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Bronchial asthma (BA) is one of the most common dis-
eases of respiratory apparatus that affects up to 8 % of adults
worldwide [15, 17, 23, 28]. The associated lesions of respira-
tory’ and cardiovascular systems continue to pose quite a
difficult problem in the treatment of this category of patients
[17]. Cardiorespiratory system (CRS) is a dynamic self-regu-
lating structure; the final beneficial result of its activity con-
sists 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, 14]. The main diagnostic criteria of its func-
tional effectiveness are based on the evaluation of the infor-
mative 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 [4].

The problem of the associated lesions of lungs and heart in
the patients suffering from bronchial asthma is quite urgent in
modern pulmonology [5, 9, 13, 18]. Among the clinically
significant aspects of the cardiovascular pathology’ develop-
ment during BA the following pathogenetic interdependences
are singled out: the formation of pulmonary hypertension, the
development of mutual aggravation and the presence of cer-
tain 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 distur-
bances 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 condi-
tioned 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 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, an
eukinetic type of central hemodynamics develops followed by
a hypokinetic one. Nevertheless, it is known that the hypoki-
netic 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 main-
tained 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 [3, 5, 30].

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
[20, 21]. 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
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capability of a person to exert maximum effort during the
dynamic’, static’ or mixed labor [2, 7, 13, 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 dis-
ease) is going on. Quite often, it is impossible to detect the
early functional disturbances in the cardiovascular and respi-
ratory systems with the use of common scanning methods; it
is possible to do only during physical stressing [5, 19, 22].

That is why the main purpose of the work that has been com-
pleted was the assessment and analysis of the 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 was performed based on the Department of the
bronchial obstructive lung diseases of tuberculosis patients of
the «National Institute of Phthisiology and Pulmonology
named after E G. Yanovskyi of the National Academy of
Medical Sciences of Ukraine» State Institution.

Twenty persons entered into the study, that have been suf-
fering 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 requir-
ing 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 fluctua-
tions of the values of the peak expiratory velocity (PEV) or the
FEV, to 20—-30 %). While diagnosing BA, the case history
data, the clinical symptoms, the respiratory function indices,
and the reversibility of the obstruction in the bronchial spas-
molytic 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 [12]. BA
was properly diagnosed in all the patients; the diagnosis was
confirmed both 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
(4.1 = 2.2) 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 volun-
teers that had no severe clinically significant pathology; the
said volunteers whose age varied in the range of (45.0 = 4.2)
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 (FEVI), 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 residu-
al 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. E Clement
et al. have been registered [8, 34].

Table 1
The general description of the studied patients (M = m)
Parameters Healthy BA patients suffering
individuals | from mild persisting
(n =15) form of the disease
(n =20)
1 2 3
Frequency of the BA
aggravations (incidents - 0.4 +0.1
per year)
Duration of illness _ 41520
(years)
Number of patients
that have regularly _ _
received inhaled corti-
costeroids (%)
Men (persons) 9 8
Women (persons) 6 12

As can be seen from the results presented in Table 1, the com-
parison 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») [32, 33, 35].

The following parameters were analyzed:

* pH;

+ carbon dioxide tension (pCO,, mm Hg);

+ actual plasma bicarbonate concentration (HCO?,
mmol/L);
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+ standard plasma bicarbonate concentration (HCO?*,
mmol/L);

« standard base excess (SBE, mmol/L);

+ oxygen tension (pCO,, mm Hg);

* hemoglobin’s (Hb, g/L) saturation with oxygen (sO,, %).

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 mecha-
nism 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) [25, 26].

