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7) ABSTRACT

Mouth-breathing can be detected in early phase expiration
during respiratory treatments involving a pressure support
device. In accordance with some embodiments, an output
signal is received from a sensor that conveys information
relating to one or more parameters of the pressurized flow of
breathable gas as it is delivered to an air-way of a subject.
Transitions are estimated between inspiratory phases and
expiratory phases of respiration by the subject based on the
one or more determined parameters. A local extreme is iden-
tified in a level of a first parameter during a given expiratory
phase of respiration by the subject. The level of the first
parameter is analyzed as a function of time within a sampling
window to determine whether the subject is breathing by
mouth during the given expiratory phase. The sampling win-
dow begins at or proximate to the identified local extreme in
the level of the first parameter.
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DETECTING MOUTH-BREATHING IN
EARLY PHASE EXPIRATION

[0001] This disclosure relates to detecting mouth-breathing
in early phase expiration during respiratory treatments
involving a pressure support device.

[0002] TItisknownto treata medical disorder or to diagnose,
treat, or monitor the condition of a subject using medical
equipment. For example, subjects suffering from a pulmo-
nary or respiratory disorder, such as obstructive sleep apnea
(OSA), are often treated with a pressure support device. One
example of such a pressure support device is a continuous
positive airway pressure (CPAP) device. A CPAP device
delivers a flow of fluid to the airway of the subject throughout
the subject’s breathing cycle in order to “splint” the airway,
thereby preventing its collapse during sleep.

[0003] Another example of a pressure support device pro-
vides a bi-level positive pressure therapy, in which the pres-
sure of fluid delivered to the subject’s airway varies or is
synchronized with the subject’s breathing cycle to maximize
the medical effect and/or comfort to the subject. This type of
device may be known as a bi-level positive airway pressure
(BiPAP) device. With some BiPAP devices, a lower pressure
is delivered to the subject during the subject’s expiratory
phase than during the inspiratory phase. It is also known to
provide an auto-titration positive pressure therapy in which
the pressure provided to the subject changes based on
detected conditions of the subject. Such detected conditions
may include whether the subject is snoring or experiencing an
apnea, hypopnea, or upper airway resistance.

[0004] Once a subject is diagnosed with a breathing disor-
der, he or she is typically prescribed a pressure support
therapy, i.e., a mode of pressure support (e.g., continuous,
bi-level, or auto-titration), and given a prescribed pressure
support level. The pressure support therapy (mode of pressure
support and pressure settings) is typically prescribed by a
physician after the subject undergoes a sleep study at a sleep
lab.

[0005] In treating a subject using any of the above-de-
scribed pressure support systems, each of which represents a
mode of providing pressure support, it is often desirable to
monitor various parameters associated with the use of such
systems. Typically, leak on a pressure support device is con-
tinuously or periodically estimated based on the total flow of
fluid provided by the pressure support device between the
start and the end of a breath. The estimated leak is then
subtracted from the total flow of fluid provided by the pres-
sure support device to estimate the flow of fluid delivered to
the subject. By way of non-limiting example, parameters such
as tidal volumes, peak flows, inspiration/expiration (FE)
states, and/or other parameters are derived from the estimate
of the flow of fluid delivered to the subject. Therefore, accu-
rate estimation of various parameters often depends on accu-
rate estimation of the leak.

