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Kuro4oBi cnoBa: gecemamusna nepgosa cucmema, éapiabenvhicms pummy cepys, kapoioinmepaanozpaghis, dimu,
NpONANC MImMpantbHo20 KIanaud

KuitoueBble ciioBa: eecemamuenas nepenas cucmema, 8apuadeirbHocmy pumma cepoyd, Kapouournmepsaiozpapus,
Oemu, nPOANC MUMPATILHOZ0 KIANAHa

Abstract. The state of response of autonomic nervous system in children with mitral valve prolapse. Mitiuriaeva-
Korniyko 1.O., Kuleshov O.V., Medrazhevska Ya.A., Fik L.O., Klets T.D. The article presents summarized mate-
rials on connective tissue dysplasia of the heart, primary mitral valve prolapse, dysfunction of the autonomic system.
Aim of research: to estimate the condition of autonomic nervous system in children with primary mitral valve prolapse.
We examined 106 children with mitral valve prolapse aged from 13 to 17 years old on the clinical base of city hospital
“Center of mother and child” in Vinnitsya. Research included time and frequency domain (evaluation with
cardiointervalography. Final results were compared with the control group records. The results showed no statistical
significance among time domain parameters in the main group of children. All these indices displayed tendency to
sympathetic and parasympathetic autonomic nervous system tonus increase in boys. However, sympathicotonia
tendency was noted in girls only. Frequency domain parameters showed similar results, compared with the previous.
Nevertheless, very low frequency parameters had statistically significant difference in both subgroups of patience with
mitral valve prolapse, including males (3205.8+190.9 against 1717+154, p<0.05) and females (3280+220.1 against
14334811, p<0.05). There were no statistically significant difference among other frequency domain parameters.
Conclusions: we estimated that children with mitral valve prolapse have imbalanced autonomic homeostasis manifested
by tone disturbances of both autonomic vegetative system branches with sympathetic predominance. Patients with
primary mitral valve prolapse generally have increased sympathetic tone - both boys and girls - according to spectral
analysis of heart rate variability indices, heart rate oscillation power of a very low frequency in particular (p<0.05). In
children with mitral valve prolapse, the tone of parasympathetic nervous system is generally normal; there is a
tendency to its increase in boys and decrease in girls. These children should be under close medical supervision by
pediatricians and cardiologists.

