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Abstract

Introduction. Management of patients with chronic pathology requires development of long-term programs with organic
combinations of medicamental and non-medicamental influences. Haloaerosoltherapy is a group inhalation of rock salt aerosol
with concentration of more than 2-3mg/m?® and certain dispersion (with presence of large-, medium- and small-grained aerosol)
aboveground.

Material and method. On the basis of literature data review and results of own researches a comprehensive description of
haloaerosoltherapy, its mechanisms, available technologies, indications and effectiveness at pulmonary pathology was given.
Results and discussion. Basis of haloaerosol curative influence is hyperosmolar stimulus that improves drainage function of
bronchi and provides sanitizing effect, which causes further changes at local and systemic levels. This justifies
haloaerosoltherapy usage as method of rehabilitation treatment. Comparison of haloaerosoltherapy and other methods of
halotherapy (use of halite), in particular, "salt rooms (caves)" was made. It has been proven that "salt rooms" can be used only as
spa procedure.

Conclusions. Application of term "halotherapy" to all methods that use halite or underground treatment is incorrect. This
determines necessity for stop using this term. It is necessary to differentiate clearly applied methods of treatment using terms that
reflect the essence of therapeutic effect. Haloaerosoltherapy should be considered a method of respiratory rehabilitation with a
proven mechanism of action and effectiveness. Haloaerosol is obtained using specific devices - halogenegenerators. The
effectiveness of haloaerosoltherapy immediately after the course of treatment and in remote period is testified.
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INTRODUCTION

Management of patients with chronic pathology requires
treatment not only in the acute period, but also needs
development of treatment programs beyond the period of
exacerbation, aimed at the stabilization of pathological process,
prevention of the exacerbations’ recurrence and progression of
the disease. Long-term management programs for patients with
chronic diseases should be based on a rational combination of
basic medicamental treatment and various non-medicamental
influences that organically complement each other. In
particular, in the rehabilitation of pulmonary patients, methods
that help the patient get rid of bad habits (smoking), give
psychological support are used, training programs for patients
are developed, physical training, respiratory physiotherapy are
recommended etc.

Speleotherapy and halotherapy are among the methods already
used as means of respiratory rehabilitation. However, in most
cases, the medical community does not have a clear
understanding of the peculiarities of these methods’ influence
and their possibilities. In our previous works, we have already
tried to differentiate the varieties of these techniques and
indicate their place in the system of pulmonary rehabilitation.
In particular, article published in the journal "Asthma and
Allergy" [1] is devoted to speleotherapy, highlights the

mechanisms of its influence on the human organism, clearly
emphasizes that speleotherapy is the usage for therapeutic
purposes karst caves and mine workings (most often salt).
Therefore, a mandatory component of such treatment is the
stay of patients for some time in underground conditions, and
any treatment or prevention technologies carried out above-
ground have no speleotherapeutic effect and cannot be called
speleotherapy.

In our next publication [2] the questions of development of
"artificial analogues of speleotherapy" were considered. These
analogies describe methods of influence, which try to imitate
some factors of underground conditions, various techniques
that relate to halotherapy (halite - mineral of sodium chloride).
The term "halotherapy" was proposed by Pavel Gorbenko in
1985 to describe methods of above-ground use of halite in form
of dry aerosols [3]. Based on the analysis of literature data, it
was proved that most rational is usage of dry aerosols of rock
salt (haloaerosols) with certain characteristics of concentration
and dispersion. Two terms were proposed to use:
haloaerosoltherapy - the therapeutic use of aerosol media of
rock salt as a group inhalation, and haloinhalation therapy -
individual inhalations of dry haloaerosols or wet inhalations of
sodium chloride solutions. Numerous studies also prove that
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the usage of "salt rooms (caves)", in which the walls are
covered with salt, but without halogenerators (devices that
create aerosol media of rock salt) have no therapeutic effect in
pathology of bronchopulmonary system and upper respiratory
tract and can be used only as a spa treatment [4-7].

The aim of the study - on the basis of literature data review
and results of own researches to give a comprehensive
description of haloaerosoltherapy, mechanisms of its influence
on the human organism, available technologies of procedures,
indications for use and effectiveness at pulmonary pathology.
Scientific basis of the method. Scientific investigations
concerning development of treatment methods that could to
some extent imitate therapeutic effects of salt mines proved
that today the only such factor is creation of dry aerosols of
rock salt. By haloaerosoltherapy (HAT) we mean the usage of
dry aerosol media of rock salt with certain parameters of
concentration (not less than 2-3mg/m®) and appropriate
dispersion in the form of group inhalations, which are created
using special devices - halogenerators.

