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Description

[0001] The present disclosure pertains to waking a
subject from a period of wakeful sleep by modulation of
a flow of breathable gas being delivered to the airway of
the subject, with the modulation being performed based
on a monitoring of wakefulness of the subject during
sleep.

[0002] Systems for providing positive airway pressure
therapy to subjects are known. These systems generate
a pressurized flow of breathable gas that is provided to
the airway of a subject during sleep to support the sub-
ject’'s airway. The support provided by the pressurized
flow of breathable gas to the airway of the subject enables
the subject to avoid sleep disordered breathing. A subject
using positive airway pressure therapy wakes from sleep
without intervention from the positive airway pressure de-
vice.

[0003] Systems for monitoring sleep are known. These
systems monitor whether sleep is lighter or heavier, and
can wake a subject from periods of lighter sleep. These
sleep monitoring systems are not coupled to therapeutic
devices and cannot alter or change sleep therapy pro-
vided to a subject during sleep.

[0004] WO 2011/057362 A1 discloses a method and
apparatus for adaptable pressure treatment of sleep dis-
ordered breathing. An applied pressure can be reduced
prior to a predetermined wakeup time to increase user
comfort.

[0005] WO 2009/042454 A1 discloses a system that
automatically determines one or more sleep phenotyping
parameters of a subject.

[0006] US 2007/023044 A1 discloses a lifestyle flow
generator and mask system.

[0007] One or more aspects of the present disclosure
relate to a wakeful sleep detection alarm device. In some
embodiments, the device comprises a pressure genera-
tor, one or more sensors, and one or more processors,
wherein the one or more processors comprise a wake-
fulness module, an alarm module, and a control module.
The pressure generator is configured to generate a pres-
surized flow of breathable gas for delivery to the airway
of a subject. The one or more sensors are configured to
generate one or more output signals conveying informa-
tion related to one or more parameters of the pressurized
flow of breathable gas. The one or more processors are
configured to execute computer program modules. The
wakefulness module is configured to determine wakeful-
ness of the subject based on the one or more sensor
output signals. The alarm module is configured to deter-
mine an alarm window of time. The control module is
configured such that, responsive to the determined wake-
fulness of the subject breaching a threshold during the
alarm window of time, the control module generates a
waking stimulus to wake the subjectfrom sleep. The wak-
ing stimulus comprises modulation of the pressurized
flow of breathable gas.

[0008] Yetanother aspect of the present disclosure re-
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lates to a method of waking a subject from sleep during
a period of wakeful sleep. In some embodiments, the
method comprises generating a pressurized flow of
breathable gas for delivery to an airway of a subject; gen-
erating one or more output signals conveying information
related to one or more parameters of the pressurized flow
of breathable gas; determining wakefulness of the sub-
jectbased onthe one or more outputsignals; determining
an alarm window of time; and responsive to the wakeful-
ness of the subject breaching a threshold level during
the alarm window of time, generating a waking stimulus
towake the subject from sleep, wherein the stimulus com-
prises modulation of the pressurized flow of breathable
gas.

[0009] Still another aspect of the present disclosure
relates to a system configured to wake a subject from
sleep during a period of wakeful sleep. In some embod-
iments, the system comprises means for generating
pressurized flow of breathable gas for delivery to an air-
way of a subject; means for generating one or more out-
put signals conveying information related to one or more
parameters of the pressurized flow of breathable gas;
means for determining wakefulness of the subject based
on the one or more output signals; means for determining
an alarm window of time; and, responsive to the deter-
mined wakefulness of the subject breaching a threshold
level during the alarm window of time, means for gener-
ating a waking stimulus to wake the subject from sleep,
wherein the stimulus comprises modulation of the pres-
surized flow of breathable gas.

[0010] These and other objects, features, and charac-
teristics of the present disclosure, as well as the methods
of operation and functions of the related elements of
structure and the combination of parts and economies of
manufacture, will become more apparent upon consid-
eration of the following description and the appended
claims with reference to the accompanying drawings, all
of which form a part of this specification, wherein like
reference numerals designate corresponding partsin the
various figures. Itis to be expressly understood, however,
that the drawings are for the purpose of illustration and
description only and are not intended as a definition of
the limits of the disclosure. The invention is defined by
the appended claims, the rest of the application being for
illustration purposes.

FIG. 1is a system configured to wake a subject from
wakeful sleep during an alarm window of time;
FIG. 2 is a graphical illustration the wakefulness of
a subject breaching a wakefulness threshold during
an alarm window of time; and
FIG. 3 is a method of waking a subject from wakeful
sleep during an alarm window of time.
[0011] As used herein, the singular form of "a", "an",
and "the" include plural references unless the context
clearly dictates otherwise. As used herein, the statement
that two or more parts or components are "coupled” shall
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mean that the parts are joined or operate together either
directly or indirectly, i.e., through one or more intermedi-
ate parts or components, so long as a link occurs. As
used herein, "directly coupled" means that two elements
are directly in contact with each other. As used herein,
"fixedly coupled" or "fixed" means that two components
are coupled so as to move as one while maintaining a
constant orientation relative to each other.