Pedepar. CTan pearyBaHHsl BereTaTHBHOI HEPBOBOI cCHCTeMHM B [JiTell 3 MPoJancoM MiTPajdbHOr0 KJIamaHa.
MiropsieBa-Kopniiiko 1.0., Kyaemos O.B., Meapaxescbka S.A., @ik JI.O., Kineup T.A. V cmammi naseoeni
3a2anbHi OaHi PO OUCHAA3II0 CNOAYYHOI MKAHUHU Cepys, NePEUHHUL NPONANC MIMpPAIbHO20 KIANAHA, OUCHYHKYIIO
secemamusHoi cucmemu. Memorw 0ocniodcenHs 00 GUGUEHHS CMAHY 8e2emamueHoi Hepgeogol cucmemu 6 oimeul 3
NEPBUHHUM NPOLANCOM MImpanvbHoeo Kianana. IIpogedeno odocniodcenns 106 Odimeil 3 npoaancom MIimpanbHO2O
Kkaanaua y 6iyi 6i0 13 0o 17 poxie na 6asi micekoi aikapui “Llenmp Mamepi ma Jumunu” m. Binnuyi. Obcmedscenus
BKIIOUANO BUSHAYEHHSA CMAMUCIMUYHUX MA CHeKMPALbHUX NOKA3HUKIE 8apiabenbHOCMi pummy cepys 3a 00NoMO20t0
Kapoioinmepganoepaghii. Ompumani pe3yibmamu NOPIGHIOBANUCH 3 BIONOBIOHUMU NAPAMEMPAMU SPYAU KOHMPOTIO
(300posi dimu) idenmuunozo 6ixky. ¥ pezyromami 6yia 3apeccmpogana 8i0Cymuicmes 00CMOGIPHUX GIOMIHHOCMEL cepeo
CIamuCmu4Hux napamempie 00Caiodicy8anoi epynu oimeu GiOHOCHO KOHMPOAbHOI. CUMNAMUKO3ANedHcHi ma napa-
CUMNAMUKO3ANEINCH] NOKAZHUKU OEeMOHCMPYBAIU MeHOenyilo 00 Hanpyau o6udeox 6i0diNnie gecemamusHoi Hepeosoi
cucmemu 8 XJIONYUKIE MA MeHOeHYil0 Minbku 00 cumnamuxomouii 6 disuamox. Ceped cneKmpanibHux noKAa3HUKie
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00CMOBIPHI BIOMIHHOCMI MA8 MINbKU NAPAMEmp NOMYAICHOCMI KOJIUBAHbL OYdce HU3ZLKOL YACMOmMuU 5K Y XAONYUKIE
(3205,8+190,9 npomu 1717+154, p<0,05), max i 6 disuamox (3280+220,1 npomu 1433+811, p<0,05) éionocro epynu
KOHmMpomo. IHwi noKasHuKu 0OCMOGIPHO 6i0 HOPMAMUBHUX OQHUX He GIOPIZHSIUCL. YCmAaHo61eHo, Wo 015 dimeu 3
NEePBUHHUM NPOAANCOM MIMPATbHO20 KIANAHA XapaKmepHe NiOGUYEHHSl MOHYCY CUMRAMUYHO20 GI00ILy 6ecemamueHol
Hepeosoi cucmemu AK ONsL XAONYUKIG, MaK I Osi O0i6UamokK, 6iON0GIOHO 00 OAHUX CHEeKMPAIbHO20 AHANIZY
sapiabenvnocmi pummy cepys, 30Kpema napamemp ROMYICHOCMI KOAUBAHb Oyice Husvkoi uacmomu (p<0,05). V
odimeil 3 NPOAANCOM MIMPATLHO2O KIANAHA, Y YIIOMY, MOHYC NAPACUMRAMUYHOL Hep8ogoi cucmemu 6 Hopmi. Mae micye
meHOeHYisl 00 11020 NIOBUEHHS 8 XAONYUKIE Ma 00 3HUMNCeHHs 8 diguamok. L1 kamezopia Oimetl nosunna Oymu nio

NOCMIUHUM HA2AA00M nediampie ma Kapoiono2is.

Nowadays, conditions accompanied by manifes-
tations of connective tissue dysplasia (CTD) of the
heart are quite common in children with cardio-
vascular pathology. They are recorded in 26-80% of
the child population [1].

In practice of pediatrician and pediatric cardio-
logist, minor heart abnormalities are common,
generally mentioned in literature as abnormally
located trabeculae, “false” or extra chords in the left
ventricle, structural abnormalities of papillary
muscles, mitral valve prolapse (MVP) [7].

Modern literature describes close relationship
between CTD syndromes, namely its cardiac mani-
festations, and disturbances in functioning of the
autonomic nervous system (ANS) [6] which can lead
to aggravation of the child’s state [8, 9]. Dysfunction
of autonomic system can also be caused by inherited
specific features in the structure and function of
limbic-reticular complex resulting in abnormal
neuro-vegetative reactions [5]. In some studies both
sympathetic and [3] and parasympathetic activity of
the nervous system was reported [6].

In view of all this, it should be noted that despite
great prevalence rate of MVP in the child popu-
lation, many diagnostic problems in such adoles-
cents remain to be solved.

Aim of research: to estimate the condition of
autonomic nervous system in children with primary
mitral valve prolapse considering gender differences.

MATERIALS AND METHODS OF RESEARCH

106 children with primary MVP confirmed echo-
cardiographically were studied. Children with the
present of other small cardiac abnormalities were not
included in to research. Examined children were
divided into subgroups by sex. The first subgroup 1A
consisted of 62 (58.5%) boys with MVP; the second
one IB included 44 (41.5%) girls with MVP. Chil-
dren with several minor cardiac anomalies and
secondary mitral valve prolapse were not included in
the study. MVP was verified using known diagnostic
criteria [10]. Among children, MVP of the first
degree was detected in 90 (84.9%) children, MVP of
the second degree — in 16 (15.1%), respectively.

