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ABSTRACT

A wake-to-sleep transition for a subject is detected based on
responsiveness to breathing cues provided to the subject. A
pressurized flow of breathable gas to the airway of subject
having one or more gas parameters that are adjusted to pro-
vide breathing cues to the subject. Based on a detected con-
formance of the respiration of the subject to the breathing

cues,

a determination is made as to whether the subject is

awake or asleep.
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SYSTEM AND METHOD FOR DETECTING
SLEEP ONSET IN A SUBJECT BASED ON
RESPONSIVENESS TO BREATHING CUES

[0001] The invention relates to detection of sleep onset in a
subject based on responsiveness to breathing cues provided to
the subject.

DESCRIPTION OF THE RELATED ART

[0002] Devices configured to deliver positive airway pres-
sure therapy to a subject are known. Typically, such devices
are used to support the airway of the subject during sleep to
reduce or eliminate obstructive respiratory events (e.g.,
apneas) during sleep. One of the drawbacks associated with
known systems is that they tend to be uncomfortable before
the subject falls asleep. While conventional systems provide
mechanisms for reducing this discomfort, such as slowly
ramping the pressure applied to the airway of the subject, they
may consistently inhibit sleep in the subject if they do not
delay therapy until after the onset of sleep.

[0003] One aspect of the invention relates to a system con-
figured to detect an awake-to-sleep transition in a subject. In
one embodiment, the system comprises a device, one or more
sensors, and a processor. The device is configured to generate
apressurized flow of breathable gas for delivery to the airway
of a subject. The one or more sensors are configured to gen-
erate output signals conveying information related to one or
more gas parameters at or near the airway of the subject. The
processor is configured to execute computer program mod-
ules, the computer program modules comprising a control
module, a conformance module, and a sleep module. The
control module is configured to control the device such that
the device adjusts one or more parameters of the gas in the
pressurized flow of breathable gas in order to provide breath-
ing cues to the subject. The conformance module is config-
ured to determine conformance of respiration ofthe subject to
the breathing cues provided by the pressurized flow of breath-
able gas, such determination being based on the output sig-
nals generated by the one or more sensors and the cues pro-
vided by the pressurized flow of breathable gas. The sleep
module is configured determine whether the subject is awake
or asleep, such determination being based on the determina-
tion of conformance made by the conformance module.
[0004] Another aspect of the invention relates to a method
of detecting an awake-to-sleep transition in a subject. In one
embodiment, the method comprises generating a pressurized
flow of breathable gas for delivery to the airway of a subject
such that one or more parameters of the gas in the pressurized
flow of breathable gas are adjusted in order to provide breath-
ing cues to the subject; monitoring one or more breathing
parameters of the respiration of the subject; determining con-
formance of respiration of the subject to the breathing cues
provided by the pressurized flow of breathable gas, such
determination being based on the monitored one or more
breathing parameters and the cues provided by the pressur-
ized flow of breathable gas; and determining whether the
subject is awake or asleep, such determination being based on
the determination of conformance.

[0005] Yet another aspect of the invention relates to a sys-
tem configured to detect an awake-to-sleep transition in a
subject. In one embodiment, the system comprises means for
generating a pressurized flow of breathable gas for delivery to
the airway of'a subject such that one or more parameters of the
gas in the pressurized flow of breathable gas are adjusted in
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order to provide breathing cues to the subject; means for
monitoring one or more breathing parameters of the respira-
tion of the subject; means for determining conformance of
respiration of the subject to the breathing cues provided by the
pressurized flow of breathable gas, such determination being
based on the monitored one or more breathing parameters and
the cues provided by the pressurized flow of breathable gas;
and means for determining whether the subject is awake or
asleep, such determination being based on the determination
of conformance.