From the very beginning, physicochemical investigations and
study of certain parameters of dry haloaerosol were of great
importance in the development of HAT method and especially in
substantiation of haloaerosol usage. These investigations were
originated from the study of speleotherapy mechanisms. It was
proved that the peculiarities of crystal structure of the dispersed
phase of haloaerosol provide certain active properties and
increase effectiveness of its influence [8], and certain physical
parameters (surface energy, negative charge, concentration) play
a leading role in providing antibacterial and hypoallergenic
environment [4,9]. It was shown that the efficiency of air
purification depends on the concentration of haloaerosol and
increases in proportion to its level [9]. The importance of nano-
structure of the dispersed phase of haloaerosol is also pointed out
by other researchers [10].

In addition, based on detailed studies of the physical and
chemical properties of different types of rock salt, it has been
proved that not every salt can be used equally successfully to
create acrosol media, and the origin (source) of the salt should be
considered as the most important factor [5,10,11]. Polish
scientists have proved that the higher is the content of insoluble
components in salt, the less suitable it is for creation of aerosol
media. Among the studied varieties of rock salt in Poland
(Wieliczka, Bochnia and Klodowa deposits), the best, in their
opinion, is salt from Klodowa deposit, which contains 95% NaCl
and has a high iodine content (6,7mg/kg) that increases its value
[11]. In addition, researchers stated that Dead Sea salt obtained by
evaporating of seawater is not suitable for creating dry aerosol
media.

At the same time, it should be noted that rock salt of the
Solotvyno deposit (Transcarpathian region of Ukraine) contains
98% NaCl and different microelements (magnesium, potassium,
calcium) [1,8], which may play certain role in metabolic
processes, although these questions have not been studied in
detail.

There is also the question of possibility of "salt load" during
haloaerosoltherapy procedures. Polish researchers have calculated
that during the procedure with dry haloaerosol concentration of
10-15mg/m?3, which is most often used, the patient receives on
average only about 13mg of sodium chloride, which cannot
adversely affect patient's organism [11,12]. However, it should be

noted that as the concentration of haloaerosol increases, the dose
of sodium chloride entering the patient's organism may be
elevated. This requires a balanced approach, taking into account
peculiarities of pathological process and presence of comorbid
pathology.

Technology of haloaerosol procedures. The key point in the
creation of aerosol media is functioning of halogenerator and
possibility for dynamic control over parameters of generated
therapeutic haloaerosol. The first halogenerator was developed
by scientists in Uzhhorod (Ukraine) in 1982 [13]. However, it
was not possible to create the desired haloaerosol concentration
and dispersion. Today, a new type of halogenerators has been
developed, in which mechanical grinding of salt is combined
with simultaneous separation of obtained particles, which
makes it possible to generate haloaerosols with different
dispersion and achieve their high concentrations [14-15]. In
particular, according to different investigations, the
concentration of haloaerosol depending on the characteristics
of the halogenerator can range from 3-4mg/m’® to 90mg/m?
[4,11,16]. The most commonly used concentrations of
haloaerosol are up to 15mg/m?®, which can be used for both
therapeutic and prophylactic purposes [9,17-19]. The use of
haloaerosol media at higher concentrations is possible only for
therapeutic purposes, according to careful analysis of
comorbidities and development of appropriate procedure
technologies [7,15,20-22].

A special laser-optical system was also developed that can
work in aggressive rock salt environment and measure the
concentration of aerosol and its dispersion. This allows to
control the process of creating aerosol environment, changes of
its parameters during the treatment process and to create
aerosol environments with specified parameters [15,23,24].
Besides the concentration of haloaerosol, other parameters are
of significant importance in the assessment of treatment
environment, in particular questions of room ventilation and
bacterial contamination. Unfortunately, these requirements are
not clearly regulated. Regarding the size (volume) of the room
where procedures are performed, in most cases standard of 3-
6m?® of air volume per patient is used. A comfortable air
temperature  (20-23°C) at humidity of 40-60% are
recommended. However, the last two parameters of conditions
above-ground significantly depend on weather factors [3,25-
27].

The initial overall bacterial contamination of air in treatment
rooms for haloaerosolthery (with permanent use of
halogenerator) does not exceed 100 microbial bodies per 1m?,
and after the procedure the microorganisms concentration
doubles [25,28]. In "Halotherapy salon" (Romania), where
halogenerator does not work during all procedures, the
background concentration of bacteria in the air is 197-300 per
1m? [29], and in "sylvinite speleoclimatic chamber" (Russia),
in which none halogenerator is used, this value reaches 800
microbial bodies per 1m? [30]. This fact once again emphasizes
the role of appropriate concentrations of haloaerosol in
purification of air from bacterial contamination.

