
90 | Cardiometry | Issue 15. November 2019



Issue 15. November 2019 | Cardiometry | 89



Issue 15. November 2019 | Cardiometry | 1

Dear Reader! 

We have decided to dedicate this issue to discussing sports medicine topics, namely, to defining 
what is the healthy heart performance. We are glad to present some fresh papers considering these 
problems of physiology in sports from the standpoint of cardiometry: the material is an integral part 
of a new book, which will be published within the nearest future. It is really a paradox: there are no 
unanimously accepted criteria to define the healthy heart performance in the relevant reference litera-
ture, and according to the existing inconsistent approach thereto in sports, any athlete may be report-
ed as unhealthy. Therefore our idea is to clearly differentiate a healthy status and formulate applicable 
criteria for this case. Moreover, we think, becoming a world champion with maintaining health in 
the athlete is a power of not only controlling actions and effects produced by physical exercise on the 
athlete’s organism, but also a capability of properly predicting the high performance output, or result. 
And it is just our material published herein that can offer a key to unlock this door.

It should be noted it is our usual subject to honor contributions of outstanding scientists: our read-
er will find in this issue our summary and cordial words on the occasion of the 70th anniversary of 
Mr. Vyacheslav M. Tyutyunnik: we have presented his achievements in science, Nobelistics and prop-
agation of the Nobel’s ideas to advance science.

Another tradition is to introduce young scientists, undegraduate or graduate students, who can 
offer their practical results in the area of cardiometry. 

We are pleased to welcome some fresh papers in this issue, which propose original approaches to 
biomedical signal processing: you’ll find some riveting materials herein!

One more line in the journal is to publish papers, which give new interpretation of data obtained 
in classical cardiology with the conventional methods. 

Dear Reader, we submit to your kind attention our report on participation of our journal’s team 
in the ESC Congress & World Congress of Cardiology 2019 in Paris. Our journal’s team has enjoyed 
using the opportunity to promote our journal activities and attract as many followers as possible from 
the research society.

We think you, our esteemed Reader, have also a good chance to submit your papers to our interna-
tional public, why not? Just try it!

And our Editorial Board wishes success to everybody!

Sincerely yours,
Editorial Board
Cardiometry
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significantly increase efficiency in  
physiological conditioning in  
athletes on the basis of heart cycle  
phase analysis, including regular  
day-based monitoring of all  
hemodynamic data, the performance, 
energy metabolism of the cardiac  
muscle fiber as well as psychical state 
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how to maintain the proper  
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capable of delivering data on any changes in the per-
formance of the cardiovascular system and tracing de-
velopment of any processes that may occur in the heart 
and blood vessel system, and all that in a very simple and 
most accurate way. With the use of this original noninva-
sive device and technology, it is possible to evaluate ac-
tual functions of every structure in each of 10 heart cycle 
phases.

The actions and effects produced by  
external and internal factors on the  
human organism and sports results  
from the standpoint of adaptational  
reactions.  
Control of reserve capabilities in athletes. 
Control of the organism's adaptational  
reactions as the basis of high results in 
high performance athletes.  
The illusion of doping effectiveness and its 
consequences
Alla I. Shikhlyarova
It has long been thought who wants to be healthy and 
strong should go in for sports: do exercises, run, swim, 
participate in sports games and so on. Speaking about 
amateur sporting participants, the result of being vigor-
ous, energetic, able-bodied and physically & emotionally 
attractive is important for us.

Biochemical effects and mechanism of 
action in succinate-containing substances 
for improving working capacity and 
recovery after loading
Eugene I. Maevsky
Now it is the time to consider directly the energy process-
es in the organism, which make an effect on the athletic 
performance, and not only thereon.

Performance of arteriovenous shunts  
as an adaptational & protective 
mechanism responsible for the  
proper coronary hemodynamics  
Vladimir A. Lukyanchenko
The paper presents issues on actions and effects made by 
the discovered phenomena of shunting in the blood flow, 
when blood is directed from large artery vessels into large-
sized venous vessels, on the hemodynamics profile of the 
proper heart. According to the data delivered by the Car-
diocode device, the physiological interpretation of arterio-
venous shunt opening to provide an adequate blood cir-
culation in the proper heart is shown herein. Based on the 
discovered phenomena, it is concluded that the opening of 
some individual shunts can be treated as one of the flexible 
adaptational mechanisms responsible for the maintenance 
of the required hemodynamics of the heart. 

Cardiometric fingerprints of various  
human ego states
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
The article presents experimental evidence of the validity 
of the hypothesis that theoretical construct “ego state”, 
in addition to the psychological content, actually reflects 
the physiological mobilization of a human individual to 
provide a certain type of response. It is shown that the 
mobilization is manifested in a certain specific pattern 
inherent to the cardiovascular system performance. Ex-
perimental evidence is given herein that the ego-state 
theoretical construct really captures reasonably definite, 
content-related different psycho-physiological states of 
an individual. 
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Digital heart rate diagnostics
Igor Yavelov, Anatoly Zholobov,  
Andrey Rochagov, Yevgeny Yuganov
Heart rate diagnostics based on tactile sensations has 
been known for over 5 thousand years. Medieval doctors 
used it and modern doctors use it. With the advent of the 
Marei arteriograph in 1860, heart rate waves became pos-
sible to observe, creating visual images, and subsequently 
analyze them using a computer in digital form. However, 
in this way, the main obstacle remains the imperfection of 
the sensors, allowing you to receive only weak and noisy 
signals with a large number of artifacts.

Correlation between neutrophil to 
lymphocyte ratio (NLR) and red cell 
distribution width to platelet ratio (RPR) 
with ST segment resolution (STR) and 2 
month complications in patients with acute 
myocardial infarction undergoing primary 
coronary intervention
Hamidreza Varastehravan, Aryan Naghedi, 
Azam Yalameh Aliabadi, Seyedeh Mahdieh 
Namayandeh, Pardis Rezaei Shirinabadi
Acute myocardial infarction causes a great number of 
mortality and morbidity each year. Risk assessment and 
prognosis is one of the initial steps in approaching a 
patient with acute myocardial infarction. Neutrophil to 
lymphocyte ratio (NLR) and red cell distribution width to 
platelet ratio (RPR) are two indices that have been studied 
recently and their prognostic and risk assessment role is 
reported in various studies. In this study we aimed to in-
vestigate the relationship between NLR and RPR with ST 
segment resolution (STR) in patients with acute myocar-
dial infarction.

Time-to-reperfusion in ST-segment 
elevation myocardial infarction undergoing 
interhospital transfer using WhatsApp 
smartphone application
Ahmed Bendary, Ahmed Mansour,  
Shaymaa Mostafa, Hamza Kabeel
Current guidelines recommend that patients with ST-eleva-
tion myocardial infarction (STEMI) receive primary percuta-
neous coronary intervention (PCI) with a door-to-balloon 
(D2B) time of 90 minutes. This time frame has been difficult 
to achieve in de-veloping countries. We aimed to test the 
hypothesis that using WhatsApp for inter-hospital trans-
fer in STEMI primary PCI would result in shorter D2B time 
through avoiding emergency department (ED) waiting.
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Comparative analysis of  
characteristics of electrodes to  
estimate accuracy in recording  
long-term ECG signal parameters
Yeldos A. Altay, Artem S. Kremlev,  
Omirbek M. Nuralinov, Sergei M. Vlasov,  
Aleksandr V. Penskoi, Konstantin A. Zimenko,  
Alexey A. Margun
This paper presents some results of a comparative anal-
ysis of characteristics of electrodes to estimate the accu-
racy of recording long-term ECG signal parameters. To 
obtain the characteristics of the analyzed electrodes of 
various types, the resistance values of the contact con-
ductive substance of each of them were measured. The 
relationship of the measured characteristics of the elec-
trodes is analyzed, and the accuracy of recording ECG 
signal parameters, using the basics of statistical decisions, 
is estimated. The analysis results show that the harder the 
contact conductive substance of the electrodes, the more 
accurately recorded ECG signal parameters. 

The Nobel Сongress has completed its 
work in Tambov
The Nobel Congress, the XII International Meeting-Con-
ference of Nobel Prize winners and Nobelists "Science, 
Technology, Society and the International Nobel Move-
ment", dedicated to the 120th anniversary of the Nobel 
Prizes, the 160th an-niversary of the birth of Emanuel 
Nobel (1859-1932), the 180th anniversary of the first 
Nobel laureate in literature A. Sully-Prudom (1839-1907) 
and the 190th anni-versary of the birth of Robert No-
bel (1829-1896) was held from October 2 to 5, 2019 in 
Tambov (Russia).

Exchange of experience stimulates 
progress in science
On July 23-25, a meeting was held in the city of Yevpatoria 
between Mikhail Rudenko and the author of the theory of 
arrhythmia, Lukyanchenko Vladimir Alexandrovich.

ESC Congress 2019 together with World 
Congress of Cardiology
The regular annual congress of the European Society of 
Cardiology (ESC) was held August 31 - September 4, 2019 
in Paris, France. This year, the congress was held in coop-
eration with the World Society of Cardiology (WCC), that 
attracted even more attention to the event. More than 
10,000 delegates from around the world attended the 
five-day congress.
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Celebration of the 70th Anniversary of Prof. Vyacheslav M. Tyutyunnik, 
President of the International Information Nobel Center

Mr. Vyacheslav M.Tyutyunnik was born on the 4th of October 
1949 in a stem Greek family in a small town Kupyansk, located in 
Region Kharkov. His father was a military man, and her mother 
moved to her parents to deliver her babies, since her parents had 
left their home island in Greece for their new homeland because 
of hard times. At present, Vyacheslav M. Tyutyunnik is Doctor of 
Engineering Sciences, Professor, Honored Worker of Culture of 
the Russian Federation, the President and the General Manager of 
the International Information Nobel Center (IINC).

The jubilarian graduated from the Tambov Institute of Chemi-
cal Machine-Building in 1972; he was employed as an engineer, 
junior and senior researcher by the same Institute in Tambov in 
1972-1080. In 1980-1955 he worked at the Tam-bov Branch of the 
Moscow State Institute of Culture (since 1990 the latter was giv-en 
the status of the Tambov State Institute of Culture), where he held 
the Chair of Computer Sciences (1983-1995). Since 1995 till 2003 

he chaired the Information System Department at the Tambov State University “G.R.Derzhavin”. In the period 
1997-2016 he worked as the Director of the Tambov Branch of the Moscow State University of Culture and Arts. 
Mr. Vyacheslav M. Tyutyunnik is the Professor at the Tambov State Engineering University (since 2004), the 
Moscow State Institute of Culture (since 2016) and Russian New University (Moscow) (since 2018). Mr.Tyu-
tyunnik is the President and the General Director of the International Information Nobel Center (IINC) since 
1989 till the present time.

The jubilarian earned his PhD in Chemistry (his Theses presented at the Moscow Chemical Technologi cal 
Institute “D.I.Mendeleyev” in 1977); Mr.Tyutyunnik defended also successfully his Doctoral Theses in En-
gineering Sciences (at the All-Russian Institute of Scientific and Technical Information in 1998); he is the 
Professor of Computer Sciences. The jubiliarian is the Full Member of the Russian Academy of Natural Sci-
ences (since 1996), the New York Academy of Sciences (since 1997), the International Academy of Sciences, 
Technology, Education and Arts (USA, since 1999), the Diplomatic Academy of London (Great Britain, since 
2004), the Russian Engineering Academy “A.M.Prokhorov” (since 2008) and the Russian Academy of Natural 
History (since 2011). Mentioned should be his membership in the International Association of Survey Statis-
ticians (France, since 1983), the International Union of Pure and Applied Chemistry (IUPAC) (Great Britain, 
since 1991), the International Society for Scientometrics and Informetrics (Germany, since 2001) and many 
other Russian National and International Scientific Associa-tions. Mr. Vyacheslav M. Tyutyunnik is the Head 
of Nobelstics Department of European Union of Writers (since 2017). He is the Member of the Editorial Board 
of “The Russian Chemistry Journal” published by the Russian National Chemistry Society “D.I.Mendeleyev” 
(Moscow, 2001-2015) and a lot of recognized Russian National research journals. He is the Editor-in-Chief of 
international journals “Information Systems and Processes” (Tambov, Moscow, St.-Petersburg, Baku, Vienna, 
Hamburg, Stockholm, Bouaké , Varna; of the Publisher’s House Nobelistics by IINC since 2003) and of “Com-
ponents of Scientific and Technological Progress” (Cyprus, since 2015). The jubilarian is the Deputy Chair-
man of Specialized Doctoral Dissertation Council D 212.260.05 in specialty subject "Information systems and 
processes" at the Tambov State Engineering University (since 2004) and the Member of Specialized Doctoral 
Dissertation Council D 210.010.01 in specialty subject 05.25.05 “Information systems and processes” at the 
Moscow State Univer-sity of Culture and Arts (since 2011). Mr. Tyutyunnik has been granted the title of Hono-
rary Professor by the Dnepropetrovsk University of Economics & Law (2010). The title “Honored Worker of 
Science and Engineering” has been granted to him by the Russian Academy of Natural History (RANH) (2016).
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Professor Tyutyunnik is a recognized authority in theory of Computer Sciences, Sociology and Metho-
dology of Scientific Knowledge, and Nobelistics; he has created about 1000 research papers, including more 
than 40 books. His research has been focused on developing and studying active heat-resistant polymers: 
he has succeeded in designing of a set of devi ces used to measure physical and chemical properties of gases 
and liquids. His contribution to improvements in library-, museum- and archive-information technology is 
of great importance. Since the early 70ies he has been conducting studies in the field of A.Nobel’s heritage, 
scientific significance of the Nobel Prize discoveries; he is an author of a number of unique publications 
on Nobelistics; the organizer of twelve international conferences devoted to Nobelis tics (all held in Tambov, 
1989-2019) and of eighth international conferences on Computer Sciences and Science Sociology (all held in 
Tambov, 1983-2001). In the early 90ies he has established a new research area: Nobelistics, which is an inter-
face between Computer Sciences and the Science of Science, internationally recognized by the end of the last 
century. He has developed the Nobelistics theory and technology, created the first computer database for 20 
major scientific areas therein.

Professor Vyacheslav Tyutyunnik is the founder and President of the world's exclusive International Informa-
tion Nobel Center (IINC, since1989) with a unique Nobel Scientific Library, Museum and Archive of the Nobel 
family and the Nobel Prize winners and the Publishing House "Nobelistics". He is the Head of the International 
Scientific School on Nobelistics. Mr. Tyutyunnik is the Chairman of the Tambov Regional Branch of the Russian 
Academy of Natural Sciences (since 1996, Member of its Presidium since 2002). He is a regular participant in 
Congresses of Nobel Laureates in Sweden, Germany, Norway and other countries.

He was the recipient of many Honor Awards in Science: mentioned should be the V.Nernst Medal of the 
Portuguese Electrochemical Society (1991), the Silver Medal “Peter the Great” accompanied by Letter of Hon-
or "For Contribution to Rebirth of Science and Economy in Russia" (1997), the Gold Medal "For outstanding 
contribution to the good of mankind" awarded by the Nobel Laureates’ Club (USA, 2000), the Golden Order 
of the First Class "Intelligence – Valor - Honor" (the highest award granted by RANS) granted together with 
Letter of Honor and Honorary Title "Knight of Science and Art" (2000), the Silver Medal "10 years of Russian 
Academy of Natural Sciences", the Russian Academy of Natural Sciences’ Order "Golden Eagle" (2006), the 
Medal “N.V.Gogol” (2009), the Medal “Best Tutor in Russia” (2010), the Medal “V.I.Vernadski” (2011), the Spe-
cial Commerative Medal in honor of A.B.Nobel (2012), the Gold Medal awarded by the Baku State Univer-sity 
(2013), the Great Gold Medal granted by the International Society of Cryosurgery (2013), the “Isaac Newton” 
Medal awarded by the European Research & In-dustry Consortium (2015), the Order “Star of Academy” grant-
ed by RANS (the highest award, 2007); Mr. Tyutyunnik is the recipient of the “N.N. Semyonov” Medal awarded 
to him twice by the Russian Academy of Engineering Sciences named after A.M.Prokhorov  (2010 and 2017) 
etc. He has been named Man of the Year (UK, 1993), Man of the Year (USA, 1996) etc. Mr. Tyutyunnik is a 
holder of the grant of the Nobel Foundation (Stockholm, 1991), prizes for the best scientific work awarded by 
the Ministry of Culture of the Russian Federation (1989, 1992, 2019), the George Soros Prize “Cultural Initia-
tive” (1993), grants of the Russian Foundation for Basic Research; he is the holder of the Highest Title Prize 
granted by joint USA Cultural Convention (2002) and other. Since 1993, his biography is published by major 
recognized international encyclopedias such as "Who's Who in the World" (USA) as well as by many Russian 
encyclopedias.

The jubilarian, being aimed at his new plans and intentions, celebrates his birthday in the Prime of life.
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Doping-free technology to significantly 
increase efficiency in physiological 
conditioning in athletes on the basis 
of heart cycle phase analysis, including 
regular day-based monitoring of all 
hemodynamic data, the performance, 
energy metabolism of the cardiac 
muscle fiber as well as psychical state 
stability, followed by the issuance of 
the required recommendations on how 
to maintain the proper conditioning 
level (first in the world, no analogues 
available)

Mikhail Y. Rudenko1*, David Tamrazyan2, Dmitry F. Makedonsky1 
1  Russian New University 
  Russia, 105005, Moscow, Radio str., 22 
2  Kuban Medical University, 350015, Krasnodar, Budennogo st., 198
* Corresponding author:
  e-mail: cardiocode.rudenko@gmail.com

Introduction
The offered noninvasive device and technology 

CARDIOCODE (www.cardiocode.ru, www.cardiom-
etry.net) are capable of delivering data on any changes 
in the performance of the cardiovascular system and 
tracing development of any processes that may occur 
in the heart and blood vessel system, and all that in a 
very simple and most accurate way. With the use of 
this original noninvasive device and technology, it is 
possible to evaluate actual functions of every structure 
in each of 10 heart cycle phases. In addition, the op-
eration of the compensatory mechanism of the heart 
is assessed, and actual concentrations of oxygen, lac-
tate and phosphocreatine in the heart muscle in arbi-
trary units are evaluated. In total, the entire state and 
actual resources as heart life expectancy of the heart 
are identified. Any deviations from the normal heart 
performance, if any, can be detected, with significant 
markers of sudden cardiac death as well. The auto-
matically processed stored data provide for prediction 
and modeling of the physical state of an athlete both 
for a short- and long-term period of time for his/her 
activity.

Both the CARDIOCODE device and the technolo-
gy are really unique. The CARDIOCODE analyzer can 
successfully replace a lot of the conventional sophisti-
cated equipment systems, and it should be stressed that 
no equipment other that CARDIOCODE can deliver 
noninvasively the most valuable data. It should be also 
mentioned that the CARDIOCODE device is easy in 
use, cost effective and offers very efficient operation.  

Our best references are athletes who have already be-
come World and Olympic Game champions and win-
ners or world record holders, who successfully apply 
our original device and technology.

1. СARDIOCODE device & technology: use 
in sports teams for the purposes as follows:
А) Express assessment of actual functional state of the 
cardiovascular system performance: to assess, you re-
quire a couple of minutes only, with minimized costs;
B) Monitoring of efficiency of physical exercise load-
ing and effects of the latter on the cardiovascular sys-
tem performance;
C) Regular monitoring of hemodynamics, heart per-
formance & heart biochemistry in athletes at every 
le vel, during every training to provide the most favor-
able conditioning well in advance before competitions;
D) Revealing a risk group due to detection of sudden 
cardiac death markers;
E) Avoidance and exclusion of critical or unacceptable 
cases of physiological state in athletes;
F) Monitoring accompanied by recommendations on 
how to maintain the proper health status in profes-
sional athletes ending their sports career.

2. Hemodynamic parameters used in  
diagnostics

The CARDIOCODE device should be connected 
to any type of the Windows-based PC. The noninva-
sive medical device delivers the following hemodyna-
mic parameters:
SV – stroke volume (ml);
MV – minute volume (l/min);
PV1 – volume of blood entering the ventricle in early 
diastole phase (ml); 
PV2 – volume of blood entering the ventricle in atrial 
systole (ml);
PV3 – volume of blood ejected by ventricle during 
rapid ejection phase (ml);
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PV4 – volume of blood ejected by ventricle during 
slow ejection phase (ml);
PV5 – volume of blood pumped by ascending aorta as 
peristaltic pump (ml). 

The CARDIOCODE device & technology are ca-
pable of assessing the cardiovascular system functions 
as follows:
1. Natural changes in the cardiovascular system per-
formance due to physical loading
2. Functional activity

2.1. Septal (IVS) contraction
2.1. Myocardial contraction
2.3. Septal (IVS) and myocardial contraction.

3. Synchronization of hemodynamics of greater and 
lesser circulation systems:

3.1. Arrhythmias
3.2. Markers of sudden cardiac death

4. Valve functions
– Opening of aortic valve.

5. Anatomic continuity of septum:
– Ventricular septal defects.

6. Coronary flow performance
6.1.Thrombosis
6.2.Sclerosis

The CARDIOCODE device can noninvasively as-
sess energetics in metabolism in the heart muscle tis-
sue in arbitrary units as given below:
1. Oxygen concentration;
2. Lactate concentration;
3. Phosphocreatine concentration.

The cardiac cycle phase analysis allows obtaining 
information about the adaptation reaction type and 
characteristics of psychological attention focusing.

The technology allows you to accurately identify 
the stability of the conditioning state to predict its 
maintenance at a high level.

The mentioned parameters can be measured and 
evaluated using only the CARDIOCODE device. Oth-
er devices cannot demonstrate the noted capabilities.

In addition, it should be mentioned that the device 
is a compact unit and can be used under normal con-
ditions without any limitations. 

3. The CARDIOCODE device operation. 
3.1. Requirements for the CARDIOCODE 
operating conditions

There are no special requirements for the opera-
tion of the Cardiocode device for a long-term period 
to obtain the proper delivery of the valuable cardiolog-

ical information. The device may be used both in- and 
outdoors, for instance, at an outdoor sport place. Con-
sidering the fact that the device and the technology are 
innovative, it is recommended to provide an Internet 
connection for consulting purposes. The Cardiocode 
software updating is managed via Internet, too. ECG 
data recording may be undertaken by nurse ry staff. 

The complete procedure including recording car-
diac signals with delivering hemodynamic data and 
doctor’s findings report take a couple of minutes only.

3.2. Preparation before use

Figure 1. ECG electrode arrangement scheme

An individual to be examined should be in lying 
position, and disposable electrodes should be attached 
according to the scheme indicated in Figure 1 below. 
The person to be examined does not need to take off 
cloth. For recording cardiac signals, the disposable 
electrodes should be arranged in the thorax area, 
where ascending aorta is located, and on the upper 
body surface as shown in Figure 1.

The device consists of two units. One of them is 
connected with a PC and operates as a receiver re-
sponsible for receiving signals generated by another 
unit that is a sender. The sender is at the same time 
an ECG recording unit. The signals are transmitted in 
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infra-red band and are not subjected to noise that is 
decisive for operation of the device under conditions 
of interfe rence.     

First, before to start recording, required is to enter 
personal patient’s data (s. Figure 2 below). Upon com-
pletion of recording in lying position, the recording 
procedure in sitting position should be carried out ac-
cording to the scheme illustrated by Figure 1 herein. 

Figure 2. Field to enter the patient’s personal data.

Figure 3. Actual ECG and RHEO curves produced with CARDIOCODE. Both signals are automatically synchronized at point S on 
the ECG curve.

4. Methodology of diagnostics of the general 
state in an athlete

An assessment of the general state in an athlete is 
very important to provide a reliable basis for improv-
ing the quality of the functions of the organism, which 
shall be capable of withstanding heavy physical loads.

The steps of the assessment of the general state are 
as follows:
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Figure 4. Hemodynamic parameters for every heart cycle calculated upon processing of the actually recorded ECG.

1. The presence of markers of critical or dangerous 
states in cardiac signals shall be identified (see Figure 
5 herein). To do this, used is the mode of comparing 
the recorded curve and the reference curve. It is im-
portant to make sure that the athlete does not have 
complex pathological conditions.

2. The next step is to identify the presence or the 
absence of chronic infections. For this purpose, used 
should be an analysis of the P – Q phase in the ortho-

Figure 5. A comparative analysis allows detecting the absence of dangerous forms of pathology in the cardiovascular system 
performance, such as sudden cardiac death.

static test. It is important to accurately diagnose the 
detectable signs of infection leading to endocarditis in 
any form (see Figure 6 herein).
3. The next step is to calculate and analyze the hemo-
dynamics data.
4. Upon completion of the above steps, evaluated 
should be the state of the cardiovascular system per-
formance without physical load.
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Figure 6. The change in the amplitude of the P - Q phase is a criterion for the presence of endocarditis.

Figure 7. Identification of the main hemodynamic parameters, phase volumes of blood.  
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5. Methodology of diagnostic assessment of 
the degree of physical conditioning and pre-
paredness of an athlete
1. The levels of oxygen and lactate in the cardiac mus-
cle fiber cells are noninvasively calculated and as-
sessed before and after training (see Figure 9 herein).
2. The diagnostic assessment is carried out before and 
after training as indicated in Figure 9 below herein.
3. The next step is to assess the cardiac efficiency un-
der the physical load according to the RV1 parameter, 
which represents the percentage of blood volume in 

Figure 8. Identification of the cardiovascular system performance as the basic indicators in the organism without physical load.

Figure 9. Assessment of the aerobic, glycolytic and phosphocreatine data on biochemical reactions in an athlete who performs 
physical exercises.

the systole in relation to that in the diastole. This is a 
key indicator to show the fatigue of the cardiac muscle 
during the transition of the body from a passive posi-
tion to an active one.
4. At the next stage, the stress index of the cardiovas-
cular system performance is estimated.
5. All data should be summarized in a table as shown 
in Figure 11 herein.
All the above biochemistry data should be indicated 
in the table format (see Figure 11 herein). Using the 
table, it is easy and simple to evaluate the actual ath-
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lete's conditioning status, monitor the results of every 
training session and predict the performance in future 
competitions.