[0006] A subject with upper airway respiratory abnormali-
ties often breathes using his/her mouth. When the subject uses
a pressure support device, he/she inspires through the nose
because there is a higher pressure at the nose. However, the
subject sometimes expires through the mouth because there is
lesser pressure at the mouth. This phenomenon of mouth-
breathing during expiration can be observed, for example, on
subjects suffering from OSA and/or other pulmonary or res-
piratory disorders. Mouth-breathing dampens or otherwise
affects the estimation of the flow of fluid delivered to the
subject as some flow is lost through the mouth.
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[0007] Accordingly, it is an object of the present invention
to detect mouth-breathing in early phase expiration during
respiratory treatments involving a pressure support device to
overcome the shortcomings of conventional approaches to
leak estimation. This object is achieved according to one
aspect of the present invention by providing a system config-
ured for detecting mouth-breathing in early phase expiration
during respiratory treatments involving a pressure support
device. The system includes a pressure generator, a sensor,
and one or more processors. The pressure generator is con-
figured to generate a pressurized flow of breathable gas for
delivery to the airway of a subject. The sensor is configured to
provide an output signal conveying information relating to
one or more parameters of the pressurized flow of breathable
gas as it is delivered to the airway of the subject. The one or
more processors are configured to execute computer program
modules. The computer program modules comprise a param-
eter module, a breath delineation module, a parameter
extrema module, and a mouth-breathing detection module.
The parameter module is configured to determine one or more
parameters of the pressurized flow of breathable gas as it is
delivered to the airway of the subject based on the output
signal. The one or more parameters comprise a first param-
eter. The breath delineation module is configured to estimate
transitions between inspiratory phases and expiratory phases
of respiration by the subject based on the one or more param-
eters determined by the parameter module. The parameter
extrema module is configured to identify a local extreme in a
level of the first parameter during a given expiratory phase of
respiration by the subject. The mouth-breathing detection
module is configured to determine whether the subject is
breathing by mouth during the given expiratory phase by
analyzing the level of the first parameter as a function of time
within a sampling window. The sampling window begins at or
proximate to the identified local extreme in the level of the
first parameter.

[0008] Another aspect of the invention relates to a method
for detecting mouth-breathing in early phase expiration dur-
ing respiratory treatments involving a pressure support
device. The method includes receiving an output signal from
a sensor. The output signal conveys information relating to
one or more parameters of the pressurized flow of breathable
gas as it is delivered to an airway of a subject. The method
includes determining one or more parameters of the pressur-
ized flow of breathable gas as it is delivered to the airway of
the subject based on the output signal. The one or more
parameters comprise a first parameter. The method includes
estimating transitions between inspiratory phases and expi-
ratory phases of respiration by the subject based on the one or
more determined parameters. The method includes identify-
ing a local extreme in a level of the first parameter during a
given expiratory phase of respiration by the subject. The
method includes analyzing the level of the first parameter as
a function of time within a sampling window to determine
whether the subject is breathing by mouth during the given
expiratory phase. The sampling window begins at or proxi-
mate to the identified local extreme in the level of the first
parameter.

[0009] Yet another aspect of the invention relates to a sys-
tem configured for detecting mouth-breathing in early phase
expiration during respiratory treatments involving a pressure
support device. The system includes pressure generation
means, sensor means, parameter determination means, breath
delineation means, minimum flow identification means, and
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mouth-breathing detection means. The pressure generation
means is configured to generate a pressurized flow of breath-
able gas for delivery to the airway of a subject. The sensor
means is configured to provide an output signal conveying
information relating to one or more parameters of the pres-
surized flow of breathable gas as it is delivered to the airway
of the subject. The parameter determination means is config-
ured to determine one or more parameters of the pressurized
flow of breathable gas as it is delivered to the airway of the
subject based on the output signal. The one or more param-
eters comprise a first parameter. The breath delineation means
is configured to estimate transitions between inspiratory
phases and expiratory phases of respiration by the subject
based on the one or more determined parameters. The mini-
mum flow identification means is configured to identify a
local extreme in a level of the first parameter during a given
expiratory phase of respiration by the subject. The mouth-
breathing detection means is configured to determine whether
the subject is breathing by mouth during the given expiratory
phase by analyzing the level of the first parameter as a func-
tion oftime within a sampling window. The sampling window
beginning at or proximate to the identified local extreme in
the level of the first parameter.

[0010] These and other objects, features, and characteris-
tics of the present technology, 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 consideration of the follow-
ing 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 technology, the structural components illustrated herein
are drawn to scale. It is to be expressly understood, however,
that the drawings are for the purpose of illustration and
description only and are not a limitation of the technology. 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, 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 technology.

[0011] FIG. 1 illustrates a system configured for detecting
mouth-breathing in early phase expiration during respiratory
treatments involving a pressure support device, in accordance
with one or more embodiments;

[0012] FIGS.2A and 2B illustrate exemplary plots of vari-
ous flow signals during breathing;

[0013] FIG. 3illustrates an exemplary approach to estimat-
ing transitions between inspiratory phases and expiratory
phases of respiration by the subject, according to one or more
embodiments; and

[0014] FIG. 4 is a flow chart illustrating a method for
detecting mouth-breathing in early phase expiration during
respiratory treatments involving a pressure support device, in
accordance with one or more embodiments.

