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PRESSURE SUPPORT DEVICE AND METHOD OF PROVIDING AN ALERT
FOR NON-EFFECTIVE PRESSURE COMPENSATION REGIMEN

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention pertains to a pressure support device, and, in
particular, to a pressure support device that determines effectiveness of a pressure

compensation regimen.

2. Description of the Related Art

Many individuals suffer from disordered breathing during sleep. Sleep
apnea is a common example of such sleep disordered breathing suffered by millions of
people throughout the world. One type of sleep apnea is obstructive sleep apnea (OSA),
which is a condition in which sleep is repeatedly interrupted by an inability to breathe
due to an obstruction of the airway; typically the upper airway or pharyngeal area.
Obstruction of the airway is generally believed to be due, at least in part, to a general
relaxation of the muscles which stabilize the upper airway segment, thereby allowing the
tissues to collapse the airway. Another type of sleep apnea syndrome is a central apnea,
which is a cessation of respiration due to the absence of respiratory signals from the
brain’s respiratory center. An apnea condition, whether OSA, central, or mixed, which is
a combination of OSA and central, is defined as the complete or near cessation of
breathing, for example a 90% or greater reduction in peak respiratory air-flow.

Those afflicted with sleep apnea experience sleep fragmentation and
complete or nearly complete cessation of ventilation intermittently during sleep with
potentially severe degrees of oxyhemoglobin desaturation. These symptoms may be
translated clinically into extreme daytime sleepiness, cardiac arrhythmias, pulmonary-
artery hypertension, congestive heart failure and/or cognitive dysfunction. Other
consequences of sleep apnea include right ventricular dysfunction, carbon dioxide
retention during wakefulness, as well as during sleep, and continuous reduced arterial

oxygen tension. Sleep apnea sufferers may be at risk for excessive mortality from these
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factors as well as by an elevated risk for accidents while driving and/or operating
potentially dangerous equipment.

Even if a patient does not suffer from a complete or nearly complete
obstruction of the airway, it is also known that adverse effects, such as arousals from
sleep, can occur where there is only a partial obstruction of the airway. Partial
obstruction of the airway typically results in shallow breathing referred to as a hypopnea.
A hypopnea is typically defined as a 50% or greater reduction in the peak respiratory air-
flow. Other types of sleep disordered breathing include, without limitation, upper airway
resistance syndrome (UARS) and vibration of the airway, such as vibration of the
pharyngeal wall, commonly referred to as snoring. Thus, in diagnosing a patient with a
breathing disorder, such as OSA, central apneas, or UARS, it is important to detect
accurately the occurrence of apneas and hypopneas of the patient.

It is well known to treat sleep disordered breathing by applying a positive
airway pressure (PAP) to the patient’s airway using an airway pressure support system
that typically includes a mask, a pressure generating device, and a conduit to deliver
positive pressure breathing gas from the pressure generating device to the patient through
the mask. This positive pressure effectively “splints” the airway, thereby maintaining an
open passage to the lungs. In one type of PAP therapy, known as continuous positive
airway pressure (CPAP), the pressure of gas delivered to the patient is constant
throughout the patient’s breathing cycle. It is also known to provide a positive pressure
therapy in which the pressure of gas delivered to the patient varies with the patient’s
breathing cycle, or varies with the patient’s effort, to increase the comfort to the patient.
This pressure support technique is referred to as bi-level pressure support, in which the
inspiratory positive airway pressure (IPAP) delivered to the patient is higher than the
expiratory positive airway pressurc (EPAP).

Pressure therapy is not always effective in treating sleep disordered
breathing. However, a patient or medical provider may not be aware that or be aware
why the pressure therapy provided to a patient is not effective in treating sleep disordered

breathing of the patient.
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SUMMARY OF THE INVENTION

A pressure support device for providing pressure support therapy to a
patient comprises: a pressure generating system structured to generate pressure to provide
pressure compensation to the patient via a patient circuit; one or more sensors structured
to gather data indicative of disordered breathing events of the patient; and a processing
unit structured to control the pressure generating system to provide a pressure
compensation regimen to the patient; to analyze outputs of the one or more sensors while
pressure support therapy is provided to the patient to determine if the pressure
compensation regimen provided to the patient is effective to relieve one or more
disordered breathing events, and to output an alert if it is determined that the pressure
compensation regimen provided to the patient is not effective in relieving the one or more
disordered breathing events.

A method of providing an alert for non-effective pressure compensation
regimen comprises: providing a pressure compensation regimen to a patient; receiving
data from one or more sensors (22,27,28) structured to gather data indicative of
disordered breathing events of the patient; determining if one or more disordered
breathing events of the patient are present based on the gathered data; determining if the
pressure compensation regimen provided to the patient is effective to relieve one or more
disordered breathing events; and outputting an alert if it is determined that the pressure
compensation regimen provided to the patient is not effective in relieving the one or more
disordered breathing events.

