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ADAPTIVE POSSIBILITIES OF THE CARDIOVASCULAR SYSTEM IN ADOLESCENTS
WITH NON-INFLAMMATORY DISEASES OF THE MYOCARDIUM, TAKING INTO
ACCOUNT THE FUNCTIONING OF THE RIGHT VENTRICLE OF THE HEART
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Summary: Adaptation of the cardiovascular system to physical activity implies the development of functional or
structural changes that should ensure the most efficient and economical use of energy during muscular
contraction. The most studied data reactions in individuals engaged in various sports. The aim of our study was
to study the functional changes of the heart, taking into account the functioning of the right and left ventricles of
the heart and the adaptive capacity of the cardiovascular system in children with non-inflammatory diseases of
the myocardium. Were examined 62 patients with non-inflammatory myocardial diseases, whose mean age was
14.56 + 0.24 years. The control group consisted of 41 practically healthy peers. The functional state of the
myocardium was assessed according to the results of the ultrasonic Doppler study of the heart in the “M” and
“B” - modes, as well as in the mode of constant-wave and color scanning with a convex sensor using the standard
method. To study tolerance to the minimum physical activity and its influence on the state of the cardiovascular
system in children, a six-minute walk test was conducted. To assess the functional intensity of the cardiovascular
system before and after the six-minute walk test, the following vegetative indices were calculated: an endurance
coefficient according to the formula A. Quaasa and a double product. The vegetative Kerdo index and adaptation
potential were calculated at rest. As a result of the study, it was found that in children with myocardial pathology,
stress is observed in the adaptation mechanisms of the cardiovascular system, accompanied by a weakening of
its functional capabilities and an increase in the work of the cardiac muscle at rest. This happens against the
background of a decrease in the functioning of the left ventricle and an increase in the functioning of the right
ventricle of the heart. These changes are accompanied by activation of the parasympathetic division of the
autonomic nervous system in patients in all the studied groups, which indicates a more economical mode of
functioning of the body systems.
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Introduction
Adaptation of the cardiovascular system to
physical activity implies the development of
functional or structural changes that should ensure
the most efficient and economical use of energy
during muscle contraction. The most studied data
are in individuals engaged in various sports [2, 6].
Changes in the activity of the cardiovascular
system, first of all the heart rate, are the most
striking indicator of the deviations that occur in the
regulatory systems and above all in the work of the
autonomic nervous system. They precede
hemodynamic, metabolic, energy disorders and
may be the earliest prognostic signs of troublein a
patient [6, 10].Physical activity has acomplex and
diverse effect on the body. It is known that
conducting tests with physical exertion can
provoke malignant and life-threatening cardiac
arrhythmias, which in turn can lead to the
development of sudden death syndrome [2, 6].
With a large number of works devoted to the
study of chronic heart failure (CHF) including in
children, most of them relate to the study of the
morphofunctional state of the left heart and the
structure and function of the right are least taken
into account. However, in scientific papers of the
second half of the 20th century, a higher sensitivity
of the right ventricle (RV) showed changes in both
intra-cardiac hemodynamics as well as extra-
cardiac influences to fluctuations in the pressure
level of expulsion [3]. It was also described in the
data that the pancreas has a higher adaptive
capacity than the left ventricle, due to the more
intensive  functioning of some adaptive
mechanisms and a biochemical study which
established a much greater severity of lysosomes
self-regulatory activity in the right ventricle [5].
The aim of our study was to study the functional
changes of the heart, taking into account the
functioning of the right and left ventricles of the
heart and the adaptive capacity of the
cardiovascular system in children with non-
inflammatory diseases of the myocardium.

Materials and methods

62 patients with non-inflammatory myocardial
diseases were examined, 39 of them were boys and
23 girls, whose average age was 14.56 + 0.24
years. This group included 30 patients with small
abnormalities of heart development (SAHD) and

32 patients with various rhythm and conduction
disorders (RCD). The group with SAHD included
children with the presence of mitral valve prolapse
of varying severity, mainly | degree without
regurgitation or with regurgitation | degree, with
tricuspid valve prolapse, abnormal chords in the
left ventricle, expansion of the output path of the
right ventricle [4]. Children with sinus non-
paroxysmal tachycardia, right ventricular
extrasystoles, supraventricular extrasystoles, and
Wolff-Parkinson-White syndrome were included
in the group with RCD. The control group
consisted of 41 practically healthy adolescents,
including 14 girls and 27 boys. The average age
was 14.68 + 0.36 years.