6. Assessment of an athlete’s  
psychoemotional state
1. The specific spectral energy characteristics of an 
ECG curve, which are decisive for the adaptation re-
action type, are analyzed by CARDIOCODE, and the 
respective adaptation reaction is determined as given 
below in Figure 12.
2. The next step is to automatically analyze the spec-
tral energy harmonics of the ECG curve in order to 
evaluate the attention concentration in an athlete un-
der physical loads (see Figure 13 herein).

Stable Not stable Poor conditioning
Figure 10. The stress index allows assessing the level of stability of the conditioning state in an athlete. Used as a system indicator.

Country:

Sport discipline:

№ Date Name
Lactate (3-7) 02  (0,5-0,55; 0,6-0,65; 0,7-0,85) RV1 % (60) SI  (150-350)

Lying 
position

Sitting 
position After load Lying 

position
Sitting 

position After load Lying 
position

Sitting 
position After load Lying 

position
Sitting 

position After load 

1 20.06.16 XXX 20 15 34 0,2 0,2 0,2 68 66 49 136 93 229

Figure 11. A summary table of diagnostic data required for assessing the functional and physiological conditioning state of an 
athlete: a real practice case.

5…19 %  stress

34…40 % R. of elevated activation

20…27 %  R. of training

41…65 % Over-activation 

28…33 % R. of calm activation

Figure 12. How to determine the type of adaptation reactions according to the shape of the energy spectrum on ECG.

7. Analysis of the obtained data sets and their 
use in decision-making

The above mentioned data sets, obtained noninva-
sively, are sufficient to identify the level of an athlete's 
conditioning and predict his/her performance both 
for short and long period of time.

It is important to provide the proper healthy state 
in an athlete in general. The main prerequisite is the 
absence of critical states, such as:
- Sudden cardiac death;
- Endocarditis and its symptoms;
- Mitochondrial cardiomyopathy (significant changes).

If the markers of the noted critical states are detect-
ed, then sport activities shall be avoided till the critical 
conditions are eliminated.
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Figure 13. Attention concentration in an athlete is automatically estimated by the shape of the spectral harmonics of the ECG curve.

State before start

Figure 14. The system of adaptation reactions by L.Garkavi as the basis for corrections or improvements of a physiological state in 
an athlete.
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The parameters shown in Figure 8 herein allow 
accurately organizing the training process in order to 
prevent overtraining and to ensure that the functions 
of a healthy organism are brought to the optimal level. 
It is necessary to record data before and after training.

The actual type of the adaptation reaction, the de-
gree of the psychological concentration and the atten-
tion in an athlete are evaluated by the respective spec-
tral power characteristics of his/her ECG curve. It is 
favorable when the actually obtained data sets indicate 
the presence of the elevated activation reaction, which 
demonstrates the most efficient use of the energy of 
metabolism and the maximum reserve to perform 
physical work.

The psychological concentration is assessed by the 
degree of a deviation in the resonant spectral charac-
teristics. It is important that it shall not exceed a cer-
tain specified level, since exceeding the level makes 
it difficult to “switch” attention from one activity to 
another.

Corrections and improvements of the ath-
lete’s physiological state

The metabolic reactions and the general state of 
the organism can be successfully corrected. In order 
to improve or correct them, it is necessary to take into 
account the specific state referred to each adaptation 
reaction according to the system by L. Garkavi (see 
Figure 14 herein).

The corrections or improvements of the physio-
logical state is carried out using natural biostimulants 
according to the system of L. Garkavi as well as em-
ploying acupuncture.

Conclusion
The CARDIOCODE device and technology are 

certified by the Health Care Ministry of the Russian 
Federation and by the responsible EU authorities. The 
device is available both on the domestic and interna-
tional market.
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It has long been thought who wants to be healthy 
and strong should go in for sports: do exercises, run, 
swim, participate in sports games and so on. Speaking 
about amateur sporting participants, the result of be-
ing vigorous, energetic, able-bodied and physically & 
emotionally attractive is important for us.

Professional sport is a completely different thing. 
Becoming a professional athlete, an individual con-
centrates all his/her efforts, capabilities and possibil-
ities on a single goal, that consists in achieving high 
professionalism, leadership, overcoming himself/her-
self, involving into a strict system of constant building 
up the potential of power and strength under heavy 
physical and psycho-emotional loading conditions. 

An incredibly hard work of an athlete can be re-
warded by glory and triumph. And what does the 
champion's organism experience during this period 
of extreme overloading and strain? The first answer 
is: it is stress! That is right, sports medicine experts 
confirm that it is stress, and that in its acute form. 

But how is stress related to health and achievement 
of high performance results? Does the organism itself 
have mechanisms for selecting a response of a differ-
ent quality?

The answer to the above question is that the human 
organism is able to produce various discrete states: 
not one, but several types of reactions, which depend 
on the strength/intensity of the action or influence 
of external and internal factors. These reactions are 
refereed to nonspecific adaptational reactions. Many 
researchers have investigated these problems, but the 
partial solution thereof has been found in Montreal, 
Canada, by Hans Selye in 1936, and later, the full-scale 
solution has been proposed in 1975, in Russia, by Rus-
sian researchers L.Kh. Garkavi, E.B. Kvakina and M.A. 
Ukolova. The Russian research team has revealed a 
quantitative and qualitative regular pattern showing 
correlation between the acting factor strength and 
the organism response. The above researchers have 
described the five types of the human organism re-
actions, namely: stress, training, calm activation, el-
evated activation and over-activation. Mother Nature 
has designed our organism in such a manner that it 
responds to millions of external and internal factors 
only by these five reactions. 

Let us try to discuss the mystery of the inner mech-
anisms of the organism’s adaptation performance in 
order to provide a better understanding of possibili-
ties to acquire techniques to control these reactions, 
which form the basis of the human homeostasis and 
which are responsible for the proper configuration of 
the organism energy supply. 

In order to reach greatest achievements in sports, 
we should get acquainted with the Multi-Level Adap-
tational Reactions System (MLARS) that is “the con-
trol panel” to manage and control the resistance in a 
human organism. Approaching this control panel, we 
will furnish ourselves not only with control tools, but 
also with the desire of a scientific knowledge of how to 
implement the Olympic slogan: Citius, Altius, Fortius!

Process occurring in a human organism un-
der acute stress

What mechanisms determine the condition of acute 
stress? To answer this question it is necessary to read an 
ABC book of the organism's response to the intensity 
of the loading actions produced by external or internal 
factors. 

It is known that after a single action of a load (a 
stressor, a stimulus), the three-stage process develops 
with the involvement of all regulatory and executive 



18 | Cardiometry | Issue 15. November 2019

systems, namely, the nervous, endocrine and immune 
systems in a human organism. 

The nervous system is the first actor to perceive a 
signal of a factor action: it makes a differentiated as-
sessment of the action intensity and transmits this in-
formation further. In case of a heavy load, the state of 
stress appears. The cerebral cortex is drastically excit-
ed, and the state of protective inhibition develops. The 
respective signals are transmitted to the subcortical 
centers. The main regulator of the inner environment 
is the hypothalamus, which, through the vascular sys-
tem, delivers the highly informative molecules: releas-
ing factors (hormones) to the hypophysis.

The hypophysis is a hormonal regulator, which is 
the next participant in “the relay race” in the human 
organism and which “takes the baton” from the hy-
pothalamus. In the hypophysis, a “combat targeting” 
of hormones-regulators at subordinate organs-targets, 
namely, the adrenal cortex, the thyroid and the sex 
glands, takes place. But the commands are different 
for different organs! As a result, an intensified syn-
thesis of adrenocorticotropic hormone (ACTH) for 
the adrenal cortex occurs against the background of a 
decrease in release of other regulatory hormones (go-
nadotrophic hypophysis hormone GTH, somatotro-
pic hormone STH, thyrotrophic hormone TSH). And 
it is ordered: “Action stations! Ready for battle!”

The humoral phase of the mechanism for the 
stress realization through the organism’s fluid media 
is started.

The main events occur in the adrenal cortex, and 
therefore the key hormone is ACTH. The glomerulo-
sa, which synthesizes mineral corticoids, dramatical-
ly narrows. A multiple increase in the area is found 
in the fasciculata, the cells of which are clarified and 
vacuolated due to the increased secretion of glucocor-
ticoids, the release of which into the blood initiates a 
pronounced reaction of inhibition in the thymic-lym-
phatic system: the thymus, the lymph nodes and the 
spleen. For what purpose? For the purpose of rapid 
output of energy and plasticity substances (cell mem-
branes, cytoplasm, etc.), for the purpose of mobiliz-
ing protection against “every enemy" by damaging "its 
own", for the purpose of building-up a powerful an-
ti-inflammatory potential.

Like in a thrilling detective story, there are killers, 
suppressors and weakening helpers. In the thymus as 
the main immune organ, the controller of the immu-
nity, damage to the lymphoid structure is observed: a 

decrease in the number and size of the lobules (thin-
ning of the strategically important cortical layer due 
to an increase in the medulla with the formation of 
cysts). Similar alterations are found in the lymph 
nodes: the number of follicles decreases drastically, 
the paracortical zone is thinned, the number of im-
mune competent cells decreases, and the lymph cords 
containing plasma cells required for the completion 
of their “diplomatic mission” of transmitting and ex-
changing information are narrowed. Finally, a hyper-
plasia of the red pulp against the background of the 
involution of the white pulp appears in the spleen. 
Rare small follicles do not have typical zones filled 
with immune competent cells. The cell population 
composition of the blood changes, lymphopenia, i.e. a 
drop in the lymphocyte level, aneosinophilia, the lack 
of eosinophils, neutrophilia, a dominance of neutro-
phils, and leukocytosis are reported.

Important!!! Blood formula is considered to be a 
signal criterion for assessing the type of adaptational 
reaction.

The next events continue to develop at the level of 
the most important endocrine glands, which are re-
sponsible for the regulation of homeostasis. The lack 
of TSH weakens the functional activity of the thyroid 
gland. In follicles, where the thyroid hormones as the 
metabolic regulators are produced, thinning is found, 
and in some cases a complete desquamation (disap-
pearance) of the hormone “production factory”: epi-
thelium; the lumen of the follicles is expanded; thick-
ening, aging and cracking of the colloid is observed. 
Alas! It is the picture of a complete stagnation. The 
sexual gland loses their potential and activity. The 
number of “parents” of “mass production” of sexual 
information carriers, the Sertolli cells, falls; the pro-
duction of spermatocytes of the 1st and 2nd orders 
and the number of spermatozoids is limited. In ova-
ries, a decrease in the formation of primordial and 
mature follicles occurs, where “the golden stock” of 
the maternal ovules matures, and the population of 
the “bad” yellow bodies increases.

Let us summarize the developing stages of acute 
stress and its outcome.

The result is a reduction in the resistance of the 
organism, in the high energy consumption and the 
suppression of protective systems. It is important that 
protection is achieved at an extremely high price, due 
to damage and extremely high energy expenditures. 
The organism's resistance decreases in case of acute 
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Figure 1. The process of involvement of all regulatory and executive systems under acute stress: the nervous, endocrine and 
immune systems
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stress, and in case of a chronic one, when stressful ac-
tions and effects are repeated many times, so that the 
resistance becomes extremely low. And this is a non-
specific background for developing any pathology.

Among professional athletes, there are cases known, 
when, after a victorious final of the competition, acute 
disorders of the gastrointestinal tract, the cardiovascular 
system performance, or “opening of old wounds” may 
occur. Her Majesty Lady Overload dictates her decisive 
word. In this case, an involvement of rehabilitation ex-
perts is critical. And the experts, in their turn, should 
be furnished not only with drugs, droppers, space med-
icine technologies or modern sports rehabilitation tech-
niques, but also with a comprehensive knowledge and 
a deep expertise in the field of the physiological laws, 
patterns and regularities of the activation therapy. 

Adaptational reactions of training and 
activation

Every human organism shows the smartest biologi-
cal design concept! In our life, in addition to strong ac-
tions made on the human organism, we can found a lot 
of low-, medium-, and moderate-intensity acting fac-
tors. But is it biologically reasonable to respond to all 
factors, varying in their intensity, by the same type of 
stressor response? Three women, having a God-giv-
en talent, three Russian researchers, Lyubov Garkavi, 
Maria Ukolova and Elena Kvakina (Rostov-on-Don), 
have met the challenge to clarify this issue. They, the 
weak women in great science, have made jointly their 
outstanding scientific discovery.

Investigating the organism's reaction to different 
actions and exposures (of strong, weak, and interme-
diate or medium-scale intensity), they have revealed 
qualitatively different, integral, reactions produced by 
the human organism. There are independent, sepa-
rate symptom complexes, different discrete states of 
the organism detected by the researchers. It has been 
found that in response to a relatively weak action or 
stimulus, an adaptive symptom complex is formed, 
which is called “the reaction of training", and “the re-
action of activation" is a response to a medium-scale, 
intermediate between strong and weak, action or 
stimulation.

Let us start with weak stimulation
Within the first hours of the presentation of a 

weak stimulus (for example, the influences of weak 
electric stimulation on the hypothalamus, permanent 

magnetic field, use of the plant- or animal-derived 
bio-stimulants), in the organism formed is the reac-
tion of training of the anti-stressor nature.

The reaction of training (one of five types of ad-
aptational reactions) is the organism response to weak 
influences. This is the daily-rhythm reaction, covering 
24 hours a day stage-by-stage, including the stage of 
orientation, rearrangement and training. All the fol-
lowing hierarchical levels are involved in this reaction: 
the nervous system, the hypothysis, the endocrine 
glands and the immune system.

The symptom complex of the training begins with 
the formation of the protective inhibition in the brain. 
Not only cortical, but also subcortical structures, re-
spond to weak influences in a specific way, in a gently, 
physiologically soft, manner. In the hypothalamus, a 
different program of actions is launched if to compare 
with stress: there is a gradual and smooth increase in 
the level of releasing factors, determining the appropri-
ate level of secretion of tropic regulatory hormones in 
the hypophysis, without signs of imbalance and strain.

In the phase of humoral regulation, a low level of 
the thyrotrophic hormone contributes to a functional 
increase in the secretion of the thyroid hormones by 
the thyroid gland within the range of the lower limit 
values of the norm. Under the microscope, the thyroid 
epithelium is clearly visible: it appears as a beautiful 
cubic shape. The follicles are still poorly vacuolated, 
filled with tender colloid, but with no secretion thick-
ening. The gonadotropic hormone of the hypothysis 
produces a moderate stimulation of the functional 
activity in testicles and ovaries. In the adrenal cortex, 
the cells of the peripheral glomerulosa are properly 
involved in the secretion of mineralcorticoids, an es-
sential tool for the regulation of mineral metabolism. 
However, in this case, the glucocorticoid activity of the 
fasciculata is not diminished at all. On the contrary, it 
quite cheerfully synthesizes the glucocorticoids at the 
upper limits of the norm that provides for a sufficient-
ly high anti-inflammatory potential in the context of 
this reaction. This is a big benefit of the reaction of 
training!

The thymic-lymphatic system response against 
the above hormonal background is characterized by a 
slight increase in the thymus mass, the absence of dis-
orders in the lymph nodes structure and the spleen. In 
peripheral blood, the level of lymphocytes gradually 
increases, and eosinophils, monocytes and leukocytes 
reach their normal values. 
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The above response pattern delivers a slow in-
crease in the passive resistance, a predominance of 
anabolic processes over catabolism and an increase 
in anti-inflammatory potential. We can see that the 
same functional systems are in operation, but they 
produce an effect other than the previously men-
tioned one.

Thus, the training reaction is an energetically low-
cost type of adaptation, a very reasonable way of re-
covery after heavy loads.

Power potential building-up.  
Role of adaptational reactions of calm and 
elevated activation

It is the golden mean in the health harmony! In re-
sponse to the stimulus of the “medium-scale" strength, 
which is intermediate between the strong and the 
weak stimulation, the symptom complex of the physi-
ological reaction of activation develops. The reaction 
activation was discovered by L.Kh. Garkavi. 

The phenomenal conceptual idea and scientific 
philosophy for further development of the original 
concept that there is a previously unknown physio-
logical system responsible for control of homeostasis 
in a human organism, which is at the same time the 
groundwork for the antitumor resistance in the organ-
ism, has become the cornerstone in the foundation of 
the great scientific discovery, which we will describe 
below herein. 

L.Kh. Garkavi, in her experiments with electrodes 
implanted into animals' brains, has found that the reac-
tion to a single action of medium-scale intensity covers 
the time span of 24 hours and demonstrates the stages 
of the primary and the stable activation.

And there is a very important peculiarity! Accord-
ing to the extent of the changes, the reaction of activa-
tion is divided into the following subtypes: the reaction 
of calm activation and that of the elevated activation. 
It is sure these are the independent forms of the activa-
tion reactions.

The process of formation of the calm activation re-
action is characterized by a moderate, balanced func-
tioning of the central nervous, the endocrine and the 
immune systems. This is a state of harmony, of the 
optimal self-organization of living, open complex, sys-
tems. With the generation of the elevated activation 
all the organism systems also demonstrate the harmo-
nized performance, operating as efficiently as possible, 
showing their highest possible efficiency!!!

Let us schematically represent an algorithm 
of these changes:

1. The state of the brain is characterized by a mod-
erate physiological excitation. The processes of exci-
tation and inhibition are well balanced, the physiolog-
ical activation of the hypothalamus releasing factors 
secretion, stimulating an increase in the hypophyse-
al hormones, is observed. However, their regulatory 
roles are delegated in the other way than it is the case 
with stress or the reaction of training. TSH, STH and 
GTH are elevated to the upper limits of the norm, and 
ACTH is in the usual status of the physiological norm.

2. The algorithm of the activation reaction hu-
moral phase initiates increasing in the function of the 
thyroid gland, especially in case of elevated activation, 
up to the upper limits of the norm. At the same time, 
the cubic epithelium stretches acquiring a cylindrical 
shape due to an increase in the production of the thy-
roid hormones. The follicles are filled with vacuolated 
secretion. 

High functional activity of the sexual glands is no-
ticed: the processes of maturation of spermatozoa in 
the testicles and the formation of follicles, from pri-
mordial to mature, in the ovaries are intensified. The 
adrenal cortex responds thereto by the corresponding 
redistribution of activity: in the expanded glomeru-
losa reported is a significant increase in the mineral 
corticoids secretion against the background of a mod-
erate function of the fasciculata cells, and the level of 
glucocorticoid hormones is within the normal range. 

3. The response produced by the thymic-lymphat-
ic system is characterized by hyperplastic changes 
in the lymphoid tissue. A significant increase in the 
number of lobules of medium-scale to large size is ob-
served in the thymus, the cortical zone of the lobules 
is expanded due to the high content of mature small 
lymphocytes, which are practically veiling the brain 
substance. In the lymph nodes, the functionally sig-
nificant paracortical zone is also expanded with a high 
concentration of mature lymphocytes. The number of 
follicles and Billroth's strands containing the immune 
competent cells is increased.

Cell socium
The immune organs demonstrate the full power 

of their hierarchical immune system, the accumulat-
ed power of the cellular and humoral immunity! In 
addition to the plasticity and energy potential, power-
ful information relationships are growing. Meetings, 



22 | Cardiometry | Issue 15. November 2019

contacts, negotiations, everything is organized like in 
real life, from the neighbors to the UN level. Observed 
are close intercellular contact interactions and the for-
mation of the bio-information structures, namely the 
associates of lymphocytes and macrophages.

In peripheral blood, the lymphocyte count is ele-
vated to the upper limit of the norm; at the same time 
the number of eosinophils may decrease slightly, and 
the monocyte count may increase and remain with-
in the norm under the normal level of leukocytes in 
general.

Let us sum up the role of the adaptational reac-
tions of calm and elevated activation: 

All systems operate in the mode of physiological 
intensification without strain, damage of elements of 
tension or suppression. The outcomes of the above 
type of the reaction are the optimal conditions cre-
ated to boost the resistance of the human organism, 
properly balance the processes of anabolism and ca-
tabolism and provide an efficient energy output that 
reflects in an appropriate balance between the con-
sumption and the stored amount of endogenous suc-
cinic acid, an activation of the enzymatic link, espe-
cially dehydroginad succinate (a protein on the inner 
side of the mitochondrial membrane), elevation of the 
state of harmonious and efficient functioning of the 
organism.

Of course, this sort of discreteness, beauty and har-
mony remained for many years hidden behind a wide 
canvas of the generally accepted ambiguous, arguable 
definition “the Range of the Norm”, that is not capable 
of solving the mystery of how to control the transition 
from quantity to quality by quality aspects and the key 
postulates of synergy associated with phase transitions 
of complex system states at a bifurcation point. With 
changing times, dialectics remains!

The above most creative, elegant, fantastic analyt-
ical research work has resulted in a great scientific 
discovery!

As a result of research, Lyubov H. Garkavi, togeth-
er with Maria A. Ukolova and Elena B. Kvakina, have 
opened a new global scientific field and a theory of 
adaptational reactions, based on their scientific dis-
covery “The pattern of development of qualitatively 
distinct general nonspecific adaptation reactions by 
the human organism in response to stimuli of differ-
ent strengths” (Scientific Discovery Registration Cer-
tificate No.158 issued by the Committee on Inventions 
and Discoveries at the Council of Ministers of the 

USSR, 1975). This is a fundamental discovery in the 
field of biology and medicine. If stress is considered 
to be the nonspecific basis of pathology, then there 
should be an alternative: the reactions of training and 
activation that serve as a nonspecific basis for health, 
quality of life, longevity, high immune resistance, en-
durance and stable results in high performance sports.

In sports medicine, the activation therapy is the 
only correct approach to the targeted control of the 
organism’s energy and plasticity resources that is capa-
ble of designing, predicting and achieving the desired 
high-performance results, winning victories based on 
the natural sources of the organism’s intrinsic power 
capabilities. 

Thus, revealed has been an elegant pattern consist-
ing of the following four physiological reactions pro-
duced by a human organism: the reaction of training, 
the reaction calm and elevated activation, and stress. 
With discovering this regularity pattern, the research-
ers pioneered in the proper interpretation of the fol-
lowing issues: firstly, the discreteness of the organism's 
states; secondly, the role of each reaction in control 
and regulation of the resistance of the organism, i.e. 
the possibility of targeted control of the organism’s 
state.

A new round in the interpretation of the 
adaptation: Periodic System of adaptational 
reactions

When carrying out experiments with different 
stimuli within a very wide range of doses and intensi-
ties according to the absolute value scale, it has turned 
out that the pattern of development of the sequence 
of the reactions, namely, training, calm activation, el-
evated activation and stress, with increasing intensity 
of stimulation, is repeated in different ranges of the 
absolute scale of actions and exposures, i.e. at different 
levels of the organism's reactivity. In other words, a 
multi-level, periodically repeating, pattern of adap-
tational reactions has been detected.

This is a universal fantastic system that provides 
multiple repetitions of the same reactions in differ-
ent ranges of stimulation or loading!

It is known that the dialectical principle of period-
icity is peculiar to animate and inanimate nature. To 
illustrate, we should mention is the periodic table by 
D.I. Mendeleev for chemical elements showing differ-
ent chemical properties, which depend on their elec-
tronic configuration and their atomic weight. Another 
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example is the periodic system of adaptational reac-
tions, which is a differentiated, biologically reason-
able, system designed for selecting by the organism 
the most suitable response to a great variety of acting 
factors, both on the absolute scale (vertical line), i.e. 
the reactivity levels, the so-called “floors”, and the rel-
ative scale (horizontal line), i.e. the types of reactions.

It is just the multi-level pattern of adaptional reac-
tions which provides flexible adaptability and which 
is at the same time an instrument ideally regulating 
and tuning homeostasis in different age periods of life. 
In childhood, the levels of the reactivity are high, i.e. 
the system "floors” are low, and with age a human in-
dividual “goes upstairs” to reach the higher “floors”, 
reducing in such a manner his/her level of reactivity. 
Of course, everybody desires to initiate and maintain 
the physiological reactions of youth and health, and 
the best hereof is activation, therefore, the activation 
therapy is named from this characteristic.

The discoverers and their research team have con-
ducted a huge experimental and clinical research work 
devoted to the development of strategy and the basic 
principles of activation therapy.

These new scientific approaches are based on the 
personalized specification of dosage of action of ex-
posure and the targeted initiation and production of 
the desired adaptional reaction, on the development 
of programmed dosage modes, the control and moni-
toring of each state according to the fingerprint crite-
ria of the reaction, considering other fundamentally 
important aspects of the homeostasis regulation by 
the human organism. This is a huge exploration stra-
tum of the creative scientific heritage, which should 
be kept by rational people in order to preserve and 
promote health, create opportunities for a scientifi-
cally-based methodology of the proper conditioning 
to adapt to over-loading in high performance sports. 
And there is more in it than conditioning!

Applied aspects of activation therapy.  
How and what to do?

The activation therapy is a multipurpose tool, 
which may be used by everybody: some individuals 
may enjoy it for their health maintenance; other may 
use it for disease prevention, and finally the activa-
tion therapy may be applied as a treatment method, 
either as an independent therapy, or in combination 
with various therapy methods. The aim of the acti-
vation therapy is to protect an organism from dam-

aging factors of any nature, from heavy loading both 
of physical and psychoemotional nature as well as to 
decelerate aging.

In the context of the activation therapy, it is essen-
tial to properly select a quantitative and time-related 
factor of an action or an exposure, including the spec-
ified parameters of an expected response (taking into 
account subjective markers of the desired reaction).

Our practice has demonstrated that it is the most 
acceptable way to use the eleuthero tincture for ath-
letes as test loading simulation. It’s a naturopathic 
bio-stimulator. It does not have to do with doping 
because it is not a metabolism modulator. Bu at the 
same time, this tincture can be easily and efficiently 
used to control the level of the resistance in a human 
organism.

Practical recommendations

Deciding on strategy
Strategy one is to properly identify the initial value 

of the action (in our case: the number of drops).
Strategy two is to specify and select the desired 

time-scheduled program regime:
1. Exponential regime;
2. Double-influence regime;
3. Regime of Challenge (the Law of Random Numbers)
4. Double exponential regime.

