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(57) Abstract: Systems and methods for providing respiratory support to a subject by intermittently delivering pressurized flow of
breathable gas to a subject are described. A system may include, for example, a pressure generator, an interface appliance contigured
to communicate a flow of gas generated by the pressure generator to an airway of the subject, one or more sensors, and one or more
processors configured to execute one or more computer program modules. The computer program modules may be configured, for
example, to determine whether the subject is ready to receive the pressurized flow of breathable gas, to initiate and/or terminate de-
livery of the pressurized flow of breathable gas to the airway of the subject, and to control the pressure generator and the interface
appliance so as to appropriately deliver the pressurized flow of breathable gas based on a prescribed therapy regimen designed to
ventilate the subject.
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Critical Care Ventilator With Mouth Piece Ventilation
CROSS-REFERENCE TO RELATED APPLICATIONS

This patent application claims the priority benefit under 35 U.S.C. §
119(e) of U.S. Provisional Application No. 61/807,974 filed on April 3, 2013, the

contents of which are herein incorporated by reference.
BACKGROUND OF THE INVENTION

1. Field of the Invention
The present disclosure pertains to systems and methods used for providing
respiratory support to a subject, in particular, by intermittently delivering pressurized

flow of breathable gas to an airway of the subject.

2. Description of the Related Art

Use of non-invasive respiratory support for patients with chronic
respiratory failure may eliminate or delay the need for tracheostomy and may provide
quality of life benefits such as fewer pulmonary infections, easier vocalization, and
improved swallowing ability. One possible method of providing non-invasive respiratory
support is to allow the patient to access ventilation as needed and initiate a breath from a
ventilator. A typical ventilator may not be used for providing such respiratory support

because nuisance alarms triggered by the intermittent nature of such a method.
SUMMARY OF THE INVENTION

Accordingly, one or more embodiments provide a ventilation system
configured to provide respiratory support by intermittently delivering pressurized flow of
breathable gas to a subject. The ventilation system includes a pressure generator, an
interface appliance, one or more sensors, and one or more processors configured to
execute one or more computer program modules. The pressure generator is be
configured to generate pressurized flow of breathable gas for delivery to an airway of the
subject. The interface appliance is configured to be at least partially and releasably
received into an airway orifice of the subject and further configured to deliver the

pressurized flow of breathable gas generated by the pressure generator to the airway of
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the subject. The one or more sensors are configured to generate output signals conveying
information indicating whether the subject is ready to receive pressurized flow of
breathable gas through the interface appliance. The computer program modules include a
delivery triggering module, and control module. The delivery triggering module is
configured to determine whether the subject is ready to receive the pressurized flow of
breathable gas. The control module is configured to initiate and/or terminate delivery of
the pressurized flow of breathable gas to the airway of the subject through the interface
appliance based on determinations by the delivery triggering module as to whether the
subject is ready to receive the pressurized flow of breathable gas. The control module is
further configured to control the pressure generator to adjust one or more parameters of
the pressurized flow of breathable gas based on a prescribed therapy regimen designed to
ventilate the subject.

It is yet another aspect of one or more embodiments to provide method of
providing respiratory support to a subject using a ventilation system having a pressure
generator, an interface appliance, one or more sensors, and one or more processors
configured to execute one or more computer program modules. The method includes
determining, based on output signals from the one or more sensors, whether the subject is
ready to receive pressurized flow of breathable gas through the interface appliance
generated by the pressure generator, and delivering pressurized flow of breathable gas to
an airway of the subject, as prescribed by a therapy regimen designed to ventilate the
subject.