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 car-
diorespiratory loading test. To perform the dosated physical
loading the EP/2 bicycle ergometer («Erich Jaeger»,
Germany) and the Ergoselect 1000 LP Basic bicycle ergom-
eter 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 regis-
tered and automatically processed with the use of
«Ergopneumotest» OM/05-C 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, oxy-
gen’ and carbon dioxide’ gas analyzers and an electrocardi-
ography 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 sys-
tems. 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) [16, 24, 27, 31, 35, 36].
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 load-
ing, the maximum oxygen consumption, the minute lung
ventilation volumes, and the heart beat frequency were prog-
nosticated with the use of extrapolation method, with the
age, gender and the anthropometric parameters of the sub-
jects taken into account. The physical working capacity was
evaluated in accordance with the RA — 150 —IB3 — BP 2 —
EC 1 protocol. The work continued until refusal or was dis-
continued upon the emergence of subjective or objective
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symptoms that would limit the further load build-up, name-
ly: 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 motiva-
tion towards the application of ultimate load were consid-
ered 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 glucocorti-
coid), which constituted the initial examination; the second-
ary examination was performed during a remission phase (3
and 12 months after the last BA aggravation).

The statistical processing of the obtained data was per-
formed with the use of licensed Microsoft Office Professional
2000 software applications; the IBM Celeron PC was used,
and the Microsoft Excel application [1, 10]. 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 disecase 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 capac-
ity, the forced lung vital capacity, the forced expiratory vol-
ume 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 dis-
turbances in the patients with a mild form of bronchial asth-
ma were insignificant; no hyperinflation has been detected.

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 remis-
sion stages: (125.9 + 94.2) percentage and (94.6 + 8.7) per-
centage 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 remis-
sion periods. Namely, the value of the DLCO parameter
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The indices of lung volumes, capacities, bronchial patency in the BA patients suffering from a mild persisting.]rable 2
form of the disease, in the aggravation and remission stages (M = m)
Indices BA patients with a mild persisting form BA patients with a mild persisting
of the disease, aggravation phase (n = 20) | form of the disease, remission phase (n = 20)
1 2 3

R tot (%) 125.9 + 94.2 122.8 + 94.2

IC (%) 110.8 + 5.4 1123+ 5.4

VC MAX (%) 101.2+5.9 102.2 + 5.9

ERV (%) 104.3 + 85 109.3 + 8.5

RV (%) 94.6 + 8.7 99.5 + 8.7

ITGV (%) 95.6 +7.2 934 +7.2

TLC (%) 100.6 + 9.2 99.6 + 9.2

FEV1 (%) 68.7 + 6.5 88.8 + 6.5*

FVC (%) 89.2x24 100.1 + 2.4*

FVC (abs) 28+23 32+23"

FEV6 (L) 278+23 3.18£2.3"

FEV1/VC MAX (%) 87.5+4.9 89.6 + 4.9

FEV1/FEV6 (%) 735+6.9 75.2+6.9

MEF75 (%) 61.3+8.0 78.6 + 8.0

MEF50 (%) 52.6 +9.9 63.1 £ 9.9

MEF25 (%) 32,6 +12.0 39.5 + 12.0*

PEF (%) 72.3 £ 14.6 89.2 + 14.6*

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

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 indica-
tor — 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 dis-
ease, in the aggravation’ and remission phases (M = m)

Indices BA patients with a BA patients with
mild persisting form | a mild persisting form
of the disease, aggra- | of the disease, remis-
vation phase (n = 20) sion phase (n = 20)

DLCO 78.4 +5.1 88.4 +5.1

KCO 822+7.0 86.2+7.0

VA 944 +5.7 102.4 + 5.7

VIN 1102 £ 6.7 1123+ 6.7

FRC 95.3+5.4 105.3 +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 % dur-
ing 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 chro-
notropic 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 manifesta-
tion of the cardiorespiratory endurance — (V’O,/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'O, —t0(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) %.
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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
Iung ventilation. The detected changes constitute the mani-
festation of the impossibility of an adequate increase in the
Iung ventilation level, which is characteristic of the respira-
tory failure.

The values of the parameters characterizing the effective-
ness 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) %, VO,/HR (9.1 £
2.6) bps/mL/kg and (82.9 = 5.7) %, HR/Vkg 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 dif-
ference 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 aggrava-
tion phase. The detailed information is given in Table 4.

No statistically significant difference in comparison with
the group of healthy individuals and between the phases of
aggravation and remission was observed.

