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Synglet oxygen therapy influence on physical activity of patients suffering from
bronchial asthma
BruiuB CHHIJIETHO — KMCHEBOI Tepamnil Ha (pi3MYHYy AKTHBHICTH Y XBOPHUX Ha
OpoHXiaJIbHY acTMy

L. M. Kuryk®, N. I. Samosiuk?, E. N. Chuchraeva?, W. Zukow®

!State Institution *'National Institute of Physiology and Pulmonology named
after F. G. Yanovskyi of the National Academy of Medical Sciences of Ukraine™
*National Medical Academy of Post-Graduate Education named P.L. Shupyk
*Kazimierz Wielki University, Bydgoszcz, Poland

Abstract

Objective: To study and analysis of physical activity, assessment of the impact of singlet - oxygen therapy. dysfunction of the
cardiorespiratory system during maximal exercise in patients with bronchial asthma persistent disease course.

Materials and Methods: The study included 30 patients with persistent disease course. In all patients, the diagnosis of asthma has been
installed correctly, confirmed clinically and functionally. As a control, were selected and examined 15 healthy volunteers who had no severe clinically
significant pathology, aged on average (45,0 + 4,2) years. Studies of lung ventilation function performed in all patients according to the analysis of the
curve spirogram "flow - volume" forced expiratory and total body plethysmography on the unit «Master Scope» and «MasterScreen BodyDiffy»
company “Erich Jaeger" (Germany). Indicators of gas composition and acid-base status (CBS) capillary blood was evaluated using the analytical
micromethod ABL5 "Radiometer”. Diffusion capacity of the lungs was investigated using the module for the study of the diffusion of spirometric
lung function "VIASYS Healthcare GmbH". Determination of exercise tolerance, the level of implementation of maximum load, physical activity was
performed using ergospirometric cardiorespiratory exercise test. To perform the dosage of exercise used ergometer EP / 2 ("Erich Jaeger”, Germany)
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and Ergoselect 1000 LP Basic auto power dissipation regardless of the speed of pedaling. Statistical data processing was performed using the licensed
software products included in the software package Microsoft Office Professional 2000 on a personal computer IBM Celeron in Excel

Results The study found that in patients with persistent asthma current physical activity is reduced, as compared with healthy individuals
by 10.5% during exacerbation and 2.5% - in remission. Compliance with the appropriate level of work performed was happening with a tendency to
irrational function cardiorespiratory system. Namely, when the maximum effort respiratory system lost the ability to adequately improve pulmonary
ventilation and maximum absorb oxygen, which was offset by an increase in respiratory minute volume by increasing the frequency and thus reducing
the depth of inhalation and exhalation. In turn, on the part of the cardiovascular system was observed compensatory hyperfunction with a tendency to
excessive growth of systolic blood pressure, heart rate, a fall in diastolic blood pressure (to reduce the peripheral circulation and improve
microcirculation in the muscles). During the test, for 2-3 minutes, maximum load, in patients with asthma compensation mechanisms rapidly
depleted: decreased cardiac output of blood falling systolic pressure and heart rate, etc. All the above changes with a reduction in the functional
activity of the cardiorespiratory system when performing maximal exercise require the development of new methods of prevention to reduce the
progression of the deterioration of its functioning and to prevent deterioration of activities of daily living and quality of life in patients with asthma.
Singlet-oxygen therapy in treatment of asthma gives possibility improve physical activity.

Key words: singlet oxygen therapy, bronchial asthma, physical activity, cardiorespiratory system.

BnuiuB CHMHIJIETHO — KHCHEBOI Tepamii Ha Qi3MYHY aKTMBHICTh Y XBOPUX HA OpOHXiaJbHY
acTmy
JI. M. Kypmcl, H. I.Camociok?’, O. M. IIyxpaeBaZ, W. Zukow®
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Pe3iome

Mera [OCTIDKEHHST : JOCTIDKEHHS Ta aHAN3 OLHKA BIUIMBY CHHIVIETHO - KHCHEBOI Teparmii Ha. AUCHYHKLIIO KapiopecmipaTopHOI
CHCTEMH IIPU MaKCHMaJIbHOMY (i3NYHOMY HaBaHTA)KEHHI y XBOPHX Ha OpOHXIaTbHY acTMY IIEPCHCTYIOUOTO IIepediry 3aXBOPIOBAaHHS.

Marepiany i MEeTOAU: B JOCII/DKEHHS yBiHIUIo 30 XBOPHX 3 HEPCHCTYIOUMM IIepebiroM 3axBOoproBaHHS. Y BCiX XBOpHX AiarHo3 BA Oys
BCTAHOBJICHUII MPABUIIbHO, MIATBEPDKEHUI KIHIYHO 1 QYHKIiOHANBHO. B sikocTi KOHTpoIio 6y0 06paHo i 00cTexeHo 15 3m0poBuX 10OPOBOIIBLIB,
K1 HE MaJu BaXXKOT KIIIHIYHO 3HaYUMOL MaToJIori, BIKOM B cepeHbOMY
(45,0 + 4,2) poky. JlocmipKkeHHsT BEHTWIILIIHOT (YHKIT JIereHs IPOBOAMIOCS BCIM XBOPUM 32 JaHUMH CIIpOTpaMH aHai3y KpHBOi "NOTIK - 00'eM"
(hopcoBaHoro BHAMXY i 3aranpHoi meTu3Morpadun Tija Ha anapari «Master Scope» 1 «MasterScreen BodyDiff» ¢ipmu "Erich Jaeger" (Himewunna).
IToka3HUKH ra30BOro CKIamy i KUCIOTHO-0CHOBHOTO cTaHy (KOC) kamiasipHOI KpOBi OLIHIOBAIN MIKPOMETOJOM 3a JIOIIOMOrolo aHaiizaTropa ABLS
"Radiometer". Judy3iiiHy 31aTHICTb JereHb TOCIiIKYBAIH 3 BUKOPHCTAHHIM MOYJIS I BUBUCHHS MU(Y3iiHOI QYHKIT JIereHb CIipoMeTp MYHUH
cuctemu "VIASYS Healthcare GmbH". Busnauenns ToiepanTHOCTI 10 (i3UYHOTO HABAHTAKEHHS, PIBHS BUKOHAHOI MAKCHMAIbHOTO HABaHTAXKECHHSI,
(i3nYHOI aKTHBHOCTI NPOBOIMIIOCS 13 3aCTOCYBaHHSIM €PrOCIIPOMETPIYHOTO KapIiopecripaTOpHOI HaBaHTAXYBAJILHOTO TecTy. JIJIsI BHKOHAHHS
JI030BaHOTO (hi3HYHOTO HaBaHTAXKEHHS BHKOpHCTOBYBaBcsi Bemoepromerp EP / 2 ("Erich Jaege", Himeuunna) i Ergoselect 1000 LP Basic 3
ABTOMATHYHHM PO3CIIOBaHHIM INOTYXHOCTI HE3aJIEXKHO BiJ MIBUAKOCTI mepamoBaHHsA. CTaTHCTH4YHA 0OpoOKa OTPHMMAHMX JaHMX BHKOHYBamacs 3a
JIOTIOMOT'OI0 JTILEH3IMHUX MPOrpaMHUX IPOXYKTIB, IO BXOAATH B mporpamuuil maker Microsoft Office Professional 2000, Ha mepcoHambHOMY
kxomm'torepi IBM Celeron B Excel.

