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INTRODUCTION
Chronic obstructive pulmonary disease (COPD) often coexists 
with other diseases that may develop as a result of or inde-
pendently of COPD [1]. Thus, the association of COPD and 
cardiovascular pathology is primarily related to the presence 
of common risk factors such as smoking, age, hypodynamics, 
adverse environmental conditions, concomitant hypertension 
and diabetes, dyslipidemia, obesity, and similar pathogenetic 
mechanisms, such as systemic inflammation [2].

Medical rehabilitation of patients with COPD is one of the 
urgent problems of modern health care, and the presence of 
cardiovascular effects as a systemic manifestation of COPD 
involves the search for rehabilitation programs that take into 
account hemodynamics and external respiration and reflect 
the backup capabilities of the cardiorespiratory system [3] and 
increase the body’s resilience to such “complex” patients.

An effective way to increase the body’s resistance to dam-
aging effects is the use of “conditioning” (from the English. 
Conditioning-stipulation), aimed at mobilizing endogenous 
defense mechanisms [4-6]. Preconditioning is a term that arose 
to describe the phenomenon of metabolic adaptation of an 
organism or its individual organs (myocardium, brain, etc.) to 
hypoxia and / or ischemia [5].

As a result of repeated short-term episodes of ischemia, 
conditions are created that allow the myocardium to adapt and 

better tolerate episodes of longer ischemia due to endogenous 
self-organizing cardioprotection, which is called ischemic 
preconditioning [7-9].

The cell survival program initiated by ischemic precondi-
tioning is triggered by short episodes of non-lethal ischemia 
and is realized in most tissues and organs of different species of 
animals, as well as in humans [10]. The presence and severity 
of the phenomenon of ischemic preconditioning may depend 
on various factors - sex, age, the presence of certain diseases, 
changes in the structure and function of the myocardium, 
taking certain drugs [9, 11-13].

The mechanisms of formation of the protective effect of 
ischemic preconditioning are very similar to the processes that 
occur during the formation of adaptation to hypoxia (hypoxic 
preconditioning), they are associated with changes in intracel-
lular metabolism with oxygen deficiency, but are accompanied 
by more powerful activation of the systems responsible for 
adaptation [14, 15].

An integral feature of preconditioned tissues is the ability 
of mitochondria to effectively restore their ATP-synthesizing 
function after prolonged ischemia, as well as a significant 
decrease in the production of reactive oxygen species during 
reoxygenation compared to non-conditioned mitochondria [6, 
16, 17]. A special role is played by uncoupling proteins (UCPs), 
which are localized in the inner membrane of mitochondria and 
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regulate the functioning of the electron transport chain [18]. It 
has been shown that these proteins may be one of the end effects 
of cell survival and ischemia adaptation. Moderate separation 
of oxidative phosphorylation mediated by UCP can reduce the 
production of reactive oxygen species by the respiratory chain, 
provide a quick restoration of the energy function of mitochon-
dria in the early postischemic period and significantly increase 
the percentage of surviving cardiomyocytes and, accordingly, 
contribute to the rapid restoration of myocardial functions.

Ischemia also induces a hypoxia-inducible factor (HIF), 
which activates a wide range of responses aimed at protecting 
cells from hypoxic damage or promoting reoxygenation of 
affected tissue [19, 20]. Activators of HIF-1α and genes, the 
expression of which increases upon stabilization of HIF-1α, 
trigger adaptation reactions to hypoxia. HIF-1α is defined as a 
critical regulator of the response to ischemic damage in patients 
with microcirculatory disorders [21].

Based on the described mechanisms of ischemic precon-
ditioning, it becomes obvious that there is the need to search 
for tools and methods that can simulate signal cascades of 
preconditioning. The experiment proved the “training” effect of 
periodic hypoxia, which adapts the animal’s body to conditions 
of oxygen deficiency.

Under conditions of intermittent hypoxia, the damaging 
factor does not act continuously, there is an alternation of 
normoxia with lack of oxygen, this is a kind of “ischemia / 
reperfusion” [22].

An important role in the mechanism of this adaptation is 
played by reactions at the level of the body (hyperventilation, 
activation of the heart, increased erythropoiesis, etc.), and a 
modification of cellular metabolism (activation of glycolysis, 
increased ability to utilize oxygen at its low content, increased 
power of the antioxidant cellular defense system and others) 
[15]. As a result, hypoxic training leads to better tolerance of 
oxygen deficiency by the cells [23], i.e. adaptation occurs, as a 
result of which myocardial metabolism changes, adapting to a 
reduced supply of oxygen.