A non-transitory computer readable medium storing one or more
programs, including instructions, which when executed by a computer, causes the
computer to perform a method of providing an alert for non-effective pressure
compensation regimen, the method comprising: providing a pressure compensation
regimen to a patient; receiving data from one or more sensors (22,27,28) structured to
gather data indicative of disordered breathing events of the patient; determining if one or
more disordered breathing events of the patient are present based on the gathered data;
determining if the pressure compensation regimen provided to the patient is effective to

relieve one or more disordered breathing events; and outputting an alert if it is determined
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that the pressure compensation regimen provided to the patient is not effective in

relieving the one or more disordered breathing events.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a pressure support system adapted to
provide a regimen of respiratory therapy to a patient according to an exemplary
embodiment of the disclosed concept;

FIG. 2 is a schematic diagram of a processing unit according to an
exemplary embodiment of the disclosed concept;

FIGS. 3-5 are graphs of pressure compensation regimens and
corresponding disordered breathing events in accordance with example embodiments of
the disclosed concept;

FIG. 6 is a graph of an airflow waveform and corresponding pressure
compensation regimen in accordance with an example embodiment of the disclosed
concept;

FIGS. 7A, 7B, and 7C are graphs of waveforms of a breath under different
conditions in accordance with an example embodiment of the disclosed concept; and

FIG. 8 is a flowchart of a method of providing an alert for non-effective
pressure compensation regimen in accordance with an example embodiment of the

disclosed concept.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

(Y9014
a

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 indirectly, i.e., through one or more intermediate
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
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coupled” or “fixed” means that two components are coupled so as to move as one while
maintaining a constant orientation relative to each other.

As used herein, the word “unitary” means a component is created as a
single piece or unit. That is, a component that includes picces 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 cither 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).

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.

FIG. 1 is a schematic diagram of an airway pressure support system 2
according to one particular, non-limiting exemplary embodiment in which the present
invention may be implemented. Referring to FIG. 1, airway pressure support system 2
includes a pressure support device 4 which houses an airflow generator 6, such as a
blower used in a conventional CPAP or bi-level pressure support device. Airflow
generator 6 receives breathing gas, generally indicated by arrow C, from the ambient
atmosphere through a filtered air inlet 8 provided as part of pressure support device 4,
and generates a flow of breathing gas therefrom for delivery to an airway of a patient 10
at relatively higher and lower pressures, i.c., generally equal to or above ambient
atmospheric pressure, to generate pressure to provide pressure compensation to patient 10
via a patient circuit 12,14. In the exemplary embodiment, airflow generator 6 is capable
of providing a flow of breathing gas ranging in pressure from 3-30 cmH20. The
pressurized flow of breathing gas from airflow generator 6, generally indicated by arrow
D, is delivered via a delivery conduit 12 to a breathing mask or patient interface 14 of any
known construction, which is typically worn by or otherwise attached to patient 10 to
communicate the flow of breathing gas to the airway of patient 10. Delivery conduit 12

and patient interface device 14 are typically collectively referred to as the patient circuit.
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Pressure support system 2 shown in FIG. 1 is what is known as a single-
limb system, meaning that the patient circuit includes only delivery conduit 12
connecting patient 10 to pressure support system 2. As such, an exhaust vent 16 is
provided in delivery conduit 12 for venting exhaled gases from the system as indicated by
arrow E. It should be noted that exhaust vent 16 can be provided at other locations in
addition to or instead of in delivery conduit 12, such as in patient interface device 14. It
should also be understood that exhaust vent 16 can have a wide variety of configurations
depending on the desired manner in which gas is to be vented from pressure support
system 2.

The present concept also contemplates that pressure support system 2 can
be a two-limb system, having a delivery conduit and an exhaust conduit connected to
patient 10. In a two-limb system (also referred to as a dual-limb system), the exhaust
conduit carries exhaust gas from patient 10 and includes an exhaust valve at the end distal
from patient 10. The exhaust valve in such an embodiment is typically actively
controlled to maintain a desired level or pressure in the system, which is commonly
known as positive end expiratory pressure (PEEP).

Furthermore, in the illustrated exemplary embodiment shown in FIG. 1,
patient interface 14 is a nasal/oral mask. It is to be understood, however, that patient
interface 14 can include a nasal mask, nasal pillows, a tracheal tube, an endotracheal
tube, or any other device that provides a suitable gas flow communicating function.

Also, for purposes of the present invention, the phrase “patient interface” can include
delivery conduit 12 and any other structures that couple the source of pressurized
breathing gas to patient 10.

In the illustrated embodiment, pressure support system 2 includes a
pressure controller in the form of a valve 18 provided in internal delivery conduit 20
provided in a housing of pressure support device 4. Valve 18 controls the pressure of the
flow of breathing gas from airflow generator 6 that is delivered to patient 10. For present
purposes, airflow generator 6 and valve 18 are collectively referred to as a pressure
generating system because they act in concert to generate and control the pressure and/or

flow of gas delivered to patient 10. However, it should be apparent that other techniques
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for controlling the pressure of the gas delivered to patient 10, such as varying the blower
speed of gas flow generator 6, either alone or in combination with a pressure control
valve, are contemplated by the present invention. Thus, valve 18 is optional depending
on the technique used to control the pressure of the flow of breathing gas delivered to
patient 10. If valve 18 is eliminated, the pressure generating system corresponds to
airflow generator 6 alone, and the pressure of gas in the patient circuit is controlled, for
example, by controlling the motor speed of airflow generator 6.

Pressure support system 2 further includes a flow sensor 22 that measures
the flow of the breathing gas within delivery conduit 20 and delivery conduit 12. In the
particular embodiment shown in FIG. 1, flow sensor 22 is interposed in line with delivery
conduits 20 and 12, most preferably downstream of valve 18. Pressure support system 2
additionally includes a pressure sensor 27 that detects the pressure of the pressurized
fluid in delivery conduit 20. While the point at which the flow is measured by flow
sensor 22 and the pressure is measured by pressure sensor 27 are illustrated as being
within pressure support device 4, it is to be understood that the location at which the
actual flow and pressure measurements are taken may be anywhere along delivery
conduits 20 or 12. The flow of breathing gas measured by flow sensor 22 and the
pressure detected by pressure sensor 27 are provided to processing unit 24 to determine
the flow of gas at patient 10 (QpaTieNT).

