tension and the peripheral resistance in the 
resistive vessels. In this case, observed is a change in 
the formation of the cardiac hemodynamics types: the 
share of the hyper- and eukinetic types from AH grade 
1 to grade 3 is decreased due to an increase in the oc-
currence rate of the mixed and especially hypokinetic 
variants thereof [14].

In another paper by the above mentioned authors 
an analysis of hemodynamics in patients with AH in 
their pre- and postoperative period is conducted. Re-
gardless of the initial level, AP decrease occurs after 
surgery in all patients, but, in case of the corrected AP, 
it appears equally due to reducing the vascular and 
myocardial factor tension, and in case of the not cor-
rected AP it takes place mainly due to the myocardial 
factor attenuation [26].
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4. Papers devoted to the AH treatment based 
on AP monitoring data obtained with VCО

The scope of these papers deals with an evaluation 
of efficacy of the AH treatment with the VCО meth-
od. M.V. Lozhakova, 2008, has evaluated the efficacy 
of the AH monotherapy with bisoprolol [27]. E.V. 
Pravdintseva et al., 2011 have assessed hemodynamics 
when administering angiotensin converting enzyme 
inhibitor to prevent cardiotoxic effect during chemo-
therapy [28]. 

D.I. Emelyanova et al., 2014 have evaluated differ-
entiated administration of antihypertensive therapy 
in 110 pregnant females considering their type of cen-
tral hemodynamics identified with the VCО method. 
The researchers have arrived at a conclusion that an 
assessment of hemodynamics in pregnancy, against 
the background of AH, is urgently required. In the 
absence of a differentiated approach to estimating 
hemodynamics, pregnant females with AH receive 
non-justifiable antihypertensive therapy, which, un-
der the hyperkinetic type, may provoke a dispropor-
tionate development of the fetus / newborn. Unrea-
sonable antihypertensive therapy under the eukinetic 
hemodynamics type may cause placental insufficien-
cy, and that under the hypokinetic type may lead to 
an insufficient fetal weight. Therefore, it is recom-
mended to use the VCО method for the purpose of 
identification of the CH type and selecting the proper 
pathogenetically grounded antihypertensive therapy 
in pregnant females [29].

The research paper by R.V. Gorenkov et al, 2019, 
treats outpatient examinations in 126 human indi-
viduals (mean age 56.5 ± 3.7 years) with arterial hy-
pertension. In accordance with the obtained initial 
hemodynamic data, the patients were administered 
with hypotensive agents of different groups: in case of 
an increase in SV: mainly selective beta-blockers; in 
case of an increase in TPVR: angiotensin converting 
enzyme inhibitors or angiotensin 2 receptor blockers 
or calcium antagonists; in case of an increase in both 
parameters: combination therapy. During such differ-
entiated treatment, depending on hemodynamic pa-
rameters, in the majority of the patients (114 of 126, 
i.e. 90.5%) reported is a decrease in arterial pressure or 
reaching the target level thereof. The researchers con-
clude that hemodynamic monitoring with the VCО 
method allows providing a more accurate approach to 
the hypertension treatment and justify the proper se-
lection of the required hypotensive drugs, as well as to 

adjust the treatment based on the pathogenetic mech-
anisms of the AH development [30].

It should be noted that despite an obvious advan-
tage of the VCО method in early diagnostics of the 
disease and in selection of the proper justified medica-
tion therapy in AH patients, the scope of applications 
of the method remains unfortunately still not broad: 
VCO is mainly employed for the purpose of scientific 
research. It may be attributed to difficulties for a medi-
cal practitioner to assess twenty parameters of CH and 
make prompt decisions under limited time conditions 
scheduled for examination in outpatients.  

A new approach to the issue of the AH treatment 
taking into account the hemodynamic data is pre-
sented by M.A. Yakushin, et al., 2017. The researcher 
has developed a PC-assisted expert system capable of 
making an optimal decision in selection of the most 
suitable hypotensive drug, considering the CH param-
eters obtained as a result from the examination with 
the VCО method. In addition to the considered CH 
parameters, the mechanism of action of a hypotensive 
drug, its side effects, patient's age and comorbidities 
are taken into account. Based on the above, immedi-
ately upon completion of the examination procedure, 
the software of device CH HSS osm GLOBUS deliv-
ers automatically recommendations on what specific 
drug can be administered by the doctor. This makes 
it possible to widely introduce this method in clinical 
practice, namely in an ambulatory health care unit. 

Clinical efficacy of the proposed method has been 
confirmed for a cohort of 272 elderly patients (aged 
over 60) [31].

There are also some other features of the VCО 
use in the CH assessment. This sort of examinations 
should be carried out on a regular basis in order to 
accurately identify a tendency in CH in an examined 
individual. Besides, it should be mentioned that in the 
treatment of AH the phenomenon of "escape" from 
hypotensive therapy appears. SHD monitoring allows 
avoiding these phenomena and conducting an adjust-
ment of medication therapy well in time.

A solution to this problem can offer telemedicine. 
Proposed is an automated systematic monitoring of 
CH indices recorded either at home or in ambulatory 
with further transfer of the recorded data to a special-
ized medical organization responsible for data accu-
mulation, processing, storage and continuous analysis 
thereof with periodicity identified for each patient in-
dividually or as emergency measures.
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The use of telemedicine and specialized medical 
PC-assisted instrumentation systems allow medical 
staff to support and monitor the health state in their 
patients remotely [31, 32, 33].

Conclusions
The conventional arterial pressure measurement 

is not capable of delivering data on the mechanisms 
of the AH development, detecting early stages in the 
AH progression and predicting efficacy of hypoten-
sive drug therapy and development of refractoriness 
to hypotensive therapy. In this regard, administration 
of an adequate drug therapy on the basis of the cen-
tral hemodynamics indices determined with the VCО 
method in dynamics would be treated as a more accu-
rate technique, which properly takes into account the 
pathogenetic mechanisms of the AH development, ca-
pable of achieving the specified targets and reducing 
CVD mortality.

Research summary
1. The investigation of central hemodynamics with the 
VCО method is comparable with the generally accept-
ed invasive technique and some other methods of cen-
tral hemodynamics examinations. 
2. The use of VCO is acceptable and reasonable provid-
ed that multiple VCO examination procedures are com-
pleted, since the hemodynamic parameters are labile.
3. The VCО method for assessing the central hemody-
namics can be used for prediction of a cardiovascular 
risk under various human individual conditions: preg-
nancy, physical loads in athletes, anesthesia in case of 
surgery; comorbidities like arterial hypertension, dia-
betes, postinfarction cardiosclerosis etc.
5. The CH examination employing VCO makes it pos-
sible to adequately select the proper drug therapy, con-
sidering the identified type of blood circulation, and 
adjust the medication, if required. 
6. Due to the complexity of the CH data interpreta-
tion, for the purpose of a wide application of VCO in 
clinical practice, a new software, capable of delivering 
assessed results and findings, should be developed.
7. To extend the scope of the applications of VCО in 
clinical practice it is necessary to involve capabilities 
and possibilities offered by telemedicine, which en-
able physicians to advise patients remotely, provide 
remote monitoring of their health status, and adjust 
their treatment, if required. It is especially applicable 
to elderly and disabled patients.
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Abstract  
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hypothesis that definite, substantively different, psychophysiological 
states of a human individual can be really fixed with the use of meta-
phoric associative cards, and that transitions from one psychophys-
iological state to another are accompanied by significant changes 
in the performance of the human organism, and, first of all, in the 
performance of the heart. It has been shown that the metaphoric 
associative cards can serve not only as a good forecasting tool, a 
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stress-provoking, situations, but also as a means for active modeling 
of optimal mode to adequately overcome these difficulties.
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Introduction
Metaphoric associative cards have been included 

for a long time in the repertoire of diagnostic and ther-
apeutic means used by coaches and practical psychol-
ogists. The number of various sets of metaphoric as-
sociative cards grows rapidly. Observed is an increase 
in the frequency rate and variety of training courses 
aimed at their application. 

But until now, no systematic studies related to trac-
ing and assessments of psychophysiological responses 
in testing with the use of metaphoric associative cards 
have been conducted. The existence of such responses 
follows from an assumption that due to the associa-
tions, actualized by such cards, certain cognitive and 
affective components of the individual’s life experi-
ence begin "to awake” in the tested human subjects. 
For example, such mobilization can be manifested in 
a certain pattern of the cardiovascular system perfor-
mance. If the idea of such associations is not only a 
theoretical construct, and if, with the use of metaphor-
ic associative cards, some definite, substantively differ-
ent, psychophysiological states of a human person are 
really fixed, then the transitions from one emotional 
state to another are accompanied by significant chang-
es in the performance of the human organism, and, 
first of all, in the performance pattern of the heart. 
Taking into account the results of our previously de-
scribed studies [1-3, 8-11], it can also be assumed that 
such changes can be recorded by assessing heart rate 
variability using the Baevsky stress index (SI).

Materials and methods
To verify the hypothesis formulated by us above 

herein, we have completed a series of experiments, in 
which various emotional states generated due to fac-
ing different life difficulties have been modeled with 
metaphoric associative cards. The psycho-physiologi-
cal responses corresponding to these states have been 
recorded using PC-assisted hemodynamic analyzer 
Cardiocode. Besides, we have taken into account the 
results of our previous experiments, which confirm 
that an increased, in comparison with average values, 
Baevsky stress index (SI) can be considered as a fin-
gerprint of the sthenic response to a stimulus, and a 
reduced value thereof can be treated as a fingerprint of 
the asthenic response to a stimulus [1-3, 8-11].We also 
have considered that just the SI values are more effec-
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Figure 1. Examples of metaphoric cards most often selected by respondents to indicate their negative (images in upper row) and 
positive emotional states (images in lower row)

tive for the purpose of the evaluation of the person’s 
emotional response nature than changes in the human 
individual’s heart rate [1-3, 10]. 

Standard metaphoric associative cards of Moritz 
Egetmeyer (Moritz Egetmeyer ОН-Cards) and some 
other sets of coaching associative cards created by I. 
Shmelev and S. Gracheva have been used in our ex-
periments. This choice has been made considering the 
widespread long-term practice of the effective use of 
precisely these sets of metaphoric associative cards by 
consultants and psychotherapists of various profiles 
as well as taking into our successful experience in the 
use of these sets in evaluating the psychophysiological 
consistency, when analyzing various ego states [2, 8]. 

Our study has covered 105 respondents (with an 
average age of 21, the standard deviation was 4.5 years 
in the sample as a whole). The same algorithm for 
the work of all respondents has included the sequen-
tial execution of the tasks as described below. To start 
with, respondents have been asked to select metaphor-
ic cards, which they associate with the following emo-
tional states:
1) highest unreadiness/worst conditioning for an im-
portant exam;
2) highest readiness/best conditioning for an import-
ant exam;
3) highest unreadiness/worst conditioning for an im-
portant examinations period;
4) highest readiness/ best conditioning for an import-
ant examinations period;

5) highest unreadiness/ worst conditioning for any 
important life's trial;
6) highest readiness/ best conditioning for any im-
portant life's trial.

To illustrate this, some of the variants of metaphor-
ic cards most often selected by the respondents to in-
dicate their negative and positive emotional states are 
given in Figure 1 herein.

Upon presentation of the cards, each respondent 
for 15 seconds alternately fixed his attention on those 
cards, which he/she associated with each of the above 
emotional states. The next task (No. 7 according to the 
testing procedure) for each respondent was to select all 
the metaphoric cards that he/she associated with his/
her positive emotional states, referred to the highest 
readiness/best conditioning for an important exam, an 
important examination period, for any important life’s 
trial, and thereupon to fix his/her attention on all such 
cards for 15 seconds in parallel. The final task (No. 8 
according to the testing procedure) for each respon-
dent was to focus his/her most possible attention to a 
freely swinging pendulum on a tripod and to how the 
pointed part of the pendulum weight drew elliptical 
trace designs in sand at the pendulum’s bottom. 

When performing the above tasks, cardiograms in 
the examinees were recorded using PC-assisted hemo-
dynamic analyzer Cardiocode. Upon completion of 
the recording, utilizing original specific algorithms of 
the Cardiocode software, values of the Baevsky stress 
index (SI) were calculated for each examinee. 
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The statistical analysis of the obtained data has 
been performed using statistical package STADIA 8.0.

Results and discussion
The obtained statistical patterns in determining 

the SI values for various emotional states in the re-
spondents are presented in Table 1 herein.

The first column in the present and all the follow-
ing tables shows the numbers to indicate the following 
emotional states, which appear, when the respondents 
have fixed their attention:
1) on those metaphoric cards, which are associated 
with their highest unreadiness/worst conditioning for 
an important exam;
2) on those metaphoric cards, which are associated 
with their highest readiness/best conditioning for an 
important exam;
3) on those metaphoric cards, which are associated 
with their highest unreadiness/ worst conditioning for 
an important examination period;
4) on metaphoric cards, which are associated with 
their highest readiness/ best conditioning for an im-
portant examination period;
5) on metaphoric cards, which are associated with 
their highest unreadiness/ worst conditioning for any 
important life’s trial;
6) on metaphoric cards, which are associated with 
their highest readiness/ best conditioning for any im-
portant life’s trial;
7) on all simultaneously considered metaphoric cards, 
which are associated with their highest readiness/ best 
conditioning for an important exam, an examination 
period, any life’s trial;
8) on the freely swinging pendulum on a tripod and 
on how the pointed part of the pendulum weight 
draws elliptical trace designs in sand at the pendulum’s 
bottom.

The static significance of differences in mean val-
ues was confirmed using the χ criterion (chi-square), 

Table 1
The main statistical parameters of the SI values for various emotional states in the respondents

Ego-states Arithmetic mean Standard deviation Median Asymmetry Excess
1 429 378,6 290 2,019 8,042
2 292,1 209,8 231 1,286 4,589
3 343,9 276,2 262 1,874 7,926
4 298,7 250,8 223 2,163 8,904
5 330,7 260,1 290 3,141 19,3
6 273,7 234,4 199 2,21 9,143
7 242,1 166,4 204 1,419 5,453
8 276,7 198,7 256 1,319 4,555

which, as noted above, has been assessed using statis-
tical package STADIA 8.0. 

To identify a latent structure of the obtained data 
collection, a factor analysis has been conducted. Be-
sides, it has been also taken into account that the dis-
tribution of the calculated indicators of the heart rate 
variability SI values differ from the Gauss-Laplace dis-
tribution. Therefore, in order to identify the correla-
tion relationships, we have used the Spearman rank 
correlation and the Kendall concordance coefficients. 
Since the nature of the identified relationships for each 
of these coefficients is similar, the data for the Spear-
man coefficient are given by us herein only because of 
greater generality of the latter. 

The factor analysis has been performed by calcu-
lating the correlation matrix of the major components 
with their further rotation to obtain the simplest in-
terpretable factor system, based on the STADIA 8.0 
statistical package developer’s recommendations [4]. 
At the same time, the major axes of the ellipse of an-
alyzed objects’ scattering, eigenvalues of which are 
greater than 1, have been taken into consideration as 
the main components. For the purpose of an interpre-
table description of the factors, marker variables have 
been utilized, which provide for a meaningful inter-
pretation of their possible nature. In doing so, the vari-
ables with a high interrelationship with a given factor 
exactly have been chosen as the above variables 

In our explorative factor analysis, conducted has 
been a step-by-step reduction of the number of the 
main components, followed by Varimax rotation for 
formulating a hypotheses on the optimal factor struc-
ture of the studied latent relations. The obtained data 
allowed suggesting that, as shown in Table 2 herein, 
the optimal structure should include 4 factors.

During the confirmatory factor analysis, in order 
to verify the hypothesis for the optimal factor struc-
ture in the studied latent relations, a more detailed 
calculation of factor loadings, reflecting their geomet-
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ric closeness to each individual factor, has been com-
pleted. In addition to the orthogonal rotation method 
(Varimax rotation), applied have been the Quarti-
max rotation, Equimax rotation and Oblique rotation 
methods.

The tables given below illustrate the results of var-
ious variants for optimizing the factor structure at the 
stage of the confirmatory factor analysis. The indicat-
ed data are obtained by processing the matrix of the 
Spearman rank correlation coefficients. Tables 4, 6, 
and 8, according to the recommendations in paper [4], 
give values of factor loading not lower than 0.5 only. 

Tables 3 and 4 show the parameters of the factor 
structure after using the orthogonal rotation method 
(Varimax rotation), with which we sought to mini-
mize the number of variables with high loadings on 
each factor.

Tables 5 and 6 herein present the data obtained 
after applying the Quartimax rotation method, with 
which we tried to minimize the number of factors, re-
quired for a meaningful interpretation of each of the 
variables used.

Tables 7 and 8 given herein indicate the results 
obtained from the Equimax rotation method, which 
was used to simultaneously minimize the number of 

Table 2
Eigenvalues and percentage of an interpretable dispersion of factors after Varimax rotation

Factor: 1 2 3 4 5 6 7 8
Eigenvalue  1,02 1,009 0,9981 1,015 1,021 0,9956 0,9721 0,9687

Dispersion (%) 12,75 12,61 12,48 12,69 12,77 12,45 12,15 12,11
Cumulative % 12,75 25,36 37,84 59,53 63,29 75,74 87,89 100

Table 3
Eigenvalues and percentage of an interpretable dispersion of 
factors after Varimax rotation at the stage of the confirmatory 
factor analysis

Factor: 1 2 3 4
Eigenvalue  1,02 1,009 0,9981 1,015

Dispersion (%) 12,75 12,61 12,48 12,69
Cumulative % 12,75 25,36 37,84 59,53

Table 4
Factor structure of the correlation relationships after Varimax 
rotation at the stage of the confirmatory factor analysis

Ego-states Number of factor
1 2 3 4

1 -0,806
2 -0,7626
3 -0,775
4 -0,756
5 0,6129 -0,5775
6 0,7088
7 0,7995
8 0,95

variables with large factor loadings and the number of 
factors interpreting them.

We have also completed the Oblique rotation pro-
cedure, with which we have sought to minimize the 
number of factors without providing their complete 
independence (orthogonality). It has turned out that 
the factor structure of the correlation relationships ac-
cording to the Oblique rotation method exactly cor-
responds to that structure which has been obtained 
upon the Varimax rotation application. 

As shown in Tables 3, 5 and 7, the hypothesis for an 
applicability of employing 4 factors for describing the 
optimal structure of the latent relations, provided that 
the analyzed objects with eigenvalues greater than 1 
are referred to as the main components of the scatter-
ing ellipse axes, is confirmed for the Equimax rotation 
method only. Therefore, at the final stage of the confir-
matory factor analysis, all the above main components 
calculation procedures and all the above types of their 
rotation have been performed for models containing 
only 3 factors. The results from the final stage of the 
confirmatory factor analysis are presented in Tables 
9-14 herein. 

As it is the case with all the previous stages, in or-
der to identify the correlation relationships, we have 

Table 5
Eigenvalues and percentage of an interpretable dispersion 
of factors after Quartimax rotation at the stage of the 
confirmatory factor analysis

Factor: 1 2 3 4
Eigenvalue  1,85 1, 935 1,324 0,8993

Dispersion (%) 23,13 24,19 16,55 11,24
Cumulative % 23,13 47,32 63,86 75,1

Table 6
Factor structure of the correlation relationships after 
Quartimax rotation at the stage of the confirmatory factor 
analysis

Ego-states Number of factor
1 2 3 4

1 -0,8259
2 -0,7325
3 -0,7874
4 -0,7305
5 0,6031 -0,5752
6 0,7308
7 0,8187
8 0,9271
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applied Spearman rank correlation and Kendall con-
cordance coefficients. Since the nature of the identi-
fied relationships for each of these coefficients is the 
same, in our further presentation, the data for the 
Spearman rank correlation coefficients are given only 
because of greater generality of the latter. Tables 10, 12 
and14 herein show factor loading values up to 0.1 for 
the purpose of a more detailed analysis of the latent 
relations.

Table 9 and 10 given herein indicate the parameters 
of the factor structure after using the orthogonal rota-
tion method (Varimax rotation).

Tables 13 and 14 herein show the results upon 
completion of the Equimax rotation procedure.

At the final stage of the confirmatory factor analy-
sis, the Oblique rotation procedure has been also com-
pleted. As it is the case with the 4 factor model, the fac-
tor structure of the correlation relationships according 
to the Oblique rotation method exactly corresponds to 
that structure, which has been identified upon com-
pletion of the Varimax rotation procedure. 

As shown in Tables 9, 11 and 13, the hypothesis 
for the applicability of using 3 factors to describe the 
optimal latent relations structure, when the analyzed 
objects with eigenvalues greater than 1 are referred to 
as the main components of the scattering ellipse axes, 
has been verified in full. The marker variables, which 
allow us to give a clear interpretation of their possible 
nature, remain the same under all types of rotation for 
factors similar in structure. The above marker vari-
ables are as follows: 

Table 7
Eigenvalues and percentage of explained dispersion of factors 
after Equimax rotation at the stage of the confirmatory factor 
analysis

Factor: 1 2 3 4
Eigenvalue  1,633 1, 739 1,509 1,128

Dispersion (%) 20,41 21,73 18,86 14,1
Cumulative % 20,41 42,14 61 75,1

Table 9
Eigenvalues and percentage of an interpretable dispersion of 
factors after Varimax rotation at the final stage of confirmatory 
factor analysis

Factor: 1 2 3
Eigenvalue  1,914 1,86 1,563

Dispersion (%) 23,93 23,25 19,54
Cumulative % 23,93 47,18 66,72

Table 8
Factor structure of the correlation relationships after Equimax 
rotation at the stage of the confirmatory factor analysis

Ego-states Number of factor
1 2 3 4

1 -0,7955
2 -0,7681
3 -0,7665
4 -0,7575
5 0,6116 -0,5729
6 0,6952
7 0,7865
8 0,9692

Table 10
Factor structure of the correlation relationships after Varimax 
rotation at the final stage of confirmatory factor analysis

Ego-states Number of factor
1 2 3

1 -0,8036 -0,3285
2 0,1052 -0,414 -0,7449
3 0,1763 -0,7707 -0,1869
4 0,324 -0,136 -0,7292
5 0,6007 -0,5949 0,1366
6 0,6958 -0,2628 -0,2711
7 0,7833 -0,1926
8 0,5494 -0,4525

- for factor 1: the SI values obtained when the respon-
dents simultaneously focus on those metaphoric cards, 
which are associated with their highest readiness/best 
conditioning for their exam, examination  period and 
successful overcoming a life’s trial;
- for factor 2: the SI values obtained when the respon-
dents focus on those metaphoric cards, which are as-
sociated with their unreadiness/worst conditioning 
for the exam;
- for factor 3: the SI values obtained when the respon-
dents focus on those metaphoric cards, which are as-
sociated with their highest readiness/best condition-
ing for a given exam only.