The functional state of the myocardium was
assessed according to the results of the ultrasonic
Doppler study of the heart (echocardiogram,
Doppler- echocardiogram) in the “M” and “B”
modes, as well as in the constant-wave and color
scanning mode with a5 MHz convex sensor on the
device digital ultrasound diagnostic system SA-
8000 Live (firm "Medison", Korea) according to
the standard method recommended by the
Ultrasound Diagnostic Association (UDA). Heart
structures were recorded in five standard leads.

To assess the function of the myocardium, the
following indicators were used: left ventricular
ejection fraction (EFIv), right ventricular ejection
fraction (EFrv), left ventricular stroke volume
(SVIv), right ventricular stroke volume (SVrv),
left ventricle minute volume (MVIv), right
ventricle minute volume (MVrv). Since the
calculation of the stroke volume includes an index
of heart rate, for leveling the age-related
parameters, the index of the stroke volume of the
left ventricle (ISVIv) and the stroke volume of the
right ventricle (ISVrv) were calculated [2].

In order to study tolerance to minimal physical
activity and its influence on the state of the
cardiovascular system (CVS) in children, a six-
minute walk test (6MWT) was performed, which
was carried out in the first half of the day in the
conditions of the stationary corridor. The test took
place at an individual maximum rapid pace
(avoiding the appearance of pain, shortness of
breath, muscle fatigue or heaviness in the legs,
dizziness, weakness), ensuring that the patient
passed the maximum distance for 6 minutes. The
distance covered (6MWD) was measured in
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meters. The dynamics of the patient’s clinical state
were monitored at baseline and after the test. The
heart rate (HR) and blood pressure (BP) were
recorded before and after test. At the end of the test
the percentage increase in heart rate was calculated
(% increase HR) [2, 11].

To assess the functional tension of the
cardiovascular system the following vegetative
indices were calculated before and after the
6MWT: endurance coefficient (EC) according to
the formula of A. Quaasa and Robinson index (IR)
or double product.

The endurance coefficient (EC) was calculated
according to the formula A. Quaasa: EC = HR /
SBP - DBP, where HR - heart rate (number of
beats per minute), SBP - systolic blood pressure
(mm Hg), DBP - diastolic blood pressure
(mm.rt.st.). An increase in this indicator indicates
a weakening, and a decrease in this parameter
indicates an increase in the functional capabilities
of the CVS [10].

The Robinson index (IR) was determined by the
formula: IR = HR « SBP / 100, where HR is the
heart rate (number of beats per minute), SBP is the
systolic blood pressure (mm Hg). The larger this
indicator, the more work the heart muscle
produces [10].

To assess the effect of the autonomic nervous
system (ANS) on the parameters of CVS, the
vegetative Kerdo index (VIK) was determined
based on a comparison of diastolic blood pressure
(DBP) and heart rate (HR). It was calculated by
formula: VIK = (1 - DBP / HR) x 100.

With vegetative balance in the regulation of the
cardiovascular system, the VIK tends to 0. VIK
values with a positive sign indicate an increase in
catabolism processes characteristic of intense
functioning with the expenditure of the body's
energy reserves. VIK with a negative sign
indicates a more favorable, anabolic variant of the
shift and more economical mode of functioning of
body systems [7,8].

At rest, the functional changes index (FCI) of
the circulatory system, or the adaptation potential
(AP), was also determined. AP is calculated
without load tests and allows you to give a
preliminary quantitative assessment of the level of
health of the subjects. AP of the circulatory system
is determined by the formula:

AP=0,011xHR+0,014xSBP+0,008xDBP+0,009x
xBW-0,009xH+0,014xA-0,27,

where HR is the heart rate in relative rest (the
number of beats per 1 minute); SBP - systolic
blood pressure (mm Hg); DBP - diastolic blood
pressure (mm Hg); BW is body weight (kg); H -
height (cm); A - age (years).