[0012] As used herein, the word "unitary" means a
component is created as a single piece or unit. That is,
a component that includes pieces that are created sep-
arately and then coupled together as a unit is not a "uni-
tary" component or body. As employed herein, the state-
ment that two or more parts or components "engage" one
another shall mean that the parts exert a force against
one another either directly or through one or more inter-
mediate parts or components. As employed herein, the
term "number" shall mean one or an integer greater than
one (i.e., a plurality).

[0013] Directional phrases used herein, such as, for
example and without limitation, top, bottom, left, right,
upper, lower, front, back, and derivatives thereof, relate
to the orientation of the elements shown in the drawings
and are not limiting upon the claims unless expressly
recited therein.

[0014] FIG. 1 schematically illustrates an exemplary
embodiment of a system 10 configured to wake a subject
12 from wakeful sleep during an alarm window. Typical
sleep cycles comprise periods of deeper sleep and/or
periods or lighter (wakeful) sleep. Waking during lighter
stages of sleep may result in feeling more energetic and
well-rested compared to waking from deeper sleep.
Sleep therapy such as, for example, continuous positive
airway pressure (CPAP), typically monitors sleep char-
acteristics of a subject. These sleep characteristics com-
prise one or more of tidal volume, pressurized gas leak-
age (indicating movement), respiration rate, and/or other
characteristics. During use of sleep therapy devices,
sleep characteristics may be collected during therapy
that can be used to determine whether the patient is in
light sleep or deep sleep. The present disclosure con-
templates utilizing a sleep therapy device in combination
with system 10 to collect sleep characteristics of subject
12 during sleep, and to wake subject 12 from wakeful
sleep during an alarm window. In one embodiment, sys-
tem 10 comprises one or more of a pressure generator
14, a subject interface 15, a user interface 16, one or
more sensors 18, a processor 20, electronic storage 22,
and/or other components.

[0015] In one embodiment, pressure generator 14 is
configured to generate a pressurized flow of breathable
gas for delivery to the airway of subject 12. Pressure
generator 14 may control one or more parameters of the
pressurized flow of breathable gas (e.g., flow rate, pres-
sure, volume, humidity, temperature, composition, etc.)
for therapeutic purposes, or for other purposes. By way
of a non-limiting example, pressure generator 14 may be
configured to control the pressure of the pressurized flow
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of breathable gas to provide pressure support to the air-
way of subject 12. Pressure generator 14 may include a
positive pressure support device such as, for example,
the device described in U.S. Patent 6,105,575, hereby
incorporated by reference in its entirety.

[0016] Pressure generator 14 may be configured to
generate the pressurized flow of breathable gas accord-
ing to one or more modes. A non-limiting example of one
such mode is Continuous Positive Airway Pressure
(CPAP). CPAP has been used for many years and has
proven to be helpful in promoting regular breathing. An-
other mode for generating the pressurized flow of breath-
able gas is Inspiratory Positive Air Pressure (IPAP). One
example ofthe IPAP mode is bi-level positive air pressure
mode (BIPAP®). In bi-level positive air pressure mode,
two levels of positive air pressure (HI and LO) are sup-
plied to a patient. Other modes of generating the pres-
surized flow of breathable gas are contemplated. Gen-
erally, the timing of the Hl and LO levels of pressure are
controlled such that the HI level of positive air pressure
is delivered to subject 12 during inhalation and the LO
level of pressure is delivered to subject 12 during exha-
lation.

[0017] The pressurized flow of breathable gas is deliv-
ered to the airway of subject 12 via a subject interface
15. Subject interface 15 is configured to communicate
the pressurized flow of breathable gas generated by
pressure support generator 14 to the airway of subject
12. As such, subject interface 15 comprises a conduit 24
and an interface appliance 26. Conduit 24 conveys the
pressurized flow of breathable gas to interface appliance
26, and interface appliance 26 delivers the pressurized
flow of breathable gas to the airway of subject 12. Some
examples of interface appliance 26 may include, for ex-
ample, an endotracheal tube, a nasal cannula, a trache-
otomy tube, a nasal mask, a nasal/oral mask, a full face
mask, a total face mask, or other interface appliances
that communicate a flow of gas with an airway of a sub-
ject. The present disclosure is not limited to these exam-
ples, and contemplates delivery of the pressurized flow
of breathable gas to subject 12 using any subject inter-
face.

[0018] User interface 16 is configured to provide an
interface between system 10 and subject 12 through
which subject 12 may provide information to and receive
information from system 10. This enables data, results,
and/or instructions and any other communicable items,
collectively referred to as "information," to be communi-
cated between the subject 12 and one or more of pres-
sure generator 14, and/or processor 20. Examples of in-
terface devices suitable for inclusion in user interface 16
include an alarm clock, a keypad, buttons, switches, a
keyboard, knobs, levers, a display screen, a touch
screen, speakers, a microphone, an indicator light, an
audible alarm, a printer, and/or other interface devices.
In one embodiment, user interface 16 includes a plurality
of separate interfaces. In one embodiment, userinterface
16 includes at least one interface that is provided inte-
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grally with pressure generator 14.

