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RESPIRATORY APPARATUS AND METHOD
OF OPERATING THE RESPIRATORY
APPARATUS

CROSS-REFERENCE TO PRIOR
APPLICATIONS

[0001] This application claims the benefit of Furopean
Patent Application No. 16197958 8, filed on 9 Nov. 2016.
This application is hereby incorporated by reference herein.

TECHNICAL FIELD OF THE INVENTION

[0002] The invention relates to a respiratory apparatus and
a method of operating the respiratory apparatus.

BACKGROUND TO THE INVENTION

[0003] A respiratory apparatus often needs to be worn by
a user with a respiratory condition. U.S. Pat. No. 7,575,005
B2 discloses an example of such a respiratory apparatus,
which is used for treating sleep apnoea. The need for a user
to wear a respiratory apparatus can negatively affect the
mood and stress level of the user, particularly since the user
already has health issues, and can thus have a detrimental
impact of their wellbeing.

[0004] In order to counteract a negative mood and
decrease stress, people are often encouraged by therapists to
make use of their facial muscles to smile or laugh since this
is known to lift the mood and reduce stress. It can also have
other health benefits such as reducing blood pressure. How-
ever, people are reluctant to participate in this type of
therapy since it is time consuming and can make the person
feel uncomfortable. It would thus be useful to aid a user of
a respiratory apparatus to improve their wellbeing in some
other way, which achieves the same positive health benefits
but without action from the user themselves to achieve those
benefits.

[0005] Another issue with existing respiratory apparatus is
that often the respiratory interface of the respiratory appa-
ratus that is worn on the face of the user can leak. It would
thus also be useful to improve the air tightness of the
respiratory interface on the face of the user.

[0006] Therefore, there is a need for an improved respi-
ratory apparatus, which can overcome the existing problems
mentioned above.

SUMMARY OF THE INVENTION

[0007] As noted above, it would be valuable to have an
improved respiratory apparatus to overcome the existing
problems.

[0008] Therefore, according to a first aspect of the inven-
tion, there is provided a respiratory apparatus. The respira-
tory apparatus comprises a respiratory interface configured
to aid a user in respiration, an attachment configured to hold
the respiratory interface in position on the face of the user,
and at least one electrode configured to provide electrical
stimulation to one or more facial muscles of the user.
[0009] In some embodiments, the attachment may com-
prise at least one strap or at least one adhesive member. In
some embodiments, the attachment may comprise the at
least one electrode.

[0010] In some embodiments, the respiratory apparatus
may comprise at least one pair of electrodes and the at least
one pair of electrodes may be configured to provide elec-
trical stimulation to corresponding muscles on each side of
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the face of the user. In some embodiments, the one or more
facial muscles of the user may comprise any one or more of
a zygomaticus major muscle of the user and an orbicularis
oculi muscle of the user.

[0011] In some embodiments, the respiratory apparatus
may further comprise at least one sleep stage sensor con-
figured to acquire a signal indicative of a sleep stage of the
user. In some embodiments, the at least one sleep stage
sensor may comprise any one or more of a physiological
characteristic sensor, an eye movement sensor, and an activ-
ity sensor.

[0012] In some embodiments, the at least one electrode
may be controllable to provide electrical stimulation to the
one or more facial muscles of the user when the acquired
signal is indicative of the user sleeping. In some embodi-
ments, the at least one electrode may be controllable to
provide electrical stimulation to the one or more facial
muscles of the user when the acquired signal is indicative of
the user being in a rapid eye movement sleep stage. In some
embodiments, an intensity of the electrical stimulation may
be based on the acquired signal indicative of a sleep stage of
the user.

[0013] In some embodiments, the respiratory apparatus
may further comprise at least one muscle contraction sensor
configured to detect one or more muscle contractions in the
face of the user. In some embodiments, an intensity of the
electrical stimulation may be based on the one or more
muscle contractions detected in the face of the user.

[0014] In some embodiments, the respiratory apparatus
may further comprise an air pressure sensor configured to
monitor an air pressure within the respiratory interface,
wherein, if the monitored air pressure is indicative of a leak
in the respiratory interface on the face of the user, the at least
one electrode may be controllable to adjust the electrical
stimulation provided to the one or more facial muscles of the
user.

[0015] In some embodiments, the respiratory apparatus
may be a continuous positive airway pressure apparatus.

[0016] According to a second aspect of the invention,
there is provided a method of operating a respiratory appa-
ratus as described above. The method comprises controlling
the at least one electrode to provide the electrical stimulation
to the one or more facial muscles of the user.

[0017] According to a third aspect of the invention, there
is provided a computer program product comprising a
computer readable medium, the computer readable medium
having computer readable code embodied therein, the com-
puter readable code being configured such that, on execution
by a suitable computer or processor, the computer or pro-
cessor is caused to perform the method described above.

[0018] According to the aspects and embodiments
described above, the existing limitations described earlier
are addressed. In particular, the air tightness of the respira-
tory interface on the face of the user can be improved.
Specifically, by stimulating facial muscles of the user via at
least one electrode, the topology of the face of the user can
be changed. The face of the user can be manipulated in such
way that an air seal between the respiratory interface and the
face of the user is improved. The improved air seal can
reduce the amount of leaks in the respiratory interface and
can even make the respiratory interface leak tight. In this
way, the primary function of the respiratory apparatus can be
improved.
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[0019] Also, through the stimulation of facial muscles via
at least one electrode, the user is subconsciously guided to
store the use of the stimulated facial muscles in their
procedural memory. This makes it easier for the user to use
the stimulated facial muscles, which can subconsciously
encourage the user to use these facial muscles. It can also be
useful in improving the mood and emotional state of the
user, particularly where the facial muscles used for smiling
are stimulated (such as the zygomaticus major and/or
orbicularis oculi muscles).