The results were evaluated as follows: less than
or equal to 2.1 satisfactory adaptation, 2.11 - 3.2
stress adaptation mechanisms, 3.21 - 4.3
unsatisfactory adaptation, more than 4.31 failure
of adaptation mechanisms (according to
R.M. Baevsky, 1979) [9, 12].

Statistical processing of the obtained data was
carried out using the SPSS17 application software
package (license 4-180844250981ae3dae-
s/nSPSS17) for IBM PC / Pentium-4. At the first
stage, the arithmetic mean value and the standard
error for it were calculated for all indicators.
Discrepancies between averages in the case of a
normal distribution of indicators were estimated
by parametric (Student’s t test, Fisher’s angular
transformation), and in the absence of a normal
distribution by non-parametric (Wilcoxon-Mann-
Whitney) methods of mathematical statistics.

Results and Discussion

When conducting an objective examination of
patients, children from either the main group or the
control group did not make any complaints about
their state of health. During auscultation in
children with SAHD, systolic murmur was found
in the apex of the heart in 97% of patients (29
children). No changes were registered in children
with RCD.

When assessing the functional parameters of
the heart during EchoCG, all the parameters
corresponded to the age norms. However, EFlv in
children of the main group was significantly lower
than in the control group. The lowest result of this
indicator was observed in children with rhythm
disorders. There was also a significant decrease in
ISVIv in children with systemic dysplasia and in
patients with rhythm disorders. These changes are
accompanied by higher heart rate figures,
especially in patients with arrhythmias (Table 1).
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Table 1. Functional indicators of the left and right ventricles of the heart in children with non-
inflammatory heart diseases in comparison with the control group. (M + m)

Indicators Main study group, Subgroup with Subgroup with Control group,
n=62 SAHD, n=30 RCD, n=32 n=41
EFlv, % 63,90+0,96** 64,5941,29** 63,2541,42%* 69,69+0,78
SVliv, ml 58,62+2,54 65,48+3,74%* 51,7742,99%* 61,84+2,59
ISVIv, ml/m? 36,13+1,31 38,49+1,80* 33,75+1,83* 38,91+1,30
MVlv, I/min 3,97+0,19 4,31+0,29 3,63+0,22* 3,90+0,21
EFrv, % 60,05+1,39 56,83+1,84 63,06+1,95* 60,46+1,63
SVrv, ml 8,14+0,59 7,51+0,57 8,75+1,02 7,44+0,40
ISVrv, ml/m? 5,01+0,33 4,43+0,30 5,58+0,57* 4,65+0,22
MVrv, I/min 0,73+0,13* 0,67+0,19 0,79+0,18* 0,48+0,03
HR, b/min 83,47+2,31%* 80,00+3,58* 86,7242,89%* 73,57+1,72

Note: ** - p <0.001; * - p <0.05; when compared with similar indicators of the control group.

On the part of the right ventricle, opposite
changes occurred. Thus, in children with rhythm
disturbances, there is a significant increase in EFrv
and ISVrv, which indicates an increase in the
functioning of the right ventricle.

In the first half of the 20th century, P. Bernheim
described in his works the concept of
interventricular interaction, by which he
understood the close relationship between the
functioning of the right and left ventricles. It is
based on the integrity of the structure of both
ventricles, their blood supply and function. They
also have the same anatomy of muscle fibers, a
single interventricular septum, and pericardium.
Also, the interaction of the ventricles is due to the
influence of fluctuations in pressure and volume in
the chest [1, 5].

Thus, in patients with non-inflammatory
diseases of the heart while reducing the
functioning of the left ventricle, the increased

functioning of the right ventricle is noted, which is
most pronounced in patients with arrhythmias.

When studying the functional ability of the
myocardium in children with non-inflammatory
heart diseases, the prevalence of the influence of
the parasympathetic division of the ANS was
revealed, as evidenced by the VIK values. In both
the main and control groups, this index was with a
negative sign, but it was significantly higher in
patients of the main group, and its highest value
was noted in patients with RCD, which indicates a
higher activity of the sympathetic ANS in this
category of children (Table 2) .

