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METHODS FOR MINIMIZING DELAYED EFFECTS OF EXPOSURE TO
REDUCED OXYGEN PARTIAL PRESSURE VIA ADMINISTRATION OF
SUPPLEMENTAL OXYGEN

TECHNICAL FIELD

[0001] The present disclosure relates to methods for minimizing the delayed effects
of exposure to reduced oxygen partial pressure on an individual, particularly by
administering supplemental oxygen for a period of time to compensate for the

reduced oxygen partial pressure existing in an environment.
BACKGROUND

[0002] Oxygen is critical to human life. Each cell, tissue, and function of the human
body requires oxygen. Without oxygen, cells cannot function, repair, and restore. A
shortage of oxygen, or hypoxia, can thus cause several problems, some of which
carry immediately noticeable effects. Examples of symptoms of hypoxia may
include, but are not limited to, nausea, headache, fatigue, and shortness of breath.
In severe cases, hypoxia may result in loss of consciousness, seizures, coma, and

even death.

[0003] High altitudes reduce the partial pressure of oxygen in the lungs. Exposure
to a reduced oxygen partial pressure environment, such as in a pressurized aircraft,
can thus result in hypoxia. The pressure in an aircraft cabin at altitude is typically
maintained at the pressure one would experience at about 7,000 feet
(approximately 11 psi). A similar effect is observed in geographic locations at high
altitudes. For example, the partial pressure of oxygen is reduced for a high altitude
city, such as Denver, Colorado, when compared to the partial pressure of oxygen of
a city at sea level, such as New Orleans, Louisiana. The “station pressure” in
Denver is typically about 23-24 inches/hg (about 12 psi) versus the “station
pressure” at sea level, which is typically around 30 inches/hg (about 15 psi).

[0004] Oxygen accounts for approximately 21% of dry air and the partial pressure of
oxygen will decrease in proportion to the decrease in ambient pressure.
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Accordingly, and by way of example, the partial pressure of oxygen in ambient
pressure at sea level is approximately 3.1 psi and will thus proportionally decrease
to approximately 2.3 psi in the pressurized aircraft cabin.

[0005] A person’s sensitivity to reduced oxygen partial pressure environments
and/or high altitudes can generally be classified into one of two categories — normal
healthy persons and peréons having special sensitivities. A normal healthy person
will typically not experience side effects from exposure to reduced oxygen partial
pressure, such as that observed during air transport on an aircraft at altitude or at a
geographic location having a high altitude. A small subset of healthy persons,
however, will experience some side effects from exposure to reduced oxygen
partial pressure environment, such as that observed during air transport on an
aircraft at altitude. This may typically be described as “feeling lousy” after a flight.
The other category of individuals includes those with special sensitivities. These
persons are individuals who more often than not have pre-existing neurological
conditions, such as epilepsy. These persons may or may not experience
immediate episodes or symptoms from being at a high altitude, but may instead be
susceptible to delayed effects that present following a period of exposure to a
reduced oxygen partial pressure environment. One example is that persons with
certain forms of epilepsy may not experience symptoms or episodes while exposed
to a reduced oxygen partial pressure environment, but instead may have an
increased risk of experiencing seizures in a relatively short period of time, up to a

few days, following the exposure.

[0006] Presently, there are a number of techniques to treat the contemporaneous
effects of oxygen deprivation observed from exposure to a reduced oxygen partial
pressure environment. One such well-known technique is the administration of
supplemental oxygen. When an individual becomes hypoxic after suffering some
degree of oxygen deprivation, supplemental oxygen is then supplied to compensate
for the observed oxygen deprivation. However, this technique is only applied to
address the contemporaneous or immediate effects resulting from the oxygen
deprivation. It is not used preventatively to minimize or eliminate the delayed

effects of exposure to reduced oxygen partial pressure.
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[0007] Another similar, well-known technique is administering supplemental oxygen
to relieve acute symptoms from exposure to a reduced oxygen partial pressure
environment to facilitate/maintain pilot concentration at altitude. In this regard, it is
known to provide aircraft pilots with supplemental oxygen to deter the occurrence of
a loss of consciousness and/or concentration at high altitudes upon exposure to
reduced oxygen partial pressure. Much like the above-mentioned methods for
treating hypoxia, supplemental oxygen is provided to abate the immediate effects of

oxygen deprivation.