[0020] In this way, the wellbeing of the user of the
respiratory apparatus can be improved such as by improving
the mood of the user, reducing stress, and thus improving the
general health of the user. This can be particularly beneficial
to users of respiratory apparatus that suffer from health
issues such as sleep apnoea, depression, high blood pressure,
and/or respiratory conditions. Moreover, the benefits pro-
vided by the respiratory apparatus according to the above
aspect and embodiments can be achieved without interfering
with the daily life of the user.

[0021] There is therefore provided an improved respira-
tory apparatus, which overcomes the existing problems.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] For a better understanding of the invention, and to
show more clearly how it may be carried into effect,
reference will now be made, by way of example only, to the
accompanying drawings, in which:

[0023] FIG. 1 is an illustration of a respiratory apparatus
according to an embodiment; and

[0024] FIGS. 2A and 2B are illustrations of a respiratory
apparatus according to another embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

[0025] As noted above, the invention provides an
improved respiratory apparatus, which overcomes the exist-
ing problems.

[0026] The improved respiratory apparatus is intended to
be worn by a user (for example, a subject, a patient, or any
other user). Thus, the respiratory apparatus comprises an
attachment that is configured to hold the respiratory intet-
face in position on the face of the user. For example, the
attachment can comptrise at least one strap, at least one
adhesive member, or any other attachment suitable to hold
the respiratory interface in position on the face of the user.
The attachment may be an existing attachment of the respi-
ratory apparatus or a dedicated attachment added to the
respiratory apparatus. In some embodiments, the respiratory
apparatus can be a respiratory apparatus intended to be worn
while the user is sleeping (for example, placed on the face
of the user prior to the user going to bed). In other words, the
respiratory apparatus may be a respiratory sleep apparatus.
[0027] The respiratory apparatus comprises a respiratory
interface. The respiratory interface is configured to aid a user
in respiration. Specifically, the respiratory interface is con-
figured to provide a connection to the airway of the user. In
some embodiments, the respiratory interface may comprise
a respiratory mask. The respiratory interface (or the respi-
ratory mask) may be configured to cover the mouth of the
user, the nose of the user, both the mouth and the nose of the
user, or the entire face of the user, to aid the user in
respiration. The respiratory interface may be configured to
aid the user in respiration by supplying a flow of gas (e.g.
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air) to the user. In some embodiments, the respiratory
interface may comptise a tube via which the flow of gas can
be delivered to the user. The respiratory apparatus may
further comprise a pump configured to deliver the flow of
gas to the user.

[0028] The respiratory apparatus can be any type of respi-
ratory apparatus. For example, the respiratory apparatus may
be a positive airway pressure PAP apparatus such as a
continuous positive airway pressure (CPAP) apparatus, an
automatic positive airway pressure (APAP) apparatus, a
variable/bilevel positive airway pressure (VPAP/BPAP)
apparatus, or any other PAP apparatus, an adaptive servo
ventilation (ASV) apparatus, a proportional-assist ventila-
tion (PAV) apparatus, a tracheal intubation apparatus, or any
other type of respiratory apparatus.

[0029] The respiratory apparatus also comprises at least
one electrode configured to provide electrical stimulation to
one or more facial muscles of the user. The at least one
electrode can be positioned in the respiratory apparatus at
any location suitable to provide electrical stimulation to the
one or more facial muscles of the user. In some embodi-
ments, the attachment can comprise at least one electrode.
[0030] Inembodiments where the attachment comprises at
least one strap, the at least one strap can comprise at least
one electrode. For example, an electrode may be integrated
in at least one strap (such as integrated in the material of at
least one strap). Thus, at least one strap of the respiratory
apparatus can be configured to cover at least a part of the
face of the user at which one or more of the facial muscles
are located. In embodiments in which the attachment com-
prises at least one adhesive member, the at least one adhe-
sive member can comprise at least one electrode. For
example, an electrode may be integrated in at least one
adhesive member (such as integrated in the material of at
least one adhesive member). Thus, at least one adhesive
member of the respiratory apparatus can be configured to
cover at least a part of the face of the user at which one or
more of the facial muscles are located. Although examples
have been provided for the location of the at least one
electrode, it will be understood that any other part of the
respiratory apparatus can, alternatively or in addition, com-
prise at least one electrode.

[0031] In some embodiments, the respiratory apparatus
may comprise at least one pair of electrodes. The at least one
pair of electrodes can be configured to provide electrical
stimulation to corresponding muscles on each side of the
face of the user.

[0032] The one or more facial muscles of the user can
comprise any facial muscles of the user. In some embodi-
ments, for example, the one or more facial muscles may
comprise any facial muscle used in forming a facial expres-
sion indicative of a positive mood or emotional state of the
user (such as one or more facial muscles used when the user
smiles or laughs). For example, the one or more facial
muscles may comprise any one or more of a zygomaticus
major muscle of the user (such as the zygomaticus major
muscle on the right side of the face of the user, the
zygomaticus major muscle on the left side of the face of the
user, or both of the zygomaticus major muscles), an orbicu-
laris oculi muscle of the user (such as the orbicularis oculi
muscle on the right side of the face of the user, the
orbicularis oculi muscle on the left side of the face of the
user, or both of the orbicularis oculi muscles), or both a
zygomaticus major muscle of the user (which may be one or
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both of the zygomaticus major muscles) and an orbicularis
oculi muscle of the user (which may be one or both of the
orbicularis oculi muscles).