A lot of biological processes can be effectively 
controlled by varying of a physical influence or ac-
tion (an acting factor) according to an exponential 
dependence (an exponential function). An exponent 
reflects the dependence of a decrease in one variable 
and the tendency of the latter to achieve its stability 
on a time-related changing of another variable. Any 
exponential dependence has its own coefficient for 
computation. As to the activation therapy, to exit the 
stress conditions and develop the reaction of training, 
the reactions of calm and elevated activation, required 
is the exponent coefficient of 0.7; in order to leave the 
state of permanent over-activation desired is the ex-
ponent coefficient of 0.8 (the curve tending to flatten).

To go from one adaptational reaction to another (for 
example, from training to activation, from activation 
to stress), it will suffice to change the magnitude of the 
acting factor, i.e. in our case, the number of eleuthero 
tincture drops, by 15-30% (the exponent coefficient of 
1.15 – 1.3), taking into account individual sensitivity of 
a human (in most cases by 20%, i.e. by 1.2 times).
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In case of an improper dosage, resulting in over-dos-
age, the reaction of over-activation may develop that is 
characterized by hyperactivity. Under over-activation, 
the lymphocyte percentage departs from the norm, 
showing a tendency other than that indicated under 
stress, exceeding the norm by 40-45%; in this case ob-
served is a pronounced prevalence of the neural ex-
citation processes. In athletes, the above mentioned 
condition is referred to as over-training or over-condi-
tioning syndrome.

In other words, in order to reduce the dosage ac-
cording to the exponential dependence, the coeffi-
cient of 0.7 or 0.8 multiplied by the loading value (the 
initial number of drops) should be applied. Following 
this way, the stability of the regular state of a human in-
dividual, which is determined by the character of his/
her regular, typical reaction pattern and reactivity level 
of developing reaction, should be considered, too.

In doing so, it is of significance to identify the mag-
nitude of the initial action. With regard to males aged 
from 20 to 60-65 (showing the least sensitivity), the 
initial dosage often is identified as that at the lower 
limit of therapy values: when using the eleuthero tinc-
ture it is equivalent to 20 drops.

Treating the eleuthero tincture dosages for chil-
dren, the initial dose should be equal to the age of a 
child in question, i.e. the number of the drops should 
be the same as the years of the age of the child. A sec-
ond and a third dose should be reduced every time 
(2 or 3 days later) by 10%, and subsequently the next 
doses should be decreased by applying the respective 
exponential coefficient only, taking into account the 
character of the initial reaction.

An algorithm to specify the dosage can be 
outlined as follows:
So, let us use the action pattern as scheduled below:
Day 1: 20 drops; 
Day 2: 18 drops (reduced by 10%);
Day 3: 16 drops (reduced by 10%), 
Day 4: 11 drops (16х0,7);
Day 5: 10 drops (≈ by 10%);
Day 6: 9 drops (≈ by 10%); 
Day 7: 6 drops (9х0,7);
Day 8: 5 drops; 
Day 9: 4 drops.

As the above dosage schedule suggests, the dosage 
decrease does not imply a strict requirement to reduce 
the dose in an accurate way. That is not a mandatory 

requirement, since some sort of inaccuracy, produc-
ing certain chaotic conditions, involves a challenging 
step to be undertaken by a human organism that cre-
ates a favorable context to raise the effectiveness of the 
exponential regime.

In doing so, based on the respective blood test data 
or health self-evaluation questionnaire results of a 
treated subject, it is required to trace whether there is 
an effect due to dosage change available or not; at the 
same time it is necessary to identify the threshold dose 
to response.

How to check?
At the beginning, we ask the question: “Please, 

specify: which of the regimens produce the most 
favorable effect on your subjective feeling (mood, 
cheerfulness, activity, the performance referred both 
to work duration and rate, sleep, appetite): when you 
receive the highest dosage (20, 18 and 16 drops), or 
when you receive the lowest dosage (6, 5 and 4 drops), 
or the middle-scale dosage quantity (11, 10 and 9 
drops)?”

It should be emphasized that the exponential re-
gime shall be applied for a long period of time, at least 
for 2 or 3 weeks, if required, even longer. The specific 
state of the human body produced by developing of 
the stable elevated activation can be maintained for 
an extended period, which depends on the individual 
specific features of the organism and the environmen-
tal conditions. Therefore, in athletes, it is reasonable 
to start with the activation therapy one month prior to 
a specified competition.

How to produce the required state?
The reaction of training can be initiated by expo-

sure of the organism to permanent magnetic field, and 
for this purpose utilized are standard therapy perma-
nent magnets, generating any MF intensity. Typically, 
when a therapy magnet is applied onto a painful area, 
the pain perception is periodically changed. Most often 
the following is observed: first pain is relieved, second 
pain is intensified again, and subsequently the pain re-
lief effect is found again, etc. The magnet should be re-
moved, when the pain relief effect is noted once again. 
Initially, it is required “to ease” the stress conditions, 
and later it is necessary to develop the low-energy-cost 
reaction of training, which favors to normalization of 
the number of leukocytes in blood and triggers devel-
oping an anti-inflammation effect.
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The next step is to initiate developing the reaction 
of activation, preferably, the reaction of elevated acti-
vation, since it is capable of raising the resistance of 
the human organism in the most efficient way.

In this context, a human organism starts respond-
ing to a weak stimulus and becomes even capable 
of identifying and capturing the latter as a control 
action from a set of the factors, which act on them 
synchronously, but which vary in their intensity. It is 
just the matter, which determines an elevation of the 
reactivity level and governs the physiological back-
ground of developing anti-stressor reaction and, as 
a consequence, the general rise in nonspecific resis-
tance of the organism as a whole.

Therefore, to condition an athlete, the coach shall 
undertake the following steps:

1. To start with, the type of the reaction dominating 
in the athlete under the initial conditions (the reac-

tion of training, calm or elevated activation and stress) 
shall be identified. For this purpose, used should be 
a complete blood count including lymphocytes per-
centage data (see Table 1 herein). The following sa-
lient features of the different types of the physiological 
reactions should be noted: the reaction of training is 
characterized by dominance of the physiological inhi-
bition, therefore its distinctive feature is resource stor-
ing; the distinctive property of the reaction of calm ac-
tivation is system harmonizing; the peculiarity of the 
reaction of the elevated activation is the highest level 
of efficiency both of the performance of all systems 
in an organism and the energy resource use. When 
specifying an adequate dosage, over-dosage should be 
avoided, since under the elevated activation we can 
obtain a condition other than that desired. In case of 
loss of dosage control (when the dosage is 5-10% less), 
under the elevated activation, a transition to a bound-

Figure 2. Screenshots: identification of the adaptation reaction with the use of the Cardiocode device. The software furnished with 
Menu options “Analysis” and “Energetic status of myocardium” is capable of identifying the type of the existing adaptational reaction.

5…19 %  stress

34…40 % R. of elevated activation

20…27 %  R. of training

41…65 % Over-activation 

28…33 % R. of calm activation

Figure 3. Five types of adaptational reactions. The curve for each reaction type shows the respective energy level referred to the 
actually processed ECG, which is treated as data source for identification of the adaptational reaction.
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ary reaction of over-activation may take place that 
may initiate transiting to the next stage: stress.

In everyday practice, the type of the adaptation re-
actions usually is identified with a new noninvasive 
technology implying the use of the Cardiocode de-
vice. This device is designed to record an ECG, which 
is automatically processed under menu titles “Analy-
sis” and “Energy status of myocardium”, and deliver 
data to identify the actual type of the reaction in an or-
ganism (see Figure 1 herein). Upon the processing of 
the recorded signals, ECG-related energy data graphic 
plots appear on the screen of the device, and the cor-
responding type of the actual adaptational reaction in 
a test subject is displayed.

2. The next step is to estimate the level of reacti-
vity (high, middle or low) according to the eosinophil, 
monocyte and leukocyte count (see Table 2 herein) in 
order to specify an adequate dosage magnitude. This 
should be interpreted as follows: in a set of actions 
and exposures, permanently acting on the organism, 
varying in their intensity and quality throughout the 
day, for the purpose of activation therapy only one act-
ing factor should be identified and selected as a con-
trol (triggering, regulating) action, which should be 
changed in accordance with a certain pattern based on 
a pre-set dosage algorithm. The repertoire of the con-
trol actions can cover various plant- or animal-origi-
nated agents (Eleutherococcus senticosus, Rhaponti-
cum carthamoides, Panax ginseng, Pantohematogen, 
Mumijo, Propolis etc.), neurotropic agents and intra-
cellular messengers (succinic acid, cyclic adenosine 
monophosphate – cAMP), ULF MF or some optical 
emission spectrum factors.

3. The next step is to decide on an adequate strate-
gy to a transition to rise in the the resistance of the or-
ganism, so that the desired state can be achieved and 
optimized with no excessive energy consumption, i.e., 
to select one of the four dosage regimes required for 
the targeted completion of the activation therapy.

а) The exponential dosage regimen (see Figure 1 
herein) implies a step-by-step decrease (the exponen-
tial function graph goes down) or an increase (the ex-
ponential function graph goes up) of the magnitude 
of the functional load in a gradual manner, i.e., “the 
dose” (intensity) of the applied factor by multiplying 
the number of the initial units (drops, ml, mT, min. 
etc) by the coefficient of 0,7, with repeating this pat-
tern step by step in a gradual manner, first at an in-
terval of 2-3 days and subsequently at an interval of 

3-4 days In this case, a stair-step graph of the doses 
can be constructed individually well in advance for 
every subject considering his/her specific type of the 
reaction and reactivity level. This softest regime of the 
activation therapy can be successfully used to condi-
tion junior athletes or experienced athletes in their 
post-disease rehabilitation or after their over-loading 
(see Figure 1 herein).

b) The double-action regime (see Figure 2 here-
in) is presumed to apply not one, but two factors with 
allowed variable modality (the quality and the nature 
of the factor). To illustrate, first the eleuthero tincture 
can be administered, later the muscle strain local area 
should be exposed to MF, or, quite the reverse, first 
the occipital region should be centrally exposed to a 
low-intensity MF, and at a certain interval of time an-
other specified factor of another modality should be 
involved. It is very important that an interval between 
the factor exposures shall be at least 30 minutes, but 
it shall not exceed 3 hours. The mandatory condition 
of this regimen is first an application of a low-magni-
tude action (a low-dosage or a low-intensity action) to 
target the central regulation (the morning-related ner-
vous phase of the adaptation) and second, upon expi-
ration of a certain time span, the use of a 2 or 3 higher 
intensity action on the organism (the humoral phase 
of the adaptation). It is recommended that this regi-
men should be applied for a targeted intensification of 
the reserve capacity of the system-linked mechanisms 
of the adaptation in favorable intense conditioning of 
athletes.

с) The double exponent regime (see Figure 3 
herein) is a mode of reasonable savings of resources 
of plasticity and energy with maintenance of a high 
benchmark of adaptation capabilities under elevated 
activation at high reactivity levels. This regime is simi-
lar to the double-action mode, but there is a difference: 
the magnitude of the functional load varies by follow-

Table 1

Lymphocyte percentage in human peripheral blood as marker 
of age-related adaptational reactions 

Type of 
NARO

Age
Stress Training Calm 

activation
Elevated 

activation
Over-

activation

3-5 
years < 29.5 29.5-37.5 38-45 45.5-57 > 57

6-9 
years < 25 25-32 32.5-40 40.5-51 >51

10-13 
years < 23 23-30 30.5-38 38.5-48 > 48

14-16 
years < 20.5 20.5-28.5 29-36 36.5-46 >46

Adults < 20 20-27.5 28-34 34.5-44 >44
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ing an exponent function pattern (either with lowering 
a first low dose or with increasing a larger second dose) 
with the use of the coefficient of 0,7, i.e. by 15–20%. 
Following this way, we can raise sensitivity and reactiv-
ity of the organism, and the probability of over-dosing 
decreases that is extremely important at the condition-
ing stage immediately before competitions.

c) The random numbers law regime (see Figure 7 
herein) is a mathematical expression of the law of 
random distribution within the range of small-scale 
loading. The regime is best suited for rest periods 
between the competitions in order to keep up the 
proper athlete condition and the high performance 
potential.

Effect of the adaptational reaction type on 
the high performance results in sports

It should be immediately noted that the effect of 
the type of the adaptational reaction on the result in 
the high performance in sports is of paramount im-
portance. Any doping and any other methods are not 
capable of using the human physiology in the most 
efficient way to achieve the possible highest results in 
sports. And there is another aspect to mention: under 
the elevated reaction conditions, all the movements in 
athletic performance are not only of the highest per-
formance value, but they also create real aesthetics.

Table 2

Assessment of reactivity level according to pronounced markers of strain according to complete blood count data incl. differential

Blood cell 
element

Strain degree 

0 I II III IV

Monocytes 5-7 7.5-8.5 
4-4.5

9.0-11.0 
3.0-3.5

11.5-15.0 
2.0-2.5

>15 
< 2

Eosinophils 1-4.5 5.0-6.0 
0,5

6.5-8.5 
0,5

9.0-15.0 
0

> 15
0

Basophils 0-0.5 1 1.5 2.0-3.0 > 3

Band 
neutrophils 3-5.5 6.0-7.0 

2.0-2.5
7.5-9.0 
1.0-1.5

9.5-15.0 
0.5

> 15
0

Absolute count 
of lymphocytes 4-6x109 6.1-6.5x109  

3.7-4.0x109
6.6-7.9x109  
3.2-3.6x109

8.0-10x109  
2.9-3,1x109

> 10x109

< 2.9x109

Additional data 1-2 blood plasma 
cell(s)

over 2 blood 
plasma cells or 
appearance of 

immature blood 
cells 

Toxic 
granulation 
neutrophils 

(TGNs)

N/A N/A in some individual 
cells

in a half of cell 
population almost in all cells

What is the essence of the effect produced by the 
elevated activation reaction on the formation of ath-
letic movements? It can be illustrated by some con-
trast descriptive cases. Lets us discuss an arm move-
ment in swimming. An external observer can see 
lifting and rotating of the arm in a stroke cycle only. 
But if we deal with the elevated activation in the 
swimmer, he /she will neatly complete his/her design 
trajectory. Under other physiological conditions, es-
pecially under stress, the swimmer’s arm movements 
are accompanied by trembling and micro-vibrations, 
which throw off the swimmer from side to side. The 
above irregularities cannot be traced without eye aid, 
but it is just the decisive factor to determine the fi-
nal outcome and waste microseconds departing the 
swimmer from winning the championship. This can 
be explained by the energy output, which is most opti-
mized in case of the elevated activation. The efficiency 
factor of all metabolism processes reaches its optimal 
value, and the athlete is capable of achieving the high-
est performance result, provided that his/her attention 
is properly concentrated, subject to the condition that 
the athlete has acquired the required technical skills. 
Considering other sports, it should be mentioned that 
a key attribute for a long-distance runner should be 
resilience, and as to sprinters, they should demon-
strate their burst of speed.
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No doping can produce such an effect, since dop-
ing is capable of exhausting the available energy either 
by modulating metabolism or disturbing and upset-
ting the hormonal background only. Under doping, 
excessive delivery of oxygen to blood initiates an ad-
ditional, abnormal, loading on the cardiovascular sys-
tem performance followed by a catastrophic outcome 
due to imbalance in the operation of the plasticity 
structures and over-excessive quantity of oxygen in 

Dosage Dosage

Dosage Dosage

Days

Days

1st small dose

2nd large dose

Figure 4. Exponential dosage regime. Calculation of doses (the 
number of drops) with the coefficient of 0.7 (with increasing or 
decreasing functional load). The rate of dosage change is taken 
as an exemplary value and can be rounded. In case of initial 
over-activation, the coefficient of 0.8 shall be utilized. It should 
be repeated 3…5 times.

Days

Days

hours
Day 6

hours
Day 5

hours
Day 4

hours
Day 3

hours
Day 2

hours
Day 1

Figure 5. Double-action regime. The first action is intended to 
trigger the general reaction, and another one should be 1.5…10 
times greater. This is a regime designed to exit fast a persistent 
pathological state. The regime duration shall cover 5 to 7 days. 
The regime path should be retraced 3 to 5 times.

Figure 6. The double-exponent regime to exit some persistent 
or critical states. The first action in the morning shall initiate the 
reaction (small dosage), and the second action upon expiration 
of 1.5…4 hours shall be 1.5 …5 times greater than the first one 
(large dosage). Under stress, an interval between the first and 
second dosage shall be 3…5 hours, and under the training 
reaction conditions it shall cover 0.5… 1.5 hours. The scheduled 
procedure shall be repeated 3 to 5 times.

Figure 7. The random numbers law regime for the small-dosage 
range (the regime of challenge effect). It should be applied for 
a month.

blood. Under the above doping conditions, the exces-
sive amount of oxygen should be transported to mi-
thochondria, but doping cannot offer any carriers for 
this transportation. So, the excess of oxygen available 
in tissues remains not in use and results in a series of 
problems: how to properly maintain the proper func-
tioning of a human organism under this sort of abnor-
mal performance conditions.

Conclusions
1. When designing the training process, it is required to 
monitor cardiometric parameters for an assessment of 
athlete conditioning to meet the designed requirements.
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2. Upon an analysis of the obtained data, as mentioned 
above, the required corrective measures shall be tak-
en. This is a prerequisite for the proper conditioning 
and subsequently for the expected performance of the 
trained athlete.
3. When objectively assessing the actual state in an 
athlete, it is required to take into account the types of 
nonspecific adaptational reactions of the organism: 
stress, training reaction, calm and elevated activation 
or over-activation.
4. The highest performance of an athlete can be ex-
pected only under the targeted maintenance of the 
stable level of the elevated activation reaction.

5. The fresh design and technologies of the activation 
therapy applied to the athlete conditioning represent 
the most advanced scientific approach to well-bal-
anced physiological increasing of natural physical and 
intellectual resources in high performance sports.
6. Doping is not capable of producing high perfor-
mance of a human organism in general, since it is an 
exhauster of the reserve resources in a human organism 
that results in early aging and serious health problems.
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Now it is the time to consider directly the energy 
processes in the organism, which make an effect on 
the athletic performance, and not only thereon. In the 
organism, there is a coherent system of interactions 
between anaerobic and aerobic energy supply with the 
most active role of mitochondria. The use of products 
of anaerobic metabolism in the framework of an aer-
obic oxygen-dependent energy system also provides 
protection from the damaging effect of a powerful ox-
idizer like oxygen. At the same time, a major role in 
the anaerobic energy metabolism is assigned to succi-
nate (succinic acid). 

In a number of pathological processes, a permanent 
increase in the production and storage of endogenous 
succinate may take place. It is important to clearly 
distinguish between the permanent excessive storage 
of succinate under pathology and the physiological 
short-time spike in succinate availability outside the 
cells, particularly in training sessions and short-time 
periods of hypoxia/ischemia, exercise-rest periods, 
or after receiving a succinate-containing substances. 
Spikes in succinate availability play a useful adaptive 
role. A constant increase in succinate availability out-
side mitochondria and cells is dangerous. This princi-
ple is applicable to every regulatory signaling system 
at every level of the biological organization.

Anti-hypoxia effect
At the level of mitochondria. Succinate is the only 
Krebs cycle substrate, which can be oxidized under 
hypoxia and thus to maintain aerobic production of 
ATP in mitochondria under reduced partial pressure 
of oxygen in tissues. Electrons come from oxidizing 
succinate to the closer to the oxygen portion of the mi-

tochondrial respiratory chain, which retains its oxida-
tion feature under the oxygen deficiency conditions.
At the genetic level. In course medication, the system-
atically repeating spikes of succinate (occurring due to 
receiving the substances) temporarily stabilize the hy-
poxia-inducible factor (HIF-1β). In its turn, HIF-1β are 
involved into expression of adaptive genes responsible 
for hypoxia response elements (HRE). As a result of 
transcription of information from the genes, HRE sig-
nificantly accelerate the synthesis of a number of adap-
tive proteins on a single occasion. As a consequence, the 
input of glucose in cells becomes greater, and glycoly-
sis, as a main source of ATP, is activated under oxygen 
deficiency; it enhances erythropoiesis and angiogene-
sis in the hypoxic regions of tissue. This contributes to 
a stable activation of the aerobic and anaerobic energy 
supplying processes, provides much fuller oxidation of 
all energy substrates and wash-out of incompletely ox-
idized metabolites from tissues. Thus, the HRE genes 
mobilization induces the long-term effects.

Action on receptors
Even a small increase in extracellular concentra-

tions of succinate (100 times smaller than required for 
mitochondria) activates succinate receptor SUCNR1, 
present on the outer cell membrane of almost all types 
of tissues. The spike activation of SUCNR1 contrib-
utes to physiologically significant increase in the in-
tracellular calcium ion concentration that activates the 
majority of intracellular processes and cell functions. 
First of all, an acceleration of mobilization of a gly-
cogen depot occurs. Initiated is an insulin release by 
pancreatic beta-cells within the islets of Langerhans 
that accelerates the use of glucose by tissues. Stimu-
lated are the key enzymes of the Krebs cycle, the flow 
of mithochondrial respiratory chain electrons moving 
to oxygen is harnissed. This sort of mobilization of en-
ergy exchange prepares the organism to loading and 
post-loading recovery. 

As a result of the SUCNR1 activation, short-term 
and stable improvement in blood flow, the functional-
ity of all the actuating organs responsible for load tol-
erability increases. At the same time, the activation of 
macrophages and dendritic cells of the immune sys-
tem occurs. Strengthening of the immune protection 
reduces the probability of the colds and other diseases, 
even against a background of extreme loads or stress.
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Speeding up the post-loading recovery
This process is favored both by the above men-

tioned processes and the specific role of mitochondria 
during recovery. An increased rate of flow of substrates 
in the Krebs cycle and, in particular, especially favor-
able conditions for the oxidation of succinate, stimulate 
not only the oxidative phosphorylation, but triggers a 
powerful energy-dependent reverse transfer of restor-
ative equivalents in respiratory chain and the supply of 
hydrogen from mithochondria to the cytosol. These 
restorative equivalents are required to provide all types 
of synthesis and the removal of an excess of ammonia, 
which is a by-product upon intensified performance 
by the brain, the heart, the skeletal muscles and oth-
er organs and tissues. Moreover, it is just the succinate 
activation of the mitochondrial energetics that stimu-
lates the removal of the post-loading excess of calcium 
ions and increases the capacity of mithochondria and 
reticula to accumulate calcium. The removal of exces-
sive intracellular calcium is an absolutely necessary 
phenomenon for maximizing the completeness of the 
proper myocardial relaxation in diastole, eliminating 
the contractures of skeletal muscles at after-load rest 
and restoring the depot of energy substrates in cells.

Lowering the threshold of regulatory signal 
sensing

It is an essential element of the succinate action, 
since it promotes increasing the sensitivity, accuracy 
and coordination, when processing information sig-
nals of the feed-forward and feed-back of the central 
nervous and neuroendocrine systems as well as the pe-
riphery. Repeatedly recorded are the increases in accu-
racy and coordination of the motor reactions to visual 
and auditory signals after taking the succinate-con-
taining substances. An improvement in the functions 
of the hypothalamus-hypophysis regulation of endo-
crine tissues: the thymus, the adrenal cortex, the re-
productive glands, the chromaffin tissue responsible 
for noradrenaline and adrenaline release, has been 
shown.  As a result, realized is an anti-stress effect, 
normalizing the hormonal status, and even an anti-ag-
ing effect on the organism as a whole. Economization 
and acceleration of the release of acetylcholine quanta, 
when transmitting signals in intermediate synapses of 
the nervous system, have been demonstrated. 

The most important consequence of improving the 
sensitivity and accuracy of the regulatory systems is a 
reduction in energy expenditures and an increase in 

the energy efficiency. Let us make just one example. In 
order to maintain the stable loading on the cardiovas-
cular system upon receiving succinate-containing bio-
logically active additive (BAA), neither an increase in 
heart rate (HR) nor a significant rise in arterial pres-
sure (AP) are required. Moreover, at rest or during a 
fixed or even a limit exercise, observed is a heart rate 
decrease and prevention of a sharp rise in AP, when 
taking a single dose of the substances or when taking 
them systematically. 

An integral effect of increasing the accuracy of the 
regulation and the economization of the energy con-
sumption is displayed by the fact that avoided or exclud-
ed is the exhausting mobilization of the available energy 
resources and that the post-loading recovery at differ-
ent level is accelerated: from the central nervous system 
and the neuroendocrine apparatus up to the functional 
activity and repairing of the actuating organs.

Normalization of concert action and  
maintenance of activity of GABAergic and 
glutamatergic systems

It is the orchestra conductor of the organism perform-
ers represented by the nervous system and the human 
body as a whole. It is provided by a smart combination of 
the specific action of low succinate concentrations and 
the ammonia ions. Depending on the initial concerted 
activity of the systems, the excitation & activation effects 
or sedative up to somnolent effects may predominate 
after receiving BAA. In most cases, at the level of the or-
ganism, the effect of BAA is characterized as a soft sym-
pathotonic action of the succinate-containing substance, 
similar to small doses of adrenalin. Finally, the magni-
tude and the target of the effect are predetermined by the 
actual organism state: the degree of preparedness and 
conditioning, the intensity and type of a load submitted, 
the level of fatigue, as well as the function-, constitution- 
and gene-related features of an individual.