[0006] These and other objects, features, and characteris-
tics of the present invention, as well as the methods of opera-
tion and functions of the related elements of structure and the
combination of parts and economies of manufacture, will
become more apparent upon consideration 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 cor-
responding parts in the various figures. In one embodiment of
the invention, the structural components illustrated herein are
drawn to scale. Tt is to be expressly understood, however, that
the drawings are for the purpose of illustration and descrip-
tion only and are not a limitation of the invention. In addition,
it should be appreciated that structural features shown or
described in any one embodiment herein can be used in other
embodiments as well. It is to be expressly understood, how-
ever, that the drawings are for the purpose of illustration and
description only and are not intended as a definition of the
limits of the invention. As used in the specification and in the
claims, the singular form of “a”, “an”, and “the” include
plural referents unless the context clearly dictates otherwise.
[0007] FIG. 1 illustrates a system configured to detect a
wake-to-sleep transition for a subject, according to one or
more embodiments of the invention.

[0008] FIG. 2illustrates a plot of flow at or near the airway
of a subject, a plot of inspiration/expiration state for the
subject, and a plot of pressure of a pressurized flow of breath-
able gas delivered to the airway of the subject to provide
breathing cues to the subject.

[0009] FIG. 3illustrates a plot of flow at or near the airway
of a subject, a plot of inspiration/expiration state for the
subject, and a plot of pressure of a pressurized flow of breath-
able gas delivered to the airway of the subject to provide
breathing cues to the subject.

[0010] FIG. 4 illustrates a plot of breath rate as a subject
receives therapy from a system configured to detect a wake-
to-sleep transition for a subject, according to one or more
embodiments of the invention.

[0011] FIG. 5 illustrates a method of detecting an awake-
to-asleep transition in a subject, according to one or more
embodiments of the invention.

[0012] FIG. 1 illustrates a system 10 configured to detect a
wake-to-sleep transition for a subject 12. The system 10 pro-
vides pressurized flow of breathable gas to the airway of
subject 12, and adjusts one or more gas parameters of the gas
in the pressurized flow of breathable gas to provide breathing
cues to subject 12 that encourage subject 12 to consciously
adjust respiration such that the one or more breathing param-
eters are altered. Based on a detected conformance of the
respiration of subject 12 to the breathing cues, a determina-
tion is made as to whether subject 12 is awake or asleep. In
one embodiment, system 10 may include a device 14, elec-
tronic storage 16, a user interface 18, one or more sensors 20,
a processor 22, and/or other components.
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[0013] In one embodiment, device 14 includes a positive
pressure support device. A positive pressure support device is
well-known and is disclosed, for example, in U.S. Pat. No.
6,105,575, hereby incorporated by reference in its entirety. In
this embodiment, device 14 is configured to deliver a pres-
surized flow of breathable gas to the airway of subject 12.
[0014] Device 14 may be configured to generate the pres-
surized flow of breathable gas according to one or more
modes. A non-limiting example of one such mode is Continu-
ous Positive Airway Pressure (CPAP). CPAP has been used
for many years and has proven to be helpful in promoting
regular breathing. Another mode for generating the pressur-
ized flow of breathable gas is Inspiratory Positive Air Pressure
(TPAP). One example of the IPAP mode is bi-level positive air
pressure (BiPAP). In BiPAP, two levels of positive air pres-
sure (HI and LO) are supplied to a subject. Other modes of
generating the pressurized flow of breathable gas are contem-
plated.

[0015] Generally, the timing of the HI 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. In conventional positive pressure support devices, the
timing of the HI and LO levels of pressure is coordinated to
coincide with the breathing of subject 12 based on detection
of gas parameters that indicate whether a user is currently
inhaling or exhaling.

[0016] The pressurized flow of breathable gas is delivered
to the airway of subject 12 via a subject interface 24. Subject
interface 24 is configured to communicate the pressurized
flow of breathable gas generated by device 14 to the airway of
subject 12. As such, subject interface 24 includes a conduit 26
and an interface appliance 28. Conduit conveys the pressur-
ized flow of breathable gas to interface appliance 28, and
interface appliance 28 delivers the pressurized flow of breath-
able gas to the airway of subject 12. Some examples of inter-
face appliance 28 may include, for example, an endotracheal
tube, a nasal cannula, a tracheotomy tube, a nasal mask, a
nasal/oral mask, a full face mask, a total face mask, or other
interface appliances that communication a flow of gas with an
airway of a subject. The present invention is not limited to
these examples, and contemplates delivery of the pressurized
flow of breathable gas to subject 12 using any subject inter-
face.