It is yet another aspect of one or more embodiments to provide a system
configured to provide respiratory support by intermittently delivering pressurized flow of
breathable gas to a subject. The system includes means for generating pressurized flow
of breathable gas for delivery to an airway of the subject, means for delivering the
pressurized flow of breathable gas to the airway of the subject, means for generating
output signals conveying information indicating whether the subject is ready to receive
pressurized flow of breathable gas through means for delivering the pressurized flow of
breathable gas, means for determining whether the subject is ready to receive the

pressurized flow of breathable gas, means for initiating and/or terminating delivery of the
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pressurized flow of breathable gas to the airway of the subject, and means for controlling
the means for generating pressurized flow of breathable gas to adjust one or more
parameters of the pressurized flow of breathable gas based on a prescribed therapy
regimen designed to ventilate the subject. The means for delivering the pressurized flow
of breathable gas is configured to be at least partially and releasably received into an
airway orifice of the subject. The initiation and/or termination of delivery of the
pressurized flow of breathable gas are based on determination as to whether the subject is
ready to receive the pressurized flow of breathable gas.

These and other aspects, features, and characteristics of the present
disclosure, as well as the methods of operation and functions of the related elements of
structure and the combination of parts and economies of manufacture, will become more
apparent upon consideration of the following description and the appended claims with
reference to the accompanying drawings, all of which form a part of this specification,
wherein like reference numerals designate corresponding parts in the various figures. 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 any limits.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically illustrates a ventilation system to provide respiratory
support by intermittently delivering pressurized flow of breathable gas to a subject; and
FIG. 2 illustrates a method of providing respiratory support to a subject

according to the principles of the present invention.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

€9 <
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 coupled” or
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“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 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 come in contact with 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).

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 schematically illustrates a ventilation system 100 configured to
provide respiratory support by intermittently delivering pressurized flow of breathable
gas to a subject 105. Ventilation system 100 may be implemented as, integrated with,
and/or operating in conjunction with a respiratory device that provides a flow of
breathable gas along a flow path to subject 105.

System 100 may include one or more of a pressure generator 140, an
interface appliance 160, one or more sensors 150, and a processor 110. Processor 110
may be configured to execute one or more computer program modules including a
delivery triggering module 111, and a control module 112 configured to control pressure
generator 140 and to initiate and/or terminate delivery of pressurized flow of breathable
gas to the subject 105. System 100 may additionally include an electronic storage 130, a
user interface 120, and/or other components. System 100 may be configured to provide
respiratory therapy to subject 105.

Pressure generator 140 of system 100 in FIG. 1 may be integrated,
combined, or connected with a ventilator and configured to provide a pressurized flow of

breathable gas for delivery to the airway of subject 105, e.g. via one or more interface
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appliances 160. Interface appliance 160 may sometimes be referred to as a delivery
circuit.

Pressure generator 140 may include one or more of a bellows, a blower, a
compressor, a pressurized gas source (e.g., wall gas, a Dewar, and/or other gas sources),
and/or other mechanisms for pressurizing gas.

Pressure generator 140 may be integrated, combined, or connected with
one or more sensors 150 configured to generate output signals conveying information
indicating whether the subject 105 is ready to receive pressurized flow of breathable gas
through the interface appliance 160. One or more sensors 150 may be further configured
to provide information such as, for example, pressure, flow rate, temperature,
composition and/or other parameters pertaining to the pressurized flow of the breathable
gas.

System 100 may be configured to adjust and/or maintain levels of
pressure, flow, humidity, velocity, acceleration, and/or other parameters of the
humidified, pressurized flow of breathable gas. One or more adjustments may occur
when subject 105 has made an inspiratory effort. In some embodiments, one or more
operating levels (e.g. pressure, volume, etc.) are adjusted on a relatively ongoing manner
(e.g., each breath, every few breaths, every few seconds, etc.) during an inspiratory effort.
Alternatively, and/or simultaneously, adjustments to one or more operating levels of
system 100 and/or any component thereof may be made more intermittently and/or
between inspiratory efforts rather than during an individual inspiratory effort. One or
more sensors 150 may be configured to generate output signals indicating an inspiratory
effort based on particular movements made by subject 105 e.g. when the subject 105
moves his/her mouth or tongue, or when the subject has made a diaphragmatic movement
resulting in a pressure drop near the airway orifice.

