Beneficial Effects of Intermittent
Normobaric Hypoxic Training

on Respiratory Function in Patients
with Chronic Pulmonary Diseases

Mikhail I. Levashov

Abstract

In this chapter, we present the results of our studies regarding the INHT effects on respira-
tory functions in 103 high-risk chronic obstructive pulmonary disease (COPD) patients,
157 bronchial asthma (BA) patients, and 36 healthy individuals. Patients ranged in age from
21 to 59 years (women — 52.1%, men — 47.9%). INHT was carried out in “Orotron” cham-
ber under such environmental parameters: PO, — 147-160 hPa, relative humidity — 60-70%,
ambient temperature — 16—18°C, and content of light negative ions — up to 6,000/cm?. All
patients received daily 90 min of INHT alone or INHT in combination with conventional
therapy for 2—4 weeks. Total time of hypoxic gas mixture breathing for the whole INHT
course ranged from 21 to 42 h. We performed pulmonary function tests in all patients before,
during, and after INHT. Results of our studies indicated that INHT increased reserves of
lung ventilation and restored the physiological level of alveolar ventilation in 78% of
patients with COPD, optimized regional air distribution in lung, and decreased by 25-30%
the lung ventilation unevenness. INHT reduced the bronchial resistivity by 31-37% in BA
patients and changed the respiratory regulation in COPD patients and healthy individuals.
It contributed to more complete restoration of the optimal structure of respiratory pattern.
Further investigations will allow INHT to emerge as an important nonpharmacological
therapy for care and rehabilitation of patients with pulmonary diseases.

Abbreviations FEF,,,  Average flow from the point were 25% of the
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Total duration of respiratory cycle
it Proportion of inspiration phase in total duration
of respiratory cycle or “useful cycle” of breathing

tlt, Time respiratory quotient

A Alveolar ventilation/min

VvC Vital capacity

Ve Expired volume/min

V. Tidal volume

Vit Mean rate of inspiratory flow of one breath
Vit, Mean rate of expiratory flow of one breath
V,../t,  Maximum rate of inspiratory flow of one breath
Vi .o/t Maximum rate of expiratory flow of one breath
9.1 Historical Aspect of the Problem

Sanogenic and healing properties of mountain climate are
known since ancient times. Alpine climate has been used
for treating patients with pulmonary tuberculosis, chronic
obstructive pulmonary diseases, and bronchial asthma for
more than two centuries. Doctors recommended mountain
climate for patients suffering from “bronchial catarrh with
profuse expectoration” (Meyer-Arens 1867) and considered
it the best remedy for “raw asthma” (Lombard 1885) [1].
However, intensive study of various aspects of mountain
climate effects on healthy and sick people began only in the
twentieth century. Mass survey of mountain populations in
different countries showed that some diseases among natives
are extremely rare and considerably milder than in plainsmen
[2]. Academician NN Sirotinin and his collaborators and fol-
lowers made a great contribution to study mountain climate
sanogenic and healing properties in the former USSR [3].
They have developed a detailed method of stepwise accli-
mation to mountain climate and proved its effectiveness in
patients with several diseases.

A lot of scientific information has been accumulated
about various aspects of mountain climate treatment of
patients with BA, COPD, and other pulmonary diseases not
only in low and middle altitudes but also in high mountains
[4-8]. It was found that cough, asthma attacks, and number
of wheezing in lungs significantly decreased, especially in
BA patients with the mild form of disease, from the first days
of adaptation to altitude. Studies of respiratory and hemody-
namic functions showed a decrease in bronchial obstruction,
reduction of hypoxemia and myocardial hypoxia severity,
diminution of pulmonary vascular spasm, increase in alveo-
lar ventilation and circulating blood volume, etc. Significant
changes in immune system have been demonstrated at high
altitude, including reduction of the skin allergy tests, B- and
T-helper cell activation, decrease of the total and site-specific
immunoglobulin E antibodies, and other immunological

M.l. Levashov

parameters. The positive effects of high-altitude treatment
are most impressive in asthmatic children [9-11].

The well-defined therapeutic effect was obtained in
COPD patients also [12, 13]. When these patients for some
time remained at the middle altitudes, they experienced
improvements in lung ventilation, respiratory tract aerody-
namic properties, and ventilation-perfusion relationships in
lungs. Gas exchange and pulmonary dust clearance were
significantly better in patients with early-stage coal work-
ers’ pneumoconiosis and COPD at altitude of 2,300 m above
sea level. These changes sustained for up to 6 months after
returning to plain [14]. Despite the fact that the sanogenic
and healing effects of mountain climate are well established,
the widespread use of it for medical purposes is limited by
a number of objective factors. The rapid changes in climatic
zone when moving residents of plains to mountains may
negatively affect on the patients’ health status. That is why
there exist a large number of medical contraindications for
patients to stay in low barometric pressure and high-alti-
tude hypoxia. It also should take into account the seasonal
changes of meteorological, heliogeophysical, and other fac-
tors in mountains. As a result, the mountain climate therapy
is unavailable for many healthy and sick people. That is why
scientists and clinicians have attempted to simulate mountain
climatic conditions on plains in order to use their sanogenic
and healing properties in medical practice. Numerous studies
have established that low partial pressure of oxygen (PO,) is
the most physiologically significant factor of mountain cli-
mate. Therefore, the main task for researchers was the cre-
ation of hypoxic conditions on plains. Hypobaric chamber
was used for this purpose initially.

