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EFFECTIVENESS OF BIOFEEDBACK IN A CLOSED LOOP
OF HEART RATE VARIABILITY PARAMETERS AND PACED
BREATHING IN PATIENTS WITH ARTERIAL
HYPERTENSION IN REAL CLINICAL PRACTICE

Akhimienmhona P. D., Oreofe A. B., Belal S. A. S., Kulyk V. L.
V. N. Karazin Kharkiv National University, Kharkiv, Ukraine

On example of clinical analysis of two comparable in all parameters patients with arterial hypertension
application of biofeedback (BFB) in the closed loop of heart rate variability (HRV) and paced breathing was
evaluated. Both patients received standard medical therapy according to the guidelines of the Association of
Cardiologists of Ukraine, in patient 1 additionally was conducted 10 sessions of BFB in investigated loop.
Effectiveness of the proposed method was evaluated by comparing the values of systolic, diastolic, pulse
blood pressure (SBP, DBP and PD, respectively) and integral indicator of regulatory systems' state - BQI
index within 10 days from starting treatment. Supplement of standard pharmacotherapy by biofeedback
sessions in closed loop of HRV and paced breathing is significantly better than isolated drug treatment in the
control of SBP, DBP and PD due to optimization of regulatory systems' state. Obtained data allow to
recommend this technique in clinical practice.
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E®EKTUBHICTD BIOJIOI'TYHOI'O 3BOPOTHOI'O 3B'A3KY
B KOHTYPIITAPAMETPIB BAPIABEJIBHOCTI CEPHEBOI'O PUTMY
IMETPOHOMI3OBAHOI'O IUXAHHA Y TAINIEHTIB 3 APTEPIAJIBHOIO
T'HIEPTEH3IEIO B PEAJIbHINA KJITHIYHINA TPAKTHILI

Aximemnona Il. /1., Opeogpe A. B., benan C. A. C., Kynuk B. JI.
XapkiBchKuii HanioHansHUH yHiBepcuTeT iMeHi B. H. Kapasina, M. XapkiB, Ykpaina

Ha npuknani kiaiHivHOTO po300py IBOX, MOPIBHSAHHUX 32 BCiMa MapaMeTpaMy, MaIlieHTiB 3 apTepiabHOI0
TilepTeH31€I0 OI[IHEHO BHKOPHUCTaHHS OiojoriyHoro 3BopotHoro 3B's3ky (BOC) B koHTYpi BapiabenbHOCTI
ceprieBoro purtMy (BCP) Ta MeTpOHOMI30BaHOIO AMXAaHHS B peabHIN KIiHIUHIN mpakTuili. OOuaBa malieHTn
OTPUMYBAQJIMA CTAHIAPTHY MEIUKAMEHTO3HY TEpAIlilo BIAMOBITHO IO peKOMEHAamiid Acorarii KapIiosoriB
VYxpainu, nanienty 1 momatkoBo mposeneHo 10 ceanciB BOC B pocmimkyBaHoMy KOHTYpi. EQekTuBHicTh
3aIpONOHOBAHOT METOIUKH OIIHIOBAJIAacs Ha IiJCTaBi MOPIBHSIHHSA 3HAYCHb CHUCTOJIYHOTO, MiaCTONIYHOTO,
nyiabcoBoro aprepianpHoro Tucky (CAT, JJAT 1 IIJI, BiamoBigHO) i IHTErpajbHOTO IHIMKATOpPAa CTaHy
PEryasaTOpHHUX cUCTeM - iHaekcy BQI nporsrom 10 mHIB Bif movatky JikyBaHHs. JIOTMOBHEHHS CTaHIapTHOI
¢dapmaxorepanii ceancamu bOC B 3amkHyromy koHTypi BCP 1 MeTpoHOMi30BaHOTrO JHMXaHHS 3HAYHO
MIEPEBUINYE MO e(PEKTHBHOCTI 130JIbOBaHEe MenuKaMeHTo3He JikyBaHHS B koHTpoii CAT, JIAT i IIJ] 3a
paxyHOK onTuMmizalii craHy cucreMu perymsinii. OTpuMaHi JaHi J03BOJIAIOTH PEKOMEHIYBATH METOJHKY B
KJIHIYHY [TPaKTHUKY.