In the configuration depicted in FIG. 1, pressure generator 140 fluidly
communicates with interface appliance 160 via a conduit 145 configured to carry the
pressurized flow of breathable gas to interface appliance 160. Conduit 145 may be a hose
or a pipe made from having a flexible length. In various embodiments, conduit 145 may

be a made from materials that are non-reactive to breathable gases such as, for example,
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silicone, polyethylene, polyurethane, polypropylene, metalized polyethylene
terephthalate, polyethylene coated aluminum, and so forth.

Conduit 145 fluidly communicates with pressure generator 140 to convey
the pressurized flow of breathable gas to interface appliance 160. Interface appliance 160
fluidly communicates with conduit 145 to receive the pressurized flow of breathable gas
and convey to an airway orifice (e.g. mouth) of subject 105. Interface appliance 160 is
configured to be at least partially and releasably received into an airway orifice (e.g.
mouth) of subject 105. The configuration of various components in FIG. 1 is not intended
to limit the scope of the described technology in any way.

Interface appliance 160 of system 100 in FIG. 1 is configured to deliver
the pressurized flow of breathable gas to subject 105, e.g. to the airway of subject 105.
Interface appliance 160 may be configured to reduce and/or inhibit condensation from
forming along the path of delivery of a (humidified and/or pressurized) flow of
breathable gas to subject 105. In various embodiments, interface appliance 160 may be
configured such that subject 105 does not exhale back into interface appliance 160.
Interface appliance 160 may include other components and appliances (not shown)
suitable for the described function. For example, the interface appliance 160 may include
a diaphragm or barrier to prevent bodily fluids of subject 105 (e.g. saliva, mucus, etc.)
from flowing into interface appliance 150, or conduit 145. In some embodiments,
interface appliance 160 may be configured to be removably coupled to conduit 145.

In one embodiment, pressure generator 140 is a dedicated ventilation
device and interface appliance 160 is configured to be removably coupled with another
interface appliance being used to deliver respiratory therapy to subject 105. In another
embodiment, interface appliance 160 may include a regulator (not shown) for controlling
the maximum pressure that may be delivered via interface appliance 160. In one
embodiment, interface appliance 160 is configured to engage the airway of subject 105
without an intervening appliance. In this embodiment, interface appliance 160 may
include one or more of a tube, a mouthpiece, a nasal cannula, a nasal mask, a nasal/oral
mask, and/or other interface appliances that communicate a flow of gas with an airway of

a subject. In some embodiments, interface appliance 160 is configured to form a seal with
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between the airway orifice (e.g. mouth) of subject 105 and interface appliance 160. The
present disclosure is not limited to these examples, and contemplates delivery of the
pressurized flow of breathable gas to subject 105 using any interface appliance.

Electronic storage 130 of system 100 in FIG. 1 comprises electronic
storage media that electronically stores information. The electronic storage media of
electronic storage 130 may include one or both of system storage that is provided
integrally (i.e., substantially non-removable) with system 100 and/or removable storage
that is removably connectable to system 100 via, for example, a port (e.g., a USB port, a
FireWire port, etc.) or a drive (e.g., a disk drive, etc.). Electronic storage 130 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., EPROM, EEPROM, RAM, etc.),
solid-state storage media (e.g., flash drive, etc.), and/or other electronically readable
storage media. Electronic storage 130 may store software algorithms, information
determined by processor 110, information received via user interface 120, and/or other
information that enables system 100 to function properly. For example, electronic
storage 130 may record or store one or more gas and/or respiratory parameters (as
discussed elsewhere herein), and/or other information. Electronic storage 130 may be a
separate component within system 100, or electronic storage 130 may be provided
integrally with one or more other components of system 100 (e.g., processor 110).