[0008] Supplemental oxygen administration also has known applications in treating
persons having pre-existing pulmonary conditions. Similar to the treatment of
hypoxia, the use of supplemental oxygen for persons having pre-existing
pulmonary conditions is therapeutic in nature and contemporaneous to the known

condition.

[0009] Known oxygen delivery devices are operable to supply oxygen to a person
according to one of two ways — at a fixed flow rate or on demand. When oxygen is
supplied at a fixed flow rate, the oxygen is typically delivered at a set volume and a
set flow rate, regardless of the individual's need for oxygen. This is true when the
individual’s demand for oxygen is either higher or lower than the amount of oxygen
delivered by the set flow rate. In an on demand delivery device, oxygen is supplied
to the individual during an inhalation cycle. On demand delivery devices tend to
conserve more oxygen than the constant flow rate devices since oxygen is only
supplied when the individual inhales rather than continuously free flowing
throughout the individual’s respiration cycle.

[0010] Supplying oxygen also requires controlling the flow rate to meet an
individual's demand. This can be effectuated according to any of the several
techniques for estimating demand known to those of skill in the art. In some
techniques, one or more pressure sensors are placed in relative proximity to an
individual's breathing location (e.g., nose or mouth) to measure the ambient
pressure and the individual's breathing pressure. The breathing pressure
represents the air inhaled and/or exhaled by the individual during a respiration
cycle. The measured pressure values are then used to regulate the flow rate. Itis



common practice for the flow rate to be adjusted such that the pressure differential
between the ambient pressure and the breathing pressure is zero. Other
exemplary methods for estimating the demand for oxygen involve measuring the
amount of carbon dioxide exhausted by the person, measuring the rate of
breathing, measuring the flow rate, and measuring the level of activity of a person.

[0011]lt is also known to control the demand for oxygen by varying the
concentration of the oxygen being administered. This is typically effectuated by
providing a supply of ambient air mixed with pure oxygen. Since the concentration
of oxygen decreases as altitude increases, compensation for this differential can be
achieved by increasing the proportion of pure oxygen administered to an individual
for a higher altitude.

[0012] As indicated above, there are several known techniques for treating the
immediate effects of oxygen deprivation. But, these techniques do not consider the
negative effects that may occur subsequent to exposure to a reduced oxygen
partial pressure environment. Accordingly, there exists a need to develop a
preventative measure or technique to compensate for an exposure to a reduced
oxygen partial pressure environment in order to minimize or eliminate the
occurrence of delayed effects from the exposure, specifically in persons having

special sensitivities.
SUMMARY

[0013] The present disclosure provides a description of methods for minimizing the
delayed effects on an individual resulting from exposure to reduced oxygen partial
pressure via the administration of supplemental oxygen. The present disclosure

also relates to a post-flight seizure prevention method.

[0013a] In one aspect, the present disclosure refers to a use of supplemental
oxygen in the manufacture of a medicament for preventing post-flight seizure or for
minimizing delayed effects of exposure to a reduced oxygen partial pressure,
wherein the supplemental oxygen is provided by a source suitable for transport on
an aircraft during a flight at altitude; wherein the supplemental oxygen is to be

administered to a person during air transport on the aircraft to compensate for a
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reduced oxygen partial pressure existing in the aircraft during the flight; and
wherein the supplemental oxygen is to be administered in an amount such that the
person experiences an oxygen partial pressure that substantially mimics a target
oxygen partial pressure, wherein the target oxygen partial pressure is adjusted,
automatically or manually, during the flight from an initial target oxygen partial
pressure to an end target oxygen partial pressure, and wherein the oxygen partial
pressure of a departure city is set as the initial target oxygen partial pressure and
the oxygen partial pressure of an arrival city is set as the end target oxygen partial
pressure.