K/TIO4YO0BI CJIOBA: aprepianbHa TinepTeH3is, OIONOTIYHHMIA 3BOPOTHHN 3B'SI30K, BapiaOEIbHICTH
CEpIICBOr0 PUTMY, METPOHOMI30BaHE TUXAHHSI

IOOEKTUBHOCTH BUOJIOTMYECKOI OBPATHOM CBSI3U
B KOHTYPE IAPAMETPOB BAPUABEJILHOCTHU CEPIEYHOI'O PUTMA
U METPOHOMM3UPOBAHHOI'O JIBIXAHUS Y HALIMEHTOB C APTEPHAJIBHOMN
TUNEPTEH3UEN B PEAJIbHOMN KJIMHUYECKOM MPAKTUKE
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Ha mnpumepe kimmHHYeckoro pasdopa JBYX, COIMOCTaBUMBIX II0 BCEM IapameTpaM, IalueHTOB C
apTepuaNbHOM THIEPTECH3UCH OIIEHEHO HCIIOIb30BaHUE Omosiorndeckoi ooparHoii ces3u (BOC) B KoHType
BapuabenbHOCTH cepaedHoro purMa (BCP) u MeTpOHOMU3MPOBAHHOIO ABIXaHUS B PEabHOW KIIMHUYECKOH
npaktuke. O0a maryeHTa MoTydald CTaHJAPTHYI0 MEAMKAMEHTO3HYIO TEpaluio COITACHO PEKOMEHAlUsIM
Acconuanuy KapAuoaoroB YKpauHsl, nanueHTy 1 nononHutensHo nposeneHo 10 ceanco BOC B u3yuaemom
KOHTYpe. D(PQPEKTHBHOCTh NPEIOKEHHONH METOAMKM OLIEHWBAJIACh HAa OCHOBAaHMHM CPAaBHEHMS 3HAUCHUH

CUCTOJINYECCKOIo, AUACTOJIUYCCKOIO,

MYJIbCOBOI'0 apTCpUaJIbHOIO JaBJICHUA

(CAL, JAA w» I,

COOTBETCTBEHHO) M MHTETPAILHOIO MHANKATOPA COCTOSHHS PETYISITOPHBIX cucTeM — nHaekca BQI B Teuenue
10 nueit or Hauana nedeHus. JlomonHeHue craHgaptHod (apmakorepanuu ceancamu BOC B 3aMKHYTOM
koHTYype BCP © METpOHOMHM3MPOBAHHOTO [IBIXaHMSl 3HAYUTEIBHO IIPEBOCXOAUT MO 3ddekTuBHOCTH
HU30JIUPOBaHHOE MenukaMeHTo3Hoe Jiedenne B koutpoine CAJl, JAJl u TI]J] 3a cyer onTuMuU3aIUy COCTOSTHUS
cucTeMbl peryasinuy. [lonmydeHHble TaHHBIE TO3BOIISIOT PEKOMEHIOBATH METOJIUKY B KIIMHUUECKYIO TIPAKTHKY.

K/IFOYEBBIE CJIOBA: aprepuanbHasi THIIEpTEH3Hs1, OMooruueckas ooOpaTHasi CBsi3b, BapuaOebHOCTh

CEPACYHOI'O pUTMa, METPOHOMU3UPOBAHHOC JbIXaHUEC

INTRODUCTION

Arterial hypertension (AH) is a serious,
debilitating disease, which is not only medical
but also social and economic problem
worldwide: about 45 % of adults aged from 25
years old have high blood pressure, 74.3 % are
aware about the disease, just 43 % are treated,
efficacy of the treatment is only 13 % [1].Key
point of this disease is an imbalance of

regulatory systems in the body with
predominance of the sympathetic nervous
system branch [2]. Low efficiency of

pharmacotherapy boosted searching for non-
drug methods [3]. Promising tool of adjunctive
therapy in patients with AH can be biofeedback
(BFB) in the closed loop of paced breathing
under the control of heart rate variability (HRV)
parameters [4]. In these comparable cases we
want to show you effectiveness of this method
in real clinical practice.

OBJECTIVE

Purpose of the research is to study the
effectiveness of biofeedback in a closed loop
of heart rate variability and paced breathing in
two comparable in all parameters patients with
arterial hypertension in real clinical practice.