User interface 120 of system 100 in FIG. 1 is configured to provide an
interface between system 100 and a user (e.g., user 195, who can also be subject 105, or a
caregiver, or a therapy decision-maker, etc.) through which the user can provide
information to and receive information from system 100. This enables data, results,
and/or instructions and any other communicable items, collectively referred to as
"information,” to be communicated between the user and system 100. An example of
information that may be conveyed to user 195 is a report detailing operational settings of
interface appliance 160 as selected and/or preferred by subject 105. An example of
information that user 195 or subject 105 may provide to system 100 is a target

temperature or target humidity level during respiratory therapy. Examples of interface
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devices suitable for inclusion in user interface 120 include a keypad, buttons, switches, a
keyboard, knobs, dials, levers, a display screen, a touch screen, speakers, a microphone,
an indicator light, an audible alarm, and a printer. Information may be provided to user
195 or subject 105 by user interface 120 in the form of auditory signals, visual signals,
tactile signals, and/or other sensory signals.

It is to be understood that other communication techniques, either hard-
wired or wireless, are also contemplated herein as user interface 120. For example, in
one embodiment, user interface 120 may be integrated with a removable storage interface
provided by electronic storage 130. In this example, information is loaded into system
100 from removable storage (e.g., a smart card, a flash drive, a removable disk, etc.) that
enables the user(s) to customize the embodiment of system 100. Other exemplary input
devices and techniques adapted for use with system 100 as user interface 120 include, but
are not limited to, an RS-232 port, RF link, an IR link, modem (telephone, cable,
Ethernet, internet or other). In short, any technique for communicating information with
system 100 is contemplated as user interface 120.

One or more sensors 150 of system 100 in FIG. 1 are configured to
generate output signals conveying measurements related to parameters of the flow of
breathable gas within system 100. These parameters may include one or more of flow,
(airway) pressure, barometric pressure, temperature, humidity, velocity, acceleration,
and/or other parameters.

One or more sensors 150 may be in fluid communication with conduit
145, interface appliance 160, and/or other components of system 100. One or more
sensors 150 may generate output signals related to physiological parameters pertaining to
subject 105.

One or more sensors 150 may generate output signals conveying
information related to parameters associated with an airway of subject 105 such as, for
example, breathing rate, composition, temperature, and/or humidity of the gas delivered,
delivery volume and/or pressure of the gas to the airway of subject 105, and/or a
respiratory effort by subject 105. For example, a parameter may be related to a

mechanical unit of measurement of a component of pressure generator 140 (or of a device
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that pressure generator 140 is integrated, combined, or connected with) such as valve
drive current, rotor speed, motor speed, blower speed, fan speed, or a related
measurement that may serve as a proxy for any of the previously listed parameters
through a previously known and/or calibrated mathematical relationship. Resulting
signals or information from one or more sensors 150 may be transmitted to processor
110, user interface 120, electronic storage 130, and/or other components of system 100.
This transmission may be wired and/or wireless.

One or more sensors 150 may generate output signals conveying
information indicating whether subject 105 is ready to receive the pressurized flow of
breathable gas through interface appliance 160. For example, in an embodiment where
interface appliance 160 is a mouthpiece, readiness of subject 105 is indicated when
subject 105 receives interface appliance 160 in his/her mouth and/or makes an inspiratory
effort. An inspiratory effort may be indicated, for example, when subject 105 moves
his/her mouth and/or tongue, or performs a diaphragmatic movements resulting in a
negative pressure at interface appliance 160. In various embodiments, engagement of
subject 105 with interface appliance 160 may be detected using one or more sensors 150
including, for example, a push button or a touch sensor.

One or more sensors 150 may include one or more of, for example,
accelerometer, positional sensor, movement sensor, pressure sensor, flow-meter,
humidity sensor, carbon dioxide and/or carbon monoxide sensor, light sensor, infra-red
(IR) sensor, electromagnetic sensor, electrode, tilt meter, (video) camera, touch sensors,
push-button type engagement sensor, and/or other sensors.

The illustration of a sensor 150 at or near interface appliance 160 is not
intended to be limiting, though that location may be preferred in some embodiments to
provide feedback and/or information regarding the flow rate, pressure, volume, and other
parameters of the pressurized flow of breathable gas being delivered to airway of subject
105.

Processor 110 of system 100 in FIG. 1 is configured to provide
information processing capabilities in system 100. As such, processor 110 includes one

or more of a digital processor, an analog processor, a digital circuit designed to process
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information, an analog circuit designed to process information, and/or other mechanisms
for electronically processing information. Although processor 110 is shown in FIG. 1 as
a single entity, this is for illustrative purposes only. In some embodiments, processor 110
includes a plurality of processing units.