The control group was also divided into sub-
groups according to the sex: the subgroup of boys
ITA consisted of 12 (52.2%) individuals, and that of
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the girls IIB included 11 (47.8%). All study children
were between the ages of 13 and 17. With the help
of a clinical examination, it was registered that the
physical development of the studied children was
within the normal range (height — 163.04+6.3 sm,
weight 55.0+3.8 kg).

The studies were carried out in compliance with
the basic provisions of the "Rules of Ethical
Principles for Conducting Scientific Medical Re-
search with Human Participation" approved by the
Declaration of Helsinki (1964-2013), ICH GCP
(1996), EEC Directive No. 609 (dated November 24,
1986) , orders of the Ministry of Health of Ukraine
No. 690 of 23.09.2009, No. 944 of 14.12.2009,
No. 616 of 03.08.2012. Parents or relatives of each
patient signed an informed consent to participate in
the study. All methods were used to ensure the
anonymity of patients.

The study was carried out on the clinical base of
the department, in Vinnytsia children's hospital
“Center of Mother and Child”. The children were
clinically examined and consulted by specialized
doctors.

Vegetative homeostasis was assessed using the
method of cardiointervalography (CIG) which
allows to register sinus heart rate (HR) with sub-
sequent mathematical analysis of its structure [10].
The studies were carried out in children after a 10-
minute rest, in conditions of relative rest and in a
horizontal position. The initial tone of the autonomic
nervous system (ANS) was assessed using the
following indicators: 1) Mo, ¢ — mode is the value of
the cardiointerval, which occurs most common and
indicates the dominant level of sinus node fun-
ctioning. 2) Amo, % — the amplitude of the mode,
which determines the state of activity of the sym-
pathetic part of ANS. 3) AX, ¢ — variation range,
reflects the level of activity of the parasympathetic
part of ANS. 4) VIR, c.u. — vegetative indicator of
rhythm (1/Mo*AX), allows to characterize the para-
sympathetic changes within the vegetative balance.
5)IARP - indicator of the adequacy of regulation
processes (AMo/Mo), reflects the correspondence bet-
ween the activity of the sympathetic part of ANS and
the leading level of functioning of the sinoatrial node.
6) SI — Baevsky stress index (AMo (%)/2Mo*AX),
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indicates the tension of the body's compensatory
mechanisms, reflects the degree of centralization of
HR control.

To assess the status of the ANS, heart rate
variability (HRV) indices were analyzed using the
regimes of time-domain (statistical) and frequency-
domain (spectral) analyses in accordance with the
International standards of measurement, physio-
logical interpretation and clinical use, developed by
the Task Force of the European Society of Cardio-
logy and the North American Society of Pacing and
Electrophysiology [10].

The following parameters were used in time
domain analysis: heart rate (HR), mean NN-interval,
SDNN, SDSD, rMSSD, pNN50%.

The characteristics of those parameters are given
below: 1) HR -—heart rate; 2) mean NN-interval
(normal-to-normal), ms — intervals between normal
heart beats; 3) SDNN — standard deviation of all NN
intervals (those measured between consecutive sinus
beats), ms. This integral variable characterizes HRV
in general and depends on the influence of sym-
pathetic and parasympathetic nervous system on SA
node. Decreased or increased SDNN value indicates
imbalance in one of ANS branches. 4) SDSD —
standard deviation of successive differences between
adjacent NN intervals, ms. 5) CVr (coefficient of
variation), % — coefficient of variation of series of
consecutive intervals between heartbeats, calculated
by the formula: SDN/NN x 100%. 6) r-MSSD, ms —
the root-mean-square successive difference, calcu-
lates the square root of the mean of the squared
differences between successive NN intervals.
7) pNN50% — the percentage of adjacent NN intervals
that differ from each other by more than 50 ms.

The latter two indices measure short-term
variations in NN interval because they are entirely
based on comparisons between successive beats cor-
relating with high frequency power. They charac-
terize activity of parasympathetic branch of ANS.