MATERIALS AND METHODS

Patient 1

Male, 64 y/o, retired, lives in the city,
admitted to the hospital in November 2014.

Complaints on admittance: periodical
increase of BP up to 150/95 mm Hg, usually in
the morning, followed by headache in occipital
area and/or dizziness.

Anamnesis morbi: Arterial hypertension
since 2000 with maximum BP 155/95 mm Hg.
Usual BP 120-130/70-80 mm Hg. Multiple
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hospitalizations and treatment in outpatient
clinic. Previous hospitalization in November
2013, after discharge ignored prescribed
treatment. Current hospitalization due to
complaints described above.

Anamnesis vitae: Appendectomy in young
age. Tuberculosis, diabetes mellitus, STD, viral
hepatitis, rheumatism, psychiatric diseases in
the anamnesis denies. No pernicious habits. No
alcohol abuse. Heredity is uncomplicated. No
allergic reactions in the past.

Status presence objectivus: Patient's
overall condition is satisfactory, consciousness
is clear, position is active. Ectomorph body
type. Growth 175 cm, weight 68 kg, waist 90
cm, BMI 22,0 kg/m’. Skin and visible mucous
are pale-pink, clear. Peripheral lymph nodes are
not enlarged. Thyroid gland can’t be palpated.
Skeletal-muscular system without features.
Respiratory system: clear lung sound during
percussion,  vesicular  breathing  during
auscultation  without additional  sounds.
Cardiovascular system: heart rate is rhythmic,
tones are muffled, accent of the S2 on aorta. HR
= pulse = 65 bpm. BP 150/95 mm Hg.
Abdomen is normal in size, soft and painless
during palpation. Liver under the edge of ribs
arch, painless. No peripheral edema.

Patient 2

Male, 60 y/o, retired, lives in the city,
admitted to the hospital in October 2014.

Complaints on admittance: episodic
increase of BP up to 150/90 mm Hg, usually in
the morning, which followed by headache in
frontal and temporal areas.

Anamnesis morbi: Arterial hypertension
since 1995 with maximum BP 155/95 mm Hg.
Usual BP 120/70 mm Hg.  Multiple
hospitalizations and treatment in outpatient




clinic. Previous hospitalization in January 2014,
after discharge regularly took indapamide
2,5 mg in the morning. Current hospitalization
due to same complaints.

Anamnesis vitae: Right wrist joint fracture
in 1983. Tuberculosis, diabetes mellitus, STD,
viral hepatitis, rheumatism, psychiatric diseases
in the anamnesis denies. No pernicious habits.
No alcohol abuse. Heredity is uncomplicated.
No allergic reactions in the past.

Status presence objectivus: Patient's
overall condition is satisfactory, consciousness
is clear, position is active. Ectomorphic body
type. Growth 170 cm, weight 60 kg, waist 84
cm, BMI 21,0 kg/m’. Skin and visible mucous
are pale-pink, clear. Peripheral lymph nodes are
not enlarged. Thyroid gland can’t be palpated.
Skeletal-muscular system without features.
Respiratory system: clear lung sound during
percussion,  vesicular  breathing  during
auscultation ~ without additional  sounds.
Cardiovascular system: heart rate is rhythmic,
tones are muffled, accent of the S2 on aorta. HR
pulse 68 bpm. BP 150/90 mm Hg.
Abdomen is normal in size, soft and painless
during palpation. Liver under the edge of ribs
arch, painless. No peripheral edema.

INVESTIGATION PLAN IN THE
HOSPITAL

e  (Clinic blood count

e  Urinalysis

e Biochemical blood test (bilirubin, ALT,

AST, glucose, creatinine, Na, K)
Lipid profile

Chest x-ray

ECG

Heart ultrasound with Doppler
Kidneys ultrasound with Doppler
Ophthalmologist consultation

INVESTIGATION RESULTS

Clinic blood count: indexes are in normal
range in both patients.

Urinalysis: indexes are in normal range in
both patients.

Biochemical blood test:
normal range in both patients.

Lipid profile: indexes are in normal range
in both patients.

Chest x-ray: normal in both patients.