[0014]In one example, a method for minimizing delayed effects of exposure to a
reduced oxygen partial pressure involves providing a source of supplemental
oxygen. Because reduced oxygen partial pressure is known to occur on flights at
altitude, the source of supplemental oxygen should be suitable for transport on an
aircraft during a flight at altitude. The supplemental oxygen is administered to a

person during air transport on the aircraft to compensate for the reduced oxygen
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partial pressure that exists in the aircraft during the flight. Further, the
supplemental oxygen is administered to maintain a target oxygen partial pressure
for a period of time such that the person receiving the supplemental oxygen
experiences substantially no change in the oxygen partial pressure. The target
oxygen partial pressure is an oxygen partial pressure to which the person receiving
the supplemental oxygen is routinely accustomed or acclimatized.

[0015] In another example, a method for minimizing delayed effects of exposure to
a reduced oxygen partial pressure involves providing a portable source of
supplemental oxygen. An amount of supplemental oxygen that closely mimics a
target oxygen partial pressure is administered to an individual presently exposed to
a reduced oxygen partial pressure. The supplemental oxygen is administered to
maintain a target oxygen partial pressure for a period of time such that the person
receiving the supplemental oxygen experiences little to no change in the oxygen
partial pressure. The target oxygen partial pressure is an oxygen partial pressure to
which the person receiving the supplemental oxygen is routinely accustomed or

acclimatized.

[0016]In yet another example, there is disclosed a post-flight seizure prevention
method. The post-flight seizure prevention method involves providing a portable
source of supplemental oxygen suitable for transport on an aircraft during a flight at
altitude and administering the supplemental oxygen to a person during air transport
on the aircraft to compensate for a reduced oxygen partial pressure existing in the
aircraft during the flight. The supplemental oxygen is administered in an amount
such that the person receiving the supplemental oxygen experiences an oxygen
partial pressure that substantially mimics a target oxygen partial pressure. In some
instances, the target oxygen partial pressure is an oxygen partial pressure to which
the person receiving the supplemental oxygen is routinely accustomed or

acclimatized.
DESCRIPTION OF DRAWING FIGURES

[0017]FIG. 1 is a block diagram illustrating a system for providing a source of
supplemental oxygen to minimize delayed effects of exposure to a reduced oxygen
partial pressure in accordance with exemplary embodiments.
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[0018]FIG. 2 is a flow chart illustrating an exemplary method for post-flight seizure
prevention in accordance with exemplary embodiments.

DETAILED DESCRIPTION

[0019] The methods presented herein seek to address the delayed effects that may
arise from an individual’s exposure to a reduced oxygen partial pressure
environment. These methods are preventative in nature and involve steps to
compensate in real-time for the reduced oxygen partial pressure environment to
either minimize or eliminate the negative physiological effects that can resuit from
exposure to reduced oxygen partial pressure.

[0020] In one embodiment, the delayed effects resulting from exposure to a
reduced oxygen partial pressure 106 are mitigated by administering an amount of
supplemental oxygen to an individual 102. The source 108 of the supplemental
oxygen is not limited to any particular device, but in some embodiments it is
preferable that the source be portable. The portability of the supplemental oxygen
will afford the individual 102 receiving the supplemental oxygen some level of
mobility. In other embodiments, it is preferable that the source 108 of the
supplemental oxygen is not separately portable, but is instead mounted to or
installed directly within a transportation vehicle. For example, the source 108 of
supplemental oxygen may be built-in to the cabin of an aircraft, such that the
supplemental oxygen is deliverable to individual seats or sections of the aircraft. It
is also contemplated that the transportation vehicles are not limited solely to aircraft
vehicles. Such vehicles may include any of those which traverse or encounter a
reduced oxygen partial pressure environment.

[0021] The amount of supplemental oxygen that is supplied to the individual 102
exposed to the reduced oxygen partial pressure environment 106 is set to provide a
target oxygen partial pressure. Ideally, the target oxygen partial pressure is set to
mimic the typical oxygen partial pressure environment 104 to which the individual
102 is normally accustomed. The typical oxygen partial pressure environment 104
to which the individual 102 is normally accustomed may also be understood to be
the individual’s home oxygen partial pressure. For the purposes of this disclosure,
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the oxygen partial pressure to which the individual 102 is normally accustomed and
home oxygen partial pressure may be used interchangeably.