[0033] The zygomaticus major muscle of the user is
located in the cheek area, extending down to the mouth of
the user. Thus, at least one electrode may be positioned at a
location on the cheek on one or both sides of the face of the
user to provide electrical stimulation to one or both of the
zygomaticus major muscles. In an embodiment in which the
attachment comprises at least one electrode, the attachment
comprising at least one electrode for providing electrical
stimulation to the zygomaticus major muscle may be con-
figured to lie over the cheek of the user (such as at the lower
part of the cheek toward to the outer corner of the mouth).
The orbicularis oculi muscle of the user is located around the
eyes. Thus, at least one electrode may be positioned at a
location between the eye and the ear of the user on one or
both sides of the face of the user to provide electrical
stimulation to one or both of the orbicularis oculi muscles.
In an embodiment in which the attachment comprises at
least one electrode, the attachment comprising at least one
electrode for providing electrical stimulation to the orbicu-
laris oculi muscle may be configured to lie between the eye
and the ear of the user.

[0034] Although examples have been provided for the
number of electrodes, for the arrangement and location of
the electrodes, and for the facial muscles, it will be under-
stood that the respiratory apparatus can comprise any num-
ber of electrodes, which can be arranged and located at any
location suitable to provide electrical stimulation to one or
more facial muscles of the user, and can be configured to
provide electrical stimulation to any facial muscle of the
user.

[0035] In some embodiments, the respiratory apparatus
may further comprise at least one sleep stage sensor con-
figured to acquire a signal indicative of a sleep stage of the
user. For example, the attachment (such as at least one strap,
at least one adhesive member, or any other attachment) of
the respiratory apparatus may comprise at least one sleep
stage sensor. Alternatively or in addition, at least one sleep
stage sensor configured to acquire a signal indicative of a
sleep stage of the user may be external to (i.e. separate to or
remote from) the respiratory apparatus. For example, one or
more sleep stage sensors may be comprised in another
device such as a mobile device (e.g. a smart phone, a tablet,
or a device dedicated for the purpose of acquiring a signal
indicative of a sleep stage of the user), in the bed of the user,
or at any other location external to the respiratory apparatus
at which the sleep stage sensor can acquire a signal indica-
tive of a sleep stage of the user.

[0036] The signal indicative of a sleep stage of the user
can be any signal that can be processed to differentiate
between at least two sleep stages of the user. For example,
the signal indicative of a sleep stage of the user may be any
signal that can be processed to at least differentiate between
a sleeping stage of the user and a non-sleeping stage of the
user or to at least differentiate between a rapid eye move-
ment (REM) sleep stage of the user and a non-rapid eye
movement (non-REM) sleep stage of the user. The at least
one sleep stage sensor can comprise a physiological char-
acteristic (or vital sign) sensor, an eye movement sensor, an
activity sensor, or any other sleep stage sensor, or any
combination of sleep stage sensors suitable to acquire a
signal indicative of a sleep stage of the user.
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[0037] A physiological characteristic (or vital sign) sensor
may comptise any sensor suitable to acquire one or more
physiological characteristics (or vital signs) of the user that
can be indicative of a sleep stage of the user. For example,
a physiological characteristic sensor may comprise any one
or more of a heart rate sensor. a brain activity sensor, a
respiratory sensor, or any other physiological characteristic
sensor, or any combination of physiological characteristic
Sensors.

[0038] A heart rate sensor may comprise any sensor suit-
able to acquire heart rate data from the user, which can be
indicative of a sleep stage of the user. Examples of a heart
rate sensor include, but are not limited to, an electrocardio-
gram (ECG) sensor, a photoplethysmography (PPG) sensor,
a phonocardiography (PCG) sensor, an acceleration sensor,
a Doppler radar sensor, or any other heart rate sensor, or any
combination of heart rate sensors. A brain activity sensor
may comprise any sensor suitable to acquire brain activity
data from the user, which can be indicative of a sleep stage
of the user. Examples of a brain activity sensor include, but
are not limited to, an electroencephalography (EEG) sensor
(which may comprise an array of electrodes such as an array
of six electrodes or any other number of electrodes), a near
infra-red (NIR) sensor, or any other brain activity sensor, or
any combination of brain activity sensors. A respiratory
sensor may comprise any sensor suitable to acquire respi-
ratory data (such as ventilation signals) from the user, which
can be indicative of a sleep stage of the user. Examples of
a respiratory sensor include, but are not limited to, the
respiratory device itself, an electrocardiogram (ECG) sen-
sor, an impedance sensor, an acceleration sensor, a photop-
lethysmography (PPG) sensor, a Doppler radar sensor, or
any other respiratory sensor, or any combination of respi-
ratory sensor.

[0039] An eye movement sensor may comprise any sensor
suitable to acquire eye movement data from the user that can
be indicative of a sleep stage of the user. More specifically,
an eye movement sensor may be any sensor that can directly
detect or establish eye movement (such as rapid eye move-
ment and non-rapid eye movement) that can be used to
identify a sleep stage of the user. For example, an eye
movement sensor may comprise any one or more of a visual
sensor (such as a camera), an optical sensor, an acceleration
sensor, an electrooculography (EOG) sensor, or any other
eye movement sensor, or any combination of eye movement
Sensors.

[0040] An activity (or motion or inertial) sensor may
comprise any sensor suitable to acquire activity (or motion
or inertial) data on the user that can be indicative of a sleep
stage of the user. For example, an activity sensor may
comprise any one or more of an accelerometer, a gyroscope,
a magnetometer, a visual sensor (such as a camera), a
pressure sensor, a Doppler radar sensor, or any other activity
sensor, or any combination of activity sensors.

