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(57) ABSTRACT

The invention relates to methods and devices for training
persons by breathing in hypoxic and hyperoxic gas mixtures
by means of a device on the order of a ReOxy or CellAir One
device, in particular by elderly persons and especially par-
ticularly persons with dementia. The cognitive functions are
assessed by means of the Dementia Detection Test
(DemTec) and Sunderland Clock Drawing Test (CDT); the
functional exercise capacity is ascertained for instance by
means of a 6-minute walk test (6MWT).
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DEVICE AND METHOD FOR IMPROVING
COGNITIVE AND FUNCTIONAL ABILITIES
USING HYPOXIC AND HYPEROXIC GAS
MIXTURES

[0001] The invention relates to methods and devices for
improving cognitive and functional capabilities by breathing
in hypoxic and hyperoxic gas mixtures, in particular by
means of an especially embodied hypoxicator (https://en.
wikipedia.org/wiki/Hypoxicator), especially preferably by
means of a device on the order of a ReOxy device or CellAir
One device.

[0002] A hypoxicator is a device which is intended for
furnishing a stimulus for adapting the heart and circulatory
system of an individual by breathing reduced oxygen/hy-
poxic air and tripping mechanisms for compensation.
[0003] A ReOxy device is an especially embodied hypoxi-
cator by means of which patients during treatment can be
supplied with personalized doses of a reduced-oxygen (hy-
poxic) air and gas mixture. Unlike conventional hypoxica-
tors, an especially embodied hypoxicator has a mode of
operation in which, in addition to the low-oxygen gases,
oxygen-enriched gases are generated at intervals and can be
supplied to a person.

[0004] From EP 1721 629 Al, a device and a method for
intermittent hypoxic training under biofeedback control is
learned. In it, a device is used which is embodied for
supplying a person in alternation with oxygen-enriched
(hyperoxic) air or conventional air.

[0005] The method for improving cognitive and functional
capabilities of persons by varying the blood oxygen satura-
tion with oxygen or by varying the oxygen concentration in
the gas mixture breathed in includes the following:

[0006] (2) (intermittently) breathing in hypoxic and
hyperoxic gas mixtures via a face mask;

[0007] (b) calculating treatment parameters based on an
individual reaction of the person to the variation in the
oxygen concentration in the gas mixture breathed in,
and measuring the oxygen concentration of a pulse
oximeter;

[0008] (c) continuous monitoring of the arterial oxygen
saturation and heart rate with the aid of a pulse oxi-
meter.

[0009] The device for use in the aforementioned methods
is capable of generating breathing gas mixtures with a low
proportion of oxygen (9-21 vol. %) and an elevated propor-
tion of oxygen (21-95 vol. %), by splitting the open air into
nitrogen and oxygen and afterward mixing them in a cal-
culated ratio in order to subsequently supply this gas mixture
to the person via a face mask. It is employed in order to
improve cognitive and functional capabilities of the person
by varying the blood oxygen saturation with oxygen or by
varying the oxygen concentration in the gas mixture
breathed in, and it includes intermittent breathing in of
hypoxic and hyperoxic gas mixtures via a face mask, which
is connected by a hose to the device for hypoxic and
hyperoxic gas mixtures.

[0010] The hypoxic gas mixture for use in the device of
the invention and the method of the invention is a gas
mixture having an proportion of oxygen between 21 and 9
vol. %, and the hyperoxic gas mixture is a gas mixture
having an proportion of oxygen between 21 and 95 vol. %.
[0011] The duration of a treatment (session) with the
hypoxic gas mixture of the hypoxic interval is calculated
based on an individual reaction of the person to the reduction
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in the oxygen concentration in the gas mixture breathed in.
This can happen based on the degree of reduction in the
blood oxygen saturation, and the duration is at maximum
1200 seconds.