[0015] 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 mean that the
parts are joined or operate together either directly or indi-
rectly, i.e., through one or more intermediate parts or compo-
nents, so long as a link occurs. As used herein, “directly
coupled” means that two elements are directly in contact with
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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.

[0016] As used herein, the word “unitary” means a compo-
nent is created as a single piece or unit. That is, a component
that includes pieces that are created separately and then
coupled together as a unit is not a “unitary” component or
body. As employed herein, the statement 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 intermediate parts or components. As
employed herein, the term “number” shall mean one or an
integer greater than one (i.e., a plurality).

[0017] 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.
[0018] Exemplary embodiments solve or greatly alleviate
one or more deficiencies of conventional approaches to leak
estimation in pressure support devices when mouth-breathing
occurs. For example, detection of mouth-breathing can be
used to provide an indication of abnormalities in a fluid flow
pattern during a leak estimation procedure. Mouth-breathing
detection can improve I/E triggering of a pressure support
device. Mouth-breathing can be reported as a subject event to
ahealthcare provider. Nasal resistance, which can lead to low
compliance with a particular breathing interface, may be indi-
cated by mouth breathing.

[0019] FIG. 1illustrates a system 10 configured for detect-
ing mouth-breathing in early phase expiration during respi-
ratory treatments involving a pressure support device 11, in
accordance with one or more embodiments. During the res-
piratory treatments, a pressurized flow of breathable gas is
delivered to the airway of a subject 12 in accordance with a
therapy regimen. The therapy regimen may be designed to
treat arespiratory condition, such as Obesity Hypoventilation
Syndrome, Obstructive Sleep Apnea, and/or other pulmonary
or respiratory disorders. In one embodiment, system 10
includes one or more of a pressure generator 14, electronic
storage 16, a user interface 18, one or more sensors 20, a
processor 24, and/or other components.

[0020] In one embodiment, pressure generator 14 is con-
figured to generate a pressurized flow of breathable gas for
delivery to the airway of subject 12. The pressure generator
14 may control one or more parameters of the pressurized
flow of breathable gas (e.g., flow, pressure, volume, humidity,
temperature, gas composition, etc.) for therapeutic purposes,
or for other purposes. The one or more parameters may be
controlled in accordance with a therapy regimen (e.g., as
discussed further below). The therapy regimen may be con-
figured to sustain and/or otherwise improve the quality of life
in subject 12. By way of non-limiting example, pressure
generator 14 may be configured to control the pressure of the
pressurized flow of breathable gas in order to treat respiratory
insufficiency or obstructed airway syndrome. The pressure
generator 14 may include a positive pressure generator con-
figured to provide a positive airway pressure therapy to sub-
ject 12. Such a device is described, for example, in U.S. Pat.
No. 6,105,575, hereby incorporated by reference in its
entirety.

[0021] The pressurized flow of breathable gas is delivered
to the airway of subject 12 via a subject interface 26. Subject
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interface 26 is configured to communicate the pressurized
flow of breathable gas generated by pressure generator 14 to
the airway of subject 12. As such, subject interface 26
includes a conduit 28 and an interface appliance 30. Conduit
28 conveys the pressurized flow of breathable gas to interface
appliance 30, and interface appliance 30 delivers the pressut-
ized flow of breathable gas to the airway of subject 12. Some
examples of interface appliance 30 may include, for example,
an endotracheal tube, a nasal cannula, a nasal mask, a nasal/
oral mask, a full face mask, a total face mask, or other intet-
face appliances configured to communicate 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 intet-
face.

[0022] Although FIG. 1 illustrates the configuration of sys-
tem 10 with subject interface 26 as being a single-limb, pas-
sive system, this is not intended to be limiting. It will be
appreciated that the scope of this disclosure includes embodi-
ments in which the subject interface 26 is formed as a two-
limbed system including a second conduit configured to
receive exhalation from interface appliance 30. The second
conduit may exhaust such fluid to atmosphere, may convey
such fluid to a filter, and/or convey such fluid to other com-
ponents including a component within system 10.