Thus, the latent relations between the obtained 
data may be compactly described with the use of three, 
practically unipolar, factors. Closeness to unipolarity 
for each of these factors is provided by unidirectional-
ity of variables projections on each of them, when the 
factor model tends to a simple structure. As known, 
according to the Thurstone criteria, simple structures 
are built in such a way that each variable has a high 
loading on one factor and a low one on another in 
parallel [4]. As a result, it significantly simplifies an 
interpretation of latent relations to be identified. In 
our case, the metaphoric cards selected by our respon-
dents, taking into account the commonality of the 
cardiac responses to the related associations, may be 
conditionally classified into the following groups:
1) cards-indicators of their integrative emotional 
readi ness/conditioning for successful overcoming life’s  
trials;
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Table 11
Eigenvalues and percentage of an interpretable dispersion 
of factors after Quartimax rotation at the final stage of 
confirmatory factor analysis

Factor: 1 2 3
Eigenvalue  2,388 1, 945 1,005

Dispersion (%) 29,85 24,13 12,56
Cumulative % 29,85 54,16 66,72

Table 13
Eigenvalues and percentage of an interpretable dispersion 
of factors after Equimax rotation at the final stage of the 
confirmatory factor analysis

Factor: 1 2 3
Eigenvalue  1,854 1, 861 1,623

Dispersion (%) 23,17 23,26 20,29
Cumulative % 23,17 46,43 66,72

Table 12
Factor structure of the correlation relationships after Quartimax 
rotation at the final stage of the confirmatory factor analysis

Ego-states Number of factor
1 2 3

1 0,1671 -0,8282 -0,2114
2 0,3202 -0,4789 -0,6368
3 0,2279 -0,7782
4 0,5261 -0,1929 -0,5858
5 0,5386 -0,5576 -0,3639
6 0,7462 -0,2625
7 0,806
8 0,6575 -0,2702

Table 14
Factor structure of the correlation relationships after Equimax 
rotation at the final stage of the confirmatory factor analysis

Ego-states Number of factor
1 2 3

1 -0,8043 -0,3287
2 -0,4158 -0,7471
3 0,1709 -0,7709 -0,1912
4 0,3006 -0,1373 -0,7403
5 0,6065 -0,5934 0,1163
6 0,686 -0,2622 -0,2954
7 0,776 -0,2206
8 0,5327 -0,4721

2) cards-indicators of their differentiated emotional 
unreadiness/unconditioning for successful overcom-
ing the certain life’s trials;
3) cards-indicators of their differentiated emotional 
readiness/conditioning for successful overcoming the 
certain life’s trials.

Special attention deserves a significant contribution 
to the first selected factor (conventionally it may be de-
fined as an integrative readiness/conditioning for life’s 
trials) among the SI values obtained when the respon-
dents focus on those metaphoric cards, which are asso-
ciated with their unreadiness/unconditioning for their 
examination period. The matter is that, in their post-
test interviews, many respondents have mentioned their 
unwillingness to once again retrieve their negative states 
associated with this kind of the metaphoric cards. They 
desired to actively use in practice the revealed chance 
to evoke their positive emotional states with the use of 
the metaphoric cards. In other words, at this stage the 
respondents have expressed a constructive form of their 
supra-situational activity aimed at a positive correction 
of their own emotional state (the subject-genetic nature 
of such supra-situational activity is described in more 
detail in [5-7]). In these cases, the metaphoric associa-
tive cards become effective stimulation for the creation 
and maintenance of positive mindset to achieve a suc-
cess in overcoming significant life difficulties.

As we see from the data presented, the SI values for 
positive emotional states form a part of Factor 1 and 
3, as a rule. The exception is those SI values record-
ed when the respondents focus on those metaphoric 

cards, which are associated with their unreadiness/
unconditioning for their examination period. We have 
described the possible cause of this exception in the 
preceding paragraph.

The SI values related to the negative emotional 
states are the major contributors to factor 2. Moreover, 
this regularity and this factor structure, as a whole, are 
retained for all the rotation variants used. This, in ad-
dition to the fact of statistically significant differences 
in average SI values, also demonstrates a substantial 
commonality of the positive emotional states, which 
considerably differs from that substantial commonali-
ty of those SI values, which have been recorded for the 
negative emotional states.

It should be noted that the most powerful factors in 
all variants of rotation include both the SI values for all 
positive emotional states, when they have been actual-
ized individually, and those SI values, which have been 
reported, when our respondents have worked with the 
cards, which are associated with all three positive emo-
tional states. This suggests that the factor structure 
confirms that at the psycho-physiological level there is 
a positive training effect produced by alternate actual-
ization of positive emotional states by the respondents 
using the metaphoric cards selected by them.

Conclusions
The obtained evidence data allow concluding that 

the metaphoric associative cards can serve not only as 
a forecasting tool, a sort of predictors of human behav-
ior in certain emotionally charged, stressful situations, 
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but also as a means for active modeling of optimal 
conditioning for successful overcoming of the above 
unfavorable situations.

The conducted studies have experimentally con-
firmed the validity of our hypothesis that the meta-
phoric associative cards, in addition to the colorful 
description of the phenomena, personified by the re-
spondents, provide and mobilize the human physio-
logical response to a specific type thereof. It has been 
shown that such mobilization is manifested in a cer-
tain pattern of the cardiovascular system performance. 

As it is the case with the theoretical constructs inves-
tigated by us earlier in the field of transactional analysis 
[2, 8], the metaphoric associative cards really assist an in-
dividual to activate his/her definite, substantively differ-
ent, psychophysiological status. The transitions from one 
ego-state to another are actually accompanied by signifi-
cant changes in the human organism performance, and, 
first of all, in the performance of the heart. The reliable 
marker of such changes is the heart rate variability assess-
ment based on the Baevsky stress index (SI) technique.

Besides, as in [1-3], we have obtained experimental 
confirmation of the validity of using such a complex 
cardiometric indicator as the Baevsky stress index (SI) 
to assess the effectiveness of various psycho-correc-
tion methods. But while earlier it has been applicable 
to the methods of psychosomatic self-regulation and 
transactional analysis [1-3, 8-11], now an efficient use 
of the Baevsky stress index has been also demonstrat-
ed in relation to the metaphoric associative cards in 
correction of various types of the human behavior. 
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Abstract
Hypertension disorders are reported to cover up to 10% of 
pregnancies in the world. It is precisely the arterial hypertension 
that is the leading cause of developing serious complications, 
long-term invalidation and high maternal and infant mortality 
rates. In the context of the maternal mortality, preeclampsia may 
be attributed to 25% of all lethal outcomes. Preeclampsia occu-
pies the second place in the maternal mortality structure. Mul-
tifetal pregnancy is a risk factor for developing of preeclamp-
sia. The given study has been designed to obtain main data 
measured in pregnant patients experiencing preeclampsia. The 
obtained data have been compared with parameters showing 
changes in intra-abdominal pressure (IAP) and biochemistry 
data in singleton versus multifetal pregnancies. Our study has 
shown that arterial hypertension in multifetal pregnancies may 
develop due to some factors not typical of preeclampsia patho-
genesis. As a result, we may assume that establishing diagnosis 
Preeclampsia on the basis of arterial hypertention alone may 
involve an inaccuracy. Therefore, in making the proper diag-
nostics to differentiate between preeclampsia and other causes 
of arterial hypertension, it is reasonable to use some additional 
examination techniques like an impedance measuring method. 
The hemodynamic data collected therewith can be effectively 
used in selection of the most suitable hypotensive therapy and 
adjustment of infusion therapy.
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Introduction
According to the applicable WHO statistics data 

referred to 2017, hypertension conditions in pregnan-
cies occupy the second place in the maternal mortal-
ity structure that is reported in 14% of the parturient 
women lethal outcomes [1,11,24-25]. As to the Rus-
sian national statistics data, at least the 19% parturien-
cy cases are accompanied by arterial hypertension. So, 
arterial hypertension reaching the 15,7% level ranks 
the 4th in the framework of the maternal mortality 
[4]. The high likelihood of invalidation or even ma-
ternal and infant mortality requires further particular 
attention to be paid to studies of possible causes and 
approaches to treatment of arterial hypertension [12-
16]. The proposed personalized approach to health 
care for this sort of patients will result in a reduction 
of the perinatal loss and an optimization of intensive 
unite costs.

The aim of our study has been to identify types of 
possible hemodynamics disorders in singleton and 
multifetal pregnancies complicated with arterial hy-
pertension. Besides, it has been designed to assess 
changes in fluid distribution in a pregnant woman ver-
sus the respective normal value recorded in non-preg-
nancy, with the use of the technique of impedance 
measuring. Thereupon, it has been designed to reveal 
a relationship between the type of the hemodynamic 
disorders involving arterial hypertension and the re-
spective clinical symptoms & laboratory data.

Materials and methods
Our studies have been conducted in two groups 

covering a total of 154 examinees, having age-, BMI-, 
intervention-scope- and anesthesia-technique-com-
parable features. All patients have been observed in 
the early post-surgery period in intensive care unit 
after the completed caesarean section procedures in-
volving regional anesthesia techniques. In order to 
find the most descriptive, typical, values in our sorted 
sampling data set, we have utilized the median, since it 
has been required to minimize effects by some outliers 
in the sequence that skew the average of our statistics 
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values [6]. Both groups are homogenous by all ana-
lyzed indices that has been established with the use of 
the variance estimator [7]. The main test group of the 
patients (n=75, with an average age of 29, an average 
BMI = 27) has included multifetal pregnancies versus 
the reference group, which has covered the singleton 
pregnancies only (n=79, with n average age of 31.5, an 
average BMI = 29.5). For all the patients, their med-
ical history records have not contained any events of 
arterial hypertension before their pregnancies. Un-
der the pregnancy conditions, for the patients in both 
groups, AP systolic values exceeding 140 mm Hg and 
AP diastolic values exceeding 100 mm Hg have been 
reported.

Aссording to the latest data, preeclampsia devel-
ops as a result of a placenta anomaly that leads to a 
release of antiangiogenic factors of the sFlt1 type and 
soluble endoglins (sEng) produced in higher than 
normal quantities, which provoke an endothelial dys-
function. At stage two of preeclampsia developing, 
permeability of the vascular walls increases that ini-
tiates a vasoconstriction, an increase in the total pe-
ripheral resistance (TPR), an activation of coagulation 
and thrombotic microangiopathy. Further rise in the 
transmural pressure triggers TPR growing and aggra-
vates the developing pathology process [5,17-20]. All 
the above listed factors make an effect on developing 
arterial hypertension, alterations in the heart perfor-
mance and, in some severe cases, even polyorganic 
insufficiency [8]. Based on these data, we think that 
for the pregnant patients suffering from arterial hy-
pertension it is reasonable to assess the volume of ex-
tracellular liquid, which is made up of the circulating 
blood volume (CBV), the interstitial fluid quantity 
and the intracellular fluid volume. An assessment of 
hemodynamics data, like the total peripheral resis-
tance (TPR), the minute volume (MV) and the stroke 
volume (SV), is the most informative way indicating 
the actual condition of the vascular bed and the heart 
performance status. In doing so, the contractility of 
the heart should be estimated preferably by assess-
ing stroke volume values (SV). This parameter shows 
the most sensitivity to alterations in hemodynamics, 
since under developing pathology process conditions, 
at the stage of compensation, certain mechanisms are 
activated to maintain the MV values within the con-
ditionally specified normal range [9]. So, in case of a 
decreased stroke volume, tachycardia develops that fi-
nally contributes to the maintenance of the MV values 

within their normal range. An assessment of the inte-
gral tonicity coefficient (ITC) is descriptive of the ac-
tual condition of the arterial system tonus. ITC readi-
ly illustrates what shared time takes the diastolic span 
within the total cardiac cycle duration. An increased 
value of this parameter, exceeding the norm, reaching 
the level of 76 ± 1,6, is an indication of the central-
ization in the blood supply. The respiratory variation 
factor (RVF) responsible for stroke volume changes is 
a fingerprint to characterize the venous return. The 
RVF normal values are within the range from 1.14 to 
1.24. Values exceeding the normal parameters thereof 
are indicators of respiration disorders, the genesis of 
which are attributed to pulmonary, cardiac or com-
bined diseases. 

The collected data have been automatically ana-
lyzed with the use of monitor-equipped system KM-
AR-01 DIAMANT V11.0. The respective normal val-
ue is taken to be 100%. The norms of the MV and SV 
parameters have been computed on the basis of the 
clinical data obtained with utilization of the imped-
ance measuring technique that involves an application 
of the sigma interval as a limit of allowable measure-
ments for the given device. Based on the clinical data 
collected, the normal value of MV is 3.1 ± 0.7 l×min-
1×m-2, and the normal value of the SV parameter in 
females reaches 42± 8 ml×m-2. The normal value of 
TPR is assumed to be 1100 – 1900 din×s.×cm-5. The 
proper normal values of the extracellular fluid volume 
have been derived from the formulas by Hidalgo at al. 
The respective extracellular blood volume = the circu-
lating blood volume x 2,60, where 2.60 is an empirical 
coefficient proposed by S.Albert. The interstitial fluid 
volume has been taken to be equal to the difference be-
tween the total fluid volume and the extracellular fluid 
volume [9]. Besides, we have calculated complete sets 
of the following data with the above monitor-based 
system as listed below: a pre-ejection period (PEP), 
an ejection time (LVT), an isovolemic relaxation time 
(IVR), a filling time (FT), a diastole time (DTI), a sys-
tole time (QX), a blood volume parameter (BV) and a 
homeostasis load index (HL).

Preeclampsia is a severe complication in pregnan-
cy, and it is very often is accompanied by developing 
polyorganic pathology. When the first symptoms of 
preeclampsia appear, laboratory testing is mandato-
rily required to deliver the biochemistry markers as 
follows: Alanine Aminotransferase (ALT), Aspartate 
aminotransferase (AST), Blood urea nitrogen (BUN), 
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Creatinine, Lactate dehydrogenase (LDH), free He-
moglobine and Proteinuria.

The patients from the above mentioned groups 
have been examined with the use of the moni-
tor-based equipment system KM-AR-01 DIAMANT 
V11.0 designed for examination of the cardiac & re-
spiratory system performance and tissue hydration. 
The patient’s position in the examination should be 
as follows: she should be in the supine position with 
her head supported and arms to be placed along the 
body. The paired electrodes are applied within the 
lower third volar surface areas and on the inside 
surface of the legs in such a manner that the cur-
rent electrodes are placed distally. The current and 
measuring electrodes are connected to an imped-
ance measuring instrument. Upon expiration of 10 
minutes the resistance values are recorded at a low 
and a high frequency, respectively. Upon recording, 
the values required for computation of the above 
mentioned different fluid volumes are delivered to 
a PC to be processed with the specific software. The 
impedance measuring technique is based on the 
use of the impedance phenomenon. Following this 
way, it should be noted that an impedance of bio-
logical tissues is a complex electrical resistance of 
the tissues to a harmonic signal delivered thereto. 
Depending on the frequency of the passing elec-
trical signal, the tissues in an organism show dif-
ferent permeability. With an increase in the signal 
frequency, the cell membrane becomes permeable, 
and the total resistance of all fluids grows. Our im-
pedance-based equipment system is capable of data 
recording at various frequencies and analyzing the 
obtained measuring results. The developed mathe-
matical model takes into account BMI and the gen-
eral state of the organism that provides for an unbi-
ased assessment of the studied parameters in critical 
state patients.

Results and discussion
We have completed our studies on central he-

modynamics in patients of both groups in the early 
post-surgery period against developing AH. Accord-
ing to Clinical Guidelines “Hypertension Disorders 
in Pregnancy and Post-Partum Period. Preeclampsia, 
Eclampsia. Clinical Recommendations. Treatment 
procedure records” approved by the Russian National 
Association of Anesthesiologists and Resuscitators, an 
abnormal increase in the AP level has been treated as a 
preeclampsia marker; in connection therewith the pa-
tients have received magnesium therapy in accordance 
with the schedule as follows: intravenous 25% magne-
sium MgSo4, 4000 mg within 15 minutes, subsequent-
ly micro-jet injection of 1000 mg/hr [10]. 

The data on hemodynamics, reported upon the 
studies, have shown significant differences in some 
indicator values. To illustrate this statement, it 
should be noticed that the MV and SV values: MV 
= 2.46 l/min×m2, SV = 33.95 ml/m2 recorded in the 
main test group have markedly exceeded those re-
ported for the reference group: MV = 1.7 l/min×m2, 
SV = 24.55 ml/m2 (by 44% in case with MV and by 
38% in case with SV, respectively). In its turn, the 
TPR, CBV values and extracellular fluid parameter 
recorded in the main test group have been found to 
be lower than those reported in the reference group 
(TPR is lower by 55%, CVB is lower by 8,5%, and the 
intracellular fluid volume has a decrease by 10,5%). 
The ITC parameter is at the lower limit of the norm 
(74.6) in the main test group that points to the fact 
that there is no peripheral vascular spasm available. 
The RVF parameter in the reference group patients 
exceeds the normal values (1,3) that bears witness to 
the fact that there is a strong impact of the intratho-
racic pressure on the venous return. A brief survey of 
the compared hemodynamics data are given further 
herein in Table 1.
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The recorded significant differences in the lab 
biochemistry data have engaged our attention, too. 
The deviations of the most important markers of 
preeclampsia ALT, ACT and LDH have been report-
ed to be doubled values in the reference group, and 
the respective values of biochemistry in the main test 
group have primarily remained within the tolerable 
range. The proteinurea level in the main test group has 
reached 0,8 g/l, and the averaged level thereof in the 
reference group has been reported to be 4,5 g/l that is 
an indication of involvement of kidneys in pathology 
process. Intra-abdominal hypertension in the refer-
ence group is added to the developing preeclampsia 
process as mentioned above. In the main test group, 
the average IAP value has remained at the upper limit 
of the norm. The major biochemistry markers of pre-
eclampsia are summarized by Table 2 given further 
herein.

The validity of the survey statistics data on the 
main test group patients shows that the arterial hy-
pertension pathogenesis in multifetal pregnancies 
may be related to the stroke volume parameters. As to 
the reference group, covering the singleton pregnant 
patients, high TPR levels, indicating vascular spasm, 
may be treated as the deciding factor for developing 
AH. The increased averaged values of the extracellu-
lar fluid volume, exceeding the norm by 15,5%, in the 
reference group patients with singleton pregnancies 
demonstrate that there is an increase in the interstitial 
fluid volume that may partly explain the high averaged 
BMI valves of the mentioned patients that is manifest-
ed by pronounced edema cases.

Conclusions
1. With respect to developing AH in the main test 
group covering multifetal pregnancies, attention 
should be drawn to the fact that there is a relatively 
high level of the SV (MV) parameter with the normal 
TPR data. The obtained evidence data show that AH 

Table 2

N
o.

 o
f i

nd
.

BM
I

Ag
e,

 y
ea

rs

H
b,

 g
/l

H
t, 

%

PL
T,

 1
09

/l

Ur
ea

 m
m

ol
/l

Ph
os

ph
oc

r. 
µm

ol
/l

AL
T,

 U
n.

/l

AS
T,

 U
n.

/l

Fr
ee

 H
b,

 g
/l

LD
H

, U
n.

l

Pr
ot

ei
nu

r.,
 g

/l

IA
T,

 c
m

H
2O

.

Main test 
group 75 27 29 110 32 184 4 68 32 36 0,22 375 0.8 5.1

Reference 
group 79 30 31.5 111 34 177 4,7 75 63 77 0,66 628 4.5 9.9

in multifetal pregnancies may develop without vascu-
lar spasm.
2. The conducted studies have demonstrated that Ar-
terial Hypertension in the singleton pregnant patients 
from the reference group develops fully in accordance 
with the modern concept of the preeclampsia patho-
genesis.
3. Administration of the proper hypotensive therapy, 
considering the pathogenesis aspects in a proper man-
ner, taking into account the systemic hemodynamics 
data and tissue hydration assessments, can produce a 
positive outcome in the therapy with minimized med-
ication. 
4. The corrective measures to improve the infusion 
loading on the basis of the tissue hydration assess-
ments are substantiated by the valid pathogenesis as-
sumption.
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Aims 
A high incidence of breast cancer is observed in all countries 
throughout the world, and this dictates the use of aggressive 
antitumor drugs. The toxogenic effect of anthracycline drugs 
on the cardiovascular system under conditions of oncological 
pathology determines the need to expand the diagnostic capa-
bilities for detecting cardiotoxicity, including searching for signal 
morphological markers in blood serum. The aim of this work 
is to study the structure of solid-state films of blood serum in 
patients with breast cancer at the stages of their chemothera-
peutic treatment to identify signal criteria for cardiotoxicity. 

Materials and methods 
Studies were conducted in 25 patients with primary breast cancer 
(BC) with an extent of spread of the tumor process correspond-
ing to T2-4N0-1M0. Polychemotherapy (PCT) was carried out in 
a neoadjuvant regimen, which included doxorubicin (60 mg/m2) 
and cyclophosphamide (600 mg/m2) supported by echocar-
diography examinations and ECG monitoring. Morphological 
testing of solid-state blood serum samples was carried out using 
the Shatokhina-Shabalin method of wedge-shaped dehydration 
both before PCT and in the course thereof. Samples were visu-
alized with the Leica DMLS2 microscope with a magnification 
from x20 to x90.

Results 
Before starting the PCT course, in the serum facias, in 55% of the 
cases detected has been the loss of the radial symmetry system 
and the formation of pathological types, including the “double” 
facias that is a criterion of systemic intoxication. Local markers of 
comorbid states with a detection rate of up to 40% of intoxication, 
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impaired vascular elasticity, sclerosis, hypertension and ischemia 
have been identified. After 3 courses of PCT including anthra-
cyclines, the occurrence rate of formation of these pathological 
criteria increased by 1.7 times; the occurrence rate of myocardial 
trophic disorder markers was found to be higher. At stages 5–6 of 
the treatment course, in 80% of the cases, some signal signs of the 
cumulative effect of anthracyclines associated with impaired cardi-
ac rhythmogenesis were detected in the facias structure.