Thus, the main active factor of HAT is a haloaerosol of certain
concentration (not less than 2-3 mg/m3) with certain sizes of
dispersed phase [7,11,17]. Aerosol particles with a size of 2-
8um, which influence all parts of bronchial tree, are of leading
importance. Their relative content should be 70-80%. The
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larger aerosol particles settle in upper respiratory tract, causing
appropriate clinical effects and can be used in some ENT
pathology. The dispersed phase of aerosol less than 1um does
not remain in the airways, and therefore does not provide
hyperosmolar stimulation, which is the basis of the mechanism

of haloaerosol influence and, therefore, can not have
therapeutic effect [5,7,11,31]. It is also necessary to control
sanitary and hygienic indicators, first of all bacterial air
pollution. All other characteristics are additional and do not
play a significant role in the treatment process.

During the course of HAT, two periods are
distinguished: adaptation period and main treatment period.
The necessity for adaptation period at the beginning of
treatment is conditioned by irritating effect of haloaerosol on
the respiratory tract mucosa. It includes 3-4 procedures with
gradual increase in its duration: for adults — 15-30-45-60
minutes; for children 10-20-30 minutes. The main treatment
period includes daily HAT seances with maximum duration of
60 minutes for adults and 30 minutes for children [18-20,27].
That is, duration of one procedure is determined by patient's
age, peculiarities of disease, its severity, presence of comorbid
pathology and possible influence of HAT on it, as well as some
other modifying factors. In particular, for patients with COPD
two daily seances of HAT for 30 minutes each, with an interval
of 3-4 hours are used. This is due to fact that first 30 min of the
procedure is the period of maximal concentration of
haloaerosol, which increase the intensity of haloaerosol
influence, on one hand, and on the other — 3-4 hours interval
helps to avoid severe balneological reactions [31].
Mechanisms of therapeutic effect. The basis of haloaerosol
influence is a hyperosmolar stimulus, which is realized
primarily in improving the rheological properties of sputum
and stimulating the ciliated epithelium, which leads to
increased mucociliary clearance and bronchial drainage
function (Fig.1) [10,22,32].

Distinct manifestation of this clinical effect is realized
beginning with the 3-4™ procedure in both adults and children
with bronchopulmonary pathology and is described by almost
all researchers who analyze condition of patients during HAT
[4,9,18,21,28,33-35].  Increased sputum discharge is
accompanied by some usual natural deterioration of bronchial
patency, which is manifested clinically in cough increasing,
may be associated by increase in wheezing and confirmed by
changes in spirometric pulmonary function test (PFT) [34-37].

In particular, S.F.Goncharuk et al (2006) [36] according to the
results of dynamic control of external breething function
indices during the course of HAT revealed that in children with
bronchial asthma after the first five procedures there is a
tendency for reducing the integrated rate of bronchial patency
(forced expiratory volume by the first second - FEV;) and
significant decrease in the patency of small bronchi.
Procedures were performed daily, except weekends at
haloaerosol concentration of 12-14mg/m?. Subsequently, by the
10" procedure, all indices increased. Authors also noted that
some indices increased significantly only up to the 15%
procedure, and largest value of vital capacity was registered for
the 20" procedure. This study on one hand clearly confirms
effect of HAT on bronchial drainage and presence of
balneoreactions during treatment, and on the other -
substantiates the duration of treatment and breaks down all

"commercial" approaches to prescribing short courses of HAT
(less than 10 procedures even for children).

These data were also confirmed by results of examination of
children with recurrent bronchitis aged 5-10 years and category
of frequently ill children (more than 4 episodes of acute
respiratory diseases (ARD) during a year) [21,37]. In these
children from the second to the tenth HAT procedure
manifestations of rhinitis and increased wet cough were
observed, but without signs of ARD. This was regarded as a
reaction of mucosa of ENT organs and respiratory tract to the
dry haloaerosol. It should be emphasized that significant
increase of morning and evening peak flow data was registered
only from the 10" day of treatment.

Similar regularities were observed in dynamic (weekly)
registration of spirometric PFT indices in adult patients with
bronchial asthma [27]. It was found that indices of spirometric
PFT reach a maximum in the third week of treatment (15%-16%
procedure of HAT) and then increased less markedly. That is,
minimal number of procedures per course of treatment for
adults and children with asthma should be at least 15-16, and
for the category of "frequently ill children" - 13 seances,
accounting  additional  prescription of certain  other
physiotherapeutic procedures [20].

Balnelogical reactions that occur during HAT, which is
performed according to the technology of procedures, are
usually mild or moderate. They may be accompanied by short-
term (within 2-3 days) increase in the frequency of rescue
medications (inhaler) use by patients with moderate or severe
bronchial asthma or COPD, but as a rule do not require another
additional precriptions. During bronchial tree clearing, clinical
manifestations become less intensive, which is confirmed by
appropiate functional studies [21,34-37].