As is shown in FIG. 1, processor 110 is configured to execute one or more
computer program modules. The one or more computer program modules include one or
more of delivery triggering module 111, control module 112, and/or other modules.
Processor 110 may be configured to execute modules 111 and 112 by software;
hardware; firmware; some combination of software, hardware, and/or firmware; and/or
other mechanisms for configuring processing capabilities on processor 110.

It should be appreciated that although modules 111 and 112 are illustrated
in FIG. 1 as being co-located within a single processing unit, in embodiments in which
processor 110 includes multiple processing units, one or more of modules 111 and 112
may be located remotely from the other modules. The description of the functionality
provided by the different modules 111 and 112 described herein is for illustrative
purposes, and is not intended to be limiting, as any of modules 111 and 112 may provide
more or less functionality than is described. Note that processor 110 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 111 and 112. In some embodiments,
some or all of the described functionality of an individual computer program module may
be incorporated, shared, embedded, and/or integrated into one or more other computer
program modules or elsewhere within system 100.

Respiratory therapy may be implemented as pressure control, pressure
support, volume control, and/or other types of support and/or control. For example, when
subject 105 is ready to receive the pressurized flow of breathable gas, the pressure of the
pressurized flow of breathable gas may be adjusted to an inspiratory pressure.
Alternatively, the pressurized flow of breathable gas may be delivered to subject 105 for
a particular duration so as to deliver a particular volume of breathable gas to subject 105
when the subject engages with interface appliance 160, and is ready to receive the

pressurized flow of breathable gas. In some embodiments, the respiratory therapy may
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prescribe delivery of as little as a partial breath to the subject. The delivery may be
synchronized with engagement of the subject with interface appliance 160. It is
contemplated that some therapy regimens may prescribe delivery of the pressurized flow
of breathable gas when the subject is merely engaged with interface appliance 160. Other
schemes for providing respiratory support and/or ventilation through the delivery of the
pressurized flow of breathable gas are contemplated. Subject 105 may or may not need to
initiate one or more phases of respiration.

As used herein, “breath” refers to a single inhalation of breathable gas by
the subject. “Breath” is also synonymously used as a volume of breathable gas comprised
in a single inhalation by the subject.

Delivery triggering module 111 may be configured to determine whether
the subject is ready to receive the pressurized flow of breathable gas. Delivery triggering
module 111 may be configured to determine, based on output signals from one or more
sensor 150, whether subject 105 is engaged with interface appliance 160 and/or whether
subject 105 is ready to receive pressurized flow of breathable gas. For example, in
embodiments where interface appliance 160 is a mouthpiece, delivery triggering module
111 may determine whether subject 105 has engaged with the interface appliance based
on whether subject 105 has received the mouthpiece in his/her mouth. In such
embodiments, delivery triggering module 111 may determine whether subject 105 is
ready to receive pressurized flow of breathable gas when there is negative pressure at the
mouthpiece resulting from diaphragmatic movements by subject 105.

Additionally, it is contemplated, in accordance with the present disclosure,
that readiness of the subject may be indicated merely by subject 105 making a contact
with interface appliance 160. For example, in one embodiment, for a subject suffering
from a neuromuscular disorder, a therapy regimen may prescribe that delivery of
pressurized flow of breathable gas be initiated when subject 105 connects his/her mouth
to interface appliance 160. In such embodiments, an inspiratory effort may not be
considered a necessary condition for initiating the delivery of pressurized flow of

breathable gas. Accordingly, delivery triggering module 111, in such embodiments, may
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determine that the subject is ready to receive the pressurized flow of breathable gas when
subject 105 engages with interface appliance 160.