The first experience of treating BA patients in hypobaric
chamber is associated with the name of academician NN
Sirotinin. He attained encouraging results already in 1940—
1941. Works done in the USSR in 1960s—1970s confirmed
the high efficiency of this method in adults and children with
BA. One of the most comprehensive studies was conducted
in 650 BA patients in age from 2 to 49 years [15]. Full ces-
sation of breathlessness and stable remission were observed
after the first course of treatment in hypobaric chamber
in 24.5% of children and 42.1% of adults. Treatment in
hypobaric chamber had no significant effect only in 6.6%
children and 14% adults. The immediate effect was even
higher after repeated two or three courses of hypobaric
treatment. The long-term positive effects were maintained
from 1 month to several years. The most of BA patients
significantly decreased the frequency of disease exacerba-
tions, the number of breathlessness attacks, and incidence of
acute respiratory infections. It was concluded that treatment
in hypobaric chamber could be most efficient in children
and adults with mild and moderate form of BA in phase of
recovery and remission [16, 17].
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Further investigation revealed that such factors as sym-
pathoadrenal system activation, and cellular and humoral
immunity normalization play important role in therapeutic
mechanisms of the hypobaric treatment. These changes lead
to decrease in bronchial hyperreactivity and severity of bron-
choobstruction, improvement of lung ventilation, and bron-
chial drainage function in BA patients [18, 19].

It is obvious that sanogenic mechanisms of mountain cli-
mate and hypobaric chamber have much in common associ-
ated with exposure to low barometric pressure and PO,.
Nevertheless, the treatment in hypobaric chamber is not
widely used in clinics because of the risk of serious compli-
cations associated with the combined effect of these factors.

Since 1970s, the researchers’ and practitioners’ attention
was attracted by the possibility of using the intermittent nor-
mobaric hypoxic training (INHT) for increasing nonspecific
resistance to pathological factors in healthy and sick people.
The comparative analysis of people’s reaction on an equal
decrease in PO, showed that normobaric hypoxia tolerated
much better than hypobaric one [20]. Initially, INHT has
been used in oncology practice for protection of patients’
body against exposure to ionizing radiation during radiation
therapy [21]. This method was also used in patients with
fibrocavernous tuberculosis before surgery [22] and later for
nonpharmacological treatment and prevention of different
diseases [23-29]. Hypoxic gas mixtures containing from
10% to 16% oxygen in nitrogen have been most commonly
used. Gas mixtures are inhaled in intermittent regime for
maximum efficiency and exclusion of side effects. In accor-
dance with this method, patient inhales the hypoxic gas mix-
ture for 3—5 min and then atmospheric air for 3—-5 min. The
numbers of such cycles vary from 1 to 10 depending on
the nature of disease and individual patient’s peculiarities.
The cumulative time of hypoxic gas mixture inhaling could
be up to 30—60 min for a session.

Various technical devices such as anesthetic machine with
semiopen breathing circuit and individual hypoxycator
(Fig. 9.1) have been used in outpatient and home settings for
obtaining normobaric hypoxic gas mixture identical to PO,
levels at certain height above sea level. This device uses the
principle of rebreathing and absorption of exhaled carbon
dioxide. More recently, devices based on selective gas sepa-
ration elements have become widely available, which allow
fine adjustment of the necessary volumes of hypoxic gas
mixtures with a given oxygen concentration [30].

In 1987, the scientists of AA Bogomoletz Institute of
Physiology, National Academy of Sciences of Ukraine
under the guidance of Prof. VA Berezovskii invented the
first climatic chamber for group INHT (Fig. 9.2) and appa-
ratus “Boreus” for individual INHT (Fig. 9.3). For many
years, these devices have been used for INHT in pulmo-
nary patients. We observed high therapeutic and preventive

Fig. 9.1 “Vershina” — the handheld hypoxicator for individual INHT
(Firm “METOM?”, Moscow Russia)

efficacy especially in patients with mild form of BA and in
high-risk COPD patients. Different regimes of INHT were
developed and tested. This provides individualization of
INHT and elimination of side effects [14, 31].

In this chapter, we present the results of our studies regard-
ing the INHT effects on respiratory function in 36 healthy
individuals, 103 high-risk COPD patients, and 157 BA
patients. Patients ranged in age from 21 to 59 years (women —
52.1%, men — 47.9%). INHT was performed in “Orotron”
chamber. Under conditions of normal atmospheric pressure,
this device creates and maintains in automatic mode the fol-
lowing parameters: PO, — 147-160 kPa, relative humidity —
60-70%, ambient temperature — 16-18°C, and content of
light negative ions — up to 6,000/cm®. All patients within
2-4 weeks for 1.5 h daily received only INHT or INHT in
combination with conventional therapy. The total time of
hypoxic exposure in intermittent regime ranged from 21 to
42 h. Parameters of lung function were recorded in all
patients before, during, and after INHT.
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Fig. 9.2 “Orotron” — the climatic
chamber for group INHT (Center
“NORT,” Kiev, Ukraine)

Fig.9.3 “Boreus” —the apparatus for individual INHT (Center “NORT,”
Kiev, Ukraine)

9.2 INHT and Lung Ventilation in COPD

and BA Patients

We studied the healthy individuals and patients with high-risk
COPD and BA to clarify the nature of changes in total and
alveolar lung ventilation, as well as the status of individual
mechanisms that determine their effectiveness in adaptation
to INHT. The methods of spirography, pneumotachography,
and phonopulmography were used for investigating lung ven-
tilation in five groups of subjects. The first group (healthy
individuals) without lung diseases received only INHT. The
second group — high-risk COPD patients — received conven-
tional therapy in combination with INHT. The third group —
high-risk COPD patients — received only INHT. The fourth
group — patients with BA — received conventional therapy
with INHT. The fifth group — patients with BA — received
only conventional therapy.

