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1. Introduction

Investigations of cardiovascular system based on mathematical models of hemodynamics
developed by the authors allowed studying in details the cardiac cycle functions
of different parts of the heart during different phases of the cardiac cycle. The proposed
fundamentally novel diagnostic method based on phase analysis of cardiac cycle made
it possible to track any functional and hemodynamic changes in the cardiovascular

system. However, treatment of patients was always an issue after the diagnosis was
established.

The existing understanding of the interrelations between the shape of the ECG an clinical
meaning of the pathology were often in conflict with the insights gained from the phase
analysis of cardiac cycle. New knowledge was needed about the processes occurring in the
normal and pathological cardiovascular systems at the cellular level. The unique method of
cardiac cycle phase analysis allowed verifying all the theoretical concepts based on the
biochemical processes underlying development of the pathology, affecting functions of each
segment of the cardiovascular system. Moreover, it proved possible to establish a number of
recurring patterns of the influence of biochemical processes in the heart cells upon the
observed shape of ECG and RHEOgrames.

In this chapter the authors outline their vision of the main biochemical processes
determining the clinical meaning of the pathology diagnosed with the aid of the cardiac
cycle analysis method. Selection of the therapeutic agents aimed at normalization of the
diagnosed functional deviations taking into account the biochemical processes underlying
these functions resulted in the recovery of the functions.
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196 The Cardiovascular System — Physiology, Diagnostics and Clinical Implications

2. Interrelation between the contraction functions of myocardial muscles and
biochemical processes in the cardiovascular system

2.1 Cardiac muscle contraction function and cell energy balance

Investigations with the aid of cardiac cycle phase analysis have revealed a compensatory
mechanism for maintaining normal hemodynamics [1]. The essence of the mechanism is that
a decrease of the contraction phase function of one segment of the heart entails an increase
of the contraction phase function in an adjacent segment. E. g., decrease of amplitude of
contraction of the ventricular septum causes the amplitude of contraction of ventricles to
increase. E. g., decrease of amplitude of contraction of the ventricular septum causes the
amplitude of contraction of ventricles to increase. Such transformations of cardiovascular
system can only be diagnosed with the aid of cardiac cycle phase analysis.

Without knowing the compensatory mechanisms, neither a precise localization of the
pathology nor its controlled treatment is possible. Phase analysis taking into account the
compensatory mechanisms and cause-and-effect relation logics also allows identifying the
origin of the pathology. Elimination of the original cause of the disease results in
normalization of functions of other segments that used to perform compensatory functions
for the affected segment.

In this manner, the authors attempted to control the process of influencing local pathological
zones. Assessment of the recovery of the affected segments revealed that the cause of the
change of function was not in the degradation of conductivity of the cardiac electrical
system, but in the biochemical processes taking place within the myocardial cells.

According to publications of other authors, there is a number of various factors affecting the
effectiveness of myocardial cell recovery in terms of their energy supply functions and
further normalization of the muscle contraction function. [2] I. Leontieva and V. Sukhorukov
have introduced a new term - mitochondrial cardiomyopathy.

Mitochondria are the major consumers of oxygen in the body. Hypoxia resulting from
insufficient saturation of blood with oxygen is causing tissue damage up to necrosis. The
primary symptom of hypoxia is swelling of mitochondria. The mitochondria of heart muscles
have anatomic specificities. These are associated with the increased intensity of oxidation
processes occurring in the cardiovascular system. The main function of mitochondria is ATP
synthesis based on the uptake of fatty acids, pyruvate, glucose and amino acids from cell
cytoplasm and their oxidative cleavage with generation of H20 n CO2. Fatty acids can only
be delivered to mitochondria upon interaction with carnitine. Importantly, the quantative
content of carnitine depends on the amount of secreted endorphins, thus regulating ATP
synthesis. Besides that, carnitine regulates the exchange of phospholipids, essential substances
required for normal function of the peripheral and central neural system. Its active form, L-
carnitine is used for treating anorexia, extreme exhaustion.

It is due to effective functioning of mitochondria that muscle contraction occurs. They are,
however, the weakest link in the cell functioning. Hypoxia substantially alters their energy
budget. Oxidative phosphorylation is inhibited, transferring the mitochondria into free
operation mode. Normally, oxidation in mitochondria takes place aerobically. In case of
ischemia, this process becomes anaerobic. Anaerobic processes also start to become
predominant at the heart rates above 150 beats per minute.
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2.2 Stress and functional phase changes

In order to elucidate the influence of stress upon the work of heart and associated changes,
normal energy supply to cardiac myocytes should be considered.

