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RESPIRATORY INTERFACE APPARATUS

[0001] The present invention relates to respiratory pressure
testing (e.g., diagnostic testing) and therapy including use of
such testing and therapy in diagnosing and treating sleep
disordered breathing, and in particular relates to a system and
method for effectively controlling exhaled gases, such as
CO,, and/or re-breathing of exhaled gases, such as CO,,
during respiratory pressure testing and therapy.

[0002] A number of methods and tests for diagnosing sleep
disordered breathing conditions involving some extent of
respiratory failure, such as obstructive sleep apnea and central
apnea, have been developed. One of the most popular meth-
ods involves probing the severity and nature of the respiratory
failure using a mask and a flow generating device that is set to
deliver multiple varying breathing gas pressures to the airway
of'the patient through the mask. In this method, the breathing
gas pressures that are delivered to the patient range from
positive to negative with respect to atmospheric pressure, and
the mask part of the system is sealed from the ambient envi-
ronment.

[0003] Insome testing sequences, the flow of breathing gas
is set to zero or very near zero, and the patient is essentially
breathing under his or her own power. At zero flow, exhaust
gases from the patient can build CO, in the mask and the hose
or other conduit connecting the mask to the flow generating
device (collectively referred to as the breathing circuit). Such
CO, build-up within the breathing circuit can be problematic
as it may effect some of the measurements/readings that are
taken and often makes the mask and system uncomfortable
for the patient. This is especially challenging when the pres-
sure source flow to or from the mask is close to zero.

[0004] As noted above, the described patient therapy/test
systems sometimes require negative pressures, which means
negative airflow draws on the patient’s breathing to aid exha-
lation or resist inhalation effort. Controlling exhaled CO, in
such a situation is often particularly challenging. In addition,
there are testing schemes where it is desired to reduce the
amount of resistance to exhale or inhale flow, or the amount of
pressure from the pressure source, for patient comfort or other
some other function. In such schemes, it is difficult for the
pressure source to react adequately or to relieve mask pres-
sure at various times in the respiratory cycle while flushing
the line of undesired CO, or other exhaled gases.

[0005] One particular area where exhaled gases such as
CO, can be a problem is in the determination of sleep pheno-
typing parameters (commonly referred to as sleep phenotyp-
ing). Sleep phenotyping parameters comprise metrics that
quantify aspects of the physiology and/or physiological per-
formance of an individual that characterize a sleep phenotype
of the individual. The sleep phenotype of an individual
describes the predisposition of that individual (e.g., due to
physiological characteristics of the individual) to one or more
sleep disorders (e.g., obstructive sleep apnea, Cheyne-Stokes
breathing, restless legs syndrome, etc.). Examples of sleep
phenotyping parameters include critical pharyngeal closing
pressure, upper airway vibration characteristics, upper air-
way muscle responsiveness, arousal threshold, and ventila-
tory control feedback loop gain. United States Patent Appli-
cation Publication No. 2009/0082639, owned by the assignee
of the present invention and entitled “Automatic Sleep Phe-
notyping”, the disclosure of which is incorporated herein by
reference, describes a system that determines one or more
sleep phenotyping parameters of a subject by providing a
stimulus to the subject when a trigger condition relating to the
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current sleep stage of the subject has been met, wherein the
response of the subject to the stimulus enables information
related to the one or more sleep phenotyping parameters to be
determined In one embodiment of such a system, the stimulus
that is provided to the subject is a flow of pressurized gas
delivered to the airway of the subject. In such a system, the
presence of exhaled gases such as CO, in the breathing circuit
can adversely effect the parameters being measured.

[0006] There is thus