[0017] Inoneembodiment, electronic storage 16 comprises
electronic storage media that electronically stores informa-
tion. The electronically storage media ofelectronic storage 16
may include one or both of system storage that is provided
integrally (i.e., substantially non-removable) with system 10
and/or removable storage that is removably connectable to
system 10 via, for example, a port (e.g., a USB port, a firewire
port, etc.) or adrive (e.g., adisk drive, etc.). Electronic storage
16 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 electronically readable storage media. Elec-
tronic storage 16 may store software algorithms, information
determined by processor 22, information received via user
interface 18, and/or other information that enables system 10
to function properly. Electronic storage 16 may be (in whole
or in part) a separate component within system 10, or elec-
tronic storage 16 may be provided (in whole or in part) inte-
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grally with one or more other components of system 10 (e.g,,
device 14, user interface 18, processor 22, etc.).

[0018] User interface 18 is configured to provide an inter-
face 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 communicated between the subject 12
and one or more of device 14, electronic storage 16, and/or
processor 22. Examples of interface devices suitable for
inclusion in user interface 18 include 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 18 includes a plurality of separate
interfaces. In one embodiment, user interface 18 includes at
least one interface that is provided integrally with device 14.
[0019] It is to be understood that other communication
techniques, either hard-wired or wireless, are also contem-
plated by the present invention as user interface 18. For
example, the present invention contemplates that user inter-
face 18 may be integrated with a removable storage interface
provided by electronic storage 16. In this example, informa-
tion may be loaded into system 10 from removable storage
(e.g., a smart card, a flash drive, a removable disk, etc.) that
enables the user(s) to customize the implementation of sys-
tem 10. Other exemplary input devices and techniques
adapted for use with system 10 as user interface 18 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 system 10 is contemplated
by the present invention as user interface 18.

[0020] One or more sensors 20 are configured to generate
one or more output signals conveying information related to
one or more gas parameters of the gas breathed by subject 12.
The one or more parameters may include, 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, tem-
perature, acceleration, velocity, acoustics, changes in a
parameter indicative of respiration, and/or other gas param-
eters. In an embodiment in which a pressurized flow of
breathable gas is delivered to subject 12 from device 14,
sensors 20 include sensors in communication with gas within
subject interface 24.

[0021] Processor 22 is configured to provide information
processing capabilities in system 10. As such, processor 22
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 information, a state
machine, and/or other mechanisms for electronically pro-
cessing information. Although processor 22 is shown in FIG.
1 as a single entity, this is for illustrative purposes only. In
some implementations, processor 22 may include a plurality
of processing units. These processing units may be physically
located within the same device, or processor 22 may represent
processing functionality of a plurality of devices operating in
coordination.

[0022] As is shown in FIG. 1, processor 22 may be config-
ured to execute one or more computer program modules. The
one or more computer program modules may include one or
more of a gas parameter module 30, a control module 32, a
breathing parameter module 34, a conformance module 36, a
sleep module 38, a therapy module 40, and/or other modules.
Processor 22 may be configured to execute modules 30, 32,



US 2013/0066226 A1l

34, 36, 38, and/or 40 by software; hardware; firmware; some
combination of software, hardware, and/or firmware; and/or
other mechanisms for configuring processing capabilities on
processor 22.

[0023] It should be appreciated that although modules 30,
32, 34, 36, 38, and/or 40 are illustrated in FIG. 1 as being
co-located within a single processing unit, in implementa-
tions in which processor 22 includes multiple processing
units, one or more of modules 30, 32, 34, 36, 38, and/or 40
may be located remotely from the other modules. The
description of the functionality provided by the different
modules 30, 32, 34, 36, 38, and/or 40 described below is for
illustrative purposes, and is not intended to be limiting, as any
of modules 30, 32, 34, 36, 38, and/or 40 may provide more or
less functionality than is described. For example, one or more
of modules 30, 32, 34, 36, 38, and/or 40 may be eliminated,
and some or all of its functionality may be provided by other
ones of modules 30, 32, 34, 36, 38, and/or 40. As another
example, processor 22 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 30, 32, 34,
36, 38, and/or 40.