Contractility is the main function of cardiomyocytes. This is an energy dependent process
requiring sufficient amount of ATP and Ca?*. Energy supply to heart cells is a complex of
sequential processes, such as binding by carnitine and transportation into mitochondria of
the oxidation products, ATP generation, its transportation and consumption in various
energy-dependent reactions.

Following are the main specific features of the cardiomyocyte metabolism:

1. The metabolism is predominantly aerobic. The main route of energy generation is
oxidative phosphorilation.

2. The main substrates of oxidation are fatty acids.

3. High rate of energy-dependent processes in the myocard.

4. Minimal inventory of high-energy compounds.

Metabolism of cardiomyocytes is predominantly aerobic. Thus, they receive most of the
energy through electron transfer from organic substrates to molecular oxygen. Therefore,
contraction function of the cardiac muscle is a linear function of the oxygen uptake rate [3,4].
Synthesis of molecular ATP occurs in the process of oxidative phosphorylation in
mitochondria. The amount of ATP generated depends on the amount of acetyl-CoA (EC
6.4.1.2), which gets oxidized in the tricarbonic acid cycle. When myocard is normally
supplied with oxygen, 60 to 80% of the acetyl-CoA is generated due to B-oxidation of fatty
acids, and 20-30 % - in the course of aerobic glycolysis. As a result of one loop of tricarbonic
acid cycle, one molecule of acetyl-CoA gets decomposed to CO; and HO, 38 molecules of
ATP being formed. Protons enter the mitochondrial respiratory chain in the form of reduced
nicotineamides (NAD+ and NADF+). The main sources of reducing agents and their
interrelation with mitochondrial respiratory chain are illustrated in figure 1.

B-fatty acids oxidation
citric acid cycle
Nl

NAD % b
voprotein '
PyTuvale — hydrogenases  dehydrogenases ~ Cytochromes ) —) O,

extramitochondrial sources
of regenerative equivalents

Fig. 1. The main sources of reducing agents and their interrelation with mitochondrial
respiratory chain (NAD - nicotineamides).
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The main transporter of ATP in cardiomyocytes is creatine phosphate. ATP-ADP translocase
transports ATP to the outer side of the inner mitochondrial membrane, where creatine is
phosphorylated under the action of creatine kinase (EC 2.7.3.2). Thus, creatinine phosphate
and ADP are generated. Thereafter, ADP is transported inside the mitochondrial membrane.

The most energy-consuming process in the cardiomyocyte is contraction of myofibrils.
Translocation of counter-lateral actin filaments against myosin filaments towards the center
of sarcomeres and formation of actin-myosin bridges in the myofibrils occurs when
sufficient amount of ATP is present.

Having considered the energy balance of cardiomyocytes, let us move to the metabolic
processes occurring under the conditions of local stress.

From the standpoint of heart muscle, stress primarily results in hypoxia. Lack of oxygen
affects all the stages of the cell energy supply (synthesis, transportation and consumption of
ATP). In order to compensate for this, cardiomyocyte mobilizes energy from the
intracellular inventories and reduces energy consumption. The inventories of the energy-
rich substances - creatine phosphate, glucose and triglycerides are insignificant, and the cell
soon starts to experience energy shortages. Anaerobic glycolysis is then activated to
overcome the energy shortage.

Changes to fatty acid metabolism during hypoxia is characterized by disruption of -
oxidation of fatty acids, which is associated with the decrease of L-carnitine level caused by
stress. Intracellular accumulation of fatty acids, acyl-carnitine and acyl-CoA (EC 6.2.1.3)
occurs. The increase of acyl-CoA concentrations suppresses transportation of adenine
nucleotides in mitochondria.

Development of hypoxia decreases the share of aerobic glycolysis to 5%. Thus, under
conditions of stress caused by lack of oxygen energy, energy supply in cardiomyocytes is
reduced by 65-95% of its normal value. Anaerobic glycolysis is then activated to compensate
for the energy deficiency. Generation of ATP is reduced to 2 molecules per a molecule of
glucose (as compared to 38 molecules under normal conditions). Increase of the share of the
anaerobic glycolysis covers about 60-70% of the energy consumption. However, if this
compensation occurs for an extensive period, it becomes dangerous.