It is also considered that haloaerosol causes/intensifies
elimination of biologically active substances, which helps to
reduce or stop bronchospasm and, consequently, improves
bronchial drainage, reduces bronchial obstruction and is
accompanied by decrease of histamine level in blood
[9,10,38,39].

Moreover, haloaerosol provides bactericidal effect, which has
been proven by experimental and clinical investigations
[10,25,40]. In particular, it was demonstrated in experiment
that dry highly dispersed aerosol has inhibitory effect on the
growth and wviability of microorganisms, changes their
biological properties [41]. At the same time, there was
elevation of electrophysiological functional activity of
epithelial cells and increase of their colonization resistance,
which indicates improvement of protective properties of
respiratory tract cells.

In addition, in frequently ill children of two age groups (7-10
years and 11-15 years) the morphofunctional status of
oropharyngeal mucosa with determination of cell composition,
character of biocinosis and colonization activity of pathogenic
and opportunistic microflora were studied [42,43]. In treatment
of children HAT was used with haloaerosol concentration of 3-
4mg/m?, 10 procedures per course of treatment (procedures
were performed daily for two weeks except weekends).
Improvement of the studied parameters were detected.
According to researchers, these changes indicate signicant
bacteriostatic and sanogenetic effect of haloaerosol, although
duration of treatment course (10 procedures) accounting the
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dynamics of spirometric PFT indices should be considered
insufficient. Sanitizing effect in combination with increased
bronchi drainage function leads to decrease of inflammatory

process activity in bronchi and is accompanied by
improvement of mucosal immunity and reduced bronchial
hyperactivity.

‘ Haleaerosel |

/\

| Hiperasmolar stimulation ‘ | Artibacterial (sanitizing) effect ‘

—

Improvement of bronchial Stimulation of the ciliated
secrettheology epithelium of the bronchi

) —

Improvement of bronehd drainage
function

AN

Reduction of tha activity nfmﬂammahnn in bronchi, improvement of mucasal immunity ‘

Eliination of
biologically active
substances

| Sanation of the bronchial tree ‘

Reduction or removal of bronchial
spasm

| Recovery of bronchial receptors’ sensmwty, reduction of hyperreactivity |

!

‘ Reduction of bronchial obstruction, inhibition of bronchi remodelling

—

‘ Improvement of ventilation and gas exchange in hings ‘

|

Reduction of tissue hypoxia, decrease in the intensity of oxidative stress and
cotrection of metabolic disorders

Reduction of systemic inflammatory process activity
Improvement of immunological reactivity and
elevation of organism’s reactivity

Reduction of hypoxic vasoconstriction of
pulthonary vessels and severity of pulmotary
hypertension

\.—/”/—

‘ Stahilization of the patient’s condition ‘

Fig. 1. Mechanisms of curative influence of haloaerosoltherapy
The activity of inflammatory process in bronchial tree has been
precisely studied in patients with COPD of different severity
and under the influence of different treatment regimens.
Cellular composition of sputum was studied, as well as content
of lipid peroxidation (LPO) products and stable metabolites of
nitric oxide (NO), interleukin-8 (IL-8) in exhaled air
condensate and serum [44-47]. It was testified that positive
changes of these indices at the local level are more intensive
than at systemic one. This confirms significant local effect of
HAT with controlled concentration and dispersion of
haloaerosol and its therapeutic effect at COPD patients in
general. Expressiveness of these changes during HAT
procedures with increased intensity of aerosol influence is
more significant [19,44,46].

The decrease of local inflammatory process activity in bronchi
under the influence of HAT was also proved on the basis of
NO levels study in exhaled air (FeNO) in children with
bronchial asthma [6]. Moreover, authors compared
effectiveness of treatment with the usage of halogenerator and
in the "salt room" without usage of such device and noted
positive dynamics only when using halogenerator.
Improvement of mucosal immunity indices under the influence
of HAT was analyzed in details at frequently ill children.
Normalization of secretory immunoglobulin A (sIgA) levels in

saliva at these children were revealed [42,43]. In patients with
COPD, dynamics of these changes is less expressed and
depends on the disease’s severity [19].

Reducing of bronchial hyperreactivity in patients with
bronchial asthma is of particular interest and has been noted by
a number of researchers [6,33,48,49]. They are unanimous in
testifying that reduction of bronchial hyperreactivity in patients
with bronchial asthma under the influence of HAT occurs.
Some of them [6,33] associate this effect with decrease of
inflammatory activity in bronchial tree, and others [49] do not
find such relationship, but in the latter case, course of treatment
was only 10 procedures.

Experimental studies have also been conducted on mice, which
prove presence of link between decrease in bronchial
hyperreactivity and decrease in proinflammatory cytokine
levels and inflammatory activity in bronchi under the influence
of inhalation of brine from Wieliczka (Poland) [50].

