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IMPLEMENTATION OF BIOFEEDBACK IN A CLOSED LOOP OF
HEART RATE VARIABILITY AND PACED BREATHING IN
PATIENTS WITH ARTERIAL HYPERTENSION

0. L. Kulik', 0. J. Schmidt"’, S. A. S. Belal"’, I. A. Rank'
!'V. N. Karazin Kharkiv National University, Ukraine
STPI Central clinical hospital «Ukrainian railway», Kharkiv, Ukraine

The effectiveness of biofeedback in a closed loop of heart rate variability (HRV) and paced breathing in
patients with arterial hypertension was studied. 61 subjects with arterial hypertension (31 females and 30
males, mean age 56.8 + 6.2 years) were examined. In accordance with the objective of the study all subjects
were divided into 2 groups: 1 - biofeedback group (34 subjects) and 2 - the comparison group (27 subjects). 5
biofeedback sessions were performed in biofeedback group. In the comparison group only two biofeedback
sessions were performed - at admission and before discharge from the hospital. Efficacy of biofeedback was
evaluated by comparing the values of systolic and diastolic blood pressure (SBP and DBP, respectively), heart
rate (HR), HRV indices, indicators of optimality (O), sensitivity (S) and efficiency (E) and BQI index at
admission and discharge in both groups of patients. The use of biofeedback in arterial hypertension subjects
allowed to achieve better control of heart rate, systolic and diastolic blood pressure and improves HRV
indices. The positive dynamics of optimality and the integral BQI values indicated a training effect of
regulation systems.
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3ACTOCYBAHHA BIOJIOT'TYHOI'O 3BOPOTHOTI'O 3B'AA3KY B 3AMKHYTOMY KOHTYPI
BAPIABEJIBHOCTI CEPHEBOI'O PUTMY I METPOHOMI3OBAHOI'O INXAHHSA
Y HAIUEHTIB 3 APTEPIAJIBHOIO I''lTITEPTEH3I€TIO

1 12 1,2 1
0. JI. Kyaux', O. IO. lImiom™”, C. A. C. benan*, I. A. Pank

! XapkiBcbkuii HarioHanbpHUH yHiBepcutet iMeHi B. H. Kapasina, Ykpaina
2 llenTpanpHa KJIiHIYHA JIKApHS «Y Kp3asi3HUL», M. XapKiB, YKpaiHa

Jlis BUBYEHHSI e()eKTUBHOCTI OlOJOTIYHOrO 3BOPOTHOTO 3B'SI3KY B 3aMKHYTOMY KOHTYpi BapiaOeibHOCTI
ceprieoro putMy (BCP) i MeTpOHOMI30BaHOTO NUXaHHS y TMAIiEHTIB 3 apTepiajibHOIO TiNepTeH3i€r0 OyB
obcrexxeHnii 61 manieHT 3 aprepianbHOo Tineprensieto (31 xinka i 30 JosoBiKiB, cepeaHiil Bik 56,8 + 6,2
POKiB). Y BiJIOBIMHOCTI 3 METOIO JIOCII/PKEHHSI BCI BUIPOOYyBaHi Oynau po3aineHi Ha 2 rpymu: 1 - rpyma
6iodindexy (34 nauieHTiB) Ta 2 - rpyna nopiBHsHHS (27 nanienTis). Y rpymi 6iogdinbexy Oyno npoBeneHo 5
ceaHCiB 010JIOT1YHOTO 3BOPOTHOTO 3B's3Ky. Y TpyIi MOpIBHSHHS OyjiM BHKOHaHI TUIBKW JiBa CEAHCH — IPH
HAJXOJDKEHHI JI0 JIIKapHi Ta mepe] BUMUCKOK. E(eKTHBHICTH 010JIOrYHOr0 3BOPOTHOIO 3B'SI3KY OIIHIOBAIU
LUISIXOM TOpPIBHSHHS 3HA4€Hb CHCTOJIYHOTO 1 JIaCTOJIYHOIO apTepiajlbHOrO0 THUCKY, YacTOTH CEepIEBUX
ckopoueHb, iHAekciB BCP, mnokasnukiB onrtumanbHocti (O), uyrmmuBocti (S), edextuBHocTi (E) Ta
IHTEerpaJIbHUM iHAEKcOM Oiodindexy BQI, mpu HamxomkeHHI 10 JIiKapHi Ta nepej BUIKMCKOI B 000X rpynax
maIieHTis. BukopucraHHs O0i0JOTIYHOrO 3BOPOTHOTO 3B'A3KY Y TAIEHTIB 3 apTepiajbHOI TINEPTCH3IEI0
JIO3BOJISIE JIOCSITTH KPAIIOro KOHTPOJIO YaCTOTH CEPUEBHX CKOPOYEHb, CHUCTOJIYHOTO 1 JiacTOJIYHOTO
apTepialbHOr0 THUCKY Ta mosinmenHs noka3HukiB BCP. IlozutneHa muHamika ontuMmanbHocTi Ta BQI, mmio
criocrepiraiacs, BKa3ye Ha e)eKT TPEeHYBaHHS CHCTEM PETYIISIIi.