Pesynbrat B pesynbTaTi MpoOBEAEHOTrO AOCIIHKEHHS BCTAHOBJEHO, IO Y XBOpuX BA nerkoro mepcucrtyrodoro mepediry ¢isuyna
aKTHBHICTh 3HIKEHA, MOPIBHAHO 3i 370poBUMH ocobamm Ha 10,5 % mpwm 3aroctpenHi i Ha 2,5 % - B pemicii. JIOTpUMaHHS HaNeXHOTO PiBHA
BUKOHaHOI poOOTH BifOyBanocs 3 TEHJEHIII€I0 10 HEpallioHAIBHOTO (YHKI[IOHYBaHHIO KapiOpecTipaTopHOi CHCTeMH. A came: NpH BHKOHAHHI
MaKCHMAaJIbHOTO 3yCUJUISL IMXalIbHa CHCTEMa BTpavala 3/1aTHICTh aJIeKBAaTHO IiJABHIIyBaTH JICTCHEBY BEHTUILIIIO 1 MAKCHMAIBHO 3aCBOIOBATH KHCEHb
, TII0 KOMIIEHCYBAJIOCS 301/IbIIEHHsIM XBUIIMHHOTO 00'€eMy JMXaHHS 3a PaXyHOK 30UIBIICHHS YacTOTH i1 BiJNOBiTHO 3MEHIIEHHS TTIMOMHH BIUXY i
BUUXY. Y CBOIO 4epry, 3 OOKy CepleBo - CyIHHHOI CHCTEMH CIIOCTepiraiacst KOMIeHCaTOpHa TeHACHIS 10 rinepdyHKIii 3 HaAMIpHUM 3pOCTaHHIM
CHCTOJIIYHOTO apTepiaibHOTO THCKY, YACTOTH CEPLEBUX CKOPOYEHb, MaJIIHHAM JiaCTOJIYHOTO THUCKY ([UI 3MEHIICHHS NepudepuyHoro KpoBoooiry i
MOJIIMIIEHH. MIKPOIMPKYJsiii y M's3ax). [Ipu mpoBeneHHi TecTy, Ha 2-3 XBHJIMHI MaKCUMAaJbHOTO HAaBaHTAXXEHHS, y XBOpHX BA MexaHizmu
KOMIIeHcaMil BUAKO BUCHAXKYBAIIHCS | 3MEHIIYBABCSI XBIUIMHHHMH 00'€M KpOBI , T1a/1aJI0 CUCTOJIIYHMI THCK 1 YacTOTa CEpIEeBHX CKOPOYEHb i T.1. Bei
BUILEBKAa3aHi 3MIHM 31 3HIKEHHSIM (DYHKIIOHAIBHOI aKTUBHOCTI KapiopecripaTopHOI CHUCTEMHM NpPH BHKOHAHHI MAaKCUMAaJbHOI (i3MuHOT
HaBAHTAXXEHHS BUMAaraloTh pPO3POOKM HOBHX METOMIB MNPOQITAKTUKK ISl 3HMOKEHHS IPOTPECYBaHHS TMoOTipiieHHS ii (YHKIIOHyBaHHA Ta
TIOTIePEDKEHHS MOTiPIICHHsS MOBCSKACHHOT aKTHBHOCTI Ta SIKOCTI XKUTTS Y XBOpHX BA. CHHIJIETHO-KHCHEBa Tepalis B KOMIDIEKCHOMY JiKyBaHHI BA
JIa€ MOXKJIUBICTB MOMIMIINTH (i3HYHY aKTHBHICTb.

Kurouosi ciioBa: OpoHxiallbHa acTMa y JOpociuX, (i3WyHa aKTHUBHICTb, SKICTh XKHUTTS y XBOPHX
BA, xapaiopecmipaTopHa cucTema.

BiiusiHMe CMHIVIETHO-KHCJIOPOIHOI Tepanu HA (PU3HYECKYI0 AKTUBHOCTH Y 00JILHBIX
OpOHXMAJILHOW acTMOI

JI. M. Kypuk', H. M.Camociox?, E. H. Uyxpaesa®, W. Zukow®

'Y «Haunonanbubrii HHCTUTYT PTH3HATPHH U IyJIbMOHOJI0ruM UM. @.I'. AAnoBckoro HAMH
YxpanHb»
2Hmmm-ls:un,mm MeIMIHHCKAS aKa/JieMusi OocJaeAuIIoMHoro oopasosanus umenu ILJL.Iynuka
*Kazimierz Wielki University, Bydgoszcz, Poland
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Pe3rome

Lenv uccnedosanus: UCCIENOBaHWE W aHANN3 (PU3UYCCKOM AKTHBHOCTH, OLCHKA BIIMSHUS CHHIVIETHO — KHCJIOPOJHOH Tepamuy Ha.
TUCOYHKIHIO KapIHOPECIUPaTOPHOH CHCTEMbl IPH MAaKCHMalbHOH (u3HuecKkoil Harpy3ke y OOJbHBIX OPOHXHAJIBbHOH aCTMOMN MEPCHCTUPYIOLIETrO
TedeHHs 3a00ICBaHU.