Conclusions 
Inhibition of tumor growth under PCT including anthracyclines is 
accompanied by structural deformation of the systemic and local 
self-organization of blood serum. An intensification of crystallo-
genesis of inflammation pathological proteins, sclerosis, intoxica-
tion, hypertension, stagnation angiospasm and cardiac arrhyth-
mias makes it possible to assess the intensity of drug cardiotoxicity 
using the identifying markers, predict long-term effects of PCT and 
a possibility of their prevention. 
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Introduction
A significant occurrence rate of breast cancer (BC) 

and a high mortality rate in females make the issues of 
the BC treatment and diagnostics of patients topical 
[1]. Chemotherapy is known to be one of the leading 
methods of treating breast cancer, and the most ef-
fective drugs for the therapy are anthracyclines, tax-
anes, alkylating agents, fluoropyrimidines and tras-
tuzumab [2]. With extending growth of medication 
options, the risk of cardiovascular complications also 
increases. Antitumor agents of various classes may 
produce a pathogenic effect on the cardiac muscle 
and contribute to the development of functional dis-
orders, including cardiac arrhythmias, myocarditis, 
pericarditis, infarction, acute or congestive heart fail-
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ure. Within the range of various complications of the 
anthracycline antitumor therapy, cardiotoxicity is of 
particular danger [3, 4]. This spectrum of events may 
occur either immediately or years upon the CT com-
pletion, therefore, it is so important to identify eligi-
ble operational prognostic criteria for cardiotoxicity, 
indicating the need for correction of cardiovascular 
pathology [5, 6, 7]. 

The appearance of functional and structural 
changes in the heart and blood vessels is reflected in 
the circulating blood composition. It is known that 
blood transports toxic substances (tissue destruction 
products, incomplete protein-, lipid- and mineral ex-
change-related metabolism products), therefore, the 
presence of toxins in blood, i.e. toxemia, is a patholog-
ical state that can be detected in blood testing. Along 
with the earliest biochemical criteria for intoxication, 
there is an important condition that indicates that the 
non-cellular component of blood (plasma, blood se-
rum), in addition to the detectable biochemical (dy-
namic) changes, can serve as an important source of 
information about the formative (static) characteris-
tics of the fluid phase, when the blood fluid is trans-
formed into its solid state. This unique approach to 
the diagnostics of pathological states was developed 
by Russian scientists, Member of the Russian Acade-
my of Sciences (RAS) Shabalin V.N. and Correspond-
ing Member of RAS Shatokhina S.N. They created the 
methodological basis for biological fluid morphology 
[9-10]. The methods proposed by the above research-
ers for the diagnostics of the morphological structure 
of blood serum and other biological fluids are sup-
ported by the description of the criteria for identify-
ing pathological states and their structural features, 
which have found applications in assessing effects 
made by different therapeutic factors [10-13].  

The aim of this research work is to study the struc-
ture of solid-state films of blood serum in patients 
with breast cancer (BC) at the stages of their chemo-
therapeutic treatment for identifying signal criteria 
for cardiotoxicity and determining their prognostic 
value.

Materials and methods 
The study included 25 patients aged under 50 (49.8 

± 0.5) with primary breast cancer (PBC). The extent of 
spread of the tumor process has been found in 90.5% 
of patients to correspond to T2-4N0-1M0. Polychemo-
therapy (PCT) was carried out in a neoadjuvant regi-

men with doxorubicin (60 mg / m2) and cyclophos-
phamide (600 mg / m2) included. Before the fourth 
course of PCT and upon completion thereof, a control 
assessment of the cardiovascular system functional 
state was carried out using standard echocardiogra-
phy and ECG examinations. In doing so, the following 
concomitant diseases were diagnosed: arterial hyper-
tension, chronic heart failure (71.4%), myocardiodys-
trophy (12%), and, in some individual cases, heart 
rhythm disturbance, diabetes mellitus, autoimmune 
thyroiditis and hyperalimentation. According to the 
indications, omeprazole, prednisolone, ademetionine, 
inosine and famotidine were prescribed as accompa-
nying therapy. All research protocols were prepared 
in accordance with the ethical standards according to 
Declaration of Helsinki (1964) and approved by the 
Ethics Committee at the Federal State Budget Scien-
tific Institution RRIO, Ministry of Health, Russia. The 
structural markers of cardiotoxicity were detected us-
ing the method of wedge-shaped dehydration devel-
oped by Shatokhina-Shabalin. To obtain solid-state 
blood serum samples, venous blood was collected 
with a sample volume of 2 cm3; cell elements were 
separated by centrifugation, and the resulting bioflu-
id was applied dropwise onto a glass slide with a vol-
ume of 10 μl. The duration of the dehydration process 
was 18–22 hours; it was conducted at a temperature of 
22–24° C with a humidity of 65–70% under open air 
conditions without direct air flows. The morphostruc-
ture of the solid-state film of serum was evaluated us-
ing light, dark and polarization microscopy with the 
Leica DMLS2 microscope with a magnification factor 
from x20 to x90. The terms and definitions related to 
the morphological structures of blood serum and the 
markers of pathological processes have been applied 
in accordance with the original reference source by 
V.N.Shabalin and S.N.Shatokhina.

Results
The study of morphology of the solid-state blood 

serum samples in the BC patients before PCT in-
cluding anthracyclines revealed initial disorders in 
the systemic self-organization thereof. This was evi-
denced by the absence of the full radial symmetry of 
the cracks, the appearance of zigzag-pattern beads and 
ridges along the circumference line in the boundary 
and intermediate zones of the facias. In 45% of the cas-
es a partially radial morphotype of the facia has been 
detected, in 35% of the cases an irradial morphotype 
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thereof has been identified, and in 20% of the tests 
the formation of an extremely unfavorable morpho-
type, the so-called “double” facia has been discovered 
that marks a highly toxic state of biofluid (see Figure 1 
herein).

The pronounced invariance of the pathological se-
rum morphotypes before PCT indicated the influence 
of the malignant process on the organism and made 
it possible to identify paraspecific signs of the tumor 
growth (see Figure 2 herein). The paraspecific signs 
primarily included such structures as “wrinkling” and 
“toxic plaques”, representing markers of intoxication 
and toxin products of the liquid medium, which were 
detected with an occurrence rate up to 35-40%. Before 
the treatment, in a quarter of the examined patients 
with initial cardiac arrhythmias, a signal marker of 
extrasystole, a “finger-shaped structure”, was found.  
In 25% of the cases, markers of chronic inflammatory 
processes were recorded, which were shaped like re-
gional fields of some crystallized inflammatory pro-
teins building structures of the split Arnold tongue 
type and the Sierpinski carpet type. The occurrence 
rate of impaired vascular elasticity markers, namely, 
the structures like “silver cracks”, as well as sclerotic 
processes in blood vessels, i.e. the “leaf ”-type struc-
ture, increased to a level of 40%.

Thus, the initial picture of the solid-state blood 
serum samples in the above mentioned cohort of the 
BC patients indicated that, against the background of 
systemic disorders in the self-organization in biologi-
cal fluid, the revealed paraspecific signs did not differ 
from those revealed with the conventional equipment 

Figure 1. Fragments of the blood serum facias in patients with BC before PCT: a) departure from the radial symmetry of the cracks, 
appearance of beads in the facia boundary zone; b) the “double” facia morphotype; the ‘wrinkling” structure and toxic plaques 
along the edge of the lower facia. Magn. x 40.

а) b)

and instrumentation used for diagnostics of cardiac 
and vascular pathology in the patients before their 
drug treatment. It is no doubt that the tumor itself 
makes a vast contribution to the development of the 
above disorders under the localized malignant process 
conditions. Of considerable interest was our analysis 
of the initial morphotypes with samples obtained af-
ter the first three courses of PCT, which limited the 
pathogenic effect produced by the tumor, but pro-
voked at the same time the side effect of enriching the 
internal environment with aggressive drugs and their 
metabolites. 

The completion of 3 courses of antitumor PCT 
with anthracyclines included significantly affected the 
structure of the serum facias. First, the partially radial 
morphotype of the facias, which is closest to the nor-
motype of the radial symmetry, was completely lost. 
The pathologically stable morphotypes, namely the ir-
radial and the circular types with a pronounced asym-
metry and a chaotic distribution of cracks, which indi-
cated a systemic disorganization of the facia structure, 
were dominant. Second, some morphological signs of 
chronic insufficiency of cerebral and cardiac circu-
lation of the hypertonic and atherosclerotic genesis 
were revealed in the form of a circular arrangement of 
band-type cracks against the background of the three-
ray ones (see Figure 3 herein). The above suggestion 
was confirmed by the presence of structures like "sil-
ver cracks", which made us possible to identify disor-
ders in the blood vessel elasticity and hypertension. 
The most frequently found marker of hypertension 
and angiospasm was a cluster of the “scallop struc-
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а)

c)

b)

d)
Figure 2. Fragments of serum facias in BC patients before PCT: a) a cluster of pathological markers of intoxication and inflamma-
tion: “wrinkling” of toxic proteins in the boundary zone and signs of the Arnold tongue types in the intermediate zone; b) a cluster 
of markers of inflammation: markers of the Arnold tongue types, markers of angiospasm and hypertension: “scallop” structures; c) 
sclerosing markers: the “leaf” structure visible using the polarized light; d) “scallop” structures and “silver cracks”. Magn.х 20,х 40.

tures” in the boundary zone of the facias, at the base 
of which there were lines of dash-type cracks. During 
the systematic use of hypotensive drugs by BC pa-
tients, the structure of “the scallops” was transformed 
into broken lines, and the presence of “the dash-type 
cracks” demonstrated the possibility of a compensa-
tory development of the microcirculatory network to 
restore the blood supply in those areas of the brain or 
the heart tissues affected by hypoxia or ischemia, that 
was observed in 50% of the cases.

In addition, in 60% of the cases, detected were the 
markers, which manifested a myocardial trophism dis-
order and which contained the "spike” type structures 
of various sizes in large and small cracks of the facias. 
At the considered stage of the treatment, an increase 
in the occurrence rate and enlargement of local struc-
tures of the “toxic plaques” and “wrinkling” structures 
built by toxic proteins, toxins and incomplete metab-
olism products, was observed, that determined a high 

level of general intoxication and was directly related to 
cardiotoxicity. 

At the subsequent stages of the treatment, espe-
cially by the time of the completion of courses 5-6 of 
antitumor PCT in the BC patients, the further cumu-
lative effect produced by anthracyclines had negative 
consequences associated with cardiac arrhythmias. In 
parallel with the clinical recording of these abnormali-
ties, in solid samples of patients' blood serum, specific 
inclusions typical to atrial fibrillation were revealed. 
The inclusions represented small dual structures of 
triangles located within the doubled Arnold tongue 
type regions and the Sierpinski carpets (see Figure 4 
herein).

It should be noted that before PCT including an-
thracyclines this sort of structural markers was not 
detected. A significant increase in the occurrence rate 
of the "spikes” structure (up to 80% of the cases) at 
large cracks also confirmed the presence of disorder-
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c

b)

d)
Figure 3. Fragments of serum facias in BC patients upon completion of the 3rd course of PCT with anthracyclines included: markers 
of chronic insufficiency of peripheral (a) and central (b) blood circulation: the circular arrangement of band-type cracks; c) markers 
of myocardial trophic disturbance: "spikes” structure; d) fractures and alignments of the "scallop" structures as markers of angio-
spasm and hypertension in accompanying therapy. Magn. Х 40.

ing in cardiac rhythmogenesis. An identification of 
“finger-shaped structures”, demonstrating their high 
specificity for the processes of rhythm disturbances 
and extrasystoles, deserved a particular attention in 
the context of the morphological analysis of solid-state 
blood serum sample structuring. Upon the comple-
tion of the anthracycline treatment, the above demon-
strative marker of cardiac abnormalities was detected 
in 43% of the patients.

Conclusions
As evident from the completed monitoring of the 

blood serum facias in the BC patients at the stages of 
antitumor PCT including anthracycline drugs, the 
processes of structural self-organization of the bioflu-
id undergo pronounced transformations both at the 
systemic and local levels. Prior to starting the drug 
therapy, detected were clear morphological signs of 
the pathogenic effect produced by a malignant tumor 

on the organism, reflecting the loss of normotypes of 
the radial symmetry and the formation of the “double” 
facia, the marker of intoxication. At the same time, 
the processes of the cancer-related intoxication were 
complicated by comorbid conditions, which manifest-
ed themselves at the level of local crystallogenesis of 
pathological proteins of inflammation, sclerosis due to 
intoxication, hypertension, angiospasm of congestive 
events, cardiac arrhythmias in the form of identifying 
paraspecific markers. Thus, before the treatment, the 
level of the damaging effect produced by the tumor 
on the internal environment state was adequately as-
sessed. 

As the tumor growth was inhibited, the markers 
did not disappear: on the contrary, they became a re-
flection of the side effects made by doxorubicin and 
cyclophosphamide. Our study of the facias, especially 
at the final stages of PCT, has demonstrated cumula-
tive effects, which aggravate the systemic self-organi-
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e)

b)

d)

f )
Figure 4. Fragments of serum facias in BC patients upon the completion of 5–6 courses of PCT with anthracyclines included: a, b) 
markers of atrial fibrillation: the structures of triangles in the double Arnold tongue regions c) the “spikes” structure at large cracks 
of the facias in case of heart rhythm disorders; d, e, f ) markers of extrasystole: the “finger-shaped” structures. Magn. х 40, х 90.
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zation of the facias and add to the complexity of the 
cardiopathology up to the appearance of atrial fibrilla-
tion markers. An increase in the occurrence rate of de-
tecting the “finger-shaped” structure markers, linked 
with an increase in the Sierpinski carpet areas and 
the Arnold tongue type regions, associated with their 
texture of multiple triangles, which are possibly asso-
ciated with degenerative changes in cardiomyocytes, 
may bear witness to a progression of the myocardial 
strain tension related to the rhythm-generating sys-
tem. As shown by Shatokhina S.N. and Shabalin V.N., 
abnormal structures of the solid-state phase of blood 
serum are formed by pathological metabolites and can 
be found in a variety of their combinations with other 
structures. In other words, cardiotoxicity is targeted 
not only at the muscle system, but also at the nervous 
system of the heart, represented by structural elements 
highly sensitive to toxins. 

It should be pointed out that medical monitoring 
of the cardiovascular system state and mandatory 
accompanying therapy for patients during the entire 
period of their treatment certainly produced a car-
diotropic effect that made it possible to suppress the 
toxic attack of anthracyclines and provide the required 
completion of the PCT courses. At the same time, the 
possibility of additional testing and identification of 
the anthracyclines’ toxic effect markers may have a 
great prognostic value considering a reduction in the 
risk of delayed adverse effects made by anthracyclines, 
well-timed administration and completion of the re-
quired supportive cardiotropic therapy. 
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Introduction
Studies of hemodynamics in critical patients under intensive 
care unit conditions have been a very difficult task until now 
[1]. There are a number of reasons for that. No instruments ca-
pable of noninvasively recording data on hemodynamics and 
metabolism, as well as the cardiovascular system performance, 
could be used. Of course it is reasonable that, according to 
the relevant methodology, all the data should be recorded on 
the 'here-and-now' basis, in real time, to enable rapid deci-
sion-making in order to save the patient's life. 
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Introduction
Studies of hemodynamics in critical patients un-

der intensive care unit conditions have been a very 
difficult task until now [1]. There are a number of 
reasons for that. No instruments capable of nonin-
vasively recording data on hemodynamics and me-
tabolism, as well as the cardiovascular system perfor-
mance, could be used. Of course it is reasonable that, 
according to the relevant methodology, all the data 
should be recorded on the 'here-and-now' basis, in 
real time, to enable rapid decision-making in order to 
save the patient's life. Such possibilities have not been 
available. Only heart rate and blood circulation were 
monitored, i.e. the parameters that can be informa-
tively evaluated post factum only and that cannot be 
used to predict the organism state. This paper pres-
ents results of noninvasive examinations in critical 
patients in an intensive care unit with the use of the 
cardiometric method. The method is implemented 
using device Cardiocode designed and manufactured 
for cardiology diagnostics [2]. Using the device it be-
comes possible to estimate the boundaries of critical 
states, which allows predicting the development of 
the patient’s condition and make adequate decisions 
without any delay at the bedside. 

Aims
The aim of the study is to analyze the hemodynam-

ics data recorded in critical patients under the inten-
sive care unit conditions.

Methods
The methods thereof is based on the ECG record-

ing, identification of the cardiac cycle phases and the 
automatic mathematical calculation of the following 
parameters: 
1. Hemodynamic parameters
SV - stroke volume of blood, ml;
MV - minute volume, l/min;
PV1 - volume of blood entering the ventricle during 
early diastole phase, ml;
PV2 - volume of blood entering the left ventricle 
during atrial systole, ml;
PV3 - volume of blood ejected by the ventricle during 
rapid ejection phase, ml;
PV4 - volume of blood ejected by the ventricle during 
slow ejection phase, ml;
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PV5 - blood volume (part of SV), pumped by the as-
cending aorta as a peristaltic pump, ml.
RV1 - ejection fraction, %. 
2. Parameters of metabolism    
Qualitative assessment of metabolism in the cardiac 
muscle fiber cells:
- Aerobic biochemical reaction (oxygen level) (in ar-
bitrary units);
- Glycolytic reactions (lactate level) (in arbitrary units);
- Level of phosphocreatine (in arbitrary units).
The experimental studies have been conducted with 
the use of hemodynamic PC-assisted analyzer "Car-
diocode”, Approval No. RU 26797 issued by Ro-

szdravnadzor, July, 12, 2011, Specifications TU 9441-
001-73270813-2006.
The research study program has included the  
following:
1. Noninvasive hemodynamic examinations at least in 30 
patients under critical conditions in intensive care unit.
2. Studying diagnosis of each examinee's according to 
his/her medical history at admission to hospital.
3. Recording the cardiometric parameters on the basis 
of periodic monitoring.
4. Identifying the boundaries in the critical hemody-
namic and metabolic parameters, beyond which the 
lethal outcome occurs.

Figure 1. Cardiometric data upon completion of one measurement procedure.

Figure 2. The monitoring data on hemodynamics in the above patient. Six measurements have been made.
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Results and discussion 
The cohort of 36 patients has been covered by the 

above hemodynamic examinations, and 28 of the ex-
amined patients have died. The obtained information 
was compared with the medical history records issued 
to the patients before admission to hospital. Findings 
prepared by pathologists have been also obtained and 
considered herein. Some summarized data on the pa-
tients are presented in a table given further herein. 

Figures 1 and 2 herein show cardiometric data in 
one of the critical patients treated in an intensive care 
unit. After careful examination of the screenshots you 
can see that the PV1 and PV2 phase blood volumes 
have changed. As to parameter PV1-atrial systole, it 
has been reduced: its deviation from the norm reaches 
36.17%, while the ventricles are overloaded by 23.50%. 
The PV5 parameter representing the aorta pump 
function is also overloaded by 5.36%. The oxygen 
concentration is 0.29 arb.u., and it is significantly be-
low the norm. It is evident that the heart accumulates 
lactate. While the normal value of lactate is 7 arb.u., 
in our treated case we record the actual lactate level 
of 26.39 arb.u.. The phosphocreatine concentration is 
also below the norm and reaches 0.17 arb.u.. But it is 
important that the RV1parameter of ejection fraction 
is 15,31% that is very low as compared with its norm of 
62%. The respective Rheo shows blood pressure spikes 
that confirms weakness of the heart performance.

Figure 2 herein shows the monitoring results in the 
same critical patient: next six measurements have been 
made. The resulting diagrams show that in parallel 
oxygen, lactate and phosphocreatine concentrations 
have decreased below the norm in the patients before 
his lethal outcome. The ejection fraction parameters 
in this case have been also decreased dramatically. At 
the same time, the stress index SI values demonstrates 
its sharp increase. Next day the patient died.

Other phenomena, which have occurred before the 
death, have been also recorded. The most pronounce 
regularity has been detected in our analysis of the re-
corded heart rate variability values. So, before the death 
stress index SI has increased sharply and exceeded the 
level of 1000 (see Figure 2 herein) that indicates the 
presence of one and the same heart rate level. Imme-
diately prior to the lethal outcome, the variability has 
been restored. 

The phenomenon of the restoration before the 
lethal outcome has been observed in all segments of 
the ECG complex. It has seemed that the critical pa-

tient suddenly have become fully healthy. AP has been 
maintained at the same level.

One more factor of interest is the S-L phase ele-
vation. This is a compensatory mechanism for main-
taining the proper hemodynamic parameters, and the 
elevation appears under critical conditions. In our 
case it has been reported before each fatal outcome. 
An ECG with the S-L phase smoothing has been also 
recorded. It refers to the case of "the adrenaline heart", 
when Ca++ accumulates in large quantities in cells and 
disrupts mitochondrial membranes that leads to a de-
cline in the myocardial contraction. It also has led to 
the patients’ death. 

Before the death, the rheogram curve rises with 
each inhaling and falls with each exhaling; if the respi-
ration rate is low, the critical patient can live up to 12 
hours. The performance of the lungs makes a direct 
effect on the rheogram shape, since the lungs are capa-
ble of supplying blood before the critical patient’s un-
favorable outcome. In case when the Cheyne–Stokes 
respiration is found, then after 12 hours, such a critical 
patient dies.

Conclusions
The obtained evidence data have been properly an-

alyzed, so that identified are those critical values of the 
hemodynamic and metabolic parameters, the exceed-
ing of which leads to lethal outcome in critical patients 
under the intensive care unit conditions.
1. Diagnostic efficacy of the identified criteria appli-
cable to critical hemodynamic and metabolic parame-
ters in intensive care unit patients, exceeding of which 
leads to lethal outcome, is high and sufficient to pro-
vide effectively decision-making. 
2. Prior to the lethal outcome, there is a rise in the 
stress index value observed: it demonstrates a sharp 
increase over 1000.
3. In the period immediately before the lethal out-
come, themodynamics is provided due to the lungs 
performance.
4. Simplicity and accessibility of the diagnostic method 
is based on using an electrocardiogram processing only
5. The data of high value are obtained very easy and 
fast due to automatic data processing technology.
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Abstract
According to data provided by the European Resuscitation 
Council (ERC), 76% of sudden cardiac arrests should be attribut-
ed to ventricular fibrillation [1-3]. The main treatment of this dis-
ease is an immediate cardiopulmonary resuscitation, one of the 
components of which is a defibrillation of abnormal rhythms. 
The paper presents an analysis of advanced shapes of biphasic 
pulses, which have found a widespread application and have 
been clinically tested. The aim is to study the main parameters 
of the impact of different shapes of the existing pulses and their 
due consideration in a development of a defibrillator. An eval-
uation has been performed using defibrillators Fluke Impulse 
7000DP and device Impulse 7010 designed to simulate differ-
ent loads. Evaluated has been the shape of each of 7 biphasic 
pulses, the amplitude and exposure time of each of different 
signal phases. Upon results of the conducted analysis, some 
recommendations on cardiopulmonary resuscitation have been 
prepared; in particular, the necessity to maintain a constant cur-
rent density of 14 -16 A, delivered for 4 -5 ms, is proposed.  The 
maintenance of these parameters can be provided using the 
current stabilization technology (CST).
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Introduction
Sudden cardiac arrest (SCA) is one of the leading 

causes of death in developed countries. According to 
data provided by the European Resuscitation Council 
(ERC), in 2015, 76% of sudden cardiac arrests should 
be attributed to ventricular fibrillation (VF) [1-3]. A 
marked increase in the VF share has been identified 
after taking active measures to apply automated ex-
ternal defibrillators (AED) [4-5] available at all the 
important public places. The main treatment of SCA 
is an immediate cardiopulmonary resuscitation (CPR) 
and defibrillation of abnormal rhythms, such as VF and 
ventricular tachycardia (VT). The AED availability and 
an early, within 3-5 minutes, defibrillation can raise a 
survival rate up to 50-70% [3,5,6].