Recovery of sensitivity to basic bronchodilators (f,-agonists
and cholinolytics) is very important in the management of
patients with bronchial asthma and COPD. In this aspect
reduction of frequency of rescue medications usage is actual,
which is often combined with decrease in the dose of basic
drugs, and these changes take place on the background of
improved spirometric PFT indices and clinical course of
disease [22,27,51]. In particular, at patients with persistent
bronchial asthma analysis of changes in the frequency of
rescue medications (B2-agostists) usage and changes in PFD
data under the influence of HAT depending on disease’s
severity and treatment regime was conducted. It was shown
that under the influence of all treatment regimes frequency of
rescue medications daily use is reduced in 1,4-2,7-4,3 times. It
is most expressed while using treatment complexes with
increased haloaerosol intensity, when indices of spirometric
PFD significantly increased by 10-15% [22]. It was also noted
that among patients who, according to functional tests with
bronchodilators before treatment, were insensitive to neither
B2-agostist nor cholinolytic (iprotropium bromide), in 60-67%
of cases, sensitivity to at least one of them recovered. These
changes depended on HAT regime and significantly increased
effectiveness of basic treatment. After the course of HAT only
30-40% of patients remain resistant to bronchodilators, which
determines the necessity to find other mechanisms of bronchial
obstruction.

Due to decrease in the activity of local inflammatory process in
bronchi, which is accompanied by recovery of receptor
apparatus sensitivity, decrease in bronchial obstruction was
observed. These factors in complex contribute to inhibition of
bronchial remodeling processes and are, above all, actual for
COPD patients. Decrease in bronchial obstruction is
manifested by elevation of ventilation indices and is noted by
all researchers while using HAT, ie when using aerosol media
of rock salt, created by halogenerator with observance of
requirements for concentration (>2-3mg/m?) and appropriate
dispersion [52]. The expressiveness of spirometric PFT data
growth depends on a number of factors: nosology and disease’s
severity, sensitivity to certain bronchodilators, age of patient
and others. These factors determine individual regimes of
HAT, as well as possibility and feasibility of its combination
with other medicamental and non-medicamental influences
[18,19,27,51].
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For example, in patients with persistent mild and moderate
bronchial asthma, most effective is usage of two consecutive
(without a break) 30-minute procedures of HAT, which
increases the intensity of haloaerosol influence and allows to
reduce the course of treatment to 15-16 procedures [27]. In
severe asthma, it is more expedient to use standard method of
treatment - daily 45-60 minutes procedures of HAT, 18-20 for
treatment course. At the same time, in patients with COPD, in
order to prevent severe balneal reactions, it is recommended to
take a break (3-5 hours) between two 30-minute procedures. To
intensify the immunorehabilitation effect in COPD patients,
treatment complexes with additional prescription of medicines
with immunomodulatory and antiviral activity have been
developed [19,53,54].

In children with bronchial asthma, recurrent bronchitis or
category of "frequently ill children", treatment complexes
using singlet oxygen therapy, vibroacoustic therapy, laser
therapy, interference therapy, etc. are proposed. However, in
all cases it is necessary to follow scientifically substantiated
approaches to the differentiated prescription of treatment
complex, accounting the disease’s peculiarities and existing
modifying factors [20,39].

It should be emphasized that for patients with bronchial asthma
and COPD, the course of HAT does not automatically cancel
basic therapy. During HAT, basic medicamental treatment and
dosage of some medicines may be changed, but this question is
decided individually. According to some researchers, HAT
plays the role of additional (complementary) therapy [48,55],
which improves the effectiveness of complex treatment and
patients quality of life.

Increase in spirometric PFT data is naturally accompanied by
improvement of gas exchange in lungs and decrease of tissue
hypoxia. This can be evidenced by previous results, which
were obtained in rehabilitation treatment of convalescents after
COVID-19. Under the influence of HAT, saturation increased
from 95,7+0,39% to 97,8+0,36% (p<0,001) and distance that
patients passed in 6-minute test increased from 462,4+6,15m to
494,2+6,35m (p<0,001). These changes were simultaneously
accompanied by significant decrease in dyspnea severity before
and after test, which was determined by Borg scale and pulse
frequency. This fact confirms improvement of gas exchange in
lungs under the influence of HAT, recovery/improvement of
functional state of patients and opens prospects for a new
direction in HAT usage - rehabilitation after COVID-19.