[0019] Itis to be understood that other communication
techniques, either hardwired or wireless, are also con-
templated by the present disclosure as user interface 16.
For example, the present disclosure contemplates that
user interface 16 is a wireless alarm clock kept by the
bedside of subject 12. In this example, information indi-
cating an alarm window of time is entered in the alarm
clock by subject 12, wirelessly transmitted to processor
20, and then wirelessly transmitted to pressure generator
14, enabling system 10 to wake subject 12 at an appro-
priate time. Other exemplary input devices and tech-
niques adapted for use with system 10 as user interface
16 include, but are not limited to, an RS-232 port, RF link,
an IR link, modem (telephone, cable or other). In short,
any technique for communicating information with sys-
tem 10 is contemplated by the present disclosure as user
interface 16.

[0020] In one embodiment, user interface 16 is config-
ured to display previous information entered by subject
12 (or another user), information generated by processor
20, and/or other information to subject 12 or another user.
User interface 16 may be configured to suggest recom-
mended alarm windows based on the previously entered
and/or generated information. For example, user inter-
face 16 may display information related to prior alarm
window set points, alarm window set points relative to
actual wake up times, suggested alarm windows, and/or
other information. Subject 12 may use the displayed in-
formation to set alarm windows for future sleep.

[0021] One or more sensors 18 are configured to gen-
erate one or more output signals conveying information
related to one or more parameters of the pressurized flow
of breathable gas. The one or more parameters may in-
clude, for example, one or more of a flow rate, a volume,
a pressure, a composition (e.g., concentration(s) of one
or more constituents), humidity, temperature, accelera-
tion, velocity, acoustics, changes in a parameter indica-
tive of wakefulness, and/or other gas parameters. The
sensors 18 may include one or more sensors that meas-
ure such parameters directly (e.g., through fluid commu-
nication with the pressurized flow of breathable gas at
pressure generator 14 or in subject interface 15). The
sensors 18 may include one or more sensors that gen-
erate output signals related to one or more parameters
of the pressurized flow of breathable gas indirectly. For
example, one or more of sensors 18 may generate an
outputbased on an operating parameter of pressure gen-
erator 14 (e.g., a motor current, voltage, rotational veloc-
ity, and/or other operating parameters), and/or other sen-
sors. Although sensors 18 are illustrated at a single lo-
cation in subject interface 15, this is not intended to be
limiting. Sensors 18 may include sensors disposed in a
plurality of locations, such as for example, within pres-
sure generator 14, within (or in communication with) con-
duit 24, within (or in communication with) interface appli-
ance 26, and/or other locations.

[0022] Processor 20 is configured to provide informa-
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tion processing capabilities in system 10. As such, proc-
essor 20 may include one or more of a digital processor,
an analog processor, a digital circuit designed to process
information, an analog circuit designed to process infor-
mation, a state machine, and/or other mechanisms for
electronically processing information. Although proces-
sor 20 is shown in FIG. 1 as a single entity, this is for
illustrative purposes only. In some implementations,
processor 20 may include a plurality of processing units.
These processing units may be physically located within
the same device (e.g., pressure generator 14), or proc-
essor 20 may represent processing functionality of a plu-
rality of devices operating in coordination (e.g., a proc-
essor located within pressure generator 14 and a second
process located within user interface 16).

[0023] Asshownin FIG. 1, processor 20 is configured
to execute one or more computer program modules. The
one or more computer program modules may include
one or more of a control module 28, a breathing param-
eter module 30, a wakefulness module 32, an alarm mod-
ule 34, and/or other modules. Processor 20 may be con-
figured to execute modules 28, 30, 32, and/or 34 by soft-
ware; hardware; firmware; some combination of soft-
ware, hardware, and/or firmware; and/or other mecha-
nisms for configuring processing capabilities on proces-
sor 20.

[0024] It should be appreciated that although modules
28, 30, 32, and 34 are illustrated in FIG. 1 as being co-
located within a single processing unit, in implementa-
tions in which processor 20 includes multiple processing
units, one or more of modules 28, 30, 32, and/or 34 may
be located remotely from the other modules. The descrip-
tion of the functionality provided by the different modules
28, 30, 32, and/or 34 described below is for illustrative
purposes, and is not intended to be limiting, as any of
modules 28, 30, 32, and/or 34 may provide more or less
functionality than is described. For example, one or more
of modules 28, 30, 32, and/or 34 may be eliminated, and
some or all of its functionality may be provided by other
ones of modules 28, 30, 32, and/or 34. As another ex-
ample, processor 20 may be configured to execute one
or more additional modules that may perform some or all
of the functionality attributed below to one of modules
28, 30, 32, and/or 34.

[0025] Control module 28 is configured to control pres-
sure generator 14 to adjust one or more parameters of
the pressurized flow of breathable gas based on a ther-
apy regime (e.g., for positive airway pressure support),
and/or for other therapeutic purposes. For example, con-
trol module 28 may control pressure generator 14 to ad-
just a flow rate, pressure, volume, humidity, temperature,
composition, and/or other parameters of the pressurized
flow of breathable gas to maintain an open airway during
sleep for subject 12.

