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Abstract

The global industrialization has brought profound lifestyle changes and environmental pollutions leading to higher risks of car-
diovascular diseases. Such tremendous challenges outweigh the benefits of major advances in pharmacotherapies (such as
statins, antihypertensive, antithrombotic drugs) and exacerbate the public healthcare burdens. One of the promising complemen-
tary non-pharmacologic therapies is the so-called intermittent hypoxia training (IHT) via activation of the human body’s own natural
defense through adaptation to intermittent hypoxia. This review article primarily focuses on the practical questions concerning the
utilization of IHT as a non-pharmacologic therapy against cardiovascular diseases in humans. Evidence accumulated in the past
five decades of research in healthy men and patients has suggested that short-term daily sessions consisting 3—4 bouts of 5-7 min
exposures to 12-10% O, alternating with normoxic durations for 2-3 weeks can result in remarkable beneficial effects in treatment
of cardiovascular diseases such as hypertension, coronary heart disease, and heart failure. Special attentions are paid to the
therapeutic effects of different IHT models, along with introduction of a variety of specialized facilities and equipment available for
IHT, including hypobaric chambers, hypoxia gas mixture deliver equipment (rooms, tents, face masks), and portable rebreathing
devices. Further clinical trials and thorough evaluations of the risks versus benefits of IHT are much needed to develop a series of
standardized and practical guidelines for IHT. Taken together, we can envisage a bright future for IHT to play a more significant role
in the preventive and complementary medicine against cardiovascular diseases.
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Introduction Therefore, a continuing search for novel and effective thera-

According to a recent systematic analysis from the Global
Burden of Disease Study 2010, ischemic heart disease,
stroke, chronic obstructive pulmonary disease, lower
respiratory infections, lung cancer, and HIV/AIDS were
the leading causes of death in 2010." Among these diseases,
ischemic heart disease and stroke collectively killed 12.9
million people, or one in four deaths worldwide in 2010."
Economic transitions for urbanization and industrializa-
tion around the globe have brought profound lifestyle
changes and environmental pollutions leading to higher
risks of cardiovascular diseases. Such tremendous chal-
lenges outweigh the benefits of several major advances
in pharmacotherapies (such as statins and other antihyper-
tensive and antithrombotic drugs) and exacerbate the bur-
dens of public healthcare, financially as well as socially.
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pies for prevention and treatment of cardiovascular diseases
remains highly important. One of the promising comple-
mentary or alternative non-drug therapies is activation of
the human body’s own natural defense through adaptation
to intermittent hypoxia.

In general, the biological responses to intermittent hyp-
oxia may be either adaptive or maladaptive, depending on
the severity, frequency, and duration of hypoxemia. These
complex systemic, cellular, and molecular mechanisms
underlying the effects of intermittent hypoxia have been
thoroughly described and extensively discussed in several
recent review articles®® as well as two monographs that we
have previously published.”®

The term of “intermittent hypoxia” in medical litera-
ture is often referred to pathological processes such as
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obstructive sleep apnea. The mechanisms of maladaptive
responses to intermittent hypoxia were the focal topics in
several recent reviews.””'* Conversely, the use of the
so-called intermittent hypoxia training (IHT) in athletic
and military practices as well as medical applications for
prevention and treatment of various diseases has gained
increasing attention and interests during the past few dec-
ades.”® The drastically different detrimental versus benefi-
cial effects of intermittent hypoxia may be dependent
upon the different numbers of hypoxic episodes, severity,
and total exposure duration of hypoxia, which may mobil-
ize the body’s adaptive mechanisms or provoke dangerous
pathological processes in more severe or prolonged hypoxia
events.

Whereas several IHT modalities have been commonly
used by elite athletes to enhance their exercise performance,
much less numbers of clinical studies were reported to date
on the use of IHT for the treatment of human diseases,
including cardiovascular disorders. Nevertheless, the
potential beneficial effects of IHT via various approaches
(e.g. adaptation to high altitude, exposure to hypobaric
chamber, and inhalation of hypoxic gas mixtures) on
human cardiovascular system have been either experimen-
tally demonstrated or proposed (summarized in Table 1),
including: (1) improvement of metabolic processes in the
myocardium, (2) enhancement of the myocardial tolerance
to ischemia-reperfusion injury (i.e. anti-ischemic effect),
(3) reduction of free radical damage at cellular level,
(4) improvement of endothelial function and microcircula-
tion, (5) positive inotropic effect on cardiac function, (6)
normalization of blood pressure, (7) reduction in activity
of the sympathetic nervous system, and (8) limiting blood
viscosity and platelet aggregation.