Techniques for calculating QpaTenT are well known, and take into
consideration the pressure drop of the patient circuit, known leaks from the system, i.c.,
the intentional exhausting of gas from the circuit as indicated by arrow E in FIG. 1, and
unknown leaks from the system, such as leaks at the mask/patient interface. The present
invention contemplates using any known or hereafter developed technique for calculating
leak flow, and using this determination in calculating QpatmenT Using measured flow and
pressure. Examples of such techniques are taught by U.S. Patent Nos. 5,148,802;
5,313,937; 5,433,193; 5,632,269; 5,803,065; 6,029,664; 6,539,940; 6,626,175; and
7,011,091, the contents of each of which are incorporated by reference into the present

invention.
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Of course, other techniques for measuring the respiratory flow of patient
10 are contemplated by the present invention, such as, without limitation, measuring the
flow directly at patient 10 or at other locations along delivery conduit 12, measuring
patient flow based on the operation of gas flow generator 6, and measuring patient flow
using a flow sensor upstream of valve 18.

In some non-limiting embodiments of the disclosed concept, pressure
support system 2 also includes a proximal pressure sensor 28 that is in fluid
communication with a point along delivery conduit 12. For example and without
limitation, proximal pressure sensor 28 may be in fluid communication with a point on
delivery conduit 12 near patient interface device 14 via a probe 29 connected between
proximal pressure sensor 28 and the point on delivery conduit 12. Proximal pressure
sensor 28 facilitates measuring pressure proximate the point on delivery conduit 12 and
provide the measured proximal pressure to processing unit 24. It will be appreciated that
in some exemplary embodiments, proximal pressure sensor 28 may be omitted.

While the flow sensor 22, pressure sensor 27, and proximal pressure
sensor 28 have been shown in conjunction with the pressure support system 2 illustrated
in FIG. 1, it will be appreciated by those having ordinary skill in the art that other types
of sensors may also be employed in conjunction with pressure support system 2 without
departing from the scope of the disclosed concept. For example and without limitation, a
temperature sensor may be used to measure temperature, a proximity/contact sensor may
be used to sense contact between patient 10 and components of the patient interface.
Other types of sensors that may be employed in conjunction with pressure support system
include, for example and without limitation, location sensors (e.g, global positioning
system sensors) to determine a location of pressure support system 2, light sensors to
sense light, accelerometers to sense acceleration and/or movement, microphones to sense
sound, identification sensors such as radio frequency identification (RFID) sensors to
sense identification information from RFID chips attached to components, heart rate
sensors, SpO2 monitors, an EEG sensor or sensors, or body position sensors 36 (shown in
FIG. 2) to sense a sleeping position of patient 10. The body position sensor 36 may be an

accelerometer which would serve to provide information on body orientation. It will be
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appreciated that the foregoing examples of types of sensors that may be employed in
conjunction with pressure support system 2 is not exhaustive and other types of sensors
may also be employed without departing from the scope of the disclosed concept.

Processing unit 24 includes a processing portion which may be, for
example, a microprocessor, a microcontroller or some other suitable processing device,
and a memory portion that may be internal to the processing portion or operatively
coupled to the processing portion and that provides a storage medium for data and
software executable by the processing portion for controlling the operation of pressure
support system 2. Processing unit 24 is structured to receive output of one or more
sensors structured to gather data indicative of disordered breathing events of patient 10.
The one or more sensors structured to gather data indicative of disordered breathing
events may include, without limitation, flow sensor 22, pressure sensor 27, and proximal
pressure sensor 28. However, it will be appreciated that other types of sensors may be
used to gather data indicative of disordered breathing events. The disordered breathing
events may include, without limitation, obstructive apneas. However, the disordered
breathing events may include other types of disordered breathing events such as, without
limitation, obstructive and central hypopneas, effort related arousals, non-obstructive
apneas, etc. Processing unit 24 is also structured to control the pressure generating unit
to provide a pressure compensation regimen to patient 10. Processing unit 24 may
control the pressure generating unit by, for example and without limitation, controlling
airflow generator 6 to change its motor speed and/or controlling valve 18 to change the
pressure of the flow of breathing gas provided to patient 10. The pressure compensation
regimen may be, for example, a pattern of changing pressures of the flow of breathing
gas provided to patient 10. The pressure compensation regimen may also be reactively
changed in response to detecting disordered breathing events.

Processing unit 24 is further structured analyze output of the one or more
sensors structured to gather data indicative of disordered breathing events by, for
example, determining when disordered breathing events are occurring in patient 10 based
on outputs of the one or more sensors structured to gather data indicative of disordered

breathing events. For example and without limitation, processing unit 24 may determine

-9.
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that patient 10 is experiencing an obstructive apnea event based on output of flow sensor
22, pressure sensor 27, proximal pressure sensor 28, and/or other sensors. Processing
unit 24 is further structured to analyze outputs of the one or more sensors to determine
whether the pressure compensation regimen provided to the patient is effective to relieve
the disordered breathing events. For example and without limitation, processing unit 24
may determine that the pressure compensation provided to patient 10 is not effective
when the disordered breathing events persist through the pressure compensation regimen
(e.g., without limitation, the disordered breathing events persist longer than a
predetermined amount of time).