[0012] The duration of treatment with the hyperoxic gas
mixture of the hyperoxic interval is calculated on the basis
of an individual reaction of the person to the elevation of the
oxygen concentration in the gas mixture breathed in, spe-
cifically based on the degree of restoration of the blood
oxygen saturation; the original values at the time the
hypoxic gas mixture was initially supplied are restored. In
the event of a rapid rise in the blood oxygen concentration,
in particular a rapid blood oxygen saturation after a treat-
ment with the hypoxic gas mixture, the hyperoxic gas
mixture can be adjusted overall with a low oxygen concen-
tration and/or the duration of treatment with the hyperoxic
gas mixture can be shortened. If the oxygen concentration of
the person rises slowly after a treatment with the hyperoxic
gas mixture, the oxygen concentration of the hyperoxic gas
mixture can be increased, and/or the treatment with the
hyperoxic gas mixture can be made longer.

[0013] For determining a rapid or slow saturation of the
blood, a time frame for observation is set, in which the
regeneration of the oxygen saturation after a treatment with
a standard hypoxic gas mixture is observed. The standard
hypoxic gas mixture preferably has an oxygen concentration
of 12 vol. %. Preferably, the observation time frame amounts
to 3 minutes. Especially preferably, the standard hyperoxic
gas mixture has an proportion of oxygen of 30 vol. %. If a
blood oxygen saturation in the observation time frame is not
achieved, then a slow increase in the blood oxygen concen-
tration, in particular a slow blood oxygen saturation, may be
present.

[0014] For generating the hyperoxic and hypoxic gas
mixtures, the device of the invention can have a chamber in
which a membrane for gas separation is provided, in par-
ticular a zeolite membrane. By the partial passage of com-
ponents of the air through the membrane, two gas flows are
formed: an oxygen-enriched first gas flow, and an oxygen-
depleted second gas flow. The first flow has a proportion of
50£10 vol. % of oxygen. The second flow has a proportion
of 8523 vol. % of nitrogen. Preferably, the second gas flow
is formed such that upon recombination with the first gas
flow, it forms conventional air. Both gas flows may, how-
ever, also be further enriched with additional oxygen or
nitrogen from appropriate gas sources, such as gas bottles.

[0015] The second gas flow, in particular the nitrogen, is
carried through a gas mixer into a first collection bag. The
first gas flow, in particular the oxygen, is also delivered to a
second collection bag and carried to the gas mixer via a
proportional valve.

[0016] The quantity (flow) of oxygen that which is
admixed with the nitrogen flow before or at the time of the
discharge, is determined such that the bag with breathing gas
mixture is brought to a predetermined, set, variable concen-
tration, specifically in each case for both hypoxic and
hyperoxic intervals. Gases at the inlet are directed to the gas
mixer and the output is controlled by the securing bag.

[0017] The session or sessions each last from 10 to 90
minutes. The number of intervals is determined by the preset
duration of the session. The number of sessions can vary
between 5 and 25.
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[0018] The device can include a face mask, preferably a
nose and mouth mask. The pulse oximeter can include a
finger sensor and/or ear sensor.

[0019] The cognitive functions are assessed by means of
Dementia Detection Test (DemTec) and Sunderland Clock
Drawing Test (CDT), but are not limited to this; the func-
tional exercise capacity is ascertained by means of a 6-min-
ute walk test (6(MWT) but are not limited to that.

[0020] The (intermittent) inhalation of hypoxic and/or
hyperoxic gas mixtures by means of a device on the order of
a ReOxy device leads to improved cognitive functions
and/or improved functional exercise capacity in the patients
studied.

[0021] InEP 1721629 Al, no IHHT training in the sense
of the present invention is disclosed. In particular, the
oxygen concentration of the hyperoxic gas mixture, the
provision of a hypoxic gas mixture, the usage intervals of the
individual gas mixtures, and the number of interval repeti-
tions, leading to an enhancement of cognitive capabilities,
are not disclosed in this reference.

[0022] Unlike that, the device according to the present
invention is embodied for furnishing both hypoxic gas
mixtures and hyperoxic gas mixtures. They are supplied to
a person by the method of the invention in alternation in an
interval training (IHHT) process.