Mamepuanst u memoowr: B uccieqoBanue Bonnio 30 G0JIBHBIX C MEPCUCTHPYIONIUM TedeHHeM 3a00eBaHus. Y BceX OONBHBIX Juar€o3 BA
OBl YCTAHOBIICH IPAaBUIBHO, MOATBEPHKICH KIMHHYCCKH U (yHKIMOHANIBHO. B KadecTBe KOHTpOIS ObUIO BHIOpaHO M 00cienoBaHo 15 370pOBBIX
J0OpOBOIBLEB , HE MMEBIIHX TSDKENOH KIMHUYSCKH 3HAYMMOM IaTolorud, B BospacTe B cpegHeM ( 45,0 £ 4,2 ) roma. McciemoBanust
BEHTH/IIIIHOHHON (DYHKIIMH JETKUX IIPOBOJHIOCH BCEM OOJNBHBIM IO JAaHHBIM CIIMPOrPaMMBI aHATH3Yy KPHBOH "MOTOK — 00beM" (hOpCHPOBAHHOTO
BBIZIOXA U 001Iel mieTu3morpadun Tena Ha anmapate «Master Scope» u «MasterScreen BodyDiff» dupmer "Erich Jaeger" (I'epmanus). [Tokazarenn
ra30BOr0 COCTaBa M KUCIOTHO-OCHOBHOrO cocTosHHsA (KOC) xanmmmisipHOH KpOBH OLCHHBAIN MHKPOMETOAOM C HOMOIIBIO aHanu3atopa ABLS
"Radiometer". [Inddy3noHHYI0 CIIOCOOHOCTh JETKUX HMCCIEAOBANIH C HCIOIb30BAaHHEM MORYISA Ul M3ydeHus AudQy3noHHOH (YHKIMH JErKux
cripomerpudeckuii cuctemsl "VIASYS Healthcare GmbH". Omnpeznenenue TolepaHTHOCTH K (DM3UYECKOM HArpyske, YPOBHs BBITOJTHEHHOU
MaKCHMaJbHOI Harpy3ky, (GU3MYecKoil aKTHBHOCTH IPOBOJMIOCH C NMPUMEHEHHEM epProcIHpOMETPUIHOrO KapAHOPECIUPATOPHOTO HATPY309HOTO
TecTa. [l BBHIIOIHEHNS JO3HUPOBAHHOH (pU3MUIECKOH HAarpy3ku mcronbs3oBaics Bexodpromerp EP / 2 ("Erich Jaeger", I'epmanmst) u Ergoselect 1000
LP Basic ¢ aBTOMaTH4Y€CKUM PACCESHUEM MOLIHOCTH HE3aBHCHMO OT CKOPOCTH nenaiupoBanus. CTtatucTuueckas 00paboTKa MOTyYeHHBIX TaHHBIX
BBINOJIHSJIACH € IIOMOIIBIO JIMIIEH3HOHHBIX NIPOrPAMMHBIX IPOXYKTOB, BXOAAIINX B IporpaMmHusbli makeT Microsoft Office Professional 2000, xa
nepconanbHoM kKommbiotepe FIBM Celeron B Excel

Pesynemamer B pe3ynbraTe NMpOBEACHHOrO MCCICIOBAHHS YCTAHOBICHO, YTO y 0oibHBIX BA mepcuctupyromero TeueHus Qusnueckas
aKTHBHOCTH CHIDKEHA, II0 CPaBHEHHIO €O 310pOBBIMH jHIaMu Ha 10,5 % npu oboctpenunu u Ha 2,5 % — B pemuccun. CoOMIOAeHNE HaIEKAIIero
YPOBHS BBIIIOJIHEHHON pabOTHI IPOMCXOAMIIO C TEHICHIMESH K HepallioOHAIBHOMY (DyHKIBIOHHPOBAHUIO KapAUOPECIIUPATOPHOIl CHCTEMBL. A HMEHHO:
IpH BBIOJHEHUM MAaKCHUMAaJbHOTO YCHIIHMS [bIXaTelbHas CHCTEMa Tepsla CIIOCOOHOCTh AaJEKBaTHO IOBBIIIATH JIETOYHYI BEHTHILHUIO U
MaKCHMAaJIbHO YCBaHBaTh KHCIOPOJ, YTO KOMIIEHCHPOBAJIOCH YBEIMYCHHEM MHHYTHOTO OOBbeMa [BbIXaHUS 3a CUCT YBEIMUYCHHS YacTOThl H
COOTBETCTBEHHO YyMEHbBIIEHHE DIIyOMHBI BJOXa M BEIJOXa. B CBOIO ouepenb, CO CTOPOHBI CEpIEYHO-COCYIHCTOH CHCTEMbl HaOMIOnanach
KOMIICHCATOPHAs TCHACHIUNUS K TUNep(YHKIUH C YPE3MEPHBIM POCTOM CHCTOJIHYECKOTrO apTePUAIIbHOTO JaBJICHHUS, YACTOThI CEPACUHBIX COKPAILCHHUIA,
IaJieHHeM JTHACTOINYECKOTO JaBIeHMs (UL YMEHBIICHUsS ITepr(epHIeckoro KpoBooOpamieHys 1 yIIyqIIeHns] MUKPOLMPKY/IMA B MbImnax). [Ipu
NIPOBEJICHUN TecTa, Ha 2-3 MHHYTE MaKCHMaJbHOI Harpyskd, y OoibHBIX BA MexaHH3MBl KOMIIEHCAIMHM OBICTPO HMCTOINAINCH: YMEHBIIAJICS
MUHYTHBIH 00BEM KpOBHM, IaJajo CHCTOJIMYECKOE NABICHHE M 4acTOTa CEpJACYHBIX COKpalleHHH M T.A. Bce BbllIcyka3aHHbIE H3MECHEHHUS CO
CHIDKCHHEM (DYHKIIMOHAIHPHOW aKTUBHOCTH KapJHOPECIHPATOPHOW CHCTEMBI IPH BBHIIOJHEHUH MaKCHMAJIBHON (U3MYECKOil Harpy3ku TpeOyroT
Pa3paboOTKH HOBBIX METOIOB IIPOMIIAKTHKY UL CHI)KSHUSI IPOTPECCHPOBAHHUS YXYAIICHUS e (YHKIMOHUPOBAHHS U NPEIYNIPEKACHUS yXyIICHHS
MTOBCE/THEBHON aKTUBHOCTH M Ka4eCTBa )KU3HU y 00bHBIX BA. CHHIJIETHO-KHCIIOPOHAs Tepanusi B KOMIUIEKCHOM JieueHu! BA naér Bo3aMiioxkHOCTD
YIIYqIIUTh QU3HIECKYI0 aKTHBHOCTD.