[0041] In some embodiments, the respiratory apparatus
may further comprise at least one muscle contraction sensor
configured to detect one or more muscle contractions in the
face of the user. The at least one muscle contraction sensor
may be located at any location of the respiratory apparatus,
which allows the at least one sensor to detect one or more
muscle contractions in the face of the user. In some embodi-
ments, for example, the attachment (such as at least one
strap, at least one adhesive member, or any other attach-
ment) of the respiratory apparatus may comprise one or



US 2018/0126107 Al

more muscle contraction sensors. In these embodiments, the
one or more muscle contraction sensors of the attachment
may be a stretch sensor suitable to detect (or measure)
stretching of the attachment. The one or more muscle
contraction sensors can, for example, comprise any one or
more of a fabric stretch sensor, a silicone stretch sensor, an
inductance plethysmography sensor, an acceleration sensor,
an electromyography sensor, a strain gauge, or any other
sensor suitable for detecting one or more muscle contrac-
tions, or any combination of those sensors. In some embodi-
ments, the at least one muscle contraction sensor may be
located at the same location as at least one electrode. In other
embodiments, the at least one muscle contraction sensor
may be located as a different location to the at least one
electrode. For example, the location at which a facial muscle
contracts may not necessarily be the location at which at
least one electrode provides electrical stimulation to that
facial muscle.

[0042] Although examples have been provided for the
type of sleep stage sensor, the type of muscle contraction
sensor, and for the location of those sensors, it will be
understood that any sleep stage sensor or any combination of
sleep stage sensors suitable to acquire a signal indicative of
a sleep stage of the user can be used, any muscle contraction
sensor or any combination of muscle contraction sensors
suitable to detect muscle contractions in the face of the user
can be used, and that those sensors may be located at any
location that is suitable for the intended purpose of those
SEensors.

[0043] In some embodiments, the respiratory apparatus
may comprise a communications interface (or circuitry) for
enabling the respiratory apparatus to communicate with any
sensors, units, interfaces, and devices that are internal or
external to the respiratory apparatus. The communications
interface may communicate with any sensors, units, intet-
faces, and devices wirelessly or via a wired connection.

[0044] In some embodiments, the respiratory apparatus
can comprise a control unit (such as a central processing unit
CPU). Alternatively, in some embodiments, the control unit
may be external to (i.e. separate to or remote from) the
respiratory apparatus. For example, the control unit may be
comprised in another device. In the embodiments in which
the control unit is external to the respiratory apparatus, the
control unit may communicate with the respiratory appara-
tus either wirelessly or via a wired connection using the
communications interface. Thus, according to some embodi-
ments, there is provided a system comprising the respiratory
apparatus described herein and a control unit configured to
control operation of the respiratory apparatus in the manner
described herein.

[0045] In some embodiments, the control unit may be
configured to control the flow of gas (e.g. air) supplied to the
user in accordance with the usual operation of a respiratory
interface. Alternatively or in addition, in some embodi-
ments, the control unit may be configured to control the at
least one electrode to provide the electrical stimulation to the
one or more facial muscles of the user. Alternatively or in
addition, in some embodiments, the control unit may be
configured to process signals, measurements, information or
data acquired from sensors (such as any sleep stage sensors
and/or muscle contraction sensors) of the respiratory appa-
ratus or that are external to the respiratory apparatus and to
control the at least one electrode appropriately.
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[0046] The control unit can comprise one or more proces-
sors, processing units, multi-core processors or modules that
are configured or programmed to control operation of the
respiratory apparatus in the manner described herein. In
particular implementations, the control unit can comprise a
plurality of software and/or hardware modules that are each
configured to perform, or are for performing, individual or
multiple steps of the method according to embodiments of
the invention.

[0047] In some embodiments, the respiratory apparatus
may also comprise a memory configured to store program
code that can be executed by the control unit to perform the
method described herein. The memory can also be used to
store information, data, signals and measurements acquired
or made by the control unit, any sensors of the respiratory
apparatus, and/or any sensors external to the apparatus. In
embodiments in which the control unit is external to the
respiratory apparatus, the memory may also be external to
the respiratory apparatus. For example, the memory may be
comprised in another device (such as a device comprising
the control unit).

[0048] In some embodiments, the apparatus may also
comprise a user interface. Alternatively or in addition, at
least one user interface may be external to (i.e. separate to
or remote from) the apparatus. For example, a user interface
may be part of another device (such as a device comprising
the control unit). The user interface may be configured to
receive a user input. For example, a user interface may allow
the user of the respiratory apparatus to manually enter
instructions (such as a preferred setting for the electrical
stimulation provided by the at least one electrode of the
respiratory apparatus). The control unit may be configured to
acquire the user input from the user interface for use in
controlling the respiratory apparatus. Thus, the user inter-
face may be any user interface that enables a user of the
respiratory apparatus to provide a user input, interact with
and/or control the respiratory apparatus. For example, the
user interface may comprise one or more switches, one or
more buttons, a keypad, a keyboard, a touch screen or an
application (for example, on a mobile device such as a tablet
or smartphone), one or more microphones, or any other user
interface component, or combination of user interface com-
ponents for receiving a user input.

