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Methods and systems for meodifying cognitive performance

TECHNOLOGICAL FIELD

The present disclosure concerns methods and systems for improving cognitive

performance. More specifically, the disclosure concerns methods and systems for

cognitive training under hyperbaric conditions.
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Acknowledgement of the above references herein is not to be inferred as meaning
that these are in any way relevant to the patentability of the presently disclosed subject

matter.

BACKGROUND

Hyperbaric treatment of various conditions 18 known for many years, for example
to treat effects of decompression sickness or carbon monoxide poisoning, treat arterial
gas embolism, encourage skin growth in burn victims, ef¢c. Such treatments are typically
carried out by enclosing the patient in a chamber, in which controlled increase of pressure
can be obtained. In some treatment protocols, the patient is also exposed to oxygen
enriched environment during hyperbaric treatment {1-12}. Cognitive training in ambient
conditions has been shown to 1mprove cognitive function in patients suffering from
various cognitive impairments {13-19]. To date, due to the rigorous constrains imposed
onto hyperbaric treatment conditions {typically carried out in narrow, tube-like chambers
which leave little room for the patient to move, and/or preventing msertion of electrical
equipment thereinto due to the oxygen-rich environment), the effect of additional
treatment routes carried out during hyperbaric treatment, such as cognitive training has

vet to be investigated.

GENERAL DESCRIPTION

The present disclosure concerns methods and systems for modifving {e.g
mmproving) cognitive functions by combining hyperbaric exposure at oxygen-rich
environment with cognitive training that 1s carried out within the hyperbaric chamber,
Such combined treatment 1s aimed at modifving cognitive functions with a long-lasting
effect, namely aiming to obtain modification and maintaining of such modification after
the treatment has been carried out (7.e. maintaining the treatment effects on cognitive
function obtained by the treatment for at least a period of time after carrying out the
treatment).

Thus, provided by an aspect of the present disclosure 15 a method of modifying
cognitive performance of a subject, the method comprising treating said subject by one

or more treatment cycles, each treatment cycle comprises exposing said subject to
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hyperbaric conditions and oxygen rich environment, and carrying out at least one
cognitive training task during said exposure.

In some embodiments, combining exposure to hyperbaric conditions and oxygen
rich environment with at least one cognitive training task carried out during said exposure
results in a synergistic effect on cognitive performance modification.

Within the context of the present disclosure, the term modifving {(or any lingual
variation thereof) is meant to encompass induction of at least one desired effect on or
resulting from coguitive performance of the subject. Thus, treating a subject by the
methods disclosed herein can induce, enhance, improve, arrest or diminish at least one
effect associated with cognitive performance, etther by virtue of the treatment itself or by
inducing associated mechanisms resulting in cognitive performance modification. The
term also means to encompass ameliorating undesired symptoms assoctated with a
cognitive disorder, preventing the manifestation of such symptoms before they occur,
slowing down the progression of a cognitive disorder, slowing down the deterioration of
symptoms associated with a cognitive disorder, slowing down the irreversible damage
caused m progressive chronic stage of a cognitive disorder, delaying the onset of said
progressive stage, lessening the severity of a cognitive disorder, improving recovery from
brain injury, improving normal cognitive function, or a combination of two or more of
the above.

in some embodiments, the method improves or enhances cognitive performance
of the subject.

in other embodiments, the method diminishes or arrests at least one symptom
associated with at least one impaired cognitive function.

in yet other embodimenis, the method increases the comphance of the subject to
perform cognitive tramning and/or to complete a set of said one or more treatment cycles.

The term cognitive performance {or cognitive function to be used in this disclosure
interchangeably) is meant {0 encompass any mental or iniellectual process involving
perception, thinking, reasoning, memory, sensation, imagination, efc., that enables a
subject to carry out a defined mental task. Exemplary, non-limiting, cognitive functions
may be verbal memory, nonverbal memory, immediate memory, delayed memory,
information processing speed, attention, executive function, motoric function, visual

perception, multi-tasking, visual spatial recognition, verbal expression, navigation,
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intelligence, working memory, task switching, response inhibition, psychomotor speed,
verbal fluency, naming of objects, vocabulary identification, efc.

The methods of this disclosure involve exposing a subject to be treated to
hyperbaric and oxygen-rich conditions (Hyperbaric Oxygen Treatment — HBOT), during
which at least one cognitive task is being carried out by the subject.