Conclusions required for practical use of the ma-
terial contained herein:
1. Succinate is the only Krebs cycle substrate which is 
capable of oxidizing under hypoxia and thus maintain-
ing the aerobic production of ATP in mitochondria 
under reduced partial pressure of oxygen in tissues.  
2. Removal of excessive intracellular calcium is an abso-
lutely mandatory requirement for maximizing the com-
pleteness of the proper myocardial relaxation in diastole, 
eliminating the contractures of skeletal muscles at post-load 
rest and restoring the depot of energy substrates in cells.
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Abstract
The paper presents issues on actions and effects made by the 
discovered phenomena of shunting in the blood flow, when 
blood is directed from large artery vessels into large-sized ve-
nous vessels, on the hemodynamics profile of the proper heart. 
According to the data delivered by the Cardiocode device, the 
physiological interpretation of arteriovenous shunt opening to 
provide an adequate blood circulation in the proper heart is 
shown herein. Based on the discovered phenomena, it is con-
cluded that the opening of some individual shunts can be treated 
as one of the flexible adaptational mechanisms responsible for 
the maintenance of the required hemodynamics of the heart.
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Introduction
As a rule, it is the generally accepted interpretation 

of the phenomenon of the arteriovenous anastomos-
ing that it produces a lot of pathophysiological shifts 
and imbalances in a human organism, so that these 
shifts and imbalances result mainly in a decrease in 

the health reserve capability in a human individual. 
In the majority of cases, patients, who show arteriove-
nous anastomosing, have the same typical conditions 
and report the similar complaints associated there-
with. In the terms of nosology, they may cover the fol-
lowing: somatoform autonomic dysfunction, neuro-
circulatory dystonia, cerebral crisis, cardiac neurosis, 
panic attacks etc. However, we insist that an objective 
assessment of the pathophysiological rationale of this 
phenomenon leads to a conclusion that actually it is 
an adaptational & protective mechanism of hemody-
namics of the proper heart that favors to higher sur-
vival capability of a human individual.

Aims
The aim of this study is to take a fresh look at the 

phenomenon of opening of arteriovenous anastomo-
ses and an effect produced by the latter on hemody-
namics of the human organism, including that made 
on hemodynamics related to the proper heart. In do-
ing so, an objective assessment of the arteriovenous 
anastomosing contribution and an adequate inter-
pretation of the pathophysiological rationale of arte-
riovenous anastomosis opening are offered herein to 
treat the phenomenon as the adaptational & protec-
tive mechanism of hemodynamics of the proper heart. 
Considering the flexible, adaptive & protective, nature 
of this mechanism, however, it should be underlined 
that the detection of this phenomenon in athletes al-
ways requires further deeper assessment of their func-
tional reserve capacity/capability and their ability to 
withstand heavy loading under conditioning both be-
fore and in their competitions.

Materials and methods
When analyzing the reference literature, two ten-

dencies should be noticed: on the one hand, a mere set 
of descriptive information about the existence of the 
arteriovenous anastomosing can be found that does not 
involve any practical or clinical interpretation thereof; 
on the other hand, some researchers indicate that the 
appearance of the arteriovenous anastomosing in a hu-
man individual is accompanied by a number of clini-
cal symptoms or signs, which may be listed as follows: 
vertigo, sudden blood pressure changes, a variety of 
vegetovascular responses by the organism and signs of 
panic attacks. All the symptoms and signs are treated by 
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the patients as health-impairing markers and provoke 
anxiety and fear in them, so that the patients in ques-
tion address a doctor to receive a medical treatment.

In practice, when examining the patients in ques-
tion, we have often detected single artifacts like sud-
den pressure fall on the rheographic curve that may be 
treated as a single pressure release in the aorta, while 
the entire pattern of the cardiac complex remains abso-
lutely normal and shows no abnormal deviations. The 
above mentioned pressure release, or sudden pressure 
drop, should be attributed to the single opening of the 
arteriovenous anastomosis (see Figure 1 herein). This 
sort of phenomena shows no clinical signs and re-
mains unnoticed both by physicians and our patients. 
However, if we intend to accurately evaluate condi-
tioning of an athlete, his/her capabilities and reserves, 
the role of anastomosing may not be ignored or re-
duced to a particular specificity of the performance 

Figure 1. On the reographic curve, the single case of arteriovenous anastomosis opening is clearly seen (marked with arrow). 
ECG & Rheo recording with the use of CARDIOCODE.

Figure 2. Correlation between the T wave on ECG and the 
depression on the rheographic curve interval as a significant 
marker of optimal physiological capabilities of maintaining an 
adequate coronary flow.
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Figure 3. Correlation between the T wave and the elevation of the wave according to the rheographic curve as a marker of the 
absence of the optimal conditions required to provide the proper coronary flow. ECG & Rheo recording with the use of CARDIOCODE.

Figure 4. Correlation between the T wave and the peak of the corresponding wave on the rheographic curve is also treated as a 
significant marker of the absence of the optimal conditions required to provide the proper coronary flow. ECG & Rheo recording 
with the use of CARDIOCODE.
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of the cardiovascular system that does not require any 
further interpretation or corrective measures.

The application of the cardiometric device Cardio-
code capable of recording and delivering a huge vol-
ume of cardiometric data provides us a way to take 
a fresh look at explaining of the physiological back-
ground and interpreting the rationale of identified 
single cases of anastomosis opening. Moreover, the 
application of the Cardiocode device and the associat-
ed technology makes it possible to deliver prognostic 
values indicating the reserves of the proper heart that 
is especially important in assessing of the functional 
reserves of athletes and their capabilities/abilities to 
withstand heavy loading in sporting contests. The 
marker of the proper conditioning and readiness to 
demonstrate high performance for athletes is the clear 
correlation between the T-wave on their ECG curve 
and the depression on the corresponding interval of 
the rheographic curve (see Figure 2 herein).

The above correlation should be treated as evi-
dence for optimal physiological capabilities of main-

Figure 5. A blood pressure drop identified according to the relevant rheographic curve segment provides for the conditions to 
normalize the coronary flow. ECG & Rheo recording with the use of CARDIOCODE.

taining an adequate coronary flow, since lowering the 
blood pressure starts in the aorta. Otherwise, when 
the T-wave corresponds to an elevation of the respec-
tive wave on the rheographic curve (as shown in Fig-
ure 3 herein), or even to the peak of the rheographic 
curve wave (as illustrated by Figure 4 herein), it should 
be considered as a clear marker of the absence of the 
optimal conditions for the proper maintenance of the 
required coronary flow. 

In circumstances where and when we observe the 
correlation between the T wave and the elevation, 
or even the peak on the corresponding rheographic 
curve interval, we can conclude there are no proper 
conditions available to organize the required adequate 
coronary flow to the heart that leads to a reduction in 
coronary energy delivery. When analyzing the circum-
stances, we should mention our practice shows that 
the opening of the arteriovenous anastomosis consid-
erably contribute to a decrease in the aortic pressure, 
so that the pressure development patterns illustrated 
by Figure 3 or 4 return to the reference model as given 
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in Figure 2 above, which is known to provide the best 
conditions for the maintenance of the adequate coro-
nary hemodynamics (see Figure 5 herein).

Our factual data are sufficient to allow definite 
conclusions that the above anastomosing phenom-
enon is an adaptational & protective mechanism re-
sponsible for the recovery of the coronary flow under 
inadequate or unfavorable conditions in a human or-
ganism (as exhibited in Figure 3 and Figure 4 herein).

Results and Discussions
Upon completion of our original studies carried 

out with the use of Hemodynamic Analyzer Cardio-
code, we have detected some individual cases of the 
phenomena of a pressure amplitude decrease iden-
tified according to the rheographic curve that is evi-
dence for opening of arteriovenous anastomoses. The 
above described individual phenomena have not been 
accompanied by any clinical manifestations or com-
plaints. The detected phenomena of anastomosing is a 
clear marker that there are non-optimal conditions for 
hemodynamics, which deplete the coronary flow and 
initiate the energy deprivation of the myocardium. At 
the same time, the author cannot state that the detec-
tion of some individual cases of opening of anastomo-
ses should be attributed to these circumstances only 
and exclusively. Within the context, the author thinks 
it is most likely to be one of the flexible adaptational 
mechanisms responsible for and capable of recovering 
an adequate coronary flow and providing the proper 
energy delivery to the cardiac muscle.

Conclusions
Our topical research study has made it possible to 

detect some individual phenomena covering open-
ing of arteriovenous anastomoses, and it is capable of 
offering one of the reasonable attributable explana-
tions thereof. Besides, the study gives us a possibility 
to take a fresh look at the mechanism of the opera-
tion of the arteriovenous anastomoses and revise the 
conventional concept of interpreting anastomosing 
as an unfavorable pathophysiological response by a 
human organism. Our comparative analytical study 
of the cardiometric data on the states in the well-con-
ditioned athletes provides for clear reference mark-
ers and indicators of those cardiometric conditions, 
which are the most favorable for athletes, who should 
withstand heavy loads in the proper manner and who 
require high energy consumption to provide an ade-

quate energy delivery to the myocardium. The detec-
tion of non-optimal cardiometric conditions, which 
cannot maintain the proper coronary flow in some 
athletes and which result in opening of arteriovenous 
anastomoses in some individual cases as adaptation-
al & protective response produced by the organism, 
shows that there is lack of conditioning of the ath-
lete in question, so that his/her heart preparedness to 
accept heavy loading in sports competitions may be 
doubtful. As a consequence, some specific treatment 
techniques, health-maintenance and training mea-
sures may be required to improve the coronary flow 
hemodynamics parameters.
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Abstract
The article presents experimental evidence of the validity of the 
hypothesis that theoretical construct “ego state”, in addition to 
the psychological content, actually reflects the physiological 
mobilization of a human individual to provide a certain type of 
response. It is shown that the mobilization is manifested in a 
certain specific pattern inherent to the cardiovascular system 
performance. Experimental evidence is given herein that the 
ego-state theoretical construct really captures reasonably defi-
nite, content-related different psycho-physiological states of an 
individual. It is shown that the transitions from one ego state to 
another are indeed accompanied by significant changes in heart 
rate variability, which has been estimated using the Baevsky 
stress index (SI). The article also provides experimental data con-
firming the validity of using the Baevsky stress index (SI) to assess 
the effectiveness of the application of the transactional analysis 
as a psychotherapeutic and psychocorrectional technique. 
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Introduction
In psychological and psychotherapeutic practice, 

for more than half a century, a psychological construct 
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such as the ego state of a human individual has been 
actively used, which implies one or another stable pat-
tern of perception of and attitude to reality, as well as 
a set of behavioral attitudes associated therewith. Ac-
cording to the ideas by Eric Berne, each pattern of this 
sort contains a certain combination of some life expe-
rience of an individual, which are associated with the 
person-related feelings and life scenarios and which 
determine his/her behavior [6, 11, 12].

In the context of the transactional analysis, devel-
oped by E. Berne, such ego states as “Child”, “Adult” 
and “Parent” are identified as basic ones [6, 11, 12]. 
In the opinion of transactional analysts, the Child ego 
state is formed by the person’s childhood feelings and 
his/her attitudes, based there, to a direct emotional re-
sponse to the experienced events. The Adult ego state 
is characterized by an attitude toward a pragmatic as-
sessment of what is happening, a rational assessment 
of the causes and possible consequences of certain 
events. The Parent ego state is largely associated with 
the person’s learned patterns of his/her parents’ be-
havior. In everyday life, the Parent ego state manifests 
itself in moral and ethical attitudes to assessment by 
the individual of various events and his/her own be-
havior.

Despite the long-term practice of using the above 
theoretical constructs, to date there is practically no 
experimental confirmation that these ego states show 
really distinct differences in the physiological reactions 
associated with them. The existence of the reactions 
follows from the proposition that the originators of 
the theoretical construct “ego state” have already in-
cluded the mobilization readiness of a person to pro-
vide a certain type of his/her reaction. First of all, the 
above mentioned mobilization should be manifested in 
a certain specific pattern of the cardiovascular system 
performance. If the theoretical construct “ego state” is 
treated not to be just a popular metaphor, if it is real-
ly used to capture actual, quite meaningfully different, 
psycho-physiological states of a person, then transitions 
from one ego state to another should be accompanied 
by significant changes in the performance of the human 
organism, and, first of all, it is applicable to the heart 
performance. Taking into account the results of our 
previously described studies [1, 5, 8–10], it may also be 
assumed that such changes can be recorded by assessing 
heart rate variability using the Baevsky stress index (SI).
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Materials and Methods
To test the hypothesis set up above, we have car-

ried out a series of experiments, where the key ego 
states in the context of the transactional analysis have 
been modeled using metaphoric associative cards, and 
the psycho-physiological reactions, corresponding to 
these states, have been recorded with our PC-assisted 
hemodynamic analyzer Cardiocode. Following this 
way, we have taken into account the data of our previ-
ous experiments, which confirm that the increased, in 
comparison with average values, Baevsky stress index 
(SI) can be considered as a sign of the sthenic response 
to a stimulus, and the reduced SI value can be treated 
as a sign of the asthenic response to a stimulus [8, 9]. 
We have also taken into consideration that it is precise-
ly these SI values that are more effective indicators in 
the evaluation of the person’s emotional reactions na-
ture than mere changes in his/her heart rate only [1, 5]. 

Taking into account the clearly identified by the 
end of the last century, ever increasing, tendency, 
called “the Pictorial Turn” [6, 8, 9], we have employed 
metaphoric associative cards as stimulation materials 
to actualize the ego states described above herein. As 
shown in numerous scientific publications, the images 
used in the metaphoric cards supports the therapist to 
actualize certain psycho-physiological conditions of 
the patient, which can be used as a kind of “targets” 
for therapeutic control [2-4, 6, 8, 9]. 

The Moritz Egetmeyer standard metaphoric asso-
ciative cards (OH-Cards) and the sets of coaching as-
sociative cards created by I. Shmelev and S. Gracheva 
have been used in our experiments. This choice has 
been made taking into account the widespread long-
term practice of the efficient use of precisely these sets 
of metaphoric associative cards by consultants and 
psychotherapists of various profiles [2-4].

We have included in our study 145 respondents 
(the average age was 20.5 years; the standard devia-
tion was 5.68 years in the sample as a whole). A single 
algorithm for the work by all respondents has implied 
the sequential execution of the following tasks: Initial-
ly, respondents are asked to select those metaphoric 
cards that they associate with such ego states as nega-
tive Adult, Parent and Child, as well as positive Adult, 
Parent and Child.

Then, each respondent for 15 seconds alternately 
has fixed his/her attention on the cards that he/she as-
sociated with each of the above ego states. The final 
task for each respondent is to select all the metaphoric 

cards that he/she associates with positive ego states and 
to fix his/her attention on all such cards for 15 seconds 
at the same time. 

When performing the above tasks, the cardiograms 
of the examinees were recorded using the Cardiocode 
PC-aided hemodynamic analyzer. The corresponding 
recording procedures at this stage of the studies are 
shown in the pictures below herein.

Upon completion of the above testing procedures, 
using the algorithms in the analyzer software, the 
Baevsky stress index (SI) has been automatically cal-
culated for each examinee.

The statistical analysis of the obtained data has 
been performed using statistical package STADIA 8.0.
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Results and Discussion
The obtained statistical patterns in determining 

the SI values for various ego-states in the respondents 
are presented in Table 1 herein.

Table 1

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

Ego-
state

Arithmetic 
mean

Standard 
deviation Median Asymmetry Excess

1 409.1 442 287 4.401 30.82
2 277.3 255.2 206 2.895 13.12
3 363.5 328.7 280 2.871 13.97
4 272.6 307.4 202 5.154 39.98
5 372.9 415 250 5.133 40.88
6 289.6 282.4 223 4.899 38.09
7 228.3 208.4 156 2.502 10.65

Table 2

The factor structure of the correlation relationships after 
employing the varimax rotation method

Ego-state
Factor Numbers

1 2 3 4

1 -0.2871 0.7978 -0.3243

2 0.4717 0.7415

3 -0.9168 -0.2296

4 0.4312 -0.3647 -0.6729

5 0.3335 -0.848

6 0.59 0.3345 -0.4826

7 0.8814

Table 3

The factor structure of the correlation relationships after 
applying the quartimax rotation method

Ego-state
Factor Numbers

1 2 3 4

1 -0.2582 0.7982 -0.3446

2 0.4806 0.7345

3 -0.8996 -0.272

4 0.4327 -0.3269 -0.692

5 0.3256 -0.8583

6 0.5914 0.323 -0.4932

7 0.8848

Table 4

The factor structure of the correlation relationships with the 
use of the equimax rotation method

Ego-state
Factor Numbers

1 2 3 4

1 0.3232 0.7916 -0.3078

2 0.462 0.745

3 0.9358

4 -0.4108 0.4191 -0.6543

5 0.215 0.3317 -0.8383

6 0.5829 0.3389 -0.4778

7 0.2108 0.8745

The first column in the given table and all the fol-
lowing tables shows the numbers that indicate the 
following ego-states: 1, 3, 5 – successively induced 
negative states Adult, Parent and Child; 2, 4, 6 - suc-
cessively induced positive states Adult, Parent and 
Child; 7 – an integrative ego-state, caused by the re-
spondent's simultaneous concentration on the stim-
uli, with which he/she has designated as the positive 
states Adult, Parent and Child.

The static significance of differences in mean val-
ues is confirmed using the χ criterion  (chi-square), 
which, as noted above, has been estimated with statis-
tical software complex STADIA 8.0. 

The obtained distributions are other than those de-
fined by Gauss-Laplace. Therefore, in order to identify 
correlation relationships, we have used Spearman 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, 
we give only data for the Spearman coefficient below 
herein because of the more accurate generalization of 
the latter.

The tables below show the results of various vari-
ants for optimizing the factor structure of the data us-
ing Spearman correlation coefficients. Table 2 shows 
the parameters of the factor structure after using the 
orthogonal rotation method (Varimax Rotation), 
with which we have applied to minimize the num-
ber of variables with “high loadings” on each factor. 
Table 3 presents the data obtained after applying the 
quartimax rotation, where we intend to minimize the 
number of factors that are required for a meaningful 
interpretation of each of the variables used. Table 4 
shows the results of the equimax rotation application, 

which is used to simultaneously minimize the num-
ber of variables with higher factor “loadings” and the 
number of factors to interpret them. We also have em-
ployed the oblique rotation, with the help of which we 
sought to minimize the number of factors without en-
suring their complete independence (orthogonality). 
It turns out that the factor structure of correlation re-
lationships after we have applied the oblique rotation 
exactly corresponds to the structure obtained after 
employing the varimax rotation method.  When opti-
mizing the factor structure of the revealed correlation 
relationships, we have analyzed the variants, which 
included from 3 (covered up to 50% of the dispersion 
and associated with greater losses of information) up 
to 7 factors (covered over 90% of the dispersion and 
characterized by the presence of a significant number 
of low information value relationships). It has been 
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Table 5

Commonality and specificity between the SI values in various 
ego-states

Ego-states Commonality Specificity 

1 0.8277 0.1703

2 0.7951 0.2073

3 0.9635 0.0354

4 0.7805 0.2214

5 0.8715 0.1273

6 0.6994 0.3017

7 0.8568 0.1421

found that best suited is the optimization of the fac-
tor structure in the revealed correlation relationships, 
which includes 4 factors and covers over 80% of the 
dispersion. The data for the above optimization vari-
ant is given in tables 2-5 herein.

As can be seen from the data presented herein 
above, the SI values for the positive ego-states are com-
ponents of some factors, and the SI values for the neg-
ative ego-states are found as components of the other 
factors. Moreover, this regularity and this factor struc-
ture, as a whole, are retained with all the rotation vari-
ants used. This, similar to the fact of statistically signifi-
cant differences in average SI values, also demonstrates 
the substantive commonality of the positive ego-states, 
which significantly differs from the substantive com-
monality of the SI data for the negative ego-states.

It is noteworthy that the most powerful factors in 
all variants of the rotation methods included are both 
the SI values for all positive ego-states, when they are 
actualized individually, and the SI value, which has 
been obtained, when respondents have worked with 
all three positive ego-states. In this regard, it should be 
mentioned that in the transactional analysis the suc-
cessful completion of therapy is considered to be the 
achievement by the patient of the level of organiza-
tion of his/her life, when his/her Child is able to free-
ly realize his authentic intentions with the help of the 
effectively functioning Adult under protection of the 
adequate Parent [7, 13, 14]. In other words, the factor 
structure confirms the presence of a positive integra-
tive effect due to the joint actualization of the positive 
varieties of the imaginary Adult, Parent and Child in 
the respondents at their psycho-physiological level, 
since it is precisely that type of tasks that corresponds 
to the optimal Baevsky stress index.

When testing the hypothesis on the difference in 
psycho-physiological markers associated with certain 
ego-states of a person, attention should be drawn to 
the commonality and specificity of the data obtained 
in all the described types of transformations in the re-
vealed correlation relationships (see table 5 herein).

As we can see in the last table herein, the indicators 
of commonality and specificity of the SI values for the 
positive and the negative ego-states have noticeable 
differences. It has been found that the SI values for the 
negative ego-states have the highest commonality (i.e. 
they have the largest share of dispersion in relation to 
the identified factors that are the most universal). At 
the same time, the SI values for the positive ego-states 

show the greatest specificity (i.e. they have the largest 
share of dispersion in relation to the specific factors).

Conclusions
The experimental evidence of the validity of the 

hypothesis, that theoretical construct “ego state”, in 
addition to the psychological content, actually reflects 
the physiological mobilization of a human individual 
to a certain type of response, has been obtained in the 
given study. In particular, such mobilization is man-
ifested in a certain fingerprint of the cardiovascular 
system performance. 

The recorded experimental data demonstrate that 
the theoretical construct “ego-state” is not just a success-
ful metaphor, but that with the use thereof we can really 
capture completely definite and meaningfully different 
psycho-physiological states of a person. The transitions 
from one ego-state to another are indeed accompanied 
by significant changes in our organism, and, first of 
all, in our heart performance. The reliable fingerprint 
of such changes is the heart rate variability assessment 
with the utilization of the Baevsky stress index (SI). 

Besides, as in [12], we have produced experimental 
confirmation of the validity of usability of such a com-
plex cardiometric indicator as the Baevsky stress in-
dex (SI) in order to assess the effectiveness of various 
psycho-correction techniques. But it should be men-
tioned that while it has been applicable to the meth-
ods of psychosomatic self-regulation [12], now the 
efficient, reasonable, use of the Baevsky stress index 
is also shown in relation to the transactional analysis.
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Abstract
Heart rate diagnostics based on tactile sensations has been 
known for over 5 thousand years. Medieval doctors used it and 
modern doctors use it. With the advent of the Marei arterio-
graph in 1860, heart rate waves became possible to observe, 
creating visual images, and subsequently analyze them using a 
computer in digital form. However, in this way, the main obstacle 
remains the imperfection of the sensors, allowing you to receive 
only weak and noisy signals with a large number of artifacts. In 
practice, heart rate wave sensors are produced only by Millar 
(USA), Omron (Japan), and the Institute of Mechanical Engineer-
ing of the Russian Academy of Sciences (RF). This article summa-
rizes the experience of studying heart rate waves by IMASH RAS 
since 1990. Systematization of the results led to an attempt to 
create the basis of digital heart rate diagnostics, which will make 
it easier for doctors to make a diagnosis based on methods of 
modern information technologies. 
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Hemodynamics, known in ancient times as the sci-
ence of the heart rate, is now an area where there are 
more secrets and mysteries than the studied patterns. 
Nature has created such a perfect cardiovascular sys-
tem that one can only be surprised at its capabilities in 
ensuring the vital functions of the body. This includes 
the delivery of oxygen, nutrients, disease control and 
thermal management, and much more.

Therefore, the relevance of research in this direc-
tion is not in doubt. Figure 1 clearly shows that world 
leaders are purposefully working in the field of creat-
ing more and more advanced sensors for perceiving 
heart rate wave (HRW) signals, as well as means for 
processing them. Equipment for the analysis of HRW 
must meet the following requirements:
1) undistorted reproduction of the heart rate wave sig-
nal of large arteries;
2) the miniature size of the sensors and the secondary 
path in combination with the wireless transmission of 
signals to the reporting-command device;
3) measurement comfort when installing the device on 
the top of the artery (solving the positioning problem);
4) maximum output of useful diagnostic information.

It should be noted that all the above requirements 
are met only by equipment created in the Russian Fed-
eration (developed by IMASH RAS).

Of the means of mobile medicine displayed in Fig-
ure 2, the IMASH RAS design seems to be the most 
promising for the following reasons. A wrist blood 
pressure monitor designed by the Omron company, 
no matter how aesthetic and miniature, it will always 
contain the shortcomings of the oscillometer and give 
a strong scatter when repeating measurements. The 
smart watches developed by KRET JSC (RF) are an 
excellent communicator, but of the medical functions 
they have only one: measuring the heart rate, so they 
cannot be a full-fledged competitor. It remains to rec-
ognize the leader: it is the IMASH RAS - RF design 
(see Figure 2c), which solves all problems due to the 
matrix fiber-optic heart rate wave sensor and perfect 
algorithms [1].

Armed with the most advanced heart rate wave 
sensors [2], we set out to systematize the results of 
studies over a long period of developments (since 
1990) and make an attempt to develop methodologi-
cal foundations that can be associated with diagnostic 
features. This will enable the doctor to use the HRW 
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Figure 1. Historical excursion in heart rate diagnostic and modern heart rate research devices

analyzer to clarify the diagnosis and outline a treat-
ment strategy.

In our study, we used signals obtained from the ra-
dial artery (sensor 1, Figure 3) and the carotid artery 
(sensor 2 in the same Figure herein). The same figure 
shows the anatomical relationships characterizing the 
proportions of a human figure. These relationships 
are taken into account when calculating the contours 
of the central and peripheral heart rate waves [3].

Over a long period of study of HRW (since 1990), 
the author was able to obtain the contours of HRW 
from hundreds of patients using the above-mentioned 
equipment and systematize them according to age-re-
lated changes, as well as depending on the functional 
state in the form of a screen graphic table of nine stan-
dards (see Figure 4 herein).

Peculiarities of the change in the circuit of the air-
flow are described in detail in [4]. Therefore, we dwell 

Figure 2. Mobile Medicine Design solutions:
a) a miniature wrist tonometer designed and produced by the 
Omron company (2017);
b) “smart” watches designed by KRET JSC (2017);
c) an arterial blood pressure monitor designed by IMASH RAS 
(2018)

Figure 3. Human anatomical relationships and location of heart 
rate wave sensors

Sensor 1

Sensor 2

Figure 4. Reference standard curve patterns of heart rate waves of 
the radial artery depending on the age and condition of the body
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Figure 5. Age-related changes in the heart rate waves of the radial artery

Figure 6. Flow chart of the calculation of physiological cardiovascular age

Figure 7. Axial wireless module

only on the main thing. With age, as a result of loss of 
vascular elasticity and an increase in their peripheral 
resistance, the following changes occur:
1) the responses on the posterior ramp of HRW are 
depressed, and it becomes smooth;
2) the top of the HRW from acute becomes more cir-
cular.