From a clinical point of view, the development of new rehabil-
itation programs based on the use of the phenomenon of isch-
emic preconditioning is a promising direction in the treatment 
of patients with the presence of myocardial damage with COPD. 
Since there are currently few studies on the development of 
non-drug rehabilitation techniques using the preconditioning 
effect in such patients, the question of the practical use of the 
preconditioning phenomenon requires further clinical study.

THE AIM
Based on this, the aim of the study was to determine the 
cardioprotective effect of the use of interval normobaric 
hypoxia in rehabilitation and prevention programs for 
patients with COPD by launching the phenomenon of 
myocardial preconditioning.

MATERIALS AND METHODS
The study included 123 patients diagnosed with COPD at 
least 6 months before the study, in whom the disease was in 

remission. Participation in the study was voluntary, all subjects 
received detailed information about the study and signed an 
informed consent.

The diagnosis of COPD was established in accordance with 
the recommendations of GOLD and the order of the Ministry 
of Health of Ukraine № 555 from 27.06.2013 [1, 24, 25].

Among the examined patients there were 58 men (47.15%) 
and 65 women (52.85%). The middle age was 43.7±14.8 years. 
The duration of the disease averaged 13.63±2.06 years. Char-
acteristics of patients by age are presented in table I.

The diagnosis of mild COPD (GOLD 1) was established in 
41 (33.33%) patients, moderate (GOLD 2) - in 54 (43.90%) 
patients, severe (GOLD 3) - in 28 (22.77 %) persons. In 37 
(30.08%) patients with COPD signs were found of pulmonary 
insufficiency (LN) of I degree, in 32 (26.02%) patients - signs 
of LN of II degree, and in 7 (5.69%) - signs of LN III degree.

The patients examined by us were divided into 2 groups, 
representative by age, sex, clinical course of COPD (table II).

All patients received basic drug therapy according to 
the order for 3 or more months before inclusion in the 
study. Patients in the main group (93 people) additionally 
received sessions of interval normobaric hypoxia. For 30 
minutes, patients breathed a gas hypoxic mixture consist-
ing of 10% oxygen and 90% nitrogen, corresponding to 
an altitude of 5,000 meters above sea level. Each session 
consisted of six cycles of breathing a hypoxic gas mixture 
with intervals during which the patient breathed atmo-
spheric air. Modeling of “mountain air” was carried out 
with the help of the device-hypoxicator “Borey-2” (the 
device of the Borey type, manufactured by the scientific 
medical-engineering center NORT NAS of Ukraine, Kyiv). 
The hypoxicator allows dosing both the level of hypoxia 
and the training mode that provides the greatest efficiency 
and safety [26]. The course of treatment was 20 sessions. 
Repeated course of hypoxytherapy was performed after 6 
months. During the study period, 2 courses of hypoxyther-
apy were performed.

All patients underwent echocardiographic examination on 
the device “Sim-5000” (made in Japan) in M-mode and B-mode 
at the beginning of the study and after 1 year of observation. This 
evaluated the structural and functional parameters of the heart: 
the thickness of the anterior wall of the right ventricle (RV), 
end-diastolic size (E-DS) of the right ventricle, end-diastolic size 
of the left ventricle (LV), end-systolic size of the left ventricle, 
the thickness of the interventricular septum (T IVS) and the 
posterior wall (PW) of the left ventricle in diastole calculated 
indicators of intracardiac hemodynamics by conventional 
methods: end-diastolic (E-D), end-systolic (E-S) and stroke 
volume (SV), LV, minute volume (MV), expulsion fraction (EF), 
anterior-posterior contraction fraction the size of the left ven-
tricle during systole (CF). Assessment of LV diastolic function 
was performed on the basis of determining the dependence of 
the movement of the anterior mitral valve on the speed of mitral 
blood flow. The dynamics of the pressure gradient between the 
right ventricle and the pulmonary artery were studied.

The data obtained were processed by methods of varia-
tion statistics using the computer program “Statistica 6.0 
for Windows” [27].
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main and 2.55±0.05 cm in patients of the control groups. 
Along with this, there was hypertrophy of the anterior wall 
of the RV – its thickness at the end of diastole was 0.57±0.02 
cm. Similar changes were observed in the structural state of 
the left ventricle (LV). E-DV and E-SV of the left ventricle 
(LV) were 128.6±1.40 ml and 55.3±0.99 ml, respectively, 
in patients of the main group and 129.0±2.10 ml and 
54.1±1.97 ml in patients of the control group.