In the overall context, this review article primarily
focuses on the practical questions concerning the utilization
of IHT as a non-pharmacologic therapy against cardiovas-
cular diseases in humans. Special attentions are paid to the
therapeutic effects of different IHT models, along with a
brief introduction of a variety of specialized facilities and
equipment that are currently available for the potential clin-
ical applications of IHT.

Forms and types of therapeutic hypoxia

The concept of cardiac ischemic preconditioning has been
well known for over 30 years in the cardiovascular research
and clinical cardiology communities since the first report of
this potent cardioprotective phenomenon in a canine model
of myocardial infarction by Murray and colleagues in
1986.°* In the years around 2000, we and others have
demonstrated in various animal species (mouse, rat, dog)
that intermittent systemic hypoxia alone is sufficient to trig-
ger adaptive responses that lead to the enhanced myocar-
dial tolerance to ischemia-reperfusion injury.*>** However,
different models of systemic hypoxia may have specific
effects on myocardial tolerance to ischemia: Whereas
severe chronic hypoxia (long-term living at high altitude,
chronic obstructive pulmonary disease and congenital heart
disease, anemia, blood O, carrying abnormalities, CO poi-
soning, chronically decreased tissue perfusion, etc.)
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invariably leads to depressed myocardial tolerance to ische-
mia, moderate chronic hypoxia may afford cardioprotective
effects. In addition, it was reported that chronic hypoxia
with daily repetitive short-term reoxygenation episodes is
also carcliopro‘cective.41 Indeed, there are substantial differ-
ences between effects of chronic intermittent and chronic
constant hypoxia, which suggest that in addition to
oxygen deprivation, the frequency of hypoxia-reoxygena-
tion cycles is of importance in developing the adaptation
mechanisms.***

High altitude sojourns: A natural form of
hypoxia therapy for cardiovascular diseases?

The initial scientific observations of beneficial and detri-
mental effects of hypoxia on cardiovascular system were
made among the high mountain resident or visitors. The
human body’s physiological responses to high altitude
include hyperventilation, polycythemia, increased sympa-
thetic tone, pulmonary vasoconstriction, elevated levels of
heart rate, cardiac contractility and output, and increased
capillary density in cardiac and skeletal muscles.****> Some
of the adaptive responses may represent risk factors in
patients with cardiovascular pathology, which include the
further stimulation of the already activated sympathetic
nervous system, unfavorable increase in heart rate, myocar-
dial oxygen demand and ventricular afterload, as well as
the enhanced interdependence between the right and left
ventricle due to the increased pulmonary artery pressure.*®
The consequences of stay at high altitude for patients with
coronary artery disease, congestive heart failure, arterial
hypertension, anomalies of the pulmonary circulation,
arrhythmias, etc. appear to be detrimental.*’*®

On the other hand, the curative effects of moderate high
altitude on healthy humans and patients with cardiovascu-
lar disorders are also known for many decades.*”° Lower
incidence of myocardial infarction was reported in people
living at high altitude.” It was also shown that sojourn at
moderate high altitude reduced arterial blood pressure,
dopamine and epinephrine excretion, and plasma renin
activity.”® Subsequently, it was observed that the hyperten-
sive patients had reduced systolic and diastolic blood pres-
sure during sojourn at moderate altitudes of 1285-2650 m.>*
Interestingly, in 2009 Faeh et al. investigated the mortality
rate from coronary heart disease and stroke at higher alti-
tude regions in Switzerland and found that those who were
born at high altitude had an additional and independent
beneficial effect on coronary heart disease mortality.>*
More recently, a new report from these researchers
showed that in the model not adjusted for other environ-
mental factors, the mortality ischemic heart diseases lin-
early decreased with increasing altitude resulting in a
lower risk (hazard ratio 0.67 for those living > 1500 m (ver-
sus <600 m).”> This association remained after adjustment
for all other environmental factors 0.74.

In addition, Burtscher indicated that although humans
show adaptive responses even to altitudes below 2000 m or
corresponding normobaric hypoxia (FiO,: >16%), most of
the subjects without severe pre-existing diseases well toler-
ate altitudes up to 3000m (FiOy 14.5%).°® Dehnert and
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Bartsch suggested that sojourn and exercise at high altitude
of 3000-3500 m is generally safe for the patients with stable
coronary heart disease and sufficient work capacity,
although these patients should avoid travel to altitude
above 4500m.”” In addition, Sarybaev et al investigated
workers commuting between an elevation of 3700 and
4200 m (four-week work shift) and lowland (<500 m, four
weeks of holiday) and they found that intermittent expos-
ure to 4000m for three years did not develop permanent
pulmonary hypertension.”® Most recently, Vinnikov et al.
studied 472 workers of a high-altitude mining company
who used to have working shifts of two weeks at altitude
of 4000 m, followed by two weeks of rest at lowland, cumu-
lative exposure time —6 months and reported that one-year
intermittent exposure to hypobaric hypoxia was not asso-
ciated with significant increase in blood pressure.”

