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Description

BACKGROUND

1. Field

[0001] The present invention relates to an apparatus
for increasing cough flow of a subject by transforming a
single cough of the subject into multiple coughs of smaller
duration during an individual exhalation.

2. Description of the Related Art

[0002] Various systems for increasing patient cough
flow through exsufflation are known. Conventional exsuf-
flation is generally accomplished using a single exsuffla-
tion event over a single exhalation of the subject. A res-
piratory circuit may be pressurized by the subject, and
then the circuit may be opened once, while all (or sub-
stantially all) of the gas that pressurized the circuit is ex-
pelled there through. Secretions built up in the airway of
the subject over time may be expelled with the gas.
[0003] US 5,345,930 A1 discloses a non-invasive de-
vice designed to assist expectoration of pulmonary se-
cretions in humans, particularly in those whose natural
exhalation and natural coughing ability are impaired. The
device comprises a face mask which is adapted to seal
the face of the patient, the mask being connected to a
quick-acting valve via tubing having a pressure port con-
nected to a pressure transducer. The outlet of the valve
is connected via tubing to a vacuum cylinder. The output
of the pressure transducer (which relates to upper airway
pressure) is connected to electronic control means which
compares the signal from the transducer to a predeter-
mined pressure set point. If the pressure is above the
pressure set point the valve is opened for a predeter-
mined length of time, or until a flow measuring element
detects that the flow rate from the mask decreases to a
predetermined percentage of a peak flow rate attained
when the valve is open. When the valve is opened the
upper airway pressure measured at the port will de-
crease. When the valve is closed the pressure in the up-
per airways starts to increase and when the pressure
again reaches the pressure of set point the valve opens
for the predetermined time or until the flow rate falls again
below a set percentage or its peak value. These events
continue until the patient no longer exerts positive pres-
sure associated with exhaling. The device is effective in
creating cyclic supramaximal expiratory flows, aiding the
expectoration of secretions, also without the stimulation
by means of negative pressure. In a method of using said
device, the patient is instructed to breathe against the
initially closed valve through the face mask. The vacuum
cylinder is used optionally. As the patient exhales against
the valve, the valve opens and closes rapidly. The patient
inhales air from outside the apparatus and exhales
against the valve again. The patient continues this proc-
ess until he/she feels secretions being moved from the

lower parts of the respiratory tract towards the upper air-
ways (upper bronchi, trachea and mouth). The patient
expectorates these secretions by coughing.
[0004] US 5,280,784 discloses an inhaling device for
treating the lungs and respiratory tracts of humans or
animals. US 2005/0126578 discloses a pulmocardiac as-
sistance apparatus for providing expiratory and inspira-
tory functionality to patients with respiratory disorders.
JP 2003 079732 A discloses a system for assisting res-
pirating, swallowing and coughing function.
[0005] WO 2011/010279 A1 discloses a device for as-
sisting a cough, based on an oscillation pressure. The
device comprises a controlling unit, an oscillation unit for
oscillating a lung system to cause a periodic oscillation
airflow in the lung system, and a valve controlled by the
controlling unit, which valve is to be opened or closed
for, respectively, connecting the lung system to the ex-
ternal environment through a mouth or isolating the lung
system from the external environment. The air oscillation
pressure provided by the oscillation unit is transmitted to
the lung system through a mouth for causing the airways
of a lung system to oscillate. The oscillation pressure
causes a periodic oscillation airflow in the airways of the
lung system. The periodic oscillation airflow comprises
an oscillation exhalation airflow and an oscillation inha-
lation airflow, with a frequency of e.g. 10-20 Hz. The con-
trolling unit comprises a first determining unit for deter-
mining whether an inhalation of the lung system is com-
plete, so as to control the 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 third 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. The valve may be integrated with the controlling
unit so as to be opened or closed based on the controlling
action by the controlling unit. If the valve is controlled so
as to be closed based on a closing signal from the first
determining unit, the lung system is isolated from the
external environment and the external air cannot be in-
haled into the lung system; if the valve is controlled so
as to be opened based on an opening signal from the
third detecting unit, mucus and air in the airways of the
lung system can be coughed/exhaled to the external en-
vironment, and external air can be inhaled into the air-
ways of the lung system. When the internal air pressure
of the lung system is larger than the pre-defined pressure
threshold, the lung system is ready to cough; if the third
detecting unit detects the start of the oscillation exhala-
tion airflow, the valve is controlled so as to be opened; if
the valve is open, the lung system starts to cough when
the oscillation exhalation airflow starts according to the
periodic oscillation airflow. The oscillation exhalation air-
flow is synchronous with the exhalation airflow of the
cough at least at the beginning of the cough. At the be-
ginning of the cough, the cough causes a peak exhalation
airflow in the airways of the lung system.
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SUMMARY

[0006] The invention is defined in the claims. Accord-
ingly, according to the invention there is provided a device
according to claim 1. The dependent claims define pre-
ferred embodiments of the invention.
[0007] The device according to the invention compris-
es a subject interface, a pressure regulator, one or more
sensors, and a controller configured to operate the pres-
sure regulator. The subject interface is configured to
communicate with an airway of the subject. The pressure
regulator is configured to selectively control flow through
the subject interface. The pressure regulator is config-
ured to operate in (i) a first mode in which the subject
interface is closed such that substantially no gas is com-
municated with the airway of the subject therethrough,
and (ii) a second mode in which the subject interface is
opened to permit gas to be exhausted from the airway
of the subject through the subject interface. The one or
more sensors are configured to generate output signals
conveying information related to one or more gas param-
eters within the subject interface. The controller compris-
es one or more processors configured to execute com-
puter program modules, the computer program modules
comprising:

a cough initiation module configured to determine a
cough trigger event during normal breathing of the
subject through the subject interface while the pres-
sure regulator is operating in the second mode so
that the subject can inhale and exhale freely through
the subject interface, wherein the cough trigger event
comprises the output signals indicating an inhalation
in preparation for a cough by the subject;
a pressurization module configured to receive infor-
mation indicating whether the subject has pressu-
rized the subject interface, and to determine whether
the subject interface is pressurized based on the re-
ceived information; and
a control module configured to control operation of
the pressure regulator between the first mode and
the second mode to exsufflate the subject, wherein
the control module is configured to exsufflate the
subject by:

placing the pressure regulator in the second
mode until a determination of a cough trigger
event by the cough initiation module;
responsive to such a determination of a cough
trigger event, placing the pressure regulator in
the first mode until a determination by the pres-
surization module that the subject has pressu-
rized the subject interface; and
responsive to such a determination that the sub-
ject has pressurized the subject interface, caus-
ing a series of exsufflation events over an indi-
vidual exhalation of the subject through the sub-
ject interface by toggling the pressure regulator

between the first mode and the second mode
during the individual exhalation,
wherein during the series of exsufflation events
the timing of one or both of transitions between
the first mode and the second mode and transi-
tions between the second mode and the first
mode are determined based on the output sig-
nals.

[0008] Herein described, but not part of the invention,
is a method. The method comprises the steps of:

operating a pressure regulator selectively in (i) a first
mode in which the subject interface is closed such
that substantially no gas is communicated with the
airway of the subject therethrough, and a second
mode in which the subject interface is opened to per-
mit gas to be exhausted from the airway of the sub-
ject through the subject interface;
determining a cough trigger event;
receiving information indicating pressurization of the
subject interface by the subject and determining
whether the subject interface is pressurized based
on the received information; and

exsufflating a subject by placing the pressure regulator
in the second mode until a determination of a cough trig-
ger event, and, responsive to such a determination of a
cough trigger event, placing the pressure regulator in the
first mode until a determination that the subject has pres-
surized the subject interface, and, responsive to such a
determination that the subject has pressurized the sub-
ject interface, causing a series of exsufflation events over
an individual exhalation of the subject through the subject
interface by toggling the pressure regulator between the
first mode and the second mode during the individual
exhalation.
[0009] These and other objects, features, and charac-
teristics 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 consid-
eration 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

[0010]

FIG. 1 is a system according to an embodiment of
the invention, configured to increase cough flow of
a subject;
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FIG. 2 is a graphical illustration of increased flow
induced by a segmented cough; and
FIG. 3 is a method, not forming part of the invention,
of increasing cough flow of a subject.

DETAILED DESCRIPTION OF EXEMPLARY EMBOD-
IMENTS

[0011] 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 intermedi-
ate 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 "fixed" means that two components
are coupled so as to move as one while maintaining a
constant orientation relative to each other.
[0012] 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 sep-
arately and then coupled together as a unit is not a "uni-
tary" component or body. As employed herein, the state-
ment 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 inter-
mediate parts or components. As employed herein, the
term "number" shall mean one or an integer greater than
one (i.e., a plurality).
[0013] 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.
[0014] FIG. 1 schematically illustrates an exemplary
embodiment of a system 10 to enhance cough flow of a
subject 12. System 10 enhances flow during exsufflation
by, among other things, limiting airway collapse of subject
12. System 10 utilizes patient effort to pressurize system
10, and causes a series of exsufflation events over an
individual exhalation of subject 12. The exsufflation
events are short pulses during which air is allowed to flow
out of the lungs of the subject. Segmentation of exsuffla-
tion into a series of exsufflation events may tend to in-
crease flow over the exhalation, and/or may loosen
and/or expel secretions with an enhanced effectiveness.
System 10 includes a user control interface 14, a subject
interface 16, one or more sensors 18, a pressure regu-
lator 20, a processor 22, and optionally other compo-
nents.
[0015] User control interface 14 is configured to pro-
vide an interface between system 10 and subject 12
through which subject 12 provides information to and re-
ceives information from system 10. This enables data,
results, and/or instructions and any other communicable

items, collectively referred to as "information," to be com-
municated between the subject 12 and one or more of
subject interface 16, and/or processor 22. Examples of
interface devices suitable for inclusion in user control in-
terface 14 include a keypad, buttons, switches, a key-
board, knobs, levers, a display screen, a touch screen,
speakers, a microphone, an indicator light, an audible
alarm, a printer, a tactile feedback device, a gesture rec-
ognition device, and/or other interface devices. For ex-
ample, in some implementations subject 12 pushes a
button to communicate to processor 22 that pressure is
built in subject interface 16. In one embodiment, user
control interface 14 includes a plurality of separate inter-
faces. For example, system 10 may be configured with
the push button mentioned above, and/or a gesture (e.g.;
facial movement such as blinking) recognition device for
use by a subject who may not have full physical control
of their extremities (e.g., a fully or partially paralyzed sub-
ject).
[0016] It is to be understood that other communication
techniques, either hardwired or wireless, are also con-
templated by the present invention as user control inter-
face 14. For example, the present invention contem-
plates that user control interface 14 is a remote control.
In this example, information indicating a pressurized sub-
ject user interface is wirelessly transmitted to processor
22 that enables the user to begin the segmented exsuf-
flation process controlled by system 10. Other exemplary
input devices and techniques adapted for use with sys-
tem 10 as user control interface 14 include, but are not
limited to, an RS-232 port, RF link, an IR link, modem
(telephone, cable or other). In short, any technique for
communicating information with system 10 is contem-
plated by the present invention as user control interface
14.
[0017] Subject interface 16 is configured to interface
with the airway of subject 12. Subject interface 16 is con-
figured to provide fluid communication with the airway of
subject 12. As such, subject interface 16 includes a con-
duit 24 and/or an interface appliance 26. Conduit 24 con-
veys gas (e.g., air) to and/or from interface appliance 26,
and interface appliance 26 places conduit 24 in commu-
nication with the airway of subject 12. In some embodi-
ments, subject interface 16 is non-invasive. As such, in-
terface appliance 26 non-invasively engages subject 12.
Non-invasive engagement includes removably engaging
an area (or areas) surrounding one or more external or-
ifices of the airway of subject 12 (e.g., nostrils and/or
mouth) to communicate gas between the airway of sub-
ject 12 and subject interface 16. Some examples of non-
invasive interface appliance 26 may include, for example,
a blow tube, a nasal cannula, a nasal mask, a nasal/oral
mask, a full face mask, a total face mask, or other inter-
face appliances that communicate a flow of gas with an
airway of a subject.
[0018] Sensors 18 are configured to generate output
signals conveying information related to one or more gas
parameters of the gas within subject interface 16. The
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one or more gas parameters comprise flow, volume,
pressure, temperature, humidity, velocity, and/or other
gas parameters. Gas parameter sensors 18 may com-
prise one or more sensors that measure such parameters
directly (e.g., through fluid communication with the flow
of gas in subject interface 16). Gas parameter sensors
18 may comprise one or more sensors that generate out-
put signals related to one or more parameters of the flow
of gas indirectly. For example, one or more of sensors
18 may generate an output based on an operating pa-
rameter of the pressure regulator 20 (e.g., a valve driver
or motor current, voltage, rotational velocity, and/or other
operating parameters), and/or other sensors. Although
gas parameter sensors 18 are illustrated at a single lo-
cation within (or in communication with) conduit 24 be-
tween interface appliance 26 and pressure regulator 20,
this is not intended to be limiting. Gas parameter sensors
18 may include sensors disposed in a plurality of loca-
tions, such as for example, within pressure regulator 20,
within (or in communication with) interface appliance 26,
and/or other locations.
[0019] Pressure regulator 20 is configured to selective-
ly control flow through subject interface 16. Pressure reg-
ulator 20 is configured to operate in a first mode, a second
mode, and optionally in other modes. In the first mode,
subject interface 16 is closed such that substantially no
gas is communicated with the airway of the subject there-
through. In the second mode the subject interface is
opened to permit gas to be exhausted from the airway
of the subject through subject interface 16.
[0020] In some implementations pressure regulator 20
may comprise one or more of a valve and/or another
pressure regulating device. In one embodiment pressure
regulator 20 may comprise one or more valves in series
and/or in parallel. Examples of valves and/or other pres-
sure regulating devices suitable for inclusion in pressure
regulator 20 include, a plug valve, a ball valve, a check
valve, a butterfly valve, a solenoid, and/or other pressure
regulating devices The pressure regulating devices men-
tioned above and/or other pressure regulating devices
that may be included in pressure regulator 20 may be
controlled hydraulically, pneumatically, via an electric
motor and/or another mode of control configured to open
and/or close a valve and/or other pressure control device.
[0021] In some implementations pressure regulator 20
may be located at one or more locations in system 10.
For example, in one embodiment pressure regulator 20
may be located at one end of subject interface 16, oppo-
site interface appliance 26. In a second embodiment
pressure regulator 20 may be located between interface
appliance 26 and conduit 24.
[0022] Processor 22 is configured to provide informa-
tion processing capabilities in system 10. As such, proc-
essor 22 may include one or more of a digital processor,
an analog processor, a digital circuit designed to process
information, an analog circuit designed to process infor-
mation, a state machine, and/or other mechanisms for
electronically processing information. Although proces-

sor 22 is shown in FIG. 1 as a single entity, this is for
illustrative purposes only. In some implementations,
processor 22 includes a plurality of processing units.
These processing units may be physically located within
the same device, or processor 22 may represent
processing functionality of a plurality of devices operating
in coordination. In some implementations, communica-
tion between processors and/or sensor(s) 18 occurs
wirelessly or via wires.
[0023] As is shown in FIG. 1, processor 22 is config-
ured to execute computer program modules. The com-
puter program modules comprise a pressurization mod-
ule 28, a cough initiation module 30, a cough conclusion
module 31, a control module 32, and optionally other
modules. Processor 22 may be configured to execute
modules 28, 30, 31 and 32 by software; hardware;
firmware; some combination of software, hardware,
and/or firmware; and/or other mechanisms for configur-
ing processing capabilities on processor 22.
[0024] It should be appreciated that although modules
28, 30, 31 and 32 are illustrated in FIG. 1 as being co-
located within a single processing unit, in implementa-
tions in which processor 22 includes multiple processing
units, one or more of modules 28, 30, 31 and 32 may be
located remotely from the other modules. The description
of the functionality provided by the different modules 28,
30, 31 and 32 described below is for illustrative purposes,
and is not intended to be limiting beyond what is defined
in the claims.
[0025] Pressurization module 28 is configured to re-
ceive information indicating whether respiratory effort of
subject 12 (e.g., unassisted respiratory effort) has pres-
surized subject interface 16. Based on the received in-
formation, pressurization module 28 determines whether
subject interface 16 is pressurized. In some embodi-
ments, pressurization module 28 is configured such that
the information indicating whether subject 12 has pres-
surized subject interface 16 comprises an input by sub-
ject 12 to user control interface 14. For example, subject
12 pressurizes subject interface 16 by blowing on inter-
face appliance 26 with pressure regulator 20 in the first
mode (closed). After pressurization, subject 12 pushes
a button of user control interface 14 (or otherwise engag-
es some element of user control interface 14) to indicate
that pressure is built in subject interface 16.
[0026] In some embodiments, pressurization module
28 is configured such that the information indicating
whether the user has pressurized subject interface 16
comprises the output signals of sensors 18. For example,
subject 12 pressurizes subject interface 16 by blowing
on interface appliance 26 with pressure regulator 20 in
the first mode (closed). In such embodiments, pressuri-
zation module 28 determines whether subject interface
16 is appropriately pressurized based on the one or more
gas parameters for which information is conveyed by the
output signals. For example, responsive to a level of a
gas parameter breaching a threshold level, pressuriza-
tion module 28 determines that subject interface 16 is
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pressurized.
[0027] Cough initiation module 30 is configured to de-
tect a cough trigger event during normal breathing of sub-
ject 12 through subject interface 16. This breathing oc-
curs while pressure regulator 20 is operating in the sec-
ond mode so that subject 12 can inhale and exhale freely
through subject interface 16. The information indicating
a cough trigger event comprises one or more gas param-
eters (e.g. pressure, flow, and/or other gas parameters)
concerning which information is conveyed by the output
signals of sensors 18.
[0028] A cough trigger event comprises output signals
that indicate an inhalation in preparation for a cough by
subject 12. Such an inhalation may be referred to as a
preparatory inhalation. A preparatory inhalation may be
distinguished from other inhalations of subject 12 through
subject interface 16 in that a preparatory inhalation may
be sharper (e.g., with a higher magnitude flow rate or a
lower pressure) and/or deeper (e.g., with a higher volume
of flow) that other inhalations by subject 12. In some em-
bodiments, cough initiation module 30 is configured to
detect a cough trigger event based on one or more gas
parameters breaching a threshold level (e.g., pressure
and/or flow breaching threshold(s)). The threshold levels
may be configurable to a user (e.g., subject 12, a doctor,
a caregiver, a researcher, and/or other users), predefined
at manufacture, determined dynamically based on pre-
vious respiration by subject 12, and/or determined in oth-
er manners.
[0029] Cough conclusion module 31 is configured to
detect cough conclusion after exsufflation of subject 12
through subject interface 16. Detection of a cough con-
clusion is made based on input received from subject 12
(e.g., input via user control interface 14 indicating the
user is done with the cough), based on the output signals
of sensor 18, and/or based on other parameters. Detect-
ing a cough conclusion based on the output signals of
sensor 18 may be made by monitoring the output signals
for an indication of changes to one or more gas param-
eters within subject interface 16 indicating that the cough
is concluding or has concluded (e.g., that the air in the
lungs of subject 12 has been depleted). This may include
monitoring one or more of pressure, flow rate, volume
and/or other parameters over individual exsufflation
events and/or groups of exsufflation events (e.g., for the
entire cough, over a sliding window of n most recent
events, etc.).
[0030] By way of non-limiting example, a cough con-
clusion may be detected based on a total exhaled volume
over the span of the cough. Responsive to the total ex-
haled volume reaching a threshold amount, the cough
conclusion may be detected. The threshold amount may
be determined based on an inhaled volume in the inha-
lation prior to the cough, a user configurable setting, pre-
vious coughs by subject 12, and/or determined in other
ways.
[0031] As another non-limiting example, one or more
of pressure, flow rate, and/or volume of individual exsuf-

flation events are monitored to detect a cough conclu-
sion. Responsive to one or more of these parameters
breaching a threshold level during an exsufflation event,
the cough conclusion may be detected (e.g., not reaching
a minimum pressure level, not reaching a minimum flow
rate magnitude, not reaching a minimum volume, etc.).
In some embodiments, a sliding window of n exsufflation
events may be monitored, rather than an individual ex-
sufflation event. In such embodiments, an aggregation
(e.g., a sum, an average, a weighted average, etc.) of
measurements taken during the individual exsufflation
events within the sliding window are compared with a
corresponding threshold level. The thresholds may be
determined based on a user-configurable setting, based
on previous respiration by subject 12 through subject in-
terface 16, predetermined at manufacture, and/or deter-
mined in other ways.
[0032] As yet another non-limiting example, detection
of a cough conclusion is made based on the passage of
time. At some time amount after a cough trigger event,
and/or a first exsufflation event the cough conclusion may
be detected. The time amount may be determined based
on a user-configurable setting, based on previous respi-
ration by subject 12 through subject interface 16, prede-
termined at manufacture, and/or determined in other
ways.
[0033] Control module 32 is configured to control op-
eration of pressure regulator 20 between the first mode
(closed) and the second mode (open) to exsufflate sub-
ject 12. Exsufflation is a forced release of gas from the
lungs of subject 12. Control module 32 is configured to
exsufflate subject 12 by placing pressure regulator 20 in
the second (open) mode until a determination by cough
initiation module 30 that subject 12 has experienced a
cough trigger event. Responsive to such a determination,
control module 32 is configured to place pressure regu-
lator 20 in the first mode. As pressure regulator 20 is
being operated in the first mode, respiratory effort by sub-
ject 12 into subject interface 16 will pressurize subject
interface 16. This pressurization is monitored by pres-
surization module 28 as described above. Responsive
to a determination by pressurization module 28 that sub-
ject 12 has pressurized subject interface 16 sufficient for
a cough, control module 32 is configured to cause a se-
ries of segmented exsufflation events over an individual
exhalation of subject 12. This exsufflation occurs through
subject interface 16. The exsufflation events are created
by toggling pressure regulator 20 between the first mode
and the second mode during the individual exhalation.
Responsive to a determination by cough conclusion mod-
ule 31 that the cough has concluded, control module 32
is configured to place pressure regulator 20 in the second
(open) mode and subject 12 may return to normal breath-
ing.
[0034] By way of illustration, FIG. 2 shows a conven-
tional exsufflation 34 compared to a segmented exsuf-
flation 36 (e.g., including a series of exsufflation events).
Flow during segmented exsufflation 36 rises above con-
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ventional exsufflation 34 at most of the individual exsuf-
flation events. This may result in overall flow out of the
lungs of a subject being greater, more forceful, and/or
more effective at loosening and/or expelling secretions
than the flow associated with conventional exsufflation
34.
[0035] Returning to FIG. 1, control module 32 controls
one or more parameters of the exsufflation events in a
segmented exsufflation. The one or more exsufflation pa-
rameters include, for an individual exsufflation event, the
timing of one or both of transitions between the first mode
and the second mode and transitions between the sec-
ond mode.
[0036] In a comparative example not forming part of
the invention, control module 32 is configured such that
the transitions from first mode to second mode and/or
the transitions from second mode to first mode are initi-
ated based on predetermined timings. The predeter-
mined timings may be based on a period frequency or
period length, a standard length for the first mode, a
standard length for the second mode, and/or other peri-
odic timings. The predetermined timings may vary over
the exhalation (e.g., longer exsufflation events at the be-
ginning of the exhalation and shorter exsufflation events
at the end of the exhalation). These timings may be con-
figurable to a user (e.g., subject 12, a caregiver, a re-
searcher, and/or other users). For example one or more
user settings may be configurable to users via user con-
trol interface 14 to set such timings.
[0037] In the embodiment of the invention shown in
Fig. 1, control module 32 is configured such that the tran-
sitions from first mode to second mode and/or transitions
from second mode to first mode are initiated based on
the output signals generated by sensor 18. For example,
subsequent to an initial exsufflation event, control module
32 may be configured to place pressure regulator 20 in
the first mode of operation, thereby closing subject inter-
face 16. Pressure regulator 20 may remain in the first
mode of operation until respiratory effort by subject 12
against the closure of subject interface 14 causes one or
more gas parameters to breach a threshold level (e.g.,
pressure to rise above a pressure threshold). Responsive
to this, control module 32 may initiate a next exsufflation
event by switching pressure regulator 20 from the first
mode to the second mode of operation. As another ex-
ample, while pressure regulator 20 is being operated in
the second mode, control module 30 may switch such
operation to the first mode responsive to the output sig-
nals of sensor 18 indicating that one or more gas param-
eters have breached a threshold level (e.g., pressure
and/or flow falling below threshold(s)). The threshold lev-
els may be may be configurable to a user (e.g., subject
12, a caregiver, a researcher, and/or other users). For
example one or more user settings may be configurable
to users via user control interface 14 to set such thresh-
olds.
[0038] FIG. 3 illustrates a method 40, not forming part
of the invention, of monitoring and controlling a pressure

support device to enhance cough flow of a subject. The
operations of method 40 presented below are intended
to be illustrative. In some embodiments, method 40 may
be accomplished with one or more additional operations
not described, and/or without one or more of the opera-
tions discussed. Additionally, the order in which the op-
erations of method 40 are illustrated in FIG. 3 and de-
scribed below is not intended to be limiting.
[0039] In some embodiments, method 40 may be im-
plemented in one or more processing devices (e.g., a
digital processor, an analog processor, a digital circuit
designed to process information, an analog circuit de-
signed to process information, a state machine, and/or
other mechanisms for electronically processing informa-
tion). The one or more processing devices may include
one or more devices executing some or all of the oper-
ations of method 40 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 40.
[0040] At an operation 42, a subject interface interfac-
es with the airway of a subject. In some embodiments,
operation 42 is performed by a subject interface and/or
interface appliance the same as or similar to subject in-
terface 16 and/or interface appliance 26 (shown in FIG.
1 and described herein).
[0041] At an operation 43, information indicating a
cough trigger event is detected. In some embodiments,
operation 43 is performed by a processor the same as
or similar to processor 22, (shown in FIG. 1 and described
herein.)
[0042] At an operation 44, a pressure regulator oper-
ates in a first mode. In the first mode the subject interface
is closed. In some embodiments, operation 44 is per-
formed by a pressure regulator the same as or similar to
pressure regulator 20 (shown in FIG. 1 and described
herein).
[0043] At an operation 46, the subject interface is pres-
surized by a subject. The subject pressurizes the subject
interface by exerting air pressure on the subject interface.
In some embodiments, operation 46 is performed by a
subject interface the same as or similar to subject inter-
face 16 (shown in FIG.1 and described herein.)
[0044] At an operation 48, information indicating pres-
surization of the subject interface by the subject is de-
tected. In some embodiments, operation 48 is performed
by a processor the same as or similar to processor 22,
(shown in FIG. 1 and described herein).
[0045] At an operation 50, the pressure regulator tog-
gles between the first closed mode and a second open
mode. In the second mode the subject interface is opened
to permit gas to be exhausted from the airway of the
subject. Toggling between the first and second modes
exsufflates the subject with a series of segmented exsuf-
flation events during a single exhalation. In some em-
bodiments, operation 50 is performed by a pressure reg-
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ulator the same as or similar to pressure regulator 20,
(shown in FIG. 1 and described herein).
[0046] At an operation 51, information indicating cough
conclusion is detected. In some embodiments, operation
51 is performed by a processor the same as or similar to
processor 22, (shown in FIG. 1 and described herein).
[0047] At an operation 52, the pressure regulator tog-
gles to the second (open) mode. In some embodiments,
operation 52 is performed by a pressure regulator the
same as or similar to pressure regulator 20, (shown in
FIG. 1 and described herein).
[0048] In the claims, any reference signs placed be-
tween parentheses shall not be construed as limiting the
claim. The word "comprising" or "including" does not ex-
clude 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 enumer-
ating 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.
[0049] Although the description provided above pro-
vides detail for the purpose of illustration based on what
is currently considered to be the most practical and pre-
ferred embodiments, it is to be understood that such de-
tail 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 that
are within the scope of the appended claims.

Claims

1. A device configured to enhance cough flow of a sub-
ject (12), the device comprising:

a subject interface (16) configured to communi-
cate with an airway of the subject (12);
a pressure regulator (20) configured to selec-
tively control flow through the subject interface
(16), the pressure regulator (20) operating in i)
a first mode in which the subject interface (16)
is closed such that substantially no gas is com-
municated with the airway of the subject (12)
therethrough, and ii) a second mode in which
the subject interface (16) is opened to permit
gas to be exhausted from the airway of the sub-
ject (12) through the subject interface (16);
one or more sensors (18) configured to generate
output signals conveying information related to
one or more gas parameters within the subject
interface (16); and
a controller comprising one or more processors
(22) configured to execute computer program

modules, the computer program modules com-
prising:

a cough initiation module (30) configured to
determine a cough trigger event during nor-
mal breathing of the subject (12) through
the subject interface (16) while the pressure
regulator (20) is operating in the second
mode so that the subject can inhale and ex-
hale freely through the subject interface
(16), wherein the cough trigger event com-
prises the output signals indicating an inha-
lation in preparation for a cough by the sub-
ject (12);
a pressurization module (28) configured to
receive information indicating whether the
subject (12) has pressurized the subject in-
terface (16), and to determine whether the
subject interface (16) is pressurized based
on the received information; and
a control module (32) configured to control
operation of the pressure regulator (20) be-
tween the first mode and the second mode
to exsufflate the subject (12), wherein the
control module (32) is configured to exsuf-
flate the subject (12) by:

placing the pressure regulator (20) in
the second mode until a determination
of a cough trigger event by the cough
initiation module (30);
responsive to such a determination of
a cough trigger event, placing the pres-
sure regulator (20) in the first mode until
a determination by the pressurization
module (28) that the subject (12) has
pressurized the subject interface (16);
and
responsive to such a determination that
the subject (12) has pressurized the
subject interface (16), causing a series
of exsufflation events over an individual
exhalation of the subject (12) through
the subject interface (16) by toggling
the pressure regulator (20) between the
first mode and the second mode during
the individual exhalation, wherein dur-
ing the series of exsufflation events the
timing of one or both of transitions be-
tween the first mode and the second
mode and transitions between the sec-
ond mode and the first mode are deter-
mined based on the output signals.

2. The device of claim 1, further comprising a user con-
trol interface (14), and wherein the pressurization
module (28) is configured such that the information
indicating whether the user has pressurized the sub-
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ject interface (16) comprises an input by the subject
(12) to the user control interface (14).

3. The device of claim 1, wherein the pressurization
module (28) is configured such that the information
indicating whether the user has pressurized the sub-
ject interface (16) comprises the output signals.

Patentansprüche

1. Vorrichtung, die konfiguriert ist, den Hustenfluss ei-
nes Subjekts (12) zu verbessern, wobei die Vorrich-
tung umfasst:

eine Subjektschnittstelle (16), die konfiguriert
ist, mit einem Atemweg des Subjekts (12) zu
kommunizieren;
einen Druckregler (20), der konfiguriert ist, einen
Fluss durch die Subjektschnittstelle (16) selektiv
zu steuern, wobei der Druckregler (20) in i) ei-
nem ersten Modus, in dem die Subjektschnitt-
stelle (16) geschlossen ist, so dass im Wesent-
lichen kein Gas mit dem Atemweg des Subjekts
(12) dadurch übermittelt wird, und ii) in einem
zweiten Modus arbeitet, in dem die Subjekt-
schnittstelle (16) geöffnet ist, um das Ablassen
von Gas aus dem Atemweg des Subjekts (12)
durch die Subjektschnittstelle (16) zu ermögli-
chen;
einen oder mehrere Sensoren (18), die konfigu-
riert sind, Ausgangssignale zu erzeugen, die In-
formationen bezüglich eines oder mehrerer
Gasparameter innerhalb der Subjektschnittstel-
le (16) übertragen; und
eine Steuerung, die einen oder mehrere Prozes-
soren (22) umfasst, die konfiguriert sind, Com-
puterprogrammmodule auszuführen, wobei die
Computerprogrammmodule Folgendes umfas-
sen:

ein Husteninitiierungsmodul (30), das kon-
figuriert ist, ein Hustenauslöserereignis
während des normalen Atmens des Sub-
jekts (12) durch die Subjektschnittstelle (16)
zu bestimmen, während der Druckregler
(20) im zweiten Modus arbeitet, so dass das
Subjekt durch die Subjektschnittstelle (16)
frei einatmen und ausatmen kann, wobei
das Hustenauslöserereignis die Ausgangs-
signale umfasst, die eine Einatmung in Vor-
bereitung auf einen Husten durch das Sub-
jekt (12) anzeigen;
ein Druckbeaufschlagungsmodul (28), das
konfiguriert ist, Informationen zu empfan-
gen, die anzeigen, ob das Subjekt (12) die
Subjektschnittstelle (16) mit Druck beauf-
schlagt hat, und um basierend auf den emp-

fangenen Informationen zu bestimmen, ob
die Subjektschnittstelle (16) mit Druck be-
aufschlagt ist; und
ein Steuermodul (32), das konfiguriert ist,
den Betrieb des Druckreglers (20) zwischen
dem ersten Modus und dem zweiten Modus
zu steuern, um das Subjekt (12) zu ex-
sufflieren, wobei das Steuermodul (32) kon-
figuriert ist, das Subjekt (12) zu exsufflieren
durch:

Versetzen des Druckreglers (20) in den
zweiten Modus bis zur Bestimmung ei-
nes Hustenauslöserereignisses durch
das Husteninitiierungsmodul (30);
als Reaktion auf eine solche Bestim-
mung eines Hustenauslöserereignis-
ses, Versetzen des Druckreglers (20)
in den ersten Modus bis zu einer Be-
stimmung durch das Druckbeaufschla-
gungsmodul (28), dass das Subjekt
(12) die Subjektschnittstelle (16) mit
Druck beaufschlagt hat; und
als Reaktion auf eine solche Bestim-
mung, dass das Subjekt (12) die Sub-
jektschnittstelle (16) mit Druck beauf-
schlagt hat, was eine Reihe von Exsuf-
flationsereignissen über eine individu-
elle Ausatmung des Subjekts (12)
durch die Subjektschnittstelle (16) ver-
ursacht, indem der Druckregler (20)
zwischen dem ersten Modus und dem
zweiten Modus während der individu-
ellen Ausatmung umgeschaltet wird,
wobei während der Reihe von Exsuffla-
tionsereignissen der Zeitpunkt eines
oder beider von Übergängen zwischen
dem ersten Modus und dem zweiten
Modus und Übergängen zwischen dem
zweiten Modus und dem ersten Modus
basierend auf den Ausgangssignalen
bestimmt werden.

2. Vorrichtung nach Anspruch 1, weiterhin umfassend
eine Benutzersteuerungsschnittstelle (14), und wo-
bei das Druckbeaufschlagungsmodul (28) derart
konfiguriert ist, dass die Informationen, die anzei-
gen, ob der Benutzer die Subjektschnittstelle (16)
mit Druck beaufschlagt hat, eine Eingabe durch das
Subjekt (12) in die Benutzerschnittstelle (14) um-
fasst.

3. Vorrichtung nach Anspruch 1, wobei das Druckbe-
aufschlagungsmodul (28) so konfiguriert ist, dass die
Informationen, die angeben, ob der Benutzer die
Subjektschnittstelle (16) mit Druck beaufschlagt hat,
die Ausgangssignale umfasst.
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Revendications

1. Dispositif configuré pour augmenter le débit de la
toux d’un sujet (12), le dispositif comprenant :

une interface sujet (16) configurée pour commu-
niquer avec une voie aérienne du sujet (12) ;
un régulateur de pression (20) configuré pour
commander sélectivement le débit à travers l’in-
terface sujet (16), le régulateur de pression (20)
fonctionnant dans i) un premier mode dans le-
quel l’interface sujet (16) est fermée de sorte
qu’il n’y ait sensiblement pas de gaz qui com-
munique avec la voie aérienne du sujet (12) à
travers celle-ci et ii) un second mode dans lequel
l’interface sujet (16) est ouverte pour permettre
au gaz de s’échapper de la voie aérienne du
sujet (12) à travers l’interface sujet (16) ;
un ou plusieurs capteurs (18) configurés pour
générer des signaux de sortie acheminant des
informations en rapport avec un ou plusieurs pa-
ramètres de gaz dans l’interface sujet (16) ; et
un dispositif de commande comprenant un ou
plusieurs processeurs (22) configurés pour exé-
cuter des modules de programmes, les modules
de programmes d’ordinateur comprenant :

un module d’initiation de toux (30) configuré
pour déterminer un événement de déclen-
chement de la toux au cours d’une respira-
tion normale du sujet (12) à travers l’inter-
face sujet (16), tandis que le régulateur de
pression (20) fonctionne dans le second
mode en sorte que le sujet puisse inhaler
et exhaler librement à travers l’interface su-
jet (16), dans lequel l’événement de déclen-
chement de la toux comprend les signaux
de sortie indiquant une inhalation en prépa-
ration d’une toux par le sujet (12) ;
un module de mise sous pression (28) con-
figuré pour recevoir des informations indi-
quant si le sujet (12) a ou non mis sous pres-
sion l’interface sujet (16) et déterminer si
l’interface sujet (16) est ou non mise sous
pression sur la base des informations
reçues ; et
un module de commande (32) configuré
pour commander le fonctionnement du ré-
gulateur de pression (20) entre le premier
mode et le second mode pour exsuffler le
sujet (12), dans lequel le module de com-
mande (32) est configuré pour exsuffler le
sujet (12) par :

mise en place du régulateur de pres-
sion (20) dans le second mode jusqu’à
une détermination d’un événement de
déclenchement de toux par le module

d’initiation de toux (30) ;
mise en place, à la suite de cette déter-
mination d’un événement de déclen-
chement de toux, du régulateur de
pression (20) dans le premier mode jus-
qu’à une détermination par le module
de mise sous pression (28) que le sujet
(12) a mis sous pression l’interface su-
jet (16) ; et
en initiant, à la suite d’une telle déter-
mination que le sujet (12) a mis sous
pression l’interface sujet (16), une série
d’événements d’exsufflation sur une
exhalation individuelle du sujet (12) à
travers l’interface sujet (16) en faisant
basculer le régulateur de pression (20)
entre le premier mode et le second mo-
de au cours de l’exhalation individuelle,
dans lequel, au cours de la série d’évé-
nements d’exsufflation, le synchronis-
me d’une ou des deux transitions entre
le premier mode et le second mode et
les transitions entre le second mode et
le premier mode sont déterminés sur la
base des signaux de sortie.

2. Dispositif selon la revendication 1, comprenant en
outre une interface de commande utilisateur (14), et
dans lequel le module de mise sous pression (28)
est configuré de sorte que les informations indiquant
si l’utilisateur a mis ou non sous pression l’interface
sujet (16) comprennent une entrée par le sujet (12)
dans l’interface de commande utilisateur (14).

3. Dispositif selon la revendication 1, dans lequel le mo-
dule de mise sous pression (28) est configuré de
sorte que les informations indiquant si l’utilisateur a
ou non mis sous pression l’interface sujet (16) com-
prennent les signaux de sortie.
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