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Dear readers!
The present issue of the journal is devoted to the problems of ar-

rhythmias in cardiology. We have the pleasure of bringing to your 
notice a new theory of arrhythmia. The conventional approaches 
to the explanation of arrhythmia causes are widely known. How-
ever, they may lead to conflicting conclusions. From our point of 
view, the authors of the new theory of arrhythmia presented by us 
substantiate logically an important role of anastomoses in chang-
ing the hemodynamic pattern that initiates heart rhythm abnor-
malities. It is of significance that the originators of this novel theo-
ry give proof to their conceptual ideas in practice. We are happy to 
state that the basis for their discoveries is the scientific field of car-
diometry. The discoverers have opened up fresh opportunities to 
master cardiometry, and their success is the best witness thereto. 

In addition to a general review of theoretical fundamentals of 
arrhythmias, our Reader can find a description of one more mech-
anism of arrhythmia, namely, electromechanical interaction be-
tween cardiac myocyte and fibroblast cells. We hope both theories 
will be useful for a practitioner for the purpose of diagnostics of 
his patients in his everyday’s work. 

The materials presented herein contain pioneering research re-
sults, and we are sure that it is just the first step on the way to fur-
ther novelties. We think the fresh look at the arrhythmia problems 
can offer much promise and unveil its full potential both in theory 
and practice.

Good luck in further research!
Editorial Board
Cardiometry

Vladimir A. Zernov
Editor-in-chief
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EDITORIAL

Creation of a new science: CARDIOMETRY
CARDIOMETRY has been created by our R & D team as a new fundamental scientific field based on 

the discovery of the elevated fluidity regime in blood circulation, supported by a variety of other discov-
eries interpreting the phase-related performance of the cardiovascular system.

Our Russian R & D team has succeeded in theoretical substantiation and experimental evidence for 
biophysics of all the processes which occur in each cardiac cycle phase. As might be expected at present, 
there are no unsolved issues remained in cardiology, but it turns out that there are a lot of inconsistencies 
and contradictions in this field of medical science. An eligible transformation and metamorphoses of the 
existing theory of cardiology into the cardiometric science resulted into original logical interpretations 
of the concepts of the performance of all cardiovascular system segments, and that laid the groundwork 
for the modern science: CARDIOMETRY.

The discovery of the elevated fluidity regime in blood circulation is a new qualitative step on the road 
to an eligible understanding of the phase pattern in the heart performance. The results obtained by the 
originators of the cardiometric theory significantly expand the expertise in the heart performance and 
radically change the applied capabilities of CARDIOMETRY in cardiology in general. 

The elevated fluidity regime in physics was experimentally simulated and even used in practice before. 
However, scientists were not able to describe the said regime mathematically, so that it was impossi-
ble to apply the mathematical model of elevated fluidity to cardiac performance processes. The proper 
mathematical description of the elevated fluidity regime for blood circulation is one more step along 
the pathway to gaining a more penetrating insight into the general design and performance of the hu-
man organism as a whole. The design anatomy of the cardiovascular system in a human provides for 
generation and maintenance of the specific elevated fluidity regime in blood circulation. At the time 
of opening of the aortic valve, a specific layered ring-type pattern in blood within the ascending aorta 
is being created. The layered ring-type pattern in blood is formed by alternating rings, made of blood 
elements and plasma, and the conditions of blood flow of this sort make possible to minimize friction 
of blood circulating in the blood vessels. Initially, the generated specific blood flow pattern shows some 
instability, but there is another natural anatomy system in an organism to give stability to the specific 
blood flow: it is the aortic arch, which is capable of generating energy impulses, received by the blood 
pattern, in order to guide travelling of every blood element layer along the vessel wall axes. This specific 
flow pattern remains unchanged in blood delivered to every individual organ in an organism, owing to 
elasticity of the blood vessels. 
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The description of biophysics processes in each of ten cardiac cycle phases has enabled us to considerably 
expand the capabilities of electrocardiography. The originators of CARDIOMETRY have identified and 
introduced a new point on ECG, namely, point L to denote the start of the rapid ejection phase. This very 
important time-related point has never been marked on ECG before, so that in the past the ECG informa-
tion value was significantly reduced and the ECG interpretation was complicated. 

The precise mathematics of human hemodynamics has allowed detecting the compensatory mechanism 
in the performance of the cardiovascular system. As a result, a logical apparatus for the proper interpre-
tation of electrical signals of the heart to identify the relationship between the cardiac signal shapes and 
pathological processes has been formulated. As a consequence, it offers fresh approaches to diagnostics. 

The CARDIOMETRY developers have proposed a radically new ECG classification in accordance with 
the principles of the cardiac cycle phase analysis. They pioneered in creation of a new theory of rheography, 
too. 

Applications of CARDIOMETRY in practice provide for high accuracy in express-diagnostics, cost-ef-
fectiveness in public health care; they open an access to the most advanced diagnostics for broad public, 
including low-income population. The practice has demonstrated: use of the CARDIOMETRY concepts & 
technology is a powerful tool for significant reduction in mortality rate in CVD patients.

Utilizing the modern philosophy of CARDIOMETRY, the most difficult problem in medicine, namely, 
the problem of verification can be successfully solved in practice. The problem of verification is that usu-
ally standard approaches to verification are applied. Despite the existing principles of verification in con-
ventional cardiology, it becomes clear that we can import verification methodology from natural sciences 
into cardiology to solve problems of searching the truth in a similar way as it is the case with physics or 
chemistry.

The revealed laws, the formulated axiomatics and the elaborated logics of CARDIOMETRY have brought 
cardiology to the level occupied by the natural sciences. The name CARDIOMETRY, given to the new sci-
ence, should underline the unique status of this new scientific field. 

To summarize the above, it should be noted that a fundamental contribution to the creation of the break-
ing-through conceptual theory, explaining the complex performance of the cardiovascular system, com-
pletely revising the existing principles in cardiology, has been made. 
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New theory of arrhythmia.  
Conceptual substantiation of arrhythmia mechanisms 
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Aims
A new attempt is made to substantiate the concept of the mechanism of arrhythmia and sudden cardiac death.

Methods
The paper is based on a theoretical analysis of special literature, personal experience of participation in confer-
ences and discussions with leading Russian cardiologists.

Results
We have succeeded in demonstrating the fact that researchers ignore the fact that cardiomyocytes can be ex-
cited by mechanical pulses, when considering the arrhythmia mechanisms. We have conducted trials using the 
Cardiocode device. Under stress in a human, opened may be large and small arteriovenous anastomoses, via 
which blood under high pressure is ejected into veins. It leads to pressure surges in arteries and veins. The vena 
cava dilates, its tonus increases. In some cases, the pulse waves travel via anastomoses along the vena cava walls 
to the atria and the ventricles. An above-threshold concentration of tensions from mechanical pulses may excite 
cardiomyocytes from different points of the myocardium, disturbing the sinus rhythm. As a result, extrasystoles, 
tachycardia attacks, blocking of blood circulation in the peripheral segments of the venous arterial networks, 
edemata, thrombosis and metabolism disorders appear. Arrhythmia, tachycardia attacks and concomitant myo-
cardial ischemia lead to progression of heart fibrosis. Such changes increase the probability of fibrillations and 
sudden cardiac death.

Conclusions
Unhealthy lifestyle, the presence of opening and not properly closing anastomoses may provoke a number of 
diseases. To avoid the cardiac arrhythmia attacks and prevent SCD, it is necessary to suppress travel of the me-
chanical waves within the following circuitry: aorta – artery – anastomosis – vein – vena cava – atria – ventricles. 
The travel of the mechanical waves within the same vessel circuitry explains the fact that the fixed couplings under 
extrasystoles are observed, and the beat-to-beat RR intervals under tachycardia remain constant. Obviously, we 
may consider that the reentry mechanism is rather of biomechanical, but not of bioelectrical nature, as it is gen-
erally accepted.
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Introduction
This article attempts to look at the 

global problem of high cardiac mor-
tality of people from a fresh point of 
view. It is no secret that in the official 
cardiology, especially during the last 
50 years, there have been different 
trends in approaches to the solution 
of this important problem. In addi-
tion, at the turn of 20-21 centuries, in 
the opinion of some Western cardiol-
ogists, arisen has a crisis of ideas on 
the development of cardiology and 
arrhythmology. Now, in the majority 
of complex cases, often doctors re-
commend RFA and ICD, i.e. radiof-
requency ablation and implantable 
cardioverter-defibrillators. Practical 
world medicine teaches people to 
think, that to completely solve some 
of the problems and significantly in-
crease the life expectancy in the short 
term is impossible. According to 
WHO estimates, by 2030 from car-
diovascular disease (CVD) will die 
per year approximately 23.6 million 
people (in 2012, 17.5 million), and 
the only major cause of death will 
remain heart diseases. But, apparent-
ly, there is another way of cardiolo-
gy development and related medical 
disciplines. This promising way will 
be discussed in this article.

Materials and methods
Finding information via Internet 

about possible causes of arrhythmias, 
comorbidity for certain diseases, 
studying classical and contemporary 
primary relevant sources, partici-
pation and presentation at medical 
conferences in 2012-2015, discus-
sions of theoretical and clinical is-
sues with health care experts: Rus-
sian Academician Yevgeny Chazov, 
Russian Academician Leo Bokeria, 
Russian Academician Amiran Re-
vishvili, Professor E. Shirokov, Doc-

tors A. Arutyunov, V. Frolov, V. Luk-
yanchenko, M. Rudenko and others 
laid the groundwork for the materials 
and methods of this paper. In fair-
ness, it should be noted that not all 
of the above experts currently fully 
support the basic idea of the theo-
ry proposed by the author herein. 
During the discussions, I was asked 
a number of fundamental questions 
to which, I think, I managed to find 
eligible logical answers.

Results
Generally speaking, the current results 

achieved in the theory and practice of 
cardiology and arrhythmology pro-
voke objections not only from my 
side. Criticism has been expressed by 
many experts, when assessing the 
progress in these fields in medicine. 
The objective criticism is confirmed 
by the data on the Nobel Prize awards. 
Only two Nobel Prizes were granted 
to cardiologists for 115 years: in 1924 
for the discovery of the mechanism 
of the ECG (W. Einthoven) and in 
1998 for the discovery of the role of 
nitric oxide as a signaling molecule 
in the regulation of the cardiovas-
cular system (L. Ignarro et al.). Just 
to compare: Genetics scientists were 
awarded with Nobel Prize 48 times!

But how to expedite and advance 
the process of definite solving of the 
mystery attributed to CVD? How to 
break the deadlock, when due to no 
apparent reasons, often suddenly, 
people die and premature mortality 
is growing? Perhaps something was 
missed? Maybe, we need to recon-
sider some of the scientific achieve-
ments and the reported “discoveries” 
in cardiology? Where is the solution 
to this problem?

In 2010-2016 I probably managed to 
find ways to solve this problem: my 
new theory of arrhythmia (NTA) was 

born in those years. In the process of 
studying the primary sources of car-
diology and searching for causes of 
hypertension and arrhythmia mech-
anisms, I was able to show that in the 
theoretical cardiology there has been 
a critical error at least for the last 100 
years. The error is that after the ECG 
invention, for some mysterious rea-
sons, for many years researchers have 
suddenly forgotten that myocardial 
excitation can be provided by me-
chanical pulses. But even in the late 
19th century it was known that the 
muscle fibers and cardiomyocytes 
(CMC) could be excited by a vari-
ety of physical effects: by pulses of 
mechanical, electrical, chemical and 
thermal nature...

To our much regret, almost every-
body has forgotten the “mechanics” 
in the heart performance. But several 
groups of scientists still stand out, in 
particular, Professor A.G. Kamkin’s 
team, which upon special studies in 
1985-2002 has made some far-reach-
ing conclusions [1]: “The cardiomy-
ocytes and the fibroblasts to an even 
greater extent efficiently convert me-
chanical stimulation into electrical 
responses, and as this takes place, the 
performance of the first sort of the 
cells (cardiomyocytes) is modulated 
by the second one (fibroblasts).” Un-
fortunately, those theoretical and ex-
perimental conceptual findings were 
not used, in my opinion, by a reason 
as follows: nobody dared or has seen 
any possibility of “how to apply it”.

At present, electrocardiography 
has become a standard routine pro-
cedure, where doctors are trying 
to find answers to many questions 
by interpreting standard-type ECG 
tapes. In my opinion, unreasonably 
believed is that nearly all rhythm ab-
normalities are associated with dis-
turbances in the performance of the 
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cardiac conduction system (CCS), 
with deviations of its conductivity 
and automaticity [2-4]. It is stated 
that the causes of arrhythmia are re-
ported to be by the dozens, and the 
arrhythmia factor list is known by all 
the doctors, and there is no need to 
discuss this rather trivial list herein. 
I would like to stress here, not ar-
rhythmia causes are listed there, but 
following NTA, they are treated to 
be factors which change the tonus of 
the CVS and lower threshold of the 
heart rate generation mainly due to 
mechanical excitations. In addition, 
the official medicine believes that 
there is not one “mechanism” of heart 
arrhythmias, but they are rather sev-
eral ones available. Summing all the 
arguments of researchers, we get “a 
set” of “mechanisms”: macro- and 
micro-“re-entry”, increased automa-
ticity of P-cells, trigger activity, the 
presence of ischemic areas in ische-
mic heart disease, atherosclerosis, 
the presence of irregular structures 
in the form of necrosis, the blockade 
of conductivity, the presence of ecto-
pic foci, the presence of “autowaves 
of excitation in active media, i.e. in 
the myocardium.” For each type of 
arrhythmia there are a specific “the-
ory” and a “mechanism” available. 
Every “Cardiac School” offers its 
own particular treatment. Natural-
ly, under such a “strict and accurate” 
diagnostics of arrhythmias, drugs 
are randomly chosen from a rec-
ommended list of approved medi-
cations. The only rule has to be ap-
plied: if a drug does not produce an 
effect, it must be changed, and that 
is the case throughout the life of an 
arrhythmia patient. But it should be 
noted that an abundance of theories 
and hypotheses, existing in any sci-
ence, bears witness to the fact that it 
is actually dead end therein.

I pioneered to show that (except 
when some specific cases of patho-
logy area considered) the nature and 
the mechanism of all known forms of 
arrhythmia up to ventricular fibril-
lation (VF) is always the same (IT’S 
THE ONLY ONE!). It is a superpo-
sition of bioelectrical and “forgotten 
for 100 years “above-threshold me-
chanical pulses, in amounts of one up 
to three excitation pulses “simultane-
ously” [5] on condition that the ho-
meostasis changes within predeter-
mined limits. It is known that CMC 
can be equally effectively excited 
both by bioelectrical and mechanical 
pulses [6]. It is believed that at the 
apex of the heart, or anywhere in the 
myocardium in general, life-threat-
ening “ectopic foci” of excitation may 
be formed, but the mechanism of this 
phenomenon has never been under-
stood by most patients and physi-
cians [7].

I assumed that mechanical pulse 
waves, which reach the atria from the 
vena cava in a certain manner, can 
further travel on the sphere-shaped 
heart (the travel is facilitated espe-
cially in the case of heart affected by 
fibrosis), with their further focusing, 
for example, at the point of “an an-
tipode” relative to the mouths of the 
veins, i.e. at the points close to the 
apex of the heart. It should be borne 
in mind that, in general, mechanical 
pulses in an elastic medium can be 
reflected from the walls, from necrot-
ic irregularities and cavities; they can 
propagate in the myocardium tissue 
regardless of the excitation phase of 
the tissue refractoriness, but electri-
cal pulses are not capable of doing 
so. Electrical excitation can suddenly 
break off his path in collisions with 
zones of refractoriness, for example, 
when two waves traveling towards 
each other are colliding. Now it be-

comes clear why the sudden exci-
tations of CMC (of mechanical-sen-
sitive nature) can suddenly appear at 
any point in the heart, especially in 
the presence of cardiac fibrosis, or 
in the presence of coronary artery 
disease, because the fibroblasts “net-
work” is a higher quality “conductor” 
of mechanical waves in comparison 
with the “soft” myocardium, consist-
ing mainly of young CMC. I stress 
that early unexplained excitations 
(except for the cases of the presence 
of additional pathways) always pro-
duce confusion for researchers, be-
cause early excitations sometimes 
may result not from the current QRS, 
but, according to NTA, from an earli-
er beat of heart.

If there are several excitation sour-
ces simultaneously available (the 
total of the mechanical and electri-
cal pulses), fibrillations either of the 
atria or of the entire myocardium ap-
pear, depending on the degree of fi-
brosis, cardiomyopathy and points of 
“simultaneous” excitation. Of partic-
ularly danger is ventricular fibrilla-
tion (VF), since when erratic, chaotic 
ventricular excitations are available, 
they impair the pumping function of 
the heart that leads in most cases to 
sudden cardiac death (SCD). During 
period of attacks of heart fibrillation 
(VF) at each fixed time the heart 
conditionally is divided into separate 
independent sections with different 
phases of excitation with arbitrarily 
changing boundaries between them. 
According to NTA, the average size 
of the independent zones of exci-
tation is defined by two parameters: 
the averaged interval refractoriness 
of CMC and the averaged speed of 
propagation of mechanical waves 
within the myocardium. It is easy to 
guess that due to very small metric 
sizes of hearts the number of inde-
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pendent parts of the heart excitations 
cannot be more than one: therefore 
in small-sized animals (puppy dogs, 
cats, rabbits, rats, guinea pigs) and 
small birds fibrillation cannot be 
generated at all [8], and they cannot 
be killed by electrical shocks, as it 
is the case with a human or an ele-
phant! Before creation of NTA, sci-
entists tried to explain this paradox 
by some physiological features (?!) 
of the myocardial structure of hearts 
in small animals. But it turns out, 
the reason is of another nature, and 
NTA gives the definite answer how to 
properly interpret this phenomenon.