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) percent-
age, healthy individuals — (88.1 + 6.2) percentage). An effi-
ciency 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 emis-
sion (V’CO,) at the maximum load was somewhat increased in
the patients group; since simultaneously with the carbon diox-
ide’ evacuation from the blood the approximately equal num-
ber 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 deter-
mined that all the patients in the group have achieved the
anaerobic threshold during testing. There were no test inter-
ruptions due to adverse events. The values of the parameters of
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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 indica-
tor 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 develop-
ment of hyperventilation at the ultimate physical load.

The parameters of the patient group that characterize the
effectiveness of the cardiovascular system’ function at the ulti-
mate physical load were no different from the same parameters
of the group of healthy individuals. Namely: the O, consump-
tion 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 parame-
ters 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, (per-
centage) (98.1 + 6.12) percentage, V'O,p (88.1 + 5.2) per-
centage, 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.

There were no significant differences between the values of
the parameters characterizing the effectiveness of the cardio-
vascular 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/Vkg (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, dO,/dW (19.1 £ 5.6) mL/min/W.

Conclusions

Based on the results of the conducted study it has been estab-
lished that the level of physical activity in the BA patients suffer-
ing 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 accom-
panied by the tendency toward an irrational operation of the
cardiorespiratory system. Namely: while sustaining maximum
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Table 4

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, remission

BA patients, remission

(n =15) aggravation phase phase, 3rd month of phase, 12th month of
(n =20) observations (n = 20) observations (n = 20)
1 2 3 4 5

Z“{ﬁ;'?gs?f(::ii)srd phase 13.05 + 3.1 78+18 109+ 1.8 105+ 1.9
V’O,/kg (mL/min/kg) 7.9+1.1 6.2+12 71£12 7.0+1.3
V'0,/kg (%) 89.2+5.1 789 +6.6 79.3 +6.6 78.6 +6.7
V'O, (%) 102.8 £ 5.6 87.9 £ 6.1 98.3 £ 6.1 98.1 £ 6.12
V'O,p (%) 98.5 +8.2 87.9+52 88.3+5.2 88.1 +5.2
V’O,max (%) 99.3 +10.3 97.6 + 11.3 98.6 + 11.3 98.1 +11.3
V'O, (mL/kg) 2498.3 + 135.3 2376.8 + 145.8 2409.9 + 145.8 24019 +147.8
V’CO, (mL/kg) 2106.2 + 125.3 2456.2 + 122.6 2458.3 + 122.6 2455.3 + 122.3
RER (B. 0.) 0.95 + 0.1 116 +£0.2 1.04 £0.2 1.08 + 0.1
BR (%) 88.1 +6.2 75.3+7.4 81.3+72 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 0.49 +0.2
BF (1/min) 46.5+5.6 53.4 + 6.1 47.2 + 6.1 49.2 + 6.1
BF (%) 88.6 + 6.1 80.3 +6.0 81.5 +6.1 81.5+6.2
VDe/NVT (%) 11.1+25 9.85+25 109 +2.5 112+2.6
VDc/VT (%) 19.3+1.2 179+27 18.4+£27 17827
V’E (L/min) 71+15 7.0+1.9 72+19 75+2.0
V’E (%) 58.3+2.1 57.2+57 57.6 +5.7 56.9 +5.5
V'ENCO, (%) 236+22 241+26 23.8+2.6 249+25
V’ENO, (%) 239+1.4 245+25 23925 248 +25
AT (%) 49.65 + 4.3 49.1 £ 11.3 49.3+11.3 52.1 £11.5
SVc (mL) 84+15 7627 79x27 79+28
FECO, (%) 4.01+1.6 3.89 1.1 3.95 + 1.1 4.01+1.2
FETCO, (%) 523+1.2 50+1.9 5.01+1.9 59+19
FETO, (%) 16.21 + 4.4 15.74 + 4.2 15.92 + 4.2 15.44 + 41
FEO, (%) 15.25 + 5.3 15.84 + 6.1 15.95 + 6.1 15.99 + 6.2
FECO, (%) 26+09 21+1.2 24+1.2 22+1.1
PETCO, (kPa) 592+ 1.1 5.0+23 5.02+2.3 58+22
PETO, (kPa) 14.82 + 3.2 13.01 £ 4.1 13.25 + 4.1 12.99 + 3.8
DI (B.0.) 0.69 £ 0.2 0.51 £0.2 0.56 + 0.2 0.59 + 0.1
W (%) 95.4 + 3.1 85.9+53 89.6 +5.3 875+55
W (W/kg) 28+1.1 1.8+0.6 2.6 +0.6 21+£05
W(Bt) 116.0 + 6.1 102.8 + 6.2 1109 £ 6.2 104.8 + 6.3
dO,/dW (mL/min/W) 11.51 1.2 18.6 +5.5 122 +5.5 19.1+5.6
dHR/dO, (spec./min/mL) 78.6 £ 4.5 78.6 £ 6.4 77.5 6.5 785+5.2
HR/Vkg (1/mL/kg) 89+15 8.1+22 82+22 8.0+2.1
HR/VO, (bps/ mL/kg) 27+16 21+1.1 29+10 22+1.1
HR (L/min) 1125+ 8.6 118.1 + 8.1 118.8 + 8.1 120.1 £ 8.1
HR (%) 94.5 + 8.9 90.1 +6.8 90.2 + 6.8 92.1 + 6.6
VO_/HR (mL) 10825 9.1+26 92+26 94+24
VO,/HR (%) 89.5 + 3.1 829+57 83.2+57 83.9+55
Sp0, (%) 98922 943 +55 949 +55 95.3+5.6
CAT (mm Hg) 155.3 + 6.2 156.3 + 6.9 157.2 + 6.9 155.3 + 6.7
OAT (mm Hg) 80.3+5.6 77.9£4.9 78.8 £+ 4.9 789 +47
EqCO, (%) 243+23 23.6 £4.0 248 £4.0 246 +4.1
EqO, (%) 252+1.2 25.0+5.9 255+ 5.9 25.0+5.9
MET (kcal/kg) 6.6 +1.5 55+23 59+23 54+23
(F\*,\\’,\/’kg)e'a“"e workload) 1204 1.0+ 0.1 11 %04 14 £0.4
PMA (patient maximally 89.3 + 6.2 88.3 + 6.1 88.3 + 6.1 88.7 + 6.1

