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MECHANICAL IN-EXSUFFLATION

FIELD OF THE INVENTION
The present disclosure pertains to a mechanical insufflation-exsufflation
configured to synchronize a patient-initiated cough with a transition from an insufflation cycle

to an exsufflation cycle.

BACKGROUND OF THE INVENTION

US 2007 /0199566 discloses a respiratory device that can perform mechanical
ventilation and/or inexsufflation. The respiratory device can include a mechanical medical
ventilator, a sensor, a display and a processor. The mechanical medical ventilator assists a
patient with the respiratory cycle. The sensor can measure an intra-thoracic respiratory
parameter during the respiratory cycle. The display can display a graphical representation that
dynamically depicts at least one of a patient's lung or thorax based on the intra-thoracic
respiratory parameter in real-time during the respiratory cycle. The processor can update the
graphical representation on the display in real-time based on the respiratory parameter. The
processor updates the graphical representation to depict at least one of an expansion or a
contraction of at least one of the lung or thorax during the respiratory cycle. Inexsufllators are
used to simulate a natural cough to remove secretions in the patient's lungs and air passages.

US 2011/0220107 discloses a system and method of insufflating-exsufflating a
subject that enables monitoring and/or control over an enhanced set of breathing parameters
during insufflation/exsufflation. The system and/or method may include automatic triggering
and/or notification to a caregiver of insufflation-exsufflation. The insufflation-exsufflation of the
subject may be preceded by a secretion loosing routine that loosens secretions in the airway of
the subject without moving the loosened secretions up the airway.

US 2012/0111329 discloses a device for assisting a cough, based on an
oscillation pressure. The oscillation pressure causes a periodic oscillation airflow in a lung
system and the periodic oscillation airflow comprises an oscillation exhalation airflow and an

oscillation inhalation airflow. The device comprises a controlling unit, and the controlling unit
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comprises: a first determining unit for determining whether an inhalation of the lung system is
complete, so as to control a valve which is to be closed for isolating the lung system from the
external environment, a second determining unit for determining whether an internal air pressure
in the lung system is larger than a pre-defined pressure threshold, and a detecting unit for
detecting the start of the oscillation exhalation airflow, so as to control the valve which is to be
opened for starting a cough.

A mechanical in-exsufflator (M I-E) is a vital tool for invasive and non-invasive
secretion management in pulmonary critical and/or re-habitational environments. In order to
improve M I-E therapy efficacy and patient comfort, clinicians instruct the patient, who has
intact cough reflex response, to actively cough as the M I-E device switches from the
insufflation phase to the exsufflation phase. The primary method to synchronize the patient’s
cough effort with the transition of the M I-E device is a verbal instruction, where the clinicians
instruct the patient to cough immediately before the M I-E device is ready to switch from the
insufflation phase to the exsufflation phase. Some patients struggle to follow the verbal
instruction to synchronize the cough due to the slow and/or varying reflex of the laryngeal
maneuver required to generate an effective cough.

There is no effective way currently to synchronize the patient’s cough effort with
the transition of the M I-E device from the insufflation phase to the exsufflation phase. Most
clinicians relay on the patient’s ability to follow a verbal command to cough, which often leads
to a little or no success. Some M I-E device offers an auditable beep before switching to the
exsufflation phase; however, feedbacks from the clinicians indicate that such audible beep is
ineffective due to the patient’s inability to coordinate the laryngeal maneuver to the audible

beep.

SUMMARY OF THE INVENTION

Therefore, there is a need to provide an improved solution to help the patients to
cough immediately when the M I-E device switches from the insufflation phase to the
exsufflation phase. The invention is defined by the independent claims. The dependent claims
define advantageous embodiments.

The present disclosure relates to a method and system that dynamically

synchronizes a patent’s cough with the transition of an M I-E device from the insufflation phase
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to the exsufflation phase by monitoring the patient’s cough effort e.g. during and/or after the
insufflation phase. In addition to the capability of operating between the insufflation phase and
the exsufflation phase in accordance with a fixed interval configuration, a cough
synchronization mode is provided to automatically switch the M I-E device from the insufflation
phase to the exsufflation phase once the patient’s cough effort is detected. The cough triggering
based exsufflation of the present invention improves the patient comfort and therapy
effectiveness due to improved synchronicity.

Accordingly, one or more aspects of the present disclosure relate to a system
configured for cough synchronization. The system comprises a pressure generator, a subject
interface, one or more sensors, and one or more processors. The pressure generator is configured
to generate a pressurized flow of breathable gas for delivery to an airway of the subject, the
pressure generator configured to operate in an insufflation mode and an exsufflation mode. The
subject interface is configured to place the pressure generator in fluid communication with the
airway of the subject. The one or more sensors are operatively coupled to the subject interface
and configured to generate one or more output signals related to one or more parameters
associated with the gas in the subject interface. The one or more processors are operatively
connected to the one or more sensors to receive the output signals and configured by machine-
readable instructions to compare the one or more parameters associated with the gas in the
subject interface with one or more reference values that indicate cough effort by the subject;
determine an initiation of a cough by the subject based on the comparison; synchronize a
transition of the pressure generator from the insufflation mode to the exsufflation mode with the
initiation of the cough by the subject; and control the pressure generator to generate the
pressurized flow of breathable gas for delivery to the airway to exsufflate the subject.