Obviously, the most effective healthy 
heart function is provided when ex-
citations are initiated only by the car-
diac conduction system (CCS). CCS 
generates sinus rhythm under proba-
bly existing sub-threshold mechanical 
stimuli of CMC. I have shown [5] that 
numerous variants of the superpo-
sitions of excitations lead to a great 
variety of arrhythmias: extrasystoles 
and tachycardia (atrial or ventricu-
lar), allorhythmia (mainly bigemia, 
trigeminia), atrial and ventricular 
fibrillation. In the presence of necro-
tic areas in the myocardium detected 
are even “more sorts” of arrhythmia 
according electrocardiogram (ECG) 
and electrophysiology study (EPS) so 
that it makes much more difficult to 
classify the said rhythm abnormal-
ities. In particular, the question of 
the mysterious stability of length of 
RR-intervals (on ECG) during an at-
tack of paroxysmal ventricular tachy-
cardia has found its logical explana-
tion: because there is a stable time 
of travel of the pulse wave along the 
path “the aorta - the artery – the anas-
tomosis AVA – the vein (veins) – the 
vena cava – the atria - the myocardi-
um”, with the floating or slowly drift-
ing focus point of maximum stress 

(ectopic foci) in the apex of the heart. 
Well, of course, with this initiation 
of the wave of mechanical-electrical 
excitation of CMC, the wave travels 
not across the “fast” CCS, but accord-
ing to the principle of propagation of 
mechanical waves “from cell to cell.” 
This is the reason the ventricular QRS 
waves are extended in time and may 
change their polarity!

An additional evidence in favor of 
the fact, that premature firing of ex-
citations is of mechanical nature, is 
that many experts in cardiac murmur 
auscultations detect the presence of 
unexplained pulse waves near the 
3rd heart sound before ES. “In case 
of physical examination, the fact of a 
premature heart contraction is usual-
ly easy to establish. When examining 
the arterial pulse, some prematurely 
appearing pulse waves of small am-
plitude are found which correspond 
to extrasystole.”

“There exist a mechanic systole and 
an electrical one, and the latter does 
not correspond to the mechanic sys-
tole. The 3rd sound may be detected 
in 20% of healthy individuals, but 
more often it is found in ill patients. 
It is recorded at the beginning of di-
astole, not earlier than 0.12 sec. after 
the 2nd sound. The pathological 3rd 
sound forms the triple rhythm. It ap-
pears as a result of rapid relaxation 
of the ventricle muscle fibers which 
have lost their tonus, when blood is 
rapidly entering the ventricles. It is as 
if the heart were crying for help, or it 
is a gallop rhythm.”

Thus, the CMC mechanical ex-
citation is initiated either by the 
mechanical wave, passing through 
AVA along the vessel walls, or by 
the mechanical impact of the blood 
flow acting on the heart apex during 
opening of the tricuspid valve, or by 
both factors acting together. 

Let’s take a closer look at the ques-
tion of how abnormal mechanical 
pulses, generated by the heart and 
the aorta, can pass through the ves-
sels and reach the atria or the ven-
tricles from the back side (as viewed 
from the atria). Previously such ideas 
have never been offered because it 
has been considered to be generally 
impossible. 

2010 the author hereof has proposed 
a concept that in order to protect arter-
ies from high blood pressure, not only 
small-scale precapillary anasto moses 
(including glomura), but also large 
arteriovenous anastomoses (AVA) 
should be opened periodically [9]. 

AVAs are unique natural shunts, 
connecting (joining) directly the ar-
terial and venous basins under cer-
tain conditions. It can be assumed 
that when a human individual is 
healthy, demonstrates an acceptable 
training condition, when the daily 
prevailing arterial blood pressure is 
close to normal, the large AVAs are 
closed. Otherwise, when the arterial 
blood pressure at the local level ex-
ceeds a specified norm for a certain 
time, the AVAs may be opened. So far 
an exact algorithm of AVA regulating 
(by an organism) is unknown in de-
tail, but hopefully it will be revealed 
and defined in the nearest future. 
Apparently, the AVA performance 
depends on many factors: duration 
of hypertension disease, the degree 
of degenerative disc disease, actual 
arterial pressure at a specified time, 
intensity of the physical exercise 
load, the state of “deterioration” and 
remodeling of the cardiovascular sys-
tem, myocardial hypertrophy, the de-
gree of atherosclerosis, the presence 
of plaques, the degree of coronary 
artery disease and myocardial fibro-
sis, the stress conditions, the current 
stomach performance status, obesity, 
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smoking & alcohol factors, the cur-
rent patient’s posture and some other 
conditions.

The first targeted searches for car-
diometrical markers indicating ana-
tomical and physiological rearrange-
ment of the vascular system (opening 
/ closing of the AVA) brought success. 
Using the original hemodynamic 
analyzer “Cardiocode” in 2015 Luk-
yanchenko V.A. and Rudenko M.Y. 
with my participation have detected, 
that some specific complaints like 
episodes of dizziness in patients are 
related to a pressure amplitude fall in 
the aorta (for example, from 150/90 
to 100/80 mm Hg or less). The said 
data have been derived by digital pro-
cessing of actual ECG and Rheogram 
curves. Fig. 1 shows ECG & RHEO 
segments in the same patient demon-
strating such pressure fluctuations 
both in the aorta and the entire sys-
tem due to opening / closing of arte-
riovenous anastomoses. 

 Later, the effect of “surges in arteri-
al blood pressure” within short-time 
intervals (up to 3-10 heart beats) was 
named after their discoverers “the Er-
moshkin-Lukyanchenko syndrome”. 
But the most important thing is not 
that periodically dizziness, syncope 
and “abrupt changes in blood pres-
sure” occur. The most critical mat-
ter is the fact that such cardiometric 
re-setting of the organism parameters 
provokes more dangerous changes of 
two types of cardiovascular diseases. 

The first dangerous change  
in the CVS performance 

With periodic opening of AVA, 
blood from the arteries at a high 
pressure, for example, at a pressure of 
130-150/85 mm Hg, is entering the 
large and small veins. Then blood en-
ters the vena cava, where the normal 
pressure should be considerably low-

er, reaching about 0-10mm Hg. Due 
to a high pressure drop, blood, being 
intensively discharged via AVA into 
the vena cava, is mixed with venous 
blood, fills the veins to their limit, 
deforms with time venous valves, 
rises for some minutes or hours the 
systemic venous pressure up to a level 
significantly higher than the normal 
one, for example, in some veins up to 
40 mm Hg.

The walls of the overfilled major 
veins are stretched and change their 
mechanical properties; they become 
solid and elastic (similar to the wall 
of a child balloon inflated with a gas). 
These changes create a possibility 
for arterial pulse waves to travel via 
AVAs along the walls of the hollow 
veins to the heart. An evidence for 
the presence of large AVA is based on 
the following clinical observation. It 
is assumed by me that the pulse wave 
at some point of time, upon filling of 
the hollow veins, starts propagating 
in a closed loop of the blood ves-
sels comprising the following items: 
the left ventricular myocardium, 
the aorta, the large artery, AVA, the 
portal veins, the vena cava and the 
atria. In its turn, the mechanical ac-
tion on the myocardium can lead to 
extraordinary, premature excitations 
of the cardiomyocytes. It triggers 
atrial or ventricular extrasystoles, 
tachycardia and some other types of 

arrhythmia. For example, tachycar-
dia occurs when the mechanical ac-
tion coincides exactly with the center 
point of the RR-interval on ECG, and 
in this case heart rate (HR) changes 
sharply by 2 times, for example, from 
70 to 140 beats per minute. Power of 
pulse wave traveling via the overfilled 
veins depends on the specific struc-
tural features of the venous bed in a 
patient or on rising head pressures in 
the veins: under the conditions, pa-
tients report either no symptoms at 
all, or some patients report pulsations 
in the ears, the abdomen, the legs, the 
throat, the neck or even throughout 
the entire body.

Taken into account such a descrip-
tion of “the syndrome of AVA open-
ing”, some doubts are cast upon the 
validity of the concept interpreting 
the phenomenon of “bioelectrical 
reentry” in the myocardium, gen-
erally accepted by the conventional 
medicine. In accordance with the 
conceptual NTA philosophy, “reen-
try” of cardiac excitation is primarily 
of mechanical, but not of bioelectri-
cal nature, as erroneously believed 
for more 50 years. The support in 
favor of the fresh interpretation of 
“reentry” are numerous reports by 
patients that they feel pulsation in 
their abdomen area, their solar plex-
us area, and sometimes patients note 
cramps in the area around the navel 

Figure 1. Sharp fluctuations in the ECG shape and Rheogram (below): cardio metric 
signs of remodeling system detected by CARDIOCODE technique
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and even can observe visible beats in 
the blood vessels under the skin. As a 
rule, after pulsations, colics and ab-
dominal cramping, i.e. probably after 
the opening of AVA, cardiac rhythm 
abnormalities occur. But in most cas-
es, doctors come to their standard 
findings in making diagnoses like 
vegetative-vascular dystonia (VVD), 
panic attacks (PA), etc. In doing so, as 
a rule, they treat their patients based 
on their classical ECG interpretation, 
some blood tests, standard medica-
tions, but all this without any favor-
able therapy effect. Below offered are 
a number of descriptions of fearful 
syndromes reported by acutely af-
fected patients.

If we think that opening / closing of 
AVA in many cases is accompanied 
by unpleasant sensations because 
of, for example, significant pressure 
fluctuations in the hepatic, the supe-
rior mesenteric artery, as well as in 
the portal vein and in the vena cava. 
Most often, AVAs can be opened af-
ter a heavy meal, or after drinking 
alcohol, coffee, or after eating fatty 
food, or when being squeezed, and 
these observations are recorded by a 
lot of patients and physicians; some 
other cases associated with the above 
phenomenon are attributed to the 
presence of liver or gallbladder dis-
eases, even at their early stages. For 
example, famous Russian doctor Bot-
kin S.P., from his young age, suffered 
of arrhythmia which appeared with 
abdominal cramps. In his research 
reports [10] he emphasized, that pain 
and other changes in the heart might 
occur even without abdominal pains. 
“We obtained evidence in favor of 
assumption that a lethal outcome is 
possible in a patient, even when such 
events are not accompanied by pains, 
when colics are not reported, but 
when, according to our strict analysis 

of the complete disease picture, we 
have no slightest doubt that the cause 
of the death were concretions which 
produced irritation of the nerve appa-
ratus, integrated in the ducts, so that 
it triggered a number of reflex chang-
es in the heart or in the central ner-
vous system.” From my standpoint, 
the narrative by Botkin S.P. should be 
completed by the description of the 
phenomenon of periodical opening 
of AVA. Without the AVA opening 
description the relationship between 
abdominal cramps and cardiac ar-
rhythmias looks unconvincing. 

“However, we should remember 
that the heart pains might be the 
only manifestation of pathology of 
the gallbladder ... Possible is also a 
pain-free form of the syndrome of 
cholecystitis coexisting with car-
diovascular disease”, when the only 
manifestation of cholecystitis is a 
heart rhythm abnormality. Car-
diac arrhythmias in combination 
with cholecystitis, according to the 
available reference source data, are 
found in 16,2-21,8% of the patient 
cohort [11]. 

The characteristic feature of the 
dual pathology implying the gall 
bladder disorders in combination 
with arrhythmias is that arrhythmia 
is appearing with developing biliary 
colic; it results in low efficiency of the 
conventional antiarrhythmic therapy 
and conversion of arrhythmia into 
an unfavorable form in case of acute 
inflammation of the biliary tract and 
biliary hypertension progression. 

Of particular note is that arrhyth-
mias are found not only in case of 
the above pain-free form disease, but 
often they are combined with pains 
in the heart and the sternum. Many 
clinicians focusing on biliary tract 
pathology notice the appearance of 
such symptoms like tachycardia, in-

creased pulse and venous pressure; 
occasionally revealed are symptoms 
of hypertension in the pulmonary 
circulation. In my opinion, this pa-
thology picture should be completed 
by the description of the initiating 
role of the performance of AVA, for 
example, between the superior mes-
enteric artery and the portal vein.

So, if my proposed theory is true, 
then it should become clear: in order 
to prevent traveling of a pathological 
pulse wave to the myocardium, it is 
required to use a method to dissi-
pate, weaken, “extend” the timeline 
and “round-off ” sharp cutting edges 
of mechanical waves at any conve-
nient location along the length of the 
vascular circuit. For example, in the 
superior mesenteric artery, the most 
likely artery capable of conducting 
pulse waves, an arterial stenting may 
be provided, or the preventive mea-
sure can be taken by suppressing the 
same wave in another location within 
the AVA or in the vena cava, or even 
immediately at the heart by RFA, or 
any other technology to “kill” the 
normally functioning cardiomyo-
cytes. With regard to the suppression 
of the wave in the vena cava, it seems 
possible to make it easy by the surgi-
cal performance of “the circumferen-
tial seam” in the vena cava or using 
latex litigation of the veins. I believe 
that there is a large field opened for 
inventors of medical techniques and 
devices which may be utilized against 
arrhythmias. Also, I have proposed 
vein stenting with use of the stent de-
vice in the form of a ring, a clamp to 
be loosely placed around the circum-
ference of the vena cava. Figure 2 dis-
plays schematically systemic and pul-
monary circulation in a human. Letter 
“L (Left)” stands for lungs, letters “LG 
(Right)” denote the liver and the gall-
bladder, and AVA is an abbreviation 
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for arteriovenous anastomosis. The 
black arrows indicate the direction 
of blood flow under the normal con-
ditions, the pink arrow shows the 
direction of abnormal blood circu-
lation with formation of stagnation 
areas and edema. The vena cava with 
the AVA opened is marked with two 
colors: red and blue, since there is 
mixed blood supplied from the two 
basins. The pulse waves travel via the 
aorta, the artery, AVA, the vein, the 
vena cava and then reaches the right 
atrium. If a stenting clamp for the 
vena cava is used (Figure 2, left), then 
the pulse wave might be suppressed.

Following this way, it should be 
noted that during the vein dilation, 
before an attack of arrhythmia, the 
clamp will partially compress the 
vein, keeping a pre-specified suffi-
cient clearance to provide an ade-
quate blood supply, while the pulse 
waves running along the walls of 
the veins will be reflected from the 
“ring”, excluding traveling of the 
pulse waves to the atria or the ven-
tricles. As a result, attacks of tachy-
cardia and extrasystoles (ES) will be 
avoided, and the pathological prog-
ress of ischemic heart disease appar-
ently will be inhibited. Perhaps, in 
some cases, events of sudden cardiac 
death (SCD) in healthy individuals 
might be completely excluded, but it 
would be difficult to obtain reliable 
statistics data on actually prevent-
ed mortality (who, when and where 
is protected in such a manner from 
SCD). To prove this suggestion is 
possible only based on significant 
sampling statistics covering a large 
population cohort. The fact of con-
siderable weakening of the pulse 
mechanical waves during their travel 
in scar tissues, that is derived from 
some heart transplantation statistics, 
may be treated as evidence data. It 

has been established that there is a 
tendency observed, when even the 
donor before transplantation had 
some problems with the heart, after 
the transplantation surgery, accom-
panied by the formation of circular 
scars on the recipient heart, no ar-
rhythmias are usually reported [12], 
since the mechanical pulses delivered 
from the hollow veins are reflected 
from the scars, and no extraordinary 
excitement of CMC occurs.

I believe that, by adopting the idea 
of NTA, the need to use RFA may 
be at least reduced or completely 
excluded for young people, because 
an operation aimed at dissipation of 
mechanical waves can be performed 
at another location. Myocardial tis-
sue scarring after RFA application is 
also nothing else than the suppres-
sion or the reflection of the pulse 
wave, ne vertheless the RFA develop-
ers explain this therapy effect as sup-
pression at the micro-level of tissue 
activity in some mysterious “ectopic 
foci”. In my opinion, the question is 
only where to choose the place where 
it is more convenient and safe to “cre-
ate” a barrier hindering travel of the 
pulse waves: either at the mouths of 
the veins, or at the myocardium by 
RFA, or at another convenient lo-
cation along the length of the blood 
vessels. Should we use possibly an-
other method to do it?