achieved) (%)
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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 inspira-
tion 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 periph-
eral 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 pre-
vention methods directed at the improvement of the cardiore-
spiratory system’ functional state and the normalization of
everyday activities and the BA patients’ quality of life.
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®U3NHECKAA AKTUBHOCTb
Y BOJIbHbIX C BPOHXUAJIbHON ACTMOU
JIEFKOro NnEPCUCTUPYIOWEIO TEHEHUA

10. H. ®ewenro, H. A. [pumywio, J1. M. Kypux,
B. B. Kyy, A. U. Adamuyk, U. Il. Typuuna,
A. A. Kanapckuii, E. U. Kpunau

Pe3siome

Henb uccnenoBanusi. Ananruz gusuueckoi aKmuHOCmU, OUEHKA PaH-
HUX nposigaeHull OucyHkyuu KapouopecnupamopHoi cucmemsl npu
MAaKCUMAanbHoll Qusuueckoll Hazpyske y 001bHbIX OPOHXUANbHOU ACMMOil
(BbA) neekoeo nepcucmupyrueco meueHus.

Marepuanst u Meroabl. B uccaedosarue 6ouino 20 60abHbIX ¢ N€2KUM
nepcucmupylouum mevenuem 3abonesanus. Y ecex 60avHvix ouaenoz bA
OblA YCMAaH08AeH NPABUAbHO, NOOMBEPICOeH KAUHUMECKU U PYHKUUOHANb-
Ho. B kauecmee konmpoas 0bi10 8blOpano u obcredosano 15 300posvix
000p060abYeEs, He UMEBUIUX KAUHUMEeCKU 3HAYUMOL NAMoao2Ul, 8 803pac-
me 6 cpednem (45,0 £ 4,2) eoda. Hccaedosanus 6eHMUASYUOHHOU DYHK-
Yuu ne2Kux npoeooUa0Ch 8cem 00AbHbIM NO OAHHbIM CRUPODAMMbL AHANU-
3y Kpueoi <«nomox—o0sem» @opcuposannozo 6vidoxa u obujeil
naemusmoepaguu meaa Ha annapame «Master Scope» u «MasterScreen
BodyDiffs dupmer «Erich Jaeger»> (lepmanus). I[lokazameau eazooeo
coCmasa u Kucaomuo-ochogro2o cocmosuus (KOC) kanuanaproii Kkposu
OUEHUBANU ~ MUKPOMEMOOOM ¢ HoMmouwjbro  anaauzamopa ABLS
«Radiometer». Jlugpgyzuonnyo cnocobnocme neekux uccaedosanu
€ UChONB308aHUEM MOOYAS 045 U3YUeHUs OUPDYIUOHHOU PYHKYUU NeeKUX
cnupomempuueckolii cucmemvl «VIASYS Healthcare GmbH». Onpedenenue
mMoAepaHmHocmu K (Qu3u4ecKoi Hazpyske, YPOGHs 6bINOAHEHHOU MAKCU-
ManbHOU Ha2pY3KU, u3u4eckoil akmugHOCmu NPOBOOUAOCH C NPUMEHEHU -
eM  3pe0CnUpoOMempu4eckKozo KapouopecnupamopHo20 Ha2py304HO20