Another aspect of the present disclosure relates to a method for cough
synchronization in a system. The system comprises a pressure generator, a subject interface, one
or more sensors, and one or more processors. The processor comprises a control component, a
parameter analysis component, a decision component and a synchronization component. The
method comprises generating a pressurized flow of breathable gas for delivery to an airway of
the subject with the pressure generator, the pressure generator configured to operate in an
insufflation mode and an exsufflation mode; communicating the pressurized flow of breathable

gas to the airway of the subject with the subject interface; generating output signals related to
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one or more parameters associated with gas in the subject interface with the one or more
sensors; receiving the output signals with the one or more processors; executing machine-
readable instructions with the one or more processors, wherein the machine-readable
instructions comprise comparing the one or more parameters associated with the gas in the
subject interface with one or more reference values that indicate cough effort by the subject;
determining an initiation of a cough by the subject based on the comparison; synchronizing a
transition of the pressure generator from the insufflation mode to the exsufflation mode with the
initiation of the cough by the subject; and controlling the pressure generator to generate the
pressurized flow of breathable gas for delivery to the airway to exsufflate the subject.

These and other objects, 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 the limits of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an exemplary embodiment of a system configured to
synchronize a cough of a subject with an M I-E exsufflation cycle;

FIG. 2 illustrates an exemplary embodiment of cough synchronization based on a
pressure waveform associated with breathable gas in a subject interface communicated to an
airway of a subject;

FIG. 3 illustrates an exemplary embodiment of cough synchronization based on a
flow waveform associated with breathable gas in the subject interface communicated to the
airway of a subject;

FIG. 4 illustrates an exemplary embodiment of cough synchronization based on a
volume waveform associated with breathable gas in the subject interface communicated to the

airway of a subject;
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FIG. 5 illustrates an exemplary embodiment of cough synchronization based on a
pressure waveform slope associated with breathable gas in the subject interface communicated
to the airway of a subject;

FIG. 6 illustrates an exemplary embodiment of cough synchronization based on a
flow waveform slope associated with breathable gas in the subject interface communicated to
the airway of a subject;

FIG. 7 illustrates an exemplary flowchart of the process for cough
synchronization; and

FIG. 8 illustrates another exemplary flowchart of the process for cough

synchronization.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

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 employed herein, the statement that two or more parts or components
“engage” one another shall mean that the parts exert a force against one another either directly
or through one or more intermediate parts or components. As employed herein, the term
“number” shall mean one or an integer greater than one (i.e., a plurality).

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 illustrates an exemplary embodiment of system 10 configured to
synchronize a cough of a subject with an M I-E exsufflation cycle. In some embodiments,
system 10 comprises a pressure generator 14, a subject interface 16, one or more sensors 18, one
or more processors 20, a user interface 22, one or more electronic storages 24, and/or other
components. System 10 is configured to monitor the gas in subject interface 16 communicated

to the airway of subject 12, and determine whether subject 12 is attempting to cough. System 10
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is further configured to automatically switch from the insufflation mode to the exsufflation
mode upon determining a cough effort of subject 12 to exsufflate subject 12. System 10 is
configured to dynamically control the cough synchronization in one or more therapy cycles with
no need to manually configure and/or re-configure general settings of the pressurized flow such
as, for example, pressure amplitudes, a frequency range, and/or other parameters of the pressure
waveform.

Pressure generator 14 is configured to operate in an insufflation mode and an
exsufflation mode. In the insufflation mode, pressure generator 14 generates a positive
pressurized flow of breathable gas to deliver to the airway of subject 12, i.e., inflow to subject
12. In the exsufflation mode, pressure generator 14 generates a negative pressurized flow of
breathable gas to draw gas from the airway of subject 12, i.e., outflow from subject 12. In some
embodiments, the duration for each of the insufflation phase and the exsufflation phase may be
configured in accordance with the inexsufflation therapy requirement. For example, the
durations for the insufflation phase and the exsufflation phase may be configured to be a same
time period. In some embodiments, the insufflation phase may be maintained for an arbitrary
duration until a cough effort of subject 12 is determined, which automatically triggers a
transition to an exsufflation phase. Pressure generator 14 may be configured such that one or
more parameters associated with the pressurized flow of breathable gas in addition to and/or
other than pressure are adjustable. The one or more parameters may include, for example, one or
more of volume, flow rate, temperature, gas composition, velocity, acceleration, and/or other
parameters.

Pressure generator 14 receives a gas flow from a gas source, such as but not
limited to the ambient atmosphere (indicated by an arrow A in FIG. 1) and elevates the pressure
of the received gas flow for delivery to the airway of subject 12. Pressure generator 14 may
include any device that is capable of elevating the pressure of the received gas flow for delivery
to the airway of subject 12, for example, a pump, blower, piston, or bellows. In some
embodiments, pressure generator 14 may further include one or more valves for controlling the
pressure, flow rate, flow direction, oscillation frequency, and/or other parameters associated
with the received gas flow. The present disclosure contemplates controlling the operating speed
of the blower, for example, either alone or in combination with the one or more valves and/or

other devices contained in and/or external to pressure generator 14, in order to control the
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pressure and/or flow of gas provided to subject 12. For example, pressure generator 14 may
control the pressure direction of the flow of gas to be positive during the insufflation phase such
that the gas is delivered to the airway of subject 12, and control the pressure direction of the
flow of gas to be negative during the exsufflation phase such that the gas is drew from the
airway of subject 12.