The following major frequency domain indices
were measured: 1) VLF (very low frequency),
(0.003-0.004 Hz) — heart rate oscillation power of a
very low frequency characterizing the state of
humoral regulation, the activity of central oscil-
lators, metabolic fluctuations, and thermoregulation
system. 2) LF (low frequency), (0.04-0.15 Hz) —
oscillation power of low frequency. Power in this
range is influenced by alterations in both sym-
pathetic (predominantly) and parasympathetic acti-
vity. 3) HF (high frequency), (0.15-0.40 Hz) —
respiratory waves of the heart rhythm. This index
represents the high-frequency component of HRV
reflecting parasympathetic activity. 4) LF/HF -
sympathovagal index, the ratio between low to high
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frequency bands being used as metric of sym-
pathetic-parasympathetic balance.

Differences between the results of two samples
were evaluated by Student's t-test. Changes in para-
meters were considered to be reliable at p<0.05 [8].
Obtained data were statistically processed using
Microsoft Excel tables with Windows-2007 (license
No. 00426-OEM-8992662-00400).

RESULTS AND DISCUSSION

Evaluation of the results of the CIG study
showed that the IARP indicator was significantly
increased in group IA when compared with boys
from group ITA (37.07£1.73 vs 22.934£3.53, p<0.05),
which indicates tension sympathetic division of the
ANS. According to the results of this indicator, in
boys with MVP, the way of realization of the central
stimulation of the ANS is a nervous one. Sl in
children from group IA was within the normal range,
which indicates to satisfactory adaptive mechanisms
of the organism (Table 1).

Boys from group IA showed a significantly in-
creased indicator of the variation range (AX) when
compared with the control group IIA — (0.4610.05 ver-

sus 0.3310.02 s, p<0.05), which indicates to increased
initial tone of the parasympathetic part of ANS.

On the background of the increase in the pa-
rasympathetic tone of the ANS, an increase in the
sympathetic part was also noted, which was mani-
fested by an increase in AMo indicators in boys from
IA relative to group IIA (28.57+2.2 vs 20.05+2.56%,
p<0.05).

Thus, boys with MVP have initial sympathi-
cotonia without tension of the adaptive mechanisms.

Statistical processing of the results of CIG indices
in girls from group IB showed that in contrast to the
group of boys (group IA), the variation range was
within the normal data. Only the average AMo
parameters in girls from group IB, indicators had
tendency to decrease relative to the control group IIB
(16.12434 vs 21.37+3.01%, p>0.05). This indicates the
decrease in the activity of the sympathetic part of ANS.
There were no other statistically significant differences
(Table 1). Thus, the adaptive mechanisms of the body
in girls with MVP are not tense, and the control of the
heart rate is central. The results of vegetative provision
have been presented in previous studies [2].

Under normal physiological conditions the heart
rhythm is known to result from rhythmic activity of
sinus node and influence of innervation of ANS
branches (sympathetic and parasympathetic). In
study children of experimental group, decreased ti-
me-domain values of HRV were recorded regardless
of sex, suggesting the weakening of parasympathetic
influences on cardiac activity.

Ha ymosax niyensii CC BY 4.0



MEJIMYHI [IEPCIIEKTHUBH / MEDICNI PERSPEKTIVI

Table 1
Cardiointervalography indices in children (M+m)
group IA group ITA group IB group IIB
Index (boys with MVP), (boys from the control group), (girls with MVP), (girls from control group),
n=62 n=12 n=44 n=11
AX, sec 0.46+0.05* 0.33%0.02 0.27+0.03 0.31+0.04
Mo, sec 0.77+0.04 0.68+0.06 0.82+0.03 0.7310.04
AMo, % 28.57+2.2* 20.05+2.56 16.12+1.34 21.3743.01
SI, c.u. 78.78+10.1 72.1545.2 64.46+7.77 72.4315.63
VIR, c.u. 6.95+0.97 9.65+1.6 7.721£0.7 8.97+1.4
TIARP, c.u. 37.07+1.73* 22.9+3.53 20.47+1.88 19.88+3.47

Note. Statistically significant differences as compared to control group (p<0.05).