[0024] The gas parameter module 30 is configured to deter-
mine information related to one or more gas parameters of the
pressurized flow of breathable gas that is generated by device
14 and delivered to the airway of subject 12 via subject
interface 24. The one or more gas parameters are determined
based on the output signals of sensors 20. The one or more gas
parameters may include one or more of a pressure, a flow rate,
a peak flow, a composition, a humidity, a temperature, an
acceleration, a velocity, a thermal energy dissipated (e.g.,ina
mass flowmeter, etc.), and/or other gas parameters.

[0025] Control module 36 is configured to control device
14. Controlling device 14 includes adjusting the breathing
cues provided to subject 12 by device 14. As was mentioned
above, in one embodiment, the breathing cues administered to
subject 12 by device 14 include changes to one or more
parameters of the pressurized flow of breathable gas delivered
from device 14 to subject 12. For example, the one or more
parameters may include a pressure, a flow rate, and/or a
volume of the pressurized flow of breathable gas. Control
module 36 adjusts the breathing cues provided to subject 12
be device 14 in order to prompt subject 12 to bring the one or
more breathing parameters into conformance with the target.
[0026] For example, in an embodiment in which device 14
generates the pressurized flow of breathable gas according to
a BiPAP mode, control module 36 may control device 14 to
adjust the pressure, flow rate, and/or volume of gas delivered
to the airway of subject 12 while the pressurized flow of
breathable gas is being generated at the HI pressure (e.g,
during inhalation). Adjusting the pressure, flow rate, and/or
volume of gas delivered to the airway of subject 12 while the
pressurized flow of breathable gas is being generated at the HI
pressure will tend to generate breathing cues that prompt
subject 12 to begin inspiration, alter the volume of gas
inhaled, to alter the inspiration period, to alter the inspiration
flow rate, to alter the tidal volume, and/or to otherwise con-
sciously alter one or more other breathing parameters.
[0027] As another example, in an embodiment in which
device 14 generates the pressurized flow of breathable gas
according to a BiPAP mode, control module 36 may control
device 14 to adjust the pressure flow rate, and/or volume of
gas delivered to the airway of subject 12 while the pressurized
flow of breathable gas is being generated at the LO pressure
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(e.g., during exhalation). Adjusting the pressure, flow rate,
and/or volume of gas delivered to the airway of subject 12
while the pressurized flow of breathable gas is being gener-
ated at the LO pressure may result in breathing cues that tend
to prompt subject 12 to begin exhalation, to adjust the exha-
lation period, the exhalation flow rate, the peak flow of res-
piration, the tidal volume, and/or to otherwise consciously
alter one or more other breathing parameters.

[0028] As yetanother example, in an embodiment in which
device 14 generates the pressurized flow of breathable gas
according to a BiPAP mode, control module 36 may control
device 14 to adjust a period of the HI and/or LO pressure
cycles, a pressure curve shape during a transition between HI
and LO pressure cycles, a flow rate curve shape during a
transition between HI and LO pressure cycles, and/or adjust
other gas parameters of the pressurized flow of breathable
gas. As will be appreciated, such adjustments to the gas
parameters of the pressurized flow of breathable gas will tend
to provide breathing cues to subject 12 to consciously alter
one or more breathing parameters. For example, such breath-
ing cues may prompt subject 12 to alter one or more of a
breathing rate, a breath period, a respiration flow curve shape,
arespiration pressure curve shape, a timing of an inspiration-
to-expiration transition, a timing of an expiration-to-inspira-
tion transition, and/or other breathing parameters.