The second dangerous change 
in the CVS performance

With AVAs opened, blood under 
an increased pressure, sometimes up 
to 70-80 mm Hg, is delivered to the 
right atrium and further into the pul-
monary trunk only, disturbing he-
modynamics in the right atrium and 
the pulmonary circulation. More-
over, blood, in contrast to the usual 
blood flow, will move in the opposite 

direction: to large and small veins, 
venules and venous capillaries, dam-
aging weak veins incapable to resist 
to mechanical stretching, that pro-
vokes blood stagnation. An adequate 
ratio between the arterial volume 
of blood and the venous blood vol-
ume is globally disturbed: there an 
excess of the venous blood amount 
appears, and at the same time there 
is a deficit in the arterial blood 
amount available, corresponding-
ly (in the average, the human body 
contains 950 ml of arterial blood, 
3200 ml of venous blood and about 
2000 ml of lymph fluid). Frequent 
prolonged periods of increased ve-
nous pressure may lead to varicose 
vein disease, vein thrombosis or tro-
phic ulcers [13, 14], especially often 
affecting the lower part of the body 
of such patients due to gravitational 
effect. This situation can be partially 
improved by an increase in system-
ic venous pressure that is provided 
by the spleen which “receives and 
cleans” excessive amounts of blood 
in its own bed.

Figure 2. Scheme of formation of 
extrasystoles and paroxysmal tachy-
cardia due to travelling of the pulse 
wave via AVA
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The conditions can be compared 
with an inflation of a football ball 
having a small hole and showing 
air leakage. Using a damaged ball in 
football is ineffective, and the same 
case is with a human individual when 
the organism attempts to provide 
the proper performance with AVA 
opened, under overloading condi-
tions, showing no efficiency and de-
stroying generally its own biological 
system. 

Destruction of the veins due to the 
opening AVAs, where the small-sized 
veins are affected, is clearly demon-
strated in hypertensive patients in 
their fundus photographs [15]: found 
are usually increased diameters of 
veins, vessel tortuosity, stasis, hya-
linosis of the vessel walls and some 
other catastrophic changes. Similar 
pathology may occur in any organ, 
since, according to NTA, small or 
large AVAs can exist in almost all or-
gans in the organism. 

I suppose, when AVAs are opened 
in the cardiovascular system of the 
brain (or even in other internal or-
gans), due to the overflow of large 
venous vessels and an increase in the 
system pressure, severe pains in the 
occipital region of the head may oc-
cur, and possible are also headache 
attacks of migraine type.

The proposed theory agrees well 
with the following research data 
[16]. The authors write: “The most 
hot topics are studies on a variety of 
mechanisms, that lead to the deve-
lopment of cerebrovascular diseases, 
as well studies on pre-stroke forms of 
cerebrovascular pathology, in partic-
ular chronic ischemia of brain: dis-
circulatory encephalopathy (DE). DE 
involves a slow progression of mul-
tifocal or diffuse vascular da mage of 
the brain as well as a combined form 
thereof. This is a consequence of var-

ious diseases caused by a great vari-
ety of factors, showing the common 
feature: lesion of the small arteries 
and arterioles (microangiopathy). 
The clinical picture of the various 
forms of DE depends not only on 
disorders in the performance of the 
arterial system in the brain, but also 
to a large extent on the failure in the 
performance of the venous circula-
tion [17]. Step by step, angioneurol-
ogy is moving towards accepting a 
concept of venous dysfunction, when 
considering the formation of vascu-
lar brain pathology. Disorders of ve-
nous circulation in DE follows from 
the fact that the arterial system and 
that of the veins form in the brain 
their functional integrity… Until the 
present time, studies of the venous 
component of the cerebral circula-
tion lagged behind the research of ar-
terial hemodynamics. Difficulties in 
diagnostics of venous circulation dis-
orders of the brain in living subjects 
are attributed to the wrong concepts 
supported by many clinicians, stress-
ing the rarity of the said diseases, 
and, consequently, of minor signifi-
cance of their studies ... According to 
some research data, in 71.5% of the 
patients with arterial hypertension 
(AH) ultrasonic examination detects 
compression of the internal jugular, 
the brachiocephalic and the vertebral 
veins, and in some patients (with ve-
nous hypotonia) reported are insuffi-
ciency of valves at the mouths of the 
veins and structural anomalies of the 
veins. According to MR venography, 
signs of cerebral venous outflow in 
patients with severe malignant hy-
pertension are found in 91% of ca-
ses, and for patients with hyperten-
sion of the 1st and 2nd degree the 
signs are reported in 55% of cases. (I 
would like to add: it is evident from 
the above description of DE that the 

authors are ignoring a link between 
abnormalities of the arterial and the 
venous basins, namely, the large- and 
small-sized AVAs.)

So, again, as a result of periodical 
AVA opening procedures, the nor-
mal blood circulation within any cir-
culation segment or within the entire 
system is stopped, the tissue pressure 
necessarily increases, and the in-
crease is performed exactly accord-
ing to the laws of hydrodynamics: the 
amount of intercellular fluid increas-
es, because circulatory blockage oc-
curs; swelling takes place in the liver 
and the gallbladder, so that in some 
cases, due to poor circulation, an ab-
normal swelling of the body appears. 
However, in such periods of time, a 
certain portion of the working cells 
are starving, since blood circulation 
via the artery and the arterial capil-
lary network is almost interrupted, 
and a considerable portion of the 
oxygenated red blood is supplied not 
into the arterial capillary network 
upon passing AVA, but it is deli-
vered into the veins immediately, af-
ter the capillary circulation stoppage, 
with long periods of organ ischemia. 
Thus, a certain portion of the blood 
circulates not through the systemic 
loop, but via circuits shortened by 
AVA, or, in more exact terms, via 
semi-circuits. A partial restoration of 
the proper blood circulation, appar-
ently, takes place only in a horizontal 
position at night during sleep or after 
special exercises, sauna or massage. 
However, due to untrained muscles 
and a sedentary lifestyle, some cellu-
lar waste products and unprocessed 
lymph fluid, containing cellular de-
bris, are accumulated in the intercel-
lular fluid, in the joints, partly in the 
cells of some body parts located most 
distant from the heart and the aorta, 
among them human skin. Gradually, 
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the cellular waste product accumula-
tion in tissues reaches certain limits, 
since the lifestyle of some individuals 
has not changed for years and decades. 

In the course of time, owing to the 
presence of opened (and not closed 
in time) AVAs, the right heart failure 
may appear, and later, or even at the 
same time, the left heart one may de-
velop. Thus, it is logical to suppose 
that the cause of heart insufficiency, 
abnormal performance of the heart 
valves and the pulmonary heart is in 
the majority of cases not the heart it-
self, but the cause explaining thereof 
is the presence of AVAs and an im-
proper performance of the latter. In 
the above mentioned cases, the ve-
nous pressure significantly increas-
es, and blood circulation is blocked 
in small arteries and veins like a hy-
draulic gate valve (lock). We see a 
stalemate when the heart has to adapt 
to an increased venous pressure that 
leads to progression of many diseases 
at once during a short period of life. 
It may be the cause of the change in 
acid-base balance pH in blood and 
tissues, and it may be responsible for 
the metabolic syndrome (MS) and 
comorbidity. 

More than 50 years ago, prominent 
Russian physician Zalmanov A.S. 
(1875-1965) came to the same con-
clusion: in his opinion, myocardium 
diseases are very often secondary to 
the above mentioned ones: “Tissue 
and cellular hypoxia may occur de-
spite an excellent state of the cardio-
vascular system. When we deal with 
a patient suffering of a cardiovascu-
lar disorder, we should never exam-
ine only the heart and electrocardio-
grams; other sources which may be 
responsible for hypoxia like the state 
of lungs, blood, diaphragm mobil-
ity, liver and spleen volume should 
be checked, too, in order to approx-

imately identify the circulating blood 
volume.” [18]

At first glance, following the NTA 
logic, it seems that some way out 
would not be found, and no drugs 
and operations are capable to change 
the system, where cellular waste 
products are stored in tissues due 
to opening of AVAs and due to in-
creased venous pressure, because of 
some trivial “metabolic disorders”, up 
to vein thrombosis and venous ulcers. 
Probably, it is impossible to surgically 
shut off AVAs and let red blood flow 
via small arteries. First, before such 
a hypothetical surgery, it should be 
required to identify and detect what 
AVA (AVAs) is (are) opened in a pa-
tient, and that is not an easy task, 
and, secondly, a surgical AVA closure 
is nothing more than a very serious 
intervention into living organism 
settings of the arterial pressure level. 
Apparently, a surgical AVA blocking 
can lead to the maintenance of high 
systemic blood pressure and increase 
the likelihood of strokes or infarc-
tions. In general, the AVA research 
topics call for further investigation. 
On the other hand, if to clean blood 
with the use of plasmapheresis, when 
large or medium-sized veins are in-
volved, the scope of such cleaning of 
blood will not include the majority 
of the CVS peripheral areas, so that 
the most “debris-laden” thick blood 
will remain almost unprocessed, as 
it may be the case with human skin, 
including all adjacent areas. If to ap-
ply a simple manual massage, then it 
should be used more often and cover 
the entire body area, since it is not 
excluded that cellular waste products 
disturbed at one place will be simply 
moved to another place throughout 
the body. 

Fortunately, it has been detected 
that in addition to widespread manu-

al and can massage, plasmapheresis, 
warm water therapy, sauna, steam 
sauna, capillary therapy and mox-
ibustion technique there are some 
other possibilities available, which 
also offer removal of thick stagnant 
venous blood and lymph in the pe-
ripheral areas of the blood vessel 
network! They are blood-letting me-
thods as follows: cupping (Arabian 
Hijama), simple cupping technique 
(or blood sampling) from veins and 
hirudotherapy (leech therapy).

Let us consider the three techniques 
of blood-letting.

1. Certainly, some people in the 
modern world have never heard 
about cupping as the “barbaric” 
treatment, but this sort of treatment 
has been using by the Arab world for 
many thousands of years. Moreover, 
advanced medical research confirms 
high therapeutic efficacy of cupping 
[19-21]. 

“Hijama (cupping) was utilized by 
medieval inhabitants in the Arabi-
an desert for treatment of a number 
of diseases. For the technique used 
by the Arabs, used were sharp tools 
like needles. An incision was made 
within a particular area of the body, 
usually on the neck surface or the 
head. Then, an experienced individ-
ual applied glasses or cups to dispel 
some blood in a patient. The Arabs 
believe that this therapy method is a 
good remedy against headache. His-
torical evidence suggests that Pro phet 
Muhammed suffered from chronic 
migraine. He always had to resort to 
cupping to relieve his pain. Cupping 
had to be performed by qualified in-
dividuals only, so that Muhammed 
had several with them ... Today, cup-
ping is considered to be not in compli-
ance with hygienic requirements and 
scien tific principles, and therefore it 
is treated as a high-risk life-threaten-
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ing method. “The Messenger of Al-
lah said: “Healing is in three things: a 
gulp of honey, cupping, and branding 
with fire (cauterizing).”

Another source states: “Hijama 
(skin incisions and vacuum glasses 
or cups in some areas of the body as 
recommended) is an ingenious way 
of getting rid of most of diseases sim-
ply by removal of “dirty” blood from 
the body. But what is the essence and 
the secret of Hijama (cupping)? Us-
ing the said blood-letting technique, 
we are able to initiate some stand-by 
recovery mechanisms in our organ-
ism, which are responsible for gene-
ration of fresh blood to improve the 
general conditions of a human indi-
vidual and cure many diseases. Cup-
ping is applied for prevention and 
treatment of the following diseases: 
prostatitis, back pain, impotence, low 
or high blood pressure, immune sys-
tem weakness, narrowing or block-
age of veins, pain in the neck or the 
shoulders, hemorrhoids, headaches, 
infertility, tuberculosis, skin diseases, 
heart pain (CVD), diabetes, urinary 
incontinence, muscle pains, numb-
ness in extremities, rheumatism, body 
paralysis, poor vision, eye pressure, 
tearfulness, poor hearing, sinusitis, 
seizures, menstruation irregularities 
and so on... Thus, we should assume 
that there are two positive factors in 
cupping: the removal of “dirty” blood 
plus an initiation of stand-by recov-
ery functions by the organism. The 
main feature of cupping is that there 
is no need at all to introduce any 
chemical agents into the human body 
or to perform any surgery interven-
tions. This method involves internal 
reserves of the human body only, and 
efficacy of cupping is supported by a 
thousand-years’ experience.

2. In Europe in the Middle Ages, 
doctors and healers treated people 

from all diseases with the use of ve-
nesection. The European procedure 
of blood-letting shows an essential 
difference from Hijama. So, cupping 
(Hijama) provides withdrawal of 
blood according to the under-the-
skin technique, i.e. the intercellular 
fluid is taken using vacuum through 
special incisions on the human body, 
and the suction effect of this proce-
dure is distributed in the body to a 
depth of 6-8 cm, while according to 
the “European” blood-letting tech-
nique blood was drawn usually from 
large veins opened. But according 
to the NTA concept, stagnated cell 
waste products are found in concen-
trated form not in large, but rather in 
small and smallest veins and tissue 
fluid as well. We note here, that mod-
ern donation, when venous blood is 
taken, is also a kind of blood-letting, 
but under the proper sterile condi-
tions. Typically, people who donate 
blood on a regular basis report some 
health improvement after the dona-
tion procedure.

3. In addition to cupping and vene-
section, there is the third method of 
blood-letting available: it is leeching, 
or hirudotherapy [22-25]. Hirudo-
therapy applications were reported 
even thousand years BC. Medical 
leeches were used for treatment of 
Egyptian Pharaohs; leeching therapy 
is mentioned both in the Bible and the 
Koran. Later, great physicians Hippo-
crates, Galen and Avicenna relieved 
with the help of leeches suffering of 
their patients. But the uncontrolled 
use of leeches in the Middle Ages and 
persecution of science by the Church 
discredited the idea of hirudothera-
py, and by the beginning of the twen-
tieth century, many doctors have 
discarded the leeching treatment. To-
day, the interest in leeching treatment 
practice has been rekindled in the 

world. Why? The answer is that be-
cause such treatment is in many cases 
more effective as compared to that in 
accordance with the canons of classi-
cal medicine. A noticeable advantage 
of hirudotherapy is that the leech 
secretes its saliva, containing more 
than hundred of various biologically 
active substances (natural medica-
tions), into the bloodstream, which 
are capable of mild acting to reduce 
the viscosity of blood and normalize 
the performance of the human body. 
The said substances include hyaluro-
nidase, hirudin, bdellins, eglins, a de-
stabilase complex (natural liposome) 
and some other agents. Furthermore, 
leech saliva also has a moderate anti-
bacterial effect. 

There is no doubt that the main 
achievement of NTA is a substanti-
ation of the integrated mechanism 
of arrhythmia in the human heart, 
the rationale for an introduction of 
the mechanical component of myo-
cardial excitation into the existing 
mathematical models at macro- and 
micro-levels [26]. With regard to 
metabolic disorders and deposition 
of toxins under opened AVA, the best, 
at first glance, is to promote healthy 
lifestyle (HLS) for everybody, starting 
from young age. Various every day’s 
physical activities contribute to a cy-
clic work of muscles, and the muscle 
performance facilitates pumping of 
venous blood from the most distant 
parts in the human body.

Conclusion
Thus, the new theory of arrhyth-

mia (NTA) should be accepted not 
only as a concept of an integrated 
physical mechanism of arrhythmia, 
demonstrating a fresh idea of the 
cause of sudden cardiac death, with 
due consideration of opening AVAs. 
This phenomenon, taken for a short 
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period of time, results in a decrease 
in systolic arterial pressure. On the 
other hand, it might be supposed 
that possible ways of counteracting 
frequent opening of AVAs can be 
utilized as a panacea in development 
of most perfect methods addressing 
treatment and prevention of a great 
variety of diseases. 

It should be stated that NTA mer-
its notice not only because of justi-
fying the integrated mechanism of 
arrhythmia and explaining the phe-
nomenon of sudden cardiac death, 
but also due to offering possible 
means of how successfully to solve 
the problems associated with high 
CVD mortality and high SCD inci-
dence rate, among them applications 
of vein scarring and installation of 
vein clamps in order to exclude or 
prevent arrhythmias and ischemic 
heart disease (IHD). The only minor 
requirement to be met is to conduct 
some decisive experiments for testing 
the theory and obtain the evidence 
for the presence of the mechanical 
waves propagating along the walls of 
the vena cava. Sketches of the theo-
ry validation techniques are already 
available. 

Thanks to NTA, there is a hope for 
an opportunity to prove the primary 
cause of venous dysfunction in the 
progression of vascular pathology of 
the of the human brain as an impact 
of an increased systemic venous pres-
sure with AVA opening. 

NTA also attempts to substantiate 
the mechanism of metabolic disor-
ders in the peripheral areas of the 
blood circulation network, mainly in 
individuals with usually high blood 
pressure. With arteriovenous anas-
tomoses (AVA) opened (and they are 
found in many organs), following the 
laws of hydrodynamics, the proper 
full-scale blood circulation may be 

periodically blocked within some 
individual segments. This leads to 
slowing down of blood flow, ische-
mia, stagnation and cooling of fluid 
(that results in abundant cold sweat), 
possibly to metabolic syndrome, co-
morbidity, right- and left-sided heart 
failures, diabetes, edemata, accu-
mulation of cellular waste products 
in interstitial fluid and in the tissue 
cells. It may provoke incidence and 
progression of many diseases, and, 
unfortunately, some of them cannot 
be prevented by modern medicine.