mecma. Jlns binoaHeHus 003UpOBAHHOL U3UHECKOL HAPY3KU UCHONb30-
sancs eenoapeomemp EP/2 («Erich Jaeger», lepmanus) u Ergoselect 1000
LP Basic ¢ asmomamuyeckum paccesHuem MOWHOCMU He3ABUCUMO OM
ckopocmu nedaauposanus. Cmamucmuyeckas o06pabomka NOAYYEHHbIX
OGHHBIX BbINOAHANACH C NOMOUSLIO NUYEHIUOHHBIX NPOSPAMMHBIX NPOOYK-
moe, exodawux 6 npocpammuwiii nakem Microsoft Office Professional
2000, na nepconanvrom komnsromepe UBM Celeron ¢ Excel.

Pesynbratsl. B pesyasmame npogedennozo uccaedoganus ycmanosne-
HO, umo y 6oavHbix BA neekoeo nepcucmupyroujeco meuenus gusuueckas
AKMUBHOCMb CHUNCEHA NO CPABHEHUID CO 300pogbimu auyamu Ha 10,5 %
npu obocmpenuu u na 2,5 % — 6 nepuod pemuccuu. Cobaiodenue Hao-
Aexcaujeeo yposHs GbINOAHEHHOU pabomsl npoucxoouso ¢ meHoeHyueil
K HepayuoHanbHoMy (DYHKUUOHUPOBAHUIO KAPOUOPECRUPAMOPHOIL
cucmembl. A UMEHHO: NPU 8bINOAHEHUU MAKCUMAABHO20 Ycuaus ObiXa-
meAbHas cUCMeMa mepsaa cnocoOHOCMb A0eK8AMHO NOGbIUAMY 1e20H -
HYIH 6eHMUAAUUIO U MAKCUMAALHO YCEAUBAMb KUCAOPOD, MO KOMNEH-
CUpoB8anoChy ygeauveHuem MUHYMHO20 o00sema ObIXAHUA 3a cyem
YBeauueHus 4acmomyl U COOMEemCcmeeHHO YMeHblUleHUe 2AYOUHbl 800Xa
u ev1doxa. B ceoro ouepeds, co cmopoHsi cepdeuro-cocyoucmoii cucmemol
Habawdanacs KOMHEHCAMOpHas MeHOeHyus K eunep@yHKuuu ¢ upe3-
MEPHbBIM POCHIOM CUCIOAUYECK020 APMEPUANbHO20 0A6AEHUs, YACMOMbl
cepdeunbiX CcoKkpaujenuil, nadeHuem OuUACMOAUYECK020 O0agAeHUs
(0451 ymeHbuwienus nepugepuueckoe0 KpogooopaujeHus U YAyHueHus
Mukpoyupkyssyuu 6 moiuyax). Ilpu npoeedenuu mecma, na 2—3-ii
MUHYMe MAKCUMAAbHOU Ha2py3Kku, y 60abHbiX BA mexanusmol Komnen-
cayuu Obicmpo UCMOWANUCH: YMEHbUAACS MUHYMHbLIL 006eM Kposu,
nadano cucmoauueckoe dagaenue U 4acmoma cepoeuHvix COKpaujeHul u
m.d. Bce éviuieykazanHble USMEHEHUS CO CHUNCCHUEM (DYHKUUOHANbHOLL
aKkmueHocmu KapouopecnupamopHoil cucmemsl npu bINOAHEHUU MAK-
CUMANbHOU u3uvecKol Hazpy3Kku mpedyom paspabomKu HO8biX Memo-
006 npourakmuku 041 CHUNCEHUs NPOPeccUposanus yxyouleHus ee
@yHKYUOHUPOgaHus U npedynpexcoenus yXyouleHus nogceoHegHol
aKmueHocmu U kaiecmea jicu3nu 'y 60avHoix bA.