The basic characteristics of defibrillators operating 
in manual and automated modes are the range of en-
ergies that the defibrillator is capable to produce, their 
pulse shape and their charging/discharging time. The 
first discharge shock energy for adults is 150 J with a 
possible further increase in case of inefficacy [7-9]. For 
adolescents aged 1 to 8 years in case of using manual 
defibrillators, it is necessary to use energy from 4 to 9 
J / kg in the range of 50 -75 J [10-13]. As to the shape 
of the pulse used, they are biphasic in all modern de-
fibrillators. A higher efficiency of the bipolar pulse in 
comparison to the monopolar one is supported by a 
large number both of theoretical and practical works 
[14-16]. The basic concept of the time requirement is 
to minimize it from the beginning of the rhythm de-
tection to the readiness to discharge. Based on the du-
ration of the proper defibrillation it is found that the 
time and amplitude of the second pulse phase should 
be lower. This parameter varies from one manufacturer 
to another, and each of them submits its own justifica-
tions of why to produce its own type of circuitry. 

The pulse energy, its shape and the time should be 
optimal and serve two purposes. The first purpose is 
to provide a complete and simultaneous repolariza-
tion of all cardiomyocytes, and the second one is to 
reduce damaging negative effects made on cardiomy-
ocytes. The major damage is done to mitochondria of 
cardiomyocytes, cristae of which are destroyed due to 
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the action of high level energy. According to studies 
conducted in mice, the restoration of the above dam-
aged structures takes longer than a week and may be 
irreparable [17]. The above mentioned purposes can 
be achieved using the current stabilization technolo-
gy (CST), which provides constant current strength 
throughout the entire discharge, that makes the pulse 
almost rectangular and eliminates peak current fluctu-
ations damaging the myocardium, which are typical to 
other pulse shapes (exponential, trapezoidal, sinusoi-
dal type, etc. ). Based on the above, a development of 
a defibrillator requires a careful analysis of electropulse 
therapy (EPT) technologies and mathematical model-
ing of an impact produced by shapes of defibrillating.

The aim herein is to analyze and develop the optimal 
shape of an acting pulse for an external defibrillator.

Materials and methods
We have studied different pulse shapes, which have 

been clinically tested and used in automated and man-
ual defibrillators. Our analysis is based on the impact 
of a biphasic pulse on cardiomyocytes. The following 
main energy characteristics of the defibrillator are 
compared: the shape, the duration and the amplitude 
of a pulse, as well as dependencies of these parameters 
on the load resistance magnitude, charging voltage 
and capacitance characteristics of a capacitor. 

The study has been conducted with the Fluke Im-
pulse 7000DP analyzer of defibrillators in transdermal 
pacemaker, with the use of an additional device Im-
pulse 7010 for the selection of a defibrillator load. 

Results and discussion
7 different types of pulses used in defibrillators for 

electropulse therapy have been investigated. Results of 
our studies are given below.

“The smart biphasic pulse” widely used in electro-
pulse therapy practice is based on the 95 μF capacitor, 
which is charged up to 1625 V (energy 115 J) or 1800 
V (energy 130 J), employing the 120 μF capacitor with 
a charge of 1800 V at a nominal pulse having an ener-
gy of 180 J. 

At the onset of each pulse, a chest impedance has 
been assessed with serially connected resistors having 
a resistance of 22 ohms for 50 µs. During this period 
of time the patient’s impedance is determined, which 
should be at least 22 ohms. Based on the measured im-
pedance, the time is specified in such a way that the 
nominal energy would be delivered in full. During our 

studies the pulses with an energy of 200 J and an im-
pedance of 25, 50, 100 and 125 ohms have been ap-
plied. The measurement results are shown in Figure 
1 herein.

Figure 1 shows that the pulse duration and its am-
plitude are highly dependent on the chest impedance. 
The ratio between the first and second phase current 
strengths is relatively constant in the pulse [18]. 

As opposed to the smart biphasic system, the 
"adaptive biphasic pulse” protocol is implemented 
with a possibility to adjust the delivered energy up to 
360 J. To deliver this energy, in the circuit used is a 
capacitor of 210 μF that makes the pulse more pro-
longed. The results of measuring the pulses with an 
energy of 200 J at an impedance of 25, 50, 100 and 125 
ohms are shown in Figure 2 herein. 

As seen from the diagram in Figure 2, the feature of 
an adaptive pulse is a constant ratio between the sec-
ond phase and the first one, which is always 2/3 of the 
first phase, regardless of the impedance. This compen-
sates for internal losses, especially in patients with a 
low resistance, and slightly shortens the pulse duration 
in patients with a high resistance, so that with these 
changes make possible to maintain the rated output 
power always at the same level. 

A self-compensating output signal of envelope-type 
pulse SCOPE (Self-Compensating Output Pulse Enve-
lope Waveform) is widely used in the EPT practice. The 
feature of the circuitry of the defibrillators employing 
this type of pulses is the following sequence: capacitor 
- resistor - patient. It is just in this area where an eval-
uation of the patient impedance occurs. The pulse is 
provided with a capacitor of 120 μF. According to the 
studies conducted by the pulse technique developers, 
even in patients with a high resistance (> 100 ohms), 
the defibrillation is carried out successfully with a pulse 
energy of 100 J. A protocol of use of the defibrillators 
with this signal type has been adapted to circuit 150 J 
- 150 J - 200 J according to ERC2015. The diagram of 
studies on SCOPE pulses with an energy of 200 J at a 
load of 25, 50 and 100 ohms is shown in Figure 3 herein.

The diagrams show that both phases always have 
the same duration. In general, this sort of pulses is 
very similar to the "smart pulse", which shortens the 
second phase in case of longer pulses. 

"Orbital biphasic pulses" illustrated by Figure 4 
herein are positioned as low voltage (maximum volt-
age of 1350 V) defibrillation pulses. They are provided 
by capacitors of a high capacity of 500 µF.
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Figure 1. Pulse shape in “smart biphasic pulse» at a load of 25, 
50, 100 and 125 ohms

Figure 2. Diagram of "an adaptive biphasic pulse" at a load of 
25, 50, 100, 125 ohms

Figure 3. Diagram of the SCOPE pulse at a load of 25, 50 and 
100 ohms

Figure 4. Diagram of “an orbital” pulse with an energy of 200 J 
at a load of 25, 50, 100, 125 ohms

Figure 4 shows that the signals are characterized by 
a prolonged pulse duration (up to 35 ms with a high 
resistance). Previously it was assumed that it was im-
possible to efficiently use the technology in patients 
having a high resistance. However, some studies in an-
imals have demonstrated the opposite. Studied were 6 
dogs weighing 21.6 to 34.5 kg, and it was found that 
the defibrillation threshold was from 20 to 30 J, which 
was comparable with the biphasic defibrillator with a 
voltage of 2 kV. Patients with a high resistance were 
modeled with an additional resistor of 32 ohms, the 
threshold defibrillation rose to 34.3 J. Despite the ob-
tained results, which are not typical to humans, devel-
opers believe that the orbital biphasic pulses may be 
applicable to humans. 

Figure 5 gives a "multipulse" discharge type, which 
demonstrates a feature to represent each phase in the 
form of pulses with a frequency of 5 kHz and a pulse/
pause ratio of 1: 1. Finally, the single-phase pulse stud-
ies have shown that such pulses behave as a closed sig-
nal of a medium current strength [19,20]. As is known, 
the pulse energy depends on the square of the current, 
and a pulse interruption leads to an increase in energy 
requirements. This is compensated by the fact that the 
declared pulse duration is closer to the minimum nec-

essary for the cardiomyocytes excitation, in compari-
son with the biphasic pulse shapes as discussed above. 

Figure 5 gives an illustration of fundamental dif-
ferences between the "multipulse" discharge from the 
previously described discharge techniques, but in fact 
this is a standard bipolar exponentially truncated sig-
nal. The protocol of the energy increase recommended 
by the developers implies starting with 90 J and maxi-
mizing up to 180 J. The energy of 180 J is positioned as 
a "threefold energy margin”. 

Used is the so-called STAR discharge which rep-
resents a biphasic pulse. It has long been considered 
to be optimal from the standpoint of the structure of 
the second phase, which consequently implements 
the theory of "a charge balance". The patents describe 
a debatable discrete equivalent circuit diagram and 
some findings associated therewith [21,22]. Imped-
ance is mentioned as an additional feature, although 
its importance cannot be underestimated [23]. These 
facts do not allow us considering the "STAR pulse” as 
a relevant pulse circuitry.

As a “linear” pulse described is a pulse, which in 
the first phase is close to a rectangular pulse with a 
constant current of 15A. It is emphasized that the time 
is constant for any allowable resistance. This is sup-
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ported by the results of the pulse test, presented in Fig-
ure 6 herein.

Thanks to the constant current density the efficacy 
considerably increases, especially in the patients with 
a low resistance. The patients with a high resistance, 
in their turn, are exposed to a standard bipolar pulse, 
which is relatively shorter than the above one. From 
the standpoint of engineering, the pulse shaping is 
provided with the use of serially connected resistors, 
the required set of which is switched depending on 
the patient’s actual impedance [24]. An imperfection 
of this circuit is a high voltage, when discharging to 
low resistance, despite the stated CCT system. 

Figure 5. Diagram of “a multipulse” signal with an energy of 200 J 
at a load of 25 and 100 ohms

Figure 6. Diagram of “a linear” pulse with an energy of 200 J at 
a load of 25, 50, 100 and 125 ohms

The "biphasic" pulse peculiarity is a programmable 
switch, which allows changing the ratios of the delivered 
energy. In the design settings, the developers preset the 
ratio of energies as 90% in the first and the remaining 
10% in the second phase. When testing the signal, the 
first pulse duration always is 4 ms, which is the optimal 
time to complete repolarization according to numerous 
studies [15]. As it is the case with the previous signal, 
this can be realized at high voltage charging only. Dia-
grams of pulse with an energy of 200 J at a load of 25, 
50, 100 and 125 ohms are given in Figure 7 herein.

Conclusions
Considering the conducted analysis of the existing de-
velopments in the field of external defibrillation, the 
applicable recommendations on cardiopulmonary re-
suscitation, and the results of the theoretical research, 
we may arrive at conclusions as follows:
1. Optimal is the biphasic pulse of rectangular shape, 
that provides a constant current density of 14 -16 A, 
delivered in 4 -5 ms. The maintenance of these param-
eters can be achieved using the current stabilization 
technology. 
2. According to the recommendations, the starting 
charge for adults is 150 J, with a possibility of increasing 
it up to 360J. The conducted studies on the presented 
biphasic pulses demonstrate the possibility of achiev-
ing general repolarization with lower values of energy, 
but it is necessary to have an engineering solution to 
deliver the maximum energy of 360J.
3. The ratios between the first phase and the second 
phase of the pulses in external biphasic defibrillators 
under consideration show significant differences, but 
all of them have been implemented in clinically ap-
proved defibrillators. So, we can conclude that the issue 
on the ratio between the phases remains on the agenda 
as a subject for further research.
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Abstract 
The article describes a solution of the ECG signal processing 
problem in the presence of low- and high- frequency noises, 
which reduce the accuracy of selection of the signal informative 
parameters during their processing. To increase the accuracy 
of the signal informative parameters selection, developed is a 
new method for noise filtering based on a polynomial approx-
imation of high frequency filters and wide-band reject filters 
using Newton polynomials. Applying the developed method of 
processing, analyzed is its functionality and efficiency with the 
use of full-scale reference ECG signal samples, and on the basis 
of quantitative indices, the comparison of the efficiency of the 
offered method in relation to the known approaches is carried 
out. To evaluate the noise characteristics by means of the pres-
ent method some fragments of low- and high- frequency nois-
es are selected from noise-laden ECG signal recording. It has 
been found that the application of the Newton polynomials to 
approximations of the transfer characteristics in high frequency 
filters and wide-band reject filters greatly increases the accuracy 
of the ECG signal processing analysis and attenuates noises.  
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Introduction
Nowadays, in solving the electrocardiographic data 

processing issues widely used are processing methods 
based on polynomial ECG signal filtering methods [1-
9]. The topicality of the polynomial filtering methods 
consists in the fact that they allow us to largely adjust 
their parameters according to the processed ECG sig-
nal parameters, as well as improve the efficiency of 
processing and selecting informative ECG signal com-
ponents from an additive mixture of noises.

To improve the efficiency of processing of the elec-
trocardiographic data, at present there is a necessity to 
jointly consider the measuring electrodes to evaluate 
their quality, which determines the efficiency and re-
liability of the ECG signal processing analysis, in par-
ticular the means of noise filtering [10,11]. The need 
for such consideration is as follows. First, characteris-
tics of contact conductive agents make their effect on 
the accuracy of reproduction (formation) of the sig-
nal parameters, i.e. the minimization of losses of the 
obtained ECG signal informative segments during the 
signal recording. Second, it is required to increase ac-
curacy of the ECG signal processing means against the 
background of affecting noises. In case of low quali-
ty of the ECG signal recording due to the character-
istics of the electrodes themselves, errors may occur, 
which are associated with the formation of the ECG 
signal informative parameters and which may be rec-
ognized in the process of noise filtering as distortions 
introduced by filter algorithms. All this is particularly 
important in the development of methods for noise 
filtering, as well as in the analysis and processing of 
long-term monitograms. 

Noises, appearing in recording an ECG signal, 
namely the low- and high-frequency ones, are among 
the main factors that reduce the accuracy of ECG sig-
nal processing. When recording ECG signals, the low 
frequency noises occur due to a poor physical contact 
between a measuring electrode conductive agent and 
a bioobject, due to human breathing, etc. [1-3,5-8,12]. 
High-frequency electrical noises are generated main-
ly by networked external electrical devices, including 
such as physiotherapy and surgical equipment [1-
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9,12]. Besides, high-frequency noise can also include 
some muscle noises appearing as a result of bioobject 
skeletal muscular motion activity [3,5-7,12,13]. 

Effects produced by the above types of noises 
greatly reduce the accuracy of the ECG signal analysis, 
in particular the measurements of signal amplitudes 
and the time parameters, carried out automatically or 
manually by a physician [14]. 

The low frequency noise analysis has been treated 
by a number of works [2-8,12,15], from which it can 
be noted that the ECG signal low-frequency noise is 
a sum of deterministic components with a frequency 
from 0.1 Hz to 0.3 Hz, but not more than 1 Hz, having 
a random amplitude. 

The analysis of the high-frequency noise parame-
ters is also the subject of several studies [2-8,12,13], 
from which it can be understood that the electrical 
noise is a narrowband deterministic signal, having 
slowly varying harmonics of different phases with 
a frequency of 50 Hz. Hence, the muscle noise is a 
wide-band noise with the zero mean value, overlap-
ping with the ECG signal frequency spectrum [13,16]. 
The muscle noise is the most dangerous, difficultly re-
movable noise due to high muscle activity during the 
signal recording. Taking into account these features of 
the myographic noise, in the ECG signal processing 
used is the so-called “rejection” approach, i.e. highly 
noise-laden ECG signal segments are excluded from 
further consideration [14]. 

However, despite the studies devoted to the analy-
sis of the characteristics of affecting noises, in particu-
lar narrow-band electrical noises, at the present time, 
we observe a steady tendency of an interrupted growth 
in the noise level due to an increase in the energy con-
sumption in all areas of activity that may lead to a de-
terioration of the general electromagnetic background 
[17]. Besides, observed are high frequency electrical 
noises induced by laptop internal units [18]. Taking 
into account all the above, studies in [9] suggest that 
during the ECG signal recording with a laptop, when 
disconnecting the power cable of the latter, there may 
be possible generation of wide-band electrical noise 
induced by the laptop internal units. The frequency 
component of the given noise is identified as that to 
be close to the range from 44 Hz to 56 Hz with a noise 
center frequency of 50 Hz upon computing the dis-
crete Fourier transform. The above noise, as well as a 
narrow-band network noise, may affect the amplitude 
and the time parameters of the ECG signal, in partic-

ular, the type of wave patterns of the signal RR-inter-
vals. However, the identified wide-band noise differs 
from the narrowband network noise in frequency 
characteristics. 

Reference research literature suggests that the most 
commonly used are filters approximated by the But-
terworth polynomials, and as to other polynomials, for 
example, by the Chebyshev (I and II type), Bessel and 
Cauer, they are employed less common for elimination 
of the above analyzed noises, namely for removal of 
the low- and high-frequency ones. In papers [1-7,19] 
the experimental evidence shows that the Chebyshev 
polynomials (I, II), the Bessel and Cauer polynomials 
for filtering the ECG signal noises are less effective. 
This is due to low accuracy of the obtained ECG sig-
nal processing output results that can be attributed to 
generation of the greatest values of the filter’s own er-
ror based on the filter frequency characteristics. At the 
same time, filters based on the Butterworth polynomi-
al are characterized by flatness and smoothness of the 
frequency response characteristics as compared with 
the other types of filters [2-8]. The Butterworth poly-
nomials are a generally accepted form of placing the 
transfer function into the circular quadratics [20,21]. 
Also known is the application of the Newton polyno-
mials for approximation of the transfer characteristics 
of the reject filters [9]. 

The Newton polynomials in approximations of the 
filter transfer characteristics are applied in view of the 
fact that theoretically derivable properties of the fil-
ter successfully correspond to the multi-component 
signals structure. The above property is extremely im-
portant in processing of complexly structured pulse 
signals of the cardiovascular origin that justifies the 
application of the Newton polynomial for solving the 
electrocardiographic data processing tasks, in partic-
ular, the low- and high-frequency noise filtering. It 
should be noted that the above polynomial is one of 
the members of the automatic control theory, which 
is currently used for the synthesis of objects in control 
systems and which shows the best quality results [21]. 
Currently, however, the application of the Newton 
polynomial for improving efficiency of the ECG signal 
processing, in particular for approximation of filtering 
means transfer characteristic, is less well discussed.

It is known that low-frequency noises, appearing in 
case of a poor contact of the conductive agents in mea-
suring electrodes, often lies in a low frequency range 
of the signal, and, as a rule, high frequency filters are 
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used to suppress this sort of noises. At the same time, 
for removing high-frequency components in electrical 
noise, which are close to a frequency of 50 Hz, typical-
ly applied are the reject filters, the frequency charac-
teristics of which have a dip at this frequency. In this 
connection, for removing the low-frequency noise it 
is advisable to use a high-frequency filter, since it can 
suppress noises in a low frequency range with minimal 
distortions of the ECG signal informative parameters. 
However, for removing electrical noise it is most rea-
sonable to employ a reject filter, which largely elimi-
nates the high frequency component at the frequency 
of the electrical noise. In approximations of the transfer 
characteristics in the high-frequency filters and the re-
ject filters the Newton polynomial should be used to 
produce the lowest values of the filter’s own error, based 
on the frequency characteristics of the filter itself.

In the present paper we consider our solution of the 
two ECG signal processing issues based on improv-
ing the filtering accuracy. The first issue is connected 
with the high-frequency filtering of the low-frequency 
noise in the multi-lead ECG signal recording with var-
ious electrodes in long-term cardiac monitoring. The 
second issue is based on the reject filtering of wide-
band electrical noise in the single-lead ECG signal re-
cording. To evaluate the full-scale noises in each of the 
treated issues applied is a method based on the noise 
subtraction. We have defined the two issues of filter-
ing with availability of full-scale measurements of the 
ECG signal. We consider the method of high-frequen-
cy and reject filtering based on the Newton polynomi-
als, and the accuracy of this method is compared with 
the well recognized Butterworth high-frequency and 
reject filtering.

Aims of research
The aim is to develop and study the method for fil-

tering of low- and high- frequency noise for improv-
ing the accuracy of ECG signal processing.

Materials and methods
Materials used in our studies have been the recorded 

reference noise-laden samples produced with multi-lead 
ECG signal recording in a human using 12-lead Holter 
monitor KARDIOTECHNIKA-07-3/12, manufactured 
by INCART Company, available at the National Med-
ical Research Center of V.A. Almazov. To evaluate the 
characteristics of low-frequency noise, the reference 
noise-laden samples of the multi-lead ECG signal have 

been recorded with 4 types of different electrodes de-
signed for long-term cardiac monitoring. To record the 
signals to be assessed, selected have been the following 
widely used models of wet electrodes: H92SG, H99SG, 
MSGLT-05MGRT and M2202A [11]. At the same time, 
in order to take into account the nature of occurrence 
of the low frequency noise, namely, the noise amplitude 
fluctuation, each multi-lead ECG signal recording has 
been produced in such a manner so that it has contained 
more than 80 cardiac cycles. 

The noise-laden sample of the ECG signal produced 
with single-lead recording has been obtained using the 
multifunction measuring system of bioelectrical signals 
MITSAR EEG-202, manufactured by MITSAR DIAG-
NOSTICS SOLUTIONS Co., at the Research Institute of 
Cardiological Techniques (INCART). Besides, in order 
to take into account the deterministic frequency noise 
[9], the recorded single-lead noise-laden ECG signal has 
covered more than 20 cardiac cycles. 

Formulation of the study issue
Issue 1. 

The issue of processing of multi-lead signal record-
ing is primarily associated with the proper separation 
of the informative components ( )iS q


 from an additive 

mixture containing an ECG signal and low-frequency 
noise ( )in q , that is interpreted in the form of (1). De-
fined is the issue of separating of informative signal 

( )iS q


 with high-frequency filtering of the analyzed 
signal ( )ix q  from distorting low-frequency noises 

( )in q . Separating of the low-frequency noise in the 
i-th lead from the analyzed noise-laden ECG signal re-
cords ( )ix q  of form (1) was carried out with a method 
based on the subtraction of noise ( )in q  of form (2) 
from the noise-laden recording ( )ix q  and the filtered 
informative component of the ECG signal ( )iS q


.

( ) ( ) ( ),i i ix q n q S q= +
                         (1)

( ) ( ) ( ),i i in q x q S q= −
                         (2)

where q – measurement readings, i – lead of the ECG 
signal in multi-lead recording.