On the other hand, there are in the 
world for thousands of years effective 
practices to detoxify the organism. 
These practices include blood-let-
ting, hyrudotherapy, cupping or Ar-
abic Hijama, plus healthy lifestyle 
(HLS). Previously official medicine 
periodically prohibited cupping 
and hirudotherapy due to lack of “a 
strong theory”, but now it is just NTA 
that is capable to give a new chance to 
applications of these promising pro-
cedures to be duly accepted and pro-
moted. In addition, nothing prevents 
developing and further improving of 
the said theories of treatment with re-
spect to their specific, but not princi-
ple questions, for example, by ad ding 
knowledge where leeches should be 
placed and what number of leech-
es should be used for the purpose 
of hirudotherapy, or what Hijama 
points should be involved, depending 
on the kind of disease, the degree 
and duration of vacuum conditions, 
the degree of allowable mechanical 
dama ge to the skin, the frequency of 
organism detoxication, the patient’s 
age and the condition of the body, 
based on a new biological expertise 
at cellular, nano- and micro-levels. 

I hope the future of clinical cardiolo-
gy implies the promotion of healthy 
lifestyle, a fresh combination of some 

therapy procedures similar to hyrudo-
therapy (and / or cupping (Hijama)), 
telemetry, telemedicine, general ac-
ceptance and validation of NTA rec-
ommendations for the purpose of 
further development of NTA and an 
advanced improvement of existing 
mathematical models of the cardio-
vascular performance at micro-levels, 
because probably in the future we 
have to deal with some more gentle 
challenges of prevention and treat-
ment of CVD and other malfunc-
tions in a human body. 

Let’s hope: after many years’ stagna-
tion in cardiology, there comes a new 
time offering effective conceptual 
and technological advances in health 
care service and medicine in general.

And, of course, in the more distant 
future, when NTA will be introduced 
and generally recognized, genetic en-
gineering and gerontology must con-
tribute to significant reduction in the 
likelihood of sudden cardiac death in 
the young and middle age human in-
dividuals.
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Abstract
For a long time cardiologists have not been able to explain why the 
problem of cardiac arrhythmia in a heart transplant recipient practically 
disappears. In fact, this issue has never been raised for discussion. At the 
same time, my new theory of arrhythmias (NTA) has been discussed at 
conferences and in mass media for the last 4 years. The core proposition 
of NTA is as follows: the generation of extrasystoles and tachycardia in 
most cases occurs not due to bioelectric reentry, but owing to the action 
of mechanical pulse waves. A pathological pulse wave can travel to large 
veins along the walls of the arteriovenous anastomoses (AVA) and excite 
cardiomyocytes.
The developer of NTA has studied some peculiarities of the cardiac rhythm 
patterns which occur after heart transplantation and presents herein 
convincing evidence in favor of his new theory.
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OPINION

Introduction
Discussions treating a new mecha-

nism of cardiac arrhythmia in a human 
have been held for about 5 years. The 
matter is that the generally accepted 
cardiac arrhythmia theory, which at-
tempts to take into account a great 
num ber of causes and mechanisms of 
arrhythmia, is not capable of giving 
answers to trivial questions given below.

Why do absolutely healthy people 
with a healthy heart, former or even 
active athletes, die of sudden cardiac 
death?

reentry. It means that it is necessary 
to operate in a manner quite different 
from the way the present-day cardio-
logy does. Who is right? 

The NTA originator has pioneered 
in identification of some significant 
evidences for his fresh theory.

Modern heart transplantation 
techniques

Nowadays a great variety of heart 
transplantation techniques are avail-
able, but the most widespread are 
only two of them: they are biatrial 
and bicaval heart transplantation 
procedures [1-3]. The biatrial tech-
nique was developed by Richard 
Lower and Norman Shumway and 
utilized by Christiaan Barnard in 
1967, and it provides the donor’s 
heart connection to the recipient’s left 
and right atria, pulmonary artery and 
aorta, while the more advanced bica-
val heart transplantation procedure 
uses the connection to the superior 
and the inferior vena cava instead of 
the right atrium. The bicaval anasto-
mosis is considered as minimizing 
risks of heart rhythm abnormalities 
and conduction disorders in a recip-
ient after heart transplantation [1-9].

The first step of heart transplantation 
is a removal of the heart ventricles in 
a recipient. The recipient’s large blood 
vessels, the right and left atria should 
remain. Afterwards, the donor’s heart 
is adjoined and sewn thereto.

There are different approaches to 
heart transplantation: an orthotopic 
(“single heart”) approach and a het-
erotopic (“a double heart”) one. The 
latter is accompanied by pulmonary 
compression, complications in fur-
ther heart biopsies and the necessity 
of anticoagulant therapy. Neverthe-
less, the heterotropic transplantation 
should be selected in case of severe 
pulmonary hypertension [10-13].

Why does medication used to treat 
arrhythmias show its ineffectiveness 
or even an opposite effect of increas-
ing the probability of cardiac mortal-
ity in some cases?

What mechanism is involved in the 
arrhythmia treatment by the method 
of radiofrequency ablation?

On the other hand, the new theo-
ry of arrhythmia (NTA) proves that 
the principle mechanism of arrhyth-
mia is not the bioelectric reentry as 
generally accepted in the medicine 
community, but it is the mechanical 
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Which transplantation techni-
que is better: biatrial or bicaval?

The orthotopic heart transplanta-
tion is performed according to the 
Shumway-Lower method (with anas-
tomosis of both atria) or the bicaval 
anastomosis technique [14]. The 
first met hod is technically easier and 
allows reducing ischemia time for 10-
15 minutes. The bicaval technique 
has several advantages as follows: it 
makes possible to reduce the size of 
the right atrium and lower the rate of 
tricuspid regurgitation incidence.

Under a long-lasting period of ische-
mia (for example, when transporta-
tion takes a long time, or in case of 
long time heart surgery in the recipi-
ent(s) in his/her (their) history, as it 
happens with implanted ventricular 
bypass systems), the conditions of 
the donor heart can be improved by 
perfusion of cold blood cardioplegic 
solution through the coronary sinus 
of the donor heart. The principal 
means of preserving a donor organ is 
its local cooling.

When performing heart transplan-
tation, the proper conditions for the 
sinus nodes both of the donor and 
the recipient should be maintained. 
Approximately three weeks later after 
the surgery, two P waves can be de-
tected on ECG in such a patient. In 
any case, the electrical activity of the 
heart depends on an autonomous op-
eration of the electrical system of the 
donor heart, and it is not regulated by 
the nerves of the recipient.

Although some cardiologists con-
sider the bicaval technique to be 
more injurious, the respective studi-
es comparing the two techniques 
show that the bicaval procedure 
provides for a more effective con-
traction function of the atria, a lower 
incidence rate of atrial arrhythmias, 
a lower averaged pressure in the pul-

monary artery and the right atrium, a 
greater left ventricle ejection fraction, 
a lower demand to use permanent 
cardiac stimulator and a diminished 
incidence rate of tricuspid regurgita-
tion [15].

Upon heart transplantation, actu-
ally severe rhythm disorders are not 
reported [16].

According to the data of American 
Association for Thoracic Surgery, 
when the bicaval technique is ap-
plied, the use of the cardiac stimula-
tor is required in a minority of cases, 
and the survival rate is higher, and 
the atrial fibrillation incidence rate is 
lower [17].

It has been detected that arrhyth-
mias are not typical for the trans-
planted heart. No angina pectoris is 
available upon heart transplantation. 
Let us note that as a rule the trans-
planted heart has an elevated sinus 
rate (up to 90-110 bpm) because of 
the denervation. And this is the only 
failure in the transplanted heart per-
formance, and just the higher heart 
rate is often called the rhythm disor-
der by the medical experts.

Thus, the bicaval technique, when 
two anastomoses between the do-
nor’s right atrium and two vena cava 
and an anastomosis between the do-
nor’s and recipient’s left atrium are 
formed, is the most promising at the 
current stage of cardiac surgery.

In this connection, a question might 
come to mind about why just the bi-
caval technique leads to almost com-
plete myocardium protection from 
many types of arrhythmias, both of 
atrial and ventricular type, and the bi-
atrial method protects only from the 
ventricular one? Thus, the problem 
of arrhythmia in such patients is radi-
cally solved to our surprise. But what 
is the mechanism of the phenome-
non? Why do these effects remain 

unexplained by cardiologists and 
arrhythmologists? Why do they say 
so little about it? In advance, I would 
like to say: the facts of arrhythmia 
elimination are evidently not possi-
ble to explain from the point of view 
of the official conventional medicine, 
namely, from the conceptual stand-
point of the mechanism of the bio-
electric REENTRY. But we can brave-
ly assume that both the recipient and 
the donor might have different forms 
of arrhythmia before heart trans-
plantation, but thereafter all rhythm 
disorders suddenly disappear. Why? 
The answer is the following: the con-
ventional, generally accepted theory 
of arrhythmia is evidently erroneous, 
and that is the reason that cardiology 
has come to the deadlock.

Modern cardiology point of view
Cardiologists confirm that the ma-

jority of problem cases with arrhyth-
mias disappear for a transplanted 
heart. But we have to deal with some 
other problems of quite different qual-
ity which might be as follows: acute 
transplant rejection, cardiac insuffi-
ciency, coronary artery disease of the 
transplanted heart (transplant vas-
culopathy), infections, renal insuf-
ficiency and cancer diseases. Trans-
plant rejection and infections are the 
primary causes of mortality during 
the first three years after the heart 
transplantation, while the malignant 
neoplasms and transplanted heart 
coronary artery diseases manifest 
themselves in the next period of time 
upon transplantation [18-25].

The revealed paradox  
in terms of NTA

The most promising bicaval heart 
transplantation technique provides 
for the formation of an anastomosis 
between the donor heart right atrium 
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and the vena cava under the forma-
tion of another anastomosis between 
the donor’s and recipient’s left atria. 
Besides, there always joining stitch-
es on the aorta and the pulmonary 
trunk available, but they seem to play 
a significant role neither in gener-
ation of arrhythmias nor their sup-
pression.

What do all these things mean in 
terms of NTA, the hypothesis of the 
pulse mechanical wave propagation 
from the arteries to the vein walls via 
the AVA, reaching further the atria 
and ventricles, which give their re-
sponse to the mechanical action by 
extraordinary heart beats?

It means that, after the bicaval sur-
gery, the donor heart is circularly 
isolated from the mechanical waves 
both in the vena cava and the pul-
monary veins, since the stitch traces 
formed on the vessels and the atria 
envelop the vena cava and the pul-
monary veins with a ring of scar tis-
sue. The scar tissue, showing quite 
different mechanical characteristics, 
as compared to the living tissue, will 
effectively reflect a pathologic pulse 
wave running to the atria, excluding 
in such a way any mechanical cardiac 
excitation. I have been offering (for 
4 years in the framework of NTA) 
just the similar manipulations with 
an artificial (targeted) scar tissue 
formation in veins as well as venous 
stent implantation as an alternative 
to radiofrequency catheter ablation 
(RCA) aimed at suppressing the me-
chanical waves, so that arrhythmia 
and SCD may be avoided at all! Now 
the bulk of evidence favors the above 
mentioned idea [26-28].

On the other hand, according to the 
performed studies, the biatrial tech-
nique protects the patient from only 
(attention!) the ventricular rhythm 
disorder, but not from the atrial ar-

rhythmia, i.e. from the narrow QRS 
extrasystole, atrial fibrillation (Afib) 
and atrial flutter (Aflutter). Why do 
we deal just with the above listed 
phenomenon? It can be explained by 
the fact that, when the biatrial tech-
nique is applied, the joining stitch is 
located just at the level of the ventric-
ular valves. And just the recipient’s 
own atria and the venous orifices 
unaffected by scalpel maintain and 
even enhance the generation of the 
excitation pulses, since the working 
atria are not isolated at all from the 
vena cava and the pulmonary veins 
after the surgery. A different situation 
arises with the ventricles: under the 
utilization of the biatrial technique, 
they are isolated from the pathologic 
pulse wave, and that is just the rea-
son that only ventricular extrasysto-
les and tachycardia disappear. The 
mechanical pulse generated by the 
pulse wave cannot reach the cardi-
ac apex, and the said pulse loses its 
power, when passing the circular scar 
formed by sewing the donor’s ventri-
cles to the recipient’s unaffected atria. 
It is just the evidence for NTA! It is a 
great additional argument in favor of 
NTA!

Now it becomes clear that it is pos-
sible to avoid additional experiments 
I always speak about in my articles to 
finally prove the correctness of New 
Theory of Arrhythmia. A great num-
ber of such experiments (they are al-
ready tens of thousands) are already 
available: the experimental evidence 
data have been already obtained in 
a multitude of heart transplantation 
operations both with the bicaval and 
biatrial techniques.

The transplantation results provides 
strong evidence that stitches, scars 
and seams on the vessels and the atria 
reliably block the pulse wave ways, so 
that it results in terminating arrhyth-

mias, and the heart performance is 
managed by the only “setting genera-
tor”, namely, by the impulses of the 
donor’s cardiac conduction system 
(CCS). Thus, having analyzed the 
above conceptual statements, the fol-
lowing uncomfortable questions in 
cardiosurgery and general cardiology 
may arise:

Why the heart should be “hacked” 
with a scalpel in case of some forms 
of arrhythmia, with telling a good 
deal about elimination of the “ectopic 
centers”?

Why in some other cases the myo-
cardium tissue should be burnt using 
the radiofrequency catheter ablation, 
suggesting that at the same time it 
produces “a treatment effect”?

Why a great many of medical drugs 
should be taken by a patient to 
change the microlevel characteristics 
of cardiac conduction system, car-
diomyocytes and fibroblasts?

Why do researchers and cardiol-
ogists ignore the MECHANICAL 
component of the myocardium ex-
citation when developing the reentry 
mechanism during the last 100 years?

(No doubt, in some cases, especially 
under severe pathology, it is a MUST 
to use scalpel, RCA, effective medi-
cations and injections, but all these 
methods will not dominate in the 
heart arrhythmia treatment).

As there is nothing unusual or 
harmful about the processes which 
occur in the performance of our 
heart, especially at initial arrhythmia 
stages, or when considering the car-
diac performance in young people, 
we can say that our heart gives only 
responses to additional mechani-
cal excitations, travelling along the 
veins together with the pulse wave. It 
would be strange if the heart would 
not response to such excitations. 
These responses are clearly seen on 
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an ECG, and to attribute these ef-
fects to “the wild performance” of 
the CCS to some segments of the 
myocardium tissue in the form of 
“ectopic centers” is probably not 
correctly. The data given herein and 
NTA in general allow us to solve 
the problem of arrhythmia in a very 
easy way, namely, it is required to 
suppress the mechanical waves in 
large veins travelling to the atria 
with any suitable means like venous 
stenting (or “venous clamping” to 
be more precise), incisions or with 
use of other eligible devices.

Thus, the idea of bioelectrical RE-
ENTRY existing for about 50 years 
in cardiology has been proven prac-
tically wrong, and official (conven-
tional) medicine must admit its own 
defeat and accept its powerlessness, 
when evaluating development of an 
adequate theory of the mechanism 
responsible for cardiac arrhythmias. 
NTA states that in the majority of 
cases the arrhythmic cardiac beats 
are generated by the pulse wave trav-
elling from the arteries via the arte-
riovenous anastomoses to the vena 
cava, further to the atria and the ven-
tricles.

List of abbreviations
NTA – New Theory of Arrhythmia. 
AVA – arteriovenous anastomoses.
Afib – atrial fibrillation
SCD – sudden cardiac death
Aflutter – atrial flutter
CCS – cardiac conduction system
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Abstract
The detected phenomena of shunting of blood from large arterial trunks 
into large venous vessels is considered herein. The Cardiocode device is 
capable of detailed visual interpreting of a change or a significant reduc-
tion of a rheographic wave of the ascending aorta. Such a visual inter-
pretation demonstrates some portion of blood is bypassing from large 
vessels via opening anastomoses into the venous bed. Shown is a variety 
of sensations and states in patients with this phenomenon. Raised are sev-
eral issues on future studies and further interpretation of the phenomenon 
and taking into account the given anatomical & physiological mechanism 
when assessing the patient’s clinical state and dynamics of the treatment 
and rehabilitation process.
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Introduction
The fact itself that there are large 

anastomoses between arteries and 
veins available in a human body re-
mains still a debatable topic, while 
the presence of arteriovenous fis-
tulas of the circulatory system is a 
long-established factual matter. V. 
Kulchitsky was the first scientist who 
detected the arteriovenous fistulas of 
the circulatory system in extremities. 
A.G. Fedorova observed in her labo-
ratory a significant vasodilatation of 

the direct arteriovenous fistulas in 
the crural fascia and the tendon in a 
human, when examining anatomical 
specimens prepared from amputated 
extremities of patients with obliter-
ating endarteritis. However, as for 
large hemodynamic arteriovenous 
anastomoses (AVA), they deserve 
further consideration and investiga-
tion. Nowadays it is not accepted to 
consider the presence of large arte-
riovenous anastomoses (shunts) as 
a norm. Nevertheless, large shunts 

existing between the arterial and the 
venous networks are well known for 
a long time. For example, the Bot-
talo’s duct, the largest arteriovenous 
anastomosis, which sometimes re-
mains in a human since birth. Ex-
panding the methods applied for 
studies of arteriovenous fistulas in a 
living individual, for example, by an 
introduction of microscopic glass 
balls into arteries in various organs 
with their further calculation in the 
flow-back venous blood or serial 
roentgenography of blood vessels in 
a living individual, as well as differ-
ent methods utilized for blood vessel 
examinations in a dead body, has led 
to detection of such shunting vessels 
in almost all the organs in a human.