Processing unit 24 may also determine that the pressure compensation
regimen provided to patient 10 is not effective using other methods. For example and
without limitation, processing unit 24 may change characteristics of the pressure
compensation regimen (e.g., without limitation, changing pressure of the breathing gas
provided to patient 10) provided to patient 10 and may determine that the pressure
compensation regimen provided to patient 10 when the disordered breathing event
persists through a predetermined number of changes to the pressure compensation
regimen. In another example embodiment, one or more of the sensors may sense an
airflow waveform for a number of breaths of patient 10. Based on the airflow waveform,
processing unit 24 may determine that the disordered breathing event is an epiglottic
collapse and, in response to determining that an epiglottic collapse is present, processing
unit 24 may determine that the pressure compensation regimen is not effective and output
the alert.

Pressure support devices such as pressure support device 4 are gencrally
effective in treating disordered breathing events such as obstructive apnea through
pressure support therapy. However, approximately 5% of patients have obstructive
apneas that a pressure-resistant (i.c. apneas where the airway is closed, but not treatable
with higher pressure compensation). In these types of patients, pressure support therapy
alone will not be able to effectively treat these patients. Between 15-20% of obstructive
apnea patients may have an airway collapse at the epiglottis. Pressure support therapy

may be able to dilate the airway enough to alleviate secondary epiglottic collapse that is
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mediated by upstream airway resistance or by physical pressure by the tongue base. A
primary epiglottic collapse may not be treatable with pressure support therapy. While
pressure support therapy for patients that suffer from pressure-resistant obstructive
apneas and/or epiglottic collapse may not be effective, positional therapy (e.g., changing
the sleeping position of the patient and/or having the patient sleep in a non-supine
position) may be effective to treat these conditions. However, if pressure support therapy
has not been effective in relieving disordered breathing events, patient 10 or a medical
provider should be alerted so that they can consider trying positional therapy as an
alternative.

To this end, processing unit 24 is structured to output an alert in response
to determining that the pressure compensation regimen provided to patient 10 has not
been effective in relieving the disordered breathing event. The alert may be, for example
and without limitation, an electronic signal that it sent to another device to provide a
visual, audible, or tactile indication. In some example embodiments of the disclosed
concept, the alert is used to alert patient 10 to change position. For example and without
limitation, the alert cause an indicator 40 to provide a tactile indication (¢.g., without
limitation, a vibration) to alert patient 10 to change position (e.g., without limitation, to
move off his/her back). It will be appreciated that indicator 40 may provide visual and/or
audible indications in some embodiments. Indicator 40 may be, without limitation, a
display, light, or other type of visual indicator, a buzzer, speaker, or other type of audible
indicator, and/or a vibrator or other type of tactile indicator. It will be appreciated that
pressure support system 2 may include more than one indicator 40. For example and
without limitation, pressure support system 2 may include two indicators 40, one
providing a visual indication and one providing a tactile indication. Indicator 40 is
structured to output the indication in response to processing unit 24 outputting the alert.

In some example embodiments, the alert is used to alert patient 10 or a
medical provider and suggest trying positional therapy. In some example embodiments,
processing unit 24 may output the alert to an external device such as, without limitation,
mobile device or a computer. In some example embodiments, the external device may be

accessible by a medical provider (e.g. without limitation, the external device may be the

-11 -



[35]

[36]

[37]

WO 2019/063744 PCT/EP2018/076369

medical provider’s computer or mobile device). The alert may include a suggestion to try
positional therapy. Patient 10 and/or medical provider may thus be alerted when the
pressure compensation regimen is not effective in relieving the disordered breathing
event and patient 10 and/or medical provider may consider implementing positional
therapy as an alternative. It will be appreciated that in some example embodiments, the
alert may not be outputted immediately, but rather may be output at a later time such as
the next day. The alert may be included in a usage report, displayed with indicator 40 or
a user interface of pressure support system, accessible via an application on a mobile
device or other electronic device, or any other method so as to bring attention to patient
10 and/or a medical provider that the pressure compensation regimen has not been
effective to relieve the disordered breathing events.

An input/output device 26 is provided for setting various parameters used
by pressure support system 2, as well as for displaying and outputting information and
data to a user, such as a clinician or caregiver. In some example embodiments,
input/output device 26 may serve as an indicator and provide an indication when
processing unit 24 outputs the alert.

In some example embodiments, processing unit 24 may determine a body
or head position of patient 10 based on the outputs of the one or more sensors, such as
body position sensor 36 (shown in FIG. 2). Processing unit 24 may further determine
whether patient 10 is in a supine position based on the output of body position sensor 36.
In some example embodiments, processing unit 24 only output the alert if patient 10 is in
the supine position. In this case, the alert may not be beneficial to patient 10 if patient 10
is already in a non-supine position. In some example embodiments, information from
body position sensor 36 can be used to determine that patient 10 is a good candidate for
positional therapy only (e¢.g., no longer needs pressure support therapy if he/she will sleep
in a non-supine position) or that pressure (or pressure range) could be significantly
decreased if positional therapy was used.