More recent evidence has emerged showing beneficial
effects of high altitude sojourns or training on cardiovascu-
lar risk factors. Gutwenger ef al. recently studied the effects
of a two-week hiking vacation at moderate versus low alti-
tude on adipokines and parameters of carbohydrate and
lipid metabolism in patients with metabolic syndrome.®’
They found that altitude training was more beneficial for
normalizing lipid parameters than those trained at low alti-
tude. However, another recent study reported that moder-
ate-intensity activity with weekly hiking did not further
reduce cardiovascular risk factors in elderly persons with
a relatively normal cardiovascular risk profile.®*

Nevertheless, the effects of high altitude exposure in
older individuals and patients with coronary artery disease
need further studies and it is recommended that a graded
exercise test might be beneficial for elderly patients with
cardiovascular diseases prior to high altitude in order to
reduce the risk of possible adverse events.*®

The periodic presence to the mountains for mining
works at high altitude is independently associated with
some health problems,62 such as exacerbated heart failure
in the workers with pre-existing history of congestive heart
failure.

Taken together, based on the published studies to date,
the short stays at high altitude up to 3000-3500 m (corres-
ponding to ~14.5 to 13.5% inspired O at sea level) do not
cause negative effects among the patients with subclinical
coronary heart disease and hypertension. Actually in many
cases the positive effects of high altitude sojourns on the
patients” cardiovascular system were reported. However,
high altitude sojourns require highly specialized medical
and travel arrangements that usually involve higher finan-
cial costs and variabilities due to different mountain terrain
and climate conditions. Therefore, it unlikely becomes a
standardized mainstream medical therapy.

IHT in hypobaric chambers

Several decades ago, simulated altitude chambers were
extensively used for training pilots, paratroopers, athletes,
and spacemen in the former Soviet Union® (Figure 1).
This method has also been approved for prophylactic
and rehabilitative medical application in the East
European countries, including the use of intermittent

Intermittent hypoxia training as non-pharmacologic therapy for cardiovascular diseases

hypobaric hypoxia for cardiovascular protection (Figure
2). These multipatient hypobaric chambers were usually
used with daily treatment sessions at simulated altitudes
of 1500-3500m, which typically last from 30min to 3h/
day for 10-30 days. Favorable effects on blood pressure
were seen in approximately 60% of hypertensive patients
completing the hypobaric training program.

As chronologically summarized in Table 1, these clinical
research efforts have produced a number of publications
particularly in the period of 1970s-1980s. For example,
Meerson and co-workers reported a decrease in arterial
pressure during adaptation to 3500m simulated altitude
(30min/day, 5 days/week for three weeks) in borderline
hypertensive patients.®®> Similarly, Katiukhin et al. applied
hypobaric IHT to patients with stages I or II hypertension.
All patients reported feeling better, and most of them
experienced appreciable reduction in arterial blood pres-
sure.'”'® However, patients in stage II hypertension did
experience a rise in blood pressure in the afternoon follow-
ing each IHT session. An increased stroke volume without
changes in heart rate and a decreased peripheral vascular
resistance were observed by the end of the IHT program.
IHT also produced electrocardiographic right axis shift and
increased right:left ventricle mass ratio.’>'® These changes
subsided within 2-3 weeks following the end of IHT ses-
sions. Interestingly, the effectiveness of antihypertensive
medications was increased after IHT, indicating a synergis-
tic interaction between IHT and the conventional pharma-
cotherapy for hypertension.

In 2006, del Pilar Valle et al. studied six normotensive
elderly male patients with severe but stable coronary
artery disease who had coronary artery bypass surgery.
They underwent 14 daily 4h sessions of hypobaric IHT,
progressively increasing to a maximal simulated altitude
of 4200 m. Myocardial perfusion in these elderly patients
was significantly improved after the IHT program.