The aim of the present paper is to 
identify some cardiometric signs 
indicating the existence of arterio-
venous anastomoses as a phenom-
enon featuring the vascular system 
anatomy and physiology and clear-
ly demonstrate the markers of their 
presence and the objective evidence 
to support their detection.

Materials and methods
According to the evidence data 

obtained by Russian scientist T.A. 
Grigoriev (1954), the arteriovenous 
anastomoses are located not only in 
some external parts of the body, but 
they are also found in the brain circu-
latory system, the retina and almost 
all the viscera. 

When analyzing the said topic, our 
special consideration has been given 
to different materials offered by spe-
cialized medical Internet resources 
devoted to detection of arteriovenous 
shunts in large arterial and venous 
basins: “AV shunt between the por-
tal vein and the superior mesenteric 
artery” furnishes an example thereof 
[1-3]. Some expert findings, reported 
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upon examination of the aorta ab-
dominal region with the contrast-en-
hanced X-ray computed tomography, 
are good case in point: “No evidence 
indicating the aortic aneurysm avail-
able. Arteriovenous anastomosis be-
tween the superior mesenteric artery 
and the portal vein is available. Por-
tal vein venectasia. Type of the right 
renal artery anatomical constitution. 
60% stenosis of celiac trunk.” 

 Thus, the arteriovenous anastomo-
ses detected in almost all the human 
organs should be considered as a nat-
ural phenomenon in the circulatory 
system having a great significance for 
the local circulation regulation [3].

Results
Upon completion of studies con-

ducted with the Cardiocode hemo-
dynamic analyzer [1], it has been 
established that symptoms of some 
patients show certain specificity and 
are correlated to a definite type of he-
modynamic pattern. 12 patients were 
examined with the use of Varicard 
and hemodynamic analyzer Cardio-
code [4-7].

 Our more profound targeted stud-
ies in patients with different poorly 
interpretable symptoms have result-
ed in revealing some signs of ana-
tomical and physiological features 
of their circulatory system with the 
arteriovenous anastomoses, which 
were opened under exercise loading 
(30 squats). 

One of the typical approach to ex-
amination of such patients is de-
scribed below. Figure 1 below exhibits 
an ECG and a Rheogram of a patient 
in lying position. The Rheogram 
demonstrates insignificant signs of a 
venous outflow disorder.

Figure 2 herein below shows ECG 
and RHEO curves of the same patient 
in sitting position; the curves were 

Figure 1. An ECG and a Rheo of a patient in lying position, at rest.

Figure 2. ECG and Rheo curves of the same patient in sitting position, at rest

Figure 3. An exercise ECG curve accompanied by the respective Rheo 
tracing of the same patient after completion of 30 squats; 
standing position. 
Legend: 
(1) A decrease in amplitude of the Rheo indicates a sudden pressure 
release in the aorta. It corresponds to the time of opening of the arterio-
venous shunt. 
(2) The shape of the rheographic curve is changing. The signs indicating 
an increase in pressure in the venous bed are found (the venous outflow 
hindrance) during and after the pressure decrease in the aorta. 
(3) The signs of the normal rheogram curvature before opening of arte-
riovenous anastomosis and within 2 cycles after the AVA closure.
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recorded immediately after the rest 
tracings. The signs of the venous out-
flow disorders are almost not found.

Then an exercise test ECG accom-
panied by Rheo tracing for the same 
patient was recorded (30 squats, squat 
intensity: 1 squat for each 2 seconds). 
The tracing of the exercise ECG and 
the respective Rheogram represent 
standing position of the patient im-
mediately after his exercise loading.  
The Rheogram has assumed the shape 
demonstrating alternate segments as 
follows: the normal rheographic cur-
vature (3) and the next rheographic 
curvature with a considerably smaller 
amplitude (1), with pronounced signs 
of the venous outflow hindrance (2), 
the significance of which decreases, so 
that, as a result, the rheographic curve 
becomes normal again.

In later recordings, an atypical car-
diointervalogram of the same patient 
was recorded, when his heart rate 
variability was brought under close 
study [8-17]. Considering the pa-
tient’s symptoms, taken into account 
were periodical headaches, some 
“strange” feelings in the body under 
exercise loading, which disappeared 
at rest. In examination, upon com-
pletion of 30 squats, the patient re-
ported some strange feelings, which 
he was not able to exactly describe in 
detail; it should be mentioned, that 
the patient’s description of his condi-
tion was similar to that given above 
herein: “After the squats I could feel 
my own heart. My heart was beat-
ing too frequently, and I felt as if my 
heart were moving up and down. 
After two or three heart beats, I felt 
something like a side push. So, my 
feeling was: the heart was moving up 
and down, and then suddenly I could 
feel a strange movement to the left.”

Below we take one typical examples to 
illustrate opening of arterioventricu lar 

anastomosis that is similar to the case 
with the above exercise recordings for 
all the examined patients. 

The patient in question reported 
his symptoms as follows: “Pulsations 
in the abdominal area, then heart 
beating. It is starting with periodical 
pulsations in the abdominal area. It 
occurs alternately in the pancreatic 
gland area, in the abdominal area at 
the left and simply in the abdomen. 
I can report the same symptoms: 
first the pulsations take place in the 
abdomen, and later it appears in the 
heart! Tachycardia and arrhythmia 
are developing. Sometimes the heart 
pulsations disappear, and the heart 
beating is normalized. In other cas-
es, the heart pulsations give way to 
cardiac pains. I was examined more 
than once by different governmental 
and private clinical institutions, but 
the medical experts were not able to 
find something special. They say: it is 
vegetative-vascular dystonia and gas-
tritis, but nothing else. The cardiol-
ogist’s record stated arrhythmia and 
tachycardia.”

In my opinion, the above data can 
be interpreted as opening of an ar-
teriovenous anastomosis in the ab-
dominal area.

So, the final report should be that 
the primary cause of the conditions 
of the given patient and the similar 
conditions of the other patients is the 
anatomical & physiological feature of 
the cardiovascular system along with 
opening of an arteriovenous anasto-
mosis within the abdominal vascular 
area. In connection with the above, 
the following issues for further inves-
tigations arise: 

1. Should we consider such findings 
to be a variant of the normal struc-
tural design of the vascular system?

2. How often might patients with 
such functional peculiarities of the 

vascular system appear in clinical 
practice?

3. What prognostic value does the 
detected phenomenon have and how 
does it influence the organism func-
tional reserves?

The given mechanism, namely the 
blood bypassing to the venous bed, 
is tested to be used for correcting the 
state of patients with hypertension 
[18, 19]. It seems that some research-
ers think AV shunting undertakes 
some preventive functions and can 
be a part of the protective-adaptive 
mechanism. Some researchers even 
suppose that such shunting tactics 
could be a panacea against hyperten-
sion [20]. In any case, it is evident that 
the described anatomical & physio-
logical phenomenon requires further 
clarification of a number of questions 
and searching for adequate and ex-
perimentally evidenced answers.

Conclusions
Considering the above typical ex-

amples demonstrating the AVA phe-
nomenon, the following conclusion 
can be reached: the cardiometric 
method is informative enough to 
detect the performance of arterio-
venous anastomoses as individual 
anatomical & physiological feature 
of the vascular system in a human, 
when using ECG & RHEO exercise 
recording, capable to identify the 
relevant markers of opening of arte-
riovenous anastomoses. The cardio-
metric method is a simple non-inva-
sive method of examination which is 
widely available and which is capable 
of detecting such phenomenon in the 
performance of the human vascular 
system.

The final chapter in “Theoreti-
cal Principles of Heart Cycle Phase 
Analysis”, - it should be stressed that 
this book is a result of more than 25 
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years’ research work by the Russian 
CARDIOCODE R & D team, states 
that further research work will make 
it possible to achieve much success in 
scientific discoveries and that the de-
sign & development of the new medi-
cal device CARDIOCODE will pro-
vide fresh possibilities practically for 
every doctor to participate in further 
scientific studies and investigations. 
The description of the syndrome 
complex in the above patients was 
submitted to Prof. Mikhail Rudenko, 
Chief of the CARDIOCODE R & D 
team, for his evaluation. Following 
his advice, the said syndrome was 
named after its discoverers: they are 
Valdimir I. Ermoshkin, an expert in 
physics, who described the possibili-
ty of the existence of the above men-
tioned mechanism from the point 
of view of physics, and Vladimir A. 
Lukyanchenko, a physician, who has 
identified the syndrome in practice 
during the relevant tests and exam-
inations. So, the given phenomenon 
of the anatomical & physiological 
feature of the vascular system is desi-
gnated the cardiometric Ermosh-
kin-Lukyanchenko syndrome.
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Abstract
Consideration is being given herein to some mechanisms of high heart 
rate variability (high HRV), which cannot be attributed to sports exercise 
loading. The mechanism responsible for high HRV is explained as that 
resulted from the continuous performance (opening and closure) of ar-
teriovenous anastomoses in different organs and systems in a human or-
ganism. An assessment of this phenomenon is given herein from the point 
of view of a practicing physician who treats regularly patients with already 
established clinical diagnoses and those without an established nosologi-
cal profile according to International Statistical Classification of Diseases 
and Related Health Problems 10th Revision.
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Introduction
An early detection of abnormalities 

in the performance of blood vessels 
to prevent further serious irrevers-
ible injury can be treated as a really 
life-saving matter. And this is just the 
early diagnostics which is capable of 
solving all the problems.

It is well known that cardiovascular 
diseases cause most deaths as com-
pared with other diseases [1]. There-
fore, an identification of conditions 
along with the relevant anatomical 
& physiological features in a human 
organism, which may contribute to 

or provoke an initiation of cardio-
vascular diseases, is actually the most 
critical and significant problem to 
be considered by clinical experts in 
practice. In this connection, it should 
be mentioned that one of the most 
promising tendencies of analytical 
tools, used for detection of possible 
causes of cardiovascular diseases, is 
an assessment of cases of high heart 
rate variability in a human organism 
[2-9]. When assessing HRV in healthy 
individuals, usually the meaningful 
interpretable deviations from the 
normal HRV should not exceed 20 

to 30%. Moreover, according to clas-
sical cardiology, even the 10 % devi-
ation from the normal HRV must be 
treated as not acceptable in general. 
Following the conventional way, pos-
sible HRV deviations beyond the said 
limits shall not subject to any assess-
ment and have to be interpreted with 
certain provisions and stipulations. 
To treat extreme HRV abnormalities, 
the special term “entropy chaos” has 
been introduced. But, unfortunately, 
this term essentially is capable only to 
capture the observed status, without 
furnishing any reasonable explana-
tions thereof. The question is: when 
we are detecting high HRV levels, 
what processes in an organism are 
evidenced by them? Do they indicate 
a pathology case or do they exhibit an 
adaptation reaction performed by an 
organism? And if it is just the adap-
tation reaction or response, what sig-
nificance should be assigned thereto? 
One of the ideas outlined herein is to 
present an original study, covering 
the above mentioned problem cases.

Aims
The author hereof considers in his 

study possible mechanisms of high 
HRV which cannot be attributed 
to regular intense physical exercise 
loading.

Materials and methods
If we wish to gain a more penetrat-

ing insight into the above mentioned 
process, we should dwell on physi-
ology of the cardiovascular system 
performance. Below given are some 
generally accepted classical defini-
tions related to physiology of the 
cardiovascular system which are not 
subject to any critical review. 

Cardiac output (CO) is the amount 
of blood the heart pumps through 
the circulatory system into the aorta 

Submitted: 18 December 2015     Accepted: 25 January 2016    Published online: 23 May 2016



Issue 8. May 2016 | Cardiometry | 27

in a minute, and it includes the total 
blood volume flowing via the vessel 
bed per minute. The cardiac output is 
the most important indicator of he-
modynamics in an organism.

Venous return (VR) is the flow of 
blood back to the right atrium of 
the heart per minute. Venous return 
must equal cardiac output (CO). 

If for some reason venous return in-
creases or changes, showing steadily 
fluctuations in the amount of blood 
entering the right atrium, the relevant 
mechanisms of the cardiac regulation 
should control the process in order 
to provide a balance between cardiac 
output and venous return. It is con-
ventional to assume that the heart 
always attempts to pursue this goal 
in its performance. By this means, 
cardiac output is controlled in accord 
to actual venous return. When it is 
stated that cardiac output is regulated 
according to venous return, it means, 
that the heart does not play a leading 
part in the cardiac output control.

But what determines the nature of 
venous return that is decisive for car-
diac output control? First, it should 
be said there are a lot of prime fac-
tors which influence peripheral cir-
culation and which provide blood 
supply from veins to the heart, but 
not only the prime factors play a cru-
cial role in the circulation control in 
an organism. Taking into account 
some specific features of the design 
of the cardiovascular system is of 
great importance. The design of the 
cardiovascular system provides for a 
possibility that a certain amount of 
blood, leaving the arterial system, is 
directly delivered to the venous sys-
tem, so that the capillary bed is by-
passed. This is precisely the mecha-
nism that is central to the new theory 
of arrhythmia (NTA) originated by 
Vladimir I. Ermoshkin [10-12]. The 

bypasses as alternative pathways used 
for blood delivery are called arterio-
venous anastomoses (AV anastomo-
ses, or AVA).

It should be noted that every AV 
anastomosis has its own regulating 
mechanisms which operate in such a 
way that blood is either discharged or 
undischarged to the venous system. 
If we take into account that the circu-
latory system is in possession of more 
than one anastomosis, considering 
the fact that each of them under op-
eration meets its individual pre-spec-
ified requirements, it means that not 
constant, but variable amounts of 
blood are received by the right atri-
um in the course of time. In doing so, 
the heart seeks how to properly bal-
ance cardiac output (CO) and venous 
return (VR).

What mechanisms are involved in 
order to provide the required CO-VR 
balance?

Our heart contains its own “built-
in” mechanism capable of automati-
cally pumping the required amount 
of blood to the right atrium from the 
veins. It is the well-known Frank-Star-
ling mechanism (also referred to as 
the Frank-Starling law) [13-16]. Ac-
cording to the Frank-Starling law, an 
increase in the blood amount sup-
plied to the heart stretches the ventri-
cles, and, in its turn, it increases the 
force of contractions, so that a great-
er volume of blood, as compared 
with the previous condition, leaves 
the heart for greater circulation. By 
this means, the full amount of blood 
supplied to the heart is automatical-
ly delivered to the aorta, without any 
delay, and circulates again and again 
throughout the blood vessel system.

Another important factor in this 
case is an increase in the heart rate as 
a response to the actual myocardium 
wall tension. So, the tension of the 

wall of the right atrium in the sinus 
node area produces an immediate ef-
fect on the capability of pacemaking 
cells to generate excitation and leads 
to an elevation of the heart rate. Be-
sides, stretching of the right atrium 
causes an atrial reflex response which 
is referred to as the Bainbridge reflex 
[17-21]. Pulses from the right ventri-
cle are delivered to the blood vessel 
control center in the medulla oblon-
gata, and then the pulses travel via 
the sympathetic and the vagus nerves 
to the heart to initiate an increase in 
the heart rate [22-24]. These mecha-
nisms are activated, when venous 
return increases from one blood 
amount, entering the right ventricle, 
to another [25-28].

When each individual blood 
amount, entering the right ventricle, 
is differing from another due to in-
volvement of the AV anastomoses, 
which open and undertake the by-
pass function, at the initial stages the 
heart is capable of correcting the pro-
cess by adjusting the heart rate vari-
ability. 

In such a manner, under the nor-
mal conditions, when no stress fac-
tors are available and when the AV 
anastomoses are not in operation, 
cardiac output is fully controlled by 
the peripheral mechanisms, which 
determine the actual amount of ve-
nous return. A cardiointervalogram 
will demonstrate all this as an ade-
quate variability which reflects the 
regulatory mechanisms of the known 
members in the heart rhythm control 
system.

Results 
In our practice, we have detected a 

number of patients who demonstrat-
ed high HRV. Our examination and 
observation cohort covered 25 pa-
tient cases with identified high heart 
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rate variability. A typical example of 
a high HRV, which is not attributed 
to sports training activities, is given 
herein below. Symptoms reported by 
the high HRV patients in all the cases 
were extremely varying and nonspe-
cific, so that it was impossible to fit 
the observed symptoms in the noso-
logical classification. As a rule, ana-
lyzing such cases, a doctor in prima-
ry health care makes his diagnosis as 
follows: vegetative vascular dystonia. 
But our cardiometric examination of 
patient Ya. clearly demonstrated that 
actually the reported symptoms and 
conditions should be attributed to 
the performance of the opened AV 
anastomoses (see Figure 1).

The high HRV patterns in the same 
female patient are exhibited in Figure 2 
and Table 1 herein below.

The non-typicity index (NTI) (see 
Table 1) bears witness to failure in 
the performance of the adaptation 
mechanisms in the organism of the 
female patient in question. At the 
same time, her NTI reflects an abso-
lutely non-typical age- and sex-rela-
ted pattern, departing from that ty-

Figure 1. Cardiometric markers of opening of AV anastomoses. 
Legend: ABA – opening of AV anastomoses.