K/TIO4YO0BI CJIOBA: aptepianbHa TilepTeH3is, OI1OJOTIYHUN 3BOPOTHHM 3B'I30K, BapiaOEIbHICTH
CEpIICBOI0 PUTMY, METPOHOMI30BaHE TUXAHHSI

NPUMEHEHUE BUOJIOT'MYECKOW OBPATHOM CBSI3U B 3AMKHYTOM KOHTYPE
BAPUABEJIBHOCTHU CEPAEYHOI'O PUTMA U METPOHOMU3NPOBAHHOI'O IBIXAHUSA
Y HAIIMEHTOB C APTEPHAJIbHOM T'MIEPTEH3UEM
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Jis u3ydeHnst 3¢pGeKTUBHOCTH OMONOrHUECKOi 00paTHOW CBSI3M B 3aMKHYTOM KOHTYpE BapHaOeIbHOCTH
cepaeunoro purtma (BCP) 1 MeTpOHOMU3UPOBAHHOTO JbIXaHUsI Y OONBHBIX C apTepHaIbHOW THIIEpTEH3UEH
ObL1 00CenoBaH 61 manmeHT ¢ aprepuanbHol runeprensuei (31 xenmuHa u 30 My>X4WH, CpEJHUN BO3pacT
56,8 £ 6,2 jeT). B cOOTBETCTBUHM C IENBIO HCCIEAOBAHUS BCE HCIBITYEMbIe ObUIM pa3jiesieHbl Ha 2 Tpynmbl: |
— rpynna ouodpundexa (34 nmaumentoB) m 2 - rpynna cpaBHeHus (27 maumenroB). B rpymme 6noduabexa
ObUIO TIPOBENEHO 5 CeaHCOB OHMOJOrMYecKOi oOpaTHOW CBs3U. B rpymme cpaBHEHUs] ObUIM BBITOIHEHBI
TOJIBKO JIBa CeaHca - IPH IOCTYIUIEHHH B OOJBHUIY M Tepel BHIMUCKOW. D(P(PEeKTUBHOCTh OMOIOTHYECKOM
oOpaTHOW CBSI3U OIIGHUBAJIM IyTEM CPAaBHEHWS 3HAYCHUH CUCTOJIMYECKOTO W JIMACTOJIMYECKOrO
apTepUabHOTO JABJICHHsI, YaCTOThl CePJCYHBIX COKpalleHui, nHaekcoB BCP, moka3zateneii onTuManbHOCTH
(O), uyBctButenbHOCTH (S), 3hdekruBHoctn (E) m umHTerpampHoMy wuHnmekcy Ouodumbexa BQI, mpu
MOCTYIUICHUH U BBIIHMCKE B 0OEUX IpyIMIlax ManueHTOB. Mcronb3oBaHue OMOIOrMYECKOH OOpaTHOW CBSI3U Y
MAIMEHTOB C apTepUalibHOM TMIEPTEH3UEH MO3BOJIHMIO JOOMTHCS JIYYIIEro KOHTPOJS YacTOTHI CEPIEYHBIX
COKpAIeH!H, CUCTOITMYECKOTO U JJUACTOIUYECKOr0 apTepPHaIbHOTO IABJICHHS U YIy4IIUTh nokazarenn BCP.
[MonoxurenbHast quHamMuKa ontuMansHOcTH U BQI ykasbiBaer Ha 3()(eKT TPEHUPOBKH CHCTEM PErYJISsIIUH.