[0022] For example, if the individual 102 spends most of his/her time at sea level,
the target oxygen partial pressure would be set to be the same as the oxygen
partial pressure at sea level (approximately 3 psi). In other words, the home
oxygen partial pressure would be 3 psi. The target partial pressure is set in this
manner such that the individual 102 receiving the supplemental oxygen ideally
experiences a zero net differential oxygen partial pressure between the reduced
oxygen partial pressure environment 106 to which he/she is presently exposed and
the home oxygen partial pressure environment 102. Regulating, by a regulator
110, the target oxygen partial pressure such that there is a zero net differential
oxygen partial pressure with respect to the reduced oxygen partial pressure
environment 106 essentially has the effect of negating any impact the reduced
oxygen partial pressure environment 106 exerts on the individual 102. Even
though the individual 102 is exposed to a reduced oxygen partial pressure
environment 106, the individual 102 experiences substantially no change in oxygen
partial pressure from his/her home oxygen partial pressure environment 104.
[0023] The ideal scenario is one in which an individual 102 experiences a zero net
differential oxygen partial pressure. It is not unforeseeable that a zero net
differential oxygen partial pressure may not be obtainable. It may not be possible
to obtain a zero net differential oxygen partial pressure for some portion of time
during the course of the administration of the supplemental oxygen. It may also not
be possible to achieve a zero net differential oxygen partial pressure at any point
during the duration of the supplemental oxygen administration. However, the
methods described herein may be used to minimize the net differential oxygen
partial pressure to some extent. It is contemplated that any level of minimization of
the net differential oxygen partial pressure between the reduced oxygen partial
pressure environment 106 to which an individual 102 is presently exposed and the
home oxygen partial pressure 104 using the methods described herein is '
preferable to no offset.

[0024] It is further contemplated that a surplus of supplemental oxygen may be
supplied to an individual 102 using any of the methods described herein. A surplus
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of supplemental oxygen may be understood as a supply of pure oxygen. Supplying
pure oxygen to an individual 102 to compensate for exposure to a reduced oxygen
partial pressure environment is acceptable within the metes and bounds of the
methods discussed here provided that the pure oxygen is administered short term.
Short term administration may be understood as a period of time up to and
including a number of hours. For example, pure oxygen may be supplied for a
period not to exceed 24 hours (or one day). An upper limit of the specific number of
hours may vary by individual 102, but pure oxygen should not be administered for a
long enough duration to trigger negative effects in the individual receiving the
oxygen.

[0025] The target oxygen partial pressure may also be an oxygen partial pressure
that is not the person’s home oxygen partial pressure. Instead, the target oxygen
partial pressure may be set to be an oxygen partial pressure to which the person
102 is presently or temporarily acclimatized. For example, an individual’s home
oxygen partial pressure may be the oxygen partial pressure at sea level
(approximately 3 psi), while the individual’s acclimatized partial pressure is the
oxygen partial pressure at a higher altitude (e.g., 2.8 psi).

[0026] It is desirable that the target oxygen partial pressure is adjustable in the
disclosed methods. In some embodiments, it is preferable for the target oxygen
partial pressure to remain constant while in other embodiments it is preferable for
the target oxygen partial pressure to vary over the course of the administration of
the supplemental oxygen.

[0027] An initial target oxygen partial pressure may be set to the oxygen partial
pressure to which the individual 102 receiving the supplemental oxygen is
acclimatized. For example, the initial target oxygen partial pressure could be set to
the oxygen partial pressure at sea level (approximately 3 psi). If, by way of
example, the individual 102 is traveling to a location having a reduced oxygen
partial pressure (e.g., higher altitude), it may be desirable to gradually compensate
for the shift in oxygen partial pressure between locations. In this case, the higher
altitude location could be said to have an end target oxygen partial pressure of
approximately 2.6 psi. To compensate for the reduction in oxygen partial pressure

from the initial location to the end destination, the target oxygen partial pressure
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may be gradually varied during the course of administration of supplemental
oxygen from 3 psi to 2.6 psi. The change in target oxygen partial pressure can be
effectuated either automatically or manually.

[0028]In another embodiment, the delayed effects resulting from exposure to a
reduced oxygen partial pressure on an aircraft at altitude are mitigated by
administering an amount of supplemental oxygen to an individual 102. The source
108 of the supplemental oxygen is not limited to any particular device, but should
be approved for transport on an aircraft during a flight at altitude. One exemplary
portable source 108 of supplemental oxygen is the Invacare® XPO2 Portable
Oxygen Concentrator (Product ID: XPO100). In some embodiments, it is preferable
that the source 108 of the supplemental oXygen is not separately portable, but is
instead mounted to or installed directly within the aircraft. An amount of
supplemental oxygen is administered to the individual 102 during air transport on
the aircraft to compensate for the reduced oxygen pressure existing in the aircraft
during the flight.