[0049] In some embodiments, the respiratory apparatus
may also comprise a battery or other power supply for
powering the respiratory apparatus. For example, the respi-
ratory interface, the attachment (such as at least one strap, at
least one adhesive member, or any other attachment), or any
other part of the respiratory apparatus may comprise a
battery or other power supply for powering the respiratory
apparatus. Alternatively or in addition, the respiratory appa-
ratus may comprise means for connecting the respiratory
apparatus to a mains power supply. The battery or power
supply may, for example, power the at least one electrode of
the respiratory apparatus. In embodiments in which the
respiratory apparatus comprises one or more sensors, the
battery or power supply may also power the sensors. Simi-
larly, in embodiments in which the respiratory apparatus
comprises a control unit, the battery or power supply may
also power the control unit. The battery or power supply may
be electrically connected to the at least one electrode, any
sensors, and any control unit of the respiratory apparatus via
one or more electrical wires.
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[0050] FIG. 1 is an illustration of an example respiratory
apparatus 100 according to an embodiment. The respiratory
apparatus 100 comprises a respiratory interface (or respira-
tory mask) 102 configured to aid a user in respiration.
According to this illustrated example embodiment, the respi-
ratory interface (or the respiratory mask) 102 is configured
to cover the mouth and the nose of the user to aid the user
in respiration. However, it will be understood that other
configurations for the respiratory interface 102 of the respi-
ratory apparatus 100 are also possible. For example, in other
embodiments, the respiratory interface 102 may be config-
ured to cover only the mouth, only the nose, or the entire
face of the user to aid the user in respiration.

[0051] The respiratory apparatus 100 also comprises an
attachment. In the illustrated example embodiment of FIG.
1, the attachment comprises at least one strap 104a, 1045,
104c configured to hold the respiratory interface 102 in
position on the face of the user. According to this illustrated
example embodiment, the respiratory apparatus 100 com-
prises a first strap 104a configured for placement around the
head of the user (at the forehead), a second strap 1045
configured for placement around the head of the user (at the
jaw), and a third strap 104¢ configured for placement
between the first strap 104a and the second strap 1044.

[0052] However, it will be understood that other configu-
rations for the at least one strap of the respiratory apparatus
100 are also possible. For example, in other embodiments,
the respiratory apparatus may comprise the first strap 104a
configured for placement around the head of the user (at the
forehead) and the second strap 1045 configured for place-
ment around the head of the user (at the jaw), without the
third strap 104¢ configured for placement between the first
strap 104a and the second strap 1044. In any embodiment
comprising more than one strap, at least two of the straps
104a, 1045, 104¢ may be formed from a single piece of
material. Alternatively, one or more of the straps 104a, 1045,
104¢ may be formed from a separate (or extra) piece of
material.

[0053] The respiratory apparatus 100 also comprises at
least one electrode 106a, 1065 configured to provide elec-
trical stimulation to one or more facial muscles of the user.
According to this illustrated example embodiment, the sec-
ond strap 1045 comprises at least one first electrode 106a
and the third strap 104¢ comprises at least one second
electrode 1065. However, it will be understood that other
locations for the at least one electrode of the respiratory
apparatus 100 are also possible. As mentioned earlier, the
location for the at least one electrode can be any location
where the at least one electrode can provide electrical
stimulation to the one or more facial muscles of the user. In
this illustrated example embodiment, the at least one first
electrode 1064 is located in the second strap 1045 of the
respiratory apparatus 100 to provide electrical stimulation to
the zygomaticus major muscle and the at least one second
electrode 1064 is located in the third strap 104¢ of the
respiratory apparatus 100 to provide electrical stimulation to
the orbicularis oculi muscle.

[0054] Although not illustrated, the respiratory apparatus
100 on the left side of the face of the user may have the same
configuration as that illustrated on the right side of the face
of the user. For example, the respiratory apparatus 100 may
comprise at least one pair of electrodes, with one of each pair
located in corresponding straps on each side of the face of
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the user to provide electrical stimulation to corresponding
muscles on each side of the face of the user.

[0055] In the illustrated example embodiment, the respi-
ratory apparatus 100 further comprises at least one sleep
stage sensor 108 configured to acquire a signal indicative of
a sleep stage of the user. The first strap 104a of the
respiratory apparatus 100 comprises the at least one sleep
stage sensor 108 according to this illustrated example
embodiment. However, it will be understood that other
locations for the at least one sleep stage sensor 108 of the
respiratory apparatus 100 are also possible. As mentioned
earlier, the location for the at least one sleep stage sensor 108
can be any location where the at least one sleep stage sensor
108 can acquire a signal indicative of a sleep stage of the
user.

[0056] In this illustrated example embodiment, the respi-
ratory apparatus 100 also comprises a battery (or power
supply) 110 for powering the respiratory apparatus 100. A
part of the respiratory interface 102 at the forehead of the
user comprises the battery 110 according to this illustrated
example embodiment. However, it will be understood that
other locations for the battery 110 of the respiratory appa-
ratus 100 are also possible. For example, in other embodi-
ments, at least one strap 104a, 1045, 104c¢ of the respiratory
apparatus 100 may comprise a battery 110. Although not
illustrated in FIG. 1, the battery 110 may be electrically
connected to the electrodes 106a, 1065 and the sleep stage
sensor 108 via one or more electrical wires.

[0057] FIGS. 2A and 2B are illustrations of an example
respiratory apparatus 200 according to another embodiment.
The respiratory apparatus 200 comprises a respiratory inter-
face (or respiratory mask) 201 configured to aid a user in
respiration. According to this illustrated example embodi-
ment, the respiratory interface (or the respiratory mask) 201
is configured to cover the mouth and the nose of the user to
aid the user in respiration. However, it will be understood
that other configurations for the respiratory interface 201 of
the respiratory apparatus 200 are also possible. For example,
in other embodiments, the respiratory interface 201 may be
configured to cover only the mouth, only the nose, or the
entire face of the user to aid the user in respiration.