KuioueBble ci1oBa: OpoHXHMalIbHAS aCTMa Y B3pOCIbIX, (pu3ndeckast akTHBHOCTh, Ka4€CTBO KHU3HU Y
001pHBIX BA, KapauopecnupaTopHas CUCTEMa, CHHTIICTHO-KHCIIOPOTHAS TepaITHsl.

Bronchial asthma (BA) is one of the most common diseases of respiratory apparatus that
affects up to 8% of adults worldwide (1, 2, 3, 4). The associated lesions of respiratory' and
cardiovascular systems continue to pose quite a difficult problem in the treatment of this category of
patients (4). Cardiorespiratory system (CRS) is a dynamic self-regulating structure; the final
beneficial result of its activity consists of an adequate supply of tissues with oxygen and the
removal of carbon dioxide (CO,) and of other metabolites thanks to the synchronized interaction of
the respiratory', hemodynamic', metabolic' and tissular segments that are part of the system (6, 9).
The main diagnostic criteria of its functional effectiveness are based on the evaluation of the
informative parameters of external respiration, the integrated indicators of the cardiovascular
system' function and the deviation of the constant of the partial pressure of oxygen and carbon
dioxide in the arterial blood (7).

The problem of the associated lesions of lungs and heart in the patients suffering from
bronchial asthma is quite urgent in modern pulmonology (5, 8, 14, 15). Among the clinically
significant aspects of the cardiovascular pathology' development during BA the following
pathogenetic interdependences are singled out: the formation of pulmonary hypertension, the
development of mutual aggravation and the presence of certain clinical course' traits. Judging by the
data published by various authors, BA is complicated by the circulatory system disturbances in 35-
72.5% of cases (9, 15). Those disturbances mutually aggravate each other, which draws one's
attention to the comorbidity problem existing in the "lungs-heart” system. It has been established
that the disturbances of the intracardial hemodynamics of BA patients are conditioned by the
intensity of the obstructive syndrome and develop in stages, simultaneously with changes in lungs
and the changes in hemodynamics of the pulmonary circulation. At the early BA stages a physical
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load application induces the myocardial hyperfunction where the hemodynamics is restructured
hyperkinetically (the arterial blood pressure level is raised, as are the values of the heart rate (HR),
the stroke volume (SV) and the minute volume of blood circulation (MVBC)). While the pulmonary
dysfunctions progress, a eukinetic type of central hemodynamics develops followed by a
hypokinetic one. Nevertheless, it is known that the hypokinetic type of hemodynamics can form at
the early BA stages, too. The eukinetic type is characterized by the reduced SV values, the
increased HR values, and the unaltered MVBC values. While studying the pulmonary
hemodynamics, a moderate pulmonary hypertension and an overstressing of the right ventricle are
found, both of which are related to the progressing pulmonary vascular resistance. An opinion exists
according to which the drop in SV against the background of the general peripheral resistance in
BA patients constitutes a compensatory-adaptive reaction that lowers the pulmonary circulation
load. The adequate level of blood supply is maintained due to the reflectory redistribution of
peripheral blood circulation and the necessity to maintain the MVBC support function by the way
of raising the HR values (10, 11, 14).

The problem of quality of life of this category of patients continues to present a challenge;
this quality depends on the functional state of the cardiorespiratory system, since the majority of the
patients are young, physically active people (12, 27). The issues of defining the patients' capability
of withstanding the ultimate physical load (i.e., physical working capacity) are of particular interest
for the investigators. The term “physical working capacity” defines the general potential capability
of a person to exert maximum effort during the dynamic’, static' or mixed labor (8, 18, 25, 29).
Based on such positions, it would be expedient to deepen our knowledge about the mutually
influencing mechanisms of the adaptive responses of the united cardiorespiratory system'
constituent elements to the disturbances of the lung ventilation function in the bronchial asthma
patients.

Till the present day an active accumulation of scientific materials related to the detection of
early disturbances of the cardiorespiratory system' function and the ability of the patients of the said
category to exert the ultimate physical efforts (depending on the severity and the phase of the
disease) is going on. Quite often, it is impossible to detect the early functional disturbances in the
cardiovascular and respiratory systems with the use of common scanning methods; it is possible to
do only during physical stressing (14, 16, 17).

That is why the main purpose of the work that has been completed was the assessment and
analysis influence singlet oxygen therapy on physical activity, as well as the evaluation of the early
manifestations of the cardiorespiratory system' dysfunction during the ultimate physical stressing of
the bronchial asthma patients suffering from the mild persisting form of the disease.

Materials and methods

The study performed on the department of the bronchial obstructive lung diseases of
tuberculosis patients of the "National Institute of Phthisiology and Pulmonology named
after F. G. Yanovskyi of the National Academy of Medical Sciences of Ukraine™ State Institution.

30 persons entered into the study, that have been suffering from the mild persisting form of
the disease (which means that the symptoms have been appearing at least once a week but less
frequently that once a day for more than 3 months; during aggravations the symptoms could
interfere with normal activity and sleep; the chronic symptoms requiring symptomatic treatment
have been appearing almost daily; the night asthma symptoms have been appearing more than twice
a month; the value of the forced expiratory volume (FEV:) amounted to 80% of the norm, the
diurnal fluctuations of the values of the peak expiratory velocity (PEV) or the FEV; — to 20-30%).
15 patients treated with singlet-oxygen therapy course 14 days, 14 patients in group 2 received
standard therapy of bronchial asthma. While diagnosing BA, the case history data, the clinical
symptoms, the respiratory function indices, and the reversibility of the obstruction in the bronchial
spasmolytic test were taken into account. The selection of patients based on the BA severity grade
was performed in accordance with the provisions of the Order No. 128 "On the approval of clinical
protocols of the pulmonological medical help” of the Ministry of Health of Ukraine of March 19,
2007 (24). BA was properly diagnosed in all the patients; the diagnosis was confirmed both
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clinically and functionally (with the help of spirometry and the bronchial obstruction reversibility'
test with a short-acting beta agonist). The duration of the illness among the patients of the group, on
average, amounted to (4.142.2) years, the BA aggravations frequency — to (0.4+0.1) times a year.
None of the patients smoked at the time of the scanning and none of them had been a smoker before
or had been exposed to occupational hazards. None of the studied patients had a severe concomitant
pathology. All of the patients, after the screening period was over, in their treatment of the
aggravated conditions received the therapy recommended in the Order No. 128 of the Ministry of
Health of Ukraine. The control group consisted of 15 healthy volunteers that had no severe
clinically significant pathology; the said volunteers whose age varied in the range of (45.0+4.2) y.o.
have been randomly selected and examined. More details can be found in Table 1.