All above aspects of the mechanism of haloaerosoltherapy
influence lead to a decrease in the intensity of oxidative stress
and correction of metabolic disorders, which is especially
relevant for patients with COPD [46,56-58]. M.Gabor et al.
(2018) [46] studied the intensity of lipid peroxidation (LPO) in
blood, saliva and condensate of exhaled air in COPD patients,
as well as main enzymes of antioxidant defense (AOD) in red
blood cells under the influence of different regimes of HAT. It
was showed that by the end of treatment course the intensity of
LPO decreased. In the condensate of exhaled air this dynamics
was more pronounced, and was accompanied by certain
recovery of AOD activity. Expressiveness of these changes
depended on the applied HAT regime [45,46]. Decrease in the
intensity of oxidative stress was also observed in convalescents
after community-acquired pneumonia and in children with
recurrent bronchitis and frequently ill children [59-61].

Decrease of inflammatory process activity in bronchi
contributes to the reduction of systemic inflammation activity,
which is characteristic for COPD patients. Studies have shown
that course of HAT in COPD patients leads to predominant
lowering of pro-inflammatory cytokines production, which
leads to certain correction of balance between pro- and anti-
inflammatory cytokines [47].

Lowering the proinflammatory cytokines levels with certain
recovery of cytokine balance under the influence of HAT were
also observed in convalescents after community-acquired
pneumonia and in the group of frequently ill children, as well
as in children with recurrent bronchitis [62-65]. It was also
noted that in patients with persistent bronchial asthma,
recovery of cytokine balance is accompanied by reduction of
eosinophils number and decrease in total IgE level [66]. This
makes it possible to consider inhibition of inflammatory
activity, both local and general, as very important component
of the mechanism of haloaerosoltherapeutic influence.

It is sanitizing effect of HAT and reducing the activity of local
and systemic inflammatory processes that indirectly determine
improvement of immunological reactivity and increase the
resistance of organism. Improvement of nonspecific resistance
of organism is noted by many researchers at different diseases
in adults and children (chronic bronchitis, bronchial asthma,
COPD, recurrent bronchitis and the recovery period of
frequently ill children, etc.). Increase of phagocytic activity of
neutrophils and monocytes [47,67-70], improvement of
mucosal immunity indices are indicated [19,42,43,71].
Elevation of phagocytes microbicidity is noted, which is
associated with decrease in endotoxicosis at patients with
bronchial asthma and COPD [57].

Detailed studies of cellular immunity in different contingents
of patients were also performed: bronchial asthma, chronic
bronchitis and COPD, convalescents after community-acquired
pneumonia, children with bronchial asthma, recurrent
bronchitis and frequently ill children [10,19,39,67,69,71]. In all
cases, there were positive changes in studied indices (increase
in T-lymphocytes number in cases of their low level,
improvement/rebalancing of ratio between helpers and
suppressors, elevaton of natural killers number, etc.).
Expressiveness of this dynamics depended on peculiarities of
changes in certain nosology, disease’s severity and other
modifying factors. It is noted that dynamics of cellular
immunity denotes the direction of immune response towards
normalization with recovery of appropriate relationships
between cellular subpopulations.

Study of apoptosis processes of lymphocytes and neutrophils,
which were conducted in COPD patients, is of particular
significance. Under the influence of HAT, there was a decrease
in readiness to lymphocytes’ apoptosis, which is the basis for
recovery of their amount and subpopulation composition [72].
At the same time, there was decrease in expression of
activation markers on neutrophils, which was associated with
an elevation of intensity of their apoptosis [47]. This
contributes to the inhibition of neutrophilic inflammation in
bronchial tree and, from the standpoint of pathogenesis,
substantiates usage of HAT in rehabilitation treatment of
COPD patients.

Improvement of non-specific protection indices in combination
with correction of cellular immunity make it possible to talk
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about immunorehabilitation effect of HAT, which results in
stabilization of patients status and improving the clinical course
of disease and patients quality of life in general at chronic
pathology, or health improving in cases of recovery after acute
or recurrent disease.

Long-term results of HAT wuse in patients with
bronchopulmonary pathology. The effectiveness of HAT as
method of pulmonary rehabilitation is evidenced by evaluation
of long-term treatment results. In particular, 360 patients with
moderate bronchial asthma were assessed for quality of life
before and immediately after course of HAT using the EQ-5D-
SL questionnaire. Before treatment, respondents rated the
quality of life on average by 54,7+4,1 points, and after it —
62,7+2,3 points (p<0,05), which indicates significant
improvement in this index [73]. In addition, efficacy of
treatment during a year after HAT was studied using
questionnaire and results were compared with the status of
patients during a year before treatment. It was found that after
HAT the disease’s course significantly improved. This was
manifested by reduction of asthmatic attacks frequency more
than in 2 times, frequency of outpatient treatment — in 2 times,
and inpatient - by 45%, which resulted in a significant decrease
of incapacity days number (42%) [74].