Changes in the functional state of the left ventricle co-
incided with structural adjustment. In both groups of the 
study, the expulsion fraction (EF) was reduced and was 
57.2±0.43% in the main and 58.3±0.98% in the control 
groups. There was no significant difference in the perfor-
mance of both groups before treatment (p> 0.05) (table III).

The presence of diastolic myocardial dysfunction (DMD) in 
patients with COPD before treatment was observed in 36.6% of 

Table I. Distribution of patients by age

Age
Number of respondents

Absolute % ratio

Up to 35 years 31 25.2

36-45 31 25.2

46-55 31 25.2

56 and older 30 24.4

Total 123 100

Table II. Distribution of patients by severity of the clinical course of COPD
Observation groups n GOLD 1 GOLD 2 GOLD 3

Basic 93 30 (32,3%) 40 (43,0%) 23 (24,7%)

Control 30 11 (36,7%) 14 (46,6%) 5 (16,6%)

Total 123 41 (33,3%) 54 (43,9%) 28 (22,8%)

Table III. Structural and functional indicators of the heart of patients with COPD before treatment (М ± m)

Indicators Main group
n=93

Control group
n=30

E-DS of the right ventricle, cm 2,50±0,04 2,55±0,05

The thickness of the anterior wall of the right ventricle, cm 0,57±0,02 0,56 ± 0,03

E-DVof the left ventricle, ml 128,6 ± 1,40 129,0 ± 2,10

E-SV of the left ventricle, ml 55,3 ± 0,99 54,1 ± 1,97

EF, % 57,2 ± 0,43 58,3 ± 0,98

CF, % 30,4 ± 0,27 31,2 ± 0,65

SV of the LV, ml 73,3 ± 0,62 74,9 ± 0,88

Heart rate, beats / min 72,1 ± 0,59 73,2 ± 1,70

End-diastolic pressure between the right ventricle and the 
pulmonary artery, mm. Hg. 3,57 ± 0,08 3,56 ± 0,11

Note. A significant difference in the indicators before treatment compared with the control group was not found (p>0.05).

Table IV. Structural and functional parameters of the heart of patients with COPD after treatment (M±m)

Indicators Main group
n=93

Control group
n=30

E-DS of the right ventricle, cm 2,34 ± 0,04** 2,57 ± 0,06*

The thickness of the anterior wall of the right ventricle, cm 0,49 ± 0,02** 0,56 ± 0,03*

E-DVof the left ventricle, ml 123,3 ± 1,30* 129,4 ± 2,20*

E-SV of the left ventricle, ml 44,4 ± 0,99** 54,6 ± 1,93*

EF, % 64,3 ± 0,52** 57,9 ± 0,98*

CF, % 35,3 ± 0,37** 30,9 ± 0,62*

SV of the LV, ml 79,0 ± 0,70** 74,8 ± 1,15*

Heart rate, beats / min 67,3 ± 0,56** 74,5 ± 1,57*

End-diastolic pressure between the right ventricle and the pulmonary artery,
mm. Hg. 2,52 ± 0,07 3,60 ± 0,11

Note. 1) The sign * indicates a probable difference in the indicators (p<0.05) in comparison with the indicators of the control group;
2) The sign ** indicates a probable difference in indicators (p<0.05) in comparison with patients before treatment.

RESULTS
For patients of both groups before treatment deterioration 
of contractile ability of a myocardium of a right and left 
ventricles was defined. Thus, there was an increase in the 
E-DS of the RV, which was 2.50±0.04 cm in patients of the 
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the main and 33.3% of the control groups. In patients of both 
groups, the end-diastolic pressure between the RV and the pul-
monary artery did not exceed the norm and was, respectively, 
3.57±0.08 mm. Hg. and 3.56±0.11 mm. Hg.

Analyzing the set of obtained indicators of the structural and 
functional state of the myocardium, it can be noted that before 
treatment in patients of both groups there were changes due 
mainly to hypoxic and inflammatory effects on the myocardium 
and to a lesser extent to increased pulmonary artery pressure.

After a course of complex treatment with the inclusion of the 
method of normobaric hypoxytherapy (twice a year), there was 
a positive dynamics of structural and functional status of the 
heart. Thus, the thickness of the anterior wall of the RV decreased 
by 16.33% in patients of the main group, while in the control 
remained unchanged. Indices of E-DS of the RV decreased by 
6.84% and the right atrium from 4.7±0.05 cm to 4.55±0.05 cm, 
respectively. The decrease in the degree of hypertrophy and the 
size of the RV occurred simultaneously with the decrease in the 
level of end-diastolic pressure between the RV and the pulmonary 
artery by 41.67%. No dynamic pressure changes were observed 
in the control group. Along with structural changes in the right 
heart, similar changes occurred in the left ventricle. In patients of 
the main group under the influence of complex treatment there 
was a decrease in E-DV and E-SV of the left ventricle by 4.29% 
and 24.44%, respectively. These structural changes led to an in-
crease SV of LV by 7.78%. There were no statistically significant 
changes in LV in patients of the control group. Comparative data 
of patients of both groups are shown in table IV.