[0023] The invention will be described in further detail in
terms of the following exemplary embodiment:

Example 1

[0024] Burtcher M. et al (Austria) conducted a random-
ized, stratified (graduated) placebo-controlled double-blind
study with 41 patients involved, aged from 64 to 92. They
were arbitrarily distributed to the intervention group and the
control group. Both groups completed the same multi-modal
training; however, while the intervention group additionally
received treatments by means of inhaling hypoxic and
hyperoxic gas mixtures (hereinafter THHT), the control
group conversely received an air mixture a standard amount
oxygen. Changes in the cognitive capability were assessed
using the Dementia Detection Test (DemTect) and the Sun-
derland Clock Drawing Test (CDT). Changes in the func-
tional exercise capacity were measured by means of the total
distance of 6-minute walk tests (6MWT).

[0025] For the hypoxia group, each IHHT session lasted
for up to one hour. The ITHHT session parameters (maximal
duration of the hypoxia period, maximal duration of the
hyperoxia period, hypoxic O, concentration were calculated
individually, based on the outcomes of the hypoxic test HT
(0, concentration 12%; duration of hypoxic period 10 min-
utes maximum, hyperoxic period 3 minutes maximum).
[0026] After this test, the participants in the hypoxic group
were exposed repeatedly for from 4 to 7 minutes to a
hypoxic gas mixture (10-14%) followed by exposure for 2 to
4 minutes to a hyperoxic gas mixture (30%) through a face
mask on every treatment day. Each session lasted from 30 to
40 minutes and encompassed from 4 to 8 hypoxy/hyperoxy
cycles, depending on the person’s individual reaction and
condition.

[0027] The normal oxic group (control group) completed
the program in the same way breathing only normal oxic air
(sham treatment).

[0028] The researchers conducted IHHT sessions using
the ReOxy device for breathing therapy. This device pro-
vided the participants with gas mixtures (10-30%), and the
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arterial oxygen saturation (Sa0,) was monitored at the same
time. Both the proportion of SaO, and the heart rate were
measured with the aid of a pulse oximeter, which sent all the
measurement data to the device without the data being
visible to the test persons.

[0029] During the entire time spent in the geriatric daily
clinic, a total of 12-15 hypoxic or sham treatments were
conducted, twice to three times a week within from 5 to 7
weeks for both groups.

[0030] Regarding the cognitive tests by means of Dem-
Tect, the control group exhibited a high significant increase
after the IHHT combined with the MIT (+16.7%), while the
control group, which did only the MIT exhibited no increase
(-0.39%). The CDT showed similar results with a significant
increase in the intervention group (+10.7%) while con-
versely the score of the control group even decreased
slightly (-8%). Regarding the functional exercise capacity,
both groups showed an increase in total distance in the
6MWT, but in the intervention group the increase was
significantly higher than in the control group (+24.1% vs.
+410.8%).

DETAILED DESCRIPTION

[0031] More than 46 million people suffer today from
dementia because of severe economic and financial burdens.
It is extremely likely that this number will rise dramatically
by the year 2050, to 131.5 million people. There is still an
enormous need for new strategies for prevention and treat-
ment of dementia.

[0032] One such strategy can be IHHT. IHHT proved to be
a noninvasive, easy-to-use and safe method based on
repeated action with a gas mixture having a reduced pro-
portion of oxygen; this action is interrupted by recovery
phases from time to time. These recovery phases can be
either normoxic (20-21 vol. % O,, IHT) or hyperoxic (21-95
vol. % O,, IHHT). The repeated action of the gas mixture
with a reduced proportion of oxygen causes an only mod-
erate burden, followed by beneficial adaptations. Burtscher
M. Katayama and colleagues showed that the ITHT exercise
tolerance in patients who suffer from chronic diseases such
as heart and circulatory diseases, chronic lung disease, or
metabolic diseases, increases. It has also been demonstrated
that IHT can prevent oxidative and nitrosative stress, pro-
tects against neurodegenerative changes, and even improves
cognitive functions in experimental Alzheimer’s disease in
rats. To our knowledge, Schega L. et al were the first to
research the affects of IHT on the cognitive capability of
elderly people between 60 and 70 years old. In their pilot
study, a strength endurance training program enhanced the
cognitive functions, and the additional IHT enhanced this
positive effect of the exercises with regard to cognitive
capability and quality of life.