K/IFOYEBBIE C/IOBA: aprepuanbHas THIIEPTEH3Us, OMoornueckas ooOpaTHasi CBsi3b, BapuadelbHOCTh
CepIEeYHOr0 pUTMa, METPOHOMHU3UPOBAHHOE JAbIXaHUE

failure (CHF) I-IIl functional classes I-IIA
stages.

Maintaining achieved target blood pressure Exclusion criteria were: acute myocardial
(BP) levels in patients with arterial infarction, SAP FC IV, CHF IV FC, IIB-III
hypertension (AH) continues to represent an  stages, acquired valvular defects, implanted
urgent problem [1]. pacemakers,  atrioventricular ~ conduction

The desire to minimize the drugs usage in  disorders, endocrine disorders (diabetes,
AH treatment boosted searching for non-drug  thyroid diseases), gastric and/or duodenal ulcer
methods. One of them is biofeedback (BFB), its  in the acute phase.

INTRODUCTION

various versions have been used successfully BP was measured by Korotkov method with
not only in cardiology but also in other = Microlife BP AG1- 20 tonometer.
branches of medicine [2-5]. A novel approach Biofeedback sessions were performed on a

in BFB is using of heart rate variability (HRV)  computer diagnostic complex «CardioLab
and the controlled paced breathing (PB) 2009» («XAlI-Medica») with additional custom
contours [6]. module «Biofeedback», including software

Since the effectiveness of biofeedback with  related audible and visual breathing
HRYV and PB contour in arterial hypertension  metronome and dynamic algorithm for
has not been previously investigated, we  determining the current value of HRV indices,
decided to perform that research. changed under PB influence.

The research was conducted under HRV parameters were determined in a
performed under the SRP of the V.N. Karazin  sliding 1 minute buffer by dynamic spectral
Kharkiv National University «Research and  decomposition of RR-intervals sequence in
development of heart rate variability automatic =~ monitor ECG recordings using a fast Fourier
control systemy, registration Ne 0109U000622. transform. ECG recordings were performed in
OBJECTIVE the ﬁfst standard lead with. a 1000 Hz signgl
sampling rate. The calculations were made in

To study the effectiveness of biofeedback in  real time within the 7 minute session [6]. HRV
a closed loop of heart rate variability and paced  indices used were: total spectral power (TP)
breathing in patients with arterial hypertension. and calculated power of low frequency VLF
MATERIALS AND METHODS (V, to 0.05 Hz), mainly associated Wit'h
humoral regulators and the sympathetic

61 subjects with arterial hypertension (31 component of the autonomic nervous system;
females and 30 males, mean age 56.8 £ 6.2  midrange LF (L, 0.05-0.15 Hz), mainly related
years) were examined. to the sympathetic and parasympathetic

Inclusion criteria used were: arterial  autonomic balance and high frequency HF (H,
hypertension I-III stages, 1-3 severiry grades 0.15-0.40 Hz), mainly related to the
with stable angina pectoris (SAP) I-IIl  parasympathetic autonomic nervous regulation
functional classes (FC) and chronic heart [7]. Further, these parameters have been
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converted into two-dimensional coordinate
plane with L/H and V/(L+H) axes,
corresponding to sympatho-humoral and

humoral-vegetative regulation links. As a zero
point for these axes the physiological optimum
of these balances were selected for each test in
accordance with [7], allowing the distance (D)
estimation between the current and the optimal
values for every subject’s HRV indices.