[0058] The respiratory apparatus 200 also comprises an
attachment. In the illustrated example embodiment of FIG.
2, the attachment comprises at least one adhesive member
202. The at least one adhesive member 202 can be structured
to contact and adhere (for example, removeably bond) to the
face of the user. For example, the at least one adhesive
member 202 can comprise a contact surface and an adhesive
layer provided on the contact surface. The adhesive layer
can be arranged to contact and adhere (for example, remove-
ably bond) to the face of the user. In some embodiments, the
adhesive layer may be provided at, or on, certain portions of
the contact surface. In other embodiments, the adhesive
layer may be provided over the entire contact surface. The
adhesive used for the adhesive layer can by any adhesive
suitable to adhere (for example, removeably bond) to the
face of the user. In some embodiments, the adhesive may be
a medical-grade and/or biocompatible adhesive. Examples
of adhesive that may be used include, but are not limited to,
a silicone based adhesive, a polyurethane based adhesive, or
any other adhesive, or any combination of adhesives suitable
to adhere to the face of the user. However, it will be
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understood that other configurations for the at least one
adhesive member 202 of the respiratory apparatus 200 are
also possible.

[0059] The respiratory apparatus 200 also comprises at
least one electrode configured to provide electrical stimula-
tion to one or more facial muscles of the user. Although not
illustrated, according to this example embodiment, the at
least one adhesive member 202 may comprise at least one
electrode. However, it will be understood that other loca-
tions for at least one electrode of the respiratory apparatus
200 are also possible. As mentioned earlier, the location for
the at least one electrode can be any location where the at
least one electrode can provide electrical stimulation to the
one or more facial muscles of the user.

[0060] In the illustrated example embodiment of FIG. 2A,
the at least one adhesive member 202 extends at least
partially along the jaw of the user from the respiratory
interface 201 at the corner of the mouth of the user such as
at least partially along the zygomaticus major muscle. Thus,
in the illustrated example embodiment of FIG. 2A, at least
one first electrode may be located in the at least one adhesive
member 202 of the respiratory apparatus 100 to provide
electrical stimulation to the zygomaticus major muscle. In
the illustrated example embodiment of FIG. 2B, the at least
one adhesive member 202 extends upwardly toward a loca-
tion between the ear and eye of the user from the respiratory
interface 201 at the corner of the mouth of the user such as
at least partially along the orbicularis oculi muscle. Thus, in
the illustrated example embodiment of FIG. 2B, at least one
first electrode may be located in the at least one adhesive
member 202 of the respiratory apparatus 100 to provide
electrical stimulation to the orbicularis oculi muscle.
[0061] Although not illustrated, the respiratory apparatus
200 on the left side of the face of the user may have the same
configuration as that illustrated on the right side of the face
of the user. For example, the respiratory apparatus 200 may
comprise at least one pair of electrodes, with one of each pair
located in corresponding adhesive members 202 on each
side of the face of the user to provide electrical stimulation
to corresponding muscles on each side of the face of the user.
[0062] Although not illustrated, the respiratory apparatus
200 may further comprise at least one sleep stage sensor
configured to acquire a signal indicative of a sleep stage of
the user. The at least one adhesive member 202 can comprise
at least one sleep stage sensor. However, it will be under-
stood that other locations for the at least one sleep stage
sensor of the respiratory apparatus 200 are also possible. As
mentioned earlier, the location for the at least one sleep stage
sensor can be any location where the at least one sleep stage
sensor can acquire a signal indicative of a sleep stage of the
user.

[0063] Although not illustrated, the respiratory apparatus
200 can also comprise a battery (or power supply) for
powering the respiratory apparatus 200. The battery may be
electrically connected to the at least one electrode and any
sleep stage sensors via one or more electrical wires.
[0064] Although examples have been provided according
to the example embodiments illustrated in FIGS. 1. 2A and
2B for the configuration of the respiratory apparatus, it will
be understood that other configurations are also possible.
Similarly, although examples have been provided according
to the example embodiments illustrated in FIGS. 1, 2 and 2A
for the number, arrangement, and location of the attachment,
the at least one electrode, the at least one sleep stage sensor,
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and the battery, it will be understood that other numbers,
arrangements, and locations are also possible. Also,
although not illustrated in FIGS. 1, 2A and 2B, the respira-
tory apparatus may further comprise at least one muscle
contraction sensor.

[0065] As mentioned previously, a control unit (which
may be a control unit of the respiratory apparatus or a
control unit external to the apparatus) can be configured to
control operation of the respiratory apparatus. In particular,
as mentioned previously, the control unit may be configured
to control the at least one electrode to provide the electrical
stimulation to the one or more facial muscles of the user. The
operation of the respiratory apparatus will now be described
in more detail and will be understood to apply to any of the
respiratory apparatus embodiments described herein.
[0066] In embodiments where the respiratory apparatus
comprises at least one sleep stage sensor and/or where at
least one sleep sensor is external to the respiratory apparatus,
the control unit may be configured to control the at least one
sleep sensor to acquire a signal indicative of a sleep stage of
the user. The control unit may also be configured to control
the at least one electrode to provide stimulation to the one or
more facial muscles of the user based on the signal indica-
tive of a sleep stage of the user that is acquired by the at least
one sleep stage sensor. Thus, in some embodiments, the
control unit may be configured to process the acquired signal
to determine the sleep stage of the user.

[0067] In one embodiment, for example, the control unit
may be configured to process the acquired signal to deter-
mine whether the user is sleeping. In these embodiments, the
control unit can be configured to control the at least one
electrode to provide electrical stimulation to the one or more
facial muscles of the user when the acquired signal is
indicative of the user sleeping. Thus, in some embodiments,
the at least one electrode is controllable to provide electrical
stimulation to the one or more facial muscles of the user
when the acquired signal is indicative of the user sleeping.
However, it will be understood that in other embodiments,
the at least one electrode may alternatively be controllable to
provide electrical stimulation to the one or more facial
muscles of the user when the user is awake or irrespective
of whether the user is sleeping or awake.

