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IVABRADINE AND QUALITY OF BIOFEEDBACK IN THE LOOP
OF PACED BREATHING UNDER THE CONTROL OF HEART RATE
VARIABILITY PARAMETERS IN HEALTHY VOLUNTEERS

S. A. S. Belal, E. O. Nazarenko, A. O. Radchenko, A. L. Kulik, A. V. Martynenko, N. I. Yabluchansky
V. N. Karazin Kharkiv National University, Ukraine

On 15 healthy volunteers aged from 18 to 22 years the effect of ivabradine on the quality of biofeedback
in the loop of paced breathing under the control of heart rate variability parameters were estimated. It was
found that ivabradine contributes to an earlier onset and more significant optimization of regulatory systems
in systematic sessions of biofeedback that allows to expand the indications for its clinical use.
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IBABPA/IUH TA AKICTb BIOJIOT'TYHOI'O 3BOPOTHBOI'O 3B’A3KY B KOHTYPI
METPOHOMI3OBAHOI'O JIUXAHHA III{ KOHTPOJIEM ITAPAMETPIB
BAPIABEJIbBHOCTI CEPHEBOI'O PUTMY Y 310POBUX TIOBPOBOJIBIIIB

C. A. C. benan, €. O. Hazapenko, A. O. Paduenko, O. JI. Kynuxk, O. B. Mapmunenko,
M. 1. Abnyuancokuii
XapkiBchKuii HanioHabHUN yHiBepcuTeT iMeHi B. H. Kapasina, Ykpaina

Ha 15 310poBux no0poBonbLsix y Bl Bix 18 10 22 pokiB OLIIHWIN BILIMB iBaOpaiHy Ha SKiCTh Oi0noriy-
HOT'O 3BOPOTHBOI'O 3B’SI3KYy B KOHTYPI METPOHOMI30BaHOI'O JIMXAHHS I1iJ| KOHTPOJIEM IapaMeTpiB Bapiabeib-
HOCTI CEepLEBOro puTMy. Y XOJi JOCIHI/PKEHHS Oyll0 BCTAHOBIICHO, 110 iBaOpaJiH CHpusie OUIbII PAHHHOMY
HACTaHHIO 1 OUIBII iICTOTHOIO 32 CTYIEHEM ONTHMIi3allil peryJisiTOPHHUX CHUCTEM Y CHCTEMAaTHYHHX CeaHcax
010JIOrYHOT0 3BOPOTHBOT'O 3B'SI3KY, L0 JO3BOJISIE PO3IMIMPUTH MOKA3aHHS JI0 HOTo KIHIYHOTO BUKOPHCTAHHSL.

K/IIO490BI CJIOBA: iBaOpagiH, BapiaOeNbHICTh CEPLEBOr0 PUTMY, METPOHOMI30BaHE JUXaHHS,
peryssiis

UBABPAJIMH U KAYECTBO BUOJOT' MUECKOM OBPATHOM CBSI3U B KOHTYPE
METPOHOMM3UPOBAHHOTI'O ABIXAHUS ITIOJJ KOHTPOJIEM ITAPAMETPOB
BAPUABEJIBHOCTH CEPAEYHOI'O PUTMA Y 3JOPOBBIX TOGPOBOJIBIIEB

C. A. C. benan, E. O. Hazapeuxo, A. O. Paduenko, A. JI. Kynuk, A. B. Mapmuinenxo,
H. H. Aonyuanckuii
XappKOBCKUM HallMOHaIbHBIN yHUBepcuTeT uMeHu B. H. Kapa3una, Ykpanna

Ha 15 310poBBIX 100pOBOMIBIIAX B Bo3pacTe OT 18 mo 22 ner oneHmw M BIAsSHIE UBabpaanHa Ha Ka4eCTBO
OuoIorn4ecKkoil 00paTHOW CBSA3M B KOHTYPE METPOHOMH3MPOBAHHOIO JBIXaHHUS MOJ KOHTPOJIEM MapaMeTpoB
BapHaOENBFHOCTH CEPAEYHOro puT™Ma. B Xome mccimemoBaHus OBLIIO yCTAHOBJICHO, YTO MBAOpaIuH CIIOCOOCT-
ByeT OoJiee paHHEMY HACTYIUICHUIO U OoJiee CYIIECTBEHHOM 110 CTENEHH ONTUMH3aIHH PETYISATOPHBIX CHCTEM
B CHCTEMaTHYECKHX CeaHcaxX OMOJIOrMYecKoid OOpaTHOW CBS3M, YTO IO3BOJISIET PACIIMPUTH MOKAa3aHHS K €ro
KJIMHHYECKOMY HCIIONB30BaHHIO.