Adaptation potential in patients with non-
inflammatory ~ myocardial diseases  was
significantly higher in the group as a whole. When
analyzing this indicator in the selected subgroups,
it was significantly higher in patients with SAHD,
which indicates the stress of adaptation
mechanisms in these children (Table 2).

Table 2. The functional ability of the cardiovascular system in children with non-inflammatory heart
diseases in comparison with the control group alone. (M + m)

Indicators Main study Subgroup with Subgroup with Control group,
group, n=62 SAHD, n=30 RCD, n=32 n=41
Kerdo index -82,79+2.85 -84,2643,48 277,1243,27 -91,4843,68
Adaptation potential | 1,97+0,14%* 2,56+0,09%** 2,18+0,06%* 1,81+0,05

Note: ** - p <0.001; * - p <0.05; when compared with similar indicators of the control group.

The distance covered during the six-minute
walk test in patients with myocardial pathology
was not significantly different from that of
children in the control group. The endurance
coefficient was significantly higher in children
with myocardial pathology at rest due to children

with arrhythmias. This indicates a weakening of
the functional capabilities of the cardiovascular
system in these patients at rest (Table 3). After
6MWT, the endurance coefficient increased in all
the analyzed groups, which also indicates a
weakening of the CVS function in these childre
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control group before and after the six-minute walk test. (M +m)
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Indicators Main study group, | Subgroup with | Subgroup with | Control group,
n=62 SAHD, n=30 RCD, n=32 n=41

6MWD, m 507,55+9,78 502,47+13,43 512,23+14,34 519,80+8,84
Before After Before After Before After Before After
6MWT | 6BMWT | 6MWT | 6MWT | 6MWT | 6MWT | 6MWT | 6MWT

Endurance 201 +£|231 £|197 +£(227 +£|205 £|23 +|178 +£|217=+

coefficient 0,08* 0,07 0,15 0,12 0,08* 0,08 0,11 0,13

Robinson index 86,26+ | 121,56+ | 90,06 = | 123,18+ | 82,76 120,08+ | 81,39 =+ | 114,28
2,85 4,32 4,39* 6,29 +3,63* | 5,04 3,19 + 4,64

Note: ** - p <0.001; * - p <0.05; when compared with similar indicators of the control group.

Also at rest, the values of the Robinson index in
patients in the studied subgroups were
significantly high, which suggests that the heart
muscle in children with myocardial pathology
does more work than in children of the control
group. After 6BMWT, this indicator increased in all
studied children, but its increase did not have
significant differences (Table 3).

Conclusion

Thus, in children with myocardial pathology,
stress is observed in the adaptation mechanisms of
the cardiovascular system, accompanied by a
weakening of its functional capabilities and an
increase in the work of the cardiac muscle in a state
of rest. This happens against the background of a
decrease in the functioning of the left ventricle and
an increase in the functioning of the right ventricle
of the heart. These changes are accompanied by
activation of the parasympathetic division of the
autonomic nervous system in patients in all the
studied groups, which indicates a more
economical mode of functioning of the body
systems.
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AJANITAOIMHI MOKJIUBOCTI CEPLIIEBO-CYJIVUHHOI CUCTEMM Y IMIJIJITKIB 3
HE3AITAJIBHUMMU 3AXBOPIOBAHHSAMMU MIOKAPJIA 3 YPAXYBAHHSAM
OYHKIHIOHYBAHHS ITPABOI'O TA JIIBOI'O HITYHOYKIB

Tonosko T.0., lllesuenxo H.C., Axnogpype E., Boamene I'., Yibane /. b.,
Mycenene I1., Oxoponxeo V. I1.