Issue 2.
Similarly to issue 1, for processing of the single-lead 

signal recording formulated is another issue of separat-
ing of the informative components ( )S q


 from an ad-

ditive mixture of an ECG signal and wide-band noise 
( )n q , that is interpreted in the form of (3). Separat-

ing the wide-band electrical noise from the analyzed 
single-lead ECG signal record ( )ix q  of form (3) was 
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carried out by the method based on the subtraction 
of noise ( )n q

 of form (4) from the noise-laden re-
cording ( )x q  and the filtered informative component 
ECG signal ( )S q


.
( ) ( ) ( ),x q n q S q= +

                            (3)
( ) ( ) ( ),n q x q S q= −

                            (4) 
where q – measurement readings.

To configure the high frequency filter (HFF) pa-
rameters, selected has been an edge frequency equal to 
1 Hz, according to [8, 22]. The advisability of selecting 
the given frequency is that at a frequency of 1 Hz, us-
ing the method of frequency selection, experimentally 
established is a maximum low-frequency noise re-
duction with minimum distortions in the ECG signal 
parameters, therefore it is reasonable to use this fre-
quency for filtering. The wide-band reject filter (RF) is 
configured for an identified frequency of electric noise 
[9], namely in the range from 44Hz to 56Hz. Besides, 
selected is sampling frequency fД = 250 Hz [23, 24]. 
The selection of the above sampling frequency is de-
termined by the fact that it is just this frequency that 
is intended for the ECG signal processing to improve 
the accuracy of the signal parameters measurement 
[23,24]. Using the selected values in the normalized 
frequency range with the help of transfer functions of 
continuous analogue filters, calculated are the HFF 
and RF transfer functions for the Newton and Butter-
worth polynomials, taking into account (5) [25].

1,2 1,2
1,2 1,2

1 2

22 ,
2

,

C C
C C

D

C C C

f
tg

f T
ω

ω π
    = ⋅ Ω =     

     
Ω = Ω ⋅Ω 

 
(5)   

where ωс1,2, Ωс1,2 – is the lower and upper limit of the 
edge frequency for calculation of the reject filter, Ωс is 
a center frequency of the filter edge.

In the synthesis of HFF selected are the Newton and 
Butterworth polynomials of the second order [20] to 
simplify the calculations in the synthesis of the filters 
and avoid distortions of the ECG signal parameters in-
duced by high order filters [8,22]. In the synthesis of 
a wide-band RF, the Newton and Butterworth polyno-
mials of the first and second orders are selected taking 
into account that the transformation of the normalized 
analogue filter parameters is accompanied by doubling 
of the continuous transfer function order in the reject 
filters [9,25]. To cascade the wide-band reject filters 
used are the transfer functions of the second and fourth 
order, obtained with the Newton and Butterworth 
polynomials of the first and second order, respectively. 

It should be noted in this case that the Newton and But-
terworth polynomials of the first order coincide with 
each other [20], and therefore the wide-band RF trans-
fer functions of the second order are identical.  

The transformation of continuous filter transfer 
function W(s) into discrete function W(z) has been 
carried out by bilinear transformation in the MAT-
LAB software environment. The transformation has 
been performed using function bilinear () as 

1

1

2 1
1

zs
T z

−

−

 −
=  + 

at T=1s.
The calculated continuous and discrete transfer 

function in the Newton (6) and Butterworth (7) HFF 
are shown below.
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       (7)

The calculated continuous and discrete transfer 
function in the Newton (8) and Butterworth (9) cas-
cade wide-band RF are given below.

For correction of phase distortions introduced by 
the above synthesized polynomial filters, the filtered 
signal has been repeatedly passed through the same 
filter, but in the reverse order. In case of such an im-
plementation, the resulting phase distortions are mu-
tually compensated, and the resulting phase shift is 
equal to zero for the entire frequency component of 
ECG signal. This form of the filters implementation 
in the theory of digital signal processing is known as 
a bi-directional filtering technique [26]. Figures 1 and 
2 show diagrams of implementation of bi-directional 
high-frequency and wide-band reject filters for pro-
cessing the ECG signal. 

In case of the bi-directional filter technique, the 
input sequence of readings x[n] in a noise-laden sig-
nal is processed through the HFF z[n] in the forward 
direction, then using the time inversion (TI) unit 
the order of the readings w[n] sequence is reversed. 
Hence, w[n] readings are filtered in the reverse direc-
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tion v[n] using HFF, then the final time inversion (init 
TI) reverses the order of the readings sequence. As a 
result, the appeared shifts are mutually compensated. 

Similarly implemented is the bi-directional cas-
cade of wide-band reject filters, the diagram of which 
is presented in Figure 2 herein.

In case of the bi-directional implementation of a 
wide-band RF cascade, it differs considerably from 
the bi-directional implementation of HFF. There is a 
need for a double implementation of each cascade of 
the wide-band RF. In the present diagram, noise-laden 
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signal x[n] is processed with the wide-band RF of the 
first sequence for suppression of noises and separation 
of signal s1[n]  at the filter output, and then the pro-
cessed signal is delivered to the input of the wide-band 
RF second sequence to suppress the residual noise and 
separate the clean signal s2[n]. In Figure 2 herein, the 
wide-band RF of the second order is designated as "fil-
ter 1” and that of fourth order as "filter 2". 

Convolution of the bi-directional HFF implementa-
tion in the frequency domain is represented in formula 
(10), and the wide-band RF cascade in formula (11).
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From above formulas (10) and (11) we can con-
clude that in case of bi-directional implementing of 
each of the filters, their order is doubled. Theoretical-
ly, doubling of the filter order in the bi-directional fil-
ter implementation concept leads to the fact that the 
resulting suppression in the band of noise retaining 
at the frequency characteristic will increase by two 
times [26]. 

An evaluation of the high-frequency and wide-
band RF filters application efficiency is based on their 
quantitative indices. For the above evaluation calcu-
lated are the values of experimental root-mean-square 
deviation (RMSD) of the signal readings and the sep-
arated noise when filtering (12), as well as the noise 
attenuation coefficient (NAC) according to [26]. 
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where N – number of readings, ni– readings, μ – mean 
value of readings, Аout and Аin – root-mean-square 
value of amplitude of output (filtered) and input 
(noise-laden) signal readings.

The calculated RMSD values of the filtered signals 
and separated noises, in the form of a box plot for 
RMSD values, have been graphically represented with 
Python Graphing Library, Plotly  [27].

Figure 1. Diagram of implementing a bi-directional high-frequency filter

Figure 2. Diagram of implementing a bi-directional cascade of wide-band reject filters

Results
Based on the above calculated transfer character-

istics of the filters, we have obtained the results of the 
ECG signal processing when filtering the low- and 
high-frequency noise as outlined below. 

Low-frequency noise filtering in the  
multi-lead recorded ECG signal

Our analysis of the obtained results makes possi-
ble to support our statement that the Newton-Butter-
worth synthesized high-frequency filters, tuned to an 
edge frequency of 1 Hz, are capable to provide filter-
ing out low-frequency noise with minimal distortions 
in informative regions and thereby separating the low 
frequency drift of an ECG signal. As an example, Fig-
ure 3 shows the result of the initial ECG signal of the 
fourth precordial V4 lead in multi-lead recording con-
taining low frequency noise, and the result of the noise 
separation by means of the high-frequency filter on 
the basis of the Newton and Butterworth polynomials. 
For better visualization, the ECG signal processing re-
sults  in Figure 3  are scaled for the 5th cardiac cycle by 
the Newton and Butterworth filters (a); in (b) illustrat-
ed are the results of low-frequency noise separation.

Results of the quantitative indices calculation for 
12 different ECG signal recording, covering more than 
80 cardiac cycles, are presented in Table 1 herein.

Our analysis of the quantitative results shows that 
the HFF based on the Newton polynomial generates 
least the signal’s RMSD value, when filtering, maximal-
ly separates the low frequency drift and to the highest 
degree attenuates low-frequency noises as compared 
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with the Butterworth filter, that confirms the effective-
ness of the Newton polynomial in enhancing the ECG 
signal processing accuracy under the influence of the 
given noise.

Filtering of wide-band electrical noise in the 
single-lead recorded ECG signal

We have obtained the ECG signal filtering results 
with the use of synthesized transfer functions of the 
Newton and Butterworth wide-band RF. Our result of 
the wide-band electrical noise filtering of the single-lead 
recorded ECG signal is given in Figure 4 herein. 

Using the calculated transfer functions of wide-
band RF (8), (9), in case of their bi-directional im-
plementation (11), identified are quantitative indices, 
characterizing the quality of the ECG signal pro-
cessing. Our analysis of the quality of the wide-band 
electrical noise suppressing has been performed with 
several methods of filters connection, namely, a typ-
ical sequence without cascade (n = 2, n = 4), a cas-
cade form (n = 2 and n = 4) and with general transfer 
function of cascade filter (n = 6). The results of the 
quantitative indices calculation are presented in Table 
2 herein.

Our analysis of the presented results shows that 
the cascade of wide-band Newton polynomial RF to 
the least degree rejects the filtering results, maximally 
separates the noises and to the highest degree atten-
uates high-frequency noises in comparison with the 
Butterworth filter that also confirms the effectiveness 

of the Newton polynomial application in enhancing 
the ECG signal processing efficiency. 

Basing on the ECG signal filtering results, ob-
tained in single- and multi-lead signal recording, we 
note that the use of Newton polynomials in approxi-
mations of the filter transfer characteristics increases 
the accuracy in filtering of low- and high- frequency 
noises. Meanwhile, the use of the Butterworth filters 
for suppression of low- and high-frequency noise also 
allows attenuating noises and separating the required 
signal informative parameters. The efficiency of the 
Newton filters in comparison with Butterworth ones 
is that they produce the lowest values of their own er-
rors during the ECG signal processing. Figure 5 gives 
a Tukey diagram showing accuracy of the ECG signal 
processing with two methods of the low-frequency 
noise filtering.

At the same time, the analysis of the quantitative 
indices, namely the low- and high-frequency attenua-
tion coefficient, obtained when processing the multi- 
and single-lead ECG signal recordings, shows a neg-
ative value. The negative value of the above index is 
determined by the lowest value of the filtered ECG 
signal amplitude in relation to the noise-laden (input) 
signal, so this index is expressed as a negative number. 
The lower is the index value in filtering, the better the 
filter attenuates noise and the more resistant to nois-
es the ECG signal becomes. In comparison with the 
Butterworth filter results, the NAC index values are 
lower in the Newton filter, i.e. the Newton filter best 
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Тable 1. Evaluation of low-frequency noise filtering quality

Lead / Filter V1 V2 V3 V4 V5 V6 I III aVR aVF II aVL
Newton high-frequency filter 

RMSD, 
mcV 

)q(Si



* 77,4 343,9 251,4 212,6 150,6 119,4 58,1 185,9 94,9 180 178,6 104,9
** 79,8 391,2 244,2 197,3 140,5 110,4 60,8 184,4 91,9 176,6 173,8 106,3
*** 92,4 376,3 251,8 226,9 146 102 61,4 190 99,4 184,8 184,6 106,9
**** 84,5 371,1 243,2 230,6 158,1 107,3 59,7 188,7 101,1 185,1 186,3 104,4

RMSD, 
mcV 

)q(ni
  

* 719,8 296,9 1086 808,4 790,3 626,7 368,8 1717,4 1223,6 1899,3 2081,6 677,9
** 808 952,8 1752,6 1499,6 1867,7 1565,7 139,3 1510,6 625,2 1444,9 1379,6 821,4
*** 215 257,8 395,3 328,1 449,3 617,7 149,4 69,1 174 130,9 201,6 58,2
**** 207 201 565,9 422,8 424,8 388,8 103,2 963,5 494,9 966 971,2 483,4

NAC,  
dB

* -39,5 -23,4 -29,9 -26,9 -33,8 -36,4 -42,4 -35 -29,4 -31,6 -25,6 -38,8
** -35 -25,9 -33 -34,2 -39,9 -40,2 -40,6 -32,7 -29,3 -28,6 -20,7 -36,6
*** -25 -25,6 -26,8 -31,9 -30,1 -24,6 -39,8 -31,6 -27,6 -27,2 -16,7 -35,8
**** -27,6 -22,8 -29,5 -26,3 -30,6 -36 -32,1 -33,6 -26,4 -32,5 -31 -34,7

Butterworth high-frequency filter 

RMSD, 
mcV 

)q(Si



* 81,4 396,6 303,4 237,1 167 132,7 68,8 197 110,2 194,2 197,4 109,7
** 84,4 450,8 292,2 216,7 152 123 71,7 191,8 105,1 186,7 188,1 110,2
*** 97,9 433,7 310,4 253,5 160,9 112,8 73,1 197,9 113,4 195,6 200 110,7
**** 89,9 426,5 298,5 258,6 175,8 119,5 71,4 198,6 116,4 198,3 204,3 180,8

RMSD, 
mcV 

)q(ni
  

* 719,5 275,2 1080,7 805,9 789,2 625,9 368,3 1717,2 1223,2 1899 2081,2 677,8
** 807,9 944,8 1749,8 1498,7 1867,3 1565,3 137,8 1510,4 624,6 1444,6 1379,1 821,4
*** 214,4 229,8 380,7 321,4 447,9 617,2 147,8 64,9 171,4 127,1 197,6 57,1
**** 206,3 164,1 555 416,2 422,1 387,4 100,9 963 494 965,1 970 483,2

NAC,  
dB

* -39 -22,2 -28,3 -25,9 -32,9 -35,5 -41 -34,5 -28,1 -30,9 -24,8 -38,3
** -34,5 -24,7 -31,5 -33,3 -39,2 -39,3 -39,2 -32,3 -28,2 -28,1 -20 -36,3
*** -24,5 -24,3 -24,9 -30,9 -29,3 -23,7 -38,3 -31,2 -26,5 -26,7 -16 -35,5
**** -27 -21,6 -27,7 -25,3 -29,7 -35 -30,6 -33,1 -25,1 -31,9 -30,1 -34,4

Note: Designations of quantitative ECG signal processing results for electrodes:

* - H92SG, ** - H99SG, *** - MSGLT-05MGRT, **** - М2202А

Figure 3. Low-frequency noise polynomial filtering results
b)a)

of all attenuates the low- and high- frequency noises. 
Figure 6 offers a Tukey diagram showing an accuracy 
of the low-frequency noise attenuation coefficient cal-
culation.

Our analysis of the quantitative results of multi-
lead ECG signal recording processing, with various 
electrodes, allows us to note that a minor variability 
is available between the RMSD values in the filtered 
signals of the same ECG signal lead, however, due to 

nonstationarity of the signal parameters, some insig-
nificant differences exist. Despite the above features, 
the results of the low-frequency noise separation and 
their calculated RMSD value, generated by using the 
filters, show that the H92SG and H99SG electrodes 
generate the highest RMSD noise value as compared 
to electrodes MSGLT- 05MGRT and M2202A. Elec-
trode MSGLT-05MGRT generates the lowest RMSD 
value in 7 of 12 analyzed ECG signal leads, while 
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Figure 4. Filtering of the ECG signal wide-band electrical noise

electrode M2202A generates the lowest value only in 
5 of 12. Figure 7 gives a diagram Tukey showing an 
accuracy of the low-frequency noise separation gener-
ated by different electrodes in multi-lead ECG signal 
recording.

Systematizing the results of multi-lead ECG signal 
recording processing, we can note that despite a minor 

Table 2.
Evaluation of the high-frequency noise filtering quality

№ Type of reject filter 
implementation

The polynomial reject filter
Newton Butterworth

RMSD, mV 
)q(Si

 RMSD, mV 
)q(ni

 NAC, dB
RMSD, mV 

)q(Si

 RMSD, mV 
)q(ni

 NAC, dB

1 The first RF output, n=2. 178,719 15,100 -0,0295 178,719 15,100 -0,0295
2 The second RF output, n=4 without n=2. 178,548 15,307 -0,0367 178,886 15,246 -0,0241
3 Cascade n=2 and n=4. 178,380 15,373 -0,0430 178,716 15,322 -0,0305

4 With general transfer function of 
cascade n=6. 178,386 15,373 -0,0422 178,723 15,322 -0,0302

variability in the RMSD values in the filtered signals of 
the same ECG signal lead, taken with different elec-
trodes, a high variability is demonstrated in RMSD 
values of the separated noises. The high variability 
in RMSD noise values let us conclude that electrodes 
H92SG, H99SG, MSGLT-05MGRT and M2202A, 
to varying degrees, generate low-frequency noises 
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Figure 5. Tukey diagram illustrating accuracy of ECG signal fil-
tering Electrodes are marked as follows:* - H92SG, ** - H99SG, 
*** - MSGLT-05MGRT, **** - М2202А

Figure 6. Tukey diagram showing an accuracy of the low-fre-
quency noise attenuation coefficient calculation. Electrodes are 
marked as follows: * - H92SG, ** - H99SG,*** - MSGLT-05MGRT, 
**** - М2202А

Figure 7. Tukey diagram showing an accuracy of the low-frequen-
cy noise separation. Electrodes are marked as follows: * - H92SG, 
** - H99SG,*** - MSGLT-05MGRT, **** - М2202А

caused by potentials of electrodes polarization, when 
recording bioelectric cardiac potentials. Assessing the 
RMSD noise value, we can state that the Newton syn-
thesized high-frequency filter allows us to largely at-
tenuate low-frequency noises generated by the various 
measuring electrodes. Besides, the presented Tukey 
diagram shows that electrode MSGLT-05MGRT has 
much lower RMSD value of the separated noise than 
other analyzed electrodes. 

Previously, in work [11] it was stated that the MS-
GLT-05MGRT electrode demonstrated a high proba-
bility of the true ECG signal parameters recording, in 
particular it is applicable to low amplitude P waves. 
The above feature was associated with low electrical 
resistance in the ECG signal electrodes’ solid contact 
conductive agents. In electrodes H92SG and H99SG 
detected was a high electrical resistance of CCA, af-
fecting an accuracy of the signal parameters record-
ing. It has been identified that in electrode M2202A, 
in case of long-term cardiac parameters monitoring, 
liquid CCA flows and exits the measuring cell spec-
ified area that reduces an accuracy of the signal re-
cording [11]. 

The quantitative analysis of the results of sin-
gle-lead ECG signal processing shows that in case of 
the cascade (sequence) connection of wide-band RF 
at the output of each designed sequence the RMSD 
value of the filtered signal is greatly reduced and at-
tenuates noise. However, despite that, in case of the 
sequential implementation of the reject filters and the 
implementation with a general transfer function of 
the used filters cascade, the RMSD values of the sep-
arated noise are the same. The above feature becomes 
apparent not only when using the Newton reject fil-
ters, but also the Butterworth filters. This is due to the 
fact that in case of the sequential connection of the 
selected order reject filters, the filtered ECG signal 
value is generated at the output of the filters cascade. 
Hence, when using the general transfer function of 
the reject filters, obtained as a product by two reject 
filters, the ECG signal value is generated at the out-
put of the filter with general transfer function. All the 
above allows us to conclude that the use of the wide-
band reject filters of the cascade structure makes it 
possible to increase an accuracy of the ECG signal 
processing (Figure 8 herein). Figure 8 shows a histo-
gram of ECG signal processing quantitative results by 
indices of filtered signal RMSD and the high frequen-
cy noise attenuation.
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Significant data have been obtained using the results 
of the ECG signal single- and multi-lead filtering. Bas-
ing on the above data, we can conclude that the Newton 
high-frequency and cascade reject filters greatly increase 
an accuracy of ECG signal processing. These findings are 
supported by evidence data produced by filtering of the 
full-scale reference samples of noise-laden ECG signal 
recordings, as well as quantitative assessment of indices 
characterizing the quality of the ECG signal processing.

Conclusions
Our paper offers two methods for ECG signal pro-

cessing developed by us. The first method is based on 
the use of the Newton high-frequency filter designed 
for increasing the accuracy of the ECG signal param-
eters separation at low-frequency noises. The second 
method is based on the application of the Newton 
cascade wide-band reject filters for improving the 
accuracy of the ECG signal parameters separation at 
high-frequency electrical noises. 

In order to evaluate the efficiency of the developed 
filtering methods, recorded have been noise-laden 
samples of multi- and single-lead ECG signals. Cal-
culated are the quantitative results, characterizing the 
signal filtering quality when ECG signal processing. 
The obtained results of the quantitative indices calcu-
lation confirm an increase in the ECG signal process-
ing accuracy in comparison with the known solutions.
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Topicality of the research
This paper presents a review of the currently avail-

able research in the field of big data, namely, software 
systems, called recommender systems. To date, the 
processing of big data, in particular, the construction 
of recommender systems, is one of the most promising 
areas of informatics development. One of the fastest 
growing segments of the recommender algorithms ap-
plication is the segment of medicine and public health. 
This review is relevant also on this basis. Novelty and 

REVIEW Submitted: 5.03.2020; Accepted: 15.04.2020; Published online: 21.05.2020

fundamental difference of this review is its focus on 
the implementation of the recommendations in the 
narrower, but the most important branch of medicine, 
cardiology.

Introduction
It is not a secret that in recent years the Internet 

has developed by leaps and bounds: it generates vast 
amounts of data stored. The average user has to pro-
cess, analyze and organize the data, and, above all, 
allocate the necessary information from the mass. Of 
course, it is very difficult to do, because the necessary 
information is lost among the large amounts of data. 
In connection with this, there are tools that can assist 
the user in finding relevant data. These tools are called 
recommender systems. Recommender system is a soft-
ware that analyzes users requests to predict what kind 
of information will be of interest to a particular user at 
a particular time. Recommender systems show prefer-
ence of the content for a particular user based on the 
information that the user considers relevant or based 
on the processing of user’s data, such as his search que-
ries. Recommender system made significant changes 
in the interaction with users. Instead of the generation 
of static data, the system changes, adjusts to the specif-
ic user [1]. Recommender systems have the following 
common characteristics: the system adapts to the in-
dividual user; takes into account the current end-user 
preferences, adjusting to them over time; constantly 
finds new information and offers it to the user. Due 
to these properties, sites, based on the use of recom-
mender systems, are attractive to the user. According-
ly, recommender systems are interesting to the owners 
of the sites themselves, because with their help they 
increase the attractiveness of the site and its content. 
Recommender systems have been applied in many ar-
eas of human life: search for information, commerce, 
social networks, medicine, etc. 

The main "actors" in any recommender systems 
are   user and item, i.e. the recipient of the recommen-
dations and the recommendation itself, i.e. the object, 
recommended to the user. 

The user is also a source of data about his prefer-
ences, on the basis of which the item is selected [2]. In 
general, the task of the recommender systems can be 
formulated as the "definition of the object, previous-
ly unknown to the user (or not used by him for any 
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length of time), but useful or interesting to him in the 
current context”. The user’s preferences can be deter-
mined by analyzing his past behavior, i.e. grades given 
by the user, his preferred items. Also, no less import-
ant is the behavior of other users in the system.