In the course of anaerobic glycolysis, lactate builds up causing lactic acidosis. Against this
background, accumulation of ATP hydrolysis products, and free fatty acids causes
intracellular acidosis. This is accompanied by the loss of integrity of lysosomal membranes,
release of lysosomal ferments, which, under conditions of energy deficiency, results in the
damage of mitochondria ultra structure.

The energy deficiency also contributes to loss of ion balance. Reduced concentration of ATP
inhibits the Na*/K* pump of the cellular membranes. Consequentially, sodium and
potassium ion concentration gradients start to decrease. Accumulation of sodium ions in the
cardiomyocytes along with the increase of concentration of potassium ions in the
extracellular solution result in the decrease of the resting potential and reduced duration of
the action potential. Such deviations from the normal concentrations of ions in the
intracellular and extracellular solutions cause hyperosmia, i.e. cell swelling, disrupting
calcium homeostasis in the cardiomyocytes. Permittivity and contractility of certain sections
of the cardiac muscle degrade, whereas neighboring parts of the cardiac muscle take
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additional load in a compensatory manner. These processes are clearly reflected in the
cardiac cycle phases on the ECG. Relevant examples are given in the end of the chapter.

These abnormalities can be tracked with the aid of detecting functional phase contractions of
the heart muscle.

2.3 Neural pulse — Interaction with cells

The influence of neural pulse on cardiac cells is associated primarily with initiation of
sequential interrelated processes supporting cardiac muscle contraction.

Normal rhythmic contractions of cells occur as a result of spontaneous activity opf the
pacemaker cells located in the sinoatrial node (SA node). Time interval between the heart
contractions is determined by the time needed by the membranes of the pacemaker cells to
reach the threshold level due to depolarization. Autonomous frequency of heart
contractions is about 100 beats per minute without external impacts. An external impact is
needed in order to increase or decrease this heart rate.

Vegetative neural system produces two most significant impacts on the heart beat rate. The
fibers of both sympathetic and parasympathetic parts of the vegetative neural system
terminate on the cells of the SA node and affect the heart rate beat. The impact is caused by a
change of the process of spontaneous (autonomous) depolarization of the resting potential
in the pacemaker cells of the sinoatrial node.

Acetylcholine released by parasympathetic neural fibers going to the heart as a part of
branches of vagus nerve increases permeability of the membranes at rest to K* and
decreases diastolic permeability for Na*. These changes of permeability have two effects on
the resting potential of the pacemaker cells. Firstly, they cause initial hyperpolarization of
the membrane resting potential, making it closer to the potassium equilibrium potential.
Secondly, they decrease the rate of spontaneous depolarization of the membrane at rest.
Both these effects tend to increase the lag between heart contractions due to increased
period of depolarization of the resting membrane to the threshold value.

Sympathetic neural fibers release noradrenalin. The most essential effect of noradrenalin is
the increase of the Na* and Ca?* intake by the cell during the diastole. These changes
increase heart beat rate due to increased rate of diastolic depolarization.

Besides the influence on the heart beat rate, vegetative neural fibers affect the rate of
conduction of action potentials through heart tissues. Enhanced sympathetic influence
increases the conduction rate, whereas the enhanced parasympathetic influence decreases
the conduction rate of action potentials.

Cardiomyocyte contraction is initiated by the action potential signal to the intracellular
organelles, resulting in increased tension and contraction of the cell. This process is known
as excitation-contraction coupling. The key element of these processes is an abrupt increase
of intracellular concentration of free Ca2*. Concentration of Ca2* changes from less than 0.1
mkm at rest to 100 mkm during maximal activation of the contraction machinery.

If we now recall the influence of local stress on cardiomyocytes and mechanisms of
occurrence of this influence, the reasons behind and abnormalities in conduction and
contraction of heart muscle become clear.
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When the energy transformation processes in the mitochondria become abnormal, parts of
the respiratory chain are inhibited by specific therapeutic agents, chemical reagents or
antibiotics, decrease of the amplitude of cardiomyocyte contraction due to lack of ATP is the
first consequence to be observed. Thereafter, due to accumulation of free fatty acids,
hydrolysis products, and lactate, due to development of internal acidosis and loss of ion
balance of cell, conductance of action potential starts degrading, resulting not only in
degraded conductivity of heart muscle and disturbance of the regulatory influence of the
neural system on the work of heart as a whole.