[Momrra s nuctyBanus: golovko@karazin.ua

Pestome: Aoanmayis cepyeso-cyOunHoi cucmemu 00 @I3UYHO20 HABAHMANCEHHS Nepeddaydae po3eUmox
(yHKYyionanvHux abo CMpPYKmMypHUX 3MmiH, SAKI NOSUHHI 3a0e3neyumu HAUOIbl egeKxmueHe [ eKOHOMHE
sumpauanHs emepeii npu m'szo0eomy ckopouenui. Hatibinow eusueni oami peaxyii y ocib, wjo 3aumMaromscs
pisnumu eudamu cnopmy. Memoio Hawo20 00CniONHcenHs: OYI0 GUGHEHHS (QVHKYIOHATbHUX 3MIH cepysi 3
VPAXYBAHHAM (DYHKYIOHYBAHHS NPABO20 I JI6020 WLIYHOUKIE cepysi | a0anmayiiHux MONCIUBOCHEl Cepyeso-
CYOUHHOI cucmemu y Oimeu 3 He3anaIbHUMU 3aX60préanusmu miokapoa. Obcmesxceno 62 nayienma 3
HEe3aNnaIbHUMU 3AX60PIOSAHHAMU MIOKapOQ, cepeoniil ik axkux oye 14,56 + 0,24 poxis. I pyny konmpono ckiaiu
41 npaxmuuno 300pogux ixuix 0OHOAIMKIE. DYHKYIOHATLHULL cman MIOKapOoa OYIHIOGAIU 34 Pe3VIbmamamu
VYILbMPA38YKOB020 00NAEPiBCbko20 docaiodcents cepys 8 "M" - i "B" - pesicumax, a maxoaic 8 pedcumi nocmitino-
X8ULOBO2O I KONbOPOBO2O CKAHYBAHHA KOHBEKCHUM OAMHYUKOM 304 CMAHOAPMHOI MemoouKkow. i eusuenus
MONEPAHMHOCIE 00 MIHIMANLHOMY (DI3UYHOMY HABAHMANCEHHI 1 1T 6NIUBY HA CMAH CePUE80-CYOUHHOT cucmemu
y Oimeil NPoBOOUBCE MeCH WeCMUXGUIUHHOT X00b0u. s oyinku (PYHKYIOHATbHOT HANPYIJICEHOCME cepyeso-
CYOUHHOI cucmemu 00 i nicia mecmy WeCMUXeUIUHHOI X00b0U pO3PAX08Y8aANUCA HACMYNHI 6e2emamueHi
inoexcu: koegiyicum eumpusairocmi 3a @opmynow A. Keaaca i noositine meip. Y cmani cnokoiw
po3paxosysanucs eecemamusHull inoexc Kepoo i aoanmayitinuti nomenyian. B pesynomami Oocniodcenns
oOmMpuMaHro, wo y Oimeti 3 NAMONOCIEI0 MIOKAPOA BIO3HAYAEMbC HANPYed MeXauizmié adanmayii cepyeso-
CYOUHHOI cucmemu, wWo CYnpoB8OOICYEMbCS OCAAONEHHAM (DYHKYIOHANbHUX il Modcausocmell i 30i1bUIeHHAM
pobomu cepyeozo m'si3a 6 cmari cnokoio. Biobysaemvcsi ye Ha miti 3HUI CEHHS, (DYHKYIOHYBAHHS NI6020 UWLYHOUKA
i 30invuienns @QYHKYionyeanus npasoco uiynouxka cepys. Cynpoeooxcyiomvcsi OaHi 3MIHU AKMUBAYIEIO
napacumMnamuyHo2o Gi0Oily GecemamusHol Hep8o8ol cucmemit Y NAYiEHmMi8 y 6Cix 00CHIONCYBAHUX SPYNAX, WO
6KA3YE HA OINbUL eKOHOMHULL PeXHCUM (DYHKUIOHYBAHHA CUCEM OP2AHI3MY.
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AJAIITAHUOHHBIE BOSMOKHOCTU CEPAEYHO-COCYIUCTOU CUCTEMBI Y

HOAPOCTKOB C HEBOCHTAJIMTEJIbBHBIMHU 3ABOJIEBAHUAMU MUOKAPJIA C
YYETOM @ YHKIIMOHUPOBAHUA ITPABOI'O U JIEBOI'O KEJIYIOYKOB

T'onosko T.A, lllesuenxo H.C, Aknoghype E., boamene I'., Qubane /1.b.,
Mycenene 1., Oxoponkeo B. I1.