[0029] Thebreathing parameter module 34 is configured to
determine one or more breathing parameters of the respira-
tion of subject 12. The breathing parameter module 32 may
determine the one or more breathing parameters based on the
one or more gas parameters determined by gas parameter
module 30 and/or from the output signals generated by sen-
sors 20. The one or more breathing parameters include the one
or more breathing parameters that subject 12 is prompted to
consciously alter by the breathing cues provided in the pres-
surized flow of breathable gas. For example, the one or more
breathing parameters may include one or more of an inhala-
tion flow rate, an inhalation period, an exhalation flow rate, an
exhalation period, a tidal volume, a breathing rate, a breath
period, a peak flow, a flow curve shape, a pressure curve
shape, expiration-to-inspiration transitions, inspiration-to-
expiration transitions, and/or other breathing parameters.
[0030] The conformance module 36 is configured to deter-
mine conformance of respiration of subject 12 with the
breathing cues provided by the pressurized flow of breathable
gas. The determination of conformance made by conform-
ance module 36 is based on the output signals generated by
sensors 20 and the cues provided by the pressurized flow of
breathable gas. In one embodiment, conformance module 36
compares one or more of the breathing parameters deter-
mined by breathing parameter module 34 (which are deter-
mined based on the output signals of sensors 20) to the cues.
[0031] Determining conformance of respiration of subject
12 with the breathing cues includes determining a metric that
quantifies the conformance, or synchronicity, of the respira-
tion of subject 12 with the breathing cues. For example, a
breath rate of subject 12, or a difference between breath rate
of subject 12 and the breath rate prompted by the breathing
cues may indicate conformance of the respiration of subject
12.

[0032] The metric may quantify the conformance on a per-
breath basis. By way of non-limiting example, conformance
of the respiration of subject 12 may be quantified by a differ-
ence between an amount of time breathing cues provided by
the pressurized flow of breathable gas prompt subject 12 to
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inhale, and an actual amount of time subject 12 inhales.
Hereafter, this difference is referred to “inspiration extension
time”. Similarly, another non-limiting example of a metric
that quantifies conformance of the respiration of subject 12 is
a different between an amount of time breathing cues pro-
vided by the pressurized flow of breathable gas prompt sub-
ject 12 to exhale, and an actual amount of time subject 12
exhales. This difference is referred to as “expiration extension
time.”

[0033] Ifthe metric quantifies conformance of the respira-
tion of subject 12 to the breathing cues on a per-breath basis,
determining conformance of subject 12 may include deter-
mining a per-breath average of the metric for a plurality of
breaths. This may reduce noise caused for individual breaths
by breathing irregularity, momentary inattentiveness, and/or
other phenomena. The number of breaths used to determine
the average may be a user-configurable setting or may be a set
value. In one embodiment, conformance module 36 is con-
figured to determine the number of breaths used to determine
the average through observation of subject 12 over time. For
example, at a first number of breaths, the average may be
found to be too noisy (e.g., giving rise to false detections of
sleepfulness), while at a second number of breaths the aver-
age may be found to not be sensitive enough (e.g., giving rise
to belated detections of sleepfulness). The conformance mod-
ule 36 may be configured to observe such results, and to
identify a third number of breaths between the first number
and the second number as an appropriate number of breaths to
implement in determining the average of the metric for sub-
ject12.

[0034] FIG. 2 illustrates a plot 42 of flow at or near the
airway of a subject, a plot 44 of the inspiration/expiration
state for the subject, and a plot 46 of pressure of a pressurized
flow of breathable gas delivered to the airway of the subject to
provide breathing cues to the subject. Specifically, in FIG. 2,
the subject is awake and is exhibiting respiration that con-
forms to the breathing cues. As such, the transitions in breath-
ing between exhale and inhale, and between inhale and exhale
for the subject coincide with changes in the pressure of the
pressurized flow of breathable gas. For example, the inspira-
tion extension time and/or the expiration extension time for
plots 44 and 46 would be zero, or de minimis.

[0035] FIG. 3 illustrates a plot 48 of flow at or near the
airway of a subject, aplot 50 of inspiration/expiration state for
the subject, and a plot 52 of pressure of a pressurized flow of
breathable gas delivered to the airway of the subject to pro-
vide breathing cues. In plots 48, 50, and 52, the subject is
asleep, and is therefore not following the breathing cues pro-
vided by the pressurized flow of breathable gas. For example,
the inspirations of the subject are not extending to the full
period of the breathing cues. As such, the inspiration exten-
sion time for these breaths will be substantially longer than
the inspiration extension time for the breaths depicted in FIG.
2.