History of the recommender systems  
development 

The field of recommender systems are relatively 
new, but, despite this, conducted have been a lot of re-
search, published numerous papers and scientific arti-
cles and developed a large number of algorithms. Rec-
ommender systems have been actively studied in the 
early nineties of the twentieth century, that is, since 
the first development in the field of collaborative fil-
tering [1-3]. The term “recommender system based on 
collaborative filtering" was first used by David Gold-
berg in 1992, in article «Using collaborative filtering 
to weave an information tapestry» [4] in the process 
of working on the Tapestry recommender system for 
Xerox. The basis for the works on the content-based 
filtering can be considered in [5]. In subsequent years, 
one of the fundamental works in the field of recom-
mender systems was written, which is also a reference: 
Recommender Systems Handbook [6]. This book sys-
tematizes all the different methods and concepts used 
in recommender systems, and related to a variety of 
areas of expertise, such as: data analysis, statistics, 
probability theory, decision support systems, mar-
keting, and others. The book also addresses practical 
approaches to the construction of recommendations 
used in advanced corporations, for example, Amazon, 
Google, AT & T. Among the most important works 
devoted to the development of the recommender sys-
tems industry manuscript “Recommender Systems: 
The Textbook” [7]  Can be distinguished. It lists the 
fundamental recommender algorithms and methods 
to assess their accuracy and speed. The paper details 
the application of recommender systems in a wide 
range of application areas: social systems, Internet 
commerce, search of the necessary information, and 
many others. In addition, it examines the following 
technical issues of the recommender systems creation: 
ensuring reliability and protection of information, 
correct ranking of results. In 2001 the manuscript was 
published, in which the recommender systems were 
first used for the selection of music. In the music rec-
ommendations, as well as in other ones, primarily the 
standard filtering methods are used, i.e., collaborative 

and content-basedfiltering [8]. But apart from them it 
is worth paying attention to the study of the hybrid 
approaches [9] in creating playlists, music social net-
working and tagging.

Wide practical application of recommender sys-
tems were not so long ago, at the end of the XX centu-
ry, and it is connected primarily with the development 
of the Internet. But the theoretical foundation was de-
veloped long before, in the late 40-s - beginning of the 
50s, and was based on machine learning. First of all, 
examined were self-learning algorithms, developed 
their mathematical foundation and built the models, 
which are used in recommender systems to this day. 
In the   end of the twentieth century the collaborative 
filtering has been applied as a solution to deal with 
the excess of information on the web [10]. Tapestry 
(experimental postal service) [4] became one of the 
first systems using this approach: it allows the user 
to manually create queries based on the opinions or 
actions of other users. Taking into account the views 
of other participants, users were able to determine the 
relevance of such posts for themselves, although, of 
course, the creation of an additional request took more 
time and required certain actions from the user. Then, 
appeared the systems which independently collect rel-
evant opinions and summarize them to make recom-
mendations. For example, in a software component 
GroupLens [11] this technique was used to identify 
the materials in Usenet network that might be of inter-
est to a particular user. Users are invited to assess the 
materials, and the system, in turn, brings them togeth-
er with grades of other users to provide personalized 
results. With the development of machine learning 
and information retrieval, more in-depth study of the 
problems of interaction between human and machine, 
recommender systems are becoming increasingly pop-
ular. As a result, they have been increasingly applied 
in music, movies and lots of other products. Recom-
mender systems more and more often appear outside 
the information technology industry, for example, in 
trade, as a way of increasing the number of sales. 

In the late nineties, commercial recommender sys-
tems appeared on the market. Probably the best known 
of these products developer was the Amazon company 
[12]. Interest of the user to a particular item was calcu-
lated based on purchase history and views of the user, 
as well as the products viewed by him at a given time 
. After that, many other commercial companies have 
started to implement recommender systems, and some 
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companies have even made the implementation of rec-
ommender systems its core business. In 2006, the Net-
flix company launched a competition named Netflix 
Prize, the purpose of which was to create an algorithm 
of recommendations that could improve the outcome 
of the current internal algorithm CineMatch in tests by 
10% [13]. It attracted interest in the widespread use of 
recommender systems and triggered activity, both in 
academic circles and among commercial developers. 
The winner was promised 1 million US dollars, that 
shows the importance of recommender systems for the 
sphere of information technologies. At the same time, 
Google has developed its own system of news recom-
mendations, Google News. The system processes the 
history of clicks made by users, and provides a recom-
mendation for a particular user. In the case of Google 
News, news stories are regarded as objects of interest, 
and user clicks as an assignment of a positive rating to 
the news story. To the collected in such a way grades 
the collaborative filtering algoritm is appled, and based 
on the output data, a decision is made to recommend 
one or another material to a specific user. 

The beginning of the 21st century is characterized 
by explosive growth in popularity of social networks. 
Naturally, recommender systems have been applied in 
them. Facebook has first implemented the recommen-
dations of potential social relations algorithms. Such 
recommendations are somewhat different from the 
product recommendations: social networking is large-
ly dependent on its growth to increase advertising 
revenue, so the recommendation of potential friends 
provide fast growth and network connectivity. This 
problem is also called a prediction of references in the 
analysis of network graphs. Therefore, the nature of 
this type of algorithms is somewhat different from the 
standard recommendation algorithms, but, in general, 
the essence remains the same.

Classification of recommender systems 
There are three main types of recommender sys-

tems: collaborative, content-based, and hybrid systems. 
Collaborative filtering primarily analyzes user be-

havior in the past. Data on rates made by the user to any 
items, form the basis for collaborative recommender 
systems. At the same time, the type of rated items does 
not matter, important is the similarity to user prefer-
ences (although some of the characteristics of items can 
be considered). The method is based on the assumption 
that users are typically constant in their rates, i.e. if they 

rated the item in a certain way in the past, they will con-
tinue to rate this item as well in the future. Predictions 
are made individually for each user, while processed are 
data of multiple users. These predictions show the ex-
tent to which the user is interested in the items which 
have not been rated by him so far [14, 15-20]. 

The method of collaborative filtering, in turn, can 
be divided into 2 submethods (approaches):
1. user-based, i.e., “based on the neighborhood”
2. item-based, i.e., “model-based"

The user-based approach historically is the first 
and still used in most systems. When using the us-
er-based    for an individual user selected is the group 
of users similar to him. In the selection of recommen-
dations for a given user taken into account is a com-
bination of weights and rates made by the group of 
users. To do this, each user of the group is assigned 
a weight in view of the similarity of his rates with the 
rates of active user. Users whose rates are as close as 
possible to the active user ones, are combined into one 
group called neighbor. Taking into accout the rates of 
these neighbors performed is the prediction of active 
user’s rates and on this basis the system generates rec-
ommendation [15-20].

item-based measures parameters of statistical 
models for users’ rates. To construct these models dif-
ferent methods are used, the most common of which 
are the following: clustering, Bayesian networks, la-
tent semantic model, Markov decision process, and 
others. The models are developed using data mining, 
machine learning algorithms to find patterns based on 
the training data [15-20].

Item-based approach gives more relevant results, 
as deeply analyze factors that explain the observed 
rates. Better than in user-based processed are sparse 
matrix, that contributes to the scalability of large data 
sets. But, at the same time, there is a possibility of loss 
useful information loss in connection with the reduc-
tion of models .

The main problem of collaborative filtering is the 
so-called problem of "cold start", i.e. the virtual ab-
sence of data on new sites or users [15-20]. New items 
or users are a big problem for recommender systems. 
A high entry threshold is necessary, without knowing 
anything about the user's interests, the recommenda-
tions are virtually useless. To some extent this prob-
lem can be solved by using a content-based approach, 
which is known to use attributes instead of rates. In 
addition to the "cold start” problem, we can also note 
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the problem of the recommender system inability to 
distinguish similar items with different names. The 
same items having different names are called synon-
ymous. Most modern systems are not able to discover 
the hidden connections between  synonymous items. 
Interesting can also be the problem of “white raven". 
"White ravens" are users who have diverse tastes, their 
opinions do not always coincide with the majority of 
others. Accordingly, it is impossible to recommend 
anything. But it should be noted that the problems of 
these people come from real life, so it would not be 
entirely correct to call it a problem of recommender 
systems. The advantage of collaborative filtering is a 
theoretical accuracy. 

In content-based filtering the profiles of users and 
items are created. User profiles may include demo-
graphic information or answers to a specific set of 
questions. [14] Profiles of items can include the names 
of genres, actor names, artist names, etc., depending on 
the type of item. Items similar to those that the user has 
already used, are recommended to the user. Similari-
ty is estimated on the basis of the items’ content. The 
main problems of these systems are the strong depen-
dence on the subject area, as well as the fact that the 
usefulness of recommendations is limited. Advantage 
of this approach is that it can recommend to even un-
familiar users, thereby bringing them into service, it is 
possible to recommend the items that have not yet been 
evaluated by anyone. Disadvantage is a lower accuracy.

Hybrid systems, as the name implies, combines 
both filterings, increasing the efficiency (and com-
plexity) of recommender systems. Combining the re-
sults of the previous two types of filtering with a high 
probability can improve prediction accuracy [15-20]. 
In addition, hybrid systems can partially solve the 
problem of the so-called "cold start" inherent in col-
laborative filtering. The hybrid approach first weighs 
the results according to the principles of the content 
filtering, and then, as soon as sufficient data on the 
analyzed user obtained, shifts the weights toward the 
collaborative filtering.

Knowledge-based recommender systems 
In addition to the recommender systems, appeared 

at the dawn of the artificial intelligence development, 
i.e., content-basd and collaborative, currently there are 
many systems that use in their work several different 
principles. Example of such systems may be a so-called 
"recommendations based on knowledge”. The data in 

them are not descriptive evaluations but deeper rela-
tionships. Knowledge-based, in some formal features, 
can be attributed to the content-based approach, but 
according to the existing classifications it is still referred 
to a separate class. In the knowledge-based recommen-
dations considered are only the common characteris-
tics of items, but deeper dependency are based on.  

Information processed by "recommendations based 
on knowledge", can be divided into: (a) rules (metrics) 
of similarity and (b) the items of interest. The system 
recommends items based on the user desires. User for-
mulates his preferences in terms of the element prop-
erties, which, in turn, are presented in terms of rules 
(restrictions). A detailed review of decision-making 
mechanisms that can be used in filters of this kind are 
described in [21].

Hybrid recommender systems, in turn, can be di-
vided into mixed-type, cascade and context.

Mixed-type strategy 
The basis for a mixed-type hybrid model is a pre-

sentation of recommendations in a single integrated 
view. Data obtained as a result of other types of fil-
tering, are assigned a certain weight. For example, an 
item that was the highest rated in the collaborative fil-
tering, obtains 100 points, an item best estimated in 
the content-based filtering, obtains 50 points, etc.  

Cascade strategy
According to the name, this method is character-

ized by cyclical way of building recommendations. 
The initial iteration is the algorithm, that is a gross 
filter, and all subsequent operations more and more 
refine results.

Context strategy
The main, characteristic of all existing recom-

mender systems, mechanism of work is to develop 
recommendations based solely on the previously re-
corded ratings and user preferences. [22] This mecha-
nism has been used for a long time and therefore it is 
considered that it has developed all of its computing 
capacity, i.e. it is impossible to increase the effective-
ness of recommendations using only this mechanism. 
There appears a need to use new data to make recom-
mendations. Context can play a role of these new data.

Context is a data representing a characteristic of 
the situation in which the user is located and in which 



Issue 16. May 2020 | Cardiometry | 101

the evaluation of the item occurs.  In general, the con-
text can be divided into 2 following types: 
- context in which the user preferences are fixed; 
- context in which the recommendation is formed; 

Context can also be divided into the following 
types:
- time, location, type of user activity, weather, light and 
the like, i.e., physical context; 
- presence of others and their roles, social context; 
- specifications of the instrument, with the help of 
which access to the information is supported, i.e. de-
vice context; 
- nature of the user, his experience, cognitive abilities, 
i.e. modal context. 

Of course, all this makes sense only if the informa-
tion listed above has a major impact on the selection of 
an item, carried out by the user.

Practical experience of the context recommenda-
tions application shows that the most valuable is the 
information about the current user, behavior of users 
in general, properties of recommended products and 
context of the current user interest [1-3]. 

Based on the experience obtained by many devel-
opers, we can conclude that the context application in 
recommendations is a promising direction.

The application of context can get rid of the prob-
lems typical to many recommender systems, espe-
cially collaborative ones: cold start (context allows to 
characterize a new user based on his psychological 
and national data, mood and professional affiliation), 
unusual user problems (taking into account individu-
al characteristics makes it possible to personalize the 
recommendations in the best way), triviality of recom-
mendations, "filter bubble" (the context allows us not 
to be limited by user's last points of view). However, in 
the context systems,  the problem of resource-inten-
sive computations due to the large amount of data to 
be processed remains, and even increases.

Recommender systems in cardiology
Over the past few decades, number of medical 

data (test results, patient health records, treatment 
plans, and others) has reached enormous volumes. 
Consequently, the amount of information available 
for decision-making on patient treatment, increased 
significantly, but the problem is that this information 
is presented on various websites and resources and to 
gather it together is quite difficult. As a solution now 
proposed is the creation of personal electronic health 

cards (PEHC), which would be stored on a single re-
source, and would be available to both the patient and 
health care provider. 

Moreover, recommender systems start being used 
in the medical field more often. These systems are 
used both by doctors and patients. The system allows 
doctors to speed up and simplify the process of diag-
nostics, the patient is able to get a preliminary con-
sultation. Ricci et al. allocated the recommendation 
systems used in medicine, in a separate group, and 
called it "medical recommender system (MRS)»[6]. 
The MRS item is not confidential, scientifically prov-
en, not tied to a particular patient medical informa-
tion. MRS receives and processes data from     PEHC 
of each particular user and on the basis of them builds 
the recommendations. Both the physician and patient 
get access to the MRS. 

MRS are designed to provide the user with high 
quality relevant content. To achieve a high level of rel-
evance a broader context should be considered. MRS 
takes into account the complex relationship between 
health concepts, decipher acronyms and interpret 
codes of medical classifications, adapts information to 
understand by an ordinary patient. Such systems are 
able to reduce the effect of information overload at the 
end user.

MRS determines the information needs of a par-
ticular user by analyzing PEHC records, user's search 
queries or by tracing the history of user views. To ob-
tain highly relevant recommendations many comput-
ing methods are used. First of all,  information retriev-
al (IR). 

Information retrieval  is the process of searching 
unstructured information, which satisfies information 
needs [23,24].

Term "information retrieval" was first introduced 
by Kelvin Muersom in 1948 in his doctoral disserta-
tion, published and used in the literature since 1950.

Information retrieval is a process of identifying a 
set of documents in all those that satisfy a predeter-
mined search condition (query) or contain the neces-
sary data. In most cases, the information retrieval in-
cludes wording, determination of information sources, 
retrieval of information from these sources, and final 
stage, acquaintance with information received and 
evaluation of the results.

The retrieval methods are the following: address,   
semantic, documentary and factual.
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Classical taskof information retrieval  is a search 
for documents that satisfy the request, within a static 
document collection. But the list of tasks is constantly 
expanding and currently includes classification issues, 
filtering and clustering of documents, architecture de-
sign of search engines, information retrieval, query-
ing, and others. [25-31]

For MRS, as well as for all recommender systems, 
advances in IR are essential . The use of IR allows ob-
taining relevant recommendations. The recommen-
dation is based on PEHC which contain text docu-
ments, such as medical certificates, doctor's orders, 
and others. These text documents serve as queries in 
IR. Capabilities of IR in query values matching can be 
applied to the problem of selection of the relevant rec-
ommendations in MRS. 

It is believed that the collaborative filtering is not 
suitable for MRS because of the need to keep medi-
cal secret. You can challenge this statement, citing the 
fact that the user information is being processed by 
not a person but a machine. But to explain this to an 
ordinary user concerned about his data security is not 
easy. However, due to the fact that user data is pro-
cessed during a single session, it is easier to hack a sys-
tem based on collaborative filtering. Therefore, many 
researchers believe the content-based filtering is more 
appropriate for MRS. Content-based filtering can also 
partially solve the problem of "cold start".

Examples of working MRS are user-oriented web 
portals of medical information, offering the possibil-
ity of making a diagnosis based on symptoms. How-
ever, for unprofessionals, in these systems there is a 
risk of information overload. Moreover, it is difficult 
to provide relevant results in the system "when the 
user does not know exactly what he wants." Besides, in 
case when users of such web portals have an account, 
which displays   PEHC, MRS gives much more accu-
rate results [25-31].

Fernandez-Luque, Karlsen and Vognild [32] iden-
tified the MRS possibilities as an educational resource 
for people leading a healthy lifestyle.  They proposed 
the use of so-called program-assistant which allows 
scanning medical scientific content provided in a vari-
ety of social networks.

Hu H, Elkus A, Kerschberg L. [33] described the 
system that allows extracting suitable for users with a 
specific disease information from Internet. The system 
gives the patient the ability to search relevant content. 
The authors emphasize that MRS in this case can be 

viewed as a "medical information storage”. The paper 
also notes the capability of connection to social net-
works user profiles to improve the recommendations. 

Rivero-Rodriguez et al. [34] developed a system 
that enriches the social network content (YouTube 
videos, etc.) with materials from medical sources, e.g. 
Medline Plus. Such an approach contributed to the 
improvement of such ontologies as a SNOMED-CT. 
However, the authors acknowledge the need for more 
accurate meta-data to improve the quality of recom-
mendations.

Other systems are focused on the prevention of 
disease by sending recommendations to users on mo-
bile gadgets. In practice, this means that people who 
suffer, for example, diabetes, or nicotine dependence, 
receive daily personalized advice on dieting and re-
ceive medication. Ghorai et al. [35] presented the MRS 
that helps smokers to quit this addiction. In this case, 
the system simulates the recommendations based on 
user behavior data. 

In general, many MRS are primarily intended to 
provide the end user with respect to the recommenda-
tions on his health. Based on analysis of the patient's 
history, the MRS sends to the PEHC user interface the 
data most appropriate for a particular patient, and of 
greatest interest to him [36-46]. The following data are 
most often in PEHC:
1. The detailed medical data about the user (   for ex-
ample,,  current treatment, further treatment plan, 
surgical reports, medical certificates, etc.)
2. The terms collected by PEHC based on the user's 
search (for example, "the symptoms of myocardial in-
farction", "flu treatment", etc.)
3. The user behavior statistics (for example, visits to a 
certain web page, article ratings, etc.) 

To obtain the most   relevant recommendations   
MRS processes all of the above data, but paragraph 1 
deserves special attention as it is based on information 
received from health care professionals.

When integrating MRS and PEHC the following 
requirements should be fulfilled:
1. The system should be able to interpret the following 
data:
(A) imprecise terms (  for example,“hepatitis"   instead 
of “chronic viral hepatitis"),
(B) colloquial expressions (  for example , "period" in-
stead of "menstruation"),
(C) inaccurately written expression (e.g., “diaetes" in-
stead of "diabetes").
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2. The system should be able to understand profes-
sional terms used by doctors.
3. User’s data confidentiality must be guaranteed by 
the MRS developers and owners. Even PEHC admin-
istrators should not have access to data containing pa-
tient confidentiality.

Despite significant progress in the development 
of recommender systems, MRS had not yet become a 
part of everyday life. Many issues remain open. The 
MRS interface should be clear to both medical profes-
sionals and ordinary users of any age [36-46].

Among other things, a big problem is informa-
tion security, especially preservation of medical con-
fidentiality. The problem of integration of MRS and 
PEHC is still unsolved because of existing shortcom-
ings in the field of security. Integration with PEHC is 
necessary because the information on patient avail-
able in PEHC can solve the problem of "cold start", 
i.e. absence of input data. Improving the quality of 
recommendations will help to motivate users to up-
date data in PEHC. And, in turn, the actual PEHC 
data contribute to the relevance of recommenda-
tions. There also exists a problem consisting in the 
fact that the MRS has to choose among the PEHC 
entries just the entries responsible for the current 
state of patient’s health. Entries, which reflect the 
past diseases of the user, may no longer be relevant. 
MRS must be able to separate chronic diseases, e.g., 
diabetes, from diseases manifesting for a short peri-
od, e.g., seasonal colds. 

An example of practical application of recommend-
er systems in cardiology is a developed by Southamp-
ton University (UK) and the University of Islamabad 
IoS application [47]. The app is able to make a diag-
nosis and recommend appropriate treatment, diet and 
daily routine, by processing the data obtained from the 
biosensors located on the patient's body. Application 

data is collected from millions of patients wearing bi-
osensors. The collected data is processed by a hybrid 
recommender system. As a result, by comparing the 
obtained data with the known symptoms of cardio-
vascular disease, a diagnosis is made. The diagnosis 
is compared with the treatment algorithms existing in 
the base. After that, the system encourages the patient 
to undergo a certain course of treatment, a diet and 
other recommendations (Figure 1).

Conclusion
The concept of recommender systems is defined 

herein, the brief history of the recommender systems 
development is given. The main types of recommend-
er systems and principles of their construction are pre-
sented. The article provides a detailed review of the 
recommender systems application in medical field, 
cardiology, in particular. Methods of recommender 
systems construction are given, advantages and disad-
vantages of the methods are provided. Efforts to im-
prove applicable in cardiology recommender systems 
may be extended by improving the basic algorithm, 
the construction of other models of recommender 
systems, such as hybrid ones, processing larger arrays 
of additional data.
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Abstract 
Our results of analyzing effects made by electrode characteris-
tics on the accuracy of the ECG signal parameters formation are 
presented herein. Analyzed is a correlation between the mea-
sured characteristics of the electrodes and a probability value 
that determines accuracy of the ECG signal parameters forma-
tion. With the help of scatter plots demonstrated is the strength 
of the correlation between the assessed variables. Our analy-
sis of the obtained results shows that the harder is the contact 
agent in an electrode, the more accurate are the formed ECG 
signal parameters. 
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Introduction
Nowadays an analysis of the measuring ECG data 

processing is an important issue in the field of modern 
methods of data processing. The ECG data are usually 
collected non-invasively by ECG signal recording with 
the use of different types of electrodes placed on the 
human chest surface. 

In practice, the required analysis of ECG data is 
provided with the help of specialized algorithmic 
means of primary and secondary data processing for 
making diagnostic decisions on the state of the cardio-
vascular system [1-4]. 

It is known [5-8] that the signal is inevitably affect-
ed by noises of the physiological and electrical origin 
when recorded with the use of the electrodes. To re-
duce the noises, taking into account the noise origin, 
various algorithmic tools of primary signal processing, 
in particular, noise filter algorithms, are currently be-
ing improved [5-8]. The noise effect leads to reducing 
the ECG signal accuracy [7]. 