The same changes accompany the transition from 
a favorable relaxed state (“fitness”) to a more stressful 
one, and therefore dangerous (“alarm”). Next, we focus 
on the main changes (by age), discarding functional 
states. In this case, five standard reference curve pat-
terns remain, since the remaining four are repeated. A 
linear series was obtained (see Figure 5 herein), which 
in its pure form reflects age-related changes in CVS.

The resolution in accordance with Figure 5 is 10 
years. Using averaging methods, it is easy to obtain a 
continuous series with a discreteness of 1 year. This 
series will underlie age-related diagnostics if we apply 
the recognition method of the HRW image to the re-
ceived radial artery HRW from the patient. The corre-
sponding algorithm is shown in Figure 6 herein.

Further, such an examination must be carried out 
on the other hand and obtain the influence of physi-
ological asymmetry, which is especially important in 
the case of shunts (targets). According to preliminary 

data, the HRW amplitude in the case of shunts may 
differ by an order of magnitude. Based on the results 
of a single-channel examination, it is possible to pro-
duce findings on the loss of vascular elasticity (that is, 
determine the physiological age of CVS) and check for 
shunts. Next, we move on to a two-channel synchro-
nous examination, for which, in addition to the carpal 
matrix device, the doctor can use a special sensor of 
the heart rate wave of the carotid artery with wireless 
communication, shown in Figure 7 herein.

In this case, it becomes possible to compare the 
HRW of the radial and carotid arteries. Given that the 
sleep heart rate is extremely close to arterial, a syn-
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chronous examination of the HRW can be performed, 
taking into account functional asymmetry, as it has 
been done in the previous case.

Figure 8 shows the results of 2 channel measure-
ments, according to which it is possible to analyze the 
state of the most important parameters of the cen-
tral heart rate, such as central aortic systolic ejection 
(CASP) and the propagation velocity of the HRW in 
the aorta (PVCHR). More details on these methods 
can be found in articles [3, 5].

Having outlined the basics of digital diagnosis of 
the cardiovascular system, one should ask: is it possi-
ble to use in this work all the knowledge that eastern 
medicine has accumulated since the ancient Tibetan 
heart rate diagnostic based on tactile sensations for 
diagnosing the whole organism. At the same time, it 
is necessary to find such a jumper that would make it 
possible to connect modern ideas on hemodynamics 
with the concept of "meridian", adopted in treatises on 
oriental medicine. In many manuscripts of that peri-
od we find mention of a certain KI energy, which is 
ahead of the bloodstream, filling the body with life, 
and largely determines the state of health. If we make 
a cautious assumption that the “KI energy” is an ana-
logue of heart rate pressure waves, which are an order 
of magnitude faster than the rate of blood flow, then 
we can draw a certain analogy between them. But this 
is not enough to explain the physical nature of the 
“meridian”.

We turn to the last articles of the author hereof re-
garding the issue of heart rate variability (HRV) and 
targeted blood delivery [6, 7, 8]. In these works, it is 
shown that HRV gives the blood flow an information 
component due to frequency rhythm modulations, 

PV Radialis
1 - The beginning of the cardiac cycle;
2 - The maximum pressure;
3 - The trace of the reflected wave in the aorta;
4 - The response of the main pulse;
5 - The second response of the main pulse.

PV Carotis
(1-2) - Anakata;
(2-1) - Catadysm;
(3) - Incisure;
(1-3) - Period of exile and protodiastole.

a)

mm Hg

c)

Sensor 1
Radiation PV

Sensor 2
Sleepy PV

b)

Figure 8. Elements of a two-channel examination of heart rate 
waves (HRW): 
a) peripheral heart rate wave; 
b) a central heart rate wave; 
c) synchronous recording of the same waves



Issue 15. November 2019 | Cardiometry | 47

owing to which it is possible to increase local blood 
flow and create a specific address, determined by the 
modulation frequency.

Imagine that setting a needle at a specific bioac-
tive point causes an increased rush of blood to a given 
point for the purpose of speedy healing. According 
to the coordinate of the point, a certain modulation 
of heart rate occurs. A similar modulation is the “call 
sign” of the corresponding organs or systems of the 
body, and it is there that the increased blood flow is 
delivered, causing the accelerated recovery of this or-
gan or system. If this is the case, then the physical na-
ture of the meridian is to redistribute the blood flow 
when applying address modulations.

This hypothesis can be realized by creating frag-
ments of heart rate wave recordings up to 10 min. 
long by time. In this case, the integral histogram is 
constructed (described in detail in the source [6]) and 
its spectral analysis is carried out. On the spectrum, 
pentagrams are filled, which are already connected 
with the body systems according to the principles of 
eastern diagnostics (Figure 9).

Then, the program calculates the states of redun-
dancy and insufficiency, clearly shown in the form of 
"rains" (see Figure 10 herein).

In conclusion, I would like to note the following. 
The most recently emerged area - applanation tonom-
etry - already now has an advanced status in cardiol-
ogy. With the development of the hardware base and 
the improvement of the philosophy, in the near future 
it should gain a solid place both in mobile medicine 
and in medicine in general. The combination of the 
ancient knowledge of oriental medicine and the mod-

Figure 9. Pentagrams

Figure 10. “Rains”

The cervical vertebrae

Longitudinal section of 
the right breast

The horacic vertebrae

Longitudinal section of 
the left breast

ern achievements of medicine, embodied in the study 
of the heart rate, carries a huge potential, which is only 
slightly revealed in this article.
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Abstract
Acute myocardial infarction causes a great number of mortality 
and morbidity each year. Risk assessment and prognosis is one 
of the initial steps in approaching a patient with acute myocar-
dial infarction. Neutrophil to lymphocyte ratio (NLR) and red cell 
distribution width to platelet ratio (RPR) are two indices that have 
been studied recently and their prognostic and risk assessment 
role is reported in various studies. In this study we aimed to in-
vestigate the relationship between NLR and RPR with ST segment 
resolution (STR) in patients with acute myocardial infarction. 

Materials and methods
This is a cohort study with 2 months of follow up and a total of 211 
patients with acute myocardial infarction were enrolled in the study. 
An electrocardiogram and venous blood sample was taken from all 
included patient and the results were recorded in a questionnaire. 
All patients underwent primary coronary intervention and another 
electrocardiogram was retrieved within 90 minute after primary 
angioplasty. Data was analyzed using SPSS 16.

Result
Our results showed that the mean age of participants was 
61.15±12.68 years. Among 211 patients, 181 (85.8%) were male 
and 30 (14.2%) were female. The mean RPR, NLR and SRT in 
the studied patients was 1.01±0.21, 4.07±3.31 and 0.418±0.32 
respectively. There was a significant correlation between NLR 
and RPR with STR along with two month complications in 
studied patients.

Conclusion
According to our results, NLR and RPR can be used for risk 
assessment and prognosis and short term complications of 
myocardial infarction in patients undergoing primary coronary 
intervention.

Keywords
Neutrophil to lymphocyte ratio, Primary coronary intervention, 
Angioplasty, Red cell distribution width to platelet ratio, ST seg-
ment resolution, Myocardial infarction
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Introduction
Coronary artery occlusion leads to acute myocar-

dial infarction which causes a great number of mor-
tality and morbidity each year (1). Although coronary 
interventions can enhance blood perfusion in infarct 
area, but this method is not always successful. Finding 
a reason for the fact that despite angioplasty we still 
face no reflow zones has been a big challenge for car-
diologists (2).

Risk assessment is one of the initial steps in ap-
proaching a patient with acute myocardial infarction. 
Risk assessment includes predicting size of ischemic 
and infarct area, evaluating success rate of angioplas-
ty and predicting complications followed by coronary 
intervention. These days, researchers are focusing on 
finding a routine bedside technique for risk assess-
ment and prognosis of these patients. Among these 
tests biochemical tests and electrocardiogram (ECG) 
can be mentioned (3, 4).

Complete blood count (CBC) test which is often 
done routine in the moment of admission includes 
important prognostic data. Neutrophil to lymphocyte 
ratio (NLR) as a composition of 2 important and in-
dependent inflammatory markers, is considered as a 
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simple and non-specific index for inflammation (5, 6). 
Based on this, NLR can be used for risk assessment in 
patients suspected to myocardial infarction (7, 8).

Other CBC items such as platelets and red blood cell 
(RBC)s were also studied by previous researchers. Plate-
let indexes such as platelet count, mean platelet volume 
(MPV) and platelet distribution width (PDW) are rec-
ognized as important risk predictors (9-11). In previous 
studies it was reported that red cell distribution width 
(RDW) is significantly elevated in patients with acute 
myocardial infarction (12). Based on this, RDW to 
platelet ratio which is abbreviated as RPR can be men-
tioned as an important risk assessment marker too.

ST segment resolution (STR) indicates adequate 
reperfusion in small vessel level and normal perfusion 
state in infarct area and can be used as an accurate and 
simple marker to evaluate myocardial reperfusion in 
infarct area (13, 14).

In this study we aimed to investigate the relation-
ship between NLR and RPR with STR in patients un-
dergoing coronary intervention and check them for 
complications after 2 months. At the end we want to 
check the value of these indexes for risk assessment 
and prognosis of patients with myocardial infarction 
undergoing coronary intervention.

Materials and methods
This is a cohort study with 2 months of follow up. 

All patients with typical chest pain diagnosed as myo-
cardial infarction who were admitted in Afshar heart 
center for primary coronary intervention were includ-
ed in this study. All patients with evidences of infec-
tion, systemic inflammatory diseases, liver dysfunc-
tion, known malignancy, isolated posterior infarction, 
bundle branch blocks, external pace makers, all types 
of anemia, steroids consumption, trauma and panic 
disorders were excluded. At the end a total number of 
211 patients were enrolled in our study.

After excluding mentioned patients all patients 
were asked to sign an informed consent form. All 
included patients had the right to quite the study for 
any reason at any time they wish. ECG and venous 
blood sampling was done for all patients. ST segment 
elevation, NLR and RPR was measured and recorded 
in a questionnaire for all patients. Then all patients 
underwent primary coronary intervention and 90 
minutes after coronary intervention another ECG was 
recorded for all patients and STR was measured for all 
of them.

Myocardial infarction was diagnosed based on 
published guidelines by America association of cardi-
ology and European society of cardiology which is de-
fined as classical, clinical signs and symptoms, eleva-
tion of cardiac biomarkers and ST segment elevation 
in at least 2 adjacent led.

Recorded ECG was a standard 12 led ECG. ST seg-
ment elevation was defined as elevated J point for at 
least 0.1 mV in at least 2 adjacent led except V2 and 
V3, 0.15 mV in females, 0.2 mV in males older than 
40 years and 0.25 mV in males younger than 40 years.

STR was defined as: 1) complete resolution (more 
than 70%), 2) partial resolution (between 50%-70%) 
and 3) no resolution (less than 50%).

After blood sampling the blood analysis was done 
to measure CBC, cardiac biomarkers, kidney function 
tests, electrolytes and lipid profile. Because of the im-
portance of NLR and RPR in this study all blood sam-
ples were analyzed using Siemens Diagnostic Clinitek 
device in Afshar heart center medical laboratory.

For primary coronary intervention all patients un-
derwent angiography using Judkins technique, then 
primary angioplasty was performed after 70 U/Kg 
heparin bolus injection. All coronary interventions 
were done by the same interventional cardiologist to 
reduce inter-person skill variability. 

All data were analyzed using SPSS V.16 software. 
Kolmogorov-Smirnov test was used to check normal 
distribution of data.  Continuous data were reported 
as mean±standard deviation and discrete data were 
reported as percent. Independent T test was used to 
analyze quantitative data. Chi-square test was used for 
discrete data. P value below 0.05 was considered to be 
statistically significant.

Results and discussion
This study was designed to investigate the relation-

ship between NLR and RPR with STR along with 2 
month complications in patients with acute myocar-
dial infarction undergoing primary coronary inter-
vention in 211 patients.

Among 211 patients in our study, 181 (85.8%) 
were male and 30 (14.2%) were female. We checked 
age, blood pressure, pulse rate, left ventricular ejec-
tion fraction, weight, hemoglobin, cholesterol, tri-
glycerides, low density lipoprotein (LDL), high den-
sity lipoprotein (HDL), urea, creatinine, creatinine 
phosphokinase (CPK), CPK-MB, white blood cell 
(WBC) count, NLR, PDW, RDW, RPR, platelet count 
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Table 1. Average of neutrophil, lymphocyte, NLR, RDW, PDW and RPR variables based on STR

Variables
ST segment Resolution

P value
50%> 50-70% 70%<

Neutrophil 67.01±16.62 69.25±14.76 64.92±14.10 0.248

Lymphocyte 24.41±13.40 23.11±13.36 30.75±38.16 0.152

NLR 4.43±3.91 4.54±3.41 3.29±2.36 0.043

RDW 13.18±1.26 13.43±1.58 12.95±0.95 0.090

PDW 13.80±2.39 13.19±2.59 13.58±2.78 0.359

RPR 0.98±0.20 1.05±0.24 1.00±0.21 0.160

and hospitalization days for all patients and recorded 
all the data in our questionnaire. The average age of 
patients was 61.15±12.68 years and ranged between 
31 and 95 years.

The most common site of myocardial infarction 
was recorded to be in anteroseptal area of myocardi-
um (42.2%) and the most common vessel involved in 
our patient was recorded to be left anterior descend-
ing (LAD) artery (55%).

All patients were divided into 3 groups based on 
STR in our study. Complete resolution was defined 
as more than 70% resolution, partial resolution was 
defined as 50% to 70% resolution and no resolu-
tion was defined as less than 50% of resolution. Re-
sults of our study for neutrophil count, lymphocyte 
count, NLR, RDW, PDW and RPR variables based 
on STR are reported as mean±SD and summed up 
in table No.1.

As it is seen in table No.1, there is a statistically 
significant correlation between NLR and STR (P val-
ue<0.05) which means that NLR is significantly lower 
in patients with STR>70%.

In this study we also observed all patients for 2 
months for possible complications. Patients were di-
vided in 4 groups based on recorded complications: 
1) no complication 2) acute coronary events 3) de-
compensated heart failure 4) cardiovascular death. 
During 2 months we recorded 7 patients with cardio-
vascular death, 2 patients with new admission because 
of acute ischemia and 1 patient with hospitalization 
because of decompensated heart failure. In the per-
formed analysis there was a significant correlation re-
ported between STR and 2 month complications (P 
value=0.04). More details are presented in table No.2.

Results of our study based on the correlation be-
tween neutrophil count, lymphocyte count, NLR, 
RDW, PDW and RPR variables with 2 month compli-
cations are summed up in table No.3.

Table 2. Distribution of 2 months complications in patients

Two months 
complications

Number of 
patients Percentage

No complication 201 95.3%

Acute coronary 
events 2 0.9%

Decompensated 
heart failure 1 0.5%

Cardiovascular 
death 7 3.3%

Total 211 100%

Table 3. Correlation between neutrophil, lymphocyte, NLR, 
RDW, PDW, RPR and two month complications in patients

Variables P value

neutrophil 0.049

lymphocyte 0.045

NLR 0.012

RDW 0.184

PDW 0.094

RPR 0.030

As it is seen in table No.3, there is a statistically sig-
nificant correlation between neutrophil count, lym-
phocyte count, NLR and RPR variables and 2 month 
complications (P value<0.05) which means that men-
tioned variables are significantly higher in patients 
with major adverse cardiac events within 2 months 
after primary coronary intervention.

To determine the best cut off for NLR, we used Roc 
curve which NLR=5 was the best cut off. We also an-
alyzed our data with NLR=5 cut off using Chi-square 
test which there was a significant correlation recorded 
between 2 month complications and NLR=5. Details 
are reported in table No.4.
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The correlation between STR and 2-month mor-
tality was also investigated using Pearson correlation 
test. As seen in table No.5, the results revealed that 
with a correlation coefficient of r=-0.114 and P val-
ue=0.049 there is a significant negative correlation be-
tween STR and 2-months mortality.

The results of present study showed that in 
STR<50% group there were 4 patients recorded with 
cardiovascular death. in STR between 50-70% group, 
there were 3 patients with cardiovascular death and 
1 patient with acute coronary event and 1 patient 
hospitalized with decompensated heart failure. In 
STR>70% there was only 1 patient with acute coro-
nary event recorded. The results are summed up as 
seen in table No.6.

Coronary artery occlusion leads to acute myo-
cardial infarction which causes a great number of 
annual mortality and morbidity. Based on the most 
recent guidelines, primary coronary intervention in 
patients with ST segment elevation is suggested (1). 
After discovering the important role of WBC eleva-
tion in patients with acute myocardial infarction, re-
searchers focused on finding a reliable and accurate 
risk assessment and prognostic value for CBC indexes 
(7, 8). Neutrophil to lymphocyte ratio is used as a risk 
assessment marker in patients with possibility of myo-

Table 4. Number of two month complications based on NLR=5 cut off

2 month complications
NLR cut off

Total
NLR≥5 NLR<5

No complication 144 (71.6%) 67(28.4%) 201

Acute coronary events 2 (100%) 0 (0%) 2

Decompensated heart failure 1 (100%) 0 (0%) 1

Cardiovascular death 2 (28.6%) 5 (71.4%) 7

P value 0.035

Table 5. Correlation between STR and two-month mortality

Variable Correlation coefficient (r) P value

STR -0.114 0.049

Table 6. Number of two month complications based on STR

Complications
ST segment Resolution

Total
50%> 50-70% 70%<

No complication 68 (33.8%) 60 (29.9%) 73 (36.3%) 201

Acute coronary event 0 (0%) 1 (50%) 1 (50%) 2

Decompensated heart failure 0 (0%) 1 (100%) 0 (0%) 1

Cardiovascular death 4 (57.1%) 3 (42.9%) 0 (0%) 7

cardial infarction. As different subtypes of WBC were 
under evaluation, other CBC indexes such as platelets 
and RBCs were also hot subjects for valuable stud-
ies. Considering the role of platelet in clot formation 
and coronary artery occlusion in infarct area, platelet 
markers such as MPV and PDW were introduced as 
risk assessment makers in numerous studies (9, 10). 
On the other side RDW changes were also signifi-
cant in patients with acute myocardial infarction (12). 
Based on this RDW to platelet ratio (RPR), was also 
introduced as a very important risk assessment mark-
er in different studies because RPR has a high value in 
estimating fibrosis complexity (15).

Our study was conducted to determine the cor-
relation between NLR and RPR with ST segment res-
olution in patients undergoing primary coronary in-
tervention with acute myocardial infarction.

Our study showed that age average in patients was 
61.15±12.68 ranged between 31 and 95. In Yaylak et 
al study performed in turkey the age average was also 
56±10 (16). In another study by Celik et al in Ankara 
it was again reported that the age average was 59±11 
(17). In Gul et al study the age average was 56±13 (18). 
In another study conducted in Japan the age average 
was reported to be 66±1 (19). in most performed stud-
ies, acute myocardial infarction happened in 60s in 
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majority of patients (20-22). Based on reported data it 
seems that acute myocardial infarction happens most-
ly in 60s and early 70s of age.

Our study revealed that among 211 patients, 181 of 
them (85.8%) were male and 30 of them (14.2%) were 
female which is accordance with the results of other 
studies which report that acute myocardial infarction 
happens more in men compared to women (16-22).

The results of our study showed that average RPR, 
NLR and STR in studied patients were respectively 
as 1.01±0.21, 4.07±3.31 and 0.418±0.32. in our study 
there was a statistically significant correlation record-
ed between mean NLR value based on STR value but 
there was no statistically significant correlation re-
corded between neutrophil count, lymphocyte count, 
RDW, PDW and RPR based on STR value in present 
study. It means that average NLR value was signifi-
cantly lower in patients with STR>70%. In our study 
there was also a significant correlation reported be-
tween neutrophil count, lymphocyte count, NLR, and 
RPR based on 2 month complications but there was 
no significant relationship found between RDW and 
PDW indexes and 2 month complications in studied 
patients.

In other studies, NLR index was proved to be an 
effective prognostic factor in patients with acute myo-
cardial infarction.

A study was performed by Yaylak et al in turkey 
in 2016 to investigate the relationship between NLR 
and right ventricular dysfunction in patients with 
acute inferior myocardial infarction. In this study it 
was confirmed that NLR was significantly higher in 
patients with right ventricular dysfunction followed 
by acute inferior myocardial infarction which is in 
correspondence with results of our study (16).

In another study performed by Celik et al in turkey 
it was reported that RPR was higher in patients with 
no reflow areas after primary coronary intervention. 
In our study there was no statistically significant cor-
relation found between RPR and STR, but there was 
a significant relationship between RPR and 2 month 
complications (17).

In a study performed in Pakistan it was revealed 
that cardiac complications and cardiac death were re-
corded to be more in patients with higher NLR which 
is in correspondence with the results of our study (18).

In a study performed in Japan it was concluded 
that RDW and PDW was significantly higher in pa-
tients with acute myocardial infarction (19). In this 

study they investigated the difference of these 2 index-
es between patients with angina pectoralis and myo-
cardial infarction. They proved the diagnostic value 
of these 2 indexes but they did nothing to evaluate the 
prognostic value of these indexes in their study.

In a study carried out in turkey it was shown that 
NLR was significantly higher in patients with grade 3 
ischemia. The researchers in this article believe that it 
is possible to use NLR as a prognostic and risk assess-
ment index in patients with acute myocardial infarc-
tion in near future (20), which is in correspondence 
with the results of our manuscript.

In another study done in 2013 it was summed up 
that NLR was elevated as an independent marker in 
patients with no reflow areas after primary coronary 
intervention. The researchers of this paper believe 
that NLR can be used as a simply accessible and cheap 
marker for risk assessment in patients with acute myo-
cardial infarction (21). Results of this study confirms 
the results of Turkmen study of 2013.

To sum up, it is logical to conclude that NLR can 
be used for risk assessment and prognosis in patients 
with acute myocardial infarction but prognostic value 
of other indexes such as RPR, RDW and PDW needs 
further evaluation in prospective cohort studies.

There was a study performed in Konakli, Tur-
ley to investigate the relationship between NLR and 
coronary reflow in patients undergoing primary an-
gioplasty. They included a total of 522 patients (417 
males and 105 females) with age average of 61.9±11.9 
with acute myocardial infarction undergoing prima-
ry coronary angioplasty. The researchers claimed that 
in hospital cardiac mortality in patients was higher in 
high NLR group (5.77<NLR). The researchers suggest 
that NLR>5.77 is an independent marker to predict in 
hospital cardiac mortality in patients with acute myo-
cardial infarction which is in correspondence with the 
results of our study (23).

In a study in Hatay, Turkey the researchers aimed 
to evaluate the relationship between coronary artery 
no reflow and NLR in patients undergoing primary 
coronary angioplasty. In this study they included a 
number of 204 patients (176 males and 28 females) 
with age average of 55.1±9.2 with acute myocardial 
infarction. Coronary no reflow was confirmed using 
angiography and electrocardiography techniques. The 
results of this study showed that patients with coro-
nary no reflow and no STR (STR<30%) had a higher 
NLR level compared to those with partial to complete 
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STR. They concluded that higher NLR at the time of 
admission in patients with acute myocardial infarc-
tion undergoing primary coronary intervention is 
correlated with coronary no reflow phenomenon and 
poor long term prognosis. The results of their study 
matches our results as well (10).

Conclusion
In our study we evaluated the relationship between 

neutrophil count, lymphocyte count, NLR, RDW, 
PDW and RPR with STR. There was only a significant 
correlation between NLR and STR. NLR was signifi-
cantly lower in patients with STR>70%.

On the other hand, there was a significant relation-
ship observed between all mentioned indexed except 
RDW and PDW with 2 month complications.

It can be concluded that it is possible to use NLR 
and RPR to predict STR and short term complications 
in patients with acute myocardial infarction undergo-
ing primary coronary intervention.

Based on our results, it seems that applying men-
tioned cheap, fast and accessible markers along with 
other prognostic markers and clinical conditions in 
daily practice, can be helpful in prognosis prediction 
and choosing the best treatment strategy (using an-
ti-inflammatory agents such as Canakinumab) in fu-
ture to prevent recurrence of acute coronary infarc-
tion (56,63).
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Aims
Current guidelines recommend that patients with ST-elevation 
myocardial infarction (STEMI) receive primary percutaneous 
coronary intervention (PCI) with a door-to-balloon (D2B) time 
of 90 minutes. This time frame has been difficult to achieve in 
developing countries. We aimed to test the hypothesis that us-
ing WhatsApp for inter-hospital transfer in STEMI primary PCI 
would result in shorter D2B time through avoiding emergency 
department (ED) waiting. 

Materials and methods
In the period from May 2018 to April 2019, 300 patients with 
STEMI treated with primary PCI were prospectively enrolled in a 
multi-center observational study cover-ing 3 PCI-capable centers 
in Cairo city, Egypt. Patients were categorized into 3 groups: 
G-1; Self-presenting to the ED, G-2; Transferred by ambulance 
to the ED and G-3; those transferred from non-PCI capable 
centers directly to catheterization labora-tory (bypassing the 
ED as possible) after the team was pre-activated through an 
ECG image sent using WhatsApp. The primary endpoint was 
between-groups difference in total ischemic and D2B times.

Results
All groups were matched regarding baseline criteria. WhatsApp 
use was associated with significantly shorter D2B time 
(166.5±33.8 vs 157.8±29.6 vs 120.8±35.2 minutes in groups 1, 
2 and 3 respectively, P < 0.001) and shorter total ischemic time 
(258.9±33.9 vs 249.6±29.4 vs 212.7±35.4 minutes in groups 

1, 2 and 3 respectively, P < 0.001). Linear regression showed 
that WhatsApp referral significantly reduces ED waiting time by 
about 20.4 minutes (95% CI -21.6 – -19.3 minutes, P < 0.001).