[0036] Returning to FIG. 1, sleep module 38 is configured
to determine whether subject 12 is awake or asleep. The
determination is based on the determination of conformance
by conformance module 36. For example, in one embodi-
ment, sleep module 38 compares the metric quantifying con-
formance that was determined by conformance module 36
with a threshold level of conformance. If the metric quanti-
fying conformance does not breach the threshold level, then
sleep module 38 determines that subject 12 is still awake and
breathing in conformance with the cues provided by the pres-
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surized flow of breathable gas. If the metric quantifying con-
formance breaches the threshold level, then sleep module 38
determines that subject 12 is asleep, thereby causing the
breathing of subject 12 to no longer conform to the cues
provided by the pressurized flow of breathable gas. The
threshold may be a static value or level. The static value or
level may be determined based on user-selection, and/or pet-
manent (or semi-permanent) setting. The threshold may be a
dynamic value or level. For example, sleep module 38 may
determine the appropriate threshold of subject 12 individu-
ally over time. The sleep module 38 may accomplish this by
tuning the value or level used as the threshold to minimize
both false detections of sleep and delayed detections of'sleep.
[0037] In one embodiment, control module 32 is config-
ured such that the breathing cues provided to subject 12 by the
pressurized flow of breathable gas remain constant during a
therapy session. In one embodiment, control module 32 is
configured such that the breathing cues provided to subject 12
by pressurized flow of breathable gas change slowly through-
out the session. For example, the breathing cues may change
during the session to slowly change breathing rate, inspiration
time, expiration time, and/or other breathing parameters.
These gradual changes in the breathing cues may facilitate
detection of sleep, as a lack of synchronization between the
respiration of subject 12 and the breathing cues may be easier
to detect if the breathing cues are dynamic.

[0038] By way of non-limiting example, the inspiration
time of the breathing cues may slowly expand during the
therapy session. This will tend to relax subject 12, but will
also highlight the point in time when subject 12 is no longer
following the breathing cues due to the onset of sleep. This is
because once subject 12 goes to sleep the inspiration time of
the breathing of subject 12 will return to its natural state.
[0039] As another non-limiting example, FIG. 4 illustrates
a plot 54 of breath rate as a subject receives therapy from a
system similar to or the same as system 10 (shown in FIG. 1
and described above). The plot 54 illustrates how the breath-
ing cues provided to the subject can slowly reduce the breath
rate of the subject over time, and how once the subject goes to
sleep, a local minima 56 is formed in breath rate because the
breath rate begins to climb back to its natural value.

[0040] Referring back to FIG. 1, it will be appreciated that
sleep module 38 may be configured to base the determination
of whether subject 12 is awake or asleep on more than a single
metric of conformance determined by conformance module
36. Further, in one embodiment, sleep module 38 further
supplements the determination of whether subject 12 is
awake or asleep on other analysis of breathing parameters
determined by breathing parameter module 34 that can be
indicative of sleepfulness. By way of non-limiting example,
such breathing parameters may include one or more of breath
to breath variability of a breathing parameter (e.g., volume,
duration, inspiration percentage, expiration percentage,
minute ventilation, breath rate, etc.), intrabreath variability in
one or more breathing parameters, drops in one or more
breathing parameters, dynamic frequency interbreath vari-
ability, and/or other analysis of breathing parameters.

[0041] Thetherapy module 40 is configured to control 1414
to administer a pressure support therapy to subject 12 while
subject 12 sleeps. The administration of the pressure support
therapy is triggered by a determination by sleep module 38
that subject 12 is asleep. Responsive to a determination by
sleep module 38 that subject 12 is asleep, therapy module 40
is configured to begin the pressure support therapy. Com-
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mencing the pressure support therapy may include ramping
up pressure at or near the airway of subject 12 to support the
airway of subject 12 during sleep to reduce obstructive res-
piratory events. The pressure support therapy may include,
for example, one or more of BiPAP®, continuous positive
airway pressure therapy, and/or other forms of positive ait-
way pressure therapy.

[0042] FIG.S5illustrates a method 58 of detecting an awake-
to-asleep transition in a subject. The operations of method 58
presented below are intended to be illustrative. In some
embodiments, method 58 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 58 are illustrated in FIG. 5
and described below is not intended to be limiting.