[0026] Breathing parameter module 30 is configured
to determine one or more breathing parameters of sub-
ject 12. The one or more breathing parameters are de-
termined based on the one or more output signals gen-
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erated by sensors 18. The one or more breathing param-
eters may include, for example, a tidal volume, a peak
flow, aflow rate, a pressure, a composition, a timing (e.qg.,
beginning and/or end of inhalation, beginning and/or end
of exhalation, etc.), a duration (e.g., of inhalation, of ex-
halation, of a single breathing cycle, etc.), a breath rate,
a respiration frequency, and/or other parameters. In one
embodiment, breathing parameter module 30 deter-
mines the one or more breathing parameters based on
previous respiration by subject 12. By way of a non-lim-
iting example, breathing parameter module 30 may de-
termine at least one breathing parameter for each exha-
lation in a series of consecutive exhalations. The at least
one determined breathing parameter may include, for in-
stance, atidal volume, a peak flow, and/or otherbreathing
parameters. By way of another non-limiting example,
breathing parameter module 30 may determine at least
one average breathing parameter for a series of consec-
utive exhalations in addition to the breathing parameter
determined for each individual exhalation.

[0027] Wakefulness module 32 is configured to deter-
mine wakefulness of subject 12. During normal sleep a
subject may cycle between periods of deeper sleep and
periods of lighter sleep. Wakefulness, as determined by
wakefulness module 32, is the extent to which a subject
is experiencing a period of lighter sleep. Periods of lighter
sleep may be indicated by changes in, for example, res-
piration rate, tidal volume, heart rate, and/or other phys-
ical characteristics. The wakefulness of subject 12 may
be determined based on output signals from sensors 18
(e.g., physical characteristics related to the breathing of
subject 12), one or more breathing parameters deter-
mined by breathing parameter module 30, calculation
(e.g., a calculated index wherein the algorithm used to
calculate the index comprises input related to multiple
breathing parameters), and/or other factors.

[0028] Output from wakefulness module 32 indicating
the wakefulness of subject 12 may comprise a number,
a letter, a level (e.g., low, medium, high), and/or other
indications. In some embodiments, output from wakeful-
ness module 32 may comprise input to control module
28. In some embodiments, output from wakefulness
module 32 may be displayed via user interface 16. Dis-
play of the wakefulness of subject 12 via user interface
16 may allow a caregiver, a doctor, and/or another user
to utilize the wakefulness information to care for subject
12 and/or for other purposes.

[0029] In some embodiments, the wakefulness of sub-
ject 12 may be determined based on the one or more
output signals from sensors 18. For example, wakeful-
ness may be directly determined from the tidal volume
during each individual inhalation and/or exhalation of
subject 12 because lower tidal volume indicates lighter
sleep. In some embodiments, the wakefulness of subject
12 may be determined based on average breathing pa-
rameters calculated from a series of recent inhala-
tions/exhalations and/or output by breathing parameter
module 30. In some embodiments, the wakefulness of
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subject 12 may be determined based on the change over
time of output signals from sensors 18 and/or the breath-
ing parameters in module 30. For example, the wakeful-
ness of subject 12 may be determined based on abrupt
changes in tidal volume, breath rate, flow shape, or any
other signal from sensors 18 and/or information from
breathing parameter module 30.

[0030] Alarm module 34 is configured to determine an
alarm window of time. The alarm window of time may be
determined based on user input via user interface 16.
The alarm window of time is the period of time during
which a user wants subject 12 woken from sleep. For
example, a user (e.g., subject 12) may indicate that sub-
ject 12 is to be woken from sleep by inputting an alarm
window of time start time and an alarm window of time
end time via user interface 16. The alarm end time is the
time subject 12 is to be woken from sleep even if subject
12 did not experience wakeful sleep (as determined by
wakefulness module 32) during the alarm window of time.
[0031] Insome embodiments a user may input a single
wake time and the alarm window of time may be deter-
mined from this single entry. For example, alarm module
34 may be configured to begin an alarm window thirty
minutes before an entered time and end the alarm win-
dow atthe entered time. As another example, alarm mod-
ule 34 may be configured to begin the alarm window of
time fifteen minutes before the user entered time, and
end the alarm window of time 15 minutes after the user
entered time.

[0032] Insome embodimentsthe alarm window of time
may be determined from a user entered wake time and
auser entered alarm window of time length. Forexample,
a user may enter a 6AM wake time and a thirty minute
alarm window of time length. In this example, alarm mod-
ule 34 may be configured to startthe alarm window before
the wake up time by the user entered alarm window of
time length at 5:30AM.

[0033] In some embodiments, control module 28 is
configured to determine a wakefulness threshold and/or
to control pressure generator 14 to generate a waking
stimulus. The waking stimulus generated by pressure
generator 14 is configured to wake subject 12 from sleep
(arousal event). Control module 28 is configured to con-
trol pressure generator 14 to generate the waking stim-
ulus based on the wakefulness of subject 12 as deter-
mined by wakefulness module 32, the alarm window of
time, the wakefulness threshold, and/or other factors.
[0034] In some embodiments, control module 28 is
configured to compare the information indicating wake-
fulness (output from wakefulness module 32) to a wake-
fulness threshold and/or an alarm window of time. When
the wakefulness of subject 12 breaches the wakefulness
threshold within the alarm window of time, control module
28 is configured to control pressure generator 14 to gen-
erate a waking stimulus. In some embodiments, breach-
ing may comprise the wakefulness of subject 12 increas-
ing from a level during relatively deep sleep through the
wakefulness threshold to another level during relatively
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light (wakeful) sleep (e.g., the wakefulness threshold in-
dicates lighter stages of sleep). In some embodiments,
breaching may comprise the wakefulness of subject 12
decreasing from a level during relatively light sleep
through the wakefulness threshold to another level during
relatively deep sleep (e.g., the wakefulness threshold in-
dicates deeper stages of sleep). If the wakefulness of
subject 12 does not breach the wakefulness threshold
during the alarm window of time, control module 28 may
be configured to wake subject 12 at a set time (e.g., the
end of the alarm window of time). The wake up time may
be set by subject 12 via user interface 16.