[0023] Inoneembodiment, electronic storage 16 comprises
electronic storage media that electronically stores informa-
tion. The electronic storage media of electronic 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 24, 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-
grally with one or more other components of system 10 (e.g.,
pressure generator 14, user interface 18, processor 24, and/or
other components of system 10).

[0024] User interface 18 is configured to provide an inter-
face between system 10 and one or more users (e.g., subject
12, a caregiver, a researcher, a therapy decision-maker, and/or
other users) through which the users may provide information
to and receive information from system 10. This enables data,
cues, results, and/or instructions and any other communicable
items, collectively referred to as “information,” to be com-
municated between the users and one or more of pressure
generator 14, electronic storage 16, processor 24, and/or other
components of system 10. Examples of interface devices
suitable for inclusion in user interface 18 include a keypad,
buttons, switches, a keyboard, knobs, levers, a display screen,
atouch screen, speakers, a microphone, an indicator light, an
audible alarm, a printer, a tactile feedback device, and/or
other interface devices. In one embodiment, user interface 18
includes a plurality of separate interfaces. In one embodi-
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ment, user interface 18 includes at least one interface that is
provided integrally with pressure generator 14. User interface
18 may be configured to receive input from subject 12 to
modify tunable parameters of system 10. For example, user
interface 18 may be configured to receive input from subject
12 to modify or select sensitivity or response time of the
respiratory state detection (e.g., the threshold level for breath-
ing state transition detection may be adjusted for either an
increase or a decrease in sensitivity with a graduated knob or
a digital interface displaying a number from 1 to 10).

[0025] 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.

[0026] The sensors 20 are configured to generate one or
more output signals conveying information related to respi-
ratory effort of subject 12 and/or a flow of fluid during breath-
ing of subject 12. The fluid may include inspired breathable
gas, expired breathable gas, and/or other breathable fluid. In
one embodiment, sensors 20 generate output signals convey-
ing information related to one or more parameters of the
pressurized flow of breathable gas as it is delivered to the
airway of the subject. The one or more parameters may
include, for example, one or more of a flow, a volume, a
pressure, a composition (e.g., concentration(s) of one or more
constituents), humidity, temperature, acceleration, velocity,
acoustics, changes in a parameter indicative of respiration,
and/or other fluid parameters. In one embodiment sensors 20
are a flow sensor and a pressure sensor. The sensors 20 may
include one or more sensors that measure such parameters
directly (e.g., through fluid communication with the pressur-
ized flow of breathable gas at pressure generator 14 or in
subjectinterface 26). The sensors 20 may include one or more
sensors that generate output signals related to one or more
fluid parameters of the pressurized flow of breathable gas
indirectly. For example, one or more of sensors 20 may gen-
erate an output based on an operating parameter of pressure
generator 14 (e.g., a valve driver or motor current, voltage,
rotational velocity, and/or other operating parameters), and/
or other sensors.

[0027] Other output signals conveying information related
to respiratory effort are contemplated. For example, sensors
20 may include a sensor that mechanically detects respiratory
muscle effort (e.g., worn on a band around the chest of subject
12), an optical sensor that captures images of subject 12
and/or measures the position and/or motion (e.g., velocity or
acceleration) of subject 12.

[0028] Although sensors 20 are illustrated as two separate
sensors disposed adjacent to pressure generator 14 and one
separate sensor disposed adjacent to interface appliance 30,
this is not intended to be limiting. The sensors 20 may include
one or more sensors disposed in single location or a plurality
of locations, such as for example, within pressure generator
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14, within (or in communication with) conduit 28, within (or
in comniunication with) interface appliance 30, and/or other
locations.

[0029] Insome implementations,one or more of sensors 20
may be placed outside of system 10 and nearer to subject 12.
In such implementations, the output signals generated by the
externally located sensors 20 can be relayed to processor 24
by wired and/or wireless configuration. An independent user
interface may be included with the externally located sensors
20 that receives the output signals generated by sensors 20,
processes the output signals implementing some or all of the
techniques described herein, and/or displaying at least some
of the determined information.

[0030] Processor 24 is configured to provide information
processing capabilities in system 10. As such, processor 24
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 24 is shown in FIG.
1 as a single entity, this is for illustrative purposes only. In
some implementations, processor 24 may include a plurality
of processing units. These processing units may be physically
located within the same device (e.g., pressure generator 14),
or processor 24 may represent processing functionality of a
plurality of devices operating in coordination.