Hyperbaric conditions refer to exposure of the subject to a pressurized
environment, i.e. an environment in which a pressure above standard atmospheric
pressure resides (1 atm). Such hyperbaric conditions may be obtained by utilization of
a hyperbaric chamber, which is a chamber enabling controlled increase of pressure while
a subject resides therein. Such hyperbaric chambers may, for example, be suitable for
enclosing a single subject, or suitable for simultaneously enclosing two or more subjects.

By some embodiments, the hyperbaric conditions comprise exposing the subject
1o a pressure of between about 1.1 absolute atmospheres (ATA) and about 3.2 ATA. In
other embodiments, the hyperbaric conditions comprise exposing the subject to a pressure
of between about 1.2 ATA and about 3 ATA.

Together with increased pressure, the subject 15 exposed to an oxygen rich
environment, which, in some embodiments, is an environment that comprises between
about 22 voi% and 100 vol%6 oxygen. In other embodiments, the oxygen rich environment
can comprise about 25 vol%, 30 vol%, 35 vol%, 40 vol%, 45 vol%, 50 vol%, 55 vol%,
60 vol%, 65 vol%, 70 voi%, 75 vol%, 80 vol%, &3 vol%, 90 vol%s, 95 vol¥s, 98 volds, or
even 100 vol% of oxygen. In some other embodiments, the oxygen-rich environment
comprises between about 30 voi®e and about 100 vol®% oxygen, between about 40 vol%e
to about 100 vol%, between 50 vol% and 100 vol%, or even between 60 vol% and 100%.

in other embodiments, the oxygen rich environment comprises about 21 vol%
oxygen provided at above atmospheric pressure.

The oxygen rich environment can be provided in the entire volume of the
hyperbaric chamber, or can be administered individually to each subject within the
chamber, ¢.g. via a personal mask, hood, cannula, efc.

In some embodiments, the level of oxygen in the oxygen-rich environment is
maintained constant throughout the treatment cycle.

In other embodiments, exposure to said oxygen rich environment is carried out
intermittently. In such embodiments, exposure to said oxygen rich environment may be

carried out during defined time periods, with ntervals of administration of lower oxygen
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levels {e.g. 21 vol% oxygen or ambient air} in between said defined time periods. Such
intervals can, for example, be of between about 10 seconds and 30 minutes, in between
adminstration of oxygen-rich environment. In some embodiments, the intervals can be
of between about 1 and about 10 minutes.

According to some embodiments, each treatment cycle may comprise a total
(elapsed) time of exposure to said oxygen rich environment of between about 1 minute
and 200 minutes. In other embodiments, said total time of exposure can be between about
10 minutes and 180 minutes, between about 10 minutes and 160 minutes, between ahout
10 minutes and 140 minutes, or even between about 10 munutes and 120 minutes. In some
other embodiments, said total time of exposure can be between about 20 minutes and 200
minutes, between about 30 minutes and 180 munutes, between about 40 minutes and 160
minutes, between about 50 minutes and 140 minutes, or even between about 60 minutes
and about 120 minutes.

During exposure to the hyperbaric and rich-oxygen conditions (and at times also
during the interval between exposure to oxygen rich enviroument}, at least one cognitive
training task is being carried out by the subject. In some embodiments, the at least one
cognitive trainimg task can be one or more tasks selected from response time, double
decision, sustained attention, divided attention, selective atteniion, working memory,
long term memory, reasoning, auditory processing, verbal memory task, nonverbal
memory task, immediate memory task, delayed memory task, information processing
speed task, attention task, executive function task, motoric task, visual perception task,
multi-tasking assignment, visual spatial task, verbal task, navigational task, intelligence
task, working memory task, task switching, response mhibition task, psychomotor speed
task, verbal functions task (fluency/naming/vocabulary), and others, as well as
combinations thereof. The cognitive training or cognitive task(s) may be carried out by
any suttable means, e.g. by mteraction with an operator, interaction with a dedicated
device or tool, carrying out a pre-determined test or assignment, efc.

The method s typically carried out for at least 2 treatment cycles, by some
embaodiments between 5 and 120 cycles. The cycles may be carried out daily (ie. T cycle
per day). Alternatively, a treatment cycle may be carried out every 2 days, every 3 days,
every 4 days, every S days, every 6 days, weekly, bi-weekly, erc. As will become apparent
to the practitioner, the methods disclosed herein can also include any consecutive

sequences of treatment cycles, for example a number of daily cycles followed by several
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days of rest {e.g. sequences of 5 daily cycles followed by 2 days of rest}. It is also to be
understood that the number of cycles may vary, depending on the level of desired
cognitive performance modification and/or on the subject's medical/cognitive history or
condition.