Before INHT, the main parameters of lung ventilation
were varied within the physiological norm in individuals
who had no pulmonary diseases (Table 9.1). Minute volume
of lung ventilation (V,), tidal volume (V,), and respiratory
rate (f) did not significantly change after INHT. However,
inspiratory reserve volume (IRV), maximum volume of
lungs ventilation (MVYV), and ratio of respiratory reserve
(MVV/V,) authentically increased. On the other hand, time
of inspiration () and expiration (z;) significantly decreased.
These changes in lung ventilation were caused by adapta-
tion of the healthy individuals to INHT. The statistically
significant reduction in time of inspiration and expiration
and tendency to increasing of respiratory rate in healthy
peoples after INHT could be due to modifying effect of
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hypoxia on the respiratory regulation mechanisms [32]. This
aspect will be considered in detail below.

There were no statistically significant differences in lung
ventilation between the second and third groups’ patients

Table 9.1 Spirography indices in healthy individuals before (I) and
after (II) INHT, (n=36)

Characteristics 1 11

V., 1+ min™ 11.06+0.73 11.38+0.72
f, min™! 16.6+0.8 17.7+£0.9
V1 0.70+0.03 0.65+0.04
1,8 2.27+0.12 1.91+0.13*
t,s 1.70+0.14 1.37+0.08*
it 1.42+0.08 1.57+0.08
VG, 1 3.99+0.29 4.07+0.24
VC, % 99.1+£4.7 102.6+3.9
IRV, 1 2.51+0.32 2.90+0.22%
ERV, 1 0.55+0.11 0.51+0.13
FVC, 1 3.44+0.22 3.74+0.38
FEV,,1 2.98+0.20 3.23+0.26
FEV, % 99.3+4.9 108.1£6.4%
FEV /FVC, % 85.6+2.1 88.1+1.9
MVV, 1 min™! 78.2+8.8 84.5+6.0
MVV, % 76.2+3.9 83.1+£3.8%*
MVV/VC, % 19.4+1.1 19.4+1.1
MVV/V, 7.0+0.8 8.1+0.7*

*p<0.05 — values are significantly different from the initial state
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before INHT (Table 9.2). The values of vital capacity (VC),
forced vital capacity (FVC), and expiratory reserve volume
(ERV) increased by 9.2+2.5%, 6.1+2.9%, and 80.5+9.3%,
respectively in 93.2% of high-risk COPD patients after
2 weeks of conventional therapy in combination with INHT.
The volume that has been exhaled at the end of the first sec-
ond of forced expiration (FEV ) also achieved to upper limit
of the physiological norm. It was characteristic that VC
increased by 0.33+0.09 (p <0.05) mainly due to ERV.

The third group of high-risk COPD patients showed a
steady tendency to increase in VC and FVC after INHT. The
values of ERV increased by 0.22+0.091 (p<0.05); FEV, did
not differ from the second group of patients. Such dynamics
in spirography parameters pointed to improvement of lung
ventilation in 81.3% of COPD patients who received INHT
alone. It was achieved by improved efficiency and increased
ventilatory reserves, mainly ERV.

The most significant disturbances in lung ventilation were
observed in patient groups 4 and 5 before the INHT (Table 9.3).
The obstructive type of disorders was dominant. Both groups
of patients showed a decrease in FEV |, FEV /FVC and increase
in #.. The more considerable decrease in MVV compared with
VC led to decrease in MV V/VC ratios, which also reflected the
severity of lung ventilation disorders. Repeated examinations
indicated the different treatment efficiency in the fourth and
fifth group of patients. The statistically significant differences
appeared between the main indices of lung function.

Table9.2 Spirography indices in high-risk COPD patients before (I) and after (II) INHT in combination with conventional therapy (2) and INHT only (3)

Group of patients

2 (n=57)
Characteristics 1 I
V., 1-min™ 13.28+0.93 12.57+0.76
f, min™! 17.8+0.8 179+1.1
V.1 0.76x0.04 0.76x0.05
1o S 1.89+0.13 2.07+0.15
1,8 1.53+0.08 1.47+0.10
./t 1.26+0.07 1.40+0.07
VG, 1 3.33+0.19 3.66+0.21*
VC, % 87.4+4.3 96.4+3.8%
1RV, 1 2.07+0.16 2.24+0.19
ERV, 1 0.41+0.08 0.74x0.11*
FVC,1 2.96+0.18 3.14+0.18*
FEV,,1 2.50+0.13 2.75+0.16%
FEV, % 88.1+3.9 97.3+£3.9%
FEV /FVC, % 81.5+1.5 87.9+1.5%
MVV, 1 - min™! 65.7+5.0 69.1£5.7
MVYV, % 66.1£5.6 71.7£5.5
MVV/VC, % 19.5+1.0 17.1x1.0
MVV/V, 4.9+0.6 54+0.5

*p<0.05 — values are significantly different from the initial state

3 (n=46)

I I
12.02+0.85 12.29+0.73
164+1.1 16.8+1.1
0.78+0.06 0.75+0.04
2.45+0.18 2.30+0.18
1.60+0.10 1.48+0.08
1.53+0.08 1.52+0.08
2.97+0.27 3.07£0.28
87.5+5.1 96.7+4.8
1.79£0.16 1.98+0.17
0.5120.11 0.73£0.13%
2.69+0.26 2.85+0.25
2.12+0.21 2.46+0.22%
82.6+5.5 96.2+5.4%
79.3+2.5 87.8+1.6%
59.2+5.9 60.8+6.5
68.0%5.7 73.9+5.9
204=1.1 194+1.1
55+0.8 54+0.7
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Table 9.3 Spirography indices in BA patients before (I) and after (II) INHT in combination with conventional therapy (4) and conventional

therapy only (5)