The analysis of time-domain indices of HRV in
children with MVP revealed the diversity of their
values as compared to corresponding average values
of healthy children of similar age. Decreased NN
value was detected in both subgroups of children,
with no significant differences as compared to the
controls — boys (768+37.6 versus 823.5+54.5 ms)
and girls (726.3+£29.7 versus 740.2+52.1 ms). Dec-
reased SDNN indices were found in both subgroups
as well, with no statistically significant differences
as compared to the controls — boys (111.6+15.4
versus 158.2+£25.6 ms) and girls (136.4+£22.4 versus
163.5+£11.6 ms). The absence of significant dif-
ferences between those parameters probably sug-
gests only a tendency towards predominant in-
fluence of sympathetic ANS branch on the heart
rhythm and the organism as a whole. When ana-
lyzing mean CVr values, only the tendency to its
decrease was noted as well, with no statistical sig-
nificance as compared to the control groups of boys
(6.2+0.7 versus 7.9+1.2%) and girls (7.4+1.1 versus
8.1£1.5%).

The obtained results of all the above HRV
parameters can suggest only predisposition to in-
creased sympathetic influence on the heart rhythm
and the body of a child with MVP as a whole. The
average heart rate values showed no statistically
significant deviations from the normal indices as
well (Table 2).

No significant differences were found between
other time-domain variables responsible for
parasympathetic branch of ANS in the patients with
MVP and those in the control group.

There were no significant differences in SDSD
values in both groups of children with primary MVP
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as compared to the control group. rMSSD index
showed a week tendency to increase in the subgroup
of boys with MVP (8443.7 versus 82.5+12.3 ms)
and decreasing tendency in girls (72.3+£5.7 versus
77.1+£7.8 ms).

The analysis of pPNN50 index showed the similar
pattern. Its insignificant increase was noted in ex-
perimental male group (49.642.2 versus 42.7+6.8%)
and a tendency to decrease in female group (3843
against 39.9+6.8%) as compared to normal indices.

Thus, the data obtained demonstrated that ave-
rage values of SDSD, rMSSD, pNNS50 indices did
not practically differ from normal ones. Therefore,
activation of parasympathetic branch of ANS should
not be thought of in this case. However, it should be
noted that in subgroups of patients with MVP there
was a tendency to moderate increase of parasym-
pathetic tone (parasympathicotonia) in boys and its
decrease in girls.

Summarizing study results on ANS status by
time-domain indices of heart rate variability in
children with primary MVP, the following could be
noted: there were no statistically significant dif-
ferences in average HRV variables between boys
and girls as compared to the control group. At the
same time, decrease in sympathetic-dependent para-
meters and partial increase in parasympathetic-
dependent parameters were recorded, reflecting the
tendency to activation of both ANS branches,
particularly in the male group. To conclude, all time
domain parameters had no significant differences as
compared to normal indices (p>0.05).

But time-domain indices are not enough to make
final conclusions about ANS general status in such
patients. Because of that, spectral analysis was
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performed as a valuable tool for assessment of
cardiovascular autonomic function. The data ob-

tained made it possible to evaluate sex-dependent
autonomic activity in children with primary MVP.

Table 2
Time-domain indices of heart rate variability in children with MVP (M+m)
group IA (%)r(:)usp f:(l)ﬁ group IB group IIB
Index (boys with MVP), Yy (girls with MVP), (girls from control group),
_ the control group), _ —
n=62 _ n=44 n=11
n=12
HR, min 62+2.1 74.0£6.5 67.5+1.6 72+4.3
NN-interval, ms 768.0+37.6 823.5+54.5 726.3+29.7 740.2+52.1
SDNN, ms 111.6+15.4 158.2+25.6 136.4+22.4 163.5£11.6
Cvr,% 6.2+0.7 7.9+1.2 7.4£1.1 8.1+1.5
SDSD, ms 66.2+3.5 65.5+18.1 70.2+4.2 72.1+2.3
rMSSD, ms 84.0+3.7 82.5+12.3 72.345.7 77.1£7.8
pNN50, % 49.6+2.2 42.7+6.8 38+3 39.9+6.8
Analyzing the results of HRV frequency Predisposition to reduction of vagal influence in

parameters, only a tendency to an increase in low-
frequency waves (LF) was noted relative to the
control in children of both subgroups (IA and IB)
(Table 3). LF parameter is known to be a marker of
sympathetic modulation associated with regulation
of average level of blood pressure, and it is thought
by some authors to reflect both sympathetic and
parasympathetic influences [6]. Therefore, the state
of the sympathetic nervous system cannot be
estimated only by the results of LF component
values because of insignificant differences between
experimental and control groups of children both
among boys (2076.8+206.3 versus 13861035 ms?)
and girls (1547.4+243.9 versus 1479.0+1420.0 ms?).