A more recent study by Tin'kov et al. used the pressure
chamber Ural-1 USSR for treatment of 46 postmenopausal
women (mean age 54 +4 years) with arterial hyperten-
sion.'® Adaptation to hypobaric IHT (22 3h daily sessions
under 460 mmHg barometric pressure) reduced systolic
pressure by 13.9% and diastolic pressure by 8.2%, along
with improvement in cardiovascular risk factors (e.g.
reduced serum cholesterol level by 14.7%, lowered glucose
level by 21.3%, and increased estradiol level by 19.3%)."® In
2002, these researchers also published results on 46 male
patients with coronary heart disease (including 36 had a
history of myocardial infarction and 16 had ischemic epi-
sodes) with abnormal blood profile of lipids.** At the end of
the similar IHT protocol reduced blood levels of total chol-
esterol by 7% and this decrease maintained by 9% at three
and six months after the IHT. High-density lipoprotein
(HDL) levels increased by 12% at three months post-IHT
follow-ups and remained significantly higher until six
months. Conversely, low-density lipoprotein (LDL) levels
declined on completion of IHT and were lower at three-
month (13%) and six-month (11%) post-IHT period.
Similar favorable changes were found in very LDL and tri-
glycerides and the beneficial effects were more pronounced
in the patients with higher baseline levels of serum lipids.**
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Figure 1
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Simulated altitude chambers that were extensively used for training pilots, paratroopers, athletes, and spacemen in the former Soviet Union. (a) Training

barochamber in the Military Medical Academy, Leningrad, USSR (1930-1935). The picture is adopted from: Physiology and Hygiene of Altitude Flight (Edited by Krotkov
FG), Narkomzdrav USSR, Moscow-Leningrad, 1938. (b) Experiment with hypoxic training. The image is adopted from Krotkov FG. Aviation Hygiene. In: Handbook in

Military Hygiene. Narkomzdrav USSR, Moscow-Leningrad, 1939

In the medicated and stable hypertensive subjects, hypo-
baric IHT (2.5h to four weeks at 1285-2650 m) reduced the
resting systolic and diastolic blood pressure for 26 and
13mmHg, respectively, whereas no significant effect of
IHT on systolic and diastolic blood pressure was found in
the healthy subjects.®

Another interesting combination protocol was used by
Ushakov et al. to treat patients in a hypobaric chamber with
intermittent inhalation of hyperoxic gas mixtures.”® Each
patient received 10 1h daily sessions at simulated altitude
3000-5000m. Each session comprised a 7min hypobaric
hypoxia (breathing air) alternating with 3min hyperoxia

(breathing oxygen). This combination therapy was shown
to be highly efficacious in improving the functional state of
the organism and its resistance to extreme environmental
conditions.”® In addition, Minvaleev and co-workers
recently reported that the maximal rate of antiatherogenic
changes of serum lipid profile (i.e. decreased total choles-
terol and LDL, increased HDL) is characteristic for a com-
bination of three conditions: (1) moderate IHT, (2) moderate
physical activities, and (3) special exercises for increase of
cold tolerance (a form of the Tibetan yoga).*
Nevertheless, as for any other therapies, the use of bar-
ochambers for treatment and prophylaxis of cardiovascular
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(b)

Figure 2 (a) The barochamber Ural-1 USSR (Orenburg Medical University, 1970-1990). The picture is adopted from Meerson FZ, Tverdohlib VP, Boev VM, Frolov BA.
Adaptation to Periodic Hypoxia in Therapy and Prophylaxis. Moscow-Orenburg, Nauka, 1989. (b) The training thermo-barochamber in Terskol, International Medico-
Biological Scientific Centre, Russia-Ukraine (1970 to present). This large climatic test bench can reconstruct the atmospheric conditions equivalent to 9000 m altitude.
The picture is adopted from http://www.terskol.com. (A color version of this figure is available in the online journal.)

diseases in humans may carry its own risks and a third of
the patients subjected to hypobaric IHT in simulated alti-
tude chambers had side effects such as headache, stenocar-
dia, and cardiac rhythm disturbances. Furthermore,
barochambers for human use are often expensive to build
and demand personnel with necessary medical specialty
skills, which may not be practical in many healthcare set-
tings. To determine and control the appropriate hypoxia
dosage for each individual patient in the settings of hypo-
baric chamber is also a great challenge. It was suggested
that intermittent hypobaric hypoxia may produce harmful
biochemical changes, including decreased antioxidant cap-
acity and increased lipid peroxidation, which may lead to
suppression of vascular endothelial function and impair-
ment of vascular hemodynamics.®”

Intermittent hypoxia therapy with
inhalation of hypoxic gas mixtures

The above-discussed limitations and disadvantages of
hypobaric chambers prompted studies in recent decades
on a different and more practical form of
IHT —normobaric hypoxia training, which is carried out
by breathing of hypoxic gas mixtures under normobaric
environment. A variety of technical implementations for
this treatment approach have been tested, including normo-
baric hypoxia rooms or suites and the so-called hypoxica-
tors—a new class of biomedical devices that was first
introduced by the former Soviet Union scientists for simu-
lating altitude training in military personnel and sportsmen
and for treatment of various human diseases.®*®” These
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equipment or devices typically contain polymer mem-
branes, which can separate O, and N,, are convenient
for generating the hypoxic gas mixtures in open cir-
cuit devices and chambers.”’ More technical details about
the hypoxicators are described in our recent book.”*
The following sections aim to provide an overview on the
key clinical findings obtained from various types of normo-
baric IHT.