The lung ventilation function of all the patients have been studied based on the spirogram
results; in the process the "flow-volume™ curve of the forced expiration and the general body
plethysmogram were analyzed; the "Master Scope™ and the "MasterScreen BodyDiff" devices have
been used built by Erich Jaeger (Germany). The following respiratory function parameters have
been studied: the lung vital capacity (VC), the forced lung vital capacity (FVC), the forced
expiratory volume in 1 s (FEV1), the forced expiratory volume in 6 s (FEV6), the peak expiratory
flow rate at 25, 50 and 75% of the lung vital capacity (MEF 25%, MEF 50%, MEF 75%), the peak
expiratory flow (PEF), the total airways resistance (R tot), the total lung capacity (TLC), the
pulmonary residual volume (RV), the expiratory reserve volume (ERV), the inspiratory capacity
(IC). The patients were examined in the mornings, after a 12-14 hour long break in the drugs intake.
The respiratory function was studied 15-30 minutes before and after the 2 standard values
developed by R.F. Clement et al. have been registered (13, 28).

Table 1 — The general description of the studied patients (M + m)

Parameters Healthy individuals BA patients suffering from mild persisting
(n=15) form of the disease
(n=30)
1 2 3

Frequency of the BA aggravations

(incidents per year) 0.4+0.1
Duration of illness (years) i} 5042 2
Number of patients that have regularly
received inhaled corticosteroids (%)
Men (persons) 9 10
Women (persons)

6 18

As can be seen from the results presented in Table 1, the comparison groups were
comparable by the indicators of age, gender and the absence of a clinically significant concomitant
pathology.

The parameters of the gas composition and the acid-base balance (ABB) of capillary blood
have been evaluated with the use of micromethod based on the data registered by ABL5 analyzer
(the "Radiometer™) (19 -21).

The following parameters were analyzed:

—pH.

— carbon dioxide tension (pCO2, mm Hg).

— actual plasma bicarbonate concentration (HCO3-, mmol/L).

— standard plasma bicarbonate concentration (HCO3-, mmol/L).

— standard base excess (SBE, mmol/L).

— oxygen tension (pCO2, mm Hg).
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— hemoglobin's (Hb, g/L) saturation with oxygen (sO2, %).

The diffusion capacity of lungs has been studied with the use of the diffusion capacity of
lungs' study module that is part of the "VIASYS Healthcare GmbH" spirometry system. The
parameters of the diffusion capacity of lungs (DLCO in % to proper values), namely, the volume
(mL) of gas that passes through the alveolar-capillary membrane in 1 min when the difference of
the partial pressure between the end diffusion points amounts to 1 mm Hg, were taken into account.
With the purpose of determining the leading mechanism of DLCO disturbances the transfer factor
was evaluated (KCO, in percentage to proper values), which is the relation of DLCO to the alveolar
volume (VA) (35, 36).

The level of tolerance to physical loading, the level of the performed ultimate loading and
the level of physical activity were determined with the use of the ergo-spirometric cardiorespiratory
loading test. To perform the dosated physical loading the EP/2 bicycle ergometer ("Erich Jaeger”,
Germany) and the Ergoselect 1000 LP Basic bicycle ergometer with the automatic power
dissipation irrespective of pedaling speed were used. The main parameters of lung ventilation and
of gas exchange, as well as the heart beat frequency and the electrocardiogram parameters were
registered and automatically processed with the use of "Ergopneumotest" OM/05-1] device ("Erich
Jaeger", Germany) and of the Oxycon Pro — Version JLAB 4.67 ergo-spirometric system (VIASYS
Healthcare, Germany) that includes a pneumotachograph with an integrator, oxygen' and carbon
dioxide' gas analyzers and an electrocardiography device ("Hellige", Germany). In the process of
the bicycle ergometry study (the bicycle ergometry assessment), the general test requirements for
the sub-maximal physical loads were observed. Before the study was conducted the patients had to
discontinue the intake of drugs affecting the functional state of the cardiorespiratory' and nervous
systems. Smoking was prohibited for two or more hours before the test. The physical load was
applied at least 1 hour after a food intake. The absolute and relative contraindications for testing and
the conditions requiring special attention and care were taken into account, based on the ERS
School Courses recommendations (2006) (26, 30 — 34). The environmental temperature could vary
from + 18 °C to + 25 °C; the patients had to wear light body wear that would freely let the air and
moisture through; on their feet the patients wore light shoes with firm soles. Prior to the testing the
patients were made acquainted with the purpose and the order of the motive test' conducting. The
intensity of loading, the maximum oxygen consumption, the minute lung ventilation volumes, and
the heart beat frequency were prognosticated with the use of extrapolation method, with the age,
gender and the anthropometric parameters of the subjects taken into account. The physical working
capacity was evaluated in accordance with the RA — 150 — IB 3 — BP 2 — EC 1 protocol. The work
continued until refusal or was discontinued upon the emergence of subjective or objective
symptoms that would limit the further load build-up, namely: the pronounced shortness of breath,
the registering of sub-maximal heart beat frequency, the emergence of the electrocardiographic
signs of coronary insufficiency. The deviation of the pedaling rate from the set level (lower than 60
rpm) due to the muscle weakness or insufficient motivation towards the application of ultimate load
were considered the subject's refusal to further continue testing. The maximum level of the
performed loading was considered to constitute the limit of the body's functional capabilities. The
testing consisted of four phases:

- phase 1 — three minute long period of adaptation for breathing in mask in rest.

- phase 2 — three minute long period of resistance-free pedaling (0 W) with the speed of 40
rpm.

- phase 3 — working period. The pedaling speed was raised to 60 rpm.

- phase 4 — 10 minute long restoration period.

While evaluating the parameters the gender, age and the anthropometric data were taken into
account. According to the test protocol, the same patients were tested in a phase of moderate non-
complicated aggravation of the disease (for 2 weeks after finishing the course of a parenteral
glucocorticoid), which constituted the initial examination; the secondary examination was
performed during a remission phase (3 and 12 months after the last BA aggravation).