The study algorithm was used to start with a
free breath. This step (algorithm initialization)
duration was two minutes. On the third minute
sympatho-humoral to humoral-vegetative ratio
was calculated ratios and representation of
paced breath frequency G took place, moving
the subjects’maximum of L/H and V/(L+H)
current values to the physiological optimum
zone, changing a audio-visual metronome rate.
The respiration rate G proposed to subject
could vary from 6 to 15 breaths per minute.

In accordance with the objective of the
study all subjects were divided into 2 groups: 1
- biofeedback group (34 subjects) and 2 - the
comparison group (27 subjects). 5 biofeedback
sessions were performed in biofeedback group.
In the comparison group only two biofeedback
sessions were performed - at admission and
before discharge from the hospital.

The degree of regulatory systems
optimization was assessed in terms of
optimality (O), sensitivity (S) and efficiency
(E) as a whole and for each of the coordinates
of its phase space, as well as the integral
indicator " biofeedback quality index» (BQI),
covering all changes in biofeedback quality.
Methodology for calculating O, S, E and BQI
is described in previous publication [6].

All patients received the same treatment in
accordance with the Ukrainian Association of
Cardiologists Guidelines for arterial
hypertension prevention and treatment. [8].
Diuretics, ACE inhibitors, calcium antagonists,
beta-blockers were used. Patients with stable
angina pectoris were additionally given
acetylsalicylic acid and statins, if necessary.

Efficacy of biofeedback was evaluated by
comparing the values of systolic and diastolic
blood pressure (SBP and DBP, respectively),
heart rate (HR), HRV indices, indicators of
optimality (O), sensitivity (S) and efficiency
(E) and BQI index at admission and discharge
in both groups of patients.
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The obtained data for all patients was
entered into Microsoft Excel, followed by the
calculation of mean (M) values and standard
deviation (sd). The frequency of the attributes
studied, were stated as a percentage, and the
average error percentage (Sp) was calculated
[9]. The significance of differences between
groups on the stages of the study was
determined using the U-Mann-Whitney test
[10]. The significance of differences between
the values of the indices at given stage and
before treatment was determined using the
T- Wilcoxon test [10].

RESULTS AND DISCUSSION

A clinical characteristic of the subjects in
both groups is presented in tab. 1, giving infor-
mation about most important features of the
groups. It can be seen that groups are com-
parable by clinical features.

Mean SBP, DBP and heart rate values in
biofeedback and comparison groups at
admission and before discharge are presented
in tab. 2. During the same treatment in both
groups systemic biofeedback implementation
contributed to lower values aforementioned
indices.

Values of heart rate variability indices in
biofeedback and comparison groups at
admission and before discharge are shown in
tab. 3. Initially in biofeedback group HRV
indices were lower. HRV indices increasing
were registered before discharge in both
groups, but the biofeedback group had higher
values compared to the comparison group.

Optimality, sensitivity and efficiency values
measured by the distance from the physio-
logical optimum zone (O°, S” and S°,
respectively) in the biofeedback and compa-
rison groups at admission and before discharge
are shown in tab. 4. Systematic biofeedback
sessions contributed to higher values of
optimality due to the effect of the regulation
systems «trainingy.

Changes of BQI in biofeedback and
comparison groups during the hospital
admission are shown in fig. Systematic bio-
feedback sessions in the biofeedback group
contributed its natural approximation to the
optimal level, whereas in the control group it
remained at the same level.
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Table 1
Clinical characteristics of subjects in groups, (n, (% = Sp))
Indices Group
Biofeedback (34) Comparision (27)

Sex Males 15, (41.6 £ 8.3) 15, (55.6 £9.7)

Females 19, (52.7 £ 8.4) 12, (44.4 £9.7)
Age, years (M £ sd) 54.0+7.6 56.8+6.2

I 3,(8.3+4.7) 2,(7.4+5.1)
AH stage 11 21, (58.3 £8.3) 23, (852 +6.7)

I 12, (33.3 £ 8.0) 2,(7.4+5.1)

Mild 2,(5.5+3.9) 2,(7.4+5.1)
AH severity grade Moderate 16, (44.4 £ 8.4) 15,(55.6+£9.7)

Severe 9,(25.0+7.3) 10, (37.0£9.5)