[0033] A novel form of the hypoxic effect is proposed,
which is called intermitted hypoxic/hyperoxic training
(IHHT). IHHT is characterized by even more-positive
effects than conventional IHT. The standard oxic periods are
replaced with moderate hyperoxic periods of 30-40% O,.
This leads to faster recovery from the oxygen depletion. It
is asserted in one study with male Wistar rats that the
hypoxic-hyperoxic treatment results in a better and faster
membrane-stabilizing effect in heart, liver and brain cells in
comparison to IHT. A current study has shown that the [HHT
has improved the training achievement in athletes who have
overtraining syndrome. The case study by Susta et al ascer-
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tained a marked improvement in cardiopulmonary efficiency
(heart-lung efficiency) and lactate clearance after 3 weeks of
daily THHT. Glazachev showed that THHT can improve the
exercise tolerance, aerobic capacity, and cardiometabolic
profile in patients with NYHA II-IIT without any exercises at
all. None of these studies reports unwanted side effects.
THHT even appears to exceed the positive results of THT.
[0034] The ReOxy device used in the research carried out
by Burtcher is described in further detail at www.ReOxy.lu.
This device uses the Self-Regulated Treatment (SRT) tech-
nology. SRT technology is based on the biofeedback prin-
ciple; the patient’s bodily functions, which are monitored
during the entire duration of treatment, determine the treat-
ment parameters. SRT technology is based on highly devel-
oped software, which constantly reads out and analyzes data
of the built-in pulse oximeter for the sake of adapting the
composition of the air mixture administered and its regula-
tion over time. These, that is, the composition and regulation
of the air mixture, are based on changes in the patient’s vital
functions (such as blood oxygen saturation (SpQ,) and heart
rate) (www.ReOxy.lu).

[0035] The present invention relates in particular to a
device for furnishing hypoxic/hyperoxic gas mixtures, hav-
ing means for continuous measurement of the arterial oxy-
gen saturation and/or heart rate and for ascertaining indi-
vidual parameters based on the person’s individual reaction
to the physical effect of the hypoxic/hyperoxic gas mixtures;
the device is embodied for generating gas mixtures with a
low and an elevated proportion of oxygen by splitting the
open air into nitrogen and oxygen and then as a function of
the individual reaction mixing them in a calculated ratio; the
device can be used for intermittent hypoxic/hyperoxic train-
ing (IHHT) of persons to whom the gas mixtures are
supplied by means of an apparatus which is connected to the
device for hypoxic and hyperoxic air. According to the
invention, it is provided that the low proportion of oxygen
includes from 8-20 vol. % and the elevated proportion of
oxygen includes 21-95 vol. %.

[0036] In arefinement of the invention, it is provided that
the hypoxic gas mixture includes from 10%-16% oxygen
and the hyperoxic air mixture includes from 30%-40%
oxygen.

[0037] Preferably, it is provided that a face mask is pro-
vided, by means of which the hypoxic/hyperoxic gas mix-
ture can be inhaled, and/or that the device has a pulse
oximeter, by means of which the arterial oxygen saturation
and/or heart rate can be determined; the pulse oximeter can
include a finger sensor and/or ear sensor, by means of which
the arterial oxygen saturation and/or heart rate can be
detected.

[0038] Preferably, the device operates on the biofeedback
principle. The present invention furthermore relates to a
method for furnishing intermittent hypoxic/hyperoxic train-
ing (IHHT), including furnishing hyperoxic/hypoxic air to a
person using the device of one of claims 1 through 10, in
which (a) the arterial oxygen saturation and/or heart rate is
measured continuously; (b) individual parameters are ascer-
tained on the basis of an individual reaction of the person;
(c1) the oxygen concentration in the hypoxic/hyperoxic air
supplied is adapted in accordance with the values ascer-
tained in (b) and/or (c2) the degree of blood oxygen satu-
ration is varied.