2.4 Endorphin stimulation as a natural way of enhancing stress resistance

Having considered the specifics of biochemical processes taking place in stressed cardiac
muscle, we can touch upon another important question: “How does the body fight stress?”.

It is a common knowledge that when stress factors appear, all the systems of the body are
activate. These processes are aimed at maintaining integrity, normal operability and
survival of an organism. Regulation of the cascades of biochemical reactions occurring in
response to stress factors is mediated by interactions of neural and endocrinal systems.

As shown in figure 2, as a result of stress the central neural system activates the following
pathway of endocrinal regulation: hypothalamus - corticoliberin - pituitary gland -
adrenocorticotropic (AcTH) hormone - suprarenal gland - cortisol. Besides the
adrenocorticotropic (AcTH) hormone, p-lipotropic hormone (LPH) is generated from the C-
terminal part of the protein. LPH proteolysis results in generation of either y-LPH and -
endorphin, or p-melanotropin and y-endorphin. Beside that, LPH can decompose to a-
endorphin and met-enkephalin. Simultaneous production of all these hormones causes the
following effects:

e Enhancement of carbohydrate metabolism (glucocorticoids)

e Enhancement of lipid metabolism (lipotropins)

e  Reduced pain sensibility and euphoric sensation (endorphins and enkephalines)
e Stimulation of immune system (melanotropin).

Thus, there is a system of multiple regulatory signals initiated by a single stimulus
regulating simultaneously a number of metabolic processes and receptor systems.

2.5 Example of application of phase analysis of cardiac cycle for controlling recovery
of the function of cardiovascular system in the course of treatment

Based on our understanding of biophysical processes and having a tool for investigating
phase processes of the heart function, we attempted to influence in an integrated manner the
metabolic processes occurring in the myocardium and track the associated changes of the
phase functions of heart contraction.

In order to influence the metabolism in an integrated manner, we performed normalization
of the acid-base balance. L-carnitine and octolipen were used to affect lipid metabolism.
Transcranial electrostimulation method was used in order to increase production of the
pituitary gland hormones (adrenocorticotropic (AcTH) hormone, LPH, melanotropin,
endorphins and enkephalines).
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Fig. 2. Stimulation of the neuroendocrine regulation mechanism by stress
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During this study, we tracked not only changes of the cardiac phase functions, but also the
phase hemodynamics parameters.

The results presented below were obtained in the course of integrated impact on the patient
organisms.

The figure 3 illustrates the initial results. These are ECG and RHEO records of the ascending
aorta and the table of the phase hemodynamics parameters. ECG and RHEO records
correspond to the same cardiac cycle. For the sake of convenience, only one cardiac cycle is
represented on the figure. The table summarizes results for 18 cardiac cycles. The number of
cycles is not fixed during the recording. The duration of the record is about 20 seconds. This
period is sufficient to obtain information for assessing hemodynamics parameters of several
cardiac cycles.

The shape of ECG corresponds to Brugada syndrome. Interventricular septum lost its
contraction function. This is evidenced by minimal amplitude of the R deflection. Expansion
of the S deflection is a compensatory function. Having assumed increased contraction load,
myocardial muscle increased its volume. Raise of SL wave on the ECG is indicative of
increased arterial pressure. In this case, there is a continuous stress of myocardium since the
amplitude of the SL phase is above the isoline in each cardiac cycle

The identified factors allow making conclusions and selecting the treatment strategy. The
original cause is the issue with the interventricular septum, and it is this problem that has to
be addressed. Widening of the S deflection and high amplitude of the SL phase are
secondary factors caused by the compensatory mechanism of substitution of its lost
function. In case of successful recovery of the function of the interventricular septum, other
function are to normalize on their own.

There was an assumption that the problem of the loss of contractility function is based on
mitochondrial cardiomyopathy. It was therefore decided that the patient should take L-
carnitine simultaneously with octolipen. In addition to that, daily use of the breathing

exerciser was prescribed in order to normalize the balance of carbon dioxide and
oxygen in blood. These procedures were performed domiciliary. In the outpatient
conditions, he was undergoing electrical treatment, excitation of specific cranial zones
with small current pulses in order to stimulate release of endorphins. No limitations in
diet were imposed.

