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EFFECTIVENESS OF BIOFEEDBACK IN THE CLOSED LOOP OF
HEART RATE VARIABILITY AND PACED BREATHING IN THE
PATIENTS WITH SOMATOFORM AUTONOMIC DYSFUNCTION

Morozova K. E., Basnet R., Belal S. A. S., Martynenko O. V., Yabluchansky M. I.
V. N. Karazin Kharkiv National University, Kharkiv, Ukraine

To study the effectiveness of biofeedback (BFB) in the closed loop of heart rate variability (HRV) and
paced breathing in patients with somatoform autonomic dysfunction (SAD) 20 patients with SAD (14 women
and 6 men, mean age 19,53 + 1,55) were examined. All probationers were divided into two groups
comparable for sex and age: 1 - BFB group (15 patients), in which 7 sessions was held and 2 - the comparison
group (5 patients), where only two sessions were completed -at the first and seventh day of the study.
Additionally, all patients in both groups received diet food (Table Ne 10 by Pevzner), mebicar, glycine,
tiotriazolin. Effectiveness of biofeedback was evaluated by comparing of parameters optimality (O),
sensitivity (S), the efficiency (E) and the integral index BQI in both groups. It was determined that
biofeedback in the closed loop of HRV and paced breathing allows to optimize the state of the regulatory
systems of the body in patients with SAD, moreover the combination of biofeedback sessions in the test loop
and medical treatment are significantly better than isolated pharmacological therapy. High effectiveness of
biofeedback in closed loop of HRV and paced breathing in patients with SAD allows us to recommend it as
independent method of treatment, and as a component of combined therapy of this disease.
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E®EKTHUBHICTD BIOJOI'TYHOI'O 3BOPOTHBHOI'O 3B'A3KY B 3AMKHYTOMY KOHTYPI
BAPIABEJIBHOCTI CEPIHEBOI'O PUTMY I METPOHOMI3OBAHOI'O ITUXAHHSA
Y HNAIUEHTIB I3 COMATO®OPMHOIO BETETATUBHOIO IMC®YHKIIE€IO

Mopo3soea K. E., bacnem P., beaan C. A. C., Mapmunenko O. B., Aonyuancoxuit M. 1.
XapkiBchKuii HanioHasHUH yHiBepcuTeT iMeHi B. H. Kapasina, M. XapkiB, Ykpaina

Jl1st BUBYEHHS e(heKTHUBHOCTI 010JI0TIYHOrO 3BOpOTHOrO 3B'13Ky (B33) B 3aMKHYTOMY KOHTYpi BapiaOenb-
HocTi ceprieBoro putMmy (BCP) i MeTpoHOMI30BaHOTO MXaHHS Yy MAIIEHTIB 3 COMaTO(OPMHOIO BETETATHBHOIO
mucynkuiero (CBJI) 6yno obcrexeno 20 mamientis i3 CBJ (14 xiHOK 1 6 4onoBikiB, cepenHiit Bik 19,53 +
1,55 pokiB). Beix BunpoOyBaHuX po3aiuimiv Ha 2 TPYIH, BiINOBiAHI 3a craTTio Ta BikoM: 1 — rpyma BOC
(15 mamienTiB), B sIKii OyJ10 MIPOBENEHO 7 CeaHCIB, 1 2 - rpymna NOpiBHAHHSA (5 MalieHTiB), e OyJ10 BUKOHAHO
TIJIBKYU J[BA CEAHCHU — Y MEPIINI Ta CbOMUI JeHb JOCTiKeHHA. KpiM Toro, Bei maiieHTH 000X TPy OTPUMY-
Bayu JietnuHe xapuyBaHHs (ctia Ne 10 no IleB3nepy), Mebikap, riinuH, Tiorpuasonid. EQekTuBHicTh Giono-
T1YHOTO 3BOPOTHOTO 3B'SI3KY OI[IHIOBAJIM LIUISIXOM IOPIBHSHHS 3HAU€Hb MMOKAa3HUKIB onTUMaibHOCTI (O), dyT-
mBocTi (S), edpexrusnocrti (E) Ta iHTerpansHoro inaekcy BQI B 00ox rpynax mamienTiB. BeraHoBieHo, mo
BOC y 3amkayromy koHTypi BCP 1 MeTpoHOMI30BaHOTO JbIXaHHS JIO3BOJISIE ONTHUMI3yBaTH CTaH
PETYIATOPHUX cUCTeM opraHizmy y mnauientiB 3 CBJI, Ginbimr toro xomOiHauisi ceanciB BOC y mocmimky-
BaHOMY KOHTYpl 1 MEIMKaMEHTO3HOTO JIKYBaHHS 3HAa4YHO II€pPEBEpIIye IO ePEKTUBHOCTI 130JbOBaHY
MeIMKaMeHTO3HYy Teparrito. Bucoka eexrusHicts BOC y 3amkHyromy xoHTYypi BCP i MeTpoHOMi30BaHOrO
nuxaHHs y nanieHTiB 3 CB/l no3Bossie pekoMeHayBaty 1i 1 K CaMOCTIHHUIA 3aci0 JIiKyBaHHS, 1 IK KOMIOHEHT
KOMIUIEKCHOI Teparii Ipu JaHOMY 3aXBOPIOBaHHI.