KioueBbie CI0Ba: OpOHXUAAbHAS ACMMA Yy 83DOCAbIX, (u3uveckas
akmugHocmy, Kavecmeo xcusnu y 6oavhvix BA, kapouopecnupamophas
cucmema.
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®ISUYHA AKTUBHICTb
Y XBOPUX HA BPOHXIAJIbHY ACTMY
JIEFKOIro NEPCUCTYIOHOIO NEPEBII'Y

10. I. ®ewenko, H. A. Ipumywxo, JI. M. Kypux,
B. B. Kyu, A. I. Adamuyx, 1. I1. Typuuna,
A. A. Kanapeokuii, O. 1. Kpunau

Pe3iome

Meta pocnimkenHs. Axnaniz Qizuunoi akmueHocmi, OUiHKA PaHHIX
nposesie oucyukuii kapoiopecnipamopHoi cucmemu npu MaKcumanibHo-
My Qi3uMHOMY HagaHmaxjicenHi y xeopux Ha OpouxianrvHy acmmy (BA)
N1e2K020 nepcucmyiou02o nepebicy 3axe0pioganHs.

Marepiaau Ta MmeTomu. B docaidncenns ysiiuino 20 xéopux 3 seekum
nepcucmyruum nepebicom 3axeoproeants. Y ecix xeopux diaeno3 bA 6ye
8CMAHOBACHUL NPABUNLHO, NIOMEepONCeHUTl KAIHIYHO | YYHKYIOHANbHO.
B sxocmi konmponio 6ya0 obparno i obcmedxnceno 15 300posux dobpo-
801bUi6, K He MAAU KAIHIMHO 3HAYUMOI namoaoeii, 6iIKOM  cepeOHboMY
(45,0 = 4,2) poky. Jocaiowcenus eeHMuAsAyiiinoi QyHkuyii recens npo-
800UA0CA 8CIM X80pUM 3G OAHUMU CRIPOPAMU AHANIZY KPUBOI «<NOMIK—
00°em» ghopcosaroeo euduxy i 3aeanvhoi naemusmoepapii mira Ha ana-
pami «Master Scope» i «MasterScreen BodyDiff> gipmu «Erich Jaeger»
(Himewuuna). IlokasHuku 2a308020 ckaady i KUCAOMHO-OCHOBHO20
cmany (KOC) kaninsapHoi kpogi ouinoanu mikpomemooom 3a 00noMo-
20i0 ananizamopa ABLS «Radiometer». Jlugysiiny 30amuicmo neeetsv
docaidacyeanu 3 UKOPUCMAHHAM MO00YAA 041 6ugueHHs Ougy3iliHoi
yukyii necens cnipomempuynoi cucmemu «VIASYS Healthcare GmbH».
Busnauenns moasepanmuocmi 0o izuunoeo Haganmaicents, PigHs Max -
CUMANbHO20 HABAHMANCEHHS, (Di3UMHOI akmueHocmi npoeoounocs i3
3ACMOCYBAHHAM ePeOCHIPOMemPU4H020 KapoiopecnipamopHoeo HABAH-
mascysanvioeo mecmy. /i 6uUKoHanHa 00306aH020 Pi3uuH020 HAGAH-
maceHHs eukopucmosysaecs eenoepeomemp EP/2 («Erich Jaege»,
Himeyyuna) i Ergoselect 1000 LP Basic 3 agmomamuunum po3citoéamn-
HAM  HOMYXCHOCMI He3anedcHo 6i0 weudkocmi nedanlo8amHs.
Cmamucmuyna 06poOKa ompumanux 0aHux 6UKOHY8aAacs 3a 0ONOMO-
2010 NiYeH3IHUX NPOSPAMHUX NPOOYKMIB, U0 8X00AMb 6 NPOPAMHULL
nakem Microsoft Office Professional 2000, na nepconarvHomy
xomn’romepi IBM Celeron ¢ Excel.