[0035] The waking stimulus may comprise, for exam-
ple, one or more of modulation of the pressurized flow of
breathable gas, sounds (e.g., an alarm noise and/or the
radio as with a typical alarm clock), light (e.g., a flashing
light and/or increasing light in the room), and/or other
stimuli. The waking stimulus may be configured to wake
only the subject if the subject is sleeping in proximity to
other people. For example, modulating the pressurized
flow of breathable gas may be perceived by the subject
but not by any others sleeping nearby. The waking stim-
ulus may be generated by pressure generator 14, user
interface 16, and/or another device controlled by control
module 28 configured to generate a waking stimulus.
[0036] By way of a non limiting example, FIG. 2 illus-
trates an alarm window of time 40, and a wakeful sleep
42 | deeper sleep 44 sleep cycle 46. Before going to
sleep, a user may set alarm window of time 40 to a time
range during which they want to wake up. For example,
in FIG. 2, the alarm window of time start time 48 is set to
6:00AM and the alarm window of time end time 50 is set
to 6:30AM. The present disclosure contemplates using
sleep characteristics of the subject gathered during
sleep, in combination with user input alarm window of
time 40, to wake (arousal event 52) the subject from a
period of wakeful lighter sleep 42 (wakeful sleep thresh-
old level 54 breached) during alarm window of time 40.
[0037] Wakeful sleep threshold 54 may be determined
at manufacture, determined by programming threshold
54 into a processor, determined responsive to informa-
tion entered by a user via a user interface, determined
directly based the one or more output signals generated
by one or more sensors, determined based on previous
respiration by the subject, and/or determined by another
method. For example, wakeful sleep threshold 54 may
comprise an average tidal volume calculated from the
tidal volume of each breath of the subject during the cur-
rent sleep period. As another example, wakeful sleep
threshold 54 may comprise a maximum tidal volume en-
tered by a user via the user interface.

[0038] In one embodiment, wakefulness threshold 54
may vary over time. For example, wakefulness threshold
54 may decrease during alarm window of time 40 as
alarm window of time end time 50 is approached. The
decreasing threshold may increase the likelihood that the
subject wakes from relatively lighter sleep before alarm
window of time end time 50 is reached and a waking
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stimulus is generated whether or not the subject is sleep-
ing lightly or heavily.

[0039] Returning to FIG. 1, in some embodiments,
electronic storage 22 comprises electronic storage me-
dia that electronically stores information. The electronic
storage media of electronic storage 22 may include one
or both of system storage that is provided integrally (i.e.,
substantially non-removable) with system 10 and/or re-
movable storage that is removably connectable to sys-
tem 10 via, for example, a port (e.g., aUSB port, a firewire
port, etc.) or a drive (e.g., a disk drive, etc.). Electronic
storage 22 may include one or more of optically readable
storage media (e.g., optical disks, etc.), magnetically
readable storage media (e.g., magnetic tape, magnetic
hard drive, floppy drive, etc.), electrical charge-based
storage media (e.g., EEPROM, RAM, etc.), solid-state
storage media (e.g., flash drive, etc.), and/or other elec-
tronically readable storage media. Electronic storage 22
may store software algorithms, information determined
by processor 20, information received via user interface
16, and/or other information that enables system 10 to
function properly. Electronic storage 22 may be (in whole
or in part) a separate component within system 10, or
electronic storage 22 may be provided (in whole or in
part) integrally with one or more other components of
system 10 (e.g., user interface 16, processor 20, etc.).
[0040] FIG. 3 illustrates a method 60 of waking a sub-
ject from wakeful sleep during an alarm window of time.
The operations of method 60 presented below are in-
tended to be illustrative. In some embodiments, method
60 may be accomplished with one or more additional
operations not described, and/or without one or more of
the operations discussed. Additionally, the order in which
the operations of method 60 are illustrated in FIG. 3 and
described below is not intended to be limiting.

[0041] In some embodiments, method 60 may be im-
plemented in one or more processing devices (e.g., a
digital processor, an analog processor, a digital circuit
designed to process information, an analog circuit de-
signed to process information, a state machine, and/or
other mechanisms for electronically processing informa-
tion). The one or more processing devices may include
one or more devices executing some or all of the oper-
ations of method 60 in response to instructions stored
electronically on an electronic storage medium. The one
or more processing devices may include one or more
devices configured through hardware, firmware, and/or
software to be specifically designed for execution of one
or more of the operations of method 60.

[0042] At an operation 62, a subject enters alarm win-
dow of time information via a user interface. The alarm
window of time information represents the time period
during which the subject is to be woken from sleep. The
alarm window of time information may comprise an alarm
window of time start time and/or an alarm window of time
end time. In some embodiments, operation 62 is per-
formed by a user interface and/or alarm window of time
the same as or similar to user interface 16 and/or alarm
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window of time 40 (shown in FIG. 1 and FIG. 2, and de-
scribed herein).