Group of patients

4 (n=85)
Characteristics 1 11
V., 1- min™ 11.64+0.64 13.61+0.77
f, min™! 16.8+0.8 17.0+0.9
Vel 0.77+0.06 0.84+0.06
1., s 2.21+0.15 2.40+0.19
1S 1.61+0.10 1.55+0.90
tt, 2.21+0.15 2.40+0.19
VG, 1 3.14x0.19 3.26+0.20
VC, % 80.6+4.1 88.2+4.2%
IRV, 1 2.08+0.16 1.94+0.18
ERV, 1 0.40+0.10 0.55+0.08
FVC,1 2.89+0.20 2.91+0.18
FEV,, 1 2.02+0.14 2.34+0.16%*
FEV,, % 71.8+4.5 82.2+4 8**
FEV /FVC, % 70.2+2.4 80.1£2.5%*
MVV, 1 - min™! 61.2+5.4 65.3+5.4
MVYV, % 64.0£4.7 66.6+4.9
MVV/VC, % 16.3x1.9 20.5+1.4*
MVV/V, 5.6+0.5 52+04

5(n=72)
I Il
12.84+1.01 12.11+0.84
14.8+0.9 145+0.6
0.87+0.06 0.71£0.04
2.39+0.19 2.10£0.17
1.67£0.22 1.58+0.13
2.1920.16 2.25+0.18
3.96+0.37 4.07+0.24
82.6+3.7 87.5+3.8
2.37+0.22 2.32+0,32
0.51£0.13 0.77+0.13
3.4420.22 3.58+0.34
2.81+0.27 3.07+0.21
73.4%53 80.3x4.1
68.2+1.8 74.6%1.9%
76.9+8.6 80.1+6.1
69.3%5.1 71.5£5.6
174+1.7 20.3+1.2%
59£0.5 6.5£0.3

*p<0.05, ¥*p<0.01 — values are significantly different from the initial state

The fourth group of patients had a significant increase in
V, from11.64+0.64t0 13.61+0.771and VC from 80.6 £4.1%
to 88.2+4.2% (p<0.05). The speed characteristics of pulmo-
nary ventilation increased more significantly. The values of
FEV  increased by 0.32+0.08 I, FEV /FVC by 10.4+2.3%,
and MVV/VC reached up to 20.5+1.4% (p<0.05). Higher
rates of lung ventilation parameters after INHT in combina-
tion with conventional therapy were achieved in these patients
mainly by improving the respiratory tract aerodynamic prop-
erties. There was also some positive dynamic in spirography
parameters in fifth group of patients after conventional ther-
apy. But these changes were 25-38% less (p<0.05) than those
in patients group 4.

Thus, INHT induced the adaptive changes in lung ventila-
tion and increased its effectiveness in healthy individuals.
INHT increased the lung ventilation reserves and improved
the respiratory tract aecrodynamic properties in patients with
COPD and BA. These effects of INHT led to efficiency gains
of conventional therapy by 25-30%.

INHT and Alveolar Ventilation in COPD
Patients

9.3

Given the fact that efficiency of lung ventilation is deter-
mined by not so much the total lung ventilation but the alveo-
lar ventilation, we investigated the dynamic of alveolar
ventilation (V,) in patients with COPD before and after

course of INHT in relation to changes of V, and functional
residual capacity (FRC). We used the method of pulmopho-
nography for these purposes [33].

The patients had different ratio of V, and FRC and, conse-
quently, the value of V, before INHT. The values of V, FRC,
and alveolar ventilation were within the physiological norm
in 25% of patients (Table 9.4). Enhanced alveolar hyperven-
tilation due to increased V. took place in 40% of patients.
Alveolar hypoventilation due to significant increase in FRC
and decrease in V. were observed in 35% of patients.

The various changes of V. and FRC were identified in all
patients after 2 weeks of INHT. It was reflected in dynamics
of alveolar ventilation. But the nature and severity of these
changes were different. The value of V_ decreased by
0.54+0.11 (p<0.05), and FRC increased by 0.43+0.16
(p<0.05) in the first group of patients. As a result, the V,
decreased by 0.10+£0.02 (p<0.05) and approached to the
physiological level. In the second group of patients, V_
increased by 0.24+0.09 but FRC decreased by 0.16+£0.05
(p<0.05). This led to a moderate increase in V,. In the third
group of patients, V_ and FRC significantly increased by
0.28+0.06 and 0.21+£0.06 (p<0.05), respectively. It was
accompanied by increased V., albeit to a lesser extent, than
in the second group of patients.

Increased FRC reduced the excessive V, in hyperventilation
patients after INHT. The more significantly increased V., led
to improvement of the alveolar ventilation in hypoventilation
patients. As a result of such changes of V and FRC, 76% of
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Table 9.4 Values of V,, FRC, and V, measured with a pulmophonography method in high-risk COPD patients with initial alveolar hyperventila-

tion, normoventilation, and hypoventilation before (I) and after (II) INHT

Group of patients Stages of research V., un.
Hyperventilation (n=34) | 1.93+0.17

I 1.38+0.11*
Normoventilation (n=21) 1 1.43+0.05

I 1.67+0.20*
Hypoventilation (n=30) I 0.94+0.10

1I 1.22£0.12%%

FRC, un. V., un.