Figure 2. High HRV patterns

Table 1. General assessment of regulatory systems (position: sitting)

Characteristics of heart 
rhythm regulatory system Particular diagnostic findings Assessment, score

Deviation 
from the 

mode
A. Total effect of regulation Pronounced bradycardia - 2 - 2
B. Functions of automatism 
action

Pronounced arrhythmia - 2 - 2

C. Vegetative homeostasis Pronounced dominance of para-
sympathetic nervous system - 2 - 2

D. Vasomotor (vascular) center Normal activity of medullary car-
diac and vasomotor center 0 - 1

E. Sympathetic medullary car-
diac & vascular center

Pronounced weakness in activity 
of medullary cardiac & vascular 
center performance

- 2 - 2

Indicator of regulatory system activity (IRSA)



Issue 8. May 2016 | Cardiometry | 29

pical in the cohort population under 
examination. A large body of com-
pleted studies based on monitoring 
and examinations of patients of this 
sort is sufficient to allow definite 
conclusions on the real cause of the 
high HRV phenomenon, which is 
not related to heavy sports training 
loads. It should be added that such 
examinations are supported by an 
assessment of failures in the adapta-
tion mechanism performance, with 
use of special hardware & software 
system. Actually, a high HRV ex-
ceeding 20 – 30% is the marker of 
the adaptation-adjusting reaction to 
compensate any fluctuations in the 
blood amounts, entering the right 
atrium, by changing the heart rate in 
order to restore the proper balance 
between venous return and cardiac 
output. A pathognomonic sign of the 
particular pattern of the cardiointer-
valogram (CIG) is the absence of a 
clear-cut wave character on the CIG 
chart that corresponds to respiratory 
movements. 

Conclusion
From what has been said it can be 

assumed that high heart rate variabil-
ity may be judged to be the marker 
of opening of arteriovenous anasto-
moses within the blood vessel system 
in an organism. This suggestion is 
also supported by the fact that there 
is the cardiometric syndrome by Yer-
moshkin - Lukyanchenko which ap-
parently shows the performance of 
the AV anastomoses according to the 
specific shape of a Rheogram (Figure 
1 herein) [10-12]. This concept is es-
sential for practice since high HRV 
indicating the AV anastomoses in 
operation should be interpreted as 
a warning sign for possible develop-
ment of various types of extrasysto-
les, arrhythmias and sudden cardiac 

death syndrome. For patients of this 
sort required should be further care-
ful clinical examinations like pulse 
wave analysis in order to exclude 
the presence of pathology of cardio-
logical character. As a rule, the high 
HRV patients show a considerably 
labile performance of the cardiovas-
cular system that is accompanied by 
various clinical signs (unconscious-
ness, vertigo, sudden cardiac death 
events). Our concept of an explana-
tion of the mechanism responsible 
for high HRV suggests further ques-
tions as listed below:

1. What treatment & prevention 
measures should be taken for high 
HRV patients in order to improve their 
ability to withstand stress factors?

2. What features of clinical progres-
sion of various diseases might be ex-
pected in patients of this type?

3. Should any prophylactic med-
ical examinations be provided for 
the above patients on a regular basis, 
with due consideration of their ana-
tomical & physiological peculiarities 
of the cardiovascular system?

References
1. Ray Kurzweil, Terry Grossman. 
Transcend: Nine Steps to Living Well 
Forever. Moscow: Mann, Ivanov and 
Ferber; 2015. ISBN 978-5-00057-644-1.
2. Achten J, Jeukendrup AE. Heart 
rate monitoring: Applications and lim-
itations. Sports Medicine. 2003;33(7): 
517-38.
3. Acharya UR, Joseph KP, Kanna-
thal N. Heart rate variability: A re-
view. Medical and Biological Engi-
neering and Computing. December 
2006;44(12):1031-51.
4. Kleiger RE, Stein PK, Bigger JT. 
Heart rate variability: Measurement 
and clinical utility. Annals of Non-
invasive Electrocardiology. January 
2005;10(1):88-101.

5. Stein PK, Kleiger RE. Insights 
from the study of heart rate vari-
ability. Annual Review of Medicine. 
1999;50:249-61.
6. Baevsky RM, Ivanov GG. Heart 
rate variability analysis in applica-
tion of various electrocardiographic 
systems: practical guidelines. Journal 
of arrhythmology. 2002;24:65-86. [in 
Russian]
7. Mikhailov VM. Heart rate variabil-
ity: practical guidelines. Ivanovo: Iva-
novo State Medical Academy. 2002. 
[in Russian]
8. Eremeev SI, Kormilets VS, Ereme-
eva OV, Tataritsev PB. Peculiarities of 
the indicators of heart rate variability 
spectral analysis in humans of 18-27 
age with different types of its mod-
ulation. Bulletin of South Ural State 
University. 2012;8:267. [in Russian]
9. Bagatov AA. Interrelation between 
regulatory system tension and other 
indicators of heart rhythm and spe-
cial working capacity of ski racers. 
Theory and practice of physical cul-
ture. 2003;1:54-5. [in Russian]
10. Ermoshkin VI. The hypothe-
sis of appearance of extrasystoles 
and pathologic tachycardia. Health 
and education in the XXI century. 
2012;14(1). [in Russian]
11. Ermoshkin VI. The causes of car-
diovascular diseases. New hypotheses. 
Moscow: Nobel press. 2013. [in Russian]
12. Ermoshkin VI. Supposed mecha-
nism of arrhythmia appearance in a hu-
man heart. Health and education in the 
XXI century. 2013;15(7). [in Russian]
13. Editorial: Starling’s law survives. 
Lancet. October 1974;304(7884):818. 
doi:10.1016/S0140-6736(74)91080-0.
14. Sequeira V, van der Velden J. Histor-
ical perspective on heart function: the 
Frank–Starling Law. Biophysical Re-
views. 1 December 2015;7(4):421-47.
15. Solaro RJ. Mechanisms of the 
Frank-Starling law of the heart: The 



30 | Cardiometry | Issue 8. May 2016

To better highlight the materials we represent an abstract reprinted from Pro-
ceedings of the 16th Congress of Russian Society of Holter Monitoring and 
Non-invasive Electrophysiology (ROHMINE), Kazan, 2015

Anatomy and physiology of the sinoatrial node: 
modern concepts
Aleksander N. Tarsky1

1 Dubna International University 
  Russia, 141980, Moskow region, Dubna, Universitetskaya str. 19 
* Corresponding author:

e-mail: tarsky@mail.ru

Deciding to discuss the above topic is determined due to a number of rea-
sons. Firstly, the currently used ablation techniques make possible to reach 
the area of the sinoatrial (SA) node that required an accurate description of 
the node localization and possible ways of carrying out ablation procedures. 
Elucidation of SA node anatomical features in a human will allow solving 
the problem of the multifocal activation of atria and, as a sequence, the abla-
tion of intranodal reentrant tachycardia. Secondly, over the last decade some 
disputes on the cardiac pacemaking mechanisms do not end in many inter-
national journals. Probably it is high time to submit this issue for discussion 
by our Russian national community of electrophysiology experts. 

Recent reports by Lakatta E.G. and Maltsev V.A. have significantly improved 
the model according to the Di Francesco’s membrane theory. Finally, the latest 
studies demonstrate that beating rate is controlled, in part, by local Ca2+ re-
leases (LCRs) that creates a Rhythmic Ca2+ Clock in cardiac pacemaker cells.

Thus, it is necessary to enumerate some stages in the history of the detec-
tion of the sinoatrial node and the relevant studies on its performance. The 
first models of the SA structure: the pacemaker cells located in the SA node 
and the cluster-type structure of the said SA node. The two types of the 
pacemaker cells distribution in the nodal area: the model of gradual tran-
sition from typical nodal to atrial cells separated by an area of transitional 
cells versus the mosaic-type model of distribution of the nodal cells. Intro-
duction of the definition of the transition area cells. Methods of the SA area 
identification. Electrophysiological features of the pacemaker cells and the 
atrial myocardium and capabilities of their interaction. Normal conduction 
pathways: how many of them are available, where do they located and how 
far do they extend? Intranodal reentrant tachycardia. A sequential alteration 
of the normal conducting pathways as a possible cause of pacemaker mi-
gration. An example of such combination based on the Holter monitoring 
recording. Currents responsible for control of the spontaneous diastolic 
depolarization. The Di Francesko’s membrane theory: the leading role in 
potential-dependent If current. Development of another competitive pace-
making theory. Is it possible to combine the “membrane” and “the Rhythmic 
Ca2+ Clock” within the framework of a new model? Some prospects for arti-
ficial pacemaking cells.
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EDITORIAL

When analyzing the articles sub-
mitted to our current issue, we in-
volved into the preparation process-
ing some relevant papers deserving 
special attention. The papers reveal 
the mechano-electric mechanism of 
the feedback between cardiac myo-
cytes and cardiac fibroblasts that is 
capable of directly initiating cardiac 
arrhythmia. In the meantime, un-
fortunately, direct communication 
with Russian researchers Kamkin 
A.G., Kiseleva I.S. and Yarygin V.N. 
was not possible, but nevertheless, 
we are of the opinion that it is rea-
sonable to review their articles, 
which discuss this interesting and 
logically justified mechanism of ar-
rhythmia.

The theory proposed by the above 
authors is based on a new conceptu-
al philosophy that cardiac myocytes 
and cardiac fibroblasts interact with 
each other via mechano- sensitive 
ion channels, which are activated 
upon mechanical action on biologi-
cal tissue [1-13]. 

Such condition may occur during 
the repolarization phase. As a result, 
a mechano- induced depolarization 

appears. In this case, generated is a 
potential of significant amplitude, 
which causes extra-potentials of ac-
tion that leads to extrasystoles, and 
under the stable mechano-induced 
depolarization it leads to fibrilla-
tions. In a healthy heart, the mech-
anism of the action potential, firing 
upon stretch of the tissue, is within 
the physiological norm, and it is re-
versible, when the stretch is released 
[1-13].

It should be noted that the ion 
channels are employed to organize 
Na-ions conduction. And in case 
when an extraordinary flux of Na-ions 
through the channels is organized in 
diastole again, it causes the generation 
of an extra QRS complex similar in 
the shape to the normal one.

According to the conceptual phi-
losophy of the above mentioned 
authors, a pronounced degree of 
the fibroblasts response to the me-
chanical action allows considering 
them as natural mechano-electric 
converters in the heart. In case of 
heart pathologies, the sensitivity of 
the fibroblasts to the mechanical ac-
tion sharply increases owing to an 

elevation of the channel concentra-
tion. Observed is also an increase in 
their sensitivity to the cardiac tissue 
stretching with age. 

The total number of fibroblasts in 
the heart is rather high. They are 
widely found in the atria and, first of 
all, in the sinoatrial node area, where 
they surround the pacemaker cells on 
all sides [14-21].

The authors of the said theoreti-
cal concept logically conclude that 
stretch of a cardiomyocyte leads 
to its depolarization, and stretch 
of a fibroblast provides for its hy-
perpolarization. They also note the 
following: “Under the normal con-
ditions, these processes are well bal-
anced. But in case of pathology, the 
reaction to stretching is extremely 
pronounced for both types of the 
cardiac cells. In such a case, the de-
gree of their intercellular interaction 
and the degree of their response to 
the mechanical action is of impor-
tance. If the hyperpolarization of the 
fibroblasts is greater than the depo-
larization of the cardiomyocytes, the 
fibroblasts show their greater influ-
ence, and that will produce an effect 
of heart rhythm slowing-down up to 
possible cardiac arrest. But if the de-
polarization of the cardiomyocytes 
is greater, as compared with the hy-
perpolarization transmitted from 
the fibroblasts, arrhythmias appear”.

Unfortunately, we are missing ref-
erences to literature, which may 
contain evidence to support prac-
tical applications of the proposed 
theory. But we share the opinion of 
the authors thereof: “This funda-
mentally new theory has a great val-
ue not only for theoretical substan-
tiation of the heart performance, 
but also for implementation under 
clinical conditions, in particular 
in cases of slow chronic myocardi-
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al stretch, for example, under in-
creased intracardiac pressure. In the 
above case, even postural changes 
of a post-myocardial infarction pa-
tient leads to the known dramatic 
outcome due to the change in the 
heart blood filling and cardiac tis-
sue stretching” [1-6, 8-10].

In conclusion, let us present our 
views on this fresh approach. In 
our opinion, the proposed theory 
meets all requirements to be ap-
plied to proof in natural sciences. 
The conceptual approach is logical 
and may be widely used in practice. 
We hope some novel methods for 
correction of the described type of 
arrhythmias will be offered in the 
future. And, that is more important, 
the measures to prevent or avoid 
progression of pathological heart 
rhythm processes will be success-
fully developed.
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Abstract
Heart rhythm abnormalities are of critical importance for an assessment 
of risks of sudden cardiac death (SCD). “Disorders of heart rhythm are 
considered as a dynamic process of uninterrupted firing, existence and 
decaying of elementary sources, initiators of heart arrhythmias.” (Leo 
Bockeria) If it is a dynamic process, for its description we can use methods 
of non-linear dynamics that is aimed at time-related SCD risk prediction. 
This paper considers some issues connected with an application of a 
specific software module designed for an analysis of R/S amplitude 
alternation conditions that makes possible to restore the one-dimensional 
phase portrait of the dynamic system. Our idea is also to offer herein a 
method how to identify the optimum delay. We have developed methods 
for calculation of correlation and fractal dimensionality that makes possible 
to provide a sudden cardiac arrest prediction model.
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Introduction
Sometimes it may occur, when we 

examine a CVD patient with unclear 
symptoms, making an accurate diag-
nosis is very difficult. But there are a 
number of methods which provide 
an assessment of the degree of the 
SCD risk in patients of this sort. One 
of the accepted methods capable of 
detecting an electric instability of the 

myocardium is based on an analysis 
of Microvolt Alternans (designed by 
Cambridge Heart Inc. in collabora-
tion with Kontron Instruments, Sys-
tem СН-2000) [1-4]. 

An alternation, which represents in 
our case a change in amplitude of an 
oscillating entity, can be viewed as 
an onset of a chaos in the previous-
ly stable system and the beginning of 

a destructing process that leads to a 
system collapse. The electric alterna-
tion of the heart as changes in com-
plex amplitude waves on ECG was 
first recognized and characterized 
by Th. Lewis in 1910, and it was for 
long time a generally accepted con-
cept that it occurs due to oscillating 
movements by the heart in the chest 
that is known as flip-flopping. Later, 
in 1950, H.K. Hellerstein and I.M. 
Leibow attributed electric alternation 
to occlusion of the coronary artery 
and noted arrythmogenic impor-
tance of that phenomenon. Further, 
descriptions of repolarization alter-
nans were associated with the follow-
ing diseases and cardiac abnormali-
ties: prolonged QT syndrome, WPW 
syndrome, paroxysmal tachycardia, 
hypothermia, electrolyte imbalance, 
stress testing conditions, treatment 
of coronary heart disease with ac-
tive drugs, spasm and occlusion 
of coronary artery and myocardial 
infarction (MI) [5-7]. Discovering 
the fact that electric alternation in-
dicates an electric instability of the 
heart performance was decisive for 
further studies, which revealed rela-
tions between the said phenomenon 
and development of life-threatening 
arrhythmias. Research completed by 
Y. Smith and D.S. Rosenbaum has 
contributed to finalization of the hy-
pothesis on prognostic value of the 
electric alternans and recognition of 
the latter as a predictor of significant 
ventricular arrhythmias and sudden 
cardiac death events [8-11]. It has 
been established that there is an ex-
act correlation between the data on 
survival rate of patients with positive 
results of electric alternation of the 
myocardium and the data obtained 
with other invasive electric-physio-
logical examinations in the same pa-
tients. When comparing the results in 
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the several groups of the said patients 
(with their population of more than 
100 individuals), it has been detected 
that the sensitivity of the discussed 
method is 92%, and its specificity 
reaches 50% (P<0,05).

By this means the detection of 
the electric alternation in the heart 
makes possible to identify a group of 
patients showing a high percentage 
of risks of potential arrhythmia and 
sudden cardiac death events. A de-
tection of epsilon waves or Brugada 
syndrome on ECG cannot be treat-
ed as predictors of sudden cardiac 
death [12]. But there is now anoth-
er non-invasive technique available 
which utilizes the heart cycle phase 
analysis [13-15] and which is capable 
of stratifying the relevant risk groups 
of patients with the proper identifi-
cation of the relevant predictors and 
markers of the said high-risk cardiac 
pathology.

Aims 
Our intention is to justify the metho-

dology of an assessment of non-li near 
dynamic processes in the R/S ampli-
tude alternation and their clinical & 
physiological applications for the pur-
pose of time-related prediction of sud-
den cardiac death risk events.