So, increased sympathetic influence on heart rate
was established as evidenced by averaged results of
VLF frequency spectrum: increased values in
patients with MVP, both boys (3205.8£190.9 versus
1717.0£154.0 ms?, p<0.05) and girls (3280.0£220.1
versus 1433+811 ms?, p<0.05) as compared to
control subgroups. Given that VLF-component of
frequency spectrum represents the system of
humoral mechanisms as well as the presence
of statistically significant results in both sub-
groups of patients strongly suggest the
heart rhythm in study children to be influenced
by hormone and metabolic effects, variations in
heart period being largely dependent on higher
divisions of the brain [4].
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the subgroup of girls with MVP, with no significant
differences, can be regarded as one of the causes of
sympathicotonia. This is evidenced by decreased
high-frequency components of HF spectrum
(1023.4+109.7 versus 1644.0£1462.0 ms?), in contrast
to their increased values in the subgroup of boys with
PMC (2007.14206.3 versus 1952.0+1740.0 ms?) as
compared to the control. Such indices of HF
spectrum suggest the tendency to sympathicotonia.

It is noteworthy that changes in rMSSD and
PNN50% indices correspond to variability of high-
frequency fluctuations. Those parameters had the
tendencies to increase and decrease as compared to
standards in both subgroups of study children.
Increased tMMSD and pNN50% indices in boys
with MVP, as compared to the control subgroups,
were accompanied by increase of HF, respectively.
Similar indices, but with opposite results, were
recorded in girls: decreased rMMSD and pNN50%
indices were accompanied by decrease of high-
frequency (HF) components of the HRV spectrum.

Insignificant increase of LF/HF in both sub-
groups of children with primary MVP confirms the
activation of sympathetic nervous system (Table 3).

Thus, according to spectral indices of HRV in
children with MVP, there was an increase in
sympathetic tone in both subgroups — boys and girls,
as well as a tendency to increase of parasympathetic
tone of the ANS in boys and its decrease in girls.

Ha ymosax niyensii CC BY 4.0
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Table 3
Frequency-domain indices of heart rate variability in children with MVP (M+m)
roun IA group ITA group IB group IIB
Index g P _ (boys from the control group), (girls with MVP), (girls from control group),
(boys with MVP), n=62 =12 n=44 n=11

VLF, ms? 3205.8+190.9 1717.0£154* 3280.0+£220.1* 1433.0+811.0
LF, ms? 2076.8+206.3 1386.0+1035.0 1547.4+243.9 1479.0+1420.0
HF, ms? 2007.1+£206.3 1952.0+1740.0 1023.4+109.7 1644+1462.0
LF/HF 1.8+0.3 1.2+0.9 2.2+0.4 1.4+1.7

Note. * — tatistically significant differences as compared to control group (p<0.05).

CONCLUSIONS

1. According to cardiointervalography mathema-
tical analysis data, children with mitral valve
prolapse have imbalance of autonomic homeostasis,
which has an important diagnostic value.

2. In children with mitral valve prolapse, there
are differences in the initial tone, taking into account
gender features: in boys with MVP, according to
these parameters (AX, AMo, IARP, (p<0.05)) —
initial sympathicotonia and parasympathicotonia; in
girls — relative parasympathicotonia on the back-
ground of the sympathetic part of ANS decreased
activity, which manifested itself as decrease in the
average AMo parameters (p<0.05).

3. Spectral analysis of heart rate variability indi-
cators in children with MVP indicates the prevalence

of the tone of the sympathetic division of the
autonomic nervous system in both boys and girls.
There is an increase in cerebral ergotropic influences
with increased (p<0.05) VLF relative to control data
and decrease in the activity of segmental systems
(VLF>LF>HF), which causes the tension of the
adaptive and regulatory systems.

4. The results obtained indicate the necessity to
include diagnostic methods for assessing the state of
the autonomic nervous system in a comprehensive
examination of children with mitral valve prolapse
(regardless of gender) for further changes predicting
in intracardiac hemodynamics.

Conflict of interests. The authors declare no
conflict of interest.
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