6.91+0.16 0.29+0.019
7.34+0.04* 0.19+0.002*
7.34+0.03 0.20+0.004
7.19+£0.07* 0.24+0.003*
7.12+£0.13 0.14+0.002
7.33+0.09%* 0.17+0.002*

*p<0.05, **p<0.01 — values are significantly different from the initial state

Table 9.5 Unevenness of the total and alveolar lung ventilation in high-risk COPD patients measured with a pulmophonography method before

(D) and after (II) INHT, (2=85)

Coefficient of unevenness, un.

Lung ventilation Range of physiological norm

Total ventilation of the right lung 0.53+0.60
Alveolar ventilation of the right lung 0.42+0.54
Total ventilation of the left lung 0.61+0.78
Alveolar ventilation of the left lung 0.49+0.62

I 11
0.70+0.04 0.54+0.03%**
0.74+0.05 0.53+0.03*
1.08+0.05 0.82+0.04*
0.81+0.06 0.58+0.05*

*p<0.05, ¥*p<0.01 — values are significantly different from the initial state

COPD patients with initial alveolar hyper- and hypoventilation
reached up to physiological level by the end of INHT. Our
results suggest that INHT could decrease or eliminate the
alveolar ventilation impairment in COPD patients.

We also studied the alveolar ventilation distribution in
four standard regions (i.e., superior, inferior, anterior, and
posterior) of the right and left lung in COPD patients before
and after INHT by means of phonopulmography method.
Interesting results were obtained in hyperventilation (first
group) and hypoventilation (second group) patients.

Significant disturbances in regional lung ventilation were
observed in hyperventilation patients before the INHT. The
total alveolar hyperventilation predominantly in posterior
and superior regions was typical for the dominant lung of
these patients. The alveolar hyperventilation in superior and
posterior region and normal levels of alveolar ventilation
in inferior and anterior regions were observed in nondomi-
nant lung. This type of regional ventilation distribution was
the least favorable, since the maximum ventilation was in
superior and posterior regions, which had the lowest level
of perfusion even in physiological conditions. The alveolar
ventilation was dramatically lower in inferior, anterior, and
posterior regions of both lungs in second group of COPD
patients before INHT. Disturbances of the regional venti-
lation were most pronounced in nondominant lung. INHT
optimized the regional ventilation in the first group of
patients due to significant decrease of the alveolar ventila-
tion in posterior (by 0.23+0.06), superior (by 0.18+0.04),
and, to a lesser extent, inferior (by 0.12+0.04) and anterior
regions (by 0.12+0.03) of dominant lung. Changes of the
alveolar ventilation in all regions of nondominant lung did

not exceed 0.08-0.06. The values of regional ventilation
indices approached to the physiological level in both lungs
in the first group of patients by the end of INHT.

INHT moderately increased the alveolar ventilation in infe-
rior region (by 0.04+0.01) and, to a lesser extent, in anterior
and posterior regions of dominant lung in the second group of
patients. Alveolar ventilation of nondominant lung increased
in all regions, but maximum increase was noted in anterior (by
0.05+0.01) and posterior (by 0.04+0.01) regions.

The indices of regional ventilation unevenness were
within the physiological norm in patients with normal venti-
lation before INHT. But adaptation to INHT was accompa-
nied by redistribution of regional ventilation. There was a
decrease of alveolar ventilation in superior and posterior
regions and a moderate increase in inferior and anterior
regions of dominant lung. There was a trend toward a moder-
ate increase of alveolar ventilation in all regions of nondomi-
nant lung.

It is known that COPD patients with normal or even
increased level of lung ventilation may still have severe dis-
orders of gas exchange. Manifestations of respiratory failure
are frequently associated with abnormal distribution of air in
lungs or unevenness of lung ventilation. That is why we
determined the degree of unevenness distribution of total and
alveolar ventilation in right and left lungs in patients with
COPD before and after INHT.

The total and alveolar lung ventilation unevenness was evi-
dent in all COPD patients before INHT. The highest degree
of unevenness was typical for the left lung (Table 9.5). We
observed a significant decrease of lung ventilation uneven-
ness after INHT. The unevenness coefficient of total and
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Table 9.6 Respiratory tract aerodynamic characteristics in high-risk COPD patients before (I) and after (IT) INHT in combination with conven-

tional therapy (1), before (III) and after (IV) INHT only (2)

Group of patients

1 (n=57) 2 (n=43)

Characteristics 1 11 I v

R, mmAq-I"-s! 1145+1.18 9.07+0.98 12.77+1.20 1091+1.11
R .. mmAq-I"-s™ 10.37+£1.22 9.88+1.04 9.81+1.32 8.01£1.40
G, ,mmAq’-1-s 0.11+0.02 0.22+0.05 0.14+0.03 0.20+0.06
G, mmAq'-1-s 0.14+0.02 0.19+£0.04 0.15+£0.02 0.16x£0.04
FEF_,1-s™ 5.01+0.35 5.92+0.39* 5.58+0.75 5.42+0.69*
FEF,,,,1-s™ 4.79+0.33 5.45+0.37* 4.31+0.38 5.08+0.41
FEF,,,1-s™ 3.47+0.23 4.00+0.28* 3.90+0.34 4.87+0.23*
FEF,,1-s" 1.95+0.18 2.04+0.17 2.01+0.25 2.51+0.27
FEF,, /FEF 189.2+10.3 198.8+8.9 207.6+16.5 178.1+8.7*

*p<0.05 — values are significantly different from the initial state

alveolar ventilation decreased by 22.9% and 21.6% in right
lung and by 24.1% and 28.4% in left lung, respectively. The
distribution of lung ventilation between right and left lung
was improved mainly due to the increased ventilation in
right lung after INHT. Consequently, the number of patients
with absolute or relative dominance of right lung ventila-
tion increased from 47% to 57%. The data indicated that the
unevenness of regional lung ventilation in COPD patients
was expressed more often in hyperventilation of superior
and posterior regions and/or hypoventilation in inferior and
anterior regions. Such changes in regional ventilation were
the least favorable.