Materials and methods
Our studies covered a population of 

42 patients with a Q-wave MI show-
ing a larger infarct size, among which 
were 32 patients (group I) without 
life-threatening heart rhythm disor-
ders within the first AMI 7-10 days, 
while for the other 10 patients (group 
II) recorded were ventricular tachy-
cardia paroxysms and ventricular 
fibrillations, with 8 individuals hav-
ing a favorable outcome after ICU 
treatment. All the patients were ad-
mitted into the hospital within the 

first 6 hours after disease onset and 
received the standard medication 
therapy as follows: narcotic anal-
gesics, anticoagulant drugs, nitrate 
drugs and beta blockers. The patients 
groups did not show significant dif-
ferences in age and sex. Hemody-
namics in the patients was evaluated 
with the use of hemodynamic ana-
lyzer CARDIOCODE. In the studies, 
the following indices were comput-
ed: autocorrelation function, fractal 
dimension, the Hurst exponent, the 
Shannon’s entropy and the Takens’ 
phase space restoration. As to the 
heart cycle phase analysis, assessing 
not only of the time intervals between 
individual cardiac phases, but also 
cardiac signal amplitudes is of great 
importance. The amplitude charac-
teristics can be subjected to quali-
tative evaluation. Amplitudes of the 
phases identified on ECG are equiv-
alent to the actual force required to 
provide mechanical contraction of 
the heart. Let us discuss some prob-
lems which might occur in this case. 
A pulse amplitude is approximately 3 
times higher than the normal one. It 
follows that the amplitude of the sep-
tal contraction exceeds the normal 
one as many times as it is the case 
with the pulse amplitude. But it leads 
to an increase in a volume of blood 
ejected by the aorta. Upon a strong 
contraction, the interventricular sep-
tum keeps the ventricular walls from 
their contraction as indicated by the 
absence of the S-wave on ECG. La-
ter, in the early diastole phase, the 
interventricular septum is restored, 
and the cyclic process of the normal 
cardiac cyclicity is reproduced again. 
But sometimes certain conditions 
may occur when the interventricular 
septum is not able to be relaxed and 
re-initiated, so that a sudden cardiac 
death event may be expected. And a 

large stroke volume of blood might 
be a provoker of brain stroke.

According to practical experience, 
some symptoms can be treated as a 
precursor of an abnormal QRS ap-
pearance. Specifically, periodical syn-
copes, which occur suddenly, may be 
considered as precursor signs there-
of. Reported are also some events of 
partial loss of consciousness accom-
panied by severe vertigo.

Nowadays the theory of random 
processes that provides results with 
respect of the time intervals on re-
corded curves is used to obtain the 
numeric parameters upon digital-
ly processing of the R/S amplitudes 
on ECG. In the present paper, when 
searching for applicable criteria for 
selection of mathematical tools for 
the R/S amplitude analysis, we have 
taken into account some conditions 
as listed below. Firstly, each ampli-
tude is a process, which can be inter-
preted as a deterministic chaos, i.e. 
the process to be analyzed has an at-
tribute of significant dependence on 
the initial conditions [16]. Another 
criterion for the chaotic process as-
sessment is a statistical relationship 
between the recorded values that is 
determined by time of correlation τ 
in an autocorrelation function. Fi-
gure 1 below herein demonstrates the 
typical autocorrelation function of 
the R/S amplitude dynamics. 

The abscissa (X) reflects time in 
seconds, the autocorrelation function 
values are plotted on the ordinate 
(Y). The autocorrelation function 
is shaped as an aperiodic decaying 
curve that indicates the chaotic de-
terministic nature of oscillations. The 
less the correlation time is, the fast-
er “the forgetting” of preceding val-
ues becomes, i.e. the process shows 
“more” chaos. The case τ = 0 corre-
sponds to white noise. When analyz-
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ing R/S signal amplitudes, it has been 
established that the correlation time 
can be τ ≈ 40-50 s.

The methods of calculation of 
fractal dimension, determination of 
entropy and an analysis of phase 
portraits are applied to evaluate the 
studied parameter as a nonlinear dy-
namic process. 

Fractal analysis. The word “fractal” 
comes from Latin frāctus “uneven” 
and frangere “to break”, and it under-
lines fragmentariness, irregularity of 
some process. The fractal is also con-
sidered to be a visual representation 
of the process under study. A special 
significance of the time series fractal 
analysis is the fact that it is used to 
process the behavior of a system not 
only during the measurement peri-
od, but considers also its prehistory 
and in some cases allows predicting 
further behavior, based on the mea-
sured values. The process fractality 
describes irregularity or roughness 
inherent in the studied parameter 
dynamics. Fractality is estimated as a 
fractal dimension which serves as an 
indicator of the quantity of factors, 
influencing the controlled parameter 
variability. In the present article, the 
fractal dimensionality is computed 
by the Hausdorff method, using the 
Minkowski algorithm [16], with the 
method of normalized excursion (R/S 
analysis) via the Hurst exponent [17].

The Hausdorff method. When frac-
tal dimensionality (D0) is under 1.4, 
one or more factors are influencing 
the system, changing the system in 
the same direction. In case when the 
dimensionality is about 1.5, the fac-
tors influencing the system are act-
ing in different directions, but they 
are compensating each other. In this 
case, the system shows a stochastic 
behavior and can be well described 
by standard statistics methods. When 

the fractal dimensionality is signifi-
cantly higher than 1.6, the system is 
not stable, and it is ready to pass from 
one state to another. Figure 2 (a, b) 
displays some examples of R/S ampli-
tude alternation with various fractal 
dimensionalities, parameter D0.

The greater value of the fractal di-
mensionality D0 = 1.63 for the am-
plitude alternations given in Figure 
2b, as compared the R/S recording, 
D0 = 1,29, is determined by a con-
siderable irregularity, i.e. the R/S 
segment from the record start, 
covering 140 seconds, and the next 
segment up to the end of the record 
demonstrate significant differenc-

Figure 1. An example of autocorrelation function

Figure 2a. An example of R/S alternation, recording of patient A. D0 = 1,29

Figure 2b. An example of R/S alternation, recording of patient B. D0 = 1,63

es. The R/S oscillations represented 
in Figure 2a display a more regular 
process than it is indicated in Figure 
2b herein. The regulation system of 
the second individual is not stable, 
an alteration of the regulation of the 
shown R/S fragments or re-setting 
of the regulation to another state 
may occur.

Hurst Exponent. The Hurst expo-
nent (R/S) is also utilized for compar-
ison of the fractal properties. While 
the Hausdorff dimension determines 
the R/S record structure, the Hurst 
exponent provides for an under-
standing of a change in the dynam-
ics with time. For the R/S records, 
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where the dynamics is changing in 
the form of oscillations, regularly re-
peating during the time of recording, 
the Hurst exponent R/S is less than 
1. The more regular the process, the 
lesser the exponent. When the val-
ues are exceeding 1, a significant ir-
regularity is available, and passing to 
another state of the regulation is ob-
served in the R/S record pattern. 

For R/S records given in Figure 2a 
we have R/S=0.53, and for those in-
dicated in Figure 2b we obtain R/
S=1.19. These data are an addition-
al confirmation of the fact that for 
the second patient more significant 
changes in the blood flow dynamics 
are reported. 

Entropy. Entropy is a fundamental 
definition in information theory and 
a measure of uncertainty in the sys-
tem behavior. In a certain sense, the 
entropy is a measure of distribution, 
and it is similar to dispersion in this 
respect. It conforms to the definition 
of the entropy as a number of mi-
crostates that correspond to a given 
macrostate [18-20].

When analyzing the R/S records, the 
entropy allows evaluating the chaos in 
the regulation according to the physi-
ological state of biological tissue. The 
organization of micro-alternations is 
determined by the regulatory mecha-
nisms, and the entropy is a measure 
of varieties in the regulation. With a 
constant level of energy in the system, 
that corresponds to a uniform distri-
bution of the probability of being in 
the transient states, quantitatively the 
entropy is directly proportional to 
the natural logarithm of the number 
of configurations of a process (Boltz-
mann law). Thus, the greater the 
number of possible configurations, 
the greater the entropy. The strict 
definitions imply that entropy is a 
function of a state in a system [18-20].

In our case, the Hx signal entropy is 
calculated by the Shannon’s formula 
that allows taking into account the 
unevenness:

where x is a signal under study, P(x) 
is the probability distribution.

The relative entropy (Ho) of the 
state of the microcirculatory bed is 
estimated by normalizing of Hx to 
ln r , where r is the number of times 
counted on the time axis.

The information entropy (Нi) is a 
characteristic of the maximum of a 
probability of the system state, which 
is normalized with respect to the en-
ergy and the number of the system 
elements. It is determined by nor-
malizing of the relative entropy to the 
relative “energy” of microcirculatory 
bed Eo. The lower the Hi value, the 
lower the information component 
contribution to the Ho value.

Figure 3a and Figure 3b below ex-
hibit exemplary cases of R/S segment 

( ) ( )∑−=
x

x xPxPH ln

Figure 3a

Figure 3b. From the illustrations in Figures 3a and 3b is evident that under 
the activation of the neurogenic regulation (see Figure 3b and Figure 4b) 
the R/S record pattern is found to be as a more ordered structure.

recordings made in a conditionally 
healthy individual and in a patient in 
the terminal health state, aged 50, to 
demonstrate varying entropy.

Phase portrait. Correlation dimen-
sion. The notion of fractal and frac-
tal dimension is used for an analysis 
of the LDF image static states, i.e. 
time-dependent relations between 
values of perfusion in the microcir-
culatory bed are not estimated. For a 
time-dependent relationship analy-
sis used is an approach, when the 
microcirculatory bed is considered 
as a dynamic system. According to 
the theory of mathematic chaos, the 
micro-alternations make a non-linear 
dynamic system characterized by 
strong sensitivity of behavior to the 
initial conditions.

To characterize the dynamic sys-
tem, its phase space is necessary to 
determine. A point in phase space (a 
phase point) is said to be a state of the 
system at a given time. A time-rela-
ted change of the system state corre-
sponds to moving of the phase point 
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in the trajectory, called the phase tra-
jectory, in the phase space. If a set of 
the phase trajectories is constructed 
in the phase space, the overall picture 
of the system behavior appears. Such 
a picture is designated as a phase por-
trait, and it allows illustrating the sys-
tem dynamics. 

The micro-alternation phase por-
trait can be constructed on the basis 
of R/S-segment recordings accord-
ing to the Takens’ theorem [16]. Co-
ordinates of the points of the phase 
portrait are values of a time series of 
R/S-segment recordings RS (t1), RS 
(t2), RS (t3),…RS(tк). A time delay 
technique is applied in this case. For 
example, a phase point has coordi-
nates RS(t1) on one axis and RS(t1+) 
on the other one, with time count 
value (time of delay) that is equal to 
the time of the first zero intersection 
of the autocorrelation function given 
in Figure 1 herein. 

Figure 4 exhibits the phase portraits 
constructed on the basis of the R/S-seg-
ment recordings of a patient aged 24 (a) 
vs. the other patient aged 58 (b).

Time delay τ applied to the phase 
portrait construction is a period of 
time, when a relationship between 
the regulatory mechanisms exists in 
the micro-alternation; it is a time of 
the presence of the cause-and-effect 
relationship during the control. The 
coordinates, which specify each point 
in the phase plane, are those values 
which are interrelated with each 
other by cause-and-effect condi-
tions and which are determined by a 
physiological requirement of biologi-
cal tissue. A set of the phase portrait 
points is a correlation between vari-
ous values of the R/S micro-alterna-
tions. Some differences are visualized 
in two phase portraits in Figure 4 
herein. For a quantitative assessment 
of the phase portraits used is correla-

Figure 4a

Figure 4b
Figure 4. Examples of R/S-record-
based phase portraits of two pa-
tients: an individual aged 24 (a) vs. 
an individual aged 58 (b)

tion integral C(r), ( ) 2DrrC ≈ , where r 
is a distance between the pairs of the 
phase points, and D2 is a correlation 
dimension for the phase portrait.

For the phase portraits given in Fig-
ure 4 herein, the correlation dimen-
sion for portrait а) is D2 = 1.54 and 
for portrait b) is D2 = 1.42, respec-
tively, i.e. with the same distance be-
tween the pairs of the phase points ri 
the correlation integral is greater (the 
number of such pairs and density of 
the phase points in the phase space 
are higher) for an individual aged 
24 vs. another individual aged 58 in 
terminal state. It means that a cause-
and-effect change in the micro-alter-
nation in the young male shows more 
variety (is more “chaotic”) than it is 
the case with the terminal state pa-
tient. In papers, devoted to the cha-
os theory, the phase portrait is called 
“the attractor” (the word comes from 
English “to attract”) that is a set of 
states of the dynamic system phase 
space toward which the system tends 

to evolve with time [21-30]. The mi-
cro-alternation phase portrait is a 
“strange” attractor: the attractors, 
where and when the phase trajec-
tory prediction is impossible due 
to significant dependence on their 
initial conditions, is given the name 
“strange”.

Conclusion
By this means it can be conclu-

ded that it is of the necessity for any 
relatively complex system that an 
internal stochasticity of macrosco-
pic order is generated therein, that 
should be treated as an integral attri-
bute of dynamics of such system [31, 
32]. Hence it follows that continuous 
fluctuations of parametric values of 
any stable processes are mandatory 
conditions. This methodology gives 
a possibility to assess the complexity 
of the R/S wave amplitude oscillation 
patterns (D0 indicator), characteris-
tics of behavior dynamics, including 
repeatability and non-regularity of 
the process (Hurst exponent), the 
uncertainty or the determinism of 
behavior (relative entropy of a signal, 
information component contribu-
tion to the value of the relative en-
tropy) and the expression of chaotic 
behavior (correlation dimension D2 

of phase portrait).
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Aims
This paper describes a novel approach to the analysis of electrocardiographic data based on the consideration 
of the repetitive P, Q, R, S, T sequences as cyclic codes. In Part I we introduce a principle similar to the syndrome 
decoding using the control numbers, which allows correcting the noise combinations.

Materials and methods
We propose to apply the burst-error-correcting algorithms for automatic detection of the ECG artifacts and the 
functional abnormalities, including those compared to the reference model. Our approach is compared to the 
symbolic dynamics methods in cardiology practice. During the automated search of the code components (i.e. 
point values and spectral ranges one-to-one corresponding to P, Q, R, S, T) considered in Part II, the authors 
apply the Lomb-Scargle periodogram method with the phase control which allows to determine the code com-
ponents not only from the main harmonics, but also using the sidebands, avoiding the phase errors.

Results
The results of the method testing on rats with the heart failure using a simplified telemetric recording from the 
implantable chips are given in Part III. A complete independence of the results of the determination of the code 
points (fingerprints) from the variables for which the calculation is performed is shown. We also prove the robust-
ness of the above approach with respect to the most types of the non-adaptive filtration.

Conclusion
The above method can be useful not only for experimental medicine, but also for veterinary and clinical diagnostic 
practice. This method is adequately reproducable both on animals and human ECG, except for some constant values.
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1. Recognition of the statisti cally 
relevant signal components us-
ing Lomb periodograms and 
phase pseudo-Scargle sampling 
control

In general, ECG spectral analysis 
is based on the studies of the repeti-
tive oscillations of the heart rate with 
different periods, and hence, can be 
easily performed in the framework 
of the cyclic (repeating) codes. In 
this case the power of periodic os-
cillations can be determined from 
the rhythmogram which is regarded 
as a unified process. In the standard 
extended spectral analysis of elec-
rocardiograms (including telemet-
ric ones) the calculated parameters 
usually include: power spectrum 
density (TP) in different frequen-
cy ranges (HF at 0,75-3 Hz, LF at 
0,02-0,75 Hz and VLF at < 0,02 Hz), 
the same parameters in normalized 
units (HFnu, LFnu), relative power 
in the same frequency ranges (HF%, 
LF%, VLF%), centralization index 
and sympatico-vagal balance (LF/
HF). The spectral power distribution 
provides information about the neu-
roendocrine regulation of the heart 
functions. Indicators LF, LFnorm, 
LF% characterize the sympathetic 
nervous system activity, while HF, 
HFnorm, HF% reflect the state of 
the parasympathetic nervous system, 
and the power spectrum VLF, VLF% 
indicate the humoral regulation level 
[1-5]. The approach proposed does 
not exclude these parameters, but ex-
tends the standard approach by new 
descriptors.

Recognition of the frequency code 
elements within the cyclicity analysis 
and the statistically relevant choice 
with the noise reduction can be per-
formed using the Lomb periodo-
gram method [6], since within this 
approach for each frequency ω the 

counts tk are shifted by τ(ω), there-
fore, introducing the time counts 

( )k kt t τ ω= − , where k = 0, 1, ... , N-1 
and limiting (φ1, φ2) by the condition:

makes it possible for τ(ω) to determine 

resulting in the following spectrum re-
presentation:

where

Phase analysis can be also performed 
using modified Lomb spectra in 
Scargle modification (for details see 
[7-10]), having the form of the Fou-
rier transform

which corresponds with the conven-
tional Lomb spectra as. In general, 
from the least square method the for-
mula for spectrum calculation is as 
follows:

Wherein the timeline sampling sequen-
ce of the ECG parameters ( )k kx x t=  
where k = 0, 1, ... , N-1, can be ap-
proximated by a model function

where φ1(t) = cos ωt, φ2(t) = sin ωt. 
Using either numerical simulation data 
of normal and pathological electrocar-

diograms [11] or methods of their ap-
proximation [12,13] makes it possible 
to detect the deviation from the normal 
value established from the approxima-

tion discrepancy ( )k k kx f tε = − ,   
wherein the model coefficients can 
be found given that ||ε||2 = min from 
the system of normal equations: 

and its solution can be written as:

From the general prerequisites it can 
be concluded that the spectrum for-
mula (1.7) possesses a characteristic 
feature:

where Emin(ω) is the minimum of the 
normalized square residual, and ||х||2  
is a dispersive power of the series. 
We used Vityazev notation [14-16] 
with the 1⁄2 multiplier for comparison 
with the conventional Schuster peri-
odograms. Description of the simi-
lar approximation in ECG recogni-
tion, including its application for the 
pathological state coding using the 
cyclic code approach is considered 
in details in the Discussion section of 
this paper (Part 3).