The reliability and efficiency of the algorithmic 
means of the primary and secondary ECG signal 
processing largely depend on the used instrumenta-
tion of recording, namely, electrodes, which are re-
sponsible for formation of informative parameters of 
the signal against the background of noises [9]. The 
efficiency of the ECG signal processing analysis re-
sults, as well as the degree of complexity of the al-
gorithmic processing tools designed to separate the 
informative parameters of a signal against the back-
ground of noises, depend on the quality of recording 
equipment. In case of a low quality of the ECG signal 
recording due to the characteristics of the electrodes 
themselves, some errors, which are associated with 
the formation of the ECG signal informative param-
eters and which in the process of noise filtering can 
be recognized as distortions introduced by filter al-
gorithms, might occur. In doing so, as a consequence, 
algorithmic processing instruments, due to the dis-
torted ECG signal segments at the classifier output, 
may produce erroneous diagnostic classification 
findings [10]. 

In view of the above, to improve the efficiency of 
processing the ECG data at present there is a necessi-
ty to jointly consider the measuring electrodes for the 
purpose of evaluation of their quality, which makes ef-
fects on the efficiency and reliability of the ECG signal 



Issue 16. May 2020 | Cardiometry | 107

processing analysis, in particular the means of noise 
filtering [11,12]. The necessity of such consideration 
consists in the following: first, characteristics of con-
tact conductive agents have an influence on the accu-
racy of reproduction (formation) of the signal param-
eters, i.e. the minimization of losses of the obtained 
ECG signal informative segments in signal recording; 
second, it is required to increase accuracy of the ECG 
signal processing instrumentation against the back-
ground of affecting noises.  

However, in [12] carried out is a comparative as-
sessment of the characteristics of the wet electrodes 
for evaluating the accuracy of the formation of the 
ECG signal parameters formation during the long-
term recording. In order to assess the quantitative 
indicators, characterizing the quality of the ECG sig-
nal recording instruments, measured are the values 
of electrical resistance in contact conducting agents 
(CCA) in different wet electrodes. The accuracy of 
the long-term ECG signal parameter formation in 
the process of recording has been evaluated with 
the use of the quantitative probability value. To cal-
culate this value we have involved a highly experi-
enced arrhythmia expert in our studies in order to 
properly count the number of correctly and erro-
neously recorded signal parameters referred to the 
total number of records. The recorded parameters 
are as follows: wave P, T and ECG signal complexes 
QRS. The result of the calculation of the above value 
shows that in all real long-term ECG signal records 
the most erroneous are the P wave records: the errors 
have been found for all leads there. The main error in 
the P wave formation has been detected in the form 
of splitting. 

This article is a continuation of our study [12], 
where analyzed are the characteristics of wet elec-
trodes and their collaborative evaluation of the accu-
racy of the signal parameters formation. In the present 
paper we analyze the effect of electric resistance in the 
contact conductive agents of different wet electrodes 
on the accuracy of the P wave formation in an ECG 
signal through correlation relationships.

Aims 
The aim of this study is to evaluate the correlation 

relationships between the values of electric resistance 
in the conductive contact agents of different wet elec-
trodes and probability values characterizing the accura-
cy of the ECG signal P wave formation.

Materials and methods
The material for the study are the measured values 

of electric resistance of CCA, which are a widely used 
in models of wet electrode for ECG signal recording, 
namely: H92SG, H99SG, MSGLT-05MGRT, M2202A, 
and the calculated probability values characterizing 
the accuracy of the P wave formation during signal re-
cording [12]. The values of electrical resistance for the 
confidence probability of Student distribution quan-
tile  P=0,95 at (n-1) tα=0,05  are presented in Table 
1 herein. The probability values of true recording for 
different electrodes are shown in Table 2 given herein. 
Table 2 shows the probability value without leads aVL, 
II. It is feasible to present the obtained data in order 
to evaluate the accuracy of the P wave formation in 
10 electrodes of each trade name during long-term re-
cording, similar to the case described in [12].
Table 1
Resistance of CCA in wet electrodes

№ Electrode 
type

Measurement results for confidence 
probability  

P=0,95 (α=0.05 → tα,9=2,26; n-1)
R, кОм

1 H92SG (79,348±0,313)
2 H99SG (174,46±0,452)

3 MSGLT-
05MGRT (30,623±0,443)

4 М2202А (21,523±0,359)

Our evaluation of the correlation relationship be-
tween two variables for better vizualization is analyzed 
by scatter plotting. Scatter plotting is a statistical meth-
od that shows the distribution of two variables: a de-
pendent variable and its predictor [13]. The dependent 
variable is selected as a result of a direct measurement 
of electrical resistance in the electrode CCA, and for 
the predictor we use in our case an indirect measure-
ment result, i.e. the probability value. The predictor is 
a variable in the context of the present study. The plau-
sibility of the obtained scatter plot is checked using the 
trend line with specified values of the confidence prob-
ability intervals. To construct the confidence probabil-
ity intervals, selected is probability value P=0.95 for 
significance level α=0.05, respectively. The scatter plot 
is analyzed with the use of the STATISTICA 10.0 soft-
ware (StatSoft) [14].

Results
The results of the evaluation of the correlation rela-

tionship of the analyzed variables with the use of scat-
ter plots are shown in Figures 1-4 herein. The calculat-
ed correlation coefficient is indicated in Table 3 herein. 
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Table 2
Probability of true recording in a lead 

№ V1 V2 V3 V4 V5 V6 I III aVR aVF

PT(P)

* 0,65 0,64 0,75 0,53 0,62 0,70 0,68 0,63 0,68 0,62
** 0,80 0,70 0,85 0,86 0,89 0,85 0,54 0,78 0,86 0,80
*** 0,95 0,94 0,97 0,96 0,94 0,95 0,96 0,92 0,95 0,97
**** 0,70 0,74 0,88 0,89 0,79 0,74 0,54 0,69 0,92 0,89

Note: Results of probabilities calculation for the electrodes are indicated  
* - «H92SG», ** - «H99SG», *** - «MSGLT-05MGRT», **** - «М2202А»

Table 3
Coefficient of correlation between values from electrodes

№ Electrode type Coefficient of correlation 
between values R:P 

1 H92SG 0,4809
2 H99SG 0,3526
3 MSGLT-05MGRT 0,3280
4 М2202А - 0,0343 

The obtained results given in Table 3 and il-
lustrated by Figures 1–3 show that the correlation 
relationship exists between the values of electric 
resistance and the probability value. The correla-
tion relationship between the probability value for 
H92SG is r = 0.4809, for H99SG r = 0.3526, and 
for MSGLT-05MGRT r = 0.3280, respectively. Our 
analysis of scatter plots in Figures 1-3 shows that 
apparent outliers have not been found, and the ob-
servation points are within the confidence inter-
val. However, in each of the H92SG, H99SG and 
MSGLT-05MGRT electrodes, two observations go 
beyond the confidence limits that indicates the ab-
sence of outliers. 

However, the correlation analysis of the depen-
dence for the M2202A electrode gives us a negative 
value of this ratio, namely r = - 0.0343. The analysis 
of the scatter plots for the given electrode shows that 
there are four outliers beyond the confidence limits of 
the probability interval P = 0.95. 

We should note that in [12] the H92SG, H99SG, 
MSGLT-05MGRT and M2202A electrodes differed 
from each other in the state of their contact conduc-
tive agents, namely, liquid and solid. The M2202A 
electrode, during the long-term evaluation of its 
CCA, demonstrated changes in its reference charac-
teristics due to an error, which occurred because of 
spreading of liquid CCA beyond the specified area of 
the electrode measuring cell. The calculated error in 
[12] for the M2202A electrode shows that there are 
outliers beyond the confidence limits of probability 
interval P = 0,95 and a negative correlation between 
the variables. The lower the outliers on a scatter plot, 
the more variables are grouped around the trend 

Figure 1. Scatter plot of correlation for electrode H92SG

Figure 2. Scatter plot of correlation for electrode H99SG

lines, and, accordingly, the greater is the correlation 
value, that is different from zero, between the studied 
variables.

Thus, systematizing the results obtained above, 
we can conclude that the accuracy of the ECG sig-
nal parameters formation during long-term signal 
recording is influenced by liquid state of CCA in 
electrodes. As a consequence, electrodes with solid 
CCA have the most appropriate characteristics for 
use in long-term monitoring of the ECG signal pa-
rameters. This conclusion can be supported by the 
results of study [12] and the evaluation of the rela-
tionship between the electrodes characteristics with 
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Figure 3. Scatter plot of correlation for electrode  
MS¬GLT-05MGRT

Figure 4. Scatter plot of correlation for electrode М2202А

the use of the scatter plots. The scatter plots allow 
us to visually assess the strength of the correlation 
between the studied variables and outliers beyond 
the confidence limits of the probability interval that 
makes it possible to identify the effect produced by 
the electrodes characteristics on the accuracy of the 
formation of electrical cardiac signal parameters 
for each electrode in the scope of the considered 
trademarks.

Conclusions
Thus, the results of our analysis of the effects pro-

duced by the respective electrode characteristics on the 
accuracy of the formation of the ECG signal parame-
ters are presented herein. In electrodes with solid CCA 
the accuracy level of the formation of the ECG signal 
parameters is significantly higher as compared with the 
electrodes containing liquid CCA. 
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Aims
Cardiovascular diseases are among the most important caus-
es of mortality and morbidity worldwide. There are different 
risk factors explained for cardiovascular diseases and diabe-
tes mellitus (DM) is notable among them. There are different 
modalities for diagnosis and risk assessment of cardiovascular 
diseases such as myocardial perfusion imaging (MPI) but con-
sidering high price and low accessibility of this modality we de-
cided to assess any possible association between MPI findings 
and Rose angina score (RAS) in both diabetic and non-diabetic 
patients. 

Materials and methods
In this descriptive-analytic study we enrolled 585 diabetic and 
non-diabetic patients with angina pectoris referred to nuclear 
medicine department of Shahid Sadoughi hospital, Yazd, Iran 
for MPI. Patients demographic information along with MPI re-
sults and Rose angina questionnaire were obtained. Data were 
finally analyzed using SPSS ver.21 software using appropriate 
statistical tests.

Results
in this study, there were 294 diabetic and 291 non diabetic 
patients enrolled. 61.9% of non-diabetic patients had normal 
MPI results but this amount was only 38.8% among diabetic 
patients. Our study population did not differ based on age, 
gender and Rose angina score between diabetic and non-di-
abetic patients. Our results indicate that there is a statistically 
significant association between RAS and MPI findings in both 
diabetic (P-value=0.001) and non-diabetic (P-value=0.001) 
patients.

ORIGINAL RESEARCH Submitted: 12.01.2020; Accepted: 18.02.2020; Published online: 21.05.2020

Conclusion
In present study we found a significant association between 
simple RAS questionnaire and MPI findings. We do not deny 
high accuracy and diagnostic value of MPI but we want to focus 
on clinical judgement of physicians prior to imaging modalities. 
We believe that in many cases, with a good clinical assessment 
such as RAS, many unnecessary and expensive modalities can 
be avoided.
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Introduction
Cardiovascular diseases are one of the most com-

mon causes of death in almost whole world. They de-
vote more than 30% of mortality in developed countries. 
Cardiovascular diseases cause mortality, morbidity and 
complications which put a heavy economic burden on 
society (1, 2).

Different factors are said to be involved in develop-
ment of coronary artery diseases such as gender, age 
and genetics which are not adjustable. There are some 
other factors that can be controlled or even eliminated 
such as diabetes mellitus (DM), hypertension (HTN), 
obesity, smoking, hyperlipidemia (HLP), psychologi-
cal tension and etc. (3-5).

Myocardial perfusion imaging (MPI) is one of 
non-invasive diagnostic modalities in field of cardio-
vascular imaging which can accurately detect ischemia 
in myocardium(6). In many studies it is said that MPI 
can avoid unnecessary economical payments for risk 
assessment of cardiovascular events(7). Accuracy of 
MPI has been reported differently in different inves-
tigations (8, 9).

During 1993 and 2001 stress cardiovascular im-
aging has increased to 3 fold as before. MPI has been 
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used 3 times more than stress echocardiography and 2 
times more than exercise stress tests since 1996. Con-
sidering rapid development and application of this 
modality some insufficiencies have been also reported 
for this modality. In several clinical conditions MPI is 
the most common used modality for evaluating myo-
cardial perfusion status(10, 11).

Although different diagnostic modalities such as 
exercise stress test, MPI, angiography ae really valu-
able in diagnosis of coronary artery disease (CAD), 
but the chance to use them is not prepare and equal 
for all people. In some regions and societies it seems 
that it is necessary to know importance and capabili-
ties of other non-invasive, cheap, rapid and accessible 
modalities too(12).

For the first time Dr. Rose innovated a question-
naire to diagnose CAD and later was applied by other 
researchers in different regions as a very cheap modal-
ity for diagnosis of CAD. This questionnaire possess 
a sensitivity of 78 to 81 % and specificity of 94 to 97% 
compared to clinical judgement(13-15).

Nowadays DM is known as a comorbidity which 
is associated with an elevated risk of cardiovascular 
event and can lead to early death or disability followed 
by myocardial ischemia. Risk of cardiovascular events 
increase 2 to 4 folds in diabetic patients compared to 
non-diabetics. Diabetic patients have a more compli-
cated cardiovascular disease at the time of primary di-
agnosis. MPI is a good screening method for coronary 
artery disease in diabetic patients(16, 17).

Considering important role of MPI in diagnosis of 
CAD and also high expenses and low accessibility for 
a great percentage of patients along with accessibility 
and simplicity of Rose angina questionnaire, in this 
study we decided to investigate possible association 
between Rose angina score (RAS) and MPI results in 
diabetic and non-diabetic patients. We think that this 
study can help to clarify diagnostic importance of RAS 
in comparison to MPI.

Materials and methods
This study is a descriptive-analytic study performed 

on 585 diabetic and non-diabetic patients with angina 
pectoris referred to department of nuclear medicine 
of Shahid Sadoughi hospital, Yazd, Iran for myocar-
dial perfusion scan during 2019. All patients signed 
an informed consent to let us use their medical infor-
mation for research purpose. This study was designed 
and performed based on Helsinki declaration and is 

registered in committee of research ethics of Shahid 
Sadoughi university of medical sciences, Yazd, Iran 
with IR.SSU.MEDICINE.REC.1398.260 approval ID.

We included 300 diabetic and 300 non diabetic pa-
tients with angina pectoris that were referred to nucle-
ar medicine department for MPI. 15 patients that were 
not available or their medical folder was corrupted 
were excluded and finally 585 complete folders were 
elected for further analysis.

MPI were done via Gamma camera device with 
128 by 128 matrix in both rest and stress condition 
for all patients. All patients underwent physical stress 
and 20 to 25 milli curry Tc99m-MIBI was used for all 
images. MPI results were reported and categorized in 
a 5-point scale as normal, mild ischemia, moderate 
ischemia, severe ischemia and no perfusion.

A Rose angina score questionnaire was also used 
for all patients in which patients are categorized in 3 
categories based on assessed risk as: score below 6 as 
low risk, score between 6 and 11 as moderate risk and 
score above 11 as severe risk. Patients angina pectoris 
is also categorized in 3 degrees as: 1) grade 2 definite 
angina (severe) in which patients feel pain while walk-
ing on even land rather than inclined ground. 2) grade 
1 definite angina (moderate) in which patients answer 
all questions positive. 3) possible angina (mild) in 
which not all answers are positive but angina pain oc-
curs while walking with hurry or on inclined ground.

All patient’s demographic information including gen-
der, age, comorbidities, Rose angina score and ischemia 
detected in MPI were recorded in a questionnaire and 
finally all data were analyzed using SPSS ver.21 software 
using appropriate statistical tests such as Chi-square, 
independent T test or paired T test. In all tests a P-val-
ue<0.05 was considered to be statistically significant.

Results
This is a descriptive-analytic study performed in 

2019 to assess the relationship between Rose angina 
score and MPI results in diabetic and non-diabetic 
patients. Among 585 enrolled patients, 294 (50.3%) 
of them were diabetic and 291 of them (49.7%) were 
not diabetic. 399 (68.2%) of them were diagnosed with 
HTN and 75 (12.8%) patients remarked a history of 
prior myocardial infarction.

In our study population mean patients age was 
58.33±10.8 and ranged between 24 and 87. Based on 
RAS, 201 (34.4%) of them had probable angina, 135 
patients (23.1%) had grade 1 definite angina and 249 
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Table 1
Descriptive statistics of patients based on age and gender

Women Men Mean age Total P-value
Diabetic 198 (67.3%) 96 (32.7%) 58.89 294 (100%)

Gender = 0.1 Age = 0.2Non-diabetic 177 (60.8%) 114 (39.2%) 57.76 291 (100%)
Total 375 (64.1%) 210 (35.9%) 58.33±10.8 585 (100%)

Table 2
Association between DM and HTN. HTN is significantly more in diabetic patients (P-value=0.001)

History of HTN No HTN Total P-value
Diabetic 237 (80.6%) 57 (19.4%) 294 (100%)

0.001Non-diabetic 162 (55.7%) 129 (44.3%) 291 (100%)
Total 399 (68.2%) 186 (31.8%) 585 (100%)

Table 3
Association between DM and history of ischemia. there is a statistically significant association between DM and history of 
ischemia (P-value=0.04)

History of HTN No HTN Total P-value
Diabetic 45 (15.3%) 249 (84.7%) 294 (100%)

0.04Non-diabetic 30 (10.3%) 261 (89.7%) 291 (100%)
Total 75 (12.8) 510 (87.2%) 585 (100%)

Table 4
Descriptive results associated with frequency of different MPI abnormalities in both diabetic and non-diabetic patients

Normal Mild ischemia Moderate 
ischemia

Severe 
ischemia No perfusion P-value

Diabetic 114 (38.8%) 99 (33.7%) 30 (10.2%) 36 (12.2%) 15 (5.1%)
0.001Non-diabetic 183 (62.9%) 45 (15.5%) 24 (8.2%) 24 (8.2%) 15 (5.2%)

Total 297 (50.8%) 144 (24.6%) 54 (9.2%) 60 (10.3%) 30 (5.1%)

Table 5
There is no statistically significant association between RAS and DM (P-value=0.93).

Mild (probable 
angina)

Moderate (grade 1 
definite angina)

Sever (grade 2 
definite angina) Total P-value

Diabetic 102 (34.7%) 69 (23.5%) 123 (41.8%) 294 (100%)
0.93Non-diabetic 99 (34%) 66 (22.7%) 126 (43.3%) 291 (100%)

Total 201 (34.4%) 135(23.1%) 249 (42.6%) 585 (100%)

Table 6
Association between RAS and MPI results in diabetic patients. There is a significant association between RAS and MPI 
abnormalities in diabetic patients (P-value=0.001)

Mild Moderate Severe Total P-value
Normal 66 (57.9%) 24 (21.1%) 24 (21.1%) 114 (100%)

0.001

Mild ischemia 36 (36.4%) 33 (33.3%) 30 (30.3%) 99 (100%)
Moderate ischemia 0 (0%) 12 (40%) 18 (60%) 30 (100%)

Severe ischemia 0 (0%) 0 (0%) 36 (100%) 36 (100%)
No perfusion 0 (0%) 0 (0%) 15 (100%) 15 (100%)

Total 102 (34.7%) 69 (23.5%) 123 (41.8%) 294 (100%)

Table 7
Statistically significant association between RAS and abnormal MPI findings in non-diabetic patients (P-value=0.001)

Mild Moderate Severe Total P-value
Normal 90 (49.2%) 54 (29.5%) 39 (21.3%) 183 (100%)

0.001

Mild ischemia 9 (20%) 12 (26.7%) 24 (53.3%) 45 (100%)
Moderate ischemia 0 (0%) 0 (0%) 24 (100%) 24 (100%)

Severe ischemia 0 (0%) 0 (0%) 24 (100%) 24 (100%)
No perfusion 0 (0%) 0 (0%) 15 (100%) 15 (100%)

Total 99 (34%) 66 (22.7%) 126 (43.3%) 291 (100%)
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patients (42.6%) had grade 2 definite angina. Consid-
ering MPI results, 297 patients had normal results, 144 
(24.6%), 54 (9.2%), 60 (10.3%) and 30 patients (5.1%) 
had mild ischemia, moderate ischemia, severe isch-
emia and no perfusion respectively.

In our study, among diabetic patients 198 (67.3%) of 
them were women and 96 (32.7%) of them were men. 
Mean diabetic patients age was 58.89 years. There were 
177 (60.8%) women and 114 (39.2%) men within non 
diabetic patients. Mean age of non-diabetic patients 
was 57.76 years. Based on performed analysis there was 
no significant difference between diabetic and non-di-
abetic patients based on gender (P-value-0.1) and age 
(P-value=0.2). table No.1 below shows descriptive sta-
tistics associated with patient’s gender and age.

In this study 80.6% of diabetic patients had HTN 
and 55.7% of non-diabetic patients had HTN. With a 
P-value of 0.001 it means that diabetic patients had a 
significantly higher rate of HTN. table No.2 shows the 
association between DM and HTN in our study.

Our results show that there is also a significant as-
sociation between history of ischemia and diabetes. 
Association between DM and history of ischemia is 
summed up in table No.3.

Chi-square analysis results indicate that there is 
a statistically significant difference between diabetic 
and non-diabetic patients in terms of abnormalities of 
MPI. As also seen in table No.4, 62.9% of non-diabetic 
patients had normal MPI and only 38.8% of diabetic 
patients had normal MPI results.

As seen in table No.5 below our results indicate that 
there is no statistically significant difference between 
diabetic and non-diabetic patients based on their RAS 
(P-value=0.93).

Remembering main goal of our research which was to 
evaluate any possible association between RAS and MPI 
abnormality, we separately analyzed our data for this as-
sociation in both diabetic and non-diabetic patients. As 
seen in table No.6, there is a significant association be-
tween RAS and MPI abnormality in diabetic patients.

Our findings show the same significant association 
between RAS and MPI findings in non-diabetic pa-
tients too (P-value=0.001). The results are summed up 
in table No.7.

Discussion
There are 200 million people living with diabetes 

around the world. Risk of cardiovascular involvement 
in diabetic patients in 2 to 4 times more than non-dia-

betic population (18, 19). In European and American 
guidelines DM is considered equal to cardiovascular 
involvement. Prevalence of coronary artery diseases 
among diabetic patients has been reported to be 43 to 
53% regardless of gender (19). Considering high qual-
ity and value of MPI along with lack of accessibility for 
all patients and high expenses, in this study we decid-
ed to see if simple RAS questionnaire can be associ-
ated with MPI findings in diabetic and non-diabetic 
patients or not.