According to the table on the figure 3, in the beginning of the treatment the average value of
the cardiac output (minute blood volume) of the patient ws MV = 9.71 liters. In the course of
treatment, MV variations from 7.63 to 10.93 liters were recorded.

In two months, the results presented in figure 4 were recorded. The record corresponds to
the upright position of the patient body during orthostatic test. Splitting of the deflection S
is clearly visible. This is not a pathology, but rather a reaction of myocardium to overload.
When the patient was in horizontal position, no splitting/vibrations were observed.
However, already in the next cycle the ECG assumes fairly normal shape, though the shape
is not yet stable. This is also evidenced both by the parameters of hemodynamics, namely
the minute volume MV.
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PHASE ANALYSIS RESULTS
HEMODYNAMIC PARAMETERS
SViml) [ MV [PVA(mi) [ PV2imi) [ PV3{mi) [ PUdimi) | PUS(m | “ESET
AVERAGE | 140.01 571 8328 s=a78| 8323 o872 14388] 6038
CYCLEH=z | SV(mf) [ MV | PV(ml) | PV2(m) | PYS(mil) | PY4imil) | PVS(ml) | HESRT
1 14201 1058] 8534] 6288 e7os| e002] 1564 Ti2S
2 13547 g45| 7988 s57o| =2053] cS4sd] 1459  soes
3 13547 937 8184 s5383| a0s53] sS4me| 1238 6947
4 135.47 9.70| 7882 =883 =053 =cS4asd] 12z 7184
3 13547 10.08] 7375| 8171 8053 sSeod|  qasg]  Taze
3 14576 1087 8017 6553 8s67] s910] 1511 7481
7 14578 1093] 7983 s813] ees7| ssa0 s 7500
) 14688 1088 a318| e27o| &ra3] csese] 1538 T2
9 135.47 9.15| 8238 =307 =a2053] S4sd]  qas9] 674
10 13845 827 8877 48sa| 8111 5535 14824 G0B2
11 13769 7683 osoo| 4270 e84 s585] 1511] 5545
12 13545 838 =8o18] 4728 8111] =535 qas4] 6142
13 136.45 9.13] 2447 s188] @111 5535 1a24] sED0
14 148.01] 1048 8588 s212] s87rsel soo2] 1584  TOOO
15 14801 1082 8278 es23| ares| a0o02] 1584 7308
18 136.45 987 7535 s110] @111] s53s[  1a24] 7308
17 135.47 go0| 7545 s0.02] 8053 S4nd] 14353 7308
18 13547 1041 7317 6230 8053 s4sd]  1as9]  Tasd

Fig. 3. September 2010
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PHASE ANALYSIS RESULTS

HEMODYNAMIC PARAMETERS
Sml) | MV | PYYiml) | PY2(mi) | PY3(ml) | PYdimi) | PUS(mI) | HESRT

EATE

AVERAGE 67.09 414] 4251 2458 a3sso| 2728 @o8| s188

CYCLEHNz | SV(m) [ MV() | PV4{ml) | PV2{mi) [ PV3{mI) | PVa{mi) [ PV5(ml) | HEsrT

FATE
1 48.74 323 2803 1\ 28.50 19.64 o.08 8630
2 48.74 2584 31.43 1731 28.590 15.84 4.09 60.34
¥ 48.53 285 3182 1661 2878 19.75 .01 S8.67
2 152.74 918 949.65 54,03 50.80 81.54 16.28 G60.10
& o5.42 367 34.32 2211 33.47 22,96 .00 65.13
& 56.70 3.7 34.20 22.50 33.63 23.07 G985 G542
7 48.53 N 30.02 18.51 2876 19.75 &.01 64.00
& 48.53 2.24 30.99 17.54 2870 19.75 &M 60.59
G 150.55 ¢.80 705 32.69 &9.51 61,04 1577 5914

10 48.33 2.93 .22 TEA 28.66 19.67 7.93 60.59

1 48.53 2.82 31.82 16.71 28.75 19.75 &.01 25.20

12 o6.42 318 37.84 18.48 33.47 2254 G.80 5643

13 o6.97 .24 3762 1935 33.79 2315 5.08 o6.85

14 149.44 8923 9417 55.27 8885 B50.59 15.51 62.12

15 43.13 3.18 2929 18.85 28.54 19.59 T.85 65.71

16 43.33 3:23 2839 19.93 28.65 19.67 753 65.50

Fig. 4. November 2010

Another month later ECG remained unstable, but the average value of MV decreased to 9.06
liters.
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PHASE ANALYSIS RESULTS