[0031] As is shown in FIG. 1, processor 24 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 parameter module 31, a filter module 32, a breath
delineation module 34, a parameter extrema module 36, a
mouth-breathing detection module 38, and/or other modules.
Processor 24 may be configured to execute modules 31, 32,
34, 36, and/or 38 by software; hardware; firmware; some
combination of software, hardware, and/or firmware; and/or
other mechanisms for configuring processing capabilities on
processor 24.

[0032] It should be appreciated that although modules 31,
32,34, 36, and 38 are illustrated in FIG. 1 as being co-located
within a single processing unit, in implementations in which
processor 24 includes multiple processing units, one or more
of modules 31, 32, 34, 36, and/or 38 may be located remotely
from the other modules. The description of the functionality
provided by the different modules 31, 32, 34, 36, and/or 38
described below is for illustrative purposes, and is not
intended to be limiting, as any of modules 31, 32, 34, 36,
and/or 38 may provide more or less functionality than is
described. For example, one or more of modules 31, 32, 34,
36, and/or 38 may be eliminated, and some or all of its
functionality may be provided by other ones of modules 31,
32,34, 36, and/or 38. As another example, processor 24 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 31, 32, 34, 36, and/or 38.

[0033] Theparameter module 31 is configured to determine
one or more parameters of the pressurized flow of breathable
gas as it is delivered to the airway of the subject based on the
output signal of sensor 20. As mentioned above, the one or
more parameters may include, for example, one or more of a
flow, a volume, a pressure, a composition (e.g., concentration
(s) of one or more constituents ), humidity, temperature, accel-
eration, velocity, acoustics, changes in a parameter indicative
of respiration, and/or other fluid parameters.
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[0034] FIGS. 2A and 2B illustrate exemplary plots of vari-
ous flow signals during breathing. More specifically, FIG. 2A
illustrates a plot of a flow signal 40 as a function of time from
normal breaths, while FIG. 2B shows a plotofa flow signal 42
as a function of time from breaths where mouth-breathings is
occurring. In some embodiments, the flow signals 40 and 42
determined as parameters based on output signals from sen-
sors 20. Here, the flow signals 40 and 42 represent the flow of
breathable gas passing through interface appliance 30,
according to some embodiments.

[0035] When mouth-breathing occurs, as opposed to nose-
breathing, there is a decrease in the flow of fluid through the
nose. Mouth-breathing during expiration is characterized by
a decrease in flow rate in flow signal 42 during an expiratory
phase. That is, mouth-breathing dampens flow signal 42 dur-
ing expiration. For a normal breath during expiration, flow
signal 40 decreases rapidly to a minimum flow, gradually
increases back to a base-line flow, and then increases rapidly
again at the start of the next inspiration. However, for mouth-
breathing breaths, flow signal 42 looses its positive gradient
and flattens out when the mouth is recruited to exhale. Mouth-
breathing distorts flow signal 42 (as compared to flow signal
40) more during early expiration than during the end an
expiratory phase. This is because the flow rate of an exhala-
tion is higher at the start of expiration than towards its end.
[0036] Referring again to FIG. 1, filter module 32 is con-
figured to provide a filtered signal by suppressing high-fre-
quency components of a flow signal (e.g., flow signal 40
and/or flow signal 42) and/or other output signals from sensor
20 or derivations therefrom. In FIG. 2A, filtered flow signal
44 represents a result of filtering flow signal 40. Similarly, in
FIG. 2B, filtered flow signal 46 represents a result of filtering
flow signal 42. By way of non-limiting example, the filter
module 32 may process a flow signal (or other output signal)
by smoothing, filtering (e.g., high-pass, low-pass, band-pass,
etc.), and/or other processing techniques. According to some
embodiments, a flow signal (e.g., flow signal 40 and/or flow
signal 42) is filtered to suppress high-frequency components
and only pass low-frequency components. High-frequency
components may include components of a signal higher than
approximately 0.2 Hz. Low-frequency components may
include components of a signal lower than approximately 0.1
Hz.