PesynbraTu. B pezyasmami npogedenoeo docaioncents 6cmanoénero,
wo y xeopux BA neekoeo nepcucmyiowoeo nepebiey gizuuna akmueHicms
3HUdCEHA NOPIGHAHO 3i 300posumu ocobamu Ha 10,5 % — npu 3aeo-
cmpenni ma na 2,5 % — 6 nepiod pemicii. Jompumanhs HanencHo2o
pieHs eukonaroi pobomu 8i0bysanocs 3 meHO0eHyico 00 HepayioHarbHo-
20 QyHKyionyeanus Kapodiopecnipamophoi cucmemu. A came: npu euKo-
HAaHHI MAKCUMAAbHOR0 3YCUAdid OUXAAbHA cucmemd empaxaid 30am-
Hicmb adekeamHo nidguuyyeamu neeeHedy 8eHMUNAUII0 | MAKCUMANLHO
3aceo6amu KuceHb, W0 KOMNEHCY8AA0Cs 30iNbUWEHHAM XGUAUHHO2O0
00°eMy OuxXaHHs 3a paxyHoK 30inbuleHHs yacmomu i, 6i0n06ioHO, 3MeH-
wenHs enubunu 80uxy i euduxy. B ceoro uepey, 3 60Ky cepueso-cyounHor
cucmemu cnocmepieanacs KOMneHcamopHa menoeHyis 00 2inep@yHkyii
3 HAOMIPHUM 3POCMAHHAM CUCMOAIYHO20 APMePianbHO20 MUCKY, YACHO-
mu cepyesux CKopo4eHv, NAOIHHAM Oiacmoniunoeo mucky (041 3mMeH-
weHHs nepughepuuHoeo Kpogoobicy i noainuleHHs MIKpOUUpKyAayii y
m’azax). Ilpu nposedenni mecmy, na 2—3-i XGUAUHI MAKCUMANbHO20
Haganmajicents, y xeopux bBA mexanizmu komnencayii weudko eucna-
ACYBANUCA: 3MEHULYBABCA XBUAUHHUL 00°'€EM KPogi, hadas cucmonivHui
MUCK [ yacmoma cepuyesux ckopoyers moujo. Bci euweexaszani sminu 3i
BHUNCEHHAM QYHKUIOHANbHOI akmueHocmi Kapodiopecnipamophoi cucme-
MU NPU BUKOHAHHI MAKCUMAAbHOI (Di3UYHOT HABAHMANCEHHS BUMALAIOMY
PO3POOKU HOBUX MemO00ié NPOPINaKMUKU 0N 3HUNCCHHS NPOPECYBAHHS
noeipuenHs ii YyHKUioHy8anHa ma nonepeolcerts No2ipuleHHs nocsK-
denHoi akmuseHocmi ma akocmi yeumms y xeopux bA.

Kio4oBi cioBa: 6ponxiassha acmma y 0opociux, QizuvHa axmue-
Hicmb, skicmb weumms y xeopux bA, kapdiopecnipamopna cucmema.
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