Control module 112 may be configured to control pressure generator 140
to adjust one or more gas parameters, described elsewhere herein, of the pressurized flow
of breathable gas. Control may be in accordance with a prescribed respiratory therapy
regimen, one or more algorithms that control adjustments and/or changes in the
pressurized flow of breathable gas over time, operational settings, and/or other factors.
For example, subject 105 or user 195 may provide one or more settings that correspond to
one or more particular pressure levels, one or more modes of operation, and/or one or
more preferences related to the operation of pressure generator 140. Control module 112
may be configured to control pressure generator 140 to provide the pressurized flow of
breathable gas. Control module 112 may be configured to control pressure generator 140
such that one or more gas parameters of the pressurized flow of breathable gas are varied
over time in accordance with a respiratory therapy regimen.

Control module 112 may be configured to initiate and/or terminate
delivery of the pressurized flow of breathable gas to the airway of subject 105 through
interface appliance 160 by suitably adjusting parameters of the pressurized flow of
breathable gas from pressure generator 140. Control module 112 may communicate with
delivery triggering module 111 prior to initiating and/or terminating delivery of
pressurized flow of breathable gas to the airway of subject 105. For example, when
delivery triggering module 111 determines that subject 105 is engaged and/or ready to
receive pressurized flow of breathable gas, delivery triggering module 111 may
communicate control module 112 to initiate the pressurized flow of breathable gas.
Control module 112 may then communicate with pressure generator 140 to adjust flow
parameters such that delivery of pressurized flow of breathable gas is initiated. Likewise,
when delivery triggering module 111 determines that subject 105 has lost contact with or
disengaged from interface appliance 160, control module 112 may communicate with
pressure generator 140 to terminate the pressurized flow of breathable gas to subject 105.

In some embodiments, a schedule for delivery of pressurized flow of

breathable gas is prescribed according to a therapy regimen by a user (e.g. user 195) via
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user interface 120. For example, user 195 may prescribe automatic delivery of a
particular volume of breathable gas through interface appliance 160 if subject 105 has not
initiated a delivery for a prescribed threshold time. In such embodiments, control module
112 may automatically initiate delivery of pressurized flow of breathable gas to interface
device 160 when time between two successive deliveries has exceeded the prescribed
threshold time. In such embodiments, control module 112 may not wait for delivery
triggering module 111 to determine whether the subject is ready to receive pressurized
flow of breathable gas.

In some embodiments, user 195 may program control module 112 via user
interface 120 to initiate an alarm signal if subject 105 fails to receive pressurized flow of
breathable gas for longer than a prescribed amount of time. Alarm signals in various
embodiments may include auditory, visual, textual, tactile, and/or other sensory signals.

In some other embodiments, depending on a condition of the subject, user
195 may program control module 112 to place system 100 in a “standby” mode when
subject 105 is not engaged with interface appliance 160. In such embodiments, system
100 may not initiate an alarm signal merely when the subject is disconnected from the
system. In “standby” mode, control module 112 is configured to wait indefinitely for
subject 105 to engage with interface 160 to initiate delivery of pressurized flow of
breathable gas. In such embodiments no alarms may be initiated if subject 105 does not
engage with interface appliance 160. In such embodiments, system 100 is used by the
subject only when the subject needs assistance in respiration.

Parameters determined by other modules of system 100, received through
sensors 150, and/or obtained through other ways may be used by control module 112, e.g.
in a feedback manner, to adjust one or more operational settings and/or modes.
Alternatively, and/or simultaneously, signals and/or information obtained through user
interface 120 may be used by control module 112. Control module 112 may be
configured to time its operations relative to transitional moments in the breathing cycle of
a subject, over multiple breath cycles, and/or in any other relation to, e.g., any

determinations by any of the computer program modules of system 100.
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FIG. 2 illustrates a method 200 for providing respiratory support to a
subject. Operations of the method 200 presented herein are indented to be illustrative. In
certain embodiments, method 200 may be accomplished with one or more additional
operations not described, and/or without one or more operations discussed. Additionally,
the order in which the operations of method 200 are illustrated in FIG. 2 and described
herein are not intended to be limiting.

In certain embodiments, method 200 may be implemented 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 processing devices may include one or more devices executing some or all
of the operations of method 200 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 200.