Similar regularities were observed in COPD patients [75].
Duration of remission in these patients amounted from
6,3+0,15 to 10,2+0,68 months, depending on the discase’s
severity and used treatment regime. Best results were obtained
when treatment with increased haloaerosol intensity (two 30-
minute procedures per day) was used. Weinreich et al (2014)
also noted improving the quality of life under the influence of
HAT in COPD patients [52].

According to various authors, especially indicative are results
of HAT usage in children, at which effectiveness of treatment
immediately after HAT is more than 95% [20,39,76].
Immediate results of treatment were confirmed by observation
data in the remote period for one year after course of
rehabilitation treatment [77]. Thus, in frequently ill children,
frequency of ARD during a year after HAT decreased from
4,6+0,24 to 3,4+0,27 episodes per year (p<0,01), and duration
of one episode of disease decreased from 9,67+0,9 days to
6,9+0,5 days (p<0,02). The number of days during which the
child did not attend school decreased from 26,8+1,5 to
19,0£1,5 days (p<0,01). Similar regularities are observed in
children with bronchial asthma or recurrent bronchitis, which
allowed to recommend HAT as method of rehabilitation and
secondary prevention in children.

The usage of HAT in upper respiratory tract pathology. In
addition to the pathology of broncho-pulmonary system, HAT
is widely used in upper respiratory tract diseases of both
allergic and infectious-inflammatory origin [33,78-81]. These
studies are close to clinical investigations that were conducted
in group of frequently ill children. In allergic rhinosinusitis, in
addition to positive dynamics of clinical symptoms and
rhinoscopic picture, there was lowering of histamine level in
blood and reduction of eosinophils number in peripheral blood
taken from nasal sinuses [78,79].

In patients with subobstructive adenotonsillar hypertrophy after
10 seances of HAT there was a decrease in severity of adenoids
and/or hypertrophy of tonsils. This process was accompanied
by hearing improvement at almost half of patients [80]. Besides

this, it was found that HAT helps to improve morpho-
functional status and protective properties of oropharyngeal
mucosa [42,43], as well as promotes recovery of mucociliary
transport speed [81].
Differences between HAT and "salt rooms (caves)". Once
again, we want to emphasize differences between HAT, as
method of treatment with existing curative factor and proven
mechanism of therapeutic effect and all varieties of "salt
rooms", "caves", "live air rooms", etc., where only “medical
design” is present in form of walls decoration, lighting, musical
accompaniment, etc. Comparative characteristics of these
methods are given in table 1.
Table 1 Comparative characteristics of the curative factors
of speleotherapy (ST), haloaerosoltherapy (HAT)

and «salt rooms» (SR)

Main ST HAT HAT «Salt
characteristics (<15 mg/m*) | (>15 mg/m®) room»
<2 mg/m’,
Concentration 4 16 me/m? in the
of the 5 | 4-12 mg/m? £ majority of
24 mg/m and more
haloaerosol cases
<1 mg/m’
Large-grained . - +++ )
haloaerosol
Medium- +++
grained + +++ -
haloaerosol
Small-grained +++
++ ++ +
haloaerosol i " (S1pm)
Low microbial ++
content in the +++ + -
air
Hypgallerglc it i i )
medium
Isolation from
the +++ - - R
environment
Possibility for
modeling the ) S — )
aerosol
parameters
Fields of use:
.Health + ++ * +
improvement
Treatment +++ +++ +++ -
Secondary . +++ +++ +++ -
prophylactics
Duration of ot
the treatment 5-12 hours 30-60 min 30-60 min reoulated
procedure: 3-5 hours 15-30 min 15-30 min cguiate
(1-10 hours
- for adults 1-10 hours)
- for children
16-20
. procedures not
Duration of 1825 18-22 (for adults) regulated
the course of (from 5 to
procedures procedures 13-18
treatment 20
(for rocedures)
children) | P

As can be seen from the table in "salt rooms" main
acting factor - haloaerosol in adequate concentration and
dispersion — is not present. So these technics can only be used
as spa procedure.

However, in general, questions of unified approaches
to haloaerosoltherapy procedures, parameters of created
haloaerosol environment, number of procedures for course of
treatment and regime of their prescription are still not
approved. This may be ground for discrediting this method. As
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long as there is no clear understanding in medical community
of what haloaerosoltherapy exactly is, which criteria of
haloaerosol environment and treatment process in general must
be complied, precise control of relevant specialists over all
business proposals such as "salt rooms" will be ensured - the
clear distinction between method of treatment, spa procedure,
or simply profanation, will not be achieved. Necessity for
differentiation of various types of halotherapy is pointed out by
other researchers [12,82]. In this regard, it should be
emphasized that usage of the term "halotherapy" today should
be considered as incorrect. When using term "halotherapy"
there is no clear differentiation of the nature of used influence,
and this is the basis for discreditation of HAT as method of
treatment.