In some embodiments, the treatment conditions (i.e. pressure, vol% oxygen, type
of cognitive training task, erc) may be the same in each treatment cycle. In other
embodiments, the treatment conditions differ from cycle to cycle It 1s also to be
understood that, in further embodiments, the treatment conditions may vary depending
on the subject's condition and level of cognitive performance moditication. For example,
several cycles may be carried out with a given set of conditions, followed by several
cycles with different set of treatment conditions.

Each treatment cycle may, by some embodiments, be carried out for a period of
time of between about 1 and 200 minutes.

The method may further comprise, according to some embodiments, assessing
cognitive performance of the subject before said exposure to the treatment conditions to
obtaim a first cognitive performance score. In further embodiments, the method may
further comprise assessing cognitive performance of said subject after said exposure to
the treatment conditions to obiain a second cognitive performance score. Comparing the
first score and second score {or applying any suitable algorithm onto the first and second
scores) may enable obtaining an evaluation/assessment score of the subject to determine
subject progress. The assessment of cognitive performance may also be carried out at any
time during a treatment cycle. In some embodiments, the evaluation score for a given
treatment cycle {or after a sequence of several cycles) may determine the treatment
conditions in one or more subsequent treatment cycles, for example as compared to one
or more of the baseline score, ongoing score during the treatment cyele, a relative score
for similar age group, efc.

The term score is meant to refer to any relevant measurable or assessable value,
i.e. quantitative or qualitative, by which cognitive performance of a subject can be
evaluated.

The method may further comprise a compression stage before said treatment
cycle; compression may be typically carried out at a rate of between about 0.1 m/min and

about 2 m/mun. The method may also comprise a decompression stage after said treatment
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cycle, which may be typically carried out at a decompression rate of between about 0.1
m/min and about 2 m/min.

In some embodimenits, the at least one treatment cycle may further comprise at
least one physical training task carried out under said hyperbaric conditions and oxygen
rich environment. Physical training can be any suitable physical training known per se,
e.g. cycling, walking, powerwalking, runming, jumping, weightlifting, band-cyching, efc.
It 13 to be understood that, in the context of the present disclosure, physical training may
be utilized mn addition to cognitive training in order to obtain modification of one or more
cognitive functions.

The subject is typically human, either an adult or pediatric (pediarric refers to
subjects below 18 years of age). The subject may be healthy, suffer from one or more
cognitive impairments or injuries, or having a history of brain yury. In some
embodiments, the subject has a history of brain injury, for example stroke, traumatic brain
mjury {TBI}, ischemia, hemorrhagic injury, traumatic injury, anoxia, hypoxia, damage
due to metabolic disorder, damage due 1o toxic exposure, and infection. In other
embodiments, the subject suffers from a neurodegenerative disease, dementia, or mild
cognitive imparrment. In some other embodiments, the subject suffers from aging-related
cognitive functional decline. In further embodiments, the subject suffers from cerebral
palsy. In yet further embodiments, the subject suffers from abnormal development.
According to yet some other embodiments, the subject 1s a healthy subject. According to
further embodiments, the subject is pre-diagnosed or undiagnosed with a disorder.
According to vet further embodiments, the subject is a professional athlete (i.e. the
treatment is tailored to improve the athlete's cognitive and mental performance, rather

than his/her physical performance).

The present disclosure also provides a system for operating the methods described
herein. Thus, in another aspect, there s provided a system for use in a method of this
disclosure.

A further aspect of this disclosure is a system for operating the methods described
herein, the system comprising at least one hyperbaric chamber configured to enclose at
least one subject and apply hyperbaric conditions thereonto, at least one controllable
oxygen admimstration unit permitting forming an oxygen rich environment within the

chamber and/or configured to administer said oxygen rich environment to said subject;
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and at least one means of cognitive training within the chamber configured to permit a
subject to carry out said at least one cognitive training task.

In the context of the present disclosure, the term Ayperbaric chamber means to
encompass a single-place chamber (7.e. for occupancy of a single user) or a multi-place
chamber (for occupancy of one or more users). The chamber may be unitary or divided
nto sub-chambers or treatment zones; the conditions applied in a sub-chamber or zone
may be the same or different than the conditions 1o another sub-chamber or zone.

According to some embodiments, the hyperbaric chamber may further comprise
at least one compression sub-~-chamber, at least one training sub-chamber, and at least one
decompression sub-chamber. The compression sub-charaber, training sub-chamber and
decompression sub-chamber may be linked to one another as to permut the subject to
migrate therebetween, e.g. the sub-chambers may be integral one with the other.

In some embodiments, the hyperbaric chamber may be configured to enclose a
single subject to be treated.