In summary, INHT improved or normalized the lung
regional ventilation in 78% COPD patients. As a result, it
restored the physiological level of ventilation distribution
between right and left lung and reduced the severity of ven-
tilation unevenness in each lung.

9.4 INHT and Airway Resistance in COPD

and BA Patients

Bronchial obstruction is one of the important links in patho-
genesis of pulmonary functional impairments in COPD and
BA patients. The nature, severity, and reversibility of bron-
chial obstruction to a large extent determine the efficiency of
therapeutic measures, as well as estimating the patient’s
quality of daily life and well-being. In this context, the par-
ticular interest was paid to the possibility of bronchial
obstruction correction in patients with chronic pulmonary
diseases by INHT. This issue was investigated in four groups
of patients. The high-risk COPD patients who received con-
ventional therapy in combination with INHT were included
in group 1. The second group of COPD patients received
only INHT. The third group of patients with BA received
INHT in combination with conventional therapy. The fourth
group of patients with BA received only conventional therapy.

Investigation of airway resistance was performed by pneu-
motachography method.

The total airway resistance in high-risk COPD patients, who
had no clinical signs of bronchial obstruction, was 11-12 mmAq
-1""- 57" in phase of inspiration (R ) and 9-10 mmAq - 1" - s~
in phase of expiration (R ). The mean values of respiratory
conductance were 0.11-0.14mmAq™"-1-s (G, ) and 0.14-0.15
mmAq™-1-s (G, ), respectively. The maximum instantaneous
flow achieved during a FVC maneuver (FEF ) and the average
flow from the point where 25%, 50%, and 75% of the FVC has
been exhaled (FEF,,,, FEF, ., FEF, ) did not extend beyond
the lower level of physiological norm. There were no significant
differences in these indices between the first and second groups
of COPD patients before INHT (Table 9.6).

The valuesof R, R did not change significantly in both
groups of high-risk COPD patients after INHT, but FEF_ ,
FEF,,,, and FEF,, were moderately increased. This was
related to the improvement of upper respiratory tract aerody-
namic properties and the increased effort of respiratory mus-
cles. The overall changes of these parameters in COPD patients
of group 1 and 2 were similar, and there was no statistically
significant intergroup difference. But if the combination of
INHT with the conventional therapy allowed to achieve the
positive results in 91.8% of patients, whereas when only INHT
was used, 78.9% of patients had such positive outcomes.

There was a significant airflow limitation in third and
fourth groups of BA patients before treatment began. The air-
way resistance was increased up to 14-15 mmAq - 17! - s7!,
and the value of respiratory conductance did not exceed 0.08
mmAq™-1-s. All indices of “flow-volume” curve were lower,
but FEF, ., decreased more significantly. This indicated an
increase of peripheral airways resistance (Table 9.7).

Significant improvement was found in all basic character-
istics of the airway function in the third group of patients after
INHT in combination with conventional therapy. Positive
dynamics was significantly lower in the fourth group of

patients who received only conventional therapy. Intergroup
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Table 9.7 Respiratory tract aerodynamic characteristics: (1) in BA patients before (I) and after (I) INHT in combination with conventional

therapy; (2) in BA patients before (III) and after (IV) INHT only (2)

Group of patients

1 (n=47) 2 (n=33)
Characteristics 1 11 I v
R, mmAq-I"-s! 14.35+1.55 10.47£0.95% 1541+1.44 13.01+£0.85*
R .. mmAq-I"-s™ 13.83+1.91 10.55+1.21%* 14.01+1.81 12.84+1.91*
G, ,mmAq’-1-s 0.08+0.01 0.11+0.02 0.07+0.01 0.10+0.01
G, mmAq'-1-s 0.09+0.01 0.11+0.01 0.10+£0.01 0.11+£0.02
FEF_,1-s™ 4.12+0.35 4.84+0.33%* 4.32+0.30 5.01+£0.49*
FEF,,,,1-s™ 3.23+0.33 4.24+0.34* 3.08+0.21 3.59+0.38
FEF,,,1-s™ 2.03+0.23 2.87+0.28* 2.11+£0.32 2.65+0.56*
FEF,,1-s" 0.98+0.13 1.36+0.16* 1.15+0.23 1.42+0.15%
FEF,, /FEF 262.7+39.6 213.8+15.8 263.5+34.8 212.4+28.8

*p<0.05, ** p< 0.01- values are significantly different from the initial state

differences for some indices reached from 27% to 52%.
These facts indicated that there was an obvious bronchodi-
latation effect of INHT in BA patients. This effect was more
evidence in those BA patients, who received only INHT.

The efficacy of bronchodilation effect in BA patients after
INHT was largely determined by duration and severity of
disease, the presence of steroid dependence, and concomi-
tant pathology. Our data show that individual selection of
INHT allows to decrease the level of airflow obstruction in
88.7% of mild BA patients. Notably, the degree and duration
of the positive effects of INHT on airway function and respi-
ratory resistance in patients with chronic pulmonary diseases
were not less than those achieved in mountains.