In this study we found that there is a statistically sig-
nificant association between MPI findings and RAS in 
both diabetic and non-diabetic patients. There was a sig-
nificant correlation between HTN and history of isch-
emia with DM. our both diabetic and non-diabetic pop-
ulations were not different based on age, gender or RAS.

In a study performed in Iran by Habibian et al., re-
gression analysis results showed a positive and power-
ful correlation between RAS and HTN, DM, smoking 
and gender (20). Other similar studies also showed 
the same results (21). Our study was a bit different be-
cause they investigated general population but we en-
rolled susceptible patients with angina pectoris which 
were going to undergo MPI.

A large population of 6498 patients above 35 years 
old were studied by Sadeghi et al. and researchers re-
ported that prevalence of coronary artery disease was 
37.5% in women and 22.2% in men based on RAS 
questionnaire. They found that prevalence of coronary 
artery disease increases by age. They also reported that 
documented myocardial infarction based on electro-
cardiogram is recorded higher in men compared to 
women but the prevalence based on RAS was higher 
in women in all age groups (22).

Poudel et al. investigated 100 patients with chest 
pain referred to emergency department. They found 
that RAS questionnaire possess 63.8% true positive and 
33.3 true negative for diagnosis of MI. true positive MI 
cases after cardiology consult was reported to be 71.6% 
which indicates reliability of Rose questionnaire (23).

In a comprehensive study performed by Hui et al. 
on 1957 patients with coronary artery disease, 619 of 
them were diabetic. They found that there is no sig-
nificant difference between diabetic and non-diabetic 
patients based on their RAS questionnaire which is in 
accordance with our results (24).

Another similar study performed by Rahman et al. 
showed that history of HTN and myocardial ischemia 
in diabetic patient is significantly higher in compar-
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ison to non-diabetic patients but similar to present 
study, RAS was not significantly different between di-
abetic and non-diabetic patients(14).

It seems that performing an appropriate screening 
before MPI can reduce number of unnecessary scans. 
This risk assessment method seems to be useful in di-
abetic patients with higher risk of silent ischemia too.

Park et al. revealed that risk RAS questionnaire is 
similar to coronary CT angiography in risk assessment 
of coronary artery diseases. Their study also indicated 
that DM, HTN, family history and history of previous 
ischemia is significantly correlated with severity isch-
emia (25) ar.

Considering all mentioned above findings, it seems 
that although MPI is a really powerful and acceptable 
modality but it still cannot be completely replaced 
with physical examination, history taking and clini-
cal judgement of physicians. By this study we did not 
want to deny usefulness and high value of MPI but we 
wanted to attract attention and focus on clinical judge-
ment. We believe that by having appropriate medical 
knowledge and a good clinical insight, physicians can 
get even better results out of paraclinical modalities.

Conclusion
Our results showed that RAS is associated with se-

verity of perfusion defect detected via MPI. We con-
clude that in patients with high risk angina pectoris 
such as diabetic patients, hypertensive patients and 
patients with history of previous ischemia, by means 
of appropriate use of RAS, it is possible to avoid un-
necessary MPI.

We do not claim that RAS is a more powerful tool 
for assessment of coronary artery disease compared to 
MPI, but we think that a good clinical judgement and 
insight can avoid unnecessary expenses and can lead 
to a better application of imaging modalities.
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Abstract
We have performed the study of the effects made by the au-
tomated plasmapheresis application on ischemic heart disease 
clinical manifestations, echocardiographic indices and heart rate 
variability in patients with exertional angina III-IV functional class. 
It has been found that the applied plasmapheresis method is ca-
pable to reduce the severity of the disease clinical manifestations 
and improve the echocardiographic characteristics of the heart, in 
particular, reduce the level of end-diastolic volume, and increase 
ejection fraction. The clinical effect is already apparent at the ear-
ly stages of the treatment and remains unchanged even after 6 
months thereof. Also revealed has been the normalization of heart 
rate variability, indicating a decreased activity of the sympathetic 
nervous system. It is concluded that the plasmapheresis method 
can be successfully used in practice by a wide range of hospitals, 
where patients with ischemic heart disease are monitored, includ-
ing the ambulatory conditions. 
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Introduction
It is well known that so far CVD and first of all 

ischemic heart disease (IHD) remain the main causes 
of mortality of population in the Russian Federation 
[2]. In addition to the existing medication and a wide 
application of invasive methods for IHD treatment, for 
last decades some methods of alternative treatments 
have being introduced into clinical practice for this 
sort of patients that includes the efferent therapy tech-
niques [1, 3-5]. In this connection, we should men-
tion that the problem of an adequate extracorporeal 
assistance retains its topicality in the context of the 
complex treatment of ischemic heart disease because 
there are a number of factors as listed below: a high 
occurrence rate of this pathology, the disease severity, 
some predictable complications, an increasing cohort 
of younger patients and resistance to medication due 
to available metabolic disorders [2, 4, 12].

One of the most pathogenetically substantiated 
and, therefore, promising approaches to the treatment 
of the patients with ischemic heart disease (IHD), in 
particular exertional angina, is the use of plasmapher-
esis (PP). However, at the same time, there are only 
some fragmented single reports on capabilities of this 
approach, and there are no data on factors responsible 
for effects and determining efficacy of the plasmapher-
esis method application; no works are available which 
relate to justification of the use of different modes of 
PP application in CHF therapy.

Aims
The aim is to study some effects produced by the 

automated plasmapheresis (PP) technique on clinical 
signs in ischemic heart disease patients and on on in-
strumental laboratory data on the cardiovascular sys-
tem performance

Materials and methods
The study was carried out on the basis of the Russian 

Institution for Medical Problems of the North Region 
of the North Division of the Russian Academy of Med-
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ical Sciences and the Clinical Transfusiology Chair at 
the Federal State Autonomous Educational Institution 
of Higher Education I.M. Sechenov – First Moscow 
State Medical University of the Ministry of Health of 
the Russian Federation (Sechenov University). 

For the purpose of investigation of the PP effica-
cy, an examination and treatment of 130 IHD patients 
(exertional angina pectoris functional class III-IV) 
have been performed. The recorded disease history of 
the patients has been ranged from 2 till 22 years. The 
main test group covered 65 males and 33 females, aged 
from 40 to 75, with an average age 56,8±15,1 years.

32 patients (in the reference group) have completed 
the standard medication treatment without PP appli-
cations (medication including nitrates, beta-blockers, 
antiplatelets, angiotensin converting enzyme inhibi-
tors and some other medical drugs). 

The main test group has covered patients (n=98) 
who have undergone plasmapheresis (PP) in addition 
to the standard treatment.

Plasmapheresis was carried out using the Hae-
monetics device. Before performing the plasmopher-
esis treatment, a patient’s state was assessed, labora-
tory tests were performed (complete blood count, 
biochemical studies, coagulogram), a vascular access 
was selected, a volume of extracted plasma was identi-
fied and an amount and the character of plasma-sub-
stituting solutions, which were expected to use, were 
evaluated. When selecting the treatment procedure 
options, we took into account the volume of plasma 
removed per treatment session and per course, and 
the characteristics of substituting solutions (crys-
talloid, colloid). The total volume of plasma, which 
was removed in a treatment session, ranged from 0.3 
to 1.5 l, and the course included 3-4 treatment ses-
sions. During a single treatment procedure, 25-50% 
and more of the circulating plasma volume was re-
moved, depending on the patient’s actual state, his/
her clinical symptoms, comorbidity, the patient’s age, 
the presence of cardiac arrhythmias and the level of 
electrolytes. The removed plasma was replaced with 
crystalloid (0.9% sodium chloride solution, Ringer's 
solution) and colloid (rheopolyglukin) or protein (5% 
albumin) solutions. 

During the comprehensive examination of all 
above mentioned patients, the following has been 
carefully analyzed: their medical history records, their 
complaints and disease manifestations; performed 
were the relevant instrumental laboratory tests and ex-

aminations. The clinical efficacy of the treatment has 
been evaluated according to the following parameters: 
- the number of anginal chest pain episodes per day 
(NACPED);
 - the duration of a pain episode (DPE);
- a total of nitroglycerin tablets taken by the patient in 
a day (NTT). 

Carried out was an instrumental examination, in-
cluding roentgenoscopy of the lungs and the medias-
tinum using X-ray machine Siemens Axiom R 200; for 
each individual recorded were an ECG using GE MAK 
5000 device and an echocardiogram with GE Vivid 
4. When assessing morphofunctional cardiac param-
eters, measured were an end-systolic left ventricular 
volume (ESV), an end-diastolic left ventricular volume 
(EDV), stroke volume (SV), ejection fraction (EF), left 
atrial volume (LA), hemodynamic parameters Ve and 
Va, Ve/Va ratio and VIR.

The 24 hour-Holter montoring has been complet-
ed in all patients followed by Heart Rate Variability 
(HRV) analysis, including both the time-related and 
power spectral analysis, since the Holter monitoring 
is the most informative, wide-spread, technique to 
assess the tonus of the autonomic nervous system. In 
doing so, the time and frequency domain analysis has 
been applied. For the purpose of this study, we have 
used the complete set of the following parameters: the 
R-R interval data (standard deviation, SDNN, µs.), the 
standard deviation of all mean 5-minute normal sinus 
intervals over 24 hours, SDANN, µs., and square root 
of the mean of the sum of the squares of differences 
between adjacent normal R-R intervals, r-MSSD. In 
this case, the SDNN index reflects the general tonus 
of the autonomous system activity; the parasympa-
thetic tonus is described by the r-MSSD index, and the 
SDANN parameter is a fingerprint of the sympathetic 
system activity.  

For the purpose of the heart rate variability analy-
sis, we have utilized the complete sets of the parameters 
as listed below: the spectral power of High Frequency 
waves (HF), the respective Low Frequency (LF) and 
Very Low Frequency (VLF) components (the frequen-
cy ranges 0,15-0,35 Hz, 0,05-0,15 Hz and 0,004-0,05 
Hz, respectively); we have also estimated an LF/HF 
ratio, too. It is considered that HF is an indication of 
the tonus modulated by the parasympathetic activity 
of ANS, while the LF component, the LF/HF ratio and 
the VLF component are distinguishing features of the 
sympathetic nervous system activity.
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The data have been collected and their profiles have 
been compared upon the completion of 1, 7, 30 and 
180 days of the treatment.

The obtained statistics parameters have been pro-
cessed with use of the Statistica 8.0 software package. 
The applied methods of the descriptive statistics ana-
lytics have employed estimation of the set’s mean value 
(M) and the standard deviation. The Chi-square test 
(known as χ2test) with the Yates continuity correction 
has been applied by us in order to establish statistical-
ly significant relationships between categorical quali-
tative binary variables between the compared paired 
groups. The nonparametric Mann–Whitney U test has 
been conducted in order to compare the differences 
that come from the quantitative indicators in different 
groups. 

The critical level to indicate that the null hypothesis 
is true has been assumed to be 0,05.

Results and discussion
The completed designed studies have shown that 

plasmapheresis, included into the therapy scope, ad-
ministered to the patients with exertional angina 
functional class III-IV, has made a noticeable effect 
on the majority of the recorded clinical and instru-
mental laboratory data. So, the changes in the clinical 
manifestations in these patients have been detected al-

ready within the first 7 days from the beginning of the 
plasmapheresis use, and the changed parameters have 
been maintained within the 1- to 6-month period: a 
number of the parameters have demonstrated signifi-
cant changes as compared with the respective param-
eter values recorded in the reference group. Specifical-
ly, we have reported an improved condition pattern 
in the above category of the patients: the number of 
angina-attack-associated chest pain episodes has been 
decreased by 24-43%; recorded has been a reduction 
in the chest pain episode duration by 34-48 %, and the 
use of the nitroglycerine tablets has been reduced up 
to 32-41 % (see Table 1 herein). 

Improved echocardiographic characteristics in the 
patients with exertional angina functional class III-IV, 
who have completed plasmapheresis procedures, have 
been reported within the 1-  to 6-month period: there 
have been significant changes in the parameters de-
tected, as compared with those in the reference group, 
as follows: the EDV value has been found to be high-
er by 2-6 %, the ESV parameter has been detected by 
6-14% higher, and the ejection fraction value has been 
increased by 6-7% (see Table 2 herein). In general, the 
patients in the main test group have demonstrated fa-
vorable changes in the parameters, that has indicated 
the normalization both of the diastolic and systolic 
function of the heart.

Table 1
Dynamics of clinical data in patients with stable exertional angina functional class III-IV: the standard treatment vs. standard 
treatment approach including PP (М±m)

Data Reference group (n=32) Main test group (n=98)
7 days 1 month 6 months 7 days 1 month 6 months

NACPED 2,72±0,34 3,61±0,51 3,78±0,62 1,49±0,30* 2,06±0,40* 2,88±0,49
DPE, min. 5,72±0,74 4,78±0,68 5,83±0,96 2,32±0,59* 3,18±0,79* 3,06±0,79*
NTT a day 1,67±0,34 1,79±0,40 2,82±0,45 0,49±0,20* 1,06±0,40* 1,92±0,49*

Note: * - variances are plausible (at p<0,05) referred to the respective level in the reference group

Table 2
Dynamics of echocardiographic data in patients with stable exertional angina functional class III-IV: the standard treatment vs. 
standard treatment approach including PP (М±m)

Data Reference group (n=32) Main test group (n=98)
7 days 1 month 6 months 7 days 1 month 6 months

ESV (ml) 61,2±1,6 59,4±3,6 60,4±1,1 55,3±2,8* 51,3±4,8* 56,7±2,8
EDV (ml) 142,2±8,3 138,5±7,2 140,3±2,7 138,5±5,6 130,5±3,6 138,2±5,6
SV (ml) 81,0±8,7 79,1±1,7 81,8±1,2 83,2±1,8 79,2±1,8 80,2±10,1
EF (%) 57,0±4,7 57,1±3,7 51,8±1,1 60,1±2,8 60,7±2,8 55,6±2,8
LA (ml) 41,5±3,1 40,5±5,1 40,9±2,1 40,2±4,8 39,5±1,3 40,8±2,5
Ve (m/s) 0,513±0,16 0,532±0,24 0,521±0,019 0,525±0,015 0,553±0,011 0,522±0,019
Va (m/s) 0,502±0,27 0,493±0,18 0,508±0,014 0,478±0,029 0,467±0,029 0,492±0,039
Ve/Va 0,981±0,16 1,091±0,08 1,052±0,018 1,086±0,067* 1,213±0,087* 1,061±0,027

VIR (ms) 94,6±4,1 93,4±3,6 94,3±3,6 93,4±1,8 90,3±2,8 92,2±2,4
Note: * - variances are plausible (at p<0,05) referred to the respective level in the reference group.
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Upon expiration of 6 months of the studies, the dy-
namics of the changes has been found to be slightly 
less pronounced, but however in this period of time 
the majority of the analyzed parameters in the patients 
of the main test group has shown positive dynamics of 
the changes: we have observed a decrease in the ESV 
and EDV values and an increase in the Ve and Ve/Va 
parameters.

Our HRV analysis of the Holter monitoring data 
in patients with exertional angina functional class 
III-IV has shown that the applied approaches to the 
treatment in the patients both of the reference group 
and main test group have produced some effects on 
the HRV data: that has induced an increase in the 
HRV HF component (RMSSD, HF), a decrease in the 
LF/HF index, a reduction in the number of ST de-
pression and elevation episodes and the VE and SVE 
events a day (see Table 3 herein). At the same time, 
we should note when comparing the efficacy of both 
treatment versions, more favorable outcomes have 
been found in the main test group, where the com-
bined therapy including PP has been used. In case 
with the PP-integrated treatment, we have detected 
differences in the data characterizing the efficacy of 
the treatment in all periods of our studies: the pa-
rameters of the Holter monitoring, which reflect the 
heart rate variability, the state of the electrical stabil-
ity of the heart and the occurrence of the supraven-
tricular extrasystole episodes have demonstrated bet-
ter dynamics in those patients with stable exertional 
angina functional class III-IV, who have completed 
the PP-integrated therapy course.

So, all major Holter monitoring data, which reflect 
the heart rate variability, the state of the electrical sta-

bility of the heart and the occurrence rate of ventric-
ular and supraventricular extrasystole episodes have 
been characterized by more favorable dynamics in 
those patients, suffering from exertional angina func-
tional class III-IV, who have completed the treatment 
with PP included. The positive differences have been 
detected in this sort of patients already after day 7 
from the beginning of the therapy, and the improved 
data have remained unchanged even 6 months later 
from the date of the treatment beginning.

Conclusion
Despite the fact that at present most experts believe 

that surgery techniques used to treat IHD are consid-
ered to be rather effectively in elimination of occlu-
sions in the blood vessels, however the application of 
this approach cannot prevent further progression of 
an atherosclerotic process, since homeostasis disor-
ders, which form the basis for atherogenesis, remain 
unaffected. Threatening recurrence of angina pectoris 
after surgery or surgical radiography, the probable MI 
recurrence, the necessity of completion of repeated 
more dangerous surgery, despair of a patient in case 
of his/her affected distal vascular bed can impose the 
condition to search for fresh methods of prevention 
of coronary atherosclerosis and vascular damages of 
other localization [3, 4, 6, 11].

Our completed studies have demonstrated that 
the use of PP within the framework of the complex 
therapy of the patients suffering from exertional angi-
na functional class III-IV makes a favorable effect on 
clinical signs of the disease and the relevant data on 
the morphofunctional state of the cardiovascular sys-
tem in this category of the patients.

Table 3
Dynamics of heart rate variability values in patients with stable exertional angina functional class III-IV: the standard treatment vs. 
standard treatment approach including PP (М±m)

Data Reference group (n=32) Main test group (n=98)
7 days 1 month 6 months 7 days 1 month 6 months

STE episodes 3,16±0,62 2,90±0,51 3,10±0,57 1,48±0,49 1,39±0,40 1,47±0,49*
STD 142,2±8,3 138,5±7,2 140,3±2,7 138,5±5,6 130,5±3,6 138,2±5,6

episodes 1,97±0,40 1,95±0,34 1,88±0,40 1,48±0,30* 1,33±0,30* 1,42±0,40
VE 435,2±87,7 415,1±80,9 423,3±86,0 76,5±21,8* 67,5±18,8* 72,2±20,8*
SVE 58,2±17,0 57,4±16,4 56,2±17,0 54,1±25,7 53,1±24,7 55,4±24,7

SDNN (ms) 107,3±12,4 112,0±13,6 108,4±14,1 114,2±19,8 118,2±20,8 113,3±21,8
SDANN (ms) 98,8±12,4 101,2±13,6 99,3±13,6 110,2±34,6 109,6±36,6 109,3±36,6
RMSSD (ms) 61,5±13,0 63,1±13,0 62,7±13,6 82,4±30,7* 89,5±32,7* 85,1±31,7*

VLF 1833±482 1857±534 1838±552 1963±659 2055±719 1725±619
LF (ms2) 994,5±203,1 989,3±207,0 986,7±210,4 1354±342 1356±331 1299±320
HF (ms2) 785±143 854±165 805±152 999±236* 1006±241 1004±242*

L/H 1,261±0,351 1,109±0,311 1,221±0,407 1,399±0,287* 1,337±0,307 1,292±0,346
Note: * - variances are plausible (at p<0,05) referred to the respective level in the reference group.
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It is known that the main mechanisms of athero-
genesis are hypercoagulation in the coronary arteries, 
deficit of fibrinolysis factors, activation of thrombo-
cytes, damage of the coronary vessel intima, dysfunc-
tion of endothelial cells and the NO production. The 
activation of the full spectrum thereof takes place in 
the acute phase of atherogenesis [10, 12]. Taking into 
account all the above, we can arrive at a conclusion that 
PP, designed to eliminate the widest range of patho-
genic agents and substances, shows most pronounced 
clinical effect in patients with unstable or progressing 
angina pectoris. This phenomenon has been support-
ed by the results not only of our study, but also by the 
evidence data presented by other researchers [1]. 

As to pathogenesis of developing pathological 
damages in blood vessels, a role of chronic inflam-
mation, inducible and maintainable by a variety of 
infection agents, cannot be excluded [3, 8, 12]. Ac-
cording to most advanced concepts, a local (in an ath-
erosclerotic plaque) and a systemic inflammation play 
their fundamental role in developing atherosclerosis 
and complications of the latter [7-10]. The presence 
of hemodynamically significant stenosis cases of the 
vascular bed in patients is reported both for a low 
cholesterol level and a low atherogenicity index. Our 
assessment of the echocardiographic parameters in 
the examined patients has demonstrated that there is 
a tendency to the normalization of the above param-
eters with a more pronounced effect in the main test 
group. Improved echocardiographic characteristics in 
the chronic heart failure patients functional class III-
IV upon completion of their PP-integrated therapy 
have been reported within the 1- to 6-month period: 
there have been significant changes in the parame-
ters detected, as compared with those in the reference 
group, which are as follows: the EDV and the ESV val-
ues have been decreased; the ejection fraction value 
has been increased, and the Ve index has been report-
ed to be higher. The clinical effect of plasmapheresis 
has been revealed at the early stages of the treatment 
and remained unchanged even 6 months later. The 
comparison study of the data collected in the above 
two groups bears witness to the fact that an integra-
tion of plasmapheresis into the combined therapy of 
the patients leads to more pronounced favorable shifts 
in the echochardiography examination data. 

Our HRV analysis has shown that there are chang-
es in some spectral power analysis data. In particu-
lar, in the patients of this category we have recorded 

an increase in shares of the Very Low and High Fre-
quency waves that has indicated an elevated activity 
of the parasympathetic nervous system. The variance 
of the HRV parameters recorded on day 7 from the 
beginning of the treatment has remained unchanged 
later: upon expiration of 1 month to 6 months from 
the beginning of the standard approach therapy in 
chronic IHD patients, respectively. In general, the 
comparative study of the Holter monitoring results 
obtained in the group of the patients who have been 
treated according to the standard approach to thera-
py versus those who have received the plasmapher-
esis-added therapy have shown that the latter has 
many points in its favor: the patients of the main 
test groups have been characterized by the reduced 
occurrence rate of ST depression and elevation epi-
sodes and VE and SVE events. Significant differences 
have been detected in the data profiles pertaining to 
the spectral analysis data on the HF, LF components 
and the LF/HF ratio.

So, we may conclude that the offered introduced 
method as described above has demonstrated its safety 
for the specified category of the patients; the method 
shows its clinical and laboratory-related efficacy, so 
that it makes possible to integrate the PP option in the 
framework of other therapy schedules. We should note 
that the applicability of the method is cost-effective: it 
can be easily introduced in practice by a wide range of 
hospitals and treatment institutions, which focus on 
treatment of IHD, including ambulance entities.
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