IHT in normobaric hypoxia rooms,
tunnels, or tents

Only few published studies used the hypoxia rooms or
tents for treating patients with cardiovascular disorders.
For instance, Agostoni et al. studied 14 normal subjects
and 38 patients with clinically stable heart failure at simu-
lated altitude from 1000 to 3000 m.?° They demonstrated the
safety of exposing stable heart failure patients to moderate
altitude up to 3000 m. Another recent study by Saeed et al.
on heart failure patients with left ventricular ejection frac-
tion (LVEF) <35%,” an “Hypoxico” sealed enclosure and
air delivery unit was used for this study (Figure 3). Patients
underwent and well tolerated the incremental normobaric
IHT for 10 daily sessions (each 3-4 h). After completion of
IHT, there were significant improvements in exercise time,
6 min walk distance, skeletal muscle strength, and quality of
life scores and a trend toward improvement in LVEFE, which
were sustained after one month.

Several companies have produced this line of IHT
equipment that can be used in cardiovascular patients.
For example, Hypoxico Inc. (New York, USA) produces alti-
tude sleeping systems including working rooms or portable
tents (Figure 3(a) and (b)). NORT Company (Ukraine)
manufactures “Orothron” that allows IHT sessions for up
to six patients simultaneously. A portable device “Borei-5"
(NORT Company, Ukraine) consists of: (1) control unit,
(2) isolation helmet, (3) gas-separating column, and
(4) compressor (Figure 3(c)). Hypoxia-treatment complex
“Edelweiss” (NVF METAKS Company, Russian
Federation) uses membrane technologies and is equipped
with a monitoring system of the internal environment and
the patient’s physiological parameters.

Benefits of normobaric IHT (face mask
method) in patients with hypertension,
coronary heart disease, and heart failure

Another more convenient, efficient, and low-cost means of
normobaric IHT is the face mask method, which consists of
a flow circuit containing face mask with valves for inspir-
ation/expiration and a buffer container for hypoxic gas
mixture in the line of inspiration (Figure 4). Special devices
have been developed for this particular method.”" Using
this method, the Russian and Ukrainian researchers have
performed a number of studies concerning the effects of
IHT on cardiovascular diseases, such as hypertension and
coronary heart disease.

For example, Vorob’ev et al studied antihypertensive
effects of IHT in 123 patients with stages I and II essential
hypertension.'” The authors suggested 16-20 THT sessions
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for patients with stage I hypertension and 26-30 sessions for
stage II patients could provide optimal depressor effects.
Similarly, Mukharliamov et al. conducted a 10-day IHT pro-
gram of 10 cycles/day of 5min hypoxia (10-14% O,)
and 5min normoxia in 56 patients with stages I-II hyper-
tension.”> This THT program enhanced the efficacy of
conventional antihypertensive medications on reduction
of systolic and diastolic blood pressure, heart rate, and per-
ipheral resistance. In addition, Simonenko et al. studied
30 hypertensive patients receiving antihypertensive medi-
cations combined with normobaric IHT and 32 control
hypertensive patients treated with drugs alone.” Their
results of 24h blood pressure monitoring revealed that
compared with the drugs alone controls, the combination
therapy group (IHT 4 drugs) had more normalized 24h
arterial pressure profile, i.e. more pronounced reduction
in nocturnal arterial pressure and decreased number and
duration of hypertensive episodes.”

Lyamina et al. treated stage 1 hypertensive patients with
20-day IHT (4-10 cycles of 3 min hypoxia (10% inspired O,)
and 3 min room air breathing).>’ THT increased nitric oxide
synthesis and decreased blood pressure in the hypertensive
patients. The IHT-induced enhancement of NO synthesis
was especially robust in the patients with more than five
years of hypertension history. The reduction in blood pres-
sure persisted for more than three months. IHT also low-
ered blood pressure in pregnant women with hypertensive
neurocirculatory dystonia and stages I-II hypertension.'”
Potievskaia suggested that changes in salt and water metab-
olism may have contributed to these persistent hypotensive
effects of hypoxia.”

Balykin et al. determined the changes in cardiorespira-
tory function in obese persons following various combin-
ations of normobaric IHT and physical exercise and they
reported that the combination of IHT and exercise increased
cardiorespiratory functional reserves, physical perform-
ance, and aerobic capacity to greater extents than either of
the modalities alone.”