9.5  Effect of INHT on Respiratory Pattern

in COPD and BA Patients

Changes in patient’s respiratory pattern are very important in
both diagnostic and prognostic assessment [34, 35]. It is
known that frequent and shallow breathing is the least effec-
tive compensatory reaction. Development of tachypnea may
be the first and only symptom of the respiratory distress syn-
drome and sudden death during sleep. On the other hand, the
normalization in the structure and parameters of the respira-
tory cycle demonstrates the efficacy of therapeutic measures
undertaken and the favorable course of disease.

Existing data about change in respiratory pattern in
healthy men were obtained at the sea level and during high-
altitude adaptation. This problem was studied also in patients
during short-time adaptation to hypobaric hypoxia. The
direct effects of hypoxic exposure were mainly examined in
these studies. But the questions about nature and persistence
of the changes in respiratory pattern during and after INHT
in patients with COPD and BA remain opened [36].

We studied the dynamics of volumetric, temporal, and
spatial parameters of respiratory pattern in COPD and BA

patients under INHT. The following key indicators of respi-
ratory pattern [37] were analyzed: V, V_, f, t_ (total duration
of respiratory cycle), ¢, (duration of inspiratory phase), 7,
(duration of expiratory phase), #/t_ (proportion of inspira-
tion phase in total duration of respiratory cycle) or “useful
cycle” of breathing, f./f, (time respiratory quotient), V /¢,
(mean rate of inspiratory flow), V. /t, (mean rate of expira-
tory flow), V, /t (maximum rate of inspiratory flow), and
Vi 1/t (Maximum rate of expiratory flow).

Preliminary analysis of the initial respiratory pattern
structure allowed allocating two groups of patients before
INHT (Table 9.8). The values of V, V_, f, and t, were higher
in the second group of patients, but V, /. and z/t ratios
were higher in the first group.

Changes in respiratory pattern had a stenoventila-
tion type in the first group of patients after INHT. We
found increased V,_ and f by 2.21+0.74 1 (p<0.05) and
2.6x£0.7 min™! (p<0.05), respectively. The total duration
of respiratory cycle was less by 0.62+0.14 s (p<0.05) due
to decreased ¢, and to a lesser extent #.. The #./t, and 1/t |
ratios were stable because of proportional reduction in time
of inspiration and expiration. The mean rate of inspiratory
flow increased due to reduction of ¢, while V.. remained at
a constant level.

The respiratory pattern changed in isoventilation type in
patients group 2 after INHT. We found a typical decrease in
f by 2.46+0.46 min™' (p<0.01) and increase in V,_ by
0.13+£0.06 1 (p<0.01), whereas the value of V_ remained
unchanged. The decrease in respiratory rate led to increase in
1., by0.72£0.10s, mainly due to increase inz, by 0.32£0.12s
(p<0.05) and to lesser extent #. The ¢/t and ¢/t _ ratios did
not change, but V, /. significantly increased.

As a result of these multidirectional changes in respira-
tory pattern, significant differences in V.. and f values were
detected between the first and second groups of patients after
INHT. Respiratory pattern in group 1 patients was character-

ized by more frequent and less deep breathing. The similar
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Table 9.8 Characteristics of stenoventilation (1) and isoventilation (2) types of adaptive changes in breathing pattern in high-risk COPD patients

before (I) and after (II) INHT

M.l. Levashov

1 (n=26) 2 (n=28)
Characteristics 1 I 1 I
V., 1- min™ 11.02+0.72 13.23+0.81* 12.68+0.53 12.86+0.69
f, min™! 16.48+0.81 18.17+0.95* 17.10+0.70 14.64+0.75%*
V1 0.66+0.05 0.73+0.05 0.74+0.05 0.88+0.07*
toS 3.64+0.11 3.26+0.18* 3.76+£0.17 4.15+0.12%
t,s 1.50+0.07 1.30+£0.08* 1.63+£0.08 1.70+0.11
1,8 2.14+0.17 1.86+0.12 2.12+0.11 2.43+0.16*
1t 1.45+0.11 1.42+0.06 1.32+0.06 1.43+0.07
., 0.40+0.02 0.40+0.02 0.42+0.39 0.39+0.02%*
Vit,1-s! 0.49+0.04 0.60+0.05* 0.49+0.02 0.55+0.04
Vit 1-s"! 0.37+0.04 0.42+0.03 0.38+0.02 0.40+0.03
Vit 8™ 0.69+0.06 1.14+0.34* 0.67+0.04 0.93+0.14*
V. Jt,1-s7! 0.66+0.39 1.13+£0.33 0.54+0.17 1.03+0.16*

E max’ "E”

*p<0.05 — values are significantly different from the initial state

volume of lung ventilation in group 2 patients was achieved
by deeper and fewer breaths.

The mean inspiratory flow increased much significantly
in the first group of patients, but the maximum expiratory
flow values were recorded in the second group. The increase
in mean expiratory flow was associated with improved air-
way aerodynamic properties and respiratory conductance.
However, the increase in mean inspiratory flow reflected not
only changes in respiratory muscles efforts but also to a
larger extent the changes in central respiratory regulation.
The frequency of basal respiratory pattern recovery was 0.96
in COPD patients who received INHT in combination with
conventional therapy. This index did not exceed 0.63 in
patients who received only conventional therapy.

Our results suggested that changes in volumetric, temporal,
and spatial parameters of respiratory pattern in COPD patients
after INHT were different in nature. They depended on the indi-
vidual characteristics of respiratory biomechanics and status of
central mechanisms of respiratory regulation. Adaptation to
INHT restored the basal respiratory pattern in COPD patients,
which was the best in physiological and energetic sense.