Pressure generator 14 may control the pressure level of the flow of gas at a first
pressure level during the insufflation phase. The first pressure level is set such that the lungs of
subject 12 are at least partially filled during insufflation. At the end of the insufflation phase,
pressure generator 14 reduces the pressure level of the flow of gas and switches to the
exsufflation phase. Pressure generator 14 may control the pressure level of the flow of gas at a
second pressure level during the exsufflation phase. The second pressure level is lower than the
first pressure level, and the abruptness of the pressure decrease from the first pressure level to
the second pressure level is sufficient to remove mucus and/or other debris from the airway
and/or lungs of subject 12. The second pressure level may be a negative pressure below an
atmospheric pressure. Pressure generator 14 may return to zero pressure phase, i.e., pause mode,
after the exsufflation phase, and reset the pressure level of the flow of gas to the first pressure
level to prepare for another inexsufflation therapy. Pressure generator 14 may perform one or
more cycles of inexsufflation in accordance with the therapy requirement. In some
embodiments, pressure generator 14 is a device dedicated to inexsufflation. In some
embodiments, pressure generator 14 is a ventilator and/or positive airway pressure device
configured to provide therapy other than and/or in addition to inexsufflation.

Subject interface 16 is configured to interface with the airway of subject 12 and
provide fluid communication between pressure generator 14 and the airway of subject 12. In
some embodiments, subject interface 16 comprises a conduit 30, an interface appliance 32,
and/or other components. Conduit 30 is configured to form a transmission path for the
pressurized flow of breathable gas to be delivered to interface appliance 32. Interface appliance
32 is configured to deliver the received gas to the airway of subject 12. Conduit 30 may be a
flexible length of hose, or other conduit, that places interface appliance 32 in fluid
communication with pressure generator 14. Interface appliance 32 may be removably coupled to
conduit 30 and/or other conduits and/or other interface appliances used to deliver respiratory

therapy to subject 12. In some embodiments, interface appliance 32 is non-invasive. As such,
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interface appliance 32 non-invasively engages subject 12. Non-invasive engagement includes
removably engaging an area (or areas) surrounding one or more external orifices of the airway
of subject 12 (e.g., nostrils and/or mouth) to communicate gas between the airway of subject 12
and subject interface 16. Some examples of non-invasive interface appliance 32 may include a
blow tube, a nasal cannula, a nasal mask, a nasal/oral mask, a full face mask, a total face mask,
or other interface appliances that communicate a flow of gas with an airway of a subject. In
some embodiments, interface appliance 32 is invasive. Some examples of invasive interface
appliance 32 may include endotracheal tubes, tracheostomy tubes, and/or other devices. The
present disclosure is not limited to these examples, and contemplates delivery of the flow of gas
to the subject using any interface appliance.

Although subject interface 16 is illustrated in FIG. 1 as a single-limbed interface
for the delivery of the pressurized flow of gas to the airway of subject 12, this is not intended to
be limiting. The scope of the present disclosure comprises double-limbed configuration, where
one of the double-limbed configuration provides the pressurized flow of gas to the airway of the
subject and another of the double-limbed configuration exhausts gas from the subject.

Sensors 18 are configured to generate output signals related to one or more
parameters associated with gas in subject interface 16. Sensors 18 are operatively coupled to
subject interface 16 to collect data related to the real-time measurements of the one or more
parameters. The one or more parameters may comprise flow rate, pressure, volume, temperature,
humidity, velocity, and/or other gas parameters. Sensors 18 may be configured with an
integrated sensing function to collect the real-time measurements for the one or more
parameters. In some embodiments, sensors 18 may comprise one or more sensors, each of which
performs a sensing function directed to a specified parameter. Sensors 18 may generate output
signals related to the real-time measurements of the one or more parameters associated with gas
in subject interface 16 based on an operating parameter of the pressure generator 14 (e.g., a
motor current, voltage, rotational velocity, and/or other operating parameters), but the present
disclosure is not intended to be limiting. Although sensors 18 are illustrated at a single location
within (or in communication with) conduit 30 between interface appliance 32 and pressure
generator 14, this is not intended to be limiting. Sensors 18 may include sensors disposed in a

plurality of locations, such as for example, within pressure generator 14, within (or in
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communication with) interface appliance 32, and/or other locations. Sensors 18 may be
configured with wireless communication capabilities to transmit the output signals.

Processor 20 is configured to receive the output signals from sensors 18 and
process the real-time measurements related to the one or more parameters read from the output
signals. Processor 20 may include one or more of a digital processor, an analog processor, a
digital circuit designed to process information, an analog circuit designed to process
information, a state machine, a transmitter, a receiver, and/or other mechanisms for
electronically processing information. Although processor 20 is shown in FIG. 1 as a single
entity, this is for illustrative purposes only. In some implementations, processor 20 includes one
or more processing units. The one or more processing units may be physically located within a
same device, or processor 20 may represent processing functionality of a plurality of devices
operating in coordination.

As shown in FIG. 1, processor 20 may be configured to execute one or more
computer programmed components. The one or more computer programmed components may
comprise a control component 40, a parameter analysis component 42, a decision component 50,
a synchronization component 52, a data processing component 26, a communication component
28, areference component 34, and/or other components. The parameter analysis component 42
may further comprise a flow analysis component 44, a pressure analysis component 46, and a
volume analysis component 48. Processor 20 may be configured to execute components 26, 28,
34,40, 42, 44, 46, 48, 50 and 52 by software; hardware; firmware; some combination of
software, hardware, and/or firmware; and/or other mechanisms for configuring processing
capabilities on processor 20.