ECG: patient 1: sinus rhythm, regular, HR
61 bpm, hypertrophy of myocardium of left
ventricle by  wave’s ratio  criterion;
patient 2: sinus rhythm, regular, HR 64 bpm,

indexes are in
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hypertrophy of myocardium of left ventricle by
wave’s ratio criterion.

Heart ultrasound with Doppler: patient 1:
hypertrophy of myocardium of left ventricle
(LV  posterior wall thickness: 12 mm,
interventricular septum: 11,8 mm), systolic
function is preserved (EF = 61 %); patient 2:
hypertrophy of myocardium of left ventricle
(LV posterior wall thickness: 12,3 mm,
interventricular septum: 12,0 mm), systolic
function is preserved (EF = 64 %).

Kidneys ultrasound with Doppler: patient
1: incomplete doubling of left kidney, micro
urolithiasis; patient 2: microurolithiasis.

Ophthalmologist consultation: patient 1:
angiopathy of retinal vessels of both eyes;
patient 2: Angiopathy of retinal vessels of both
eyes.

CLINICAL DIAGNOSIS

Patient 1: Arterial hypertension II stage 1
degree, HF 0 stage, moderate additional risk.

Patient 2: Arterial hypertension II stage 1
degree, HF 0 stage, moderate additional risk.

TREATMENT

Lifestyle modification: control of body
weight, diet, regular exercises.

Drugs therapy: perindopril 5 mg 1 time per
day in the evening, aspirin-cardio 100 mg in the
evening.

Non-drug  therapy: patient 1 10
biofeedback sessions in the loop of paced
breathing under the control of heart rate
variability —parameters; patient 2 10
pseudosessions without inclusion of feedback
under the control of heart rate variability
parameters.

Biofeedback sessions were performed on a
computer diagnostic complex
«CardioLab2009»  («XAl-Medica»)  with
additional custom module «Biofeedbacky,
including software related audible and visual
breathing metronome and dynamic algorithm
for determining the current value of HRV
indices, changed under paced breathing
influence.

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 I 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
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(H, 0,15-0,40 Hz) HRV parameters were
estimated, 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 [5].

During biofeedback session, initialization of
adaptation algorithm of biofeedback module
was conducted in first 2 minutes, when patient
breathe in his normal rhythm. After that for
each following minute exact frequency of paced
breathing was set through frequency
rearrangement 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 [6].

Efficacy of biofeedback was evaluated by
comparing the values of systolic, diastolic and
pulse blood pressure (SBP, DBP and PP,
respectively); BQI integral index — parameter

that reflects all qualitative changes of
biofeedback process: optimality (O, estimation
of farness of regulatory systems from optimal
state during whole period of session),
sensitivity (S, estimation of receptivity of
regulatory systems to paced breathing),
effectiveness (E, estimation of approaching
range of HRV parameters to optimal
physiological state during execution of optimal
bioreverse control algorithm) [7].

Statistical analysis of the results for each
subject was carried out using Microsoft Excel
computer software.

RESULTS AND DISCUSSION

Dynamic of SBP, DBP, and PP in both
patients on background of the treatment
presents in fig.1. During the same treatment in
both patients systemic biofeedback
implementation contributed to lower values
aforementioned indices.
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Fig.1. SBP, DBP, and PP dynamic in both patients during the treatment

BQI index dynamic in both patients during
10 sessions presents in fig.2. Systematic
biofeedback sessions in patient 1 contributed
natural approximation of regulation to the
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optimal level, whereas in patient 2 it index
fluctuated within suboptimal level without
reaching the target level.
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Fig.2. BQI index dynamic in both patients during 10 days of treatment

Arterial hypertension is the most common
chronic  disease = among  adults  [1].
Pharmacotherapy still does not allow to reach
optimum level of blood pressure in some
patients that stimulated the development of
non-drug methods of treating [3].

Biofeedback with a contour of HRV and
paced breathing is one of the promising
methods for increase of blood pressure
controllability [4]. Supplement of standard
pharmacotherapy by biofeedback sessions in
closed loop of HRV and paced breathing is
significantly better than isolated drug treatment
in the control of SBP, DBP and PD due to
optimization of regulatory systems' state. The
effectiveness of biofeedback in a closed loop of
heart rate variability and paced breathing allows
us to recommend it as a component of complex
therapy for patients with arterial hypertension.
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