In other embodiments, the hyperbaric chamber may be configured to enclose two
or more subjects to be treated simultanecusly therein. In such embodiments, the at least
one controllable oxygen adnumstration umi roay be configured to administer a
controliable oxygen rich environment to each of the subjects, and/or may be configured
to admimister a different oxygen rich environment to each of the subjects.

The at least one means of cognitive training may, according to some
embodiments, be configured for permitting each of the subjects to independently carry
out at least ong cognitive training task. The at least one means of cognitive training may
be configured for permitting each of the subjecis to carry out a different cognitive training
task and/or independently from the other subjects in the chamber.

The system may further comprise at least one means of physical training within
the chamber that is configured to permit the subject to carry out at least one physical
training task.

In some embodiments, the system may further comprise at least one monitoring
unit for monitoring at least one physical parameter of the subject {e.g. heart rate, oxygen
saturation level, blood pressure, glucose level, various markers and/or electrolytes, etc.).
The monttered physical parameters may, by some embodiments, be used to determine (at

least partially) the conditions in one or more subsequent treatment cycles.
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In further embodiments, the system may further comprise at least one controlier
for operating and controlling the system.

The system may also comprise one or more communication means within the
chamber, allowing the treated subject and an operator residing outside the chamber to
communicate with one another during the treatment session.

The system may also comprise one or more entertainment and/or interactive

means/units, for example music players, TV screens, computer interfaces, etc.

As used herein, the term abous 13 meant to encompass deviation of £10% from the
specifically mentioned value of a parameter, such as time, pressure, vol%, etc.

Whenever a numerical range 1s indicated herein, it is meant to include any cited
numeral {fractional or integral) within the mdicated range. The phrases "ranging/ranges
between" a first indicate number and a second indicate number and "ranging/ranges from”
a first indicate number "t0" a second indicate number are used herein interchangeably and
are meant to include the first and second indicated numbers and all the fractional and
integral numerals therebetween.

It 15 appreciated that certain features detailed m this disclosure, which are, for
clarity, described in the context of separate embodiments, may also be provided in
combination in a single embodiment. Conversely, various features which are, for brevity,
described in the context of a single embodiment, may also be provided separately or in
any suitable subcombination or as suitable in any other described embodiment of this

disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

in order to better undersiand the subject matter that 18 disclosed heremn and to
exemplify how it may be carried out in practice, embodiments will now be described, by
way of non-limiting example only, with reference to the accompanying drawings, in
which:

Fig, 1 1s a schematic illustration of a system suitable for carrying out the methods

described herein according to an embodiment of this disclosure.
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DETAILED DESCRIPTION OF EMBODIMENTS

In the following description the mnvention will be illustrated with some details in
reference to specific embodiments of a system for carrying out the methods described
herein. This illustration is exemplary and non-limiting of the disclosure in its full scope
as described.

Referring to Fig. 1, shown is a schematic representation of an exemplary system
of this disclosure. System 100 includes a hyperbaric chamber 102, comprising a plurality
of stations 104 (three (3) stations n this specific, non-limiting, example). Fach of stations
184 1s configured to accommodate a subject to be treated. The stations may, for example,
be sitting, standing or laying locations, that once accommodating the subject, permuit
exposing the subject to hyperbaric conditions and permit the subject to carry out at least
one cognitive training task. Each station 104 also comprises means {not shown) for
providing the subject with oxygen rich environment (Z.e. atmosphere with an oxygen
concentration higher than 21 vol%); such means may, for example, be oxygen masks,
hoods, cannulas, efc. The oxygen supplying means are connected via supply line 189 to
a controllable oxygen source 108, thus permitting control of the oxygen level, duration of
exposure, oxygen exposure profile/regimen, e, for each of the stations 104, erther
collectively or independently of one another. In some configurations, the system further
provides an air source 110, that 15 linked to each of the stations via supply line 111,
permitting exposure of the subjects to air atmosphere {(7i.e. unpressurized air of about 21
vol% oxygen) in between oxygen-rich atmosphere exposure periods, depending on the
treatment regimen required.

Each station 104 is associated with at least one means of cognitive training 106,
permitting the subject to carry out at least one cogmitive training task. In the case of
electronic/digital training means, the cognitive training means 186 may be linked to a
control system 112 via line 113 {which may be wired or wireless). Control system 112
can provide and operate the cognitive training assignments for each subject, as well as
collect data from the subyect and, at times, also analyze the data received from the subject
in order to tailor the cognitive training task to be carried out by the subject.