Conclusions
Using WhatsApp for inter-hospital transfer in primary PCI is 
associated with significantly shorter D2B times.
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Introduction
Primary percutaneous coronary intervention (PCI) 

is the preferred reperfusion strategy in patients with 
St-segment elevation myocardial infarction (STEMI). 
Current guidelines for the treatment of STEMI rec-
ommend a door-to-balloon (D2B) time of 90 minutes 
or less for patients undergoing primary PCI, with the 
D2B time has become a performance measure and is 
the focus of regional and national quality improve-
ment initiatives [1]. This strict time limits for reper-
fusion is stemming from data showing that patients 
with longer D2B times will experience longer periods 
of vessel occlusion, resulting in more ischemia and 
greater necrosis than patients with shorter times to 
treatment [2], and that early reperfusion results in 
superior clinical outcomes, enhanced microvascular 
reperfusion, and better recovery of left ventricular 
function [3]. However, with a closer look, D2B time is 
one component of total ischemic time; so that as D2B 
time is reduced, it becomes a smaller fraction of to-
tal ischemic time, making the time before arrival at a 
hospital a more important factor to focus on. Hence, it 
has been stated that efforts with potential to improve 
outcomes should include increasing patients' aware-
ness of symptoms, reducing the interval from the time 
of symptom onset to treatment, and shortening the 
transfer time between medical facilities [4].
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Accordingly, pre-activation of cardiac catheter-
ization laboratory (CCL) when STEMI is diagnosed 
in the pre-hospital setting has become an increasing-
ly adopted strategy to reduce reperfusion times and 
improve outcomes [5]. This strategy could allow for 
by-passing any emergency department (ED) delays, 
with some evidence now linking this to shorter treat-
ment times without adverse impact on mortality [6].

Unfortunately, many developing countries (includ-
ing Egypt) are lagging behind achieving these strict time 
goals in reperfusion of STEMI. This is due to factors re-
lated to burdened economies which hinders the wide-
spread availability of 24-hour ready primary PCI-capa-
ble centers, making inter-hospital transfer for primary 
PCI or pahr-maco-invasvie strategies more viable op-
tions for many patients [7, 8]. Therefore, any strategy 
that could allow for reduction of STEMI reperfusion in 
developing countries will be a step-forward, and here 
comes the importance of new smartphone technology.

WhatsApp (WhatsApp Inc., Mountain View, CA) 
is a mobile-based software messaging application that 
is used by millions all over the world and allows free 
sharing of text messages, unlimited number of images, 
voice notes and videos. It has been basically used for 
social communication, so it requires very little, if any, 
training. We thought that it may be of considerable 
interest to test the hypothesis if using this application 
for pre-activation of CCL and for inter-hospital trans-
fer for primary PCI between non-PCI capable and 
PCI-capable centers would translate into meaningful 
reduction of reperfusion times of STEMI and poten-
tially in-hospital outcomes.

Patients and methods
Study design

In the period from May 2018 to April 2019, 300 
patients with STEMI treated with primary PCI were 
prospectively enrolled in this multi-center observa-
tional study in 3 PCI-capable centers in Cairo city, 
Egypt. STEMI was defined as follows: ongoing ische-
mic symptoms (within 12 h) together with ST-seg-
ment elevation (measured at the J-point) in at least 
two contiguous leads of 2.5 mm in men < 40 years, 2 
mm in men > 40 years, or 1.5 mm in women in leads 
V2–V3 and/or 1 mm in the other leads [in the absence 
of left ventricular(LV) hypertrophy or left bundle 
branch block (LBBB)] [1]. We excluded patients with 
previous history of documented myocardial infarc-
tion, patients presenting in cardiogenic shock, those 

with other concomitant valvular or structural heart 
diseases and those patients with advanced illnesses 
that limit life expectancy such as terminal cancer and 
advanced chronic kidney or liver diseases.

Enrolled patients were categorized into 3 groups 
based on the mode of presentation to the centers par-
ticipating in the study:
• Group 1: Self-presenting to the ED.
• Group 2: Transferred by ambulance to the ED.
• Group 3: Patients who were transferred directly to CCL 
(bypassing the ED as possible) after the team has been 
alerted and pre-activated through an ECG image sent 
(using WhatsApp) on their route from non-PCI-capa-
ble to the participating PCI-capable centers.

Endpoints
The primary endpoints were between-group dif-

ferences in total ischemic time (defined as time from 
symptom onset to balloon inflation) and D2B time 
(defined as time from arrival to PCI-capable center to 
balloon inflation).

Secondary endpoints were between-group differ-
ences in intra-procedural complications, days of hos-
pital stay, pre-discharge echocardiographic parameters 
(including presence and degree of mitral regurgitation, 
wall motion score index, end diastolic & end systolic 
volumes) and rates of in-hospital all-cause mortality.

Primary PCI
According to the American Heart Association 

(AHA) 2016 criteria for STEMI systems of care [9], for 
the operator to participate in the study by perform-
ing pPCI, he/she should have done at least 11 cases 
of pPCI and a total of 75 PCI procedures per year. All 
centers providing cases for the study are experienced 
pPCI centers with a minimum of 36 cases of pPCI and 
a total of 200 cases of PCI done per year. All patients 
received, on a routine basis, 300 mg acetylsalicylic 
acid and a 600 mg loading dose of clopidogrel (per lo-
cal protocol) before the intervention. Unfractionated 
hepa-rin (UFH) of 10000 units bolus dose was given 
after sheath insertion. The procedure was done ac-
cording to the standard technique for coronary angi-
ography and PCI. Trans femoral approach was done in 
all patients using 6 Fr sheaths. Diagnostic coro-nary 
angiography was done to explore non-infarct related 
artery. XB or Judkin left guide catheters were used for 
lesions in the left system, while Judkin right catheters 
for lesions in right coronary artery (RCA). Thrombus 
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aspiration and glycoproteins inhibitors (Eptifibatide or 
Tirofiban intracoronary bolus followed by intravenous 
infusion for 12 hours) were left at the operators’ discre-
tion. The operator determined the length and diameter 
of implanted stents. Sheaths were removed 4 hours post 
procedure. Coronary angiograms were recorded in 
digital media for quantitative analysis (Dicom-viewer; 
Germany). Digital angiograms were analyzed by two 
independent and experienced cardiologists, who were 
blinded to all data. In case of variabilities, the final de-
cision was made by a consensus. Coronary blood flow 
patterns before and after pPCI were evaluated based 
on thrombolysis in myocardial infarction (TIMI) flow 
grade using grades 0, 1, 2, and 3 [10].

Statistical analysis
The collected data were coded, tabulated, and sta-

tistically analyzed using IBM SPSS statistics (Statisti-
cal Package for Social Sciences) software version 18.0, 
IBM Corp., Chicago, USA, 2009. Descriptive statistics 
were done for quantitative data as minimum& max-
imum of the range as well as mean ±SD (standard 
deviation) for quantitative normally distributed data, 
while it was done for qualitative data as number and 
percentage. Inferential analyses were done for quanti-
tative variables using Shapiro-Wilk test for normality 
testing, ANOVA test with post hoc Bonferroni test 
for more than two independent groups with normally 
distributed data. In qualitative data, inferential anal-
yses for independent variables were done using Chi 
square test for differences between proportions with 
post hoc Bonferroni test. Linear regression was used 
to study independent factors affecting ER time. The 
level of significance was taken at P value < 0.050 is 
significant, otherwise is non-significant.

Results
Three hundred patients with STEMI treated with 

primary PCI were included (100 patients in each 
group). There were no statistically significant differ-
ences between study groups regarding all baseline cri-
teria (Tab 1).

Peri-procedural characteristics of STEMI
We showed no significant difference between study 

groups regarding location of STEMI, use of P2Y12 
inhibitors, glycoprotein 2b/3a antagonists and throm-
bectomy devices.  All groups were also similar in terms 
of stents’ use including types, average lengths and di-

ameters of used stents (Tab 2). Importantly, there was a 
trend towards lesser incidence of any intra-procedural 
complication (total of thrombosis, no-reflow, dissec-
tions and perforations) in group 3 compared to the 
other 2 groups (20 vs 18 vs 8% in groups 1, 2 and 3 
respectively, P= 0.041). There was also a significantly 
higher rate of obtaining TIMI-3 flow after primary PCI 
in group 3 compared to the other 2 groups (Tab 2).

Key time intervals
All key time intervals were significantly shorter in 

group 3 compared to the other 2 groups. For the ED 
time (30.9±4.6 vs 26.9±5.2 vs 6.5±1.5 minutes in groups 
1, 2 and 3 respectively, P < 0.001). For the D2B time 
(166.5±33.8 vs 157.8±29.6 vs 120.8±35.2 minutes in 
groups 1, 2 and 3 respectively, P < 0.001). For the total 
ischemic time (258.9±33.9 vs 249.6±29.4 vs 212.7±35.4 
minutes in groups 1, 2 and 3 respectively, P < 0.001). 
(Fig 1). Linear regression analysis considering transfer 
by ambulance (group 2) as a reference condition with 
a mean ED time of 26.9 minutes, self-presentation to 
emergency room (group 1) significantly increase the 
time by about 4.0 minutes (95% CI 2.8–5.1 minutes, 
P < 0.001), while WhatsApp referral (group 3) signifi-
cantly reduces it by about 20.4 minutes 95% CI -21.6  –  
-19.3 minutes, P < 0.001). This model explains 87.1% 
of the variability of ED time in our study. No other fac-
tors/covariates were significant.

In-hospital echocardiographic parameters 
and clinical outcome

Patients in group 3 showed a significantly lesser 
propensity to develop mitral regurgitation (MR), with 
non-significant difference between groups regarding 
MR severity. End-systolic volume (ESV) and end-dia-
stolic volume (EDV) were significantly lesser in group 
3 compared to the other 2 groups. Left ventricular 
ejection fraction (LVEF) [as assessed by Simpson’s 
method] was significantly higher in group 3 com-
pared to the other 2 groups. Wall motion score index 
(WMSI) was significantly lesser in group 3 compared 
to the other 2 groups (Tab 3).

In-hospital stay was significantly shorter in group 
3 compared to the other 2 groups (4.2±0.8 vs 4.2±0.8 
vs 3.8±0.6 days for groups 1, 2 and 3 respectively, P < 
0.001 for group 1 vs others). There was a trend towards 
reduced all-cause mortality in group 3 compared to 
the other 2 groups (12 vs 11 vs 3% in groups 1, 2 and 3 
respectively, P = 0.046 for group 1 vs others).
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Table 1. Baseline criteria of study population

Variables Group-1 (N=100) Group-2 (N=100) Group-3 (N=100) p

Age (years)
Mean ±SD 57.0±5.3 56.6±6.3 57.2±6.4 ^0.791

Range  45.0–70.0 39.0–69.0 40.0–71.0

Sex (n, %)
Male 76 (76.0%) 77 (77.0%) 74 (74.0%) #0.881

Female 24 (24.0%) 23 (23.0%) 26 (26.0%)
Obesity (n, %) 25 (25.0%) 24 (24.0%) 26 (26.0%) #0.948
Smoking (n, %) 69 (69.0%) 65 (65.0%) 70 (70.0%) #0.725

DM (n, %) 56 (56.0%) 54 (54.0%) 52 (52.0%) #0.851
HTN (n, %) 73 (73.0%) 76 (76.0%) 74 (74.0%) #0.885

Dyslipidemia 35 (35.0%) 34 (34.0%) 38 (38.0%) #0.828
FH of CAD (n, %) 21 (21.0%) 22 (22.0%) 20 (20.0%) #0.942
PH of CAD (n, %) 31 (31.0%) 32 (32.0%) 29 (29.0%) #0.896

PH of coronary interventions (n, %) 8 (8.0%) 9 (9.0%) 9 (9.0%) #0.959

^ANOVA test, #Chi square test

CAD= Coronary artery disease, DM= Diabetes mellitus, FH= Family history, HTN= Hy-pertension, PH= Past history

Table 2. Peri-procedural characteristics of STEMI

Variables Group-1 (N=100) Group-2 (N=100) Group-3 (N=100) p

Location
(n, %)

Inferior 55 (55.0%) 59 (59.0%) 56 (56.0%)
#0.840Anterior 38 (38.0%) 36 (36.0%) 35 (35.0%)

Lateral 7 (7.0%) 5 (5.0%) 9 (9.0%)

P2Y12
(n, %)

Clopidogrel 83 (83.0%) 80 (80.0%) 79 (79.0%)
#0.757

Ticagrelor 17 (17.0%) 20 (20.0%) 21 (21.0%)
GP2b/3a (n, %) 22 (22.0%) 21 (21.0%) 21 (21.0%) #0.980

Thrombectomy (n, %) 19 (19.0%) 23 (23.0%) 20 (20.0%) #0.768
Stent (n, %) 100 (100%) 100 (100%) 100 (100%) --

Stent type 
(n, %)

BMS 28 (28.0%) 26 (26.0%) 28 (28.0%)
#0.935

DES 72 (72.0%) 74 (74.0%) 72 (72.0%)

Length (mm)
Mean ±SD 22.8±6.4 21.6±4.7 21.6±5.3

^0.227
Range  12.0–38.0 9.0–33.0 10.0–33.0

Diameter (mm)
Mean ±SD 2.9±0.3 2.9±0.2 2.9±0.2

^0.108
Range  2.3–3.5 2.5–3.8 2.5–3.5

Complications

TIMI flow 
Before 
(n, %)
After
(n, %)

Thrombosis 8 (8.0%) 8 (8.0%) 3 (3.0%) #0.245
No reflow 5 (5.0%) 4 (4.0%) 3 (3.0%) &0.932
Dissection 4 (4.0%) 4 (4.0%) 1 (1.0%) &0.405
Perforation 3 (3.0%) 2 (2.0%) 1 (1.0%) &0.874

Any 20 (20.0%) a 18 (18.0%) a 8 (8.0%) b #0.041*
Grade-0 100 (100.0%) 100 (100.0%) 100 (100.0%) --
Grade-II 21 (21.0%) a 14 (14.0%) a 2 (2.0%) b

<0.001*
Grade-III 79 (79.0%) 86 (86.0%) 98 (98.0%)

^ANOVA test & Fisher's Exact test. #Chi square test with post hoc Bonferroni test (ho-mogenous groups had the same letter "a, 
b"). * = Significant

BMS= Bare metal stents, DES= Drug eluting stents, GP 2b/3a= Glycoprotein 2b/3a inhib-itors, TIMI= Thrombolysis in myocardial 
infarction
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Discussion
“Time is muscle” when it comes to emergent reper-

fusion of patients presenting with STEMI. Therefore, 
recent guidelines still recommend strict time frames 
for primary PCI in the setting of STEMI (with a D2B 
time of < 90 minutes) [1]. In recent years, the focus 
has shifted towards reduction of out-of-hospital com-
ponent of the total ischemic time, but these efforts are 
faced with some difficulties related to public aware-
ness, traffic infrastructure, etc. [11]. One of the com-
ponents of the D2B time is the ED waiting time, which 
can be reduced by a strategy of pre-activation of the 
CCL team before patient arrival [5]. This requires a 
communication between non-PCI capable and PCI 
capable centers through an established system. Con-
struction of such a system in many developing coun-
tries with burdened economies (including Egypt) 

Table 3. In-hospital echocardiographic parameters

Variables Group-1 (N=100) Group-2 (N=100) Group-3 (N=100) p
MR (n, %) 14 (14.0%) a 12 (12.0%) a 3 (3.0%) b #0.020*

MR grade  
(n, %)

Mild 11 (78.6%) 10 (83.3%) 3 (100.0%)
&1.000

Moderate 3 (21.4%) 2 (16.7%) 0 (0.0%)

ESV (ml)
Mean ±SD 85.2±4.1 a 84.3±3.8 a 74.8±4.1b ^

<0.001Range  77.9–93.0 78.1–92.8 60.6–81.7

EDV (ml)
Mean ±SD 163.2±3.3 a 163.4±3.3 a 159.8±3.9b ^

<0.001Range  154.7–171.2 154.5–170.0 148.4–169.6

EF (%)
Mean ±SD 47.8±2.4a 48.4±1.9a 53.2±1.8b ^

<0.001Range  40.0–51.0 41.0–51.0 51.0–60.0

WMSI
Mean ±SD 1.8±0.08a 1.8±0.06a 1.6±0.07b ^

<0.001Range  1.70–2.00 1.70–2.00 1.40–1.70

^ANOVA test with post hoc Bonferroni test. #Chi square test with post hoc Bonferroni test & Fisher's exact test. Homogenous 
groups had the same letter "a, b") *Significant

EDV= End-diastolic volume, EF= Ejection fraction, ESV= End-systolic volume, , MR= Mitral regurgitation, WMSI= Wall motion 
score index

Figure 1. Key time intervals among study groups.
D2B= Door-to-balloon , ED= Emergency department

may not be ready for the prime time. Accordingly, 
we set out to test the hypothesis that utilizing free 
smartphone messaging applications that are used by 
millions all over the world such as WhatsApp for in-
ter-hospital transfer for primary PCI in STEMI could 
translate into reduction of D2B times through avoid-
ing ED waiting.

Our main finding is that using WhatsApp for 
pre-activation of CCL teams during inter-hospital 
transfer for primary PCI in STEMI was associated 
with a significant reduction in ED waiting times and 
hence D2B times and total ischemic time as well. To 
the best of our knowledge, data on using smartphone 
messaging applications for facilitating inter-hospital 
transfer for primary PCI in STEMI are scarce and this 
is the 1st study on a national base and may be in the 
Arab world evaluating this issue.

Astarcioglu et al [12] evaluated 108 patients with 
STEMI in a rural hospital with emergency department 
but without PCI capability to determine the impact of 
WhatsApp triage and activation of the CCL team on 
D2B time. They found that this strategy was associ-
ated with shorter D2B time (109±31 minutes in the 
intervention group vs. 130±46 minutes in the control 
group, p<0.001) and results in a greater proportion of 
patients achieving guideline recommendations. An-
other study [13] showed that smartphone-based Tele-
ECG support for primary care physicians reduced the 
hospital-to-Aspirin time in acute coronary syndrome 
significantly (p<0.0001). Another unpublished work 
presented at the Argentine Congress of Cardiology 
(SAC 2017) [14] concluded that among 900 STEMI 
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patients, symptom-onset-to-treatment time was sig-
nificantly lower for those in the WhatsApp group 
compared with the other patients 150 vs 200 minutes 
(P < 0.001).

The novelty of the current study (apart from be-
ing the 1st on a national base and may be in the Arab 
world) emerges from the fact that we not only eval-
uated the impact of WhatsApp transfer on key time 
intervals, but also we discussed in details its impact on 
various important echocardiographic parameters and 
selected in-hospital outcomes (namely, hospital stay 
and all-cause in-hospital mortality). Notably, the D2B 
times in the current study were exceedingly higher 
than what’s recommended in the guidelines (this was 
true even among the group with the best-case-scenar-
io ‘group 3’). Taking the observational nature of the 
current study into consideration, this might represent 
a call for action, that much effort is still needed to the 
close the gap between the real situation in a develop-
ing country like Egypt and the guideline-recommend-
ed time frames.

Two main limitations deserve mention, first, the 
relatively small sample size did not allow the power for 
calculation of the full spectrum of in-hospital clinical 
outcomes. Second, no formal calculation of the door-
in-door-out (DIDO) time was done. This is because 
patients in groups 1 and 2 were mixed population (in-
cluding those who were transferred from a non-PCI 
capable centers and those who presented directly to 
the PCI centers included in the study).

Conclusions
Using smartphone messaging applications such 

as WhatsApp for pre-activation of CCL teams during 
inter-hospital transfer for STEMI primary PCI is as-
sociated with scientifically shorter ED waiting and 
D2B times. This might be relevant for develop-ing 
countries lacking inter-hospital robust communica-
tion systems. Adequately powered randomized trial is 
needed to evaluate the impact of such a strategy on 
clinical outcomes.
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Abstract
This paper presents some results of a comparative analysis of 
characteristics of electrodes to estimate the accuracy of record-
ing long-term ECG signal parameters. To obtain the character-
istics of the analyzed electrodes of various types, the resistance 
values of the contact conductive substance of each of them were 
measured. The relationship of the measured characteristics of 
the electrodes is analyzed, and the accuracy of recording ECG 
signal parameters, using the basics of statistical decisions, is es-
timated. The analysis results show that the harder the contact 
conductive substance of the electrodes, the more accurately re-
corded ECG signal parameters. 
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Introduction
Long-term ECG signal parameter monitoring is 

used today as the main method for detecting sud-
den and hidden forms of disturbances in the normal 
functioning of the heart rhythm [1-3]. This method 
allows recording the heart bioelectric activity for 12 
and 24 hours, in some cases it is used to record the 
heart activity even for 72 hours [1-3]. An analysis of 
long-term recordings of ECG signals is carried out 
by measuring its amplitude-time parameters using 
computerized algorithms for primary and secondary 
data processing [4-6]. As a rule, the veracity of these 
algorithms is highly dependent on the quality and the 
quantity of the electrodes used, which are responsible 
for the ECG signal formation against the background 
of interference. It is known that during recording, in 
acquisition of the ECG signals, additive interference 
of various origin and intensities occurs, the analysis of 
which is well described in [7,8].

Our survey of the scientific literature [9-17] made it 
possible to classify the electrodes of long-term record-
ing of ECG signals into three types: dry, capacitive, and 
wet. The listed types of electrodes differ among them-
selves in some features. We briefly review that the dry 
and capacitive electrodes of the ECG signals are very 
susceptible to causing their own interference, similar 
to motor disturbances (interference, artifacts) [12-15]. 
The presence of such interference can lead to difficul-
ties in recognizing motor interference during the selec-
tion of a specific algorithm for the primary processing 
(filtering) of long-term recording data. In addition, the 
capacitive sensor circuit is based on a high-pass filter, 
which, recording the information signal by itself, can 
distort it at low frequencies, which may require addi-
tional correction of ECG signal parameters [9, 10, 15]. 
Such a distortion of the recorded signal can be interpret-
ed as variations in frequency response of the recording 
channel. At the same time, it was noted in [13–15] that 
the degree of development and introduction of dry elec-
trodes is not very high due to the need for additional 
studies to identify the significance of their practical use. 

According to numerous studies, capacitive elec-
trodes, unlike dry electrodes, are attached to certain 
specific human clothing while recording long-term 
ECG signals, since they have high sensitivity. The results 
of using capacitive electrodes for recording long-term 
ECG signals are presented in more detail in [16, 17]. 
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The wet electrodes are deprived of the above listed 
features of the dry and capacitive electrodes. Due to 
their good adhesive ability and wet contact conduc-
tive substance (CCS), they are widely used at present. 
However, the veracity of long-term recording ECG 
signals [2,3] also depends on their quality, which con-
firms their relevance for our analysis.

Our survey of the earlier reference literature [18] 
allows us to note that to improve the quality of record-
ing long-term ECG signals, a layer of special paste can 
be placed on top of wet electrodes to reduce the inte-
relectrode resistance, including the resistance of the 
skin-electrode transitions. This technology, however, 
during long recordings, strongly distorts the signals 
parameter due to the formation of a double electric 
layer at the electrode surface. On this basis, in [19], 
to measure the resistance of the skin-electrode transi-
tions, it was proposed to use a circuit diagram, where, 
for the synthesis of parameters, it is necessary to take 
into account the actual thickness of a layer of the hu-
man skin. With this estimation, the greatest difficulty 
is the assessment of the actual thickness of the skin 
layer, which is individual in each human subject. At 
the same time, in [20], tendencies to the use of wet 
electrodes were noted and introductory remarks were 
made on their use for long-term recording of ECG 
signals. Also, in the same work, a method for esti-
mating the quality of suction cup metal electrodes 
for short-term recording of ECG signals is proposed. 
The quality assessment of suction cup electrodes in 
the work was determined with the use of specialized 
physicochemical solutions, where the electrodes were 
submerged in the isotonic solution followed by mea-
suring their resistance with a multimeter to obtain the 
required characteristics. More detailed results of this 
study are presented in [20].

Thus, our survey of the above works reveals that 
a quantitative assessment of the quality for wet elec-
trodes in long-term recording ECG signals in the ref-
erence literature has not been adequately addressed. 
Therefore, this article is devoted to an analysis of their 
characteristics. Here we analyze the results of mea-
surements of the resistance of contact conductive sub-
stance (CCS) of the wet electrodes and their relation-
ship with veracity of ECG signal parameter recording.

Aim
We have formulated our aim hereof as follows: a 

comparison of the characteristics of the electrodes to 

estimate the accuracy of the recording parameters of 
long-term ECG signals.

Materials and methods
In the study, to assess the accuracy of the record-

ing, 4 different types of wet electrodes were included, 
which differed from each other in CCS. To estimate 
the recording quality, we selected the following widely 
used wet electrode models: “H92SG”, “H99SG”, “MS-
GLT-05MGRT” and “M2202A”. Our analysis of the 
CCS characteristics of the wet electrodes was carried 
out after measuring the resistance values, using a dig-
ital multimeter (10 electrodes of each of the above 
models). To achieve the aim of the study, the analysis 
of the characteristics of the electrodes was carried out 
in 3 stages, as designed below.

Stage 1. To estimate the drying time of the con-
tact conductive substance electrodes after opening. 
Evaluation of the CCS drying time was carried out by 
measuring the electrical resistance of each of the 10 
electrodes used for half an hour at an interval of every 
10 minutes.

Stage 2. Estimate contact conductive substance 
electrodes with long contact with the skin. At this 
stage, wet electrodes, which are most resistant to dry-
ing after opening, are analyzed (according to the re-
sults from stage 1). The stage offers an analysis of CCS 
of the selected electrodes upon 12 and 24 hours of 
their activity on the surface of the human skin. At this 
stage, quantitative characteristics have been collected 
from 20 electrodes from each of the two manufactur-
ers. These electrodes were separated into two groups, 
10 pieces in each, to assess their 12- and 24-hour ac-
tivity. The total number covered 40 electrodes. The 
reference value of the resistance of the CCS electrodes 
before their attachment to the surface of the human 
skin was measured with a multimeter and then was 
compared with the resistance identified upon their 
12- and 24-hour activity on the skin surface. The 
measurements of the values and the attachment pro-
cedures of the electrodes were performed under the 
same conditions in the absence of any extraneous fac-
tors, which might affect the experiment conducted.