[0029] The amount of supplemental oxygen that is supplied to the individual 102 is
set (e.g., via the regulator 110) to provide a target oxygen partial pressure. Similar
to that discussed above, the target oxygen partial pressure can be constant or
adjustable. Ideally, the target oxygen partial pressure is set such that the individual
102 receiving the supplemental oxygen experiences no change in the oxygen
partial pressure from the departure airport to the arrival airport. Depending on the
duration of the flight and/or the equipment, a zero net differential in oxygen partial
pressure may not be obtainable. Compensation may only be available for a portion
of the flight rather than its entirety. Regardless, some amount of compensation for
the reduced oxygen partial pressure at altitude is preferable to no compensation.
[0030] Under-compensation or temporary overcompensation of the reduced
oxygen partial pressure may occur. In either case, administration of supplemental
oxygen, whether it undercompensates or overcompensates for the reduced oxygen
partial pressure environment is preferable to providing no compensation
whatsoever.

[0031]In some embodiments, it may be problematic to deliver a too high of a level

of oxygen when administering supplemental oxygen. For example, a person 102
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that is climbing a mountain or is otherwise exposed to a reduced oxygen partial
pressure for a significant period of time (e.g., days, weeks, etc.) may not be able to
receive pure oxygen as supplemental oxygen for the duration of their exposure. In
such embodiments, the supplemental oxygen may be enriched to a selected
concentration, such as one that is not pure (e.g., not 100%) oxygen. For instance,
oxygen may be enriched with other air to supplement the individual 102 to achieve
the ideal oxygen partial pressure while reducing the opportunity for overexposure to
pure oxygen. In an example, a device 108 for delivering supplemental oxygen may
include a first tube that delivers pure oxygen with a second tube that delivers
ambient air, where the output of the tubes are mixed in a predetermined ratio to
achieve the desired oxygen partial pressure. In such an example, the
predetermined ratio may be varied via electric or manual modification to the flow
rate of pumps for each tube (e.g., via the regulator 110), varying of the input/output
orifices of each tube, etc. For instance, the device (e.g., the source 108 and
regulator 110) may include an oxygen sensor that measures the output, which may
be configured to electronically modify the flow rate of one or both tubes to ensure
the output is suitable for achieving the desired oxygen partial pressure level.
[0032] In yet another embodiment, supplemental oxygen is administered as a
preventative measure against the occurrence of one or more post-flight seizures.
For instance, FIG. 2 illustrates a method 200 for the prevention of post-flight
seizures via the use of supplemental oxygen. In step 202, a source 108 of
supplemental oxygen that is suitable for transport on an aircraft during a flight at
altitude, but is not particularly limited to any one specific device, is provided. In
some embodiments, the source 108 of supplemental oxygen is a portable device.
In other embodiments, it is preferable that the source 108 of the supplemental
oxygen is not separately portable, but is instead mounted to or installed directly
within the aircraft. In step 204, an amount of supplemental oxygen is administered
to a person 102 during air transport on the aircraft to compensate for the reduced
oxygen pressure existing in the aircraft during the flight. This amount of
supplemental oxygen is set to provide a target oxygen partial pressure. Similar to
that already discussed, the target oxygen partial pressure can be constant or
adjustable. However, the target oxygen partial pressure is ideally set such that the
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individual receiving the supplemental oxygen experiences no change in the oxygen
partial pressure from the departure airport to the arrival airport. in some
embodiments, the method 200 may include step 206, where the target oxygen
partial pressure may be maintained for a period of time such that the person 102
experiences substantially no change in the oxygen partial pressure.

[0033] The post-flight seizure prevention method may also involve the acquisition
and return of the portable oxygen source 108. Particularly, the post-flight seizure
prevention method may include the additional step of obtaining the portable source
108 of supplemental oxygen from a designated location in a departure airport prior
to departure. The post-flight seizure prevention method may further include
returning the portable source 108 of supplemental oxygen to a designated location
in an arrival airport following landing.