As noted, although not shown in Fig 1, the system may comprise further
functionalities, such as monitor units, entertainment modules, physical training means,
efe. Although the system is shown, in this specific example, to include one hyperbaric

chamber, it is contemplated within the scope of the present disclosure that the system may
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comprise a plurality of interlinked chambers or sub-chambers, permitting free transition
of subjects therebetween, while maintaining hyperbaric conditions in the system. Each
such sub-chamber may, for example, be dedicated to a different type of training or activity

to be carried out under hyperbaric and oxygen-rich conditions.

EXAMPLES

Example 1: Cognitive training comparative protocol 1

Cognitive training is carried out during hyperbaric, rich oxygen environment
exposure for the purpose of cognitive capabilities improvement and/or enhancement. The
synergistic effect of cognitive traiming carried out during hyperbaric oxygen therapy
(HBOT) s assessed as compared to cognitive training between HBOT sessions and
without HBOT.

Subjects undergoing the treatment are patients with aging related functional
decline, age 60-74. Subjects' screening (inclusion criteria) ~ at least 1 standard deviation
(SD) below average 1o at least one cognitive domain, as measured using a computerized
cognitive assessment {for example Neurotrax or any other suitable assessment tool).

Three groups are tested, each group including 10 patients, according to the
following grouping:

1. Group 1. HBOT with cognitive training intra-chamber (60 daily cycles, 1.e 1
cycle per day for up to 60 days)
2. Group 2 {control 1} HBOT with cognitive training tasks ocutside the chamber (60

daily cycles)

L

Group 3 {control 2); Cogmitive traming tasks only {60 daily cycles)

Treatment parameters.
® Pressure in chamber: 2 ATA
e Oxygen level: 100%
e Total time: 120 minutes per treatment cycle
e Oxygen net time: 90 minutes per cycle
#  Admumstration of oxygen tich environment by mask

e Total number of cycles: 60
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Number of cycles per week: 5
Decompression rate: | m/min

Compression rate; 1 m/min

PCT/1L2020/051120

Adr breaks: 5 minutes air break (21% oxygen} between every 20 mimutes of rich-

oxygen environment administration

Duration of cognitive training task: 25 minutes per cycle

Cognitive training

At least one cognitive task selected from (however not limited to):
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memory {verbal, nonverbal, immediate, delayed)

mformation processing speed
attention

executive function

motor

visual perception
nmulti-tasking

navigation

mtelligence

working memory

task switching

response mhibition
psychomotor speed

verbal functions (fluency/naming/vocabulary)
response time

double decision

sustained attention

divided attention

selective attention

reasoning

auditory processing
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A memory score and/or information processing speed score are determined before

and after treatment cycles by cognitive assessment tools (e.g. Neurotrax, BrainHQ or any

other suitable assessment tool}.

Example 2: Cognitive training comparative protocol 2

Cognitive training s carnied out during hyperbaric, rich oxygen environment

exposure for the purpose of cognitive capabilities improvement and/or enhancement. The

synergistic effect of cognitive training carried out during hyperbarnic oxygen therapy

{(HBOT) 1s assessed as compared to cognitive training between HBOT sessions and

without HROT.

Subjects undergoing the treatment are patients with braim mjury (stroke/TBI), age

40-55. Subjects' screening {(inclusion critenia} - at teast I standard deviation (8D) below

average in at least one cogmitive domain, as measured using a computerized cognitive

assessment {e.g. Neurotrax, or any other suitable assessment tool).

Two groups of S patients each are tested according to the following grouping;
Group 1: HBOT with cognitive training intra-chamber (60 cycles, for example 1
cycle per day for 60 days}

Group 2 {control 1) HBOT with cognitive training outside the chamber (60 daily
cycles)

Group 3 {control 2): Cognitive training tasks only (60 daily cycles), or both groups
perform cognitive training for 40-60 sessions without HBOT prior to separation

mto Group 1 and Group 2.

Treatment parameters.

Pressure in chamber: 2 ATA

Oxvgen level: 100%

Total time: 120 minutes per treatment cycle

Oxvgen net time: 90 minutes per cycle
Admunistration of oxygen rich environment by mask
Total number of cycles: 60

Number of cycles per week: S
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» Decompression rate; | m/min

e Compression rate: I m/min

e  Air breaks: 5 minutes air break (21% oxygen) between every 20 minutes of rich-
oxygen environment administration

e Duration of cogmiive training task: 20 minutes per cycle

Exemplary cognitive training
o memory {verbal, nonverbal, immediate, delayed)

o information processing speed

A memory score and/or information processing speed score are determined before
and after treatment cycles by BRAINHQ (every 5 cycles), and by Neurotrax (after 60

cycles), or by any other suitable assessment tool.