During adaptation to normobaric hypoxia, an adaptive re-
sponse of the cardiovascular system was observed, while the 
minute volume (MV) remained unchanged (5.29±0.07 l / min 
before treatment and 5.33±0.07 l / min after) at increase in stroke 
volume (SV). Myocardial contractility increased, as evidenced by 
an increase in EF by 12.41% and CF by 16.12% and the elimina-
tion of manifestations of diastolic myocardial dysfunction from 
36.6% to 11.8% in patients of the main group (from 33.3% to 
26.7% - in the control).

The dependence of dynamics of the indicators of the structural 
and functional state of the heart in the examined patients with 
varying severity of COPD on the chosen treatment regimen 
deserves attention. Under the influence of complex treatment, 
an improvement in the functional state of the left ventricle was 
observed depending on the severity of COPD. Thus, in patients 
with GOLD 1 before treatment, changes in E-DV and E-SV did 
not go beyond the physiological corridor. After comprehensive 

treatment, E-DV decreased by 3.9%, in the absence of E-SV 
changes. At GOLD 2 E-DV and E-SV, which before treatment did 
not differ from the control group, under the influence of treatment 
significantly decreased by 6.46% and 27.27%, respectively. In 
patients with GOLD 3, E-DV and E-SV decreased by 2.5% and 
6.75%, respectively. Changes in E-DV and E-SV in patients of the 
control group were not statistically significant (table V). Analyzing 
the data obtained, we can conclude that the use of comprehensive 
treatment is more effective in patients with GOLD 1 and GOLD 2.

The expediency of prescribing normobaric hypoxytherapy for 
the prevention of heart failure in the early stages of the disease is 
also indicated by the dynamics of E-SV - of the left ventricle de-
pending on the presence of complications. In patients with signs 
of pulmonary insufficiency (PI) I, E-SV decreased by 20.4%, with 
manifestations of PI II - by 21.4%, in patients with PI III - by 6.3%.

According to the results of the study, the right ventricle, which, 
in addition to hypoxic and toxic factors, is affected by resistance 
load due to pulmonary hypertension, which occurs during ex-
ercise, responds earlier than the left. In patients with GOLD 1, 
the E-DS of the RV was 2.35±0.07 cm before treatment, while 
in patients with manifestations of GOLD 2 and GOLD 3, dila-
tation of the RV was observed: the E-DS was 2.55±0.04 cm and 
2.54±0.05 cm, respectively. Under the influence of treatment, 
E-DS of the RV decreased in patients of the main group: with 
signs of GOLD 1 - by 6.8%, with GOLD 2 - by 6.3% and with 
GOLD 3 - by 4.8%. In patients of the control group there were 
no statistically significant changes in the structure of the RV, but, 
on the contrary, there was a tendency to increase its E-DS. The 
most effective comprehensive treatment is in patients with mild 
or moderate course of the disease. The level of E-DP between the 
right ventricle and the pulmonary artery confirms the point of 
view of most authors that the occurrence of edema of the lower 
extremities is more due to blood deposition in the inferior vena 
cava than to true right ventricular failure [28].

DISCUSSION
It is supposed that the mechanisms of ischemic preconditioning 
are largely similar to the body’s adaptation to intermittent hy-
poxia [29, 30]. In contrast to ischemic preconditioning models, 
which are always local in nature (ischemia of a specific site or 
organ), the whole organism is exposed to hypoxic precondition-
ing [31]. Oxygen deficiency in conditions of hypoxia / ischemia 
requires maximum mobilization and tension of the potential 
adaptive capabilities of the body. This leads to an increase in the 

Table V. Dynamics of structural and functional parameters of the heart of patients with COPD depending on the severity of treatment (M±m)