I - 1,(3.7+3.7)
SAP FC 11 4,(11.1£5.3) 4, (148 £7.0)

I 3,(8.3+4.7) 3,(11.1 £6.2)

| 14, (38.8 £8.2) 16, (59.3 £9.6)
CHF FC 11 2,(5.5+3.9) 5,(18.5+7.6)

I - -

0 11 (30.5+7.8) 3,(11.1 £6.2)
CHF stage 1 11 (30.5+7.8) 14, (51.8 £9.8)

2A 1(2.8+2.8) 3,(11.1 £6.2)

2B 1(2.8+2.8) -

Note: * - P>0.05 between groups.

Table 2
Mean SBP, DBP and heart rate values in biofeedback and comparison groups
at admission and at discharge, (M + sd)
Group
Parameter Biofeedback Comparision
Admission Discharge Admission Discharge
SBP 153.7£17.3* 130.2 £ 11.6*} 158.4 +15.7* 133.5 £ 12.7*}
DBP 94.8 +£13.3* 84.2 + 8.9* 94.6 +10.3* 85.6 £ 9.9%7
HR 73.2+12.7* 70.1 +17.3*f 75.1 +£9.6%* 70.3 + 8.7*7

Notes: * - p > 0.05 for given index on current stage between groups; T - p > 0.05 for given index in current
group comparing to admission levels.

Table 3
Values of heart rate variability indices in biofeedback and comparision groups
at admission and before discharge, (M + sd)
Group
Index Biofeedback Comparision

Admission Discharge Admission Discharge
TP, mc 639.9 £352.3 2389.7 + 1160.47 1003.4 + 854.5 2067.3 + 899.71
VLE, mc’ 257.9+142.1 1117.9 +£964.6 435.5 +370.7 874.3 + 541.5
LF, mc? 283.8 +363.0 700.0 £ 406.7 290.9 + 308.2 554.0 +£327.3
HF, mc’ 189.8 £ 162.1 441.9 +£203.9 250.1 +£249.4 567.0 £445.6
LF/HF 1.71 £ 1.77 1.57 £ 0.69 2.17+1.86 1.60 +1.82

Note: 1 - p> 0.05 for given index in current group comparing to admission levels.
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Table 4
Average O°, S” and S values in biofeedback and comparison groups
at admission and before discharge, (M + sd)
Group
Index Biofeedback Comparision
Admission Discharge Admission Discharge
o° 32+4.4% 6.2 + 6.9%F -5.8+7.7% 6.1+ 8.1%}
sP 1.0+ 0.5% 1.0 + 0.4%+ 0.9+ 0.5* 0.9+ 0.5%F
EP 0.2 £ 0.3* 0.06 + 0.1* 0.2 +0.2*% 0.2+ 0.3%F

Notes: * - p > 0.05 for given index on current stage between groups; T - p > 0.05 for given index in current

group comparing to admission levels.

[

_ -
0,5

——DBicfedback group

3 4 5

Session

- - - -Comparision group

Fig. BQI changes during hospital admission in biofeedback and comparison groups

Note: * - p>0.05 on current stage comparing to admission values;
1 - p > 0.05 on current stage comparing to previous session value;
1 - p > 0.05 between biofeedback and comparison groups on current session.

The findings suggest that the biofeedback
with  HRV and PB contour in arterial
hypertension subjects not only improves the
quality of its control, but also helps to optimize
the regulatory systems that are crucial in the
mechanisms of the disease [11, 12]. The
similar results have been obtained; where it
was shown that HRV biofeedback decreases
blood pressure in prehypertensive subjects [13]
and that the breathing pattern of 5.5 breaths per
minute with an inhale/exhale ratio of 5/5
achieved greater HRV than the other breathing
patterns [14]. The major difference is that in
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our study breath rate could be automatically
shifted from 6 to 15 breaths per minute «on
fly» depending on HRV indices, while almost
in all biofeedback studies with paced breathing
the breath rate is limited to 6 per minute.