The statistical processing of the obtained data was performed with the use of licensed
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Microsoft Office Professional 2000 software applications; the IBM Celeron PC was used, and the
Microsoft Excel application (22, 23). The work was financed from state funds.

Results and their consideration

During the aggravation of BA in patients suffering from a mild form of the disease the
changes were observed in the velocity-related parameters of the respiratory function; the data is
presented in Table 2. The values of the lung vital capacity, the forced lung vital capacity, the forced
expiratory volume in 1 s, the peak expiratory flow rate, and the maximum expiratory flow were
lowered in patients with a mild form of bronchial asthma in the aggravation phase, but returned to
their norm in the remission phase. Thus, the ventilation disturbances in the patients with a mild
form of bronchial asthma were insignificant; no hyperinflation has been detected.

Table 2 — The indices of lung volumes, capacities, bronchial patency in the BA patients suffering from a mild persisting form of the
disease, in the aggravation' and remission stages (M m)

Indices BA patients with a mild BA patients with a mild BA patients with a mild
persisting form of the disease, persisting form of the disease, | persisting form of the disease,
(received singlet oxygen (received standard therapy)
therapy remission phase
aggravation phase remission phase (n=15)
(n=230) (n=15)
1 2 3 4
R tot (%) 125.9+94.2 122.8 +£94.2 120.8 £94.2
IC (%) 110.8+5.4 1123+54 113.5+5.4
VC MAX (%) 101.2+£5.9 102.2+5.9 103.8£5.9
ERV (%) 104.3 +8.5 109.3 +8.5 110.3+8.5
RV (%) 94.6 +8.7 99.5+8.7 101.2 £8.7
ITGV (%) 95.6+7.2 93.4+7.2 94.1+7.2
TLC (%) 100.6 £9.2 99.6 £9.2 98.6+9.2
FEV, (%) 68.7+6.5 78.8+6.5" 88.7+6.5"
FVC (%) 89.2+2.4 100.1 +2.4" 100.9 +2.4
FVC (abs) 28423 34+23" 32+23"
FEV; (L) 278423 3.28+2.3" 3.18+2.3"
FEV1/VC MAX (%) 87.5+49 91.3+4.9 89.6+49
FEV1/FEVs (%) 73.5+6.9 79.6 £6.9 752+6.9
MEF 45 (%) 61.3+8.0 79.7+8.0" 78.6 +8.0"
MEF 5, (%) 52.6+9.9 65.4+9.9" 63.1+9.9"
MEF 45 (%) 32.6+12.0 425+12.0 39.5+12.07
PEF (%) 723 +14.6 99.5+14.6" 96.5+14.6

Note: * — the difference between this index value and the value in the aggravation phase has been statistically confirmed (p

<0.05).
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The values of the total airways resistance (R tot) and of the pulmonary residual volume (RV)
in the group as a whole have not been changed both in the aggravation' and in the remission stages:
(125.9 + 94.2) percentage and (94.6 = 8.7) percentage for the aggravation, and (122.8 + 94.2)
percentage and (99.5 + 8.7) percentage for the remission. The values of the intrathoracic gas volume
(ITGV) and of the inspiratory capacity (IC) have also stayed unchanged — only insignificant
fluctuations have been observed, depending on the disease phase: (95.6 + 7.2) percentage and
(110.8 + 5.4) percentage for the aggravation, (93.4 + 7.2) percentage and (112.3 + 5.4) for the
remission.

No disturbances of the diffusion capacity of lungs have been registered both in the
aggravation' and in the remission periods. Namely, the value of the DLCO parameter during the
aggravation amounted to (78.4 + 5.1)%, and during the remission — to (88.4 = 5.1)%; the transfer
ratio indicator (KCO) - to (82.2 + 7.0) during the aggravation, and to (86.2 + 7.0) during the
remission, the VA indicator — to (94.4 = 5.7)% and (102.4 + 5.7)%, respectively. The detailed
information is given in Table 3.

Table 3 — The indices of the diffusion capacity of lungs in the BA patients suffering from a mild persisting form of the
disease, in the aggravation' and remission phases (M m)

Indices BA patients with a mild persisting BA patients with a mild BA patients with a mild persisting
form of the disease, persisting form of the disease, form of the disease,
aggravation phase (received singlet oxygen (received standard therapy)
(n=20) therapy
remission phase remission phase
(n=15) (n=15)
DLCO 82.4+5.1 87.4+5.1 884 +5.1
KCO 822+7.0 81.2+7.0 86.2+7.0
VA 94.4+£5.7 103.4+ 5.7 102.4+5.7
VIN 110.2+ 6.7 1103+ 6.7 112.3+6.7
FRC 953+54 101.3+54 105.3+5.4

Note: No significant difference in the values of the evaluated parameters has been observed.

While conducting the analysis of the obtained results of the ergo-spirometric study the
following facts have been established. The maximum level of the performed loading in the BA
patients with the mild persisting form of the disease, in comparison with the healthy individuals, is
decreased by 10.5% during an aggravation and is decreased by 2.5% during the remission phase of
the disease. Namely: in the BA aggravation phase, due to a restricted functional activity of the
respiratory system, during an ultimate physical loading the limited oxygen supply and use were
observed which were compensated by the cardiovascular system hyperfunction accompanied by the
increase in the heart beat frequency, the drop in the arterial blood pressure level and a positive
chronotropic reaction of the heart in the whole.

It is the biggest tendency of the oxygen (O;) consumption that can be reached in the process
of physical loading that constitutes the indicator of the ultimate capability of the O, assimilation at
maximum load, or, in another words, it constitutes the manifestation of the cardiorespiratory
endurance — (V'O2/kg) — in the group it was lowered down to (6.2 = 1.2) mL/min/kg and
(78.9 £ 6.6)%, the oxygen consumption peak (V'O,) —to (87.9 + 6.1)%, V'O,p (87.9 + 5.2)%, V’
O2max — 10 (97.6 £ 11.3)%, V'O, (V — slope) — to (2376.8 + 145.8) mL/kg, V" CO; (V-slope) — to
(2456.2 + 122.6) mL/kg, RER —to (1.16 + 0.2)%.

The decrease in the breathing reserve (BR) has been observed — down to (75.3 + 7.4)
percentage, which shows how close the ventilation volume (V’E) at the maximum (peak) load
comes to the maximum value characterizing the lung ventilation. The detected changes constitute

308




the manifestation of the impossibility of an adequate increase in the lung ventilation level, which is
characteristic of the respiratory failure.