At an operation 210, it is determined whether the subject has engaged with
the interface appliance. In some embodiments, operation 210 is performed by one or
more of the computer program modules described elsewhere herein. The determination
may be based on output signals generated by one or more sensors 150 (shown in FIG. 1
and described herein) of the ventilation system.

If the subject has engaged with the interface appliance (YES after
operation 210), at operation 220, it is determined whether the subject is engaged and/or
ready to receive pressurized flow of breathable gas. In some embodiments, operation 220
is performed by delivery triggering module 111 (shown in FIG. 1 and described herein).

If the subject has not engaged with the interface appliance (NO after
operation 210), at operation 230, it is determined whether time since the last delivery of
pressurized flow of breathable gas has exceeded a threshold as prescribed by a therapy
regimen. Operation 230 may be performed, in various embodiments, by processor 110
(shown in FIG. 1 and described herein) via one or more of the computer program

modules described herein.
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If the time since the last delivery of pressurized flow of breathable gas has
not exceeded a threshold (NO after operation 220), at operation 220, it is determined
whether the subject is ready to receive pressurized flow of breathable gas.

At operation 250, pressurized flow of breathable gas is delivered to an
airway of the subject through interface appliance 160 upon determination that the subject
is ready to receive pressurized flow of breathable gas (YES after operation 220), or upon
determination that time since last delivery of pressurized flow of breathable gas has
exceeded a threshold prescribed by a therapy regimen (YES after operation 230. In some
embodiments, operation 250 is performed by control module 112 (shown in FIG. 1 and
described herein) via pressure generator 140 (shown in FIG. 1 and described herein)
through interface appliance 160.

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 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 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 this description includes details 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
disclosure 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
the appended claims. For example, it is to be understood that, to the extent possible, one
or more features of any embodiment are contemplated to be combined with one or more

features of any other embodiment.
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What is claimed is:

1. A ventilation system (100) configured to provide respiratory support by
intermittently delivering pressurized flow of breathable gas to a subject, the system
comprising:

a pressure generator (140) configured to generate pressurized flow of
breathable gas for delivery to an airway of the subject;

an interface appliance (160) configured to be at least partially and
releasably received into an airway orifice of the subject, the interface appliance further
configured to deliver the pressurized flow of breathable gas generated by the pressure
generator to the airway of the subject;

one or more sensors (150) configured to generate output signals conveying
information indicating whether the subject is ready to receive pressurized flow of
breathable gas through the interface appliance; and

one or more processors (110) configured to execute one or more computer
program modules, the computer program modules comprising:

a delivery triggering module (111) configured to determine
whether the subject is ready to receive the pressurized flow of breathable gas; and

a control module (112) configured to initiate and/or
terminate delivery of the pressurized flow of breathable gas to the airway of the
subject through the interface appliance based on a determination by the delivery
triggering module as to whether the subject is ready to receive the pressurized
flow of breathable gas, the control module further configured to control the
pressure generator to adjust one or more parameters of the pressurized flow of
breathable gas based on a prescribed therapy regimen designed to ventilate the

subject.

2. The ventilation system of claim 1, wherein the delivery triggering
module is configured to determine whether the interface appliance is in position in the

airway orifice of the subject, and the delivery triggering module is configured such that



WO 2014/162283 PCT/IB2014/060393

17

the interface appliance being in position in the airway orifice of the subject is a necessary

condition for the subject being ready to receive the pressurized flow of breathable gas.

3. The ventilation system of claim 2, wherein the delivery triggering
module is further configured to determine whether the subject has made an inspiratory
effort through the interface appliance and is ready to receive the pressurized flow of
breathable gas based on movement of the subject’s mouth and/or tongue, or by the

subject’s diaphragmatic efforts.

4. The ventilation system of claim 3, wherein the control module is
configured to initiate delivery of the pressurized flow of breathable gas earlier of the
subject making an inspiratory effort, or two consecutive deliveries exceeding a threshold

time specified by the therapy regimen.