[0043] Atanoperation 64, apressurized flow of breath-
able gas is generated and delivered to the airway of a
subject. In some embodiments, operation 64 is per-
formed by a pressure generator the same as or similar
to pressure generator 14, and/or subject interface 15
(shown in FIG. 1 and described herein).

[0044] Atanoperation 66, outputsignals related to one
or more parameters of the pressurized flow of breathable
gas are generated. In some embodiments, operation 66
is performed by sensors the same as or similar to sensors
18 (shown in FIG.1 and described herein.)

[0045] At an operation 68, one or more parameters of
the pressurized flow of breathable gas are adjusted
based on a therapy regime (e.g., for positive airway pres-
sure support). In some embodiments, operation 68 is per-
formed by a control module the same as or similar to
control module 28 of processor 20, (shown in FIG. 1 and
described herein).

[0046] At an operation 70, one or more breathing pa-
rameters related to the pressurized flow of breathable
gas are determined. In some embodiments, operation 70
is performed by a breathing parameter module the same
as or similar to breathing parameter module 30 of proc-
essor 20, (shown in FIG. 1 and described herein).
[0047] At an operation 72, the wakefulness of the sub-
ject is determined. Wakefulness is the extent to which a
subject is experiencing a period of lighter sleep. In some
embodiments, operation 72 is performed by a wakeful-
ness module the same as or similar to wakefulness mod-
ule 32 of processor 20 (shown in FIG. 1 and described
herein).

[0048] At an operation 74, an alarm window of time is
determined. In some embodiments, operation 74 is per-
formed by an alarm module the same as or similar to
alarm module 34 of processor 20 (shown in FIG. 1 and
described herein).

[0049] At an operation 76, a wakefulness threshold is
determined. In some embodiments, operation 76 is per-
formed by a control module the same as or similar to
control module 28 of processor 20 (shown in FIG. 1 and
described herein).

[0050] At an operation 78, the wakefulness of the sub-
ject is determined to have breached the wakefulness
threshold during the alarm window of time. In some em-
bodiments, operation 78 is performed by a control mod-
ule the same as or similar to control module 28 of proc-
essor 20 (shown in FIG. 1 and described herein).
[0051] At an operation 80, a waking stimulus is gener-
ated to wake the subject. The waking stimulus may com-
prise, for example, one or more of modulation of the pres-
surized flow of breathable gas, sound, light, and/or other
stimuli. In some embodiments, operation 80 is performed
by a control module, a pressure generator, and/or a user
interface the same as or similar to control module 28,
pressure generator 14 and/or user interface 16 (shown
in FIG. 1 and described herein).
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[0052] In the claims, any reference signs placed be-
tween parentheses shall not be construed as limiting the
claim. The word "comprising" or "including" does not ex-
clude the presence of elements or steps other than those
listed in a claim. In a device claim enumerating several
means, several of these means may be embodied by one
and the same item of hardware. The word "a" or "an"
preceding an element does not exclude the presence of
a plurality of such elements. In any device claim enumer-
ating several means, several of these means may be
embodied by one and the same item of hardware. The
mere fact that certain elements are recited in mutually
different dependent claims does not indicate that these
elements cannot be used in combination.

[0053] Although the description provided above pro-
vides detail for the purpose of illustration based on what
is currently considered to be the most practical and pre-
ferred embodiments, it is to be understood that such de-
tail is solely for that purpose and that the disclosure is
not limited to the expressly disclosed embodiments, but,
on the contrary, is intended to cover modifications and
equivalent arrangements that are within the scope of the
appended claims. For example, it is to be understood
that the present disclosure contemplates that, to the ex-
tent possible, one or more features of any embodiment
can be combined with one or more features of any other
embodiment.

Claims
1. A wakeful sleep detection alarm device comprising:

a pressure generator (14) configured to gener-
ate a pressurized flow of breathable gas for de-
livery to the airway of a subject;

one or more sensors (18) configured to generate
one or more output signals conveying informa-
tion related to one or more parameters of the
pressurized flow of breathable gas; and

one or more processors (20) configured to exe-
cute computer program modules, the computer
program modules comprising:

a wakefulness module (32) configured to deter-
mine wakefulness of the subject based on the
one or more output signals;

characterized in that the computer program
modules further comprise:

an alarm module (34) configured to deter-
mine an alarm window of time (40); and

a control module (28) configured such that,
responsive to the determined wakefulness
of the subject breaching a threshold during
the alarm window of time, the control mod-
ule controls the pressure generator to gen-
erate a waking stimulus to wake the subject
from sleep, wherein the stimulus comprises
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modulation of the pressurized flow of
breathable gas.

The device of claim 1, wherein the computer program
modules further comprise a breathing parameter
module (30) configured to determine, based on the
one or more output signals of the one or more sen-
sors, one or more breathing parameters of the sub-
ject, wherein the determination of wakefulness is
made based on the breathing parameters deter-
mined from the output signals, and wherein the
breathing parameters of the subject are determined
dynamically based on previous respiration by the
subject.

The device of claim 1, wherein the alarm window of
time is configurable by a user.

The device of claim 1, wherein the waking stimulus
further comprises one or both of an audible stimulus
and/or a visual stimulus.

The device of claim 1 further comprising a subject
interface (22) configured to deliver the pressurized
flow of breathable gas from the pressure generator
to an airway of the subject.