The values of the parameters characterizing the effectiveness of the cardiovascular system'
operation, though not demonstrating a significant difference in comparison with the group of
healthy individuals, were, nonetheless, lowered: dHR/dO, (78.6 + 6.4)%, HR/VO, (2.1 + 1.1)
bps/mL/kg, HR (118.1 + 8.1) 1/min and (90.1 + 6.8)%, VO2/HR (9.1 + 2.6) bps/mL/kg and
(82.9 + 5.7)%, HR/VKkg to (8.1 + 2.2) bps/s/kg, CAT (156.3 + 6.9) mm Hg, the diastolic arterial
blood pressure level —to (77.9 + 4.9) mm Hg, SpO, — to (94.3 £+ 5.5)%. As a result, the physical
load tolerance and the level of the performed work were decreased, although not significantly: W to
(85.9 + 5.3) percentage, (1.8 + 0.6) W/kg and (102.8 + 6.2) Bt, dO,/dW — to (18.6 + 5.5)
mL/min/W.

After 3 months of observation, in the BA remission, no difference in the evaluated indices
has been found, compared with the aggravation phase. After one year of observations the obtained
data did not display a significant difference, either, — both in comparison with the data
characterizing the group of healthy individuals and with the data obtained in the aggravation phase.
The detailed information is given in Table 3.

Table 3 — The indices of the cardiorespiratory loading test in the BA patients with a mild persisting form of the disease, (M + m)

Indices Healthy individuals BA patients, BA patients with a mild BA patients with a mild
persisting form of the persisting form of the
disease, disease,
aggravation phase (received singlet oxygen (received standard
therapy therapy)
remission phase
remission phase
(n=15) (n=20) (n=15) (n=15)
1 2 3 4 5
: rd
g:’ir:)t'on of the 3 phase of the test 13.05+3.1 78418 109+18 82+19
V'0,/kg (mL/min/kg) 79+1.1 6.2+1.2 71+12 70+13
V'0,/kg (%) 89.2+5.1 78.9+6.6 79.3+6.6 78.6 £6.7
V'O, (%) 102.8 +5.6 87.9+21 98.3+2.1" 98.1+6.12
V'O.p (%) 98.5+8.2 87.9+12 983+ 1.2° 88.1+5.2
V'O2max (%) 99.3+10.3 97.6+2.3 98.6 £2.2 98.1+11.3
V'O, (mL/kg) 2498.3 +135.3 2376.8 +£145.8 2409.9 +145.8 2401.9 +147.8
V'CO; (mL/kg) 2106.2 £125.3 2456.2 £122.6 2458.3 +£122.6 2455.3 £122.3
RER (8. 0.) 0.95+0.1 1.16+0.2 1.04+£0.2 1.08+0.1
BR (%) 88.1+6.2 75.3+7.4 81.3+7.2 81.0+7.2
ti (min) 0.66 +0.1 0.58+0.2 0.61+0.2 0.60+0.2
t-ex (min) 1.28+0.2 1.32+0.2 1.27+0.2 1.29+0.2
ti/tot (min) 0.51+0.1 0.43+0.2 0.50+0.2 049+0.2
BF (1/min) 46.5 £ 5.6 53.4+6.1 472+6.1 49.2 +6.1
BF (%) 88.6+6.1 803+ 6.0 81.5+6.1 81.5+6.2
VDe/VT (%) 11.1+25 9.85+25 10.9+25 112426
VDc/VT (%) 193+1.2 17.9+£2.7 18.4+£2.7 17.8+2.7
V'E (L/min) 71+15 70+1.9 72+19 75+20
V'E (%) 583+2.1 57.2+57 57.6£5.7 56.9+5.5
V'E/VCO, (%) 23.6+2.2 24.1+£2.6 23.8+2.6 249+25
V'E/VO2 (%) 239+14 245+£25 239+25 248 +£25
AT (%) 49.65 +4.3 49.1 £11.3 493 +11.3 52.1+11.5
SVe (mL) 84+15 7.6+27 79+27 79+238
FECO; (%) 401 +1.6 3.89+1.1 395+1.1 401+1.2
FETCO, (%) 523+1.2 50+ 1.9 5.01+1.9 59+1.9
FETO; (%) 16.21+4.4 15.74+4.2 15.92+4.2 1544 +4.1
FEO; (%) 15.25+5.3 15.84 + 6.1 1595+6.1 15.99 + 6.2
FECO; (%) 2.6+0.9 21+1.2 24+1.2 22+1.1
PETO, (kPa) 14.82 +3.2 13.01 £4.1 13.25+4.1 12,99 +3.8
DI (8.0.) 0.69=0.2 051+0.2 0.56=0.2 0.59+0.1
W (%) 95.4+3.1 85.9+2.2 90.6 £ 2.3 87.5+2.1
W (Wikg) 28+1.1 1.8+0.6 2.6+0.6° 21+05
1 2 3 4 5
W(Bt) 116.0 + 6.1 102.8 + 6.2 110.9 £ 6.2 104.8 +6.3
dO,/dW (mL/min/W) 1151+12 18.6+£55 122+55 19.1£56
dHR/dO; (spec./min/mL) 78.6 £4.5 78.6 + 6.4 77.5+6.5 78.5+52
HR/Vkg (1/mL/kg) 89+15 6.2+22 82+20° 8.0+2.1
HR/VO, (bps/ mL/kg) 27+1.6 21+1.1 290+1.0 22+1.1
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HR (L/min) 112.5+8.6 118.1 +8.1 118.8 8.1 120.1 £ 8.1
HR (%) 945+89 90.1 + 6.8 90.2+6.8 92.1+6.6
VO,/HR (mL) 10.8+2.5 8.1+26 92426 94+24
VO,/HR (%) 89.5+3.1 77.9+2.1 83.2+2.3" 83.9+5.5
SpO, (%) 98.9+22 943+55 949+5.5 953+5.6
CAT (mm Hg) 1553+6.2 1563+ 6.9 1572+6.9 1553 +6.7
AT (mm Hg) 80.3+5.6 77.9+4.9 78.8 +4.9 789 +4.7
EqCO, (%) 243+23 23.6+4.0 248+4.0 24.6 +4.1
EqO; (%) 252+12 25.0+5.9 255+59 25.0+5.9
MET (kcal/kg) 66+15 48+12 59+12" 54+13
RW (relative workload) (W/kg)

1.2+0.1 1.0+0.1 1.1+£0.1 1.1+£0.1
(P%A (patient maximally achieved) 89.3+62 783+6.1 893 +6.1% 88.7+6.1

Note: # — the difference between this index value and the value in the aggravation phase has been statistically confirmed (p < 0.05).