In some example embodiments, processing unit 24 is structured to
determine when patient 10 has aroused from sleep. Processing unit 24 may determine

when patient 10 has aroused from sleep based on output of one or more of the sensors.
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Processing unit 24 may use characteristics such as, without limitation, differences
between breath waveforms such as differences in peak airflow, flow shape, tidal volume,
ration of inhalation to exhalation, variability in breath rate, breath period, or other
airflow-based parameters to determine when patient 10 has aroused. Changes in average
volume of air inspired/expired per minute may also be considered to determine when
patient 10 has aroused. Outputs of sensors such as an accelerometer, microphone, heart
rate sensor, proximity sensor, etc. may also be used to determine when patient 10 has
aroused. Processing unit 24 may wait until patient 10 has aroused before outputting the
alert. In some example embodiments, processing unit 24 may output the alert upon
determining that the pressure compensation regimen is not effective. The alert may be of
a nature that it arouses patient 10 (e.g., an audible and/or tactile indication). It will be
appreciated that the determination of waiting to output the alert or immediately outputting
the alert may be based on the severity of the disordered breathing event, the extent of the
pressure compensation regimen, the severity of patient’s 10 condition, and/or the type of
pressure compensation regimen.

It will be appreciated that pressure support device 4 may include
additional components that are not illustrated in the schematic diagram of FIG. 1. For
example and without limitation, pressure support device 4 may include a filter to filter
breathing gas provided to patient 10 and a humidifier to humidify breathing gas provided
to patient 10.

In the illustrated, non-limiting exemplary embodiment of the present
invention, airway pressure support system 2 essentially functions as a CPAP pressure
support system and pressure support device 4 provides functions of a CPAP base unit.
Pressure support system 2, therefore, includes all of the capabilities necessary in such
systems in order to provide appropriate CPAP pressure levels to patient 10. This includes
receiving the necessary parameters, via input commands, signals, instructions or other
information, for providing appropriate CPAP pressure, such as maximum and minimum
CPAP pressure settings. It should be understood that this is meant to be exemplary only,
and that other pressure support methodologies, including, but not limited to, BiPAP

-13 -
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AutoSV, AVAPS, Auto CPAP, and BiPAP Auto, are within the scope of the present
invention.

FIG. 2 is a block diagram of processing unit 24 in accordance with a non-
limiting exemplary embodiment of the disclosed concept. Processing unit 24 includes a
processor 30, a memory 32, and a communication unit 34. Processor 30 may form all or
part of a processing portion which may be, for example, a microprocessor, a
microcontroller or some other suitable processing device. Memory 32 may form all or
part of a memory portion that may be internal to the processing portion or operatively
coupled to the processing portion and provide a storage medium for data and software
executable by the processing portion for implementing functionality of processing unit 23
and controlling the operation of pressure support system 2. Memory 32 can be any of
one or more of a variety of types of internal and/or external storage media such as,
without limitation, RAM, ROM, EPROM(s), EEPROM(s), FLASH, and the like that
provide a storage register, i.c., a machine readable medium, for data storage such as in the
fashion of an internal storage arca of a computer, and can be volatile memory or
nonvolatile memory.

Communication unit 34 may provide for communication between
processing unit 24 and other components of pressure support device 4, components of the
patient circuit, or other external devices. For example and without limitation,
communication unit 34 may facilitate communication with various sensors such as flow
control sensor 22. Communication unit 34 may also facilitate communication with
external devices. For example and without limitation, communication unit 34 may
facilitate communication with electronic devices such as a phone, tablet, computer, or
other devices directly or via a network. Communication facilitated by communication
unit 34 may allow processing unit 24 to send and/or receive data from the component or
device it communicates with.

As previously described, processing unit 24 receives outputs from one or
more sensors such as, for example and without limitation, flow sensor 22, pressure sensor
27, proximal pressure sensor 28, and body position sensor 36. Although flow sensor 22,

pressure sensor 27, proximal pressure sensor 28, and body position sensor 36 are shown,
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it will be appreciated that one or more of these sensors may be omitted without departing
from the scope of the disclosed concept. It will also be appreciated that processing unit
24 may receive outputs from one or more other types of sensors that are not shown in
FIG. 2. For example and without limitation, processing unit 24 may receive outputs from
one or more of a temperature sensor, a proximity/contact sensor, location sensors,
microphones, or identification sensors.

FIG. 3 is a graph of a pressure compensation regimen and detected
disordered breathing events in accordance with an example embodiment of the disclosed
concept. The pressure compensation regimen may be provided by pressure support
device 4 and the disordered breathing events may be detected by processing unit 24 based
on outputs of one or more sensors such as flow sensor 22, pressure sensor 27, and/or
proximate pressure sensor 28. Highlighted in FIG. 3 are a pressure compensation
regimen 50 and a series of disordered breathing events 52. FIG. 3 covers a period of &
hours. From hours 0 to about 6.5, the pressure compensation regimen is primarily
effective in relieving disordered breathing events that arise. However, at about hour 6.5
disordered breathing events 52 (e.g., obstructive apneas) are detected and persists until
after hour 7. During this period, pressure compensation regimen 50 includes three series
of increases in pressure, cach containing three pressure increases, but disordered
breathing events 52 persist until at least the third series of increases in pressure. While
disordered breathing events 52 eventually subside, it is more likely responsive to a
change in the patient condition (e.g., sleep state or body position) rather than an effect of
the pressure compensation regimen. In some example embodiments, processing unit 24
may determine that the pressure compensation regimen is not effective and output the
alert based on pressure compensation regimen 50 and disordered breathing events 52
from about hour 6.5 to after hour 7. For example, processing unit 24 may determine that
the pressure compensation regimen is not effective based on the persistence of the
disordered breathing events for a predetermined period of time and/or based on the lack
of effectiveness of changes in the pressure compensation regimen.