[0039] Preferably, the duration of the hypoxic interval is
calculated such that the restoration of the blood oxygen
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saturation with oxygen to the saturation values at the begin-
ning of the previous delivery interval is ensured; the training
can be repeated, preferably between 5 and 25 times, during
a sufficient number of training sessions.

[0040] Especially preferably, the duration of the hypoxic
interval can amount to a maximum of 1200 seconds; the
IHHT training can lead to improved cognitive functions
and/or improved functional capacity in the presence of
physical stresses.

[0041] Preferably, the cognitive capabilities are evaluated
with the aid of standardized tests, including but not limited
to the DemTect tests and the Sunderland Clock Drawing Test
(CDT); the improved functional capacity in the case of
physical stresses is evaluated with the aid of standardized
function tests, including the 6-minute walk test ((MWT),
but not limited to that.

[0042] Especially preferably, the hypoxic air mixture can
include from 10%-16% and the hyperoxic air mixture can
include from 30%-40%.

[0043] Furthermore, the invention relates to a method for
controlling the operation of the device of the invention, in
which method the device is operated in succession and
repeatedly in a first mode, in which it generates hypoxic gas,
and in a second mode, in which it generates hyperoxic gas;
a component of the device measures the arterial oxygen
saturation and/or heart rate of a person, and based on the
measured values, it dynamically adapts and sets the duration
of operation in the first mode.

[0044] According to the invention, a feedback loop
between a person’s measured oxygen saturation and/or heart
rate and the duration of the phase in which hypoxic gas or
the phase in which hyperoxic gas is delivered to the person
can be dynamically adapted and reset upon each repetition
of the individual phases.

[0045] Especially preferably, the one adaptation or setting
of the duration of the phase, that is, lengthening or short-
ening the phase, can also be set based on oxygen saturation
and/or heart rate, even if the phase has already begun.
[0046] Preferably, based on the oxygen saturation and/or
heart rate of the person, the duration of the second mode is
also set.

[0047] Especially preferably, the device is operated in the
first mode with an oxygen saturation of 10-16 vol. % and in
the second mode with an oxygen saturation of 30-40 vol. %
and even more preferably with 33-37 vol. % in the second
mode.

[0048] According to the invention, the following defini-
tions are made:

[0049] that the individual reaction can exhibit an indi-
vidual hypotoxic reaction and an individual hypertoxic
reaction,

[0050] that the individual hypoxic reaction of the person
can exhibit the specific degree of reduction in the blood
oxygen saturation because of reducing the oxygen
concentration in the gas mixture breathed in, in par-
ticular the hypoxic gas mixture; and

[0051] that the individual hyperoxic reaction of the
person can exhibit the specific degree of restoration of
the blood oxygen saturation because of the elevation of
the oxygen concentration in the gas mixture breathed
in, in particular the hyperoxic gas mixture.

[0052] The device and the method of the invention are
embodied in a healthy person, that is, who has no cognitive
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deficiencies, in the context of a training session, in particular
a capacity-increasing training session, to improve his cog-
nitive capabilities.
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[0063] 11.EP1 721 629 Al

1. A device for furnishing hypoxic/hyperoxic gas mixtures
having means for continuous measurement of the arterial
oxygen saturation and/or heart rate as well as for ascertain-
ing individual parameters of the action of hypoxic/hyperoxic
gas mixtures on the basis of the person’s individual reaction,
by means of which breathing mixtures with a low and with
an elevated proportion of oxygen can be generated by
splitting the atmospheric air into nitrogen and oxygen and
subsequently mixing them in a defined ratio, which device
can be employed for intermittent hypoxic/hyperoxic training
(IHHT), in which the gas mixtures are supplied by means of
an apparatus which is connected to the device for hypoxic
and hyperoxic air,

characterized in that

the low proportion of oxygen includes from 8-20 vol. %

and the elevated proportion of oxygen includes 21-95
vol. %.
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2. The device of claim 1,

wherein the hypoxic gas mixture used for the IHHT
contains from 10-16 vol. % oxygen and the hyperoxic
gas mixture used for the IHHT contains from 21-40 vol.
% oxygen.