After 3 months of observations no difference between the evaluated parameters of the
remission’ and aggravation phases has been detected. The breathing reserve value (BR) amounted to
(81.3 + 7.2) percentage (aggravation — (75.3 + 7.4) percentage, healthy individuals — (88.1 + 6.2)
percentage). An efficiency of the muscle performance that was adequate to the load was observed —
(12.2 £ 5.5) mL/min/W (during aggravation — (18.6 = 5.5) mL/min/W, in the healthy individuals —
(11.42 + 1.3) mL/min/W). The respiratory rate (BF) within the group was (47.2 = 6.1) 1/min and
(81.5 + 6.1) percentage, during aggravation — (53.4 = 6.1) 1/min and (80.3 + 6.0) percentage, in the
healthy individuals — (46.5 + 5.6) 1/min and (88.6 + 6.1) percentage, respectively. The level of the
carbon dioxide emission (V'CO,) at the maximum load was somewhat increased in the patients
group; since simultaneously with the carbon dioxide' evacuation from the blood the approximately
equal number of hydrogen ions (H") disappear from the blood, one can speak of an intensification
of the processes of the acid-base balance' maintenance and of the compensation of the patients'
tissue acidosis due to the lung ventilation' intensification: (2458.3 + 122.6) mil/min in the remission
phase and (2456.2 + 122.6) mil/min during aggravation (for the healthy individuals it is (2106.2 +
125.3) mil/min).

With the help of several noninvasive methods (V-slope, method of respiratory equivalents) it
was automatically determined that all the patients in the group have achieved the anaerobic
threshold during testing. There were no test interruptions due to adverse events. The values of the
parameters of the anaerobic threshold, of the ventilation reserve and volume (and of their
coordination), as well as of the pulmonary gas exchange (PETCO,, PETO,, V'E/VCO,, V’E/VO,,
FETO,, FETCO,, FEO,, FECO,, PETCO,, PETO,, VDc/VT, VDe/VT) were somewhat altered in
the aggravation phase, but came to a norm in the remission stage. The value of the RER indicator in
the group exceeded 1 and amounted to (1.16 + 0.2) conventional units during aggravation and to
(1.04 £ 0.2) conventional units during remission (for healthy individuals it is (0.95 + 0.1)), which
was indicative not of the activation of the anaerobic energy retention processes, but of the
development of hyperventilation at the ultimate physical load.

The parameters of the patient group that characterize the effectiveness of the cardiovascular
system' function at the ultimate physical load were no different from the same parameters of the
group of healthy individuals. Namely: the O, consumption was quite effective which was attested to
by the high values of the oxygen pulse (O./HR) parameter which is the amount of oxygen extracted
from one heart stroke volume: (9.2 + 2.6) mL and (83.2 + 5.7) percentage during aggravation, (9.1
+ 2.6) mL and (82.9 + 5.7) percentage during remission; for the healthy individuals it is (10.2 + 2.6)
mL and (88.6 + 3.6) percentage. The HR/Vkg and HR parameters were no different from those of
the group of healthy individuals.

After a yearlong observation, the obtained results were indicative of the tendency for the
ergospirometric parameters of the cardiorespiratory testing of the patients before a BA aggravation
period to fall. Namely, the values of the parameters characterizing the respiratory system activity
among the patients of the group were as follows: V'O,/kg (7.0 = 1.3) mL/min/kg, V' O./kg/%
(78.6 + 6.7) percentage, V'O, (percentage) (98.1 + 6.12) percentage, V'O,p (88.1 + 5.2) percentage,
VO,max (98.1 + 11.3) percentage, V'O, (V-slope) — (2401.9 + 147.8) mL/kg, V'CO; (V-slope) —
(2455.3 + 122.3) mL/kg, RER — (1.08 + 0.1) percentage, BR — (81.0 + 7.2) percentage.
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There were no significant differences between the values of the parameters characterizing
the effectiveness of the cardiovascular system function in the group of patients and in the group of
healthy individuals: dHR/dO, (78.5 + 6.7)%, HR/VO, (2.2 + 1.1) bps/mL/kg, HR (120.1 + 8.1)
1/min and (92.1 + 6.6)%, VO./HR (9.4 + 2.4) bps/mL/kg and (83.9 + 5.5)%, HR/VKkg (8.0 + 2.1)
bps/s/kg, CAT (155.3 + 6.7) mm Hg, the diastolic arterial blood pressure level —to (78.9 = 4.7) mm
Hg, SpO, — (95.3 + 5.6)%. As a result, the values of the physical stress tolerance and of the level of
performed work remained lowered, although not significantly: W — down to (87.5 + 5.5) percentage
and (2.1 = 0.5) W/kg, (104.8 + 6.3) Bt, dO2/dW (19.1 + 5.6) mL/min/W.

Conclusions

Based on the results of the conducted study it has been established that the level of physical
activity in the BA patients suffering from a mild persisting form of the disease is lowered in
comparison with the healthy individuals — by 10.5% during aggravation and by 2.5% during
remission. The proper level of the performed work could be sustained only while being
accompanied by the tendency toward an irrational operation of the cardiorespiratory system.
Namely: while sustaining maximum load, the respiratory system was losing the capability of the
adequate boosting of the lung ventilation and of assimilating oxygen to a maximum extent possible,
which was compensated by the rise in the respiratory minute volume due to the rising of the
frequency and, respectively, lowering of the depth of inspiration and expiration. In its turn, a
compensatory tendency was observed on the part of the cardiovascular system towards
hyperfunctioning, with the excessive rise of the systolic arterial pressure and the heart beat
frequency, as well as the dropping of the diastolic pressure (to provide for the decrease of the
peripheral blood circulation' volume and for the improvement of the muscle microcirculation).
During testing, at minute 2-3 of the maximum loading, the mechanisms of compensation in the BA
patients quickly drained out: the minute volume of blood would be decreased; the systolic pressure
and the frequency of the heartbeat would drop etc. The fact that the cardiorespiratory system'
functional activity would decrease while undergoing the ultimate physical loading requires the
development of new prevention methods directed at the improvement of the cardiorespiratory
system' functional state and the normalization of everyday activities and the BA patients' quality of
life.
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