Similar to FIG. 3, FIG. 4 is a graph of a pressure compensation regimen

and detected disordered breathing events in accordance with an example embodiment of
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the disclosed concept. The pressure compensation regimen may be provided by pressure
support device 4 and the disordered breathing events may be detected by processing unit
24 based on outputs of one or more sensors such as flow sensor 22, pressure sensor 27,
and/or proximate pressure sensor 28. Highlighted in FIG. 4 are a pressure compensation
regimens 54, 56, and 58 and corresponding series of disordered breathing events 60, 62,
and 64. Similar to FIG. 3, the highlighted disordered breathing events 60, 62, and 64 in
FIG. 4 persist through changes in their corresponding pressure compensation regimens
54, 56, and 58. The highlighted pressure compensation regimens 54, 56, and 58 and
corresponding disordered breathing events 60, 62, and 64 in FIG. 4 are additional
examples of patterns which may trigger processing unit 24 to output the alert.

Similar to FIGS. 3 and 4, FIG. 5 is a graph of a pressure compensation
regimen and detected disordered breathing events in accordance with an example
embodiment of the disclosed concept. However, the graph in FIG. 5 corresponds to a
pressure compensation regimen provided by an adaptive servo ventilation (ASV) device,
rather than a CPAP device. The pressure compensation regimen may be provided by
pressure support device 4 and the disordered breathing events may be detected by
processing unit 24 based on outputs of one or more sensors such as flow sensor 22,
pressure sensor 27, and/or proximate pressure sensor 28. Highlighted in FIG. 5 is a
pressure compensation regimen 66 and corresponding series of disordered breathing
events 68. Similar to FIGS. 3 and 4, the highlighted series of disordered breathing events
68 persist through the highlighted pressure compensation regimen 66. The highlighted
pressure compensation regimen 66 and corresponding series of disordered breathing
events 68 in FIG. 5 are additional examples of patterns which may trigger processing unit
24 to output the alert.

FIG. 6 is a graph of an airflow waveform of a patient and corresponding
pressure compensation regimen in accordance with an example embodiment of the
disclosed concept. The pressure compensation regimen may be provided by pressure
support device 4 and the airflow waveform may be detected by processing unit 24 based
on outputs of one or more sensors such as flow sensor 22, pressure sensor 27, and/or

proximate pressure sensor 28. In FIG. 6, the bumps in the airflow waveform are test
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pulses that are provided to the airway. Because there is not airflow in response to the
pressure test pulses, it can be determined that the airway is closed. Alternatively, if there
was airflow in response to the pressure test pulses, it can be determined that the airway is
open. It should also be noted that there are other methods known to those skilled in the
art to test the patency of the patient’s airway and it will be appreciated that such other
methods may be employed in conjunction with the present concept.

It is also noted that the degree of patency of the patient’s airway (i.e. the
extent of closure, or the pressure-sensitivity of the closure) could be used to inform the
decision to alert the patient. As the epiglottis is like a one-way valve, it is likely to not
yield in response to a larger test pulse (e.g., a 10+¢cmH20 pressure pulse) and will show
zero airflow, whereas a different site of collapse (e.g. soft palate) may show some smaller
amount of airflow in response. A continued “no response” to larger pressure test pulses
would be an early indicator of disordered breathing events that are unlikely to be
responsive to pressure. Upon noting a very small (or zero) airflow response to test pulses
of a certain size, an alert could be provided to the patient. In some embodiments, the
alert may only be provided if the titrated pressure provided to the patient was already
above a predetermined threshold.

Referring to FIG. 6, a disordered breathing event 70 (e.g., an apnea)
occurs when airflow stops. As shown in FIG. 6, the disordered breathing event 70 occurs
in a series that continues to persist and is not completely relieved by the pressure
compensation regimen. The pressure compensation regimen includes increases in
pressure 72. Despite the increases in pressure 72, disordered breathing event 70 persists.
Processing unit 24 may, for example, determine that the pressure compensation regimen
is not effective based on disordered breathing event 70 persisting through changes in the
pressure compensation regimen.

FIGS. 7A, 7B, and 7C are graphs of an airflow waveform of a patient for a
single breath in accordance with an example embodiment of the disclosed concept. FIG.
7A is a waveform of an example of an airflow waveform for a nominal breath (e.g., no
disordered breathing event). FIG. 7B is a waveform of an example of an airflow

waveform for a breath during a soft palate collapse. FIG. 7C is a waveform of an
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example of an airflow waveform for a breath during an epiglottic collapse. FIG. 7C
shows a short inhalation with a quick fall to zero airflow, much earlier than would be
expected with a nominal breath, which is indicative of an epiglottic collapse. Processing
unit 24 may output the alert based on detecting a waveform similar to that shown in FIG.
7C.

In some example embodiments, processing unit 24 may determine other
sites of (and degrees of) airway closure (e.g. tongue base or vocal cords) that may be
determinable from the airflow waveform and use that in determining whether the pressure
compensation regimen is effective and whether output the alert (e.g., without limitation, a
tongue base collapse may be more effectively treated by positional therapy).