3. The device of one of claim 1 or 2,

wherein the hypoxic/hyperoxic gas mixture is inhaled by
means of a face mask.

4. The device of one of claims 1 through 3,

wherein arterial oxygen saturation and heart rate are
measured by means of a pulse oximeter.

5. The device of claim 4,

wherein the pulse oximeter includes a finger sensor and/or
ear sensor.

6. The device of one of claims 1 through 5,

wherein the device functions on the biofeedback prin-
ciple.

7. Amethod for furnishing intermittent hypoxic/hyperoxic
training (IHHT), including the furnishing of hypoxic/hyper-
oxic air to a person using the device of one of claims 1
through 6,

wherein

(a) the arterial oxygen saturation and/or heart rate is
measured continuously;

(b) individual parameters are ascertained on the basis of
an individual reaction of the person;

(c1) the oxygen concentration in the hypoxic/hyperoxic
air supplied is adapted in accordance with the values
ascertained in (b) and/or

(c2) the degree of blood oxygen saturation is varied.

8. The method of claim 7,

wherein the duration of the hyperoxic interval is calcu-
lated such that the restoration of the blood oxygen
saturation to the physiological normal values is
ensured.

9. The method of one of claim 7 or 8,

wherein the training is repeated during a sufficient number
of training sessions, preferably between 1 and 25
sessions.

10. The method of one of claims 7 through 9,

wherein the duration of the hyperoxic interval is a maxi-
mum of 1200 seconds.

11. The method of one of claims 7 through 10,

wherein the person is an elderly person, in particular a
person with poor cognitive capabilities.

12. The method of claim 11,

wherein the IHHT training leads to improved cognitive
functions and/or improved functional capacity under
physical stresses.

13. The method of claim 12,

wherein the cognitive capabilities are evaluated with the
aid of standardized tests, including the Dementia
Detection Test and the Sunderland Clock Drawing Test
(CDT), but is not limited to these.

14. The method of claim 12,

wherein the improved functional capacity under physical
stresses is evaluated with the aid of standardized func-
tion tests, including the 6-minute walk test (6MWT),
but not limited to that.

15. The method of one of claims 10 through 14,

wherein the hypoxic air mixture includes from 9-20%
oxygen and the hyperoxic air mixture includes from
21-40% oxygen.

* ok %k



FRIRAA

RAAN

S EREESE

BEG®)

EARENSESEREWHZ AN ER

US20190134326A1

US16/097283

GLAZACHEV OLEG S
PLATONENKO ALEXEY
SPIRINA GALINA
GOLITSYN PETR
LIKAR RUDOLF
PINTER GEORG

GLAZACHEV, OLEG S.
PLATONENKO, ALEXEY
SPIRINA, GALINA
GOLITSYN, PETR
LIKAR, RUDOLF
PINTER, GEORG

patsnap

ENMEBH S E
NF(LE)R 2019-05-09
HiEA 2017-05-04

A61M16/00 A61B5/11 A61B5/1455 A61B5/00

A61M16/0045 A61B5/1104 A61B5/14551 A61B5/4088 A61B5/486 A61M2230/205 A61B5/024

1616085607 2016-05-06 JP

Espacenet USPTO

A& SR IEITReOxyH CellAir Onek B | #3IREE AN , BRREEF
ARESLENEE  BINRRENSEMESYRIIG AR S EHM
RE, BEEAERNNEE ( DemTec ) MRE2Zrtps2 M

( CDT ) #M&INAIhEE; Flan |, W6 #FH TN (6MWT ) FEIHAE

BIFRED


https://share-analytics.zhihuiya.com/view/304924fb-62a6-40f2-a067-ef59c7d3b5f6
https://worldwide.espacenet.com/patent/search/family/055970816/publication/US2019134326A1?q=US2019134326A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220190134326%22.PGNR.&OS=DN/20190134326&RS=DN/20190134326