[0043] In some embodiments, method 58 may be imple-
mented in one or more processing devices (e.g., a digital
processor, an analog processor, a digital circuit designed to
process information, an analog circuit designed to process
information, a state machine, and/or other mechanisms for
electronically processing information). The one or more pro-
cessing devices may include one or more devices executing
some or all of the operations of method 58 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 58.

[0044] At an operation 60, a pressurized flow of breathable
gas is generated for delivery to the airway of a subject. The
pressurized flow of breathable gas is generated such that one
or more parameters of the gas in the pressurized flow of
breathable gas are adjusted in order to provide breathing cues
to the subject. The breathing cues prompt the subject to alter
one or more breathing parameters. In one embodiment,
operation 60 is performed by a device similar to or the same
as device 14 (shown in FIG. 1 and described above) under
control of a control module similar to or the same as control
module 32 (shown in FIG. 1 and described above).

[0045] At an operation 62, one or more breathing param-
eters of the respiration of the subject are monitored. Monitor-
ing the one or more breathing parameters may include deter-
mining the one or more breathing parameters. The one or
more breathing parameters may be determined based on out-
put signals generated by sensors conveying information
related to gas parameters at or near the airway of the subject.
In one embodiment, operation 62 may be performed by a
breathing parameter module similar to or the same as breath-
ing parameter module 34 (shown in FIG. 1 and described
above).

[0046] At an operation 64, conformance of respiration of
the subject to the breathing cues provided at operation 60 is
determined. Determining the conformance of the respiration
of the subject to the breathing cues may include determining
a metric that quantifies respiratory conformance. In one
embodiment, the metric quantifies conformance on a per-
breath basis. In this embodiment, determining respiratory
conformance may include determining an average of the met-
ric over a plurality of breaths (e.g., consecutive breaths,
breaths that are proximate in time, etc.). The conformance of
the respiration of the subject to the breathing cues may be
determined based on the monitored one or more breathing
parameters and/or breathing cues. In one embodiment, opera-
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tion 64 is performed by a conformance module similar to or
the same as conformance module 36 (shown in FIG. 1 and
described above).

[0047] At an operation 66, a determination is made as to
whether the subject is asleep or awake. This determination
may include comparing the conformance of the respiration of
the subject with the breathing cues (determined at operation
64) witha threshold level of conformance. If the conformance
of the respiration of the subject does not breach a threshold
level, it is determined that the subject is still awake. If the
conformance of the respiration of the subject breaches the
threshold level, it is determined that the subject is asleep. The
determination as to whether the subject is asleep or awake
may further be supplemented by other analysis of the breath-
ing parameters determined at operation 64. In one embodi-
ment, operation 66 is performed by a sleep module similar to
or the same as sleep module 38 (shown in FIG. 1 and
described above).

[0048] Ifthe determination is made at operation 66 that the
subject is awake, method 58 continues to iterate through
operations 60, 62, 64, and back to operation 66. If the deter-
mination is made at operation 66 that the subject is asleep,
method 58 proceeds to an operation 68. At operation 68, a
respiratory therapy is provided to the subject by the pressur-
ized flow of breathable gas. For example, the respiratory
therapy may include a positive airway pressure therapy. In
one embodiment, operation 68 is performed by a therapy
module similar to or the same as therapy module 40 (shown in
FIG. 1 and described above).

[0049] Although the invention has been described in detail
for the purpose of illustration based on what is currently
considered to be the most practical and preferred embodi-
ments, it is to be understood that such detail is solely for that
purpose and that the invention is not limited to the disclosed
embodiments, but, on the contrary, is intended to cover modi-
fications and equivalent arrangements that are within the
spirit and scope of the appended claims. For example, it is to
be understood that the present invention contemplates that, to
the extent possible, one or more features of any embodiment
can be combined with one or more features of any other
embodiment.