Furthermore, clinical and functional effects of a 10-day
course of normobaric IHT was evaluated in 30 patients
with coronary heart disease in comparison with 30 patients
without THT.?® THT course began with a pre-evaluation
of hypoxia tolerance threshold for each patient based on
electrocardiogram criteria and the occurrence of angina
pectoris. Subsequent treatments were conducted with grad-
ual reduction of oxygen content in the inhaled gas mixture
for reaching hypoxia level up to 80% oxygen saturation. An
antianginal effect was observed in 70% of patients following
IHT, which also reduced the number of angina attacks per
day and the average daily doses of nitroglycerin for rapid
angina relief and beta-blockers —metoprolol. IHT also
decreased myocardial oxygen consumption at rest as well
as during standard exercise test, indicating an energy-
saving effect of IHT on the myocardium of heart failure
patients. An improvement of the quality of life score and
self-reported well-being was also reported. Another appli-
cation of the “Bio-Nova-204" one-patient hypoxicator in
the settings of cardiothoracic surgery was reported by
Rachok et al.** The efficacy of THT before coronary artery
bypass grafting surgery (CABG) was tested in a cohort of
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Figure 3 (a) Hypoxico® portable altitude tent. The tent fits on the bed box spring or on the floor with a mattress inside. The image is adopted from: http://www.
hypoxico.com/products/portable-altitude-tent/. (b) Hypoxico® at-home cubicle system. It offers the user a more comfortable and spacious atmosphere for in a more
permanent setting. The picture is adopted from: http://www.hypoxico.com/products/at-home-cubicle/. (c) A portable device ‘‘Borei-5’ (NORT Company, Ukraine). The
arrows indicate: (1) control unit, (2) isolation helmet, (3) gas-separating column, and (4) compressor. The image is adopted from Orotherapy. Lectures of Academy of
Hypoxia Problems. Edited by Berezovsky VA, Levashov MI, Kiev, Logos, 1998. (A color version of this figure is available in the online journal.)

60 patients with ischemic cardiomyopathy and chronic
heart failure (LVEF <35%). After a course of IHT, there
were a shift in autonomic balance toward the prevalence
of parasympathetic nervous system and a significant reduc-
tion in ventricular arrhythmia events. IHT also improved
vascular endothelial function and decreased serum levels of

endothelin-1, TNFo, and homocysteine. In addition, during
the intra- and early postoperative period of CABG, the IHT-
treated patients had less perioperative myocardial infarc-
tion and fewer ventricular fibrillation events during cardiac
resuscitation as well as less demand for high dose inotropic
support.
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Figure 4 The commercial image representing: (a) and (b): AltiTrainer200® (Switzerland). The picture is adopted from: http://www.smtec.net/en/products/altitrainer.
(c) CellAir One® (Germany), a device for hypoxic-hyperoxic training. The picture is adopted from: http://cellgym.de/products/ihht-systems/?lang=en. (A color version of

this figure is available in the online journal.)

Normobaric IHT (face mask method) in elderly
patients with cardiovascular diseases

The use of IHT in geriatric patients remains to be a matter
for debate. Some researchers believed that elderly patients
would neither tolerate nor benefit from IHT due to
their increasing fragility of old age,” including the age-
dependent declines in gas exchange that maintain oxygen-
ation, pulmonary vital capacity, and hypoxic ventilatory
drive.”*” Tt was demonstrated that THT efficiency is
decreased along with the aging process.”

On the other hand, there is considerable evidence that
the elderly can readily acclimate to moderately high alti-
tudes,”””"8 and therefore should be able to tolerate the
brief periods of moderate hypoxia during a typical IHT
protocol. This concept is supported by the study results
from Burtscher et al** in middle aged and elderly men
(50-70 years) with and without prior myocardial infarction

who completed 15 daily sessions of IHT. Each session con-
sisted of 3-5 hypoxic periods (14-10% F,0O,), 3-5min each
followed by a 3 min reoxygenation period. The IHT regimen
slightly increased hematocrit and hemoglobin content, low-
ered heart rate, blood lactate accumulation and perceived
exertion during submaximal exercise, and increased O,
consumption, workload, minute ventilation, and arterial
O, content during maximum exercise while again suppress-
ing lactate accumulation. The authors concluded that such
short-term IH exposures increase aerobic capacity and exer-
cise tolerance not only in the healthy elderly persons but
also the patients with coronary artery disease.
Subsequently, Korkushko et al. studied 29 elderly
patients with stage II hypertension who completed
10 days of IHT combined with the drug therapy of angio-
tensin-converting enzyme inhibitor (enalapril). The com-
pletion of IHT program reduced systolic blood pressure at
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Figure 5 A laboratory image representing the Rebreather Hypoxytron® (Ukraine) device, which is capable of buffer reservoir volume regulation for individual hypoxia
dosage (Photo taken by T.V. Serebrovskaya). (A color version of this figure is available in the online journal.)