[0037] The breath delineation module 34 is configured to
estimate transitions between inspiratory phases and expira-
tory phases of respiration by the subject. In some embodi-
ments, such an estimation is based on one or more parameters
determined by gas parameter module 31 (e.g., flow signal 40
and/or flow signal 42), other output signals from sensor 20,
and/or other information associated with breathing by the
subject. Transitions between inspiratory phases and expira-
tory phases can be estimated based on a filtered flow signal
(e.g., filtered flow signal 44 and/or filtered flow signal 46)
and/or other filtered output signals from sensor 20.

[0038] FIG. 3illustrates an exemplary approach to estimat-
ing transitions between inspiratory phases and expiratory
phases of respiration by the subject, according to one or more
embodiments. In FIG. 3, a flow signal 48 is plotted together
with a filtered flow signal 50. In some embodiments, estimat-
ing transitions between inspiratory phases and expiratory
phases includes identifying points where a filtered flow signal
(e.g., filtered flow signal 50)intersects a flow signal (e.g., flow
signal 48). Examples of such intersections are shown in FIG.
3 as intersections 52. Corresponding estimated respiratory
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states are indicated by I/E state signal 54, where a high value
is associated with an inspiratory phase and a low value is
associated with an expiratory phase.

[0039] Turning back to FIG. 1, parameter extrema module
36 is configured to identify a local extreme (e.g., a minimum
or maximum) in a level of the first gas parameter during a
given expiratory phase of respiration by subject 12. Generally
speaking, there is typically a sharp gradient in slope of a flow
signal, for a given breath, from the point of maximum flow
during inspiration to the point of minimum flow during expi-
ration. FIGS. 2A and 2B show how a flow curve decreases
from an inspiration-to-expiration transition (see, e.g., inter-
section 56 and/or intersection 58) to the minimum flow for
both normal and mouth-breathing breaths. Minimum 60 and
minimum 62 represent examples of such minimum flows
during expiration.

[0040] The mouth-breathing detection module 38 is con-
figured to determine whether the subject is breathing by
mouth during the given expiratory phase by analyzing the
level of the first gas parameter as a function of time within a
sampling window. The sampling window begins at or proxi-
mate to the identified local extreme. As mentioned above, the
local extreme in the level of the first parameter may be a local
minimum. In exemplary embodiments, a duration of the sam-
pling window is less than a duration of the given breath. For
example, the sampling window can have a duration of one
second or some other duration. According to some embodi-
ments, analyzing the output signal within the sampling win-
dow includes determining whether the output signal within
the sampling window increases initially and then becomes flat
or decreasing, and wherein a positive determination indicates
an occurrence of mouth-breathing by the subject.

[0041] For a normal breath, a flow signal is expected to be
an increasing function before it flattens out towards the end of
expiration. However, when there is mouth-breathing during
early expiration, the flow is an increasing function only
briefly before it flattens out because some of the flow is going
through the mouth (see, e.g., FIGS. 2A and 2B). In some
embodiments, such flattening may be identified in order to
indicate an occurrence of mouth-breathing. One may let Q, be
the i sample of the total flow signal from the point of mini-
mum flow of each breath where i20. Accordingly, Q; is the
average flow of the n samples of Q,, such that:

| Ut

)
O,

9=5 2
0

(BQN. 1)

wherej=(0, 1,2, .. .). For a normal breath, the gradient of Q,
should be greater than zero initially from the point of mini-
mum flow. Accordingly, a mouth-breathing breath can be
identified where the gradient of Q, is less than or equal to zero
from the point of minimum flow. Thatis, (Q,-Q,_, =0 for j>0.
[0042] Taking the average of n samples is equivalent to
down-sampling the flow signal. As such, n should be chosen
so the time interval to determine the gradient of the flow
signal is large enough to negate any inherent variance from
sensor 20 and small enough to capture any discrepancy from
the normal breathing flow behavior.

[0043] FIG. 4 is a flow chart illustrating a method 64 for
detecting mouth-breathing in early phase expiration during
respiratory treatments involving a pressure support device, in
accordance with one or more embodiments. The operations of
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method 64 presented below are intended to be illustrative. In
some implementations, method 64 may be accomplished
with one or more additional operations not described, and/or
without one or more of the operations discussed. Addition-
ally, the order in which the operations of method 64 are
illustrated in FIG. 4 and described below is not intended to be
limiting.