[0034] In any of the embodiments described herein, the target oxygen partial
pressure may be set as the oxygen partial pressure of an initial location 104, also
referred to as a departure city, of the person 102 receiving the supplemental
oxygen. Conversely, the target oxygen partial pressure may be set as the oxygen
partial pressure of an end location 106, also referred to as an arrival city. The
target oxygen partial pressure may also be set, in any of the described
embodiments, to the oxygen partial pressure which corresponds to the location 104
where the person 102 receiving the supplemental oxygen is normally accustomed.
This may the person’s home city.

[0035] In any of the embodiments described herein, the target oxygen partial
pressure may be constant or variable during the course of the administration of
supplemental oxygen. When the target oxygen partial pressure is variable over the
course of the administration, the variance can be effectuated by any manner known
in the field.

[0036] In any of the disclosed embodiments, the administration of supplemental
oxygen, whether it undercompensates or overcompensates for the reduced oxygen
partial pressure environment is preferable to providing no compensation
whatsoever. In this regard, the supplemental oxygen may be administered for the
entire period of time when the individual 102 is exposed to reduced oxygen partial

pressure. Alternatively, the supplemental oxygen may be administered for only a
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subset of the time period during which the person 102 is exposed to reduced
oxygen partial pressure. Supplemental oxygen may be administered continuously
or intermittently in any scenario

[0037] The methods described herein seek to minimize or eliminate the delayed
negative effects on a person’s physiology resulting from exposure to reduced
oxygen partial pressure for some period of time. Although directed to
accommodate otherwise healthy individuals 102 who have special sensitivities to
reduced oxygen partial pressure environments 106 and persons 102 having pre-
existing neurological conditions, such as epilepsy, no individual 102 is exempt from
seeking the benefit of the methods described herein. The administration of
supplemental oxygen may, in addition to preventing the delayed effects of exposure
to a reduced oxygen partial pressure environment 106 as described herein, be
employed by a healthy person 102, for example, to facilitate work productivity,
enhance concentration, or the like while at altitude.

[0038] Techniques consistent with the present disclosure provide, among other
features, methods for minimizing the delayed effects of exposure to reduced
oxygen partial pressure. While various exemplary embodiments of the disclosed
system and method have been described above it should be understood that they
have been presented for purposes of example only, not limitations. It is not
exhaustive and does not limit the disclosure to the precise form disclosed.
Modifications and variations are possible in light of the above teachings or may be
acquired from practicing of the disclosure, without departing from the breadth or

scope.
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WHAT IS CLAIMED IS:
1. Use of supplemental oxygen in the manufacture of a medicament for
preventing post-flight seizure or for minimizing delayed effects of exposure to a
reduced oxygen partial pressure, wherein the supplemental oxygen is provided by
a source suitable for transport on an aircraft during a flight at altitude;

wherein the supplemental oxygen is to be administered to a person during
air transport on the aircraft to compensate for a reduced oxygen partial pressure
existing in the aircraft during the flight; and

wherein the supplemental oxygen is to be administered in an amount such
that the person experiences an oxygen partial pressure that substantially mimics a
target oxygen partial pressure, wherein the target oxygen partial pressure is
adjusted, automatically or manually, during the flight from an initial target oxygen
partial pressure to an end target oxygen partial pressure, and wherein the oxygen
partial pressure of a departure city is set as the initial target oxygen partial pressure
and the oxygen partial pressure of an arrival city is set as the end target oxygen

partial pressure.

2. The use of claim 1, wherein the target oxygen partial pressure is the oxygen

partial pressure to which the person is routinely accustomed.

3. The use of claim 1, wherein the source of supplemental oxygen is obtained
from a designated location in a departure airport prior to departure, the source of

supplemental oxygen being a portable device.

4. The use of claim 1, wherein the supplemental oxygen is to be administered
continuously such that the target oxygen partial pressure is substantially

maintained during the flight.

5. The use of claim 1, wherein the supplemental oxygen is to be administered

for at least a portion of the flight.
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6. The use of claim 1, wherein the person receiving the supplemental oxygen

has a pre-existing neurological condition.

7. The use of claim 6, wherein the preexisting neurological condition is

epilepsy.