9.6 INHT and Respiratory Regulation in
Healthy Individuals and COPD Patients

The above-discussed investigation of lung function in healthy
individuals and COPD patients led us to assume that INHT
affected not only at the level of executive organs (lungs,
bronchi, respiratory muscles, etc.) but also at the level of
central respiratory regulation. One of the few methods to
study the central control of respiration is the phase analysis
of respiratory cycles [37-39].

Accordingly, we applied the method in high-risk COPD
patients and in healthy individuals. The first group of COPD
patients received conventional therapy in combination with

INHT and the second group received INHT only. The healthy
individuals also received INHT. As indicators of central inspira-
tory activity (CIA), the value of maximal inspiratory pressure
in the airway (PI ) and the mean rate of inspiratory flow (V/z)
were used [40, 41]. These indicators allow obtaining informa-
tion about level and intensity of respiratory chemosensory
stimulation — “‘a respiratory drive” — which is directly propor-
tional to CIA. Excitability threshold of the “turn off” inspira-
tion mechanism had been determined from the “useful cycle”
of respiration (/¢ ) [42].

It was found that PI  was significantly higher in both
groups of COPD patients than in healthy individuals before
INHT (Table 9.9). This indicated a higher initial level of the
central inspiratory activity in COPD patients. But V /¢, which
was usually directly proportional to CIA, did not increase. The
1/t ratio showed a tendency to increase the excitability thresh-
old of the “turn off” inspiration mechanism in COPD patients.
Healthy individuals had the higher level of V/t, than COPD
patients. This pointed to a relatively higher level of respiratory
chemosensory stimulation in healthy individuals before INHT.

The mean values of PI and ¢/t  were decreased and
V/t, was increased in all COPD patients after INHT alone or
in combination with conventional therapy. No statistically
significant differences in these parameters between both
groups of COPD patients indicate the direct involvement of
INHT in these effects. However, the differences in degree
and direction of PI _and V/, changes in COPD patients
who had no clinical and functional signs of bronchial obstruc-
tion might be related not only to respiratory regulation mech-
anisms but also to latent pulmonary functional impairment.

Our results in healthy individuals confirmed the direct
influence of INHT on the central respiratory regulation.
There was moderate but statistically significant decrease in
PI_ and V/t in healthy individuals after INHT. But the /¢ _
ratio and therefore level of the excitability threshold of
the “turn off” inspiration mechanism remained stable.
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Table 9.9 Some characteristics of respiratory regulation in high-risk COPD patients before (I) and after (I) INHT in combination with conven-

tional therapy (1), INHT only (2), and in healthy individuals (3)

Groups of patients Stage of research PI ., mm Aq.
1 (n=37) I 10.13+0.97
1II 7.11+0.60*
2 (n=33) I 9.97+0.82
1I 7.08+0.55%
3 (n=36) I 8.14+0.61
1I 6.50+0.49*

*p<0.05 — values are significantly different from the initial state

These changes indicated the decrease in CIA level and inten-
sity of the respiratory chemosensory stimulation after INHT.

Conclusion and Perspectives

Results of our studies indicated that INHT increased
reserves of lung ventilation, restored the physiological level
of alveolar ventilation in 78% of patients with COPD, opti-
mized the regional air distribution in lungs, and decreased
by 25-30% the lung ventilation unevenness. INHT also
resulted in improvement of airway function due to reduc-
tion by 31-37% of bronchial resistivity in BA patients.
INHT changed the functional state of central respiratory
regulation in COPD patients and healthy individuals. It
contributed to more complete restoration of the optimal
structure of respiratory pattern, due to the normalization of
respiratory biomechanics, as well as the declined level of
central inspiratory activity and intensity of the respiratory
chemosensory stimulation.

It is obvious that sanogenic mechanism of INHT in pul-
monary patients includes the complex adaptive changes in
nervous, endocrine, and humoral regulation. These changes
not only increase the resistance to hypoxia but also have a
marked sanogenic and healing effects [43—45]. In addition,
INHT increases the overall and immunological reactivity,
reduces the severity of bronchial obstruction, increases the
ventilatory reserve, normalizes the level of alveolar ventila-
tion and pulmonary microcirculation, and optimizes the
ventilation-perfusion relationships and intrapulmonary gas
exchange [46-50].

Duration and severity of disease, presence of comorbid-
ity, and steroid dependence are apparently the important
factors determining INHT effectiveness and expression of
sanogenic effect in patients with chronic pulmonary dis-
eases. Our analysis of INHT efficacy in patients with BA
by the criterion of broncholytic effect intensity showed
that if duration of disease was less than 5 years, this effect
was seen in 82.3% of adult patients, from 5 to 10 years in
68.0%, and over 10 years in 57.8% of the patients. This
effect was only detected in 33.4% of cases, if patients had
a persistent steroid dependence. Careful definition of indi-
cations and individual selection of INHT regime could
allow the positive effect reaching up to 87% of adults and
92% of children [51-55].

Vit,1-s! tht .
0.481+0.010 0.453+0.019
0.545+0.009* 0.411£0.008*
0.492+0.007 0.432+0.018
0.539+0.008 0.413+0.009
0.648+0.015 0.421+0.007
0.570+0.010* 0.403+0.017

Finally, INHT significantly improves the health of peo-
ple and reduces the morbidity with temporary disability in
patients. INHT is compatible with the traditional methods
of treatment and prevention of pulmonary diseases and is
able to potentiate the action of other pharmacological and
biophysical sanogenic factors. The further development
and improvement of the methodology and technical sup-
port will allow INHT to emerge as an important nonphar-
macological therapy for care and rehabilitation of patients
with pulmonary diseases.
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