[Mouta amst nepenucku: golovko@karazin.ua

Pe3ome: Aoanmayus cepOdeuno-cocyoucmoii cucmemvl K QU3UYECKOU Hazpy3Ke npeonondzdaem pazeumue
DYHKYUOHATLHBIX UNU CMPYKMYPHBIX USMEHEHULl, KOmopble O0MHCHbL obecneuums Haubonee dppexmusnoe u
IKOHOMHOE PACX0008aHUe FHEPSUU NPU MbluledHoM cokpawenuu. Haubonee usyuenvl 0annvle peaxyuu y auy,
BAHUMATOWUXCS PA3TUYHBIMU 8udamu cnopma. Llenvio nawe2o uccredosanus 6110 uzyueHue QYHKYUOHATbHBIX
UBMEHeHUll cepoya ¢ yYyemom (YHKYUOHUPOBAHUSL NPABO2O U NEB020 HCETYOOUKO8 Cepoya u A0anmayuoHHbIX
B03MOIICHOCEU CEPOEUHO-COCYOUCMOLL CUCTnEeMbL Y Oemell ¢ HeBOCNATUMENbHBIMU 3a00Ie6AHUAMU MUOKAPOQ.
Obcnedosano 62 nayuenma ¢ He8OCHATUMENLHLIMU 3A00NE6AHUIMU MUOKAPOA, CPEOHUT 803PACTH KOMOPBIX OblLIL
14,560,224 nem. I’ pynny xonmponas cocmasunu 41 npakmuuecku 300posvix ux ceepcmuurxos. QyHKyuoHanvHoe
COCMOsAHUE MUOKAPOA OYEHUBATOCH NO PE3YIbIMAmMam YIbmpazeyKo8020 00NIEPOBCKO20 UCCIe008AHUS cepOyd 6
"M"- u "B"- pexcumax, a maxdce 6 pedcume NOCMOAHHO-80JIHOB020 U UBEMHO20 CKAHUPOBAHUS KOHBEKCHbIM
0amyuKom no CMandapmuol memoouxe. [ uzyueHuss moiepaHmHoCy K MUHUMATbHOU (Pu3uyeckoll HazpysKe
U ee GIUAHUSL HA COCMOSIHUE CePOeUHO-COCYOUCMOU cucmemsl y Oemell NpoBOOULCS MeCh WUeCMUMUHYMHOU
X00b0bl. /[ oyenku QYHKYUOHAILHOU HANPINCEHHOCMU CePOeUHO-COCYOUCMOU CUCTNEeMbl 00 U NOCIe Mecma
WEeCMUMUHYMHOU — X00bObl  PACCYUMBIBANUCL — CACOVIOWUE — Be2emMAmUueHble  UHOEKCbl.  Kodpguyuenm
svinocaugocmu no gopmyne A. Keaaca u 0gouinoe npouzgedenue. B cocmosinuu nOKos paccuumvl8anuch
secemamugHulll unoexc Kepodo u adanmayuonnsiti nomenyuan. B pezyiomame ucciedosanus noayueno, ymo y
demell ¢ namonoauell MUOKApOAd OMMedaemcst Hanpsajcerue Mexanusmos adanmayu cepoeyrHo-cocyoucmou
cucmemul, Conpogodicoaioueecs ociabnenuem QYHKYUOHATbHbIX ee 803MONCHOCIEN U Yeeauyenuem pabomuvl
CcepOeunol Mbluybl 8 COCMoanUY nokos. [lpoucxooum smo Ha ¢home cHudICeHUsT PYHKYUOHUPOBAHUSL 1€6020
JdHCENYOOUKA U YEeIUYeHUs: (DYHKYUOHUPOBAHUSL Npago2o dceryoouka cepoya. Conposoxcoaromcesi Oanuvle
U3MeHenUsl akmugayueli NapacUMIamu4ecKo2o omoeia 8e2emamueHol HePEHOL CUCTNEMbL ) NAYUEHMO8 B0 6CeX
uccnedyemplx epynnax, umo yKazvleaem Ha 6oee 9KOHOMHbLIL PeACUM DYHKYUOHUPOBAHUSL CUCEM OPLAHU3MA.

KawueBble ci1oBa: GyHKIMOHUPOBAHUE CEPJICUHO-COCYAUCTON CHCTEMBI, TATOJIOTHS MUOKAP]Ia, TOIPOCTKH
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