Analysis of incorrect usage of HAT and doubtful (negative)
assessments of its effectiveness. One of the reasons for
skepticism about HAT is its incorrect use in some cases, when,
based on the mechanism of therapeutic effect, there are no
grounds for its prescription. In particular, there are cases when
in advertising publications concerning usage of halotherapy in
form of "salt rooms" (without specifying presence of
haloaerosol) for patients with arterial hypertension and
cardiovascular disease are indicated. This is completely not
justified by mechanism of therapeutic effect of haloaerosols.
Moreover, presence of arterial hypertension and coronary heart
disease with severe clinical manifestations is one of
contraindications for HAT.

Along with that, in the publication of Matsegora NA
et al [83] effectiveness of HAT in patients with mild and
moderate persistent bronchial asthma with concomitant
coronary heart disease of I and II functional classes has been
evaluated. It was found that complex treatment that included
basic therapy of asthma (salmeterol with fluticasone
propionate) and HAT contributed to improvement not only of
spirographic parameters, but also into positive dynamics of
Holter ECG monitoring data in form of significant decrease in
mean daily heart rate and frequency of supraventricular
extrasystoles. Authors explain this fact by reducing use of
short-acting Br-agonists and by positive influence on
autonomic nervous system. However, in any case, presence of
concomitant cardiovascular pathology requires balanced
personalized approach to HAT usage. By the way, authors of
the above-mentioned work used terms speleotherapy and
halotherapy and only detailed analysis of this publication
revealed that they used HAT.

An example of incorrect assessment of halotherapy
efficiency in COPD patients is the review by R.Rashleigh et al
[84]. Authors selected 151 publications for initial analysis, but
later narrowed this analysis to 4 publications on formal
approach. In particular, authors did not consider works that
were not published in English. As a result, they compared data
on effects of haloaerosoltherapy (group inhalation of
haloaerosol with certain concentration above-ground), which
was used in patients beyond exacerbation, haloinhalation
therapy, which was carried out using individual inhaler during
exacerbation and two publications on speleotherapy in karst
caves with no presence of halite. However, these are different
methods that cannot be compared. In addition, one of papers on
karst cave treatment was published in 1986, when the term
COPD was not yet used at all and contained data on patients

with chronic bronchitis and bronchial asthma. From these facts,
we can conclude that authors do not understand difference
between these methods, and their conclusion, although
positive, regarding the use, as they affirm, of "halotherapy"
cannot be considered correct.

The publication by Agnihotri NT et al. [85] is also
incorrect, because authors, without analyzing available
scientific researches, believe that halotherapy (without
concretisation of what exactly method is used) refers to
methods that have profound psychological influence on
patients while objective physical benefit of method is absent.
Therefore, clear differentiation of halotherapy methods is
needed using appropriate terms that clearly indicate the main
factor, which is used.

Doubtful publications on double-blind placebo-controlled
studies also do not contribute to the approval of HAT as
method of rehabilitation treatment [48,76]. Such researches
must include placebo, in this case in form of aerosol, which by
external signs completely corresponds to tested therapeutic
factor, but does not contain it. Patients perceive haloaerosol in
therapeutic concentrations (more than 2-3mg/m?®) visually and
organoleptically (salty taste). In addition, according to Polish
researchers, list of substances that can be used to create such
aerosols is limited. Even evaporated Dead Sea salt is not
suitable for creation of such haloaerosols [11]. The question is,
what was used as placebo? None of the above publications
contains such data, and without this information, adequacy of
these researches is questionable.

Conclusions

1. Usage of the term "halotherapy" for all methods that use
halite (mineral of sodium chloride) or treatment in mine
workings or karst caves is incorrect. This determines necessity
for stop using this term. It is necessary to differentiate clearly
applied methods of treatment using terms that reflect the
essence of therapeutic effect.

2. Haloaerosoltherapy should be considered as method of
respiratory rehabilitation with proven mechanism of action and
effectiveness, as clearly is defined the main active factor - rock
salt aerosol, which has certain concentration (>2-3mg/m?) and
dispersion with presence of small-, medium- and largegrained
phase. Haloaerosol is obtained using specific devices -
halogenerators. Haloaerosol parameters are controlled in
dynamics of procedures and can vary within certain limits
while used for different nosologies.

3. Basis of the mechanism of haloaerosol influence at its
appropriate concentration and dispersion is hyperosmolar
stimulus that provides enhanced drainage function and
sanitizing effect, which causes further changes at local and
systemic levels.

4. Main requirements to the technology of haloaerosoltherapy
procedures, their duration and number are defined, certain
medical complexes of its use with other non-medicamental and
medicamental means are developed. Effectiveness of
haloaerosoltherapy after course of treatment and in remote
period has been proven.
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