[0044] Insome implementations, method 64 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 64 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 64.

[0045] At an operation 66, an output signal is received from
asensor (e.g., sensor 20). The output signal conveys informa-
tion relating to one or more parameters of the pressurized flow
of breathable gas as it is delivered to an airway of a subject
(e.g., subject 12). According to some embodiments, operation
66 is performed by a processor that is the same as or similar to
processor 24.

[0046] At an operation 68, one or more parameters are
determined of the pressurized flow of breathable gas as it is
delivered to the airway of the subject based on the output
signal. The one or more parameters comprise a first param-
eter. According to some embodiments, operation 68 is per-
formed by a parameter module that is the same as or similar to
parameter module 31.

[0047] At an operation 70, a filtered signal is provided by
suppressing high-frequency components of the first param-
eter as a function of time. According to some embodiments,
operation 70 is performed by a filter module that is the same
as or similar to filter module 32.

[0048] At an operation 72, transitions are estimated
between inspiratory phases and expiratory phases of respira-
tion by the subject based on the one or more determined
parameters. According to some embodiments, operation 72 is
performed by a breath delineation module that is the same as
or similar to breath delineation module 34.

[0049] At an operation 74, a local extreme is identified in a
level of the first parameter during a given expiratory phase of
respiration by the subject. According to some embodiments,
operation 74 is performed by parameter extrema module that
is the same as or similar to parameter extrema module 36.
[0050] At an operation 76, the level of the first parameter is
analyzed as a function of time within a sampling window to
determine whether the subject is breathing by mouth during
the given expiratory phase. The sampling window begins at or
proximate to the identified local extreme in the level of the
first parameter. According to some embodiments, operation
76 is performed by a mouth-breathing detection module that
is the same as or similar to mouth-breathing detection module
38.

[0051] In the claims, any reference signs placed between
parentheses shall not be construed as limiting the claim. The
word “comprising” or “including” does not exclude the pres-
ence of elements or steps other than those listed in a claim. In
a device claim enumerating several means, several of these
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means may be embodied by one and the same item of hard-
ware. The word “a” or “an” preceding an element does not
exclude the presence of a plurality of such elements. In any
device claim enumerating several means, several of these
means may be embodied by one and the same item of hard-
ware. The mere fact that certain elements are recited in mutu-
ally different dependent claims does not indicate that these
elements cannot be used in combination

[0052] Although the technology 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 technology 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 technology contemplates that,
to the extent possible, one or more features of any embodi-
ment can be combined with one or more features of any other
embodiment.

1. A system configured for detecting mouth-breathing in
early phase expiration during respiratory treatments involv-
ing a pressure support device, the system comprising:

a pressure generator configured to generate a pressurized
flow of breathable gas for delivery to the airway of a
subject;

a sensor configured to provide an output signal conveying
information relating to one or more parameters of the
pressurized flow of breathable gas as it is delivered to the
airway of the subject; and

one or more processors configured to execute computer
program modules, the computer program modules com-
prising:

a parameter module configured to determine one or
more parameters of the pressurized flow of breathable
gas as itis delivered to the airway of the subject based
on the output signal, the one or more parameters com-
prising a first parameter;

a breath delineation module configured to estimate tran-
sitions between inspiratory phases and expiratory
phases of respiration by the subject based on the one
or more parameters determined by the parameter
module;

a parameter extrema module configured to identify a
local extreme in a level of the first parameter during a
given expiratory phase of respiration by the subject;
and

a mouth-breathing detection module configured to
determine whether the subject is breathing by mouth
during the given expiratory phase by analyzing the
shapeofthe level of the first parameter as a function of
time within a sampling window, the sampling window
beginning at or proximate to the identified local
extreme in the level of the first parameter.

2. The system of claim 1, further comprising a filter module
configured to provide a filtered signal by suppressing high-
frequency components of the first parameter as a function of
time.

3. The system of claim 2, wherein the breath delineation
module is further configured such that estimating the transi-
tions between the inspiratory phases and the expiratory
phases includes identifying points where the filtered signal
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intersects the first parameter as a function of time when the
filtered signal and the first parameter as a function of time are
plotted together.