K/IIO490BI CJIIOBA: comarodopMHa BereraTWBHAa AWCQYHKIS, OiOJOTIYHUI 3BOPOTHHH 3B'SI30K,
BapiaOEeNbHICTh CEPLIEBOTO PUTMY, METPOHOMI30BaHE TUXAHHSI

YOOEKTUBHOCTDb IPUMEHEHUS BUOJIOTHNYECKOI OBPATHOM CBSI3U
B 3AMKHYTOM KOHTYPE BAPUABEJIbHOCTH CEPJJEYHOI'O PUTMA
U METPOHOMM3UPOBAHHOI'O IbIXAHUS Y HALIMEHTOB
C COMATO®OPMHOM BETETATUBHOM JUC®YHKIUEN
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Jns wmzydenuss s¢ddextruBHOCTH Ounonoruueckoil obpatHoit cBszu (BOC) B 3aMKHYTOM KOHType
BapuabenbHocTH cepaeuHoro purmMa (BCP) u  MeTpOHOMH3MPOBAaHHOrO [bIXaHHsS Yy OONBHBIX C
comatohopMHoi BeretaTuBHOM nuchynknueii (CBJ) 6put0 o6cnenopano 20 namuentoB ¢ CBJI (14 sxeHIH
u 6 My)X4nH, cpeaHuii Bospact 19,53 £ 1,55). Beex ucnbITyeMbIX pa3aeauiiv Ha 2 TPYIIIbL, CONOCTaBUMBIE 10
oy u Bo3pacty: 1 — rpynma BOC (15 namueHTOB), B KOTOPOW OBLIO MPOBEICHO 7 CEaHCOB M 2 - Tpymma
cpaBHeHUs (5 MAIMEHTOB), T€ BBHITIOIHEHO TOJBKO JBa CEaHCa — B NEPBBIA U CEABMOMN JI€Hb MCCIIEIOBAHUSL.
Kpome Toro, Bce mampeHThl 00eux rpynn nomydanu auvetndeckoe nuraHue (croa Ne 10 mo IleB3uepy),
MeOuKap, TJHLUH, THOTPUa3oduH. J()(PEKTUBHOCTH OHOIOrHMYECKOl OOpaTHOH CBS3M OIEHUBAIH ITyTEM
CpaBHEHUsI 3Ha4YeHWH mokaszareneil onrumanbHocTH (O), wyBcTBUTEnbHOCTH (S), 3ddekruBoctu (E) u
uHTerpajgbHoro uHaekca BQI B obeux rpymnmax naumeHToB. YcraHoBieHO, 4uTo BOC B 3aMKHYTOM KOHTYype
BCP u MeTpoHOMH3MPOBAHHOI'O JIBIXaHUs MO3BOJISET ONTHUMHU3HPOBATH COCTOSHHE PETYISTOPHBIX CHCTEM
oprannsma y nanuentoB ¢ CBJl, Gonee Toro komOunamus ceancoB bOC B mcciienyeMoM KOHTYpE M MeIu-
KaMEHTO3HOTO JICYCHUs] 3HAYUTENIFHO NPEBOCXOAUT MO 3(P(PEKTHBHOCTH H30JUPOBAaHHYIO (hapMako-
Jorndeckyro Tepanuto. Beicokas s¢ddextuBHocTh BOC B 3amkxnyrom koHType BCP m merpoHOMH-
3MPOBAHHOTIO JbIXxaHus y nanuenToB ¢ CBJl mo3Bossier pekoMeHI0BaTh €€ U KaK CaMOCTOSTEILHOE CPECTBO
JICYSHUSI, U KaK KOMIIOHEHT KOMIUIEKCHOH Tepanuy Mpyu TaHHOM 3a00JIEBaHUH.