K/TIOYEBBIE CJIOBA: wBaOpamnH, BapuaOeNbHOCTh CEPIACYHOTO PUTMA, METPOHOMU3HPOBAHHOE
JBIXaHUE, Per YIS

Heart rate is one of the most important phy-  tion [2]. Distress, especially chronic, causes
siological characteristics of the organism and  overstrains of regulatory systems of the orga-
has predictive significance in health and illness  nism and upsets the balance of the regulation
[1]. Its functional range is formed by sympa-  that is reflected, in particular, in the high heart
thovagal and neurohumoral balance of regula-  rate at rest [3].
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One of the perspective ways is to optimize
the balance of regulation during biofeedback
sessions [4, 5] in the loop of paced breathing
under the control of heart rate variability (HRV)
parameters [6-8].

We showed before that systematic biofeed-
back sessions in healthy volunteers [6, 7] and in
patients with arterial hypertension [8] optimizes
regulatory systems by restoration sympatovagal
and neurohumoral balance of regulation with
reproducibility of these results for 3 months [9].

Ivabradine is positioned as a drug that selec-
tively lowers heart rate by specific suppression
of the sinus node If-channels [10]. Whereas
heart rate is controlled by regulatory systems of
the organism, especially by sympathovagal ba-
lance, ivabradine effect on heart rate may have
an effect on regulatory systems. However, there
is no such information in literature.

Considering to this, it is interesting to evalu-
ate the effect of ivabradine on the regulatory
systems during biofeedback sessions in the loop
of paced breathing with more effective start
with free breathing [7].

The study is conducted as a part of research
project of V. N. Karazin Kharkiv National Uni-
versity «Development and research of automa-
tic control of heart rate variability», registration
No. 0109U000622.

Research objective: to evaluate the effect
of ivabradine on the regulatory systems during
biofeedback sessions starting with free breath-
ing in the loop of paced breathing.

MATERIALS AND METHODS

The study involved 15 conventionally
healthy volunteers aged from 18 to 22 years
(average age is 19,53 + 1,55). Exclusion crite-
ria: pernicious habits, medication taking last
3 months, heart rate less than 60 bpm at rest.

The study is conducted with computer diag-
nostic complex «CardioLab 2009» («KhAl-
Medica») with special module «Biofeedback»
that contains programmatically connected aural-
visual breathing metronome and algorithm of
HRYV parameters estimation.

HRV parameters were estimated in slide
buffer for 1 minute through dynamic spectral
decomposition by fast Fourier transform of R-R
intervals sequence of lead | ECG records with
1000 Hz digitization frequency. All calculations
were conducted in real-time during 7-minute
biofeedback session. Power of low (V, up to
0,05 Hz), medium (L, 0,05-0,15 Hz) and high
(H, 0,15-0,40 Hz) HRV parameters were esti-
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mated [11], then they were transformed into
two-dimensional coordinate space with L/H and
V/(L+H) axes, which correspond to power of
sympathovagal and neurohumoral balances of
regulation.

During biofeedback session, initialization of
adaptation algorithm of biofeedback module
was conducted in first 2 minutes, when volun-
teer breathe in his normal rhythm. After that for
each following minute exact frequency of paced
breathing was set through frequency rearrange-
ment of aural-visual breathing metronome.
Adaptation algorithm consists in automatic
seeking of such frequency, when current L/H
and V/(L+H) values are maximally approximate
to optimum zone.

Biofeedback quality estimation was based
on optimality (O), sensitivity (S), effectiveness
(E) parameters both for whole regulatory sys-
tem (D) and sympathovagal (L/H) and neuro-
vagal (V/(L+H)) sections of regulatory system,
and also on BQI integral index [6] that reflects
all qualitative changes of biofeedback process.

In compliance with research objective, vo-
lunteers were conducted two series of 7-day
biofeedback sessions in loop of paced breathing
under HRV control with a 3 months interval
between sessions [9]. In second session, bio-
feedback series were conducted 1 hour after
oral intake of 5 mg ivabradine.

Values calculations of O, S, E parameters
for D, L/H, V/(L+H) indicators and of BQI in-
dex were carried out using MathCAD 15 soft-
ware program.

Statistical analysis of the results for each vo-
lunteer was carried out using Microsoft Excel
2003 software program. Average values (M)
and standard deviation (sd) of O, S, E parame-
ters for D, L/H, V/(L+H) indicators of first and
last records of each volunteer were put down in
spreadsheet.

The differences reliability of each parameter
between first and second sessions and in each
session was determined by Wilcoxon signed-
rank test [12].

RESULTS AND DISCUSSION

O, S, E parameters values for D, L/H,
V/(L+H) indicators of 1% and 7™ sessions of 1
and 2" biofeedback series on conventionally
healthy volunteers are shown in the table. Bio-
feedback series with ivabradine led to more ra-
pid approach of examined rates levels to the
optimum, while levels of reference values of
both series were nearly equal.
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Table
0, S, E parameters values for D, L/H, V/(L+H) indicators of 1st and 7t sessions
of 1st and 2nd biofeedback series on healthy volunteers
Series
Parameter 1 2
Session 1 Session 7 Session 1 Session 7
0 -5,08 +5,42 -1,11+5,31t -2,93 +4 58* -0,60 +4,52*
D S 0,85+0,31 0,91 + 0,30t 0,77 +0,25* 0,88 +0,21*
E 0,23 +0,22 0,26 + 0,28t 0,21 +£0,23" 0,35 + 0,26
0 -5,88 + 10,84 -3,84 + 5,30t —4,18 + 6,96* -3,80 +1,48*
L/H S 5,08 +1,04 6,39 + 2,28t 5,15 + 2,99 8,87 +1,76*
E 0,78 +0,02 0,99 + 0,40t 0,95 + 0,09 1,00 £0,01*
0 -1,72+1,08 -1,43 + 0,90t -2,65 +0,30* -1,39 +1,40*
VI(L+H) S 1,36 £2,14 1,44 + 2,00t 0,23+ 0,03 0,38 +2,72*
E 0,35+0,37 0,37 + 0,38t 0,13+0,13* 0,14 +0,46*

Note:

* — P> 0,05 between series;

**— P < 0,01 between series;

t — P >0,05in the series against the baseline values;
t — P <0,01 in the series against the baseline values

The figure shows the changes of BQI index
level of all subjects of first and second biofeed-
back series for 7 sessions. Systematic biofeed-
back sessions in loop of paced breathing under
HRV control led to expected approaching of
BQI index level to the optimum in both series.
Biofeedback series with ivabradine led to more
rapid approach of BQI index level to the opti-
mum starting from the second session.

We showed before [9] that biofeedback in
loop of paced breathing under HRV control is
reproducible for 3 months. This allows to
estimate the contribution of ivabradine in opti-

mization of regulatory systems on a single
cohort of volunteers by carrying out two series
of biofeedback sessions with this interval,
adding ivabradine to the sessions of second
series.

These results demonstrate the influence of
ivabradine on the regulatory systems of the
organism, showed by changes of studied bio-
feedback reflective parameters (O, S, E for D,
L/H, V/(L+H), BQI). Biofeedback series with
ivabradine led to more rapid and significant
optimization of regulatory systems of the orga-
nism.
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Fig. BQI changes at the first and second biofeedback series in all volunteers

Note:

* — P <0,01in the series against the baseline values;
**— P >(,05in the series against the baseline values;
T — P > 0,05 on the close sessions of the series;

+ — P > 0,05 between series on the current session
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These changes of the regulatory systems un-
der the influence of ivabradine is a ground for
its future pharmacodynamics studies with a
perspective expansion of its clinical indications
for use.

optimizes regulatory systems of the orga-
nism.

Systematic biofeedback series with ivabra-
dine led to more rapid and significant optimi-
zation of regulatory systems of the organism.

CONCLUSIONS

Ivabradine effects in biofeedback on regula-
tory systems of the organism requires a focu-

Systematic biofeedback sessions in the loop  sed study and may become a ground for

of paced breathing under HRV control  expansion of its indications for use.
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