4. The system of claim 1, wherein the month-breathing
detection module is further configured such that analyzing the
first parameter as a function of time within the sampling
window includes determining whether the first parameter
within the sampling window increases initially and then
becomes flat or decreasing, and wherein a positive determi-
nation indicates an occurrence of mouth-breathing by the
subject.

5. The system of claim 1, wherein:

aduration of the sampling window is less than a duration of

the given breath,;

the first parameter is flow; or

the local extreme in the level of the first parameter is a local

minimum,

6. A method of analyzing a pressure support device for
detecting mouth-breathing in early phase expiration during
respiratory treatments involving the pressure support device,
the method comprising:

receiving an output signal from a sensor, the output signal

conveying information relating to one or more param-
eters of the pressurized flow of breathable gas as it is
delivered to an airway of a subject;

determining one or more parameters of the pressurized

flow of breathable gas as it is delivered to the airway of
the subject based on the output signal, the one or more
parameters comprising a first parameter;

estimating transitions between inspiratory phases and

expiratory phases of respiration by the subject based on
the one or more determined parameters;

identifying a local extreme in a level of the first parameter

during a given expiratory phase of respiration by the
subject; and

analyzing the shape of the level of the first parameter as a

function of time within a sampling window to determine
whether the subject is breathing by mouth during the
given expiratory phase, the sampling window beginning
at or proximate to the identified local extremein the level
of the first parameter.

7. The method of claim 6, further comprising providing a
filtered signal by suppressing high-frequency components of
the first parameter as a function of time.

8. The method of claim 7, wherein estimating the transi-
tions between the inspiratory phases and the expiratory
phases includes identifying points where the filtered signal
intersects the first parameter as a function of time when the
filtered signal and the first parameter as a function of time are
plotted together.

9. The method of claim 6, wherein analyzing the first
parameter as a function of time within the sampling window
includes determining whether the first parameter within the
sampling window increases initially and then becomes flat or
decreasing, and wherein a positive determination indicates an
occurrence of mouth-breathing by the subject.

10. The method of claim 6, wherein:

aduration of the sampling window is less than a duration of
the given breath;

the first parameter is flow; or

the local extreme in the level of the first parameter is a local
minimum.
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11. A system configured for detecting mouth-breathing in
early phase expiration during respiratory treatments involv-
ing a pressure support device, the system comprising:

pressure generation means configured to generate a pres-

surized flow of breathable gas for delivery to the airway
of a subject;

sensor means configured to provide an output signal con-

veying information relating to one or more parameters of
the pressurized flow of breathable gas asitis delivered to
the airway of the subject;

parameter determination means configured to determine

one or more parameters of the pressurized flow of
breathable gas as it is delivered to the airway of the
subject based on the output signal, the one or more
parameters comprising a first parameter;

breath delineation means configured to estimate transitions

between inspiratory phases and expiratory phases of
respiration by the subject based on the one or more
determined parameters;
minimum flow identification means configured to identify
alocal extreme in a level of the first parameter during a
given expiratory phase of respiration by the subject; and

mouth-breathing detection means configured to determine
whether the subject is breathing by mouth during the
given expiratory phase by analyzing the shape of the
level of the first parameter as a function of time within a
sampling window, the sampling window beginning at or
proximate to the identified local extreme in the level of
the first parameter.
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12. The system of claim 11, further comprising filter means
configured to provide a filtered signal by suppressing high-
frequency components of the first parameter as a function of
time.

13. The system of claim 12, wherein the breath delineation
means is further configured such that estimating the transi-
tions between the inspiratory phases and the expiratory
phases includes identifying points where the filtered signal
intersects the first parameter as a function of time when the
filtered signal and the first parameter as a function of time are
plotted together.

14. The system of claim 11, wherein the mouth-breathing
detection means is further configured such that analyzing the
first parameter as a function of time within the sampling
window includes determining whether the first parameter
within the sampling window increases initially and then
becomes flat or decreasing, and wherein a positive determi-
nation indicates an occurrence of mouth-breathing by the
subject.

15. The system of claim 11. wherein:

aduration of the sampling window is less than a duration of
the given breath;

the first parameter is flow; or

the local extreme in the level of the first parameter is a local
minimum.
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