K/TIOYEBBIE CJIOBA: comatodopMHas BereTaTUBHAs TUCHYHKIIUSA, OMOIIOTHYECKas oOpaTHas CBS3b,
Bapua0eIbHOCTh CEPJICIHOTO PUTMA, METPOHOMH3UPOBAHHOE JIBIXaHUE

question of treatment of this disease is still
relevant [11, 12], we decided to perform this
According to the results of studies in recent ~ work.
years, wide spread, especially in young and The study was performed as a part of
middle-aged persons, have received various research KNU «Development and research of
functional disorders of the cardiovascular system of automatic control heart rate
system [1, 2]. In 32-50 % of cases they are variability», Ne registration 0109U000622.
implemented in the form of somatoform
autonomic dysfunction (SAD), which today is OBJECTIVE
characterized as a polietiologic functional The purpose of this study is to evaluate the
disease of the cardiovascular system with effectiveness of biofeedback sessions in the
neurogenic nature, based on the failure of  closed loop of HRV and paced breathing with
adaptation of the regulatory systems of the the start from free breathing in patients with
body, which is manifested by a variety of  SAD.
clinical syndromeg (neurologlc, cerebrovas- MATERIALS AND METHODS
cular, cardiac, respiratory, peripheral vascular),
and their combinations [3, 4]. The study involved 20 patients with SAD
The main therapeutic measures in this (14 women and 6 men, average age 19,53 +
disease is the use of various programs of 1,55). Inclusion criteria according to patients'
autogenic therapy (construction of visual complaints are false angina, anxiety, labile

INTRODUCTION

imagery, positive thinking) [5, 6] and relaxa-  blood pressure, tachycardia, hyperaemia or
tion (diaphragmatic  breathing, muscle  skin cover pallor, palpitations, dissatisfaction
relaxation) [6, 7], aimed at restoring the ba- breath, weakness, fatigue, headache, cold
lance of regulation, sometimes complemented extremities in the absence of confirmed organic
by drug therapy [7]. reasons of their causes, matching the results of
A perspective treatment for patients with laboratory and instrumental study age norm.
SAD can be biofeedback (BFB) in the closed According to the objective of the study all

loop of heart rate variability (HRV) and paced  patients were divided into 2 groups: 1 - BFB
breath with the start from free breathing, which group (15 patients), 2 - the comparison group
has established itself as an effective mean of (5 patients). In group 1 seven daily sessions of
restoring the balance of regulatory systems of =~ BFB in the closed loop of HRV and paced
the body in healthy people [8, 9] and patients breathing with the start from free breathing

with arterial hypertension [10]. were held, in group 2 only two sessions in the
Since there is no data in the literature about first and seventh day of treatment were held.
the effectiveness of the proposed method of Additionally, all patients in both groups

biofeedback in patients with SAD, and the  received diet food (Table Ne 10 by Pevzner),
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mebicar 300 mg three times a day, glycine
100 mg three times a day and tiotriazolini 4 ml
once a day.

BFB sessions were held on a computer
diagnostic complex «CardioLab 2009» («HAI-
Medica») containing a special module
«Biofeedback», consisting of software-related
visual and sound metronome of breathing and
the algorithm for determining the parameters of
HRYV.

HRV parameters were determined in the
sliding buffer for a period of 1 minute by the
dynamic spectral decomposition through the
fast Fourier transform of lengths sequence of
RR-intervals of monitor ECG records in the
first standard lead with a sampling rate of 1000
Hz signal. All calculations was made in real
time scale within the 7 minute session. Among
HRV parameters powers of low frequency
(V, 0.05 Hz), medium frequency (L, 0,05-0,15
Hz) and high frequency (H, 0,15-0,40 Hz) were
evaluated, which then were converted into two-
dimensional coordinate plane with axes L/H
and V/(L + H), by corresponding powers of
sympathovagal and neurohumoral regulation
links [13].

In the first two minutes the adaptation
algorithm initialization of module «Bio-
feedback» was took place, research subjects
were breathing in the familiar for them rhythm,
then for each subsequent minute specific
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frequency of paced breathing by visual and
sound metronome frequency tuning was set.
Adaptation algorithm was consisted of the
automatic search for such a breaching
frequency at which the current values of L/H
and V/(L + H) was approached as close as
possible to the optimum zone [14].