[0068] In another embodiment, for example, the control
unit may be configured to process the acquired signal to
determine a certain sleep stage of the user. In these embodi-
ments, the control unit can be configured to control the at
least one electrode to provide electrical stimulation to the
one or more facial muscles of the user when the acquired
signal is indicative of the user being in a certain sleep stage.
For example, in some embodiments, the control unit can be
configured to control the at least one electrode to provide
electrical stimulation to the one or more facial muscles of the
user when the acquired signal is indicative of the user being
in a rapid eye movement sleep stage. Thus, in some embodi-
ments, the at least one electrode is controllable to provide
electrical stimulation to the one or more facial muscles of the
user when the acquired signal is indicative of the user being
in a rapid eye movement (REM) sleep stage. Once the
acquired signal is indicative of the user being out of the rapid
eye movement sleep stage (i.e. indicative of the user being
in a non-rapid eye movement sleep stage), the control unit
can be configured to control the at least one electrode to stop
providing the electrical stimulation to the one or more facial
muscles of the user. In some embodiments, this may be



US 2018/0126107 Al

repeated during a plurality of sleep cycles of the user. Thus,
in some embodiments, the one or more muscles are only
stimulated during certain sleep stages of the user such as
only during the rapid eye movement sleep stage of the user.
In this way, power consumption can be reduced to thus
increase battery life and the stimulation will be less disturb-
ing for the user. This can be particularly important where the
user has a sleep disorder such as sleep apnoea.

[0069] Although examples have been given for sleep
stages in which electrical stimulation may be provided to the
one or more facial muscles of the user, it will be understood
that the at least one electrode may alternatively or in addition
be controllable to provide electrical stimulation to the one or
more facial muscles during other sleep stages.

[0070] Insome embodiments, an intensity of the electrical
stimulation may be based on the acquired signal indicative
of a sleep stage of the user. For example, the control unit
may be configured to process the acquired signal to deter-
mine an intensity for the electrical stimulation and to control
the at least one electrode to provide electrical stimulation to
the one or more facial muscles of the user at the determined
intensity. For example, the control unit may be configured to
control the at least one electrode to provide electrical
stimulation to the one or more facial muscles of the user at
a higher intensity when the acquired signal is indicative of
the user being in a rapid eye movement sleep stage than
when the acquired signal is indicative of the user being in a
non-rapid eye movement sleep stage.

[0071] In embodiments where the respiratory apparatus
comprises at least one muscle contraction sensor, the control
unit may be configured to control the at least one muscle
contraction sensor to detect one or more muscle contractions
in the face of the user. The control unit may be configured
to then control the at least one electrode to provide stimu-
lation to the one or more facial muscles of the user based on
the one or more muscle contractions in the face of the user
detected by the at least one muscle contraction sensor. For
example, in some embodiments, an intensity of the electrical
stimulation may be based on the one or more muscle
contractions detected in the face of the user.

[0072] In these embodiments, the control unit may be
configured to process the one or more muscle contractions
detected in the face of the user to determine an intensity for
the electrical stimulation and to control the at least one
electrode to provide electrical stimulation to the one or more
facial muscles of the user at the determined intensity. This
can allow for an improved control of the amount of power
needed for the contraction. For example, the control unit
may initially control the at least one electrode to provide low
intensity electrical stimulation to the one or more facial
muscles of the user and measure one or more facial muscle
contractions. If the measured one or more facial muscle
contractions are below a predefined threshold, the control
unit may increase the intensity of the electrical stimulation
provided to the one or more facial muscles and may continue
to increase the intensity until a desired muscle contraction is
reached. In this way, power consumption can be optimised
to thus increase battery life and the stimulation can be less
disturbing for the user. This can be particularly important
where the user has a sleep disorder such as sleep apnoea.
[0073] In some embodiments, any one or more of the
intensity and duration of the electrical stimulation provided
by the at least one electrode can be set. For example, in some
embodiments, the control unit may control the at least one
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electrode to increase (e.g. gradually increase) the intensity of
the electrical stimulation provided to the one or more facial
muscles of the user over a certain time period. Alternatively
or in addition, the control unit may control the at least one
electrode to provide electrical stimulation for a set time
period (for example, over a period of 30 seconds, or any
other time period). The intensity and/or the duration of the
electrical stimulation provided by the at least one electrode
may be adjustable by a user (for example, via the user
interface). In this way, unpleasant sensations or pain in the
face of the user can be prevented.

[0074] As mentioned earlier, the air tightness of the respi-
ratory interface 102, 201 of the respiratory apparatus 100,
200 on the face of the user can be improved through the
stimulation of one or more facial muscles of the user via the
at least one electrode. Thus, the at least one pair of electrodes
can be configured to provide electrical stimulation to one or
more facial muscles of the user (as described herein) to
improve the air tightness of (or reduce leaks in) the respi-
ratory interface on the face of the user. In this respect, in
some embodiments, the respiratory apparatus 102, 201 may
further comprise an air pressure sensor configured to moni-
tor an air pressure within the respiratory interface 102, 201.
In this way, the air tightness of the respiratory interface 102,
201 on the face of the user can be determined since a change
in the air pressure can be indicative of a change in the air
tightness (such as an improved air tightness or a reduced air
tightness, which may be due to a leak).

[0075] In embodiments in which the respiratory apparatus
100, 200 comprises a pump, the air pressure sensor may be
the pump of the respiratory apparatus 100, 200. For
example, the pump of the respiratory apparatus 100, 200
may be configured to detect a change in air pressure, which
may be indicative of a leak in the respiratory interface 102,
201. Alternatively or in addition, in some embodiments, the
respiratory interface 102, 201 of the apparatus 100, 200 may
comprise an air pressure sensor (for example, an air pressure
sensor may be integrated into the respiratory interface 102,
201). Examples of such an air pressure sensor include, but
are not limited to, a piezoresistive sensor (such as a piezore-
sistive strain gauge), a capacitive sensot, an electromagnetic
sensor, or any other air pressure sensor, or any combination
of air pressure sensors.