Statistical processing of measurement data
Statistical processing of the measured resistance 

values obtained in stages 1 and 2 was carried out at 
a confidence level of P=0.95 with a significance lev-
el α=0.05. This significance level was chosen taking 
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into account the fact that in engineering systems and 
biomedical measurements these values are in most 
common use, for example [21-25]. The results of re-
sistance measurements for the selected confidence 
probability P=0.95 were recorded by calculating the 
following statistical indicators [21-23]:
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where: xi – measured values, X – mean value mea-
surement result, n – the number of measurements, σ – 
mean square error of measurement, σx – mean square 
error of arithmetic mean value X , Δx(P) – confidence 
interval for random measurement error, tα=0,05 – Stu-
dent's quantile of distribution at (n-1) for confidence 
probability P=0,95. Similarly to the above formulas 
(1) – (4), for the resistance values of 10 electrodes, the 
following is obtained:
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where Ri – measured resistance values, R – mean value 
resistance, n – measurement numbers, σR – mean square 
error measurements R, σR – standard deviation arith-
metic mean value R, Δx(P) – confidence interval for 
random measurement error resistance, tα=0,05 = 2,26 – 
the table value of the quantile of the Student distribu-
tion at (n-1) for tα=0,05 at P=0,95 [21, 22]. 

Stage 3. To estimate of the probability of accurate 
recording of parameters of long-term ECG signals. A 
comparative analysis of the probabilistic estimates of 
the accurate recording of ECG signal parameters was 
carried out using 4 types of selected wet electrodes 
at the experimental level. To obtain an adequate and 
more reliable estimate of recording of long-term ECG 
signals, the 12-lead INCART Holter Monitor was 

used. The long-term 12 lead-recording of the signals, 
using the selected monitor, allows us to reliably re-
cord low-amplitude portions due to a multi-bit ana-
log-to-digital converter with a sampling frequency of 
1000 Hz [26.27]. 

Long-term ECG signals were recorded in a hu-
man individual in an upright position in the absence 
of physical activity. For an extended estimate of the 
accuracy of recording ECG signals, the number of 
reliably and erroneously recorded signal parameters 
was calculated relative to the total number of records. 
The P-waves, the T-waves, and the QRS complexes of 
the ECG signals were taken in consideration as the re-
corded parameters for the purpose of the calculation. 
For the probabilistic estimate of the recording accura-
cy of the above listed parameters, the following statis-
tical indicators were used [28]:
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100%F
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= ⋅                            (10)

where NT – the number of true recorded signal pa-
rameters, NF – the number of false recorded signal 
parameters, N — the total number of analyzed signal 
parameters.

A graphical representation of the measured and 
calculated data, namely, in the form of a box plot for 
the resistance values, a histogram of true and false 
signal recording, and the construction of the violin 
plot of P waves were completed utilizing the Python 
Graphing Library, Plotly [29].

Results and Discussion
The results of measuring the resistance values, 

when estimating the drying time of the CCS elec-
trodes, were obtained by the direct measurement 
method. Figures 1 and 2 herein show the CCS resis-
tance of wet electrodes of selected types; the numbers 
from 1 to 3 indicate the measurement results 10, 20 
and 30 minutes after opening, respectively. Statistical 
processing of the obtained numerical values for the 
selected confidence probability is presented in Table 
1 herein.

An analysis of the results allows us to put for-
ward our proposition that the values of the CCS 
resistance between the measurements of wet elec-
trodes “H92SG” and “H99SG” have a significant-
ly greater tendency to increase than those for the 
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a)

a)

b)

b)

Figure 1. Contact conductive substance resistance of wet electrodes. a) "H92SG"; b) "H99SG"

Figure 2. Contact conductive substance resistance of wet electrodes. a) «MSGLT-05MGRT»;  b) «М2202А»

Table 1. Resistance values of contact conductive substance wet electrodes

No. Electrode types
The measurement result for the confidence probability  

P=0,95 (α=0.05 → tα ,9=2,26; n-1)
RI , kOhm RII , kOhm RIII , kOhm

1 H92SG (79,348±0,313) (150,316±0,385) (303,556±0,407)
2 H99SG (174,46±0,452) (201,471±0,305) (414,598±0,409)
3 MSGLT-05MGRT (30,623±0,443) (73,009±0,266) (80,163±0,384)
4 М2202А (21,523±0,359) (30,458±0,297) (40,527±0,414)

“MSGLT-05MGRT” and “M2202A”electrodes. This 
can be estimated by the arithmetic mean values of 
the CCS resistance for the selected types of wet elec-
trodes. The true (arithmetic mean) values of the CCS 
resistance with a confidence probability of P=0.95 
for the H92SG and H99SG electrodes were 79.348 
kOhm and 174.46 kOhm for the first measurement, 
150.316 kOhm and 201.471 kOhm for the second 
measurement and 303.556 kOhm, respectively, and 
414.598 kOhm for the third measurement case. The 
true (arithmetic mean) values of the CCS resistance 
for the MSGLT-05MGRT and M2202A electrodes 

with a confidence probability of P=0.95 were 30.623 
kOhm and 21.523 kOhm for the first measurement, 
73.009 kOhm and 30.458 kOhm for the second 
measurement and 80.163 kOhm, respectively, and 
40.527 kOhm for the third measurement case. The 
high variability of the true (arithmetic mean) values 
of the CCS resistance between measurements for 
the H92SG and H99SG electrodes, in comparison 
with the MSGLT-05MGRT and M2202A electrodes, 
shows their quick drying after opening. 

The true (arithmetic mean) values of the contact 
conductive substance resistance for electrodes “MS-
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Figure 3. Long-term study of CCS wet electrodes. a) "MSGLT-05MGRT"; b) "M2202A"

GLT-05MG” and “М2202А” between the first, sec-
ond and third measurements show less variability. On 
average, the CCS resistance for the last two types of 
wet electrodes is not more than 100 kOhm (see, for 
example, Table 1). The last two proven wet electrode 
types were selected to analyze their quantitative char-
acteristics in long-term use for 12 and 24 hours. The 
obtained quantitative values are presented in Figures 
3 and 4 and in Table 2 herein.

The obtained graphic (Figure 3) and statistical pro-
cessing results (Table 2) demonstrate that the resistance 
values of the CCS electrodes of the MSGLT-05MGRT 
electrodes after 12 and 24 hours (40.538 kOhm and 
46.620 kOhm) have insignificant differences, whereas 
the resistance values of CCS for electrodes “M2202A” 
(47.879 kOhm after 12-hour activity, 64.350 kOhm 
after 24-hour activity on the skin surface) show very 
significant differences in comparison with the refer-
ence values. The values of the true (arithmetic mean) 
resistance of the CCS for the confidence probability 
P=0.95 are presented in Table 2 herein. 

Besides, the fact that there is a difference in 
the measured values of the CCS resistance during 
long-term studies for the "MSGLT-05MGRT" and 
"M2202A" electrodes is explained by the harder or 
liquid state of the CCS. Electrodes with the liquid 
CCS during contact with the skin in long-term stud-
ies show a tendency to change their control charac-
teristics, which can be interpreted due to spreading of 
CCS over the established area in the measuring cell of 
the electrode. This can be confirmed by the calculated 
values of the random error according to the criterion 
± tσ for a confidence probability of P=0.95, see Table 2 
herein. The greater the value of this criterion, the wid-
er the border of the whiskers of the box plot, and, as a 

a) b)

Figure 4. Difference in characteristics between two wet ECG 
electrodes

consequence, the greater the error associated with the 
spreading of liquid CCS during long-term studies, see 
Figure 4 herein. The measurement results for the elec-
trodes with solid CCS, namely for “MSGLT-05MGRT”, 
demonstrate the smallest value of the ±tσ criterion, 
and the narrowness of the whiskers boundaries (box 
plot) shows the smallest spreading of the CCS during 
long-term studies (see Figure 4 herein). 

An analysis of the relationship of the above charac-
teristics of the resistance of the CCS wet electrodes was 
performed together with the estimate of the veracity of 
recording of long-term ECG signal parameters. Using 
a Holter monitor, the 12-lead long-term ECG signals 
were recorded with the use of the studied of electrode 
types, each recording consisted of 81 cardiac cycles. All 
recorded signals were manually calculated for the num-
ber of authentically and erroneously recorded waves P, 
T, and the QRS complexes, then using (9) and (10) the 
probability of true and false recording of each signal el-
ement was calculated. The calculated probability values 
for various electrodes are presented in Table 3 herein. 
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Table 2. Resistance of CCS electrodes for12 and 24 hours

No. Electrode types
The measurement result for the confidence probability

(α=0.05 → tα ,9 =2,26)
R control, kOhm R12 hours, kOhm R control , kOhm R24 hours, kOhm

1 MSGLT-05MGRT (30,624±0,153) (40,538±0,095) (30,622±0,106) (46,620±0,121)
2 М2202А (21,531±0,440) (47,879±0,740) (21,520±0,328) (64,350±0,609)

Table 3. Assessment of the probabilities of veracity and erroneous recording of leads

No. V1 V2 V3 V4 V5 V6 I III aVR aVF II aVL

PT(P), %

* 65,4 64,1 75,3 53,1 61,7 70,3 67,9 62,9 67,9 61,8 58,1 67,9
** 80,2 70,4 85,1 86,4 88,8 85,1 54,3 77,7 86,4 79,9 83,4 74,1
*** 95,1 93,9 97,5 96,2 93,9 95,1 96,2 92,5 95,1 97,5 93,8 96,2
**** 70,4 74,1 87,6 88,8 79,1 74,1 54,3 69,1 92,5 88,8 70,3 90,1

PF(P), %

* 34,6 35,9 24,7 46,9 38,3 29,7 32,1 37,1 32,1 38,2 41,9 32,1
** 19,8 29,6 14,9 13,6 11,2 14,9 45,7 22,3 13,6 20,1 16,6 25,9
*** 4,9 6,1 2,5 3,8 6,1 4,9 3,8 7,5 4,9 2,5 6,2 3,8
**** 29,6 25,9 12,4 11,2 20,9 25,9 45,7 30,9 7,5 11,2 29,7 9,9

PT(QRS), %

* 100 100 100 100 100 100 100 100 100 100 100 100
** 100 100 100 100 100 100 100 100 100 100 100 100
*** 100 100 100 100 100 100 100 100 100 100 100 100
**** 100 100 65,5 100 100 100 100 100 100 100 100 100

PF(QRS), %

* 0 0 0 0 0 0 0 0 0 0 0 0
** 0 0 0 0 0 0 0 0 0 0 0 0
*** 0 0 0 0 0 0 0 0 0 0 0 0
**** 0 0 34,5 0 0 0 0 0 0 0 0 0

PT(T), %

* 100 100 100 100 100 100 100 100 100 100 100 100
** 100 100 100 100 100 100 85,1 100 100 100 100 100
*** 100 100 100 100 100 100 100 100 100 100 100 100
**** 100 100 100 100 100 100 100 100 100 100 100 100

PF(T), %

* 0 0 0 0 0 0 0 0 0 0 0 0
** 0 0 0 0 0 0 14,9 0 0 0 0 0
*** 0 0 0 0 0 0 0 0 0 0 0 0
**** 0 0 0 0 0 0 0 0 0 0 0 0

Note. The results of calculating the probabilities for the electrodes are indicated. Legend:

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

The obtained results of the probability calculations 
show that in all records of real 48 long ECG signals, 
the main share of erroneous recording (formation) 
refers to the P waves of the signal, errors, which are 
found for all leads. It is known that the complexity 
of the reliable recording of the morphology of a giv-
en wave is determined by its low-amplitude feature in 
comparison with QRS complexes and T-waves [30]. It 
is important to note that of all the records of the ana-
lyzed leads only for leads V3 and I there is a recording 
error for the QRS complexes and the T waves, which 
make up 34.5% and 14.9% of all signal elements. In Ta-
ble 3 you can also see that an error in the recording of 

these parameters in the study was found for electrodes 
with the liquid CCS. 

Thus, it will be advisable to present the share of the 
true and false recordings of P wave morphologies of the 
ECG signal for each lead in the form of a histogram. 
The histograms of the obtained estimates are presented 
in Figures 5-8 herein.

Figures 9, 10 show a violin plot showing the dis-
tribution of the share of true and false recordings of P 
wave morphologies of the ECG signals for all leads re-
corded by the analyzed types of wet electrodes. It is im-
portant to note that in Figure 9 the data distribution is 
presented without leads aVL, II. The feasibility of such 
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Figure 5. Histogram of the recording of P wave morphology of ECG signals of electrodes "H92SG"

Figure 6. Histogram of the recording of P wave morphology of ECG signals of electrodes "H99SG"

Figure 7. Histogram of the recording of P wave morphology of ECG signals of electrodes “MSGLT-05MGRT”

Figure 8. Histogram of the recording of P wave morphology of ECG signals of electrodes “М2202А”
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a presentation is to evaluate the parameters of the ECG 
signals for 10 of each electrodes type during long-term 
recording. Note that the last two leads are formed as 
follows [30]:

II = I + III

2
I IIIaVL −

=

The results illustrated by Figures 9, 10 demonstrate 
that when recording P waves with H99SG electrodes, 
there are values that go beyond the boundaries of 
the whiskers –outliers, presented on the violin plot. 
Also, these outliers indicate that the recording of the 
P waves by electrodes of these types, relative to other 

Figure 9. Violin plot of P waves of ECG signals without leads aVL and II for 10 electrodes. 
Legend: *H92SG, **H99S, ***MSGLT-05MGRT, ****M2202A.

Figure 10. Violin plot of P waves of ECG signals with leads aVL and II. 
Legend: *H92SG, **H99SG, ***MSGLT-05MGRT, ****M2202A.

brands, differs significantly in the level of veracity and 
recording error that can be associated with the high-
est resistance value of CCS. Besides, comparing these 
conclusions with the data in Table 3 herein, it can be 
noted that the minimum probability of a reliable re-
cord for this electrode is 54.3% for lead I, which is il-
lustrated by outliers in Figures 9 and 10 herein.

Significant data were obtained upon the results 
of our comparative analysis of the resistance values, 
when estimating the drying time of the CCS electrodes 
after opening, as well as upon the results after their 
long operation (12 and 24 hours) on the surface of the 
human skin. Based on these data, we can conclude 
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that electrodes with a solid contact conductive sub-
stance have the best characteristics suitable to use in 
long-term monitoring of ECG signal parameters. This 
conclusion is confirmed by the results of our compar-
ative analysis of the probabilities of true (veracity) and 
false recording of ECG signal parameters obtained us-
ing 12-lead Holter monitors. Using a 12-lead Holter 
monitor allows us to determine the boundaries of the 
waves and ECG signal complexes [26], which made 
it possible to calculate the probability fraction of true 
and false recordings in estimating the parameters of 
long-term ECG signals for each type of the electrodes 
considered.

Conclusions
Thus, the paper presents the results of our compar-

ative analysis of the characteristics of wet electrodes 
to estimate the accuracy of recording parameters of 
long-term ECG signals. For electrodes with hard con-
tact conductive substance, the probability of true (ve-
racity) recording of ECG signal parameters is signifi-
cantly higher. Such electrodes are less susceptible to 
drying both after their opening and under the condi-
tions of prolonged monitoring. At the same time, liq-
uid contact conductive substances during long-term 
monitoring are deformed, and go beyond the estab-
lished area, thereby reducing the accuracy of record-
ing of ECG signal parameters.
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The Nobel Сongress has 
completed its work in Tambov

The Nobel Congress, the XII International Meet-
ing-Conference of Nobel Prize winners and Nobelists 
"Science, Technology, Society and the International 
Nobel Movement", dedicated to the 120th anniversary 
of the Nobel Prizes, the 160th anniversary of the birth 
of Emanuel Nobel (1859-1932), the 180th anniversary 
of the first Nobel laureate in literature A. Sully-Pru-
dom (1839-1907) and the 190th anniversary of the 
birth of Robert Nobel (1829-1896) was held from Oc-
tober 2 to 5, 2019 in Tambov (Russia).

The aim of the Congress is to expand and strength-
en mutual cooperation between the nobelists in Rus-
sia and abroad, summarize and determine ways for 
further development of Nobelistics and International 
Nobel Movement, including their integration into the 
global scientific and educational sphere.

Organizers of the Congress are the following: the 
International Nobel Information Center (INIC) (Rus-
sia, Tambov); The Tambov Regional Branch of the 
Russian Academy of Natural Sciences (Russia, Tam-
bov); Russian New University (Russia, Moscow); The 
Tambov State Engineering University (Russia, Tam-
bov); Non-public joint-stock company SALUS (Rus-
sia, Moscow).

The thematic focus of the Congress has been estab-
lished 30 years ago, and it covers the following: the life 
and work of A. Nobel and all representatives of the No-
bel dynasty, the Nobel Prizes, the Nobel Foundation and 
Committees, the Nobel companies, the life and work of 
Nobel Prize winners (including scientific, literary and 
political activities), analysis of the winners’ work and 
the development of their ideas, the international Nobel 
movement, the Nobel actions in the world, the Nobel 
information scientometrics and bibliometry as well as 
other aspects of Nobelistics. In addition to the regular 
Nobel theme, reports have been presented in two new 
areas: “Problems of talent and genius” and “The No-
bel-level research”. Within the framework of the Con-
gress, on October 1, 2019, the following two lectures 
by Doctor of Physical and Mathematical Sciences, Pro-
fessor A.V. Savvateev (Mos-cow), have been held at the 
Skolkovo-Tambov School: “Motivation for introducing 
complex numbers: Cardano-Tartaglia-Ferrari formulas 
and how to understand them” and “The mathemati-
cian’s look at the Nobel Prize in economics: three priz-
es – three fates: K. Arrow, J. Nash and L. V. Kantorovich”.

Opening Ceremony of the Congress: Prof. V.M. Tyutyunnik is 
speaking; Left is Prof. N.N. Corpan (Austria)

Not only Russian nobelists, but also scientists from 
Austria, Belarus, Germany, Greece, Israel, Italy, the 
Netherlands, the USA, Japan and others took an ac-
tive part in all Congress events. The total number of 
participants in the Congress is 47 from 11 countries; 
they have submitted 34 reports.

At the Congress, reports and discussions have ad-
dressed the following current issues in science, tech-
nology, modern society, nobelistics and the Interna-
tional Nobel Movement:



74 | Cardiometry | Issue 15. November 2019

- effectiveness of science and the problems of cita-
tion in publications, dedicated to the 120th anniversa-
ry of the Nobel Prizes;

- historical aspects of the Nobel family activities: 
dedicated to the anniversaries of Robert and Emanuel 
Nobel;

- Nobel prizes as a phenomenon of world culture;
- activities of the Nobel Committees and Award 

Organizations aimed at awarding the Nobel prizes in 
various categories;

- activities of Nobel laureates (in physics, chemis-
try, physiology or medicine, literature, the world, 
economics),\ as representatives of the largest scientif-
ic schools, on the one hand, and as examples of top 
achievements in modern global science, technology, 
literature, politics and economics, on the other hand;

- issues of the Nobel movement in Russia and other 
states, its modern realities and prospects, possibility of 
combining the efforts of the world scientific and edu-
cational community in the direction of further devel-
opment of the intellect of nations and their peaceful 
coexistence;

- the problem of emotions mapping;
- decoding the biological reaction of living sub-

stances to ultra-temperature exposure;

- treatment with cryosurgery for intraepithelial le-
sions of the lower genital tract and vulvar cancer;

- applied aspects of new science Cardiometry and 
biophysical phenomena in the blood flow system;

- scientific and applied developments of transonic 
combustion;

- problems of talent and genius in science and art, 
intensity of artistic creation, relationship between cre-
ativity and education.

For the first time, the genius children from Tash-
kent (Uzbekistan) Zafarjon and Zebo Kuchkarovy 
were present at the Congress as honorary participants 
and speakers. Within a few minutes, nine-year-old Za-
farjon filled D.I. Mendeleev’s entire Periodic System of 
chemical elements, and six-year-old Zebo listed all the 
Nobel Prize winners in chemistry. 

In addition to an extensive scientific program, the 
following unique structural divisions of the Interna-
tional Nobel Information Center (INIC): “Museum of 
the Nobel Family and Nobel Prize Laureates”, “Nobel 
Scientific Library”, “Archive of the Nobel Family and 
Nobel Prize Laureates” have been presented to the 
participants of the Congress. The INIC Gold Medal 
and Diploma “For outstanding contribution to the 
development of Nobelistics, support for the activi-
ties of the International Nobel Information Center 
(INIC) and active participation in the preparation 
and conduct of the XII International Nobel Con-
gress in Tambov” were awarded to the Full Member 
of the Hungarian Academy of Sciences, Professor I. 
Hargit-tai (Hungary, Budapest) and independent re-
searcher E. Levin (Israel, Haifa). 31 research teams 
and 65 winners of the first international competition 
INIC - SALUS "For technological solutions aiding the 
sustainable development of mankind" were awarded 
with the Gold Medals and Diplomas there. The win-
ner of the second international competition of the 
Humanitarian Science Institute, poet and philosopher 
S.S. Antipov (Russia, Moscow) was awarded with the 
Gold Medal and Diploma by INIC. Three students 
of TSTU (M.D. Mordasov), MichSAU (A.A. Korot-
kov) and RosNOU (N.V. Mizin), who won the INIC 
competition for the Nobel Scholarship, were awarded 
with the INIC Diplomas. 

At the opening of the Congress, the INIC interna-
tional publishing house “Nobelistics” presented the 
following six new books with a total volume of 80 
stand-ard publishing pages: “Dear Baroness and Friend 
... Dear Monsieur and Friend ...: Correspondence of 
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The envelope with an original stamp issued by the INIC dedicated to the opening of the Congress

Congress participants are visiting the “Museum of the Nobel Family and Nobel Prize Laureates”, INIC

Congress badge

Alfred Nobel with Berta von Zuttner" (edited by V.M. 
Tyutyunnik, Tambov), “Our Lives” (I. Hargittai, Bu-
dapest), “Mapping of Emotions” (E. Levin, Haifa), 
“Citation of the Nobel Class and Concepts Expressing 
Characteristics and Properties of Cited Scientific Doc-
uments” (V. S. Lazarev, Minsk), “Works by Nobel Prize 
winners in literature in Russian (1901-2016) (A.N. 
Krasilnikov, Moscow), Proceedings of the Congress 
"Science, Technology, Society and the International 
Nobel Movement". With the participation of the au-
thor, his book “Why Germans are obliged to know the 
Russian language” (H’Arin, Berlin) was also presented.
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In the adopted Resolution, the participants of the 
Congress expressed their general opinion that the 
strategic objectives of the development of internation-
al cooperation in the field of science, technology and 
society in the framework of the International Nobel 
Movement are the following:

- popularization of the achievements of Nobelis-
tics by creating specialized museum, library, archival 
and electronic funds, holding conferences and work-
ing meetings, publishing books and articles on Nobel 
topics, through realization of the program of scientific 
tourism at Nobel places of Russia and the world, pub-
lication of books and articles in Nobel topics, the inte-
gration of information resources in the field of Nobel-
istics in electronic library of the Russia and the world, 
in particular, in the Electronic Library “The Scientific 
Heritage of Russia”, the consolidation of researches of 
nobelists of the world, ensuring of the continuous dia-
logue between them; 

- elaboration and realization of measures directed 
on expansion of recognition by the world scientific 
and educational community of scientific achievements 
in the field of Nobelistics, especially considering its 
integrative function of combining natural science and 
humanitarian knowledge; 

- development and dissemination of experience in 
the establishment and functioning of joint internation-
al educational and research projects in the field of No-
belistics and the International Nobel Movement; 

- definition of sources of financing and materi-
al-technical support of development of the interna-
tional cooperation in the field of Nobelistics and Nobel 
movement.

As the priority measures for expansion of the in-
ternational dialogue of scientists-Nobelists and partic-
ipants of Nobel movement are recommended:

- the creation of permanent operating specialized 
portal in Internet containing: sites of the centers of No-
belistics and Nobel movement; the electronic debating 
platform; the section devoted prepared and conduct-
ed activities; database of proposals about cooperation; 
electronic libraries, archives and museums of partici-
pants; database of the scientists-Nobelists, working in 
Russia and abroad;

- holding the regular international Congresses and 
other forums in the field of Nobelistics and Interna-
tional Nobel movement with participation of repre-
sentatives of science and education, Nobel Laureates, 
their colleagues, students and relatives, members of 

The Association of Nobel Family, and also with obliga-
tory participation of students and young researchers;

- elaboration of the conception and creation of 
permanent operating Russian coordinating council 
for development of the international scientific-edu-
cational cooperation in the area of nobelistics and In-
ternational Nobel Movement, focusing on the devel-
opment of a highly inspiraing creative environment 
that stimulates the highest achievements of the hu-
man mind, the ethics of the scientific and educational 
society.

The Congress participants:
- notice constructive and productive character of 

change of minds which took place, openness and prac-
tical orientation of discussions in the course of Con-
gress work; 

- look at Nobelistics as an integral part of the glob-
al scientific and educational community, remaining 
open and receptive to the achievements of scientists 
from different countries, and reaffirm their commit-
ment to innovation growth world and national scien-
ce, priority development of knowledge production, 
new technologies;

- call on the global scientific and educational com-
munity to consolidate efforts to further develop inter-
national cooperation in solving the problems of sci-
ence, technology, society and the International Nobel 
Movement;

- express need to support the “International Union 
of Nobelists” to unite the World's nobelists in solving 
the problems of science, technology, literary creativity, 
society and the International Nobel Movement;

- call on Russian scientists to take an active part 
in the nomination of candidates for the INIC-SALUS 
award “for technological solutions that contribute to 
the sustainable development of mankind”;

- support the decision of the INIC to award annu-
al International Humanistic Awards, as well as Nobel 
scholarships for students and graduate students of 
Russian universities;

- express the need to significantly intensify the 
development and study of transonic combustion, 
adapting the applied science sections in the field of 
gas hydrodynamics, supersonic jet devices, kinetics 
of chemical transformations in fast-moving process-
es, system analysis of executive means; to carry out 
design studies of a scaled series of transonic combus-
tion installations; to propose the practical implemen-
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tation of an international megaproject of a mobile 
sea-based complex to save the Baltic Sea from dan-
gerous flooding;

- appeal to the Russian authorities, international 
scientific, political and writer organizations, as well 
as Nobel Prize Winners with a request, in accordance 

with their powers and resources, to make a possible 
contribution to address congressional priorities;

At the Congress new members of the new social 
movement “Union of Nobelists” have been admitted. 