1. A system configured to detect an awake-to-sleep transi-

tion in a subject, the system comprising;
a pressure generator (14) configured to generate a pressur-
ized flow of breathable gas for delivery to the airway of

a subject (12);

asensor (20) configured to generate output signals convey-
ing information related to a gas parameter at or near the
airway of the subject;

a processor (22) configured to execute computer program
modules, the computer program modules comprising:

a control module (32) configured to control the pressure
generator such that the pressure generator adjusts a
parameter of the gas in the pressurized flow of breath-
able gas in order to provide breathing cues to the
subject;

a conformance module (36) configured to determine
conformance of respiration of the subject to the
breathing cues provided by the pressurized flow of
breathable gas, such determination being based on the
output signals generated by the sensor and the cues
provided by the pressurized flow of breathable gas;
and



US 2013/0066226 A1l

a sleep module (38) configured determine whether the
subject is awake or asleep, such determination being
based on the determination of conformance made by
the conformance module.

2. The system of claim 1, wherein the sleep module is
configured to determine that the subject is awake prior to the
determination of conformance made by the conformance
module breaching a threshold level of conformance, and to
determine that the subject is asleep in response to the deter-
mination of conformance breaching the threshold level of
conformarnce.

3. The system of claim 1, wherein the conformance module
is configured such that the determination of conformance
comprises determining a metric that quantifies conformance
on an individual breath basis.

4. The system of claim 3, wherein the conformance module
is further configured such that the determination of conform-
ance comprises averaging the metric over a plurality of
breaths.

5. The system of claim 1, wherein the gas parameter of the
gas in the pressurized flow of breathable gas that is adjusted to
provide breathing cues to the subject is pressure or flow rate.

6. A method of detecting an awake-to-sleep transition in a
subject, the method comprising:

generating (60) a pressurized flow of breathable gas for

delivery to the airway of a subject such that a parameter

of the gas in the pressurized flow of breathable gas is
adjusted in order to provide breathing cues to the sub-
ject;

monitoring (62) a breathing parameter of the respiration of

the subject;

determining (64) conformance of respiration of the subject

to the breathing cues provided by the pressurized flow of

breathable gas, such determination being based on the
monitored breathing parameter and the cues provided by
the pressurized flow of breathable gas; and

determining (66) whether the subject is awake or asleep,
such determination being based on the determination of
conformance.

7. The method of claim 6, wherein determining whether the
subject is awake or asleep comprises determining that the
subject is awake prior to the determination of conformance
breaching a threshold level of conformance, and determining
that the subject is asleep in response to the determination of
conformance breaching the threshold level of conformance.

Mar. 14, 2013

8. The method of claim 6, wherein the determination of
conformance comprises determining a metric that quantifies
conformance on an individual breath basis.

9. The method of claim 8, wherein the determination of
conformance further comprises averaging the metric over a
plurality of breaths.

10. The method of claim 6, wherein the gas parameter of
the gas in the pressurized flow of breathable gas that are
adjusted to provide breathing cues to the subjectis pressure or
flow rate.

11. A system configured to detect an awake-to-sleep tran-
sition in a subject, the system comprising:

means for generating (14, 32) a pressurized flow of breath-

able gas for delivery to the airway of a subject such that
a parameter of the gas in the pressurized flow of breath-
able gas is adjusted in order to provide breathing cues to
the subject;

means for monitoring (20, 30, 34) a breathing parameter of

the respiration of the subject;

means for determining (36) conformance of respiration of

the subject to the breathing cues provided by the pres-
surized flow of breathable gas, such determination being
based on the monitored breathing parameter and the
cues provided by the pressurized flow of breathable gas;
and

means for determining (38) whether the subjectis awake or

asleep, such determination being based on the determi-
nation of conformance.

12. The system of claim 11, wherein the means for deter-
mining whether the subject is awake or asleep is configured to
determine that the subject is awake prior to the determination
of conformance breaching a threshold level of conformance,
and to determine that the subject is asleep in response to the
determination of conformance breaching the threshold level
of conformance.

13. The system of claim 11, wherein the means for deter-
mining conformance is configured to determine a metric that
quantifies conformance on an individual breath basis.

14. The system of claim 13, wherein the means for deter-
mining conformance is further configured to average the met-
ric over a plurality of breaths.

15. The system of claim 11, wherein the gas parameter of
the gas in the pressurized flow of breathable gas that is
adjusted to provide breathing cues to the subject is pressure or
flow rate.
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