[0076] In some embodiments, if the monitored air pressure
is indicative of a leak in the respiratory interface 102, 201 on
the face of the user, the at least one electrode may be
controllable to adjust the electrical stimulation provided to
the one or more facial muscles of the user. In some embodi-
ments, the electrical stimulation may be adjusted until the
monitored air pressure is indicative of the leak stopping. For
example, the at least one electrode may be controllable to
adjust the electrical stimulation provided to the one or more
facial muscles of the user by switching on the electrical
stimulation, switching off the electrode stimulation, or alter-
ing the intensity of the electrical stimulation. The control
unit may be configured to control the at least one electrode
in manner described.

[0077] In some embodiments, the respiratory apparatus
100, 200 may be configured to relieve pressure during
exhalation of the user. In these embodiments, the control
unit can be configured to control the at least one electrode to
cease providing electrical stimulation to the one or more
facial muscles of the user during exhalation of the user.
Thus, the at least one electrode can be controllable to cease
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providing electrical stimulation to the one or more facial
muscles of the user during exhalation of the user. The
pressure relief can be provided due to the relaxation of the
one or more facial muscles in the absence of the electrical
stimulation (which can provide leakage in the respiratory
interface 101, 201 of the apparatus 100, 200). This can also
be useful to prevent strain on the one or more facial muscles
of the user.
[0078] There is therefore provided an improved respira-
tory apparatus. The respiratory apparatus can be particularly
useful for users of a respiratory apparatus that suffer from
health issues such as sleep apnoea, depression, high blood
pressure, and/or respiratory conditions. The respiratory
apparatus can improve the wellbeing of the user such as by
improving the mood of the user, reducing stress, and thus
improving the general health of the user.
[0079] There is also provided a computer program product
comprising a computer readable medium, the computer
readable medium having computer readable code embodied
therein, the computer readable code being configured such
that, on execution by a suitable computer or processor, the
computer or processor is caused to perform the method or
methods described herein.
[0080] Variations to the disclosed embodiments can be
understood and effected by those skilled in the art in
practicing the claimed invention, from a study of the draw-
ings, the disclosure and the appended claims. In the claims,
the word “comprising” does not exclude other elements or
steps, and the indefinite article “a” or “an” does not exclude
a plurality. A single processor or other unit may fulfil the
functions of several items recited in the claims. The mere
fact that certain measures are recited in mutually different
dependent claims does not indicate that a combination of
these measures cannot be used to advantage. A computer
program may be stored/distributed on a suitable medium,
such as an optical storage medium or a solid-state medium
supplied together with or as part of other hardware, but may
also be distributed in other forms, such as via the Internet or
other wired or wireless telecommunication systems. Any
reference signs in the claims should not be construed as
limiting the scope.
1. A respiratory apparatus comprising:
a respiratory interface configured to aid a user in respi-
ration;
an attachment configured to hold the respiratory interface
in position on the face of the user;
at least one electrode configured to provide electrical
stimulation to one or more facial muscles of the user;
and
at least one sleep stage sensor configured to acquire a
signal indicative of a sleep stage of the user, and
wherein the at least one electrode is controllable to
provide electrical stimulation to the one or more facial
muscles of the user when the acquired signal is indica-
tive of the user sleeping.
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2. A respiratory apparatus as claimed in claim 1, wherein
the attachment comprises at least one strap, or at least one
adhesive member.

3. A respiratory apparatus as claimed in claim 1, wherein
the attachment comprises the at least one electrode.

4. A respiratory apparatus as claimed in claim 1, com-
prising:

at least one pair of electrodes, the at least one pair of

electrodes configured to provide electrical stimulation
to corresponding muscles on each side of the face of the
user.

5. A respiratory apparatus as claimed in claim 1, wherein
the one or more facial muscles of the user comprise any one
or more of:

a zygomaticus major muscle of the user; and

an orbicularis oculi muscle of the user.

6. A respiratory apparatus as claimed in claim 1, wherein
the at least one sleep stage sensor comprises any one or more
of:

a physiological characteristic sensor;

an eye movement sensor; and

an activity sensor.

7. A respiratory apparatus as claimed in claim 1, wherein
the at least one electrode is controllable to provide electrical
stimulation to the one or more facial muscles of the user
when the acquired signal is indicative of the user being in a
rapid eye movement sleep stage.

8. A respiratory apparatus as claimed in claim 1, wherein
an intensity of the electrical stimulation is based on the
acquired signal indicative of a sleep stage of the user.

9. A respiratory apparatus as claimed in claim 1, wherein
the respiratory apparatus further comprises:

at least one muscle contraction sensor configured to detect

one or more muscle contractions in the face of the user.

10. A respiratory apparatus as claimed in claim 9, wherein
an intensity of the electrical stimulation is based on the one
or more muscle contractions detected in the face of the user.

11. A respiratory apparatus as claimed in claim 1, wherein
the respiratory apparatus further comprises:

an air pressure sensor configured to monitor an air pres-

sure within the respiratory interface,

wherein, if the monitored air pressure is indicative of a

leak in the respiratory interface on the face of the user,
the at least one electrode is controllable to adjust the
electrical stimulation provided to the one or more facial
muscles of the user.

12. A respiratory apparatus as claimed in claim 1, wherein
the respiratory apparatus is a continuous positive airway
pressure apparatus.

13. A method of operating a respiratory apparatus as
claimed in claim 1:

controlling the at least one electrode to provide the

electrical stimulation to the one or more facial muscles
of the user.
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