The 13th Nobel Congress will be held in Tambov in 
October 2024.

Professor V.M. Tyutyunnik
Chairman of the Organizing Committee
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RESOLUTION 

of The International Nobel Congress – 

The Twelfth International 

Meeting-Conference 

for Nobel Prize Winners and Nobelists 

«Science, Technology, Society 

and Nobel Movement»

Tambov, Russia

October 4, 2019
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The International Nobel Congress – The Twelfth 
International Meeting-Conference for Nobel Prize 
Winners and Nobelists «Science, technology, so-
ciety and Nobel Movement», which is dedicated to 
the 120th anniversary of the Nobel Prizes, 160th of 
the birth of Emanuel Nobel (1859-1932), 180th an-
niversary of the first Nobel Laureate in Literature 
A.Sully-Prudhomme (1839-1907), 190th birthday of 
Robert Nobel (1829-1896) was held in Tambov, Oc-
tober 2-5, 2019.

The purpose of the Congress is the expansion and 
strengthening of the mutual partnership of nobelists 
from Russia and foreign countries, summing-up and 
definition of ways of further development of nobel-
istics and Nobel Movement, their integration in the 
world scientific and educational sphere. 

Organizers of the Congress: International Nobel 
Information Center (INIC) (Russia, Tambov); Tam-
bov regional branch of the Russian Academy of Nat-
ural Sciences (Russia, Tambov); Russian New Uni-
versity (Russia, Moscow); Tambov State Technical 
University (Russia, Tambov); Non-public joint-stock 
company SALYUS (Russia, Moscow).

The Government of the Russian Federation, the 
Russian Academy of Sciences, the Ministry of Edu-
cation and Science of the Russian Federation, repre-
sentatives of leading Russian and foreign scientific, 
educational and other institutions took part in the 
Congress: International Nobel Information Center 
(Russia, Tambov) and its branches (in Moscow, St.-Pe-
tersburg, Baku, Vienna, Hamburg, Bouaké, Varna, 
Tashkent), Russian New University (Russia, Moscow) 
and its branches (in Tambov and Taganrog), Tambov 
Regional Department of Russian Academy of Natural 
Sciences (Russia, Tambov), Administration of Tambov 
region (Russia, Tambov), the city Administration of 
Tambov (Russia, Tambov), the city Administration of 
Kotovsk (Russia, Kotovsk), the Governance of Culture 
and Archiving of Tambov Region (Russia, Tambov), 
Tambov State Technical University (Russia, Tambov), 
G.R.Derzhavin Tambov State University (Russia, Tam-
bov), N.N.Semenov Institute of Chemical Physics of 
RAS (Russia, Moscow), P.N.Lebedev Physical Institute 
of RAS (Russia, Moscow), A.M.Prokhorov Academy 
of Engineering Sciences (Russia, Moscow), Writers' 
Union of Russia (Russia, Moscow), Union of Journal-
ists of Moscow (Russia, Moscow), Library on Natural 
Sciences of RAS (Russia, Moscow), Moscow State In-
stitute of Culture (Russia, Moscow), I.P.Pavlov Institute 

of Physio logy RAS (Russia, St.Petersburg), Library of 
the RAS (Russia, St.Petersburg), Russian Academy of 
National Economy and Public Service under the Pres-
ident of the Russian Federation (Russia, Moscow), 
Academician I.P.Pavlov The First St.-Petersburg State 
Medical University of the Russian Ministry of Health 
(Russia, St.-Petersburg), M.Gorky Central City Library 
(Russia, Kirovsk), Perm National Research Polytech-
nic University (Russia, Perm), Lipetsk State Technical 
University (Russia, Lipetsk), International Institute 
for Cryosurgery (Austria, Vienna), International Eu-
rope-an Medical Center (Austria, Vienna), The Eu-
ropean Union for Literature (Germany, Berlin), Israel 
Institute of Technology Technion (Israel, Haifa), The 
Interdisciplinary Clinical Center (Israel, Haifa), Uni-
versity of Catania (Italy, Catania), НРС newspaper 
(USA, New York), Nagoya University Graduate School 
of Medicine (Japan Nagoya), Whole-Self Prebirth Psy-
chology Educational Studies (Greece, Athens), Whole-
Self Discovery & Development Institute, International 
(The Netherlands, Grootebroek), Belarusian National 
Technical University (Belarus, Minsk), I.I.Mechnikov 
Dnipro Regional Clinical Hospital (Ukraine, Dnipro), 
representatives of publishing houses, scientific jour-
nals, mass media (the central and regional television, 
radio, the press and electronic editions).

Total numbers of participants of the Congress are 
47 persons from 11 countries of the world, which have 
submitted 34 reports.

On the eve of the Congress, from September 28, 
2019, the Russian New University (Moscow, rector 
Professor V.A.Zernov) organized events with foreign 
and domestic scientists and guests of the Congress, 
representatives of the Ministry of Education and Sci-
ence of the Russian Federation, state government and 
public organizations, scientific and other communi-
ties, mass media.

At the Congress (October, 2-4, Tambov) in reports 
and discussions were discussed topical issues of sci-
ence, technologies, modern society, nobelistics and 
international Nobel movement:

- effectiveness of science and the problem of quot-
ing publications – for the 120th anniversary of the No-
bel Prizes;

- historical aspects of the Nobel family: the anni-
versaries of Robert and Emanuel Nobel;

- Nobel Prizes as a phenomenon of the world cul-
ture and main directions of researches in an area of 
nobelistics;
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- an activity of Nobel Committees and the award-
ing organizations for award of the Nobel Prizes in var-
ious nominations;

- activity of the various Nobel Prize Laureates (in 
Physics, Chemistry, Physiology or Medicine, Litera-
ture, Peace and Economics), as representatives of the 
largest scientific schools, on the one hand, and as ex-
amples of topmost achievements in the modern world 
science, technologies, literature, politics and econo-
mics, on the other hand;

- questions of Nobel Movement in Russia and oth-
er countries, its contemporary realities and perspec-
tives, possibilities of combining efforts of the world 
scientific and educational community in the direction 
of further development of the intellect of the nations 
and their peaceful co-existence;

- problem of emotion mapping;
- decoding of biological response of the living sub-

stances to ultra-temperature impact;
- Treatment with cryosurgery in intraepithelial le-

sion of the lower genital tract and vulvar cancer;
- applied aspects of the new science of cardiom-

etry and bio-physical phenomena in the blood flow 
system;

- problems of talent and genius in science and art, 
intensity of artistic creativity, interconnection of cre-
ativity and education.

First time, the Congress was attended by brilliant 
children Zafarjon and Zebo Kuchkarov from Tash-
kent (Uzbekistan).

Besides an extensive scientific program, the unique 
collections of structural divisions of International 
Nobel Information Centre (INIC) were presented to 
participants of the Congress: « Museum for Nobel’s 
Family and Nobel Prize Laureates», «Nobel Scientif-
ic Library», « Archive for Nobel’s Family and Nobel 
Prize Laureates». 

Academician of the Hungarian Academy of Sci-
ences, Profes-sor I.Hargittai (Hungary, Budapest) and 
free researcher E.Levin (Israel, Haifa) awarded with 
the INIC Gold Medal and Diploma “for outstanding 
contribution to the development of nobelistics, sup-
port for the International Nobel Information Center 
(INIC) and active participation in the preparation and 
conduct of the 12th International Nobel Congress in 
Tambov”.

The INIC Gold Medal and Diploma were awarded 
to 31 author's team (65 persons) that are winners of 
the First INIC-SALUS International Competition “for 

technological solutions that contribute to the sustain-
able development of mankind”. Poet and philosopher 
S.S.Antipov (Russia, Moscow), the winner of the INIC 
Second International Competition on humanistic, 
awarded with the INIC Gold Medal and Diploma. 
Three students of TSTU (M.D.Mordasov), MichSAU 
(A.A.Korotkov) and RusNU (N.V.Mizin), who won 
the MINC competition for the Nobel Scholarship, 
awarded with INIC Diploma.

The «Nobelistics» IINC International Publish-
ing House had presented six new books with a total 
amount 80 quires: “Dear Baroness and Friend... Dear 
monsieur and friend...: Correspondence of Alfred No-
bel with Berta von Suttner” (sci. ed. V.M.Tyutunnik, 
Tambov), “Our Lives” (I.Hargittai, Budapest), “Car-
tography of Emotions” (E.Levin, Haifa), “Nobel class 
citedness level and the notions that designate charac-
teristics and properties of cited scientific documents” 
(V.S.Lazarev, Minsk), “Works of Nobel Prize Winners 
in Literature in Russian (1901-2016)” (A.N.Krasil-
nikov, Moscow), the collection of the Con-gress 
Transactions «Science, Technologies, Society and the 
Nobel Movement». The author presented the book 
“Why Germans must know Russian” (H'Arin, Berlin).

Participants of the Congress expressed the general 
opinion that the strategic objectives of development 
of the international cooperation in the field of science, 
technologies and society within the Nobel movement 
are:

- popularization of the achievements of nobelistics 
through creation of specialized museum, library, ar-
chival and electronic funds, holding the conferences 
and working meetings, through realization of the pro-
gram of scientific tourism at Nobel places of Russia 
and the world, publication of books and articles in 
Nobel topics, the integration of information resources 
in the field of Nobelistics in electronic library of the 
Russia and the world, in particular, in the Electronic 
Library “The Scientific Heritage of Russia”, the con-
solidation of researches of nobelists of the world, en-
suring of the continuous dialogue between them; 

- elaboration and realization of measures directed 
on expansion of recognition by the world scientif-
ic and educational community of scientific achieve-
ments in the field of nobelistics;

- development and dissemination of the experi-
ence of establishment and functioning of joint inter-
national educational and research projects in the area 
of nobelistics and Nobel movement;
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- definition of sources of financing and materi-
al-technical support of development of the interna-
tional cooperation in the field of nobelistics and No-
bel movement;

As the priority measures for expansion of the inter-
national dialogue of scientists-nobelists and partici-
pants of Nobel movement are recommended:

- the creation of permanent operating specialized 
portal in Internet containing: sites of the centers of 
nobelistics and Nobel movement; the electronic de-
bating platform; the section devoted prepared and 
conducted activities; database of proposals about co-
operation; electronic libraries, archives and museums 
of participants; database of the scientists-nobelists, 
working in Russia and abroad;

- holding the regular international Congresses and 
other forums in the field of Nobelistics and Interna-
tional Nobel movement with participation of repre-
sentatives of science and education, Nobel Laureates, 
their colleagues, students and relatives, members of 
The Association of Nobel Family, and also with obliga-
tory participation of students and young researchers;

- elaboration of the conception and creation of 
permanent operating Russian coordinating council 
for development of the international scientific-educa-
tional cooperation in the area of nobelistics and Inter-
national Nobel Movement.

Participations of the Congress
notice constructive and productive character of 

change of minds which took place, openness and 
practical orientation of discussions in the course of 
Congress work; 

look at nobelistics as an integral part of the glob-
al scientific and educational community, remaining 
open and receptive to the achievements of scientists 
from different countries, and reaffirm their commit-
ment to innovation growth world and national sci-
ence, priority development of knowledge production, 
new technologies;

call on the global scientific and educational commu-
nity to consolidate efforts to further develop internation-
al cooperation in solving the problems of science, tech-
nology, society and the International Nobel Movement;

express need to support the “International Union 
of Nobelists” to unite the World's nobelists in solving 
the problems of science, technology, literary creativity, 
society and the International Nobel Movement;

call on Russian scientists to take an active part in 
the nomination of candidates for the INIC-SALUS 

award “for technological solutions that contribute to 
the sustainable development of mankind”;

support the decision of the INIC to award annu-
al International Humanistic Awards, as well as Nobel 
scholarships for students and graduate students of 
Russian universities;

express the need to significantly intensify the devel-
opment and study of transonic combustion, adapting 
the applied science sections in the field of gas hydro-
dynamics, supersonic jet devices, kinetics of chemi-
cal transformations in fast-moving processes, system 
analy sis of executive means; to carry out design studies 
of a scaled series of transonic combustion installations; 
to propose the practical implementation of an interna-
tional megaproject of a mobile sea-based complex to 
save the Baltic Sea from dangerous flooding;

see fit the holding similar international activities in 
the future, including the following “The 13th Interna-
tional Nobel Congress – International Meeting-Con-
ference for Nobel Prize Winners and Nobelists” is 
planned to be held in Tambov in October, 2024.

appeal to the Russian authorities, international 
scientific, political and writer organizations, as well 
as Nobel Prize Winners with a request, in accordance 
with their powers and resources, to make a possible 
contribution to address congressional priorities;

express their gratitude to the Nobel family, the 
Government of the Russian Federation, the Ministry 
of Education and Science of the Russian Federation, 
the Russian Academy of Sciences, the Russian Acad-
emy of Natural Sciences, representatives of Russian 
and foreign universities and academia, business and 
the media for their active and interested participation 
in the work of the Nobel Congress. 

The Organizing Committee

E-mail: vmtyutyunnik@gmail.com
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Zafarjon and Zebo KUCHKAROV

(Tashkent, Uzbekistan):

ABILITY, TALENT OR GENIUS
Dear ladies and gentlemen!
Today I have a big surprise for you. For the first 

time in 30 years, a 9-year-old boy and his 6-year-old 
sister are participating in the Nobel Congress. Perhaps 
they are the smallest chemists, future applicants for 
the Nobel Prizes.

They are welcome! Children from Uzbekistan - 
Zafarjon and Zebo Kuchkarov!

These children greatly surprised me at the first 
meeting with them and their family in Tashkent, and 

I invited them to the Congress. The children are the 
future of Uzbekistan! I have no doubt that their first 
steps to the Nobel Prizes are being implemented pre-
cisely today in Tambov.

In Tashkent, I asked the children what they want 
me to give them at the Nobel Congress. They replied 
that I would give them a 25-volume collection of 
works by D.I. Mendeleev, because they are fans of the 
great Russian chemist. In a traditional paper form, this 
publication was published in 1952, it is a bibliogra-
phic rarity, and does not correspond to the interests of 
young representatives of the modern information so-
ciety. Therefore, I give you this edition on a flash drive.

Now let me allow children to speak.
Professor V.M.Tyutyunnik

Assalomu alaikum honimlar wa genoblar!
Good morning, Ladies and Gentlemen!
Let me introduce myself, my name is Zafarzhon 

Odilovich Kuchkarov. I came from Uzbekistan. I am 
9 years old. I study in Tashkent, in Mirzo Ulugbek 
district, at school number 210. I have been studying 
chemistry since I was four years old. It is a great hon-
or for me to be in Tambov, participate in the No-bel 
Congress and speak among eminent scientists from 
different regions.

Firstly, with great respect, I want to thank the found-
er of the Nobel Prizes, Alfred Nobel, for com-bining 
world science and creating a scientific atmos-phere in 
the world. The Nobel Prize has the status of the most 
prestigious award on the planet.

Secondly, I want to thank all the Nobelists for mak-
ing great discoveries and inventions that changed the 
world. Thanks to the great scientist D.I. Mendeleev, 

Zafarjon KUCHKAROV

we are able to deeply understand the periodic sys-tem 
of chemical elements. Thanks to Theodore Wil-liam 
Richards, we know the exact atomic masses of chemical 
elements, thanks to Edward Buchner, we learn about 
biological chemistry and extracellular fermentation, 
thanks to Edwin Mattison Macmillan and Glenn The-
odor Seborg, trans-uranium elements are discovered ...

Thirdly, I want to thank our esteemed Vyacheslav 
Mikhailovich Tyutyunnik for opening the Inter-
na-tional Nobel Information Center. Thank you very 
much! We study using your website.

I really like natural sciences, for example, 
mathe-matics, physics, geology and chemistry. But, 
first of all, I like chemistry. How do I understand 
chemistry? I began to study chemistry with a peri-
odic system of chemical elements. At first, I studied 
elements as letters. Before that I knew Latin letters. 
When I was four years old, I already knew all the 
chemical elements and wrote their names in Latin. 
The first time I saw chemical elements in a pharma-
cy, I asked my mother why the chemical elements po-
tassium, calcium, and magnesium are written here. 
Mom explained to me that all the medicines, pills that 
people take, are made up of chemical elements. From 
that moment I began to be interested in chemistry. 
Chemical elements have opened a new world for me. 
Every day I see chemical elements around me. They 
are everywhere in us and around us. Each of us sees 
them daily. For example, we drink water every day. 
Water consists of two ele-ments: hydrogen and oxy-
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gen. My cell phone has a battery. Inside the battery, 
the element is lithium. Your computer or watch also 
has lithium. We even take chemical elements inside. 
For breakfast, we all love to eat eggs with sulfur in the 
yolk. Therefore, doctors forbid sick people to eat many 
eggs. Especial-ly for those with high blood pressure. 
Or take vita-mins. Vitamins have potassium, calcium, 
iodine and iron.

Now I will write you images of all chemical ele-
ments. We all know that in the periodic system there 
are also artificial chemical elements that do not have a 
stable atomic mass. I suggest chemical scientists high-
light these elements as a separate sign. As far as I know, 
for almost ten years, scientists from Japan, the United 
States and Russia have worked to get these elements, 
and finally achieved the result. I very much appreci-
ate their merit, but it seems to me if they would add 
some sign that these chemical elements are not found 
in nature, and they are artificial, it would be more un-
derstandable. I thought for a long time and looked at 
these elements every day. In my opinion, not everyone 
knows and understands how chemical elements are 
discovered. Especially students who study chemistry 
in schools. If we put a certain sign, thus it will be clear. 
I propose my variant: put a N sign (Natural Element) 
in natural elements, and an A sign (Artificial Element) 
in artificial elements. In addi-tion, some chemical el-
ements do not yet have specific atomic masses. If sci-
entists determine the exact atom-ic masses of such 
elements, I propose to put a sign and determine such 
elements. I also propose to study chemistry in schools 
not from the 7th grade, but from the 5th. Because our 
life is now more connected with chemistry. We are 
waiting for the Chemical Age! At the moment, thou-
sands or maybe millions chemical plants that produce 

various products and goods are working around us. 
Ecology also needs a good care so that environmental 
diseases do not threaten hu-manity in the future.

I recently began to engage in mental mathemat-
ics, and I had an idea how to combine chemistry with 
mental mathematics. I created a chemical abacus 
that helps students remember the periodic system 
of chemical elements. Although it sounds strange, 
it seems to me that any methodology or direction, if 
they make it easier to explain your scientific ideas, 
needs to be tried. In the future I want to work on 
Mental Chemistry. I have been looking for litera-
ture and books on mental chemistry for a long time. 
Hon-estly, nothing was clear to me in these materi-
als. Then I decided to create an elementary version of 
mental chemistry myself. For example, we start with 
a periodic system of chemical elements. Why with 
a periodic system of chemical elements? Chemistry 
be-gins and ends in the periodic system. And I want 
to introduce a new method of mental chemistry in 
schools.

My favorite chemical elements are hydrogen, car-
bon, silicon and lithium. In Uzbekistan, the sun is 
shining all year round. Therefore, I suggested that the 
power engineers build a Silicon Plant to produce so-
lar panels, or build a Solar Power Plant. This will bring 
enormous economic benefits to the state.

Oil and gas contain carbon and hydrogen. Oil and 
gas are the largest source of energy. Russia is very rich 
in energy, because it has the largest oil and gas fields 
in the world. From the map of fossils of Russia, I know 
about more than three hundred oil and gas fields. In 
future, I consider Russia the most reliable partner for 
Uzbekistan.

Thanks for your attention!
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Zebo KUCHKAROVA

Assalomu alaikum honimlar wa genoblar!
Good morning, Ladies and Gentlemen!
Let me introduce myself, my name is Zebo Odilov-

na Kuchkarova. I am from Uzbekistan. I am 6 years 
old. I study in Tashkent, in Mirzo Ulugbek district, at 
school number 210. I welcome you at the Nobel Con-
gress.

I learned all the Nobel Prize winners in chemistry, I 
know why they received prizes and in what year. In to-
tal, from 1901 to the present, 172 laureates in chemistry.

What made me learn exactly the Nobel laureates 
in chemistry?

Firstly, I really like chemistry. Secondly, I love 
science. I want to become like the legendary Ma-

ria Skłodowska Curie and I want to get the Nobel 
Prize. Thanks to the Nobel laureates in chemistry, we 
learned, for example, what radioactive elements are. 
Curie has written over a thousand scientific articles. It 
was she who became the symbol of Poland and France. 
In my opinion, this is a great happiness.

The main thing is that I want to become a useful 
person for my homeland, Uzbekistan. I think that the 
one who is really engaged in science is doing good for 
his state and the whole world.

Now I will name all the laureates in chemistry.
Jacob Hendrik Van Goff. He received the Nobel 

Prize in 1901 for the discovery of the laws of chemi-
cal dynamics and osmotic pressure in solutions.

Herman Emil Fischer. He received the Nobel Prize 
in 1902 for the discovery of substances with sac-
cha-ride and purine groups.

August Svante Arrhenius. He received the Nobel 
Prize in 1903 for the discovery of electrolytic disso-
ciation.

…
Aziz Sanjar. He received the Nobel Prize with 

Thomas Lindahl and Paul Modric in 2015 for the dis-
covery of DNA repair. 

I greatly respect and love all the Nobel Prize win-
ners, they are all here in my heart. Thank you very 
much for your attention!
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David Tamrazyan
5th year student at the Faculty of Medicine at the 
Kuban State Medical University 

He started his research work when he was a second 
year student. While practicing at an Oncology Cen-
ter, he concentrated his attention on manifestations of 
previously not described compensatory mechanisms 
in the heart performance in some critical patients their 
lethal outcome. He has arrived at the conclusion that it 
is just hemodynamic study that is the key to the proper 
understanding of the phenomenon in question. 

The young student has decided to purchase the Car-
diocode device, since this advanced PC-assisted equip-
ment is capable to noninvasively monitor the hemody-
namic state in every patient and deliver complete sets of 
valuable hemodynamic parameters. David’s work with 
Cardiocode has gained much interest in the faculty’s 
research experts’ community, and he has been offered 
to conduct his research a part of the University’s educa-
tional process in intensive care units and hospice. Ow-
ing to the joint efforts, success has been finally achieved. 
At present, his studies of the critical compensation 
mechanisms, based on assessments of the recorded he-
modynamic parameters cover more than 100 patients, 
and absolutely unique data have been received. 

A part of the results obtained by David is planned 
to be published by our journal. 

We very much appreciate the support provided by 
the University leaders, who are able to properly iden-
tify and recognize the new scientific field in the stu-
dent’s research work. It must take courage to do that. 

We wish David and his mentors a new creative suc-
cess! And we hope that the Kuban State Medical Uni-
versity will serve as an example to other universities in 
the formation of the advanced educational process to 
meet the present-day level of the requirements. 

Deputy Editor 
Mikhail Rudenko
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ESC Congress 2019 together with 
World Congress of Cardiology
Paris 2019
31 August – 4 September

The annual Сongress of the European Society 
of Cardiology (ESC) was held August 31 - Septem-
ber 4, 2019 in Paris, France. This year, the Сongress 
was held in cooperation with the World Heart Fed-
eration that attracted even greater attention to the 
event. More than 10,000 participants from around 
the world attended the five-day Congress. 

Our journal was also exhibited at the Congress. 
Our readers showed great interest and activity. Many 

meetings and discussions on various issues of the 
development of modern cardiology took place there. 

 A research report on the advanced Cardiocode 
technology was presented by Prof. M. Rudenko 
in the e-Health and Digital Health area. It can be 
viewed here 

h t t p s : / / e s c 3 6 5 . e s c a r d i o . o r g / C o n g r e s s /
ESC-CONGRESS-2019/Other-e-Health-and-Digi-
tal-Health/203326-cardiocode#video  

The participation of the CARDIOMETRY team 
in the Congress has left a very good impression. An 
analysis of the information received at the Congress 
has demonstrated that in the future more attention 
should be paid to the educational content and work 
with young generation staff. 
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The meeting of two scientists, 
Mikhail Rudenko and  
Vladimir Lukyanchenko
Exchange of experience stimulates  
progress in science  

A meeting of two scientists Mikhail Rudenko and 
Vladimir , Lukyanchenko , the developer of the the-
ory of arrhythmia, was held in the city of Yevpatoria 
(Crimea, Russia) on July 23-25 this year. 

In this connection, it should be mentioned that the 
meeting was of an informal nature, in the relaxing re-
sort environment. Sea air, bright sunshine and abun-
dance of greenery favorably contributed to a good ex-
change of thoughts and cooperative work on research. 
Within a short communication time, some issues of 

practical cooperation and searching for new scientif-
ic ways of an understanding the mystery of the heart 
performance have been addressed. At the meeting, 
Mikhail Rudenko handed over his innovative therapy 
device EZh-2 to use and confirm the reliability of the 
results obtained earlier in practice, to Vladimir Luk-
yanchenko. Both scientists pay their serious attention 
in their work to the activation theory of L. Garkavi. 
The activation therapy method is implemented in 
practice, and pioneering methods for assessing the 
activation reactions by a human organism using an 
electrocardiogram have been developed. 

The meeting was held in a warm and friendly atmo-
sphere, resulted in a lot of pleasant impressions and ben-
eficially strengthened the groundwork for further deep 
thinking and progress in the joint scientific research. 

M. Rudenkos is handing over his EZh-2 device for using in the research lab headed by V. Lukyanchenko