FIG. 8 is a flowchart of a method of providing an alert for a non-effective
pressure compensation regimen in accordance with an example embodiment of the
disclosed concept. The method of FIG. 8 may be implemented, for example, by pressure
support device 4 of FIG. 1. However, it will be appreciated that the method of FIG. 8
may also be implemented in other devices without departing from the scope ofthe
disclosed concept. The method of FIG. 8 begins at 80 where pressure support device 4
provides a pressure compensation regimen to patient 10. At 82, processing unit 24
determines whether a disordered breathing event (e.g., an obstructive apnea) is present
based on outputs of one or more sensors (e.g., flow sensor 22, pressure sensor 27, and/or
proximate pressure sensor 28). If the disordered breathing event is not present, the
method returns to 80 and pressure support device 4 continues to provide the pressure
compensation regimen. However, if the disordered breathing event is present, processing
unit 24 proceeds to 84 and determines whether the pressure compensation regimen is
effective in relieving the disordered breathing event. Processing unit 24 may use any
method described herein to determine whether the pressure compensation regimen is
effective in relieving the disordered breathing event (e.g., without limitation, whether
disordered breathing events persist for a predetermined period of time, whether
disordered breathing events persist through changes in the pressure compensation

regimen, etc.).
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If processing unit 24 determines that the pressure compensation regimen is
effective in relieving the disordered breathing event, the method returns to 80 and
pressure support device 4 continues to provide the pressure compensation regimen.
However, if processing unit 24 determines that the pressure compensation regimen is not
effective in relieving the disordered breathing event, the method proceeds to 86 and
processing unit 24 outputs the alert. The alert may be outputted using any method
described herein (e.g., output to an indicator, output to an extemal device, etc.). It will
also be appreciated that pressure support device may continue to provide the pressure
compensation regimen through the method of FIG. 8 and continue to provide the pressure
compensation regimen after the alert has been output.

It is contemplated that aspects of the disclosed concept can be embodied
as computer readable codes on a tangible computer readable recording medium. The
computer readable recording medium is any data storage device that can store data which
can be thereafter read by a computer system. Examples of the computer readable
recording medium include read-only memory (ROM), random-access memory (RAM),
CD-ROMs, magnetic tapes, floppy disks, and optical data storage devices.

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 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 clement 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 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.

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
embodiments, 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 modifications and equivalent arrangements that are within the spirit and scope of
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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.
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What is Claimed is:

l. A pressure support device (4) for providing pressure support
therapy to a patient, the pressure support device comprising:

a pressure gencrating system (6,18) structured to gencrate pressure to
provide pressure compensation to the patient via a patient circuit (12,14);

one or more sensors (22,27,28) structured to gather data indicative of
disordered breathing events of the patient; and

a processing unit (24) structured to control the pressure generating system
to provide a pressure compensation regimen to the patient; to analyze outputs of the one
or more sensors while pressure support therapy is provided to the patient to determine if
the pressure compensation regimen provided to the patient is effective to relieve one or
more disordered breathing events, and to output an alert if it is determined that the
pressure compensation regimen provided to the patient is not effective in relieving the

one or more disordered breathing events.

2. The pressure support device of claim 1, wherein the processing
unit is structured to determine that the pressure compensation regimen provided to the
patient is not effective in relieving the one or more disordered breathing events when the

one or more disordered breathing events persists for a predetermined period of time.

3. The pressure support device of claim 1, wherein the processing
unit is structured to adjust one or more characteristics of the pressure compensation
regimen, and wherein the processing unit is structured to determine that the pressure
compensation regimen provided to the patient is not effective in relieving the one or more
disordered breathing events when the one or more disordered breathing events persists
through a predetermined number of adjustments to the one or more characteristics of the

pressure compensation regimen.
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4. The pressure support device of claim 3, wherein the adjustments to
the one or more characteristics of the pressure compensation regimen include an increase

in the pressure compensation provided to the patient.

5. The pressure support device of claim 1, wherein the one or more

disordered breathing events include an obstructive apnea.

6. The pressure support device of claim 1, wherein the one or more
sensors are structured to sense an airflow waveform for a number of breaths of the
patient, wherein the one or more disordered breathing events includes an epiglottic
collapse in the patient, wherein the processing unit is structured to determine if the
epligottic collapse is present in the patient based on the airflow waveform, and wherein
the processing unit is structured to determine that the pressure compensation regimen
provided to the patient is not effective in relieving the one or more disordered breathing

events when it is determined that the epiglottic collapse is present in the patient.

7. The pressure support device of claim 1, further comprising:

one or more indicators (40);

wherein the one or more indicators are structured to provide one or more
of a visual, an audible, and a tactile indication to the patient in response to the processing

unit outputting the alert.

8. The pressure support device of claim 7, wherein the processing
unit is structured to determine when the patient has aroused from sleep based on outputs
of the one or more sensors, and wherein the processing unit is structured to wait until it

has determined that the patient has aroused from sleep to output the alert.

9. The pressure support device of claim 1, further comprising:

a communication unit (34);
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wherein, in response to the processing unit outputting the alert, the

communication unit is structured to communicate the alert to an external device.

10.  The pressure support device of claim 1, wherein the one or more
sensors include one or more sensors structured to determine a body or head position of
the patient, wherein the processing unit is structured to determine if the patient is in a
supine position based on outputs of one or more of the sensors, and wherein the
processing unit is structured to output the alert only if the it is determined that the patient

is in the supine position.

11.  The pressure support device of claim 1, wherein the alert includes

a suggestion to use positional therapy.

12. A method of providing an alert for non-effective pressure
compensation regimen, the method comprising:

providing a pressure compensation regimen to a patient;

receiving data from one or more sensors (22,27,28) structured to gather
data indicative of disordered breathing events of the patient;

determining if one or more disordered breathing events of the patient are
present based on the gathered data;

determining if the pressure compensation regimen provided to the patient
is effective to relieve one or more disordered breathing events; and

outputting an alert if it is determined that the pressure compensation
regimen provided to the patient is not effective in relieving the one or more disordered

breathing events.