5. The ventilation system of claim 1, wherein the control module is
configured to adjust the one or more parameters of the pressurized flow of breathable gas
such that the interface appliance delivers a prescribed volume or a prescribed pressure of

the breathable gas to the airway of the subject.

6. A method of providing respiratory support to a subject using a
ventilation system comprising a pressure generator, an interface appliance, one or more
sensors, and one or more processors configured to execute one or more computer
program modules, the method comprising:

determining, based on output signals from the one or more sensors,
whether the subject is ready to receive pressurized flow of breathable gas through the
interface appliance generated by the pressure generator; and

delivering pressurized flow of breathable gas to an airway of the subject,

as prescribed by a therapy regimen designed to ventilate the subject.
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7. The method of claim 6, wherein determining whether the subject is
ready to receive pressurized flow of breathable gas comprises determining whether the

interface appliance is in position in an airway orifice of the subject.

8. The method of claim 7, further comprising determining whether the
subject has made an inspiratory effort through the interface appliance and is ready to
receive the pressurized flow of breathable gas based on movement of mouth and/or

tongue, or the subject’s diaphragmatic efforts.

9. The method of claim &, wherein delivery of the pressurized flow of
breathable gas is initiated earlier of the subject making an inspiratory effort, or two

consecutive deliveries exceeding a threshold time specified by the therapy regimen.

10. The method of claim 6, wherein the computer program modules
comprise a control module configured to adjust one or more parameters of the
pressurized flow of breathable gas such that the interface appliance delivers a prescribed

volume or a prescribed pressure of the breathable gas to the airway of the subject.

11. A system (100) for providing respiratory support by intermittently
delivering pressurized flow of breathable gas to a subject (105), the system comprising:

means (140) for generating pressurized flow of breathable gas for delivery
to an airway of the subject;

means (160) for delivering the pressurized flow of breathable gas to the
airway of the subject at least partially and releasably received into an airway orifice of
the subject;

means (150) for generating output signals conveying information
indicating whether the subject is ready to receive pressurized flow of breathable gas
through means for delivering the pressurized flow of breathable gas;

means (111) for determining whether the subject is ready to receive the

pressurized flow of breathable gas;
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means (112) for initiating and/or terminating delivery of the pressurized
flow of breathable gas to the airway of the subject through the means for delivering the
pressurized flow of breathable gas based on determination as to whether the subject is
ready to receive the pressurized flow of breathable gas; and

means (112) for controlling the means for generating pressurized flow of
breathable gas to adjust one or more parameters of the pressurized flow of breathable gas

based on a prescribed therapy regimen designed to ventilate the subject.

12. The system of claim 11, wherein the means for determining whether
the subject is ready to receive the pressurized flow of breathable gas is configured to
determine whether the means for delivering the pressurized flow of breathable gas is in
position in the airway orifice of the subject, and the means for determining whether the
subject is ready to receive the pressurized flow of breathable gas is configured such that
the means for delivering the pressurized flow of breathable gas being in position in the
airway orifice of the subject is a necessary condition for the subject being ready to

receive the pressurized flow of breathable gas.

13. The system of claim 12, wherein the means for determining if the
subject is ready to receive the pressurized flow of breathable gas is further configured to
determine whether the subject has made an inspiratory effort through the means for
delivering the pressurized flow of breathable gas and is ready to receive the pressurized
flow of breathable gas based on movement of the subject’s mouth and/or tongue, or by

the subject’s diaphragmatic efforts.

14. The system of claim 13, wherein the means for initiating and/or
terminating delivery of a specified amount of breathable gas to the airway of the subject
is configured to initiate delivery of the pressurized flow of breathable gas earlier of the
subject making an inspiratory effort, or two consecutive deliveries exceeding a threshold

time specified by the therapy regimen.
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15. The system of claim 11, wherein the means for controlling the means
for generating pressurized flow of breathable gas is configured to adjust the one or more
parameters of the pressurized flow of breathable gas such that the means for delivering
the pressurized flow of breathable gas delivers a prescribed volume or a prescribed

pressure of the breathable gas to the airway of the subject.
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