Indicators GOLD 1
n=30

GOLD 2
n=40

GOLD 3
n=23

Control group
n=30

E-DS of the right ventricle, cm
before 2,35 ± 0,07 2,55 ± 0,04 2,54 ± 0,05 2,55±0,05

after 2,19 ± 0,05 2,39 ± 0,06 * 2,42 ± 0,07 2,57 ± 0,06

E-DV of the left ventricle, ml
before 123,9 ± 2,8 133,5 ± 1,7 139,2 ± 0,22 129,0 ± 2,10

after 119,2 ± 2,6 125,4 ± 1,6 * 135,8 ± 0,24 129,4 ± 2,20

E-SV of the left ventricle, ml
before 51,4 ± 1,93 57,4 ± 1,28 64,8 ± 0,26 54,1 ± 1,97

after 51,2 ± 1,91 45,1 ± 1,25 * 60,7 ± 0,31 * 54,6 ± 1,93

Note. The sign * indicates a probable difference in indicators (p<0.05) in comparison with the control group.
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efficiency of functioning of oxygen transport at various levels: 
respiration and systemic blood flow are activated, microcir-
culation is improved, the activity of respiratory enzymes and 
antioxidant systems is increased, lipid peroxidation processes 
are inhibited [32-34].

There is an opinion that hypoxic preconditioning reduces the 
anti-inflammatory effect of ischemia / reperfusion in the myo-
cardium, affecting the lipoxygenase pathway of arachidonic acid 
metabolism, leading it to a state of “readiness” for a possible isch-
emic attack, thereby reducing damage to cardiomyocytes [14].

Thus, sessions of interval hypoxia are accompanied by suc-
cessive adaptation-maladaptation stages. According to [35], 
these stages are combined or separated in time: metabolic 
adaptation - “ischemic preconditioning” (implementation of 
various intracellular metabolism pathways), functional adapta-
tion - “myocardial hibernation” (reduction of myocardial con-
tractile function according to the level of energy phosphates), 
biological rehabilitation - «stunned myocardium» (restoration 
of contractile function) or death of myocardial cells (apoptosis).

The phenomenon of preconditioning is essentially a way of 
physiological training for oxygen deficiency and is a promising 
scientific direction for the formation of ischemic and hypoxic 
tolerance of the body. Assessing in the complex indicators 
of structural and functional state of the heart in patients of 
the main and control groups before and after treatment, we 
can conclude that the inclusion in the complex treatment of 
interval normobaric hypoxia has a positive effect on both left 
and right ventricles. The use of the phenomenon of ischemic 
preconditioning in rehabilitation programs is pathogenetically 
justified, as its initiation triggers endogenous mechanisms 
of cardioprotection and metabolic adaptation to non-lethal 
ischemia. Thus, the use of normobaric hypoxytherapy can 
increase the contractility of the myocardium, reduce the de-
gree of hypertrophy of the muscles of the wall and ventricular 
dilatation, eliminate the manifestations of diastolic myocardial 
dysfunction. These changes are due to the activation of the 
energy supply of the heart, reducing infectious and toxic effects 
on the myocardium, as well as increasing the efficiency of pul-
monary gas exchange, which determines normobaric hypoxia 
as an effective tool to eliminate bronchial obstruction in COPD. 
Therefore, the implementation of approaches that promote the 
activation and prolongation of this natural defense mechanism 
(preconditioning) will significantly reduce cardiovascular 
morbidity and mortality.

CONCLUSIONS
1.  The process of heart remodeling in patients with COPD cov-

ers the entire myocardium, which is confirmed by an increase 
in the size of the right ventricle (E-DS - 2.52±0.04 cm) and a 
decrease in the contractile capacity of myocardium of the left 
ventricle (EF - 57.75±0.71%). These changes are mainly due 
to hypoxic and inflammatory effects on the myocardium and 
to a lesser extent to an increase in pulmonary artery pressure, 
as the end-diastolic pressure between the right ventricle and 
the pulmonary artery did not exceed normal.

2.  The use of interval normobaric hypoxia in the rehabilitation 
treatment of patients with COPD has a positive effect on 

the structural and functional state of the myocardium of the 
right heart. Thus, the degree of right ventricular hypertrophy 
decreased by 16.33% and the level of end-diastolic pressure be-
tween the right ventricle and the pulmonary artery by 41.67%.

3.  The positive effect of normobaric hypoxytherapy was 
noted on the condition of the left ventricle, which was 
confirmed by a decrease E-DV and E-SV of the left ven-
tricle by 4.29% and 24.44%, respectively, an increase SV 
by 7.78%, an increase EF by 12.41% and CF by 16.12%.

4.  The course of normobaric hypoxytherapy is more effec-
tive in patients with GOLD 1 and GOLD 2, which allows 
it to be recommend as an effective and safe addition 
or alternative to traditional methods of rehabilitation 
compared to traditional schemes, which will reduce the 
financial costs of treatment and sustainable remission.
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