CONCLUSIONS

1) The use of biofeedback with HRV and
PB contour in arterial hypertension subjects
allows achieving better control of heart rate,
systolic and diastolic blood pressure and
improves HRV indices.
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2) The positive dynamics of optimality and ~ PROSPECTS FOR FUTURE STUDIES
the integral BQI values observed during study
demonstrated a high effectiveness of bio-
feedback in a closed loop of heart rate
variability and paced breathing in patients with
arterial hypertension.

The demonstrated effectiveness of proposed
new biofeedback in a closed loop of heart rate
variability and paced breathing have shown
that it can be used in health care practices in
hospitals and out-patient clinics.

REFERENCES

1. Wong K. The association between hypertension-specific care management processes and blood pressure
outcomes in US-based physician organizations/ K. Wong, A. Smalarz, N. Wu [et al.] / J Am Soc
Hypertens. —2011. — Ne 5 (6). — P. 505-512.

2. Schwartz M.S. Biofeedback: A Practitioner's Guide. 3rd ed./ M. S. Schwartz, F. Andrasik. — NY:
Guilford Press; 2003. — 930 p.

3. Ritz T. Behavioral interventions in asthma: biofeedback techniques / T. Ritz, B. Dahme, W. T. Roth //
J Psychosom Res. — 2004. — Ne 56 (6). — P. 711-20.

4. Eckardt V. F. Is biofeedback therapy an effective treatment for patients with constipation? / V. F. Eckardt
// Nat Clin Pract Gastroenterol Hepatol. — 2006. — Ne 3(4). — P. 198-9.

5. Effectiveness of biofeedback for dysfunctional elimination syndrome in pediatrics: a systematic review /
D. J. Desantis, M. P. Leonard, M. A. Preston [et al.] // J Pediatr Urol. — 2011. — Ne7 (3). — P. 342-8.

6. Belal S. A. S. Biofeedback quality in healthy volunteers in paced breathing algorithm starting from the
age physiological norm / S. A. S. Belal, E. I. Linskaya, A. L. Kulik [et al.] / Bulletin of V.N.Karazin
Kharkiv National University; series: «Mediciney, Issue 21. 2011. — Ne 938. — P. 29-37.

7. Yabluchanskiy N.I. Heart rate variability for the practitioner [electronic resource] / N. I. Yabluchanskiy,
A. V. Martynenko // Access mode: http://dspace.univer.kharkov.ua/handle/123456789/1462.

8. Ukrainian Association of Cardiologists Guidelines for arterial hypertension prevention and treatment.
Guide to the National program for prevention and treatment of hypertension. - K.: PP VMB; 2008. —
80 pp.

9. Genes V.S. Some simple methods in cybernetic data management of diagnostic and physiological studies
/ V.S. Genes - Moscow: Nauka, 1969. — 208 pp.

10. Lapach S.N. Statistical methods in biomedical research using Excel / S.N. Lapach, A.V. Chubenko,
P.N. Babich. - K.: Morion, 2000. — 320 pp.

11. Nolan R. P. Behavioral neurocardiac training in hypertension: a randomized, controlled trial /
R. P. Nolan, J. S. Floras, P. J. Harvey [et al.] / Hypertension. — 2010. — Ne 55 (4). — P. 1033-9.

12. Rainforth M. V. Stress Reduction Programs in Patients with Elevated Blood Pressure: A Systematic
Review and Meta-analysis / M. V. Rainforth, R. H. Schneider, S. I. Nidich [et al.] // Curr Hypertens Rep.
—2007. — Ne 9(6). — P. 520-528.

13. Lin G. Heart rate variability biofeedback decreases blood pressure in prehypertensive subjects by
improving autonomic function and baroreflex / G. Lin, Q. Xiang, X. Fu [et al.] / J Altern Complement
Med. —2012. — Ne 18(2). —P. 143-152.

14. Lin I.M. Breathing at a rate of 5.5 breaths per minute with equal inhalation-to-exhalation ratio increases
heart rate variability / .M. Lin, L.Y. Tai, S.Y. Fan // Int J Psychophysiol. — 2014. — Ne 91(3). — P. 206-
211.

15