HEMODYNAMIC PARAMETERS
sviml) | av) [ PV(mD) [ PYZ(mi) | PY3(mi) | PU4imi) [ PVSimI | EFT
AVERAGE | 14447 908 9381 5068 8sss| see0f 1588 6274

CYCLEHNz | SViml) | AV | PY{ml) | PY2{ml) | PY3im) | PV4{ml) | PYS{ml) | HEART

RATE
1 153.83 10.43) 93.72 60.11 91.44 62.39 16.54 68.12
2 143.42 822 G0.38 52,54 &5.23 58.18 15.88 64 27
3 125.47 7.52 &7.08) 4238 76,94 52.53 14.45] 58.89
4 152.81 518 101.82 50.99 50,54 61.97 16.28) 60.05
5 152.81 9.4% 9965 5316 90.84 61.97 16:29 8211
i 153.83 47 1 T2 32.11 31.44 6239 18.54 61.59
T 143.42 8.76 94 32 45910 85.23 58.18 15.98 51.08
& 125.47 8.18 83.24 4522 75,54 52.53 14.45] 83,17
9 14234 5:19 80.20 5215 24 80 5774 1573 B4.55
10 154.85 .87 100.00 7485 92.07 §2.82 16.80 83.71
1 153.83 872 99.95 53.65 91.44 62.35 16.54 6317
12 13122 8.15 85.82 45.40 TEOT 53.24 14.81 8211
13 143.42 9.51 &80.65 53.76 2523 58.18 1583 85.28
14 153.83 10.0%) ! T ¥ 56.65/ 51.44 62.35 16.54 65.40
15 143.42 8.9 §3.25 5017 8523 58.18 15.98 8211
16 132.29 T7.82 89.50 4235 7860 5365 15.16] 5912

Fig. 5. December 2010

In two months, hemodynamics parameters grew somewhat. The patient continued to
receive the treatment, having only excluded the octolipen.
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PHASE ANALYSIS RESULTS

HEMODYNAMIC PARAMETERS
sWimi) | MV | PVA{mi) | PY2(mi) | PY3(mi) | PY4imi) | PUSImI) | HESRT
AVERAGE | 153.56) 983 8357 sess| 9128 6228 1853 6298

CYCLEHz | S\M{mil) [ MV | PVEiml) [ PY2(mi) | PUSImI) | PY4imi) | PUSImI) | ST

RATE
1 15427 10.85 80.59 73.28 51.70 §2.57 16.59 T0.96
2 15827 10.35 80.02 G4.25 91.70 82.57 1639 6709
3 141. 8.99 86.18 3571 54.33 57.55 15.54 63.35
4 163.53 10.55 59.38 54,15 87.23 65.29 16:83 5474
5 156.36 10.44 9207 6425 82.93 §3.42 1710 66.75
6 153.25 10.62 85:26 67.99 §1.10 62.15 16.34 69.30
7 185.96 HLBG 98.73 67.23) 55 67 67.29 17.39 653.60
i 142.78 6.97 or.05 3371 6485 579 1577 6281
9 153.25 1018 89.55 63.70 81.10 62.15 16.34 6649
10 155.34 10.686 89.07 65.27 §2.33 £3.00 18.85 6865
1 154 27 1017 9176 62.51 St.70 62.57 16.59 63.89
12 14585 .45 59425 136 86:55 5810 1649 8.1
13 14278 8.23) G4.47 4825 &4 .85 57.% 1577 5T.65
4 1534 27 877 8532 57.54 81.70 62.57 16.59 63.35
15 17581 11.37] 10829 89.32 104.43 717 17.62 5474
16 15325 §.45) 55.84 55,41 &1.10 82,15 16.34 61.76)

Fig. 6. February 2011

In another month the patient stated that he had gone through a medical exam in the regional
clinics, where he was offered surgery to narrow the interventricular septum. The patient
rejected the surgery. Coronary angiography was also performed, having indicated that the
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coronary arteries were clear. The patient was concerned with premature beats (extra
systole). The figure 6 illustrates the original record made during investigation of phase

parameters.