rest (by 5.8%) and during mild exercise (by 18.8%). The
antihypertensive effects persisted for two months.
Another study from this group was conducted in 45 elderly
patients with stable angina and I and 1I functional classes.”
They used a “Hypoxytron” device as shown in Figure 5.
Each IHT session consisted of four cycles of 5 min hypoxic
mixture breathing (12-14% oxygen) alternated with 5 min
air breathing. The IHT by “Hypoxytron” device was well
tolerable and safe for vast majority of healthy elderly con-
trol subjects and elderly patients with ischemic heart dis-
ease. IHT led to the reduction in clinical symptoms of
angina and of daily myocardial ischemia duration, normal-
ization of lipid metabolism, and increased exercise toler-
ance. IHT also had positive effects on hemodynamics,
microvascular endothelial function, and work capacity in
healthy senior men.”

Collectively, these studies support the therapeutic appli-
cation of normobaric IHT, alone or in combination with
pharmacological remedies, to treat cardiovascular diseases
in elderly patients. The described positive effects of IHT are
generally opposite to the age-related characteristic changes
of an elderly individual.

IHT with rebreathing technique

It is noteworthy that a special type of hypoxicator applies
rebreathing principle in semi-closed flow circuit and was
named as “autohypoxicator.”® Its expiration line contains
carbon dioxide absorber and its circuit has pneumatic con-
nection to the atmosphere through buffer reservoir, either
rigid or elastic.”” In such devices the process of hypoxic
gas mixture formation depends upon three factors: (1)
the patient’s oxygen consumption, (2) binding of carbon diox-
ide, and (3) atmospheric air inflow into the circuit during
inspiration. During a rebreathing session, the oxygen concen-
tration gradually falls as the function of rebreathing time.
Some autohypoxicators®*®! have advanced features that
are capable to regulate the buffer reservoir volume accord-
ing to each patient’s anthropometric parameters by fixing
sylphon bellows in certain position or by spiral movement
of the spring within the device’" (Figure 5). In brief, the

initial inspired gas is atmospheric O, (21%) and inspired
O, would fall to 12% after 60-90 s of rebreathing. Then O,
is added gradually to the device to maintain inspired O, at
12% for the remaining 3.5-4 min with a final arterial O,
saturation typically 89-92%.

Although there is no report yet on the use of rebreathing
techniques for treating cardiovascular diseases, we still con-
sider this method as a promising modality for the future
practice of IHT. This is because the rebreathing devices
are easy and comfortable for the patients to use at home
and are also much less expensive than the concentrators.
However, a major restriction of the rebreathing device is
the difficulty to disinfect, despite the presence of bacterial
filter in its expiratory circuit. Therefore, each patient
should have his/her own individual device to avoid cross-
contamination of pathogens.

Optimal and individualized regimens
of IHT for cardiovascular diseases

Substantial methodological variations exist among the pub-
lished IHT studies up to date. The differences include: (1)
intensity of hypoxia (ranging from 2 to 18% inspired
oxygen); (2) duration of each of the hypoxic and normoxic
episodes (ranging from 15 to 30 s to 12h); (3) number of
cycles per day (ranging from three to 25 sessions); and total
training course (ranging from two to 90 days), which have
apparently added complexity in comparing the results
obtained from different studies. Therefore, seeking a stand-
ardization of the effective regimens for IHT has been a key
demand in the field of intermittent hypoxia research.*>*
In addition, the proven influence of both hereditary and
environmental parameters on physiological responses to
hypoxia in humans underscores the importance of selection
of individualized regimens for disease treatment. More
than three decades ago, in a longitudinal twin investigation,
we designed a nomogram to estimate individual non-
specific reactivity and functional reserves for prognosis of
the subject’s adaptation to hypoxia.*® Various strategies
were developed for customized IHT regimens according
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to the individually determined sensitivity to hypoxia.®*

Also the heart rate changes during a steady decrease in
arterial oxygen saturation (SaO,) were used by Russian sci-
entists for predicting the prognosis of individual adaptation
to hypoxia and for the selection of optimal treatment regi-
mens. Estimation of individual patient sensitivity to hyp-
oxia for selecting an optimal IHT regimen was also
investigated.®

Furthermore, in 2009 Bassovich and Serebrovskaya pro-
posed a novel approach to objectively quantify the dosage
of hypoxia—the so-called Hypoxia Training Index (HTi).”’
This parameter is calculated by analyzing the SaO, curve
during a hypoxic test and provides a more objective meas-
ure of the hypoxic stress delivered during the IHT session,
as compared with the simple reliance on FiO,. HTi provides
an index of dosage received by the individual at the end of
the session. Knowledge of HTi can therefore be used to alter
the training regimen for different individuals, compensat-
ing for individual variability, and to ensure that hypoxia
exposure was correctly controlled for each subject.