A method of waking a subject from sleep during a
period of wakeful sleep, the method comprising;
generating a pressurized flow of breathable gas for
delivery to an airway of a subject;

generating one or more output signals conveying in-
formation related to one or more parameters of the
pressurized flow of breathable gas;

determining wakefulness of the subject based on the
one or more output signals;

characterized in that the method further comprises:

determining an alarm window of time; and
responsive to the wakefulness of the subject
breaching athreshold level during the alarm win-
dow of time, generating a waking stimulus to
wake the subject from sleep, wherein the stim-
ulus comprises modulation of the pressurized
flow of breathable gas.

The method of claim 6, further comprising determin-
ing, based on the one or more output signals, one
or more breathing parameters of the subject during
respiration, wherein the determination of wakeful-
ness is made based on the breathing parameters
determined from the output signals, and wherein the
breathing parameters of the subject are determined
dynamically based on previous respiration by the
subject.

The method of claim 6 further comprising configura-
tion of the alarm window by a user.
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10.

The method of claim 6 wherein generating the wak-
ing stimulus further comprises generating one or
both of an audible stimulus and/or a visual stimulus.

The method of claim 6 further comprising delivering
the pressurized flow of breathable gas from the pres-
sure generator to an airway of the subject.

Patentanspriiche

1.

Leichtschlafdetektionsalarmvorrichtung, umfas-

send:

einen Druckgenerator (14), der konfiguriert ist,
um einen druckbeaufschlagten Atemgasstrom
zur Einleitung in den Atemweg eines Subjekts
Zu erzeugen;

einen oder mehrere Sensoren (18), die konfigu-
riert sind, um ein oder mehrere Ausgabesignale
zu erzeugen, die Information bezlglich eines
oder mehrerer Parameter des druckbeauf-
schlagten Atemgasstroms Ubertragen; und
einen oder mehrere Prozessoren (20), die kon-
figuriert sind, um Computerprogrammmodule
auszufiihren, wobei die Computerprogramm-
module Folgendes umfassen:

ein Wachheitsmodul (32), das konfiguriert
ist, um basierend auf dem einen oder den
mehreren Ausgabesignalen eine Wachheit
des Subjekts zu bestimmen;

dadurch gekennzeichnet, dass die Com-
puterprogrammmodule weiter Folgendes
umfassen:

ein Alarmmodul (34), das konfiguriert
ist, um ein Alarmzeitfenster (40) zu be-
stimmen; und

ein Steuerungsmodul (28), das so kon-
figuriertist, dass das Steuerungsmodul
in Reaktion darauf, dass die bestimmte
Wachheit des Subjekts wahrend des
Alarmzeitfensters eine Schwelle tber-
schreitet, den Druckgenerator steuert,
um einen Weckreiz zu erzeugen, um
das Subjektaus dem Schlaf zu wecken,
wobei der Reiz eine Modulation des
druckbeaufschlagten Atemgasstroms
umfasst.

Vorrichtung nach Anspruch 1, wobei die Computer-
programmmodule weiter ein Atemparametermodul
(30) umfassen, das konfiguriert ist, um basierend auf
dem einen oder den mehreren Ausgabesignalen des
einen oder der mehreren Sensoren einen oder meh-
rere Atemparameter des Subjekts zu bestimmen,
wobei die Bestimmung der Wachheit basierend auf
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den Atemparametern erfolgt, die aus den Ausgabe-
signalen bestimmt wurden, und wobei die Atempa-
rameter des Subjekts basierend auf friiherer Respi-
ration des Subjekts dynamisch bestimmt werden.

Vorrichtung nach Anspruch 1, wobei das Alarmzeit-
fenster durch einen Benutzer konfigurierbar ist.

Vorrichtung nach Anspruch 1, wobei der Weckreiz
weiter einen oder beide eines horbaren Reizes
und/oder eines visuellen Reizes umfasst.

Vorrichtung nach Anspruch 1, weiter umfassend ei-
ne Subjektschnittstelle (22), die konfiguriert ist, um
den druckbeaufschlagten Atemgasstrom aus dem
Druckgenerator in einen Atemweg des Subjekts zu
leiten.

Verfahren zum Wecken eines Subjekts aus dem
Schlaf wahrend einer Leichtschlafphase, wobei das
Verfahren Folgendes umfasst:

Erzeugen eines druckbeaufschlagten Atemgas-
stroms zur Einleitung in einen Atemweg eines
Subjekts;

Erzeugen eines oder mehrerer Ausgabesigna-
le, die Informationen beziiglich eines oder meh-
rerer Parameter des druckbeaufschlagten
Atemgasstroms Ubertragen;

Bestimmen der Wachheit des Subjekts basie-
rend auf dem einen oder den mehreren Ausga-
besignalen;

dadurch gekennzeichnet, dass das Verfahren
weiter Folgendes umfasst:

Bestimmen eines Alarmzeitfensters; und
Erzeugen eine Weckreizes, um das Subjekt
aus dem Schlaf zu wecken, in Reaktion dar-
auf, dass die Wachheit des Subjekts wah-
rend des Alarmzeitfensters einen Schwel-
lenwert Uberschreitet, wobei der Reiz eine
Modulation des  druckbeaufschlagten
Atemgasstroms umfasst.