o 2 o DB T val

PHASE ANALYSIS RESULTS
HEMODYNAMIC PARAMETERS
SVimi) | MV} | PUAmi) | PYZ(mi) | PU3(mI) | PV4{ml) | PUS(mI) [ “EAET
AVERAGE 55,32 28] 3318 2314 240 =2z.97 p08| 6848
CYCLE Hz | S\(ml) | MWD | PAml) | PY2{ml) | PVYS(ml) | PV4(ml) [ PUS(mI) | HESRT

1 85,80 457 3res| 2ros| 303 2877 1008 694
z 8613 459 3848 767 3923 2600 019 69.44
3 4115 282 2384 1721 2440 1678 728 G8.48
4 56.52] 07| 31z21] 2572 3378] 2318 3.07] 71.45
g 45,57 346 o27.45] 2147 2801 198 871 7007
5 B5.80 ass| 2022 2653|3003 2877 1008 BeAT
7 5718 388 2432 zz88| 339 2327 5.16| &7.85
8 68,45 438 4063 2583 3942 zro4] 1030] 6803
9 agozl 347 =2e8s| 1907 zoo1| 1ol 821 B4ET
10 49.18) 328] zo74| 1941 2913 2000 830 6893
R §5.80 448 3@z2s8] 2656 3m03] 2877 1008 &818
P 86,45 447 3083 2682 3942 2704] 030 &1z
13 2397 320 zo.47] 1945 zeo1|  1eed 821 6754
14 48 6 333 2878 1881 2887 19.82 5.08 6248
15 4857 241 2841 2051 2001 1981 821 8877
16 57 65| 3.85] 233.85] 2380 23418 234§ 334 6848
7 57.47] 387 3303 2438 3405 2337 575 6912
18 7550 c23| 4530 3030 <428s| =075 1124 sBmaz

Fig. 7. March 2011

After a series of sit-ups, extra systole was detected (see Fig. 8). Minute volume MV increased

to 13.66 liters.
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87 ms (TVRE pem | VIREIE NS

PHASE ANALYSIS RESULTS
HEMODYNAMIC PARAMETERS
S\{mi) MV | PYmI) | PY2(mi) | PV3imi) | PY4imi) | PYSimi) | 45T
AVERAGE | 14424 1388 4479 100.05| 8618 5887 13.57] 0434
CYCLEH=z | SV(mif) | AV | PVA(mil) | PV2(mi) [ PU3{ml) | PY4imi) | PYS(ml) | HE5ET

1 145.88 1425 35.56) 111.30 B87.39 5947 13.35 97.31
2 145,44 14,25 35,221 11022 55 58,29 13.06 97.95
3 126.32 12.41 35.45 02 83 76.33 5200 12.45 96 67
4 137.00 13.16 40.04 86.95 B81.51 5545 12.81 56.04
5 157.02 14,89 42,67 114.35 §3.46 63,57 13.89 0481
6 146,65 14.10 40,62 106.24 87.39 59.47 13.35 55,04
T 148.24 14,18 44,11 104.23) 88.27 60.08| 13.684] 05 42
8 157.02 14.98 43,43 113.59 §3.46 B3.57| 13.89 0o 42
9 155.43 14,74 4467 110.75 82.51 62.52 13,58 5481
10 148.24 13.80 52.30 0E.05 B88.27 50.08| 13.64 93.02
11 155.43 1428 57.56 87 87 9251 62 92 13,58 91.87
12 128.48 1175 50.68 78,76 T7.00 5248 12,74 5074
13 148.34 13,38 58.08 00.27 28.27 60,08 13.64 50,19
14 148.34 13.54 57.40 50.54 88.27 60.08| 13.64 51.30
15 145.28 1375 4914 9772 87.39 50 47 13.35 93.61
16 143.34 13,89 47 64| 100.71 2827 60,08 13,64 §3.61
17T 148.34 13.80 49.81 52.74 88.27 60.03| 13.54 93.02
18 11425 13200 346.18| -231.93 67.85 48 41 14.42] 11558
19 125 48 9 97 76.18 5329 T7.00 5248 1274 Tr.04
20 130.74 11,84 48,42 32 TrTS 5298 3.0 91.30
21 14967 14,19 41,37 108.29 B9.05 80.52| 13.92 B4.81
22 148 34 14,34 35.92 112.42 8627 60 .03 1364 96 67
23 157.02 1528 35.05) 121.97 53.46 63.57| 13.89 731
24 146385 1439 36.28] 11057 B87.39 G047 13.35 o705
25 131.54 12.59 720 B4, 75 To.47 53.48) 3.27 5542
26 140.70 13.34 35,53 10477 83.69 5.1 13.61 g4.81
27 14834 14,08 40.33( 108.01 3827 80.08 1364 94 21

Fig. 8. March 2011, after sit-ups having caused extra systole.
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After relaxation of the patient, the extra systoles disappeared. MV = 13.32.