Each of the one or more computer programmed components comprises a set of
algorithms implemented on processor 20 that instructs processor 20 to perform one or more
operations related to inexsufflation therapy, cough synchronization, and/or other therapies. For
example, control component 40 comprises algorithms implemented on processor 20 that instruct
processor 20 to perform controlling of pressure generator 14 to generate the pressurized flow of
gas. Parameter analysis component 42 comprises algorithms implemented on processor 20 that
instruct processor 20 to analyze information related to real-time measurements of the one or
more parameters associated with the gas in subject interface 16. Decision component 50

comprises algorithms implemented on processor 20 that instruct processor 20 to determine
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whether a cough is initiated by subject 12 based on one or more comparison results from the
parameter analysis component 42.

Synchronization component 52 comprises algorithms implemented on processor
20 that instruct processor 20 to send a cough synchronization signal to control component 40
based on the decision signal received from decision component 50. Data processing component
26 comprises algorithms implemented on processor 20 that instruct processor 20 to receive
output signals from sensors 18 and process data read out from the output signals.
Communication component 28 comprises algorithms implemented on processor 20 that instruct
processor 20 to perform communications within one or more components of processor 20, and
between processor 20 and other components of system 10 and/or other network components.
Reference component 34 comprises algorithms implemented on processor 20 that instruct
processor 20 to define one or more reference values used to determine whether a cough is
initiated by subject 12.

It should be appreciated that although components 26, 28, 34, 40, 42, 44, 46, 48,
50 and 52 are illustrated in FIG. 1 as being co-located within a single processing unit, in
implementations in which processor 20 includes multiple processing units, one or more of these
components may be located remotely from the other components. The description of the
functionality provided by the different components 26, 28, 34, 40, 42, 44, 46, 48, 50 and 52
described below is for illustrative purposes, and is not intended to be limiting, as any of
components 26, 28, 34, 40, 42, 44, 46, 48, 50 and 52 may provide more or less functionality than
is described. For example, one or more of components 26, 28, 34, 40, 42, 44, 46, 48, 50 and 52
may be eliminated, and some or all of its functionality may be provided by other ones of
components 26, 28, 34, 40, 42, 44, 46, 48, 50 and 52. As another example, processor 20 may be
configured to execute one or more additional components that may perform some or all of the
functionality attributed below to one of components 26, 28, 34, 40, 42, 44, 46, 48, 50 and 52.

Control component 40 is configured to control pressure generator 14 to generate
the pressurized flow of gas in accordance with the inexsufflation operation mode. For example,
control component 40 may determine one or more initial parameters related to the pressure
waveform and instruct pressure generator 14 to generate a positive pressurized flow of gas to
deliver to the airway of subject 12 to begin an inexsufflation therapy cycle. The one or more

initial parameters may be determined during manufacturing, determined based on real-time input
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received at user interface 22, determined based on historical information related to one or more
previous inexsufflation therapies received by subject 12, and/or determined by other methods.

Control component 40 is further configured to dynamically adjust one or more
initial parameter 16 based on an output from decision component 50, and send an updated
instruction to pressure generator 14 to generate the pressurized flow of gas accordingly. For
example, if the output from decision component 50 indicates that subject 12 is attempting to
cough, control component 40 instructs pressure generator 14 to adjust the level of the pressure
waveform and switch to the exsufflation phase to assist subject 12 to generate an effective
cough.

In some embodiments, control component 42 may control pressure generator 14
such that the pressure support provided to the subject via the flow of gas comprises therapy in
addition to inexsufflation. Therapy in addition to and/or instead of inexsufflation may comprise,
for example, continuous positive airway pressure support (CPAP), bi-level positive airway
pressure support, proportional positive airway pressure support, and/or other types of pressure
support therapy.

Parameter analysis component 42 is configured to analyze information related to
real-time measurements of the one or more parameters associated with the gas in subject
interface 16. As such, parameter analysis component 42 may further comprises a flow analysis
component 44, a pressure analysis component 46 and a volume analysis component 48. Flow
analysis component 44 is configured to compare a flow rate associated with the gas in subject
interface 16 with a flow rate threshold at the end of the insufflation phase, and send the
comparison result to decision component 50. In some embodiments, when it is determined that
the flow rate exceeds the flow rate threshold, decision component 50 outputs a decision signal to
synchronization component 52 indicating that a cough is initiated by subject 12. Pressure
analysis component 46 is configured to compare a pressure level associated with the gas in
subject interface 16 with a pressure level threshold at the end of the insufflation phase, and send
the comparison result to decision component 50. In some embodiments, when it is determined
that the pressure level exceeds the pressure level threshold, decision component 50 outputs a
decision signal to synchronization component 52 indicating that a cough is initiated by subject
12. Volume component 48 is configured to compare a volume level associated with the gas in

subject interface 16 with a volume level threshold at the end of the insufflation phase, and send
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the comparison result to decision component 50. In some embodiments, when it is determined
that the volume level exceeds the volume level threshold, decision component 50 outputs a
decision signal to synchronization component 52 indicating that a cough is initiated by subject
12.

In some embodiments, pressure analysis component 46 may be configured to
measure the velocity of the pressure level change at the end of the insufflation phase, and
compare the velocity of the pressure level change to a pressure waveform slope threshold. Once
the velocity of the pressure level change exceeds the pressure waveform slope threshold, the
comparison result is sent to decision component 50. In some embodiments, flow analysis
component 44 may be configured to measure the velocity of the flow rate change at the end of
the insufflation phase, and compare the velocity of the flow rate change to a flow rate waveform
slope threshold. Once the velocity of the flow rate change exceeds the flow rate waveform slope
threshold, the comparison result is sent to decision component 50. In some embodiments, flow
analysis component 44 may measure the duration of an observed flow rate change at the end of
the insufflation phase, and compare the duration to a time threshold.