2. The transition from the time 
to frequency transformations 
and vice versa

In the electrocardiographic/cardio-
metric case the principal values widely 
used in practice include the directly 
measured durations and intervals 
rather than indirectly calculated fre-
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quencies, wavenumbers, etc. For this 
reason we provided a program-re-
versible transition to the desirable 
units. An example of such an ap-
proach is given below, although in 
test experiments the abscissa units 
were represented in the counts per 
time unit. 

In a simple model case there is a 
calculation rule with many variables, 
which allows to obtain a timeline vi-
sualization for x(t) [17]:

Frequency image for the Fourier 
transform X(ω) is obtained according 
to the rule:

Frequency parameters for the Fou-
rier transform and its analogs can 
be transformed using the Parseval’s 
identity [18] into the time parame-
ters and vice versa:

If

Considering this problem from 
the dialectical positions outlined in 
the above cited paper by Peschel M. 
“Modellbildung für Signale und Sys-
teme” and using the following simpli-
fication:

one can obtain the inequality be-
tween the time and frequency mo-
ments:

( ) ( ) ( ) ( )* ,K x t t p x t dtγ γ= ∫
/p d dt=

( ) ( ) ( ) ( )* ,K X p X dtδ ω δ ω ω= ∫
/p d dω=

( ) ( ) ( ) ( )* *X Y d x t y t dtω ω ω
+∞ +∞

−∞ −∞

=∫ ∫

( ) ( ) ( ) ( )* ,K x t jp jt x t dtδ δ= − −∫
( ) ( ) ( ) ( )* ,K X jp j X dγ ω γ ω ω ω= ∫

( ) ( )* k
kM x t t x t dt

+∞

−∞

= ∫

( ) ( )* k
km X X dω ω ω ω

+∞

−∞

= ∫

( ) ( )*
2 2

1
4k lM m x t mx t dt≥ ∫

which at k = l = 1 is equivalent to the 
Heisenberg uncertainty relation

and consiquently, minimization of 
the central time moment results in 
the increase of the central frequency 
moment and vice versa if the signal 
value remains constant. This puts 
certain and evident limits in the ECG 
pattern recognition during encoding 
and machine fingerprinting of elec-
trocardiograms.

3. The check digit method 
(syndrome decoding)

This method is interpreted here for 
the electrocardiographic data analysis 
in accordance with the monograph 
[19,20] considering extrapolation to 
the more complex and non-binary 
codes [21-25], but in the form differ-
ent from the first Hamming idea on 
the self-checking and self-correcting 
codes [26]. It is noteworthy that the 
latter allows to perform analysis of 
telemetric [27], and hence, biotele-
metric data, which makes it suitable 
for on-line analysis of  RF telemetric 
ECG data.

Assuming that the code in the ref-
erence cardiogram model is given as:

where

wherein there is a coding func-
tion which can be considered as 
a bijection mapping any relevant 
diagnostic element of the ECG 
sampling to the element of the set 
(field) of its automatically-iden-
tified values due to its injection 
and surjection properties. In the 

( ) ( )k l l k
l l

d djm t j j t
dt dt

= − − −

( ) ( )*
2 2

1
4

M m x t x t dt
+∞

−∞

≥ ∫ (21)

(24)

(25)

(26)

( ) ( )1 2 1, , , ( )m j kx x x F x F x F x  

1 2, , , ( )mx x x GF PQRST∈

particular case the latter property can 
be written as:

and

that is

Then any cardiogram can be con-
sidered as a code combination reali-
zation with the same indices:

where the check symbol (e.g. a ref-
erence peak P under the myocar-
dium excitation, the QRS complex 
elements when starting from the 
ventricular systole or the ST or T 
segments during repolarization of 
the ventricular myocardium) can be 
written as

where cij is the coefficient of the in-
dependent variable xi in the linear 
form Fj(x). Considering the sampling 
(combination) 

with the identified noise vector

the information symbols of the com-
bination can be written as 

while its check symbols in general-
ized form can be represented as

The check symbol value calculation 
β*j from the information symbols 
and the relation

{ }1 2, , , , ( )mx x x x x GF PQRST∀ ∈ ∃ ∈

1 2( , , , ) ( )mx x x GF PQRSTϕ =

{ } ( )1 2: , , , mx x x GF PQRSTϕ ⇔
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in this case will be equal to the calcu-
lation of the differences

where the set of elements G is a check 
digit or a syndrome. This digit allows 
not only detection of the signs of arti-
facts or  pathology, but also determi-
nation of their location in the numer-
ical data sample of the ECG. Since

it is clear that the elements of the 
check digit depend only on the val-
ues of the vector components, which 
means that this check digit is invari-
ant with respect to the code combi-
nations, and hence, it can be used as 
a stable diagnostic sign, i.e. as a basis 
for design of the robust ECG data 
analysis algorithms.
It is important to mention a high 
resistance of the single input Lomb 
periodograms (for templates and cy-
clic code data) to the transmission 
changes under filtering using dif-
ferent frames. In contrast, the pow-
er fluctuations are more significant 
(see Part III of this paper), so it could 
not be applied for the correct mor-
phological analysis of electrocardio-
grams [28,29]. This is also the reason 
for inapplicability of the power-based 
(not matched) filters as morphologi-
cal filters for ECG analysis [30] and 
diagnostic waveform converters [31]. 
It is also necessary to discuss the pos-
sible obstacles and specific details 
arising from the implementation of 
the above approach, since this paper 
describes only the formal method-

*
1 1 1G β β= − 

*
2 2 2G β β= − 

*
k k kG β β= − 

(34)

(35)

1 1 1
1

m

i i
i

G c e s
=

= −∑

2 2 2
1

m

i i
i

G c e s
=

= −∑

1

m

k ik i k
i

G c e s
=

= −∑

ological basis, although the software 
for automatic ECG data processing 
using cyclic code decoding is under 
development.

4. Methodological and termino-
logical issues

The main problem is that ECG se-
quences can not be unambiguously 
attributed to the cyclic codes, despite 
the fact that application of the BCH 
code seems to be the most optimal 
among the programs for detecting 
multiple independent pathological 
disfunctions (or independently occur-
ring mistakes or artifacts) [32,33]. In 
fact, cycles over the field GF (PQRST) 
if we denote P ˅ Q ˅ R ˅ S ˅ T as the 
reference symbol in a really observed 
at the ECG state, when the reference 
symbol is placed between the infor-
mational ones with such regulari-
ty that there is a known (calculable 
from the above condition) number 
of reference symbols for each given 
number of informational symbols 
and vice versa, allows to consider 
ECG data as the sets approximated 
by the Hagelbarger recurrent codes 
[34]. On the one hand, ECG coding 
belongs to the separable codes since 
the functions of each of the symbols  
P ˅  Q ˅  R ˅  S ˅  T are well known, and 
hence, according to the registration 
stability they can be referred to ei-
ther informational (variables chang-
ing in the predetermined range and 
indicating the organism status or the 
parameters of the registration pro-
cess) or reference symbols. On the 
other hand, it is possible to perform 
a more frequent checking on each 
cycle Р-Р, Q-Q and to use a number 
of symbols (e.g. a QRS complex) as 
the reference. Then the real form of 
the measuring-computing process 
will better correspond to the Elias 
iterated codes, which use a number 

of checking systems (including table 
ones in accordance with the reference 
template or a database in modern 
versions) [35]. The shift registers can 
be also applied here as with the more 
simple cases (the only problem arose 
when detecting U-component after 
T-component in the model data).

 In the most primitive case the mod-
el of PQRST-control can be repre-
sented as a finite automata:

where X stands for the input, Y – the 
internal and Z – the output coordi-
nate vectors, τ determines the time 
moment (clock). The external input 
set x1

τ, ... , xn
τ with the internal input 

state y1
τ, ... , ym

τ transforms the final 
dynamic system to the state, rep-
resented by the internal input state 
y1

τ+1,   ... , ym
τ+1, preceded by the ex-

ternal output set z10
τ, ... , zk

τ and an 
internal output state w1

τ, ... , wl
τ at the 

moment τ. Now let us compare the 
functions, implemented by the ap-
paratus on the normal tissue (a zero 
case) and on the tissue with the i-type 
diagnosed pathology: Ψ0 = Ψ0 (Λ, τ), 
and Ψi = Ψi (Λ, τ), where Λ stands 
for the control actions, аnd Ψ – the 
actions performed. When there is a 
certain diagnosed heart pathology si, 
the rhythmogram registers a known 
deviation si from the reference nor-
mal state, described by the function 
Ψi  =  Ψi (Λ, τ), determined in the 
same set Т that takes the values from 
the same set R, rij = Ψi (tj) that a func-
tion Ψ0, performed by a reference 
system without any detectable devi-
ations from the normal parameters. 
Single checks tj j = 1, 2, ... , |T| and their 
results in this case unequivocally corre-
spond to the functions Ψi, i = 0, 1, ... , M. 
A formal law for the checking (di-
agnostics) of the organism state and 

( ),Z f X Yτ τ τ=

( )1 ,Y h W Yτ τ τ+ =
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localization of the functional cardio-
physical deviations in the attribute 
space in this case is a checking of the 
organism state relatively to the con-
ventional normal state based on the 
difference between the functions φi 
and φk, i, k = {0, 1, ... , M}, i ≠ k in this 
checking tj according to the relation 
aik,  j A∈  taking two values: 

However, such a simplified bina-
ry approach allows only detecting a 
PQRS-outlier in the investigated field 
different from the normal one. At the 
same time the distinction between var-
ious pathologies is beyond the scope of 
this method, since it requires multiple 
multiparametric / multivariative cali-
bration. This corresponds either to the 
simplified search and prevention of the 
artifacts or to the most early stages of 
automated diagnostics when the diag-
nostic result of the certain k – patient is 
represented in the form of a triple vec-
tor fk{si}, where si = 1 in the presence of 
the symptom, si = 0 if it is not observed 
and si = –1 if this symptom was not 
investigated (i, 1, ... , m). Based on the 
classical works on medical cybernetics 
performed by Brodman and coauthors 
[36-40], different authors using a sim-
ilar approach represented the diagnos-
tic value ρ(si, dj) of the symptom si for a 
diagnosis dj(j, 1, ... , n) as follows:

or applied the Kullback divergence [41] 
as the informativeness measure:

or even used the Shannon information 
measure:

,

1, ( ) ( )
0,

i j k j
ik j

only for t t
a

in all other cases
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In terms of deterministic logics, the 
disease model is based on the compar-
ison of the certain unknown vector fk 
with the standard one. The standard 
(physiological norm or reaction norm 
PQRST) can be stored in memory as a 
Boolean function

Wherein it is believed that jf d∈  or 
{ }jf d∈ , if F =1 at dj = 1 or {dj} = 1.

Using statistical methods, the disease 
model is built up by finding the most 
plausible estimate, and under min-
imization of the average diagnostic 
risks the optimal Bayesian rule is ap-
plied: k tf d∈ , if

The t value at which the maximum is 
reached is found, while at t = 0 the 
decision to refuse the diagnostics of 
the vector fk is made.

However, even Willson point-
ed out that Bayesian approach 
cannot be fully automated and 
is rather subjective [42]. Let us 
prove this idea on the fairly triv-
ial examples. When using mul-
tialternative sequential analysis 
the computational law requires 
to continue the calculation of the 
likelihood ratio estimation calcula-
tion: if it is assumed that k jf d∈  if 

log tjAΛ ≥ it is assumed that k tf d∈  , 
and and if Λ  ≤  Btj, where dj, dt 
(j, t=1, ... , n, t≠j) are classes of diseas-
es (diagnoses); At,j and Bt,j – thresh-
olds, determined from the given re-
liability of diagnostics (supervised 
learning) for each pair of the classes 
compared; 

( ) ( ) ( )/ / log /i j i j i jp s d p s d p s d= −

( )1 2 j mF s s s s= + + + + Λ

( )1 2 ig g g gωΛ + + + + Λ

( )1 2 j nd d d dΛ + + + + +  .

( ) ( )/ max /t k k tt
d f p f d gωδ =

log logtj tjB A< Λ <

is a likelihood coefficient; p(si/dj) and 
p(si/dj) are a priori probabilities of 
emergence of the si – symptom in the 
dj – and dt – classes. From the stand-
point of multiparametric diagnostics, 
in the presence of a plurality of func-
tions f {fi(α)} (i = 1, 2, ... , M), where   
α – is a certain alternative, it is possi-
ble to consider the multiparametric-
ity  problem in the decision making 
during diagnostics. If α0 is an effective 
alternative for the multiple criteria 
f {fi} (i = 1, ... , M), then α0 is an effec-
tive alternative for a set of functions 
W = {wi(fi(α))} (i = 1,  ...  , M), where 
wi(fi(α)) is a monotonic function fi(α), 
and vice versa. Monotonic transforms 
for maximized criteria include:

and for the minimized criteria:

where fi
0 is an optimal value of the 

i- criterion, fi min is the minimal value 
of the maximized criterion, fi max – the 
maximal value of the minimized cri-
terion. The above values are calcu-
lated at Uα ∈  or Vα ∈  , where U 
is a closed convex region and V is a 
discrete set V = {vi} (i = 1, ... , N) The 
solution of the parametric problem 
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1

( / )log
( / )

m
i t

i i j

p s d
p s d=

Λ =∑

0

0
(min)

( )( ( )) i i
i i

i i

f fw f
f f

αα −
=

−
1,...,i m=

0

0
(max)

( )( ( )) i i
i i

i i

f fw f
f f
αα −

=
−

1,...,i m M= +

0

0
1 (min)( ) ( )

( )min ( ) min
m

i i
iU U i i iV V

f fW
f fα α

α α

αα γ
∈ ∈

=∈ ∈

 −=  −
∑

0

0
1 (max)

( )M
i i

i
i m i i

f f
f f
αγ

= +

− 
− 

∑

+

+

1
0, 1

M

i i i
i

γ γ γ+

=

 ∈Γ > = 
 

∑



44 | Cardiometry | Issue 8. May 2016

at sufficiently general conditions 
gives a number of effective alterna-
tives. A palliative solution gives a 
minimal relative deviation from the 
optimal values for all the criteria ac-
cording to the weight coefficients ρi, 
such as

If the criteria are equifinal, ρi = 1/M.   
In other case the palliative solution 
will be that with the equal weighted 
mean values:   

Then wi satisfy the condition 0 < k0 wi < 1 
in the case of the equifinal criteria, оr 

in other case. The palliative decision 
is an effective alternative k Uα ∈  
( )k Vα ∈ , satisfying the following 
equations: 

5. Promising ways to resolve 
the contradictions
Such ambiguous situations require 
a qualitatively different approach, 
which allows to determine not only 
a set of standard  parameters, such as 
the interval duration PQ, QT, QRS, 
QTc, TpeakTend, Р-component; ST 
segment shift, heart rate; and among 
the graphical methods only rhythmo-
grams, QT time distribution plot, QT 
/ RR distribution plot, ECG param-
eter time dependence plot and the 
mean value plot of the ECG param-

1
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eters, but also many other physical-
ly relevant but seldom used in bio-
medical practice parameters, which 
together make up a set of values 
which can be considered as a reliable 
sufficient basis for an identification 
and confirmation of the diagnosis. 
As follows from the above approach, 
during the compactification (i.e. the 
convolutional coding) of the full 
massive of the ECG data convolved 
into the discrete PQRST-code index 
sampling it is impossible to isolate 
from the massive the variables not 
included into the sampling. There-
fore the data massive coding should 
be initially performed in such a way 
that the variables which cannot be 
subsequently isolated should be the 
coding criteria. In other words, rec-
ognition of the code elements should 
be extended even compared with the 
spectral or rhythmogram- / periodo-
gram-based approach. One should 
introduce a more complex scheme 
considering phase, delay, analysis 
of the information transduction ther-
modynamics in the code (Kolmogor-
ov entropy), the real and imaginary 
parts, hierarchical decompositions, 
etc. We have already  introduced 
such approaches to the bioacous-
tic fingerprinting for pulmonolog-
ical  purposes [43], mathematical 
bioacoustics [44], spectral analysis 
of the self-oscillating and autowave 
processes in biochemical kinetics 
[45], synchronous analysis of fluo-
rescence and electrophysiology at 
the cell level [46], phenology and 
phenospectral phytochemical analy-
sis [47], multiwave methods of med-
ical chronaximetry [48], methods 
of radiofrequency multiparametric 
spectral identification of the cell and 
tissue telemetric signals [49], popu-
lation-species analysis of avifauna 
[50] and its multiparametric identi-

fication  [51], analysis of the scano-
gram of the so-called «metrological 
forceps» and «metrological lancets» 
in real time [52-54], patch-clamp 
data analysis [55,56]. Therefore, it 
is a relatively simple matter to apply 
a number of the above methods for 
the ECG signal processing, but it is 
beyond the scope of this paper and 
will be described in our forthcoming 
papers.
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