FRCEENN) el

PHASE ANALYSIS RESULTS
HEMODYNAMIC PARAMETERS

SW(mi) MV | PV (ml) | PV2(mi) | PY3m) | PV4(mi) | PYS(mI) HERRY
AVERAGE | 147.45| 1332] 256 9889 o771 5275 14.34] 9030

CYCLEHz | SV({mil} | MV{{ | PV4{ml) | PV2iml) | PV3{ml) | PV4{ml) | PVS(mi) | HE:RT
1 14591 1420 38.36( 111.55 85.20 80.72 1385 9474
2 16190 14.85 43.35( 118.55 96.34 B85.55 14.83 e T
3 164.64 15.32 4290 121.93 53.07 868.77 15.43 §2.95
4 15257 14.37 36.39( 11825 90.82 §1.85 14.52] 94 13|
5 143.54 13:26 41.32( 10222 8537 58.17 14.18 5237
1 125.82] 11.34 39.19 8583 7479 51.03 13.56 &0.11
T 134,35 12.28 42,51 91.85 79.89 54,47 13.79 91,23
8 161.80 14,59 55.40| 10650 56.34 65.56 14.83 B0.11
5 161.80 1477 5418 107.73 BG6.34 B65.56 14.82 B1.23
10 161.90 1477 51.23( 11063 06.34 55.58 14.83 91.23
T 15399 13.83 4795 108.02 91.60 6239 14.80 50.11
12 144 52 13.14 4585 9907, 85.18 58.73 14.48 90.87|
13 135.34 12.20 4215 53.18 20.47 54.87 14.03 80.11
14 14991 13.78 4872 103.19 89.20 80.72 13.85 51,79
15 160.37] 14.45 56.75( 10382 9543 8494 14.52] 8011
18 161.90 1458 53.35| 108.55 06.34 B85.56 14.83 5087
17 143.54 12.93 45.09 04.45 85.37 5847 14.18 20,11
18 143,54 12.78 54.76 8878 85.37 58417 1418 859.03
18 115.96 10.88 44 45 T5.50 7133 48.62 12.16] 50 67|
20 134 28] 11.54 54.93 T9.43 79.89 54.47 T30 R
21 161.90 14.24 60.06 10191 95.34 §5.58 14.83] ar.a7
22 164,54 14,50 60.13( 104.85 58.07 B8.77 15.43 87,97
23 153.99 13.88 50.74) 103.24 91.60 62.39 14.80 B0.11
24 136 42 12.00 45.28 9113 21.10 55.31 14.28) ar.a7
25 123.85 11.09 4112 B2.74 73.63 50.22 13.09 89.57

Fig. 9. March 2011, Relaxation after extra systole.

The treatment course was continued. In two months, ECG was almost
systoles were detected. MV = 7.72 liters.
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PHASE ANALYSIS RESULTS

HEMODYNAMIC PARAMETERS
svimil) | MV | PYimi) | PY2(ml) | PV3imi) [ Py4imB | PUS{miE | MEART

RATE

AVERAGE 131.64 T.T2 35.23 ag.42 Ta.22 8342 15.14 56.68

CYCLE Hz | SV(mi} | RV | PVmi) | PV2imi) | PV3iml) | PY#mil) | PVSiml) [ 4S5
1 121.42 868 8055 4088 7213 45925 14.55 3495
131.13 .85 84,32 25.31 7.8 321 15.02 59.66

141.07 8.62 o9.36 21.70 83.84 23 15.55 61.05

Lal ka
en| en

=

Fig. 10. May 2011

3. Conclusion

Cardiac cycle phase analysis method allows tracking any changes of hemodynamics and
functions of the cardiovascular system. It can be used to identify the original cause of
pathologies and to efficiently monitor the treatment progress.
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