In some embodiments, pressure analysis component 46 may measure the duration
of an observed pressure level change at the end of the insufflation phase, and compare the
duration to a time threshold to determine whether a cough is initiated by a subject. In some
embodiments, volume analysis component 48 may measure the duration of an observed volume
level change at the end of the insufflation phase, and compare the duration to a time threshold. It
should be appreciated that the functionalities of flow analysis component 44, pressure analysis
component 46 and volume analysis component 48 described above are for illustrative purpose,
and are not intended to be limiting. Flow analysis component 44, pressure analysis component
46 and volume analysis may be configured to analyze all aspects of the flow rate, pressure level
and volume level in accordance with the requirement of therapy. In some embodiments, flow
analysis component 44, pressure analysis component 46 and volume analysis component 48 may
be configured to continuously monitor the measurements associated with one or more
parameters of gas during the entire insufflation phase, at the end of the insufflation phase, and
after the insufflation phase.

The one or more parameters analyzed by parameter analysis component 42 may

comprise, for example, one or more of a flow rate, pressure, a volume, humidity, temperature,
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acceleration, velocity, respiration rate, tidal volume, and/or other parameters. It should be
appreciated that parameter analysis component 42 is not limited to comprise components 44, 46
and 48; one or more other components configured to analyze information related to the
measurements of one or more other parameters associated with the gas in subject interface 16
may also be included. Although components 44, 46 and 48 are illustrated in FIG. 1 as being
separate components, these components may be integrated as one function component that is
capable to perform analysis over a plurality of parameters associated with the gas in subject
interface 16. The description of the functionalities of components 44, 46 and 48 set forth above
is for illustrative purposes, and is not intended to be limiting, as any of components 44, 46 and
48 may provide more or less functionality than is described, and may be modified and/or
upgraded to include newly developed functions. It should be appreciated that whether a cough is
initiated by subject 12 is not limited to be based on one sole parameter such as flow rate,
pressure level, volume level, and/or other parameter associated with the gas in subject interface
16; a combination of one or more comparison results with respect to one or more parameters
may be used to determine whether a cough is initiated by subject 12. For example, a decision
whether a cough is initiated by subject 12 is made based on the comparison results from flow
analysis component 44 and pressure analysis component 46.

Decision component 50 is configured to determine whether a cough is initiated
by subject 12 based on one or more comparison results from the parameter analysis component
42. Decision component 50 may further consider one or more other parameters related to the gas
in subject interface 16 to determine whether a cough is initiated by subject 12. Decision
component 50 may be configured to apply one or more strategies to improve the accuracy of the
determination and/or to reduce false alarm rate, which in turn, leads to an effective cough of the
subject and/or improved comfort of the subject. For example, decision component 50 may
assign a higher weight to the pressure level comparison than the flow rate comparison if
information related to past therapies received by subject 12 indicates that subject 12 is sensitive
to the pressure and has responded better with the pressure triggered cough synchronization. The
one or more strategies and/or the one or more parameters that are considered by decision
component 50 may be configured during manufacturing, configured based on input received at
user interface 22, configured based on past therapy records associated with subject 12, and/or

other factors.
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Synchronization component 52 is configured to send a cough synchronization
signal to control component 40 based on the decision signal received from decision component
50. For example, if the decision signal received is ““1” which indicates a positive detection of a
cough effort of subject 12, synchronization component 52 generates a cough synchronization
signal that instructs control component 40 to control pressure generator 14 to switch
immediately from the insufflation mode to the exsufflation mode. In some embodiments, if no
positive decision signal is received from decision component 50, synchronization component 52
periodically communicates with control component 40 to maintain pressure generator 14 in the
insufflation phase. The functionalities of synchronization component 52 described above are for
illustrative purposes, and are not intended to be limiting. Synchronization component 52 may be
configured to generate one or more other signals in accordance with the one or more strategies
used by decision component 50 to adjust the operation of pressure generator 14 and/or other
components of system 10.

Reference component 34 is configured to define one or more reference values
used to determine whether a cough is initiated by subject 12. In some embodiments, the one or
more reference values are measurement thresholds related to one or more parameters associated
with the gas in subject interface 16. The one or more reference values may be pre-defined at
manufacturing, configured with respect to a specified therapy or a specified subject, and/or other
criteria that are applied to improve the therapy efficacy. In some embodiments, the one or more
references may be configured by user 36 based on the analysis of historical information related
to past therapies on a plurality of subjects.

Data processing component 26 is configured to receive output signals from
sensors 18 and process data read out from the output signals so that reliable information is
forwarded to parameter analysis component 42. Data collected from sensors 18 may sometimes
comprise one or more types of noise signals from the surrounding environment and/or from
other sources that affect the accuracy of information read out from the output signals. For
example, a noise signal may magnify the measured pressure level at the end of insufflation
phase, thus, triggering a synchronization signal which is earlier than an actual cough of subject
12. As such, a transition from the insufflation phase to the exsufflation phase draws air from the
airway of subject 12 while subject 12 is not ready to cough, causing discomfort of subject 12.

Data processing component 26 may be configured to filter out the added noise signals based on
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one or more algorithms such that data after filtering provides more accurate information related
to the real-time measurements of the one or more parameters.

Communication component 28 is configured to perform communications within
one or more components of processor 20, and between processor 20 and other components of
system 10 and/or other network components. In some embodiments, communication component
28 communicates with server 38 remotely connected to network 56 and downloads one or more
software packages from electronic storage 24 to modify and/or upgrade the functionalities of
one or more components of processor 20. In some embodiments, communication component 28
communicates with electronic storage 24 locally connected to processor 20 or remotely
connected to network 56 to retrieve historical information related to past therapies associated
with a plurality of subjects, and provide the historical information to user 36 to determine and/or
adjust one or more parameters associated with the pressurized flow of gas. The present
disclosure contemplates any techniques for communication including but not limited to hard-
wired and wireless communications.