An individual hypoxia dosing approach for elderly
patients was also reported by Korkushko et al.®® In brief,
before starting an IHT, the patients performed a standard
hypoxic test with inhalation of 12% O, gas mixture for
7 min. If the test was not interrupted during 7 min, because
of either adverse effects or SaO, drop to <80%, the subse-
quent IHT regimen started with 12% O,. Otherwise, the IHT
session began with 14% O, with a gradual reduction to 12%
in the course of 3-5 sessions. Individual respiratory and
cardiovascular functional status and blood sugar levels
are among the confounding factors that need to be con-
sidered when designing the individual IHT protocols.

Contraindications of IHT

According to the guidelines published by the Russian and
Ukrainian healthcare administrations, the general consen-
suses on the contraindications for IHT implementations are
as follows: (1) acute stages of somatic diseases (myocardial
infarction within the last three months, unstable angina,
acute ischemic stroke within the last six months); (2) acute
infectious diseases and conditions accompanied by fever
and/or requiring intensive traditional therapy; (3) decom-
pensated chronic renal failure requiring hemodialysis; (4)
Hypertension Stage III with frequent hypertensive crisis; (5)
significant extracranial blood flow disturbances; (6) con-
genital anomalies of the heart and great vessels; (7) throm-
botic state and thromboembolic complications; (8) primary
and secondary polycythemia; (9) individual intolerance to
oxygen deficiency; and (10) intellectual or mental disorders.

Other modified protocols of IHT

During the past decade, a new mode of IHT has
been explored, which combines periods of hypoxia
(10-12% FiO,) and hyperoxia (30-35% FiO,).** The
researchers proposed that the cyclic generation of moderate
levels of free radicals during the intermittent hypoxia-
hyperoxia cycles may cause better induction of antioxidant
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enzymes than those triggered by the intermittent hypoxia-
normoxia protocol. However, it remains to further prove
that this new protocol would reduce the recovery time
and in turn shorten the total duration of IHT sessions.

Notably, the hypoxia-hyperoxia IHT was used in treating
patients with metabolic syndrome and such a modified IHT
modality significantly reduced body weight of the obese
patients.®” It was achieved mainly by reducing fat mass
accompanied by the reduced blood levels of total cholesterol,
LDL, and fasting glucose. Other improvements included
normalized blood pressure, increased physical endurance,
and improved mental status. Nevertheless, there is still no
strong comparative evidence in humans to support that this
method is much more efficient than the conventional hyp-
oxia-normoxia mode.

Concluding remarks

Oxygen delivery and utilization are essential for human life.
Adaptation to hypoxia is one of the best preserved survival
mechanisms of the human body, including cardiovascular
system. IHT represents a promising non-pharmacologic
modality in prevention and treatment of cardiovascular dis-
eases. The most notable features of IHT are its relatively
non-invasive nature (i.e. brief hypoxic stimuli less than a
half hour per day for only few weeks) that could provide
long-lasting beneficial effects beyond several weeks. The
proper choice of the hypoxia dosage depending on the indi-
vidual reactivity to hypoxia, which should be titrated for
each patient, in order to avoid negative effects of hypoxia
while augmenting its favorable properties.

Evidence accumulated by more than five decades of
extensive research in both healthy humans and patients
with various diseases has clearly indicated that the short-
term daily sessions consisting 3-4 bouts of 5-7 min exposures
to 12-10% FiO, alternating with equal durations of normoxia
for 2-3 weeks can result in remarkable beneficial effects in
treatment of major cardiovascular diseases such as hyperten-
sion and coronary heart disease, and chronic heart failure.

Careful monitoring of the vital parameters of cardiopul-
monary function during IHT sessions is critical. Although
10% FiO, or less was used in some cases of IHT in elite
athletes, IHT in the patients with cardiovascular diseases
and/or old age must be carried out under FiO, no less
than 12%. The duration and number of hypoxic episodes
should also be individually selected.

Further evaluation of risk/benefit ratio is much needed
to develop a series of standardized guidelines for IHT that
can facilitate the potential clinical applications and resolve
the confusions resulted from the complexity and differences
in methods and dosages. Taken together, we can envisage a
bright future for individualized IHT, which may play a
more significant role in the preventive and complementary
medicine against cardiovascular diseases.
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