Verfahren nach Anspruch 6, weiter umfassend das
Bestimmen eines oder mehrerer Atemparameter
des Subjekts wahrend der Respiration, basierend
aufdem einen oder den mehreren Ausgabesignalen,
wobei die Bestimmung der Wachheit basierend auf
den Atemparametern erfolgt, die aus den Ausgabe-
signalen bestimmt wurden, und wobei die Atempa-
rameter des Subjekts basierend auf friiherer Respi-
ration des Subjekts dynamisch bestimmt werden.

Verfahren nach Anspruch 6, weiter umfassend die
Konfiguration des Alarmfensters durch einen Benut-
zer.
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10.

Verfahren nach Anspruch 6, wobei das Erzeugen
des Weckreizes weiter das Erzeugen eines oder bei-
der eines horbaren Reizes und/oder eines visuellen
Reizes umfasst.

Verfahren nach Anspruch 6, weiter umfassend das
Einleiten des druckbeaufschlagten Atemgasstroms
in einen Atemweg des Subjekts.

Revendications

1.

Dispositif d’alarme de détection de sommeil éveillé
comprenant :

un générateur de pression (14) configuré pour
générer un flux de gaz respiratoire sous pres-
sion pour I'administration aux voies aériennes
d’'un sujet ;

un ou plusieurs capteurs (18) configurés pour
générer un ou plusieurs signaux de sortie trans-
mettant des informations relatives a un ou plu-
sieurs parameétres du flux de gaz respiratoire
sous pression ; et

un ou plusieurs processeurs (20) configurés
pour exécuter des modules de programme in-
formatique, les modules de programme informa-
tigue comprenant :

un module d’état de veille (32) configuré
pour déterminer un état de veille du sujet
sur la base des un ou plusieurs signaux de
sortie ;

caractérisé en ce que les modules de pro-
gramme informatique comprennent en
outre :

unmodule d’alarme (34) configuré pour
déterminer une fenétre temporelle
d’alarme (40) ; et

un module de commande (28) configu-
ré de telle maniére que, en réponse a
I'état de veille déterminé du sujet dé-
passant un seuil durant la fenétre tem-
porelle d’alarme, le module de com-
mande demande au générateur de
pression de générer un stimulus de ré-
veil pour réveiller le sujet, dans lequel
le stimulus comprend la modulation du
flux de gaz respiratoire sous pression.

Dispositif selon la revendication 1, dans lequel les
modules de programme informatique comprennent
en outre un module de parameétres de respiration
(30) configuré pour déterminer, sur la base des un
ou plusieurs signaux de sortie des un ou plusieurs
capteurs, un ou plusieurs parameétres de respiration
du sujet, dans lequel la détermination de I'état de
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veille est effectuée sur la base des parameétres de
respiration déterminés a partir des signaux de sortie,
etdans lequel les paramétres de respiration du sujet
sont déterminés dynamiquement sur la base de la
respiration précédente par le sujet.

Dispositif selon la revendication 1, dans lequel |a fe-
nétre temporelle d’alarme est configurable par un
utilisateur.

Dispositif selon la revendication 1, dans lequel le sti-
mulus de réveil comprend en outre I'un ou les deux
d’un stimulus audible et/ou d’un stimulus visuel.

Dispositif selon la revendication 1 comprenant en
outre une interface avec le sujet (22) configurée pour
administrer le flux de gaz respiratoire sous pression
du générateur de pression a des voies aériennes du
sujet.

Procédé de réveil d’'un sujet durant une période de
sommeil éveillé, le procédé comprenant ;

la génération d’un flux de gaz respiratoire sous pres-
sion pour 'administration a des voies aériennes d’'un
sujet ;

la génération d’'un ou plusieurs signaux de sortie
transmettant des informations relatives a un ou plu-
sieurs parameétres du flux de gaz respiratoire sous
pression ;

la détermination d'un état de veille du sujet sur la
base des un ou plusieurs signaux de sortie ;
caractérisé en ce que le procédé comprend en
outre :

la détermination d'une fenétre temporelle
d’alarme ; et

en réponse a I'état de veille du sujet dépassant
un niveau de seuil durant la fenétre temporelle
d’alarme, la génération d’un stimulus de réveil
pour réveiller le sujet, dans lequel le stimulus
comprend la modulation du flux de gaz respira-
toire sous pression.

Procédé selon la revendication 6, comprenant en
outre la détermination, sur la base des un ou plu-
sieurs signaux de sortie, d’'un ou plusieurs parame-
tres derespiration du sujetdurant la respiration, dans
lequel la détermination de I'état de veille est effec-
tuée sur la base des parameétres de respiration dé-
terminés a partir des signaux de sortie, etdans lequel
les paramétres de respiration du sujet sont détermi-
nés dynamiquementsurlabase de la respiration pré-
cédente par le sujet.

Procédé selon la revendication 6 comprenant en
outre la configuration de la fenétre d’alarme par un
utilisateur.
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10

10.

Procédé selon la revendication 6 dans lequel la gé-
nération du stimulus de réveil comprend en outre la
génération de I'un ou des deux d’un stimulus audible
et/ou d’un stimulus visuel.

Procédé selon la revendication 6 comprenant en
outre 'administration du flux de gaz respiratoire sous
pression du générateur de pression a des voies aé-
riennes du sujet.
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