Electronic storage 24 is configured to electronically stores information in an
electronic storage media. Electronic storage 24 may comprise 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, RAM, etc.), solid-state storage media (e.g., flash drive, etc.), and/or other
electronically readable storage media. The electronic storage media of electronic storage 24 may
comprise one or both of system storage that is provided integrally (i.e., substantially non-
removable) with system 10 and/or removable storage that is removably connectable to system
10 via, for example, a port (e.g., a USB port, a firewire port, etc.) or a drive (e.g., a disk drive,
etc.). Electronic storage 24 may store software algorithms, information determined by processor
20, information received via user interface 22, and/or other information that enables system 10
to function properly.

User interface 22 is configured to provide an interface between system 10 and
user 36. This enables data, results, and/or instructions and any other communicable items,
collectively referred to as “information,” to be communicated between user 36 and one or more
of subject interface 16, processor 20, and/or other components of system 10. For example, user

36 may input a pressure level threshold for a cough synchronization therapy cycle and the
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inputted pressure level threshold is transmitted to processor 20 for further analysis. In some
embodiments, information entered through user interface 22 to system 10 may include
inexsufflation therapy initial percussive pressure waveform parameters, frequency range, an
oscillating flow rate amplitude effectiveness threshold, and/or other information. Interface
devices suitable for inclusion in user interface 22 include a keypad, buttons, switches, a
keyboard, knobs, levers, a display screen, a touch screen, speakers, a microphone, a printer,
and/or other interface devices. In some embodiments, user interface 22 includes a plurality of
separate interfaces. In some embodiments, user 36 includes subject 12, a clinician, a nurse, an
interested party, and/or any other entities.

Network 56 is configured to transmit information among a plurality of network
components. For example, network 56 receives inputs from user 36 at user interface 22 related
to the configuration of one or more parameters associated with the gas for a therapy cycle, and
transmits the inputs to processor 20 for further processing. In some embodiments, a request
inputted via user interface 22 is received at server 38 via network 56 to retrieve historical
information related to past therapies on a plurality of subjects for analysis. Network 56 forwards
an instruction from server 38 to retrieve the requested historical information related to past
therapies on a plurality of subjects from electronic storage 24. Network 56 may be a single
network or a combination of multiple networks. For example, network 56 may be a local area
network (LAN), a wide area network (WAN), a public network, a private network, a proprietary
network, a Public Telephone Switched Network (PSTN), the Internet, a wireless communication
network, a virtual network, and/or any combination thereof.

FIG. 2 illustrates an exemplary embodiment of cough synchronization based on a
pressure waveform associated with breathable gas in a subject interface communicated to an
airway of a subject. An insufflation cycle begins at time 202. Accordingly, the pressure level
associated with the gas in subject interface 16 starts to increase and reaches a plateau at the end
of the insufflation cycle. If at the end of the insufflation cycle, an increase in the pressure level is
observed at time 204, which may indicate a short inflow to the airway of subject 12, patient
cough detection automatically starts. When the pressure level is increased to exceed a pressure
level threshold at time 206, cough synchronization is triggered and pressure generator 14 in FIG.

1 automatically switches to the exsufflation cycle to assist with the patient’s cough.
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FIG. 3 illustrates an exemplary embodiment of cough synchronization based on a
flow waveform associated with breathable gas in the subject interface communicated to the
airway of a subject. As illustrated in FIG. 3, the flow rate slowly decreases to near zero at the
end of the insufflation cycle. If a rapid decrease is observed at the end of the insufflation cycle at
time 304, which may indicate an outflow being generated in subject interface 16, patient cough
detection automatically starts. When the magnitude of the flow rate decreasing exceeds a flow
rate threshold at time 306, cough synchronization is triggered and pressure generator 14
automatically switches to the exsufflation cycle to assist with the patient’s cough.

FIG. 4 illustrates an exemplary embodiment of cough synchronization based on a
volume waveform associated with breathable gas in the subject interface communicated to the
airway of a subject. As illustrated in FIG. 4, a total volume level associated with the gas in
subject interface 16 approaches maximum at the end of the insufflation cycle. If a volume level
drop is observed at the end of the insufflation cycle at time 404, which may indicate an effort to
cough is made by the subject, the cough detection automatically starts. When the volume level
drops to be less than a volume level threshold at time 406, cough synchronization is triggered
and pressure generator 14 automatically switches to the exsufflation cycle to assist with the
patient’s cough.

FIG. 5 illustrates an exemplary embodiment of cough synchronization based on a
pressure waveform slope associated with breathable gas in the subject interface communicated
to the airway of a subject. As illustrated in FIG. 5, patient cough detection starts at time 504
when an increase in the pressure level is observed. System 10 measures the velocity of the
pressure level increase continuously. Once the velocity of the pressure level exceeds a pressure
waveform slope threshold at time 506, cough synchronization is automatically triggered, and the
exsufflation cycle is started.

FIG. 6 illustrates an exemplary embodiment of cough synchronization based on a
flow waveform slope associated with breathable gas in the subject interface communicated to
the airway of a subject. As illustrated in FIG. 6, patient cough detection starts at time 604 when
a decrease in the flow rate is observed. System 10 measures the velocity of the flow rate
decrease. Once the velocity of the flow rate exceeds a flow waveform slope threshold at time

506, cough synchronization is automatically triggered.
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FIG. 7 illustrates an exemplary flowchart of the process for cough
synchronization implemented on system 10. The operations of the illustrated process presented
below are intended to be illustrative. In some embodiments, the process may be accomplished
with one or more additional operations not described, and/or without one or more of the
operations discussed. Additionally, the order in which the operations of the process as illustrated
in FIG. 7 and described below is not intended to be limiting.

At operation 702, a pressurized flow of breathable gas is generated for delivery to
an airway of the subject. In some embodiments, operation 702 is performed by a pressure
generator the same as or similar to pressure generator 14 (shown in FIG. 1 and described
herein).

At operation 704, the pressurized flow of breathable gas is communicated to the
airway of the subject. In some embodiments, operation 704 is performed by a subject interface
the same as or similar to subject interface 16 (shown in FIG. 1 and described herein).

At operation 706, output signals related to one or more parameters associated
with gas in the subject interface is generated. In some embodiments, operation 706 is performed
by sensors the same as or similar to sensors 18 (shown in FIG. 1 and described herein).

At operation 708, the one or more parameters associated with gas in the subject
interface is compared with one or more reference values that indicate cough effort by the
subject. In some embodiments, operation 708 is performed by a parameter analysis component
the same as or similar to parameter analysis component 42 (shown in FIG. 1 and described
herein).

At operation 710, an initiation of a cough by the subject is determined based on
the comparison. In some embodiments, operation 710 is performed by a decision component the
same as or similar to decision component 50 (shown in FIG. 1 and described herein).

At operation 712, a transition of the pressure generator from the insufflation
mode to the exsufflation mode is synchronized with the initiation of the cough by the subject. In
some embodiments, operation 712 is performed by a synchronization component the same as or
similar to synchronization component 52 (shown in FIG. 1 and described herein).

At operation 714, the pressure generator is controlled to generate the pressurized

flow of breathable gas for delivery to the airway to exsufflate the subject. In some embodiments,
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operation 714 is performed by a control component the same as or similar to control component
40 (shown in FIG. 1 and described herein).

FIG. 8 illustrates another exemplary flowchart of the process for cough
synchronization. It should be appreciated that the operations of the illustrated process presented
below are intended to be illustrative. In some embodiments, the process may be accomplished
with one or more additional operations not described, and/or without one or more of the
operations discussed. Additionally, the order in which the operations of the process as illustrated
in FIG. 8 and described below is not intended to be limiting.

At operation 802, a cough synchronization mode is enabled. In some
embodiments, operation 802 is performed in accordance with input received at user interface the
same as or similar to user interface 22 (shown in FIG. 1 and described herein), and processed by
a control component the same as or similar to control component 40 (shown in FIG. 1 and
described herein).

At operation 804, a trigger method and one or more preset values are selected. In
some embodiments, operation 8§04 is performed in accordance with input received at user
interface the same as or similar to user interface 22 (shown in FIG. 1 and described herein), and
processed by a control component the same as or similar to control component 40 (shown in
FIG. 1 and described herein).

At operation 806, the insufflation cycle starts. In some embodiments, operation
806 is performed by a pressure generator the same as or similar to pressure generator 14 (shown
in FIG. 1 and described herein).

At operation 808, a time interval of 500 milliseconds is imposed at the end of the
insufflation cycle to prevent false triggering of cough synchronization. In some embodiments,
operation 808 is performed by a control component the same as or similar to control component
40 (shown in FIG. 1 and described herein).

At operation 810, a decision whether a cough is initiated by a subject is made
based on the comparison of a pressure level associated with the gas in a subject interface with a
preset pressure level value. In some embodiments, operation 810 is performed by a pressure
analysis component the same as or similar to pressure analysis component 46 (shown in FIG. 1

and described herein).
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At operation 812, a decision whether a cough is initiated by a subject is made
based on the comparison of a flow rate associated with the gas in a subject interface with a
preset flow rate value. In some embodiments, operation 812 is performed by a flow analysis
component the same as or similar to flow analysis component 44 (shown in FIG. 1 and
described herein).

At operation 814, a decision whether a cough is initiated by a subject is made
based on the comparison of a volume level associated with the gas in a subject interface with a
preset volume level value. In some embodiments, operation §14 is performed by a volume
analysis component the same as or similar to volume analysis component 48 (shown in FIG. 1
and described herein).

At operation 816, a decision whether a cough is initiated by a subject is made
based on the comparison of a pressure level associated with the gas in a subject interface with a
preset pressure level value and the comparison of a flow rate associated with the gas in a subject
interface with a preset flow rate value. In some embodiments, operation 816 is performed by a
pressure analysis component the same as or similar to pressure analysis component 46, and a
flow analysis component the same as or similar to flow analysis component 44 (shown in FIG. 1
and described herein).

At operation 818, a decision whether a cough is initiated by a subject is made
based on the comparison of a pressure waveform slope associated with the gas in a subject
interface with a preset pressure waveform slope value. In some embodiments, operation 810 is
performed by a pressure analysis component the same as or similar to pressure analysis
component 46 (shown in FIG. 1 and described herein).

At operation 820, a decision whether a cough is initiated by a subject is made
based on the comparison of a flow rate slope associated with the gas in a subject interface with a
preset flow slope value. In some embodiments, operation 812 is performed by a flow analysis
component the same as or similar to flow analysis component 44 (shown in FIG. 1 and
described herein).

At operation 822, a decision whether a cough is initiated by a subject is made
based on whether a change observed in measurements related to one or more parameters
associated with the gas in a subject interface continues to exceed a preset time value. In some

embodiments, operation 822 is performed by one or more of a flow analysis component, a
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pressure analysis component and a volume analysis component, which are the same as or similar
to flow analysis component 44, pressure analysis component 46 and volume analysis component
48, respectively (shown in FIG. 1 and described herein).

At operation 824, the insufflation cycle starts. In some embodiments, operation
806 is performed by a pressure generator the same as or similar to pressure generator 14 (shown
in FIG. 1 and described herein).

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 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 description provided above provides 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
disclosure is not limited to the expressly disclosed embodiments, but, on the contrary, is
intended to cover modifications and equivalent arrangements that are within the scope of the
appended claims. For example, it is to be understood that the present disclosure contemplates
that, to the 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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CLAIMS

1. A mechanical insufflation-exsufflation system (10), the system comprising:

a pressure generator (14) configured to generate a pressurized flow of breathable
gas for delivery to an airway of the subject (12), the pressure generator (14) being configured to
operate in an insufflation mode and an exsufflation mode;

one or more sensors (18) configured to generate output signals related to one or
more parameters associated with gas in the system; and characterized by

one or more processors (20) operatively connected to the one or more sensors to
receive the output signals and configured to:

compare the one or more parameters associated with the gas with one or
more reference values that indicate cough effort by the subject;

determine an initiation of a cough by the subject based on the comparison;
and

synchronize a transition of the pressure generator from the insufflation

mode to the exsufflation mode with the initiation of the cough by the subject.

2. The system of claim 1, wherein the one or more processors (20) are further
configured (812) to:

compare a flow rate of the gas to a flow rate threshold; and

determine a cough is initiated by the subject when the flow rate of the gas

exceeds the flow rate threshold.

3. The system of claim 1, wherein the one or more processors (20) are further
configured (810) to:
compare a pressure level of the gas to a pressure level threshold; and
determine a cough is initiated by the subject when the pressure level of the gas

exceeds the pressure level threshold.
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4. The system of claim 1, wherein the one or more processors (20) are further
configured (814) to:

compare a volume level of the gas to a volume level threshold; and

determine a cough is initiated by the subject when the volume level of the gas is

less than the volume level threshold.

5. The system of claim 1, wherein the one or more processors (20) are further
configured (816) to:

compare a pressure level of the gas to a pressure level threshold;

compare a flow rate of the gas to a flow rate threshold; and

determine a cough is initiated by the subject when the pressure level of the gas

exceeds the pressure level threshold and the flow rate of the gas exceeds the flow rate threshold.

6. A method of cough synchronization in a mechanical insufflation-exsufflation
system (10), the method comprising:

generating (14, 702) a pressurized flow of breathable gas for delivery to an
airway of the subject in an insufflation mode and an exsufflation mode;

generating (18, 706) output signals related to one or more parameters associated
with gas in the system;

comparing (20, 708) the one or more parameters associated with the gas with one
or more reference values that indicate cough effort by the subject;

determining (20, 710) an initiation of a cough by the subject based on the
comparison; and

synchronizing (20, 712) a transition of the pressure generation from the

insufflation mode to the exsufflation mode with the initiation of the cough by the subject.

7. The method of claim 6, further comprising:
comparing (812) a flow rate of the gas to a flow rate threshold; and
determining a cough is initiated by the subject when the flow rate of the gas

exceeds the flow rate threshold.
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8. The method of claim 6, further comprising:
comparing (810) a pressure level of the gas to a pressure level threshold; and
determining a cough is initiated by the subject when the pressure level of the gas

exceeds the pressure level threshold.

9. The method of claim 6, further comprising:
comparing (814) a volume level of the gas to a volume level threshold; and
determining a cough is initiated by the subject when the volume level of the gas

is less than the volume level threshold.

10. The method of claim 6, further comprising:
comparing (816) a pressure level of the gas to a pressure level threshold;
comparing a flow rate of the gas to a flow rate threshold; and
determining a cough is initiated by the subject when the pressure level of the gas
exceeds the pressure level threshold and the flow rate of the gas in the subject interface exceeds

the flow rate threshold.
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Generate a pressurized flow of breathable gas for delivery to an airway

of the subject 702

A 4

Communicate the pressurized flow of breathable gas to the airway of | 704
the subject

Generate output signals related to one or more parameters associated
, . ety —— 706
with gas in the subject interface

v

Compare the one or more parameters associated with the gas with | 73
one or more reference values that indicate cough effort by the subject

A 4

Determine an initiation of a cough by the subject based on the L 710
comparison

3

Synchronize a transition of the pressure generator from the
insufflation mode to the exsufflation mode with the initiation of the ~ f—~— 712
cough by the subject

Control the pressure generator to generate the pressurized flow of | 714
breathable gas for delivery to the airway to exsufflate the subject

FIG. 7
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2. I:' Claims Nos.:
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Claims Nos.: 6-10

Methods of providing ventilation to a subject as defined in claims 6-10
of the present application are methods for treatment of human or animal
body by therapy. Indeed these methods are meant to generate a pressurised
flow of breathable gas for delivery to an airway of a subject (see page
3, lines 8-12). Thus, claims 6-10 relate to subject-matter considered by
this Authority to be covered by the provisions of Rules 39.1(iv) and
67.1(iv) PCT, and no international search report has been established
with respect to the subject-matter of these claims (Article

17(2)(a) (i)PCT). Consequently, no opinion will be formulated with respect
to novelty, inventive step and industrial applicability of the
subject-matter of these claims (Article 34(4)(a)(i)PCT).
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