13.  The method of claim 12, wherein determining if the pressure
compensation regimen provided to the patient is effective to relieve one or more
disordered breathing events includes determining that the pressure compensation regimen

provided to the patient is not effective in relieving the one or more disordered breathing
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events when the one or more disordered breathing events persists for a predetermined

period of time.

14. The method of claim 12, wherein providing the pressure
compensation regimen to the patient includes adjusting one or more characteristics of the
pressure compensation regimen, and wherein determining if the pressure compensation
regimen provided to the patient is effective to relieve one or more disordered breathing
events includes determining that the pressure compensation regimen provided to the
patient is not effective in relieving the one or more disordered breathing events when the
one or more disordered breathing events persists through a predetermined number of

adjustments to the one or more characteristics of the pressure compensation regimen.

15.  The method of claim 14, wherein the adjustments to the one or
more characteristics of the pressure compensation regimen include an increase in the

pressure compensation provided to the patient.

16. The method of claim 12, wherein the one or more disordered

breathing events include an obstructive apnea.

17. The method of claim 12, wherein the one or more sensors are
structured to sense an airflow waveform for a number of breaths of the patient, wherein
the one or more disordered breathing events includes an epiglottic collapse in the patient,
wherein determining if the pressure compensation regimen provided to the patient is
effective to relieve one or more disordered breathing events includes determining that the
pressure compensation regimen provided to the patient is not effective in relieving the
one or more disordered breathing events when it is determined that the epiglottic collapse

is present in the patient.
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18.  The method of claim 12, wherein outputting the alert includes
providing one or more of a visual, an audible, and a tactile indication to the patient in

response to the processing unit outputting the alert.

19.  The method of claim 18, further comprising:

determining when the patient has aroused from sleep based on output of
the one or more sensors, and

wherein outputting the alert includes waiting until the patient has aroused

from sleep to output the alert.

20.  The method of claim 12, wherein outputting the alert includes

communicating the alert to an external device.

21.  The method of claim 12, further comprising:
determining if the patient is in a supine position,
wherein outputting the alert includes outputting the alert only if the it is

determined that the patient is in the supine position.

22.  The method of claim 12, wherein the alert includes a suggestion to

use positional therapy.

23. A non-transitory computer readable medium storing one or more
programs, including instructions, which when executed by a computer, causes the
computer to perform a method of providing an alert for non-effective pressure
compensation regimen, the method comprising:

providing a pressure compensation regimen to a patient;

receiving data from one or more sensors (22,27,28) structured to gather
data indicative of disordered breathing events of the patient;

determining if one or more disordered breathing events of the patient are

present based on the gathered data;
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determining if the pressure compensation regimen provided to the patient
is effective to relieve one or more disordered breathing events; and

outputting an alert if it is determined that the pressure compensation
regimen provided to the patient is not effective in relieving the one or more disordered

breathing events.
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because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).
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This International Searching Authority found multiple inventions in this international application, as follows:
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-6, 23

A pressure support device according to claim 1, wherein:
either (A) the processing unit is structured to determine
that the pressure compensation regimen provided to the
patient is not effective in relieving the one or more
disordered breathing events when the one or more disordered
breathing events persists for a predetermined period of
time; or (B) the processing unit is structured to adjust one
or more characteristics of the pressure compensation
regimen, and wherein the processing unit is structured to
determine that the pressure compensation regimen provided to
the patient is not effective in relieving the one or more
disordered breathing events when the one or more disordered
breathing events persists through a predetermined number of
adjustments to the one or more characteristics of the
pressure compensation regimen; or (C) the one or more
sensors are structured to sense an airflow waveform for a
number of breaths of the patient, wherein the one or more
disordered breathing events includes an epiglottic collapse
in the patient, wherein the processing unit is structured to
determine if the epiglottic collapse is present in the
patient based on the airflow waveform, and wherein the
processing unit is structured to determine that the pressure
compensation regimen provided to the patient is not
effective in relieving the one or more disordered breathing
events when it is determined that the epiglottic collapse is
present in the patient.

2. claims: 7-11

A pressure support device according to claim 1, further
comprising: either (A) one or more indicators, wherein the
one or more indicators are structured to provide one or more
of a visual, an audible, and a tactile indication to the
patient in response to the processing unit outputting the
alert; or (B) a communication unit, wherein, in response to
the processing unit outputting the alert, the communication
unit is structured to communicate the alert to an external
device; or wherein: (C) the one or more sensors include one
or more sensors structured to determine a body or head
position of the patient, wherein the processing unit is
structured to determine if the patient is in a supine
position based on outputs of one or more of the sensors, and
wherein the processing unit is structured to output the
alert only if the it is determined that the patient is in
the supine position; or (D) the alert includes a suggestion
to use positional therapy.
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Claims Nos.: 12-22

Pursuant to Article 17(2)(a)(i) and (b) PCT, no search report has been
established for claims 12-22, because these claims are directed to
methods for treatment of the human or animal body by therapy and/or
surgery in the sense of Rule 39.1(iv) PCT. This is because: - Claim 12,
on which claims 13-22 are dependent, defines a step of providing a
pressure compensation regimen to a patient, which represents a step of
therapy (intrinsically) and surgery (when implemented via an invasive
patient interface such as an endotracheal tube, see paragraph [22] of the
description), whereby the whole methods defined in each of claims 12-22
are rendered therapeutical and surgical. - It is remarked that, in
addition, the step of adjusting one or more characteristics of the
pressure compensation regimen as defined in claim 14 is also a
therapeutic and surgical method step.
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