Efficiency of BFB use was evaluated on the
basis of proposed in [9] parameters of
optimality (O), sensitivity (S), efficiency (E)
and integral index BQI, which was calculated
using MathCAD 15 in optimization algorithms
in general (D), and in each of its phase space
coordinates (L/H, V/(L + H)).

Statistical processing of results was
performed in the program «Microsoft Excel
2003». Data of average values (M) and
standard deviations (sd) of parameters O, S, E
for indicators D, L/H, and V/(L + H) of the
first and seventh sessions in both groups were
recorded in the table.

Authenticities of differences between groups
on the stages of the study and between the
values of the index at the current stage and
before treatment were determined by using of
T-Wilcoxon test [15].

RESULTS AND DISCUSSION

Values of indicators O, S, E for D, L / H,
V /(L + H)at 1 and 7 sessions in both groups
are shown in the table.

Table
Values of indicators O, S, E for D, L/ H, V/ (L + H) at 1 and 7 sessions in both groups (M = sd)
Parameters : Group 1 - — Group 2 :
1 session 7 session admission discharge

(0] -4,09+7,12 1,07 +2,60F -0,90 + 1,10* -3,34 + 6,53*7
D S 0,76 + 0,41 0,77 0,33} 0,41 +0,28* 0,49 + 0,35*%
E 0,05 + 0,08 0,22 + 0,25} 0,16 +0,21* 0,16 +0,22*%

(0] -28,47 + 61,56 -3,88£8,11% -1,95 £2,96** -12,46 +24,93*%*%
L/H S 4,97 + 1,60 5,78 + 1,82} 4,49 +£2,62* 5,32 + 3,52*}
E 0,82 + 0,40 0,98 + 0,02} 0,78 + 0,44* 0,80 + 0,45*
(0] -2,15+1,04 -1,85 £ 0,98+ -1,67 £0,94* -1,87 £ 1,26%%
V/(L+H) S 0,41 +0,26 0,40 + 0,26} 0,33 +£0,22* 0,37 £ 0,50*
E 0,07 = 0,06 0,18 + 0,13} 0,06 +0,13* 0,04 + 0,08*

Notes: * - P> 0.05 according to the indicator at the stage between the groups;
** _ P <0.05 according to the indicator at the stage between the groups;
T - P> 0.05 according to the indicator in the group against initial value;
1 - P<0.05 according to the indicator in the group against initial value.

Systematic BFB sessions at the same drug
therapy promote better optimization of the
studied parameters when they have almost
identical initial values in compared series.

BQI index dynamics on all research
subjects in both groups is shown in the Figure.
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* - P<0.05 at the sessions against initial values within a group;

1 - P> 0.05 in neighbouring sessions in group 1;
1 - P> 0.05 between groups at the current session.

Systematic BFB sessions in group 1
promoted logical BQI index approximation to
the optimum level, while in group 2 it
remained unchanged against the values at
admission.

SAD is a group of disorders that occur
themselves as symptoms of internal organs or
organ systems damage, however, do not have
objectively recorded basis [11]. Most effective
in the treatment of this condition are different
neurophysiological trainings, allowing to re-
store the balance of the autonomic nervous
system [5-7].

We have previously shown [9, 10] that an
effective means of optimizing the balance of
sympathovagal and neurohumoral regulation in
healthy volunteers and patients with hyper-
tension is biofeedback in the loop of paced
breathing under the control of HRV para-
meters. As in the literature we could not find
data on the effectiveness of the proposed
technique in patients with SAD, this work was
done.

Obtained results confirm the ability to
optimize the state of the regulatory systems of
the patients’ body with SAD through BFB
sessions in a closed loop of HRV and paced
breathing with the start from free breathing.
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Moreover, the combination of BFB sessions
and drug treatment is significantly superior in
effectiveness of the isolated pharmacological
therapy.

In accordance with the obtained results,
BFB in a closed loop of HRV and paced
breathing should be considered as an important
tool for correction of the regulatory systems
condition in patients with SAD as an
independent means of treatment, and as a
component of a complex therapy.

CONCLUSIONS

1. Biofeedback in a closed loop of heart
rate variability and paced breathing allow to
optimize the regulatory systems condition of
the body in patients with somatoform auto-
nomic dysfunction.

2. Combination of biofeedback sessions
and drug treatment is significantly superior in
effectiveness of the isolated pharmacological
therapy

3. The effectiveness of biofeedback in a
closed loop of heart rate variability and paced
breathing allows us to recommend it as an
independent means of treatment and as a
component of complex therapy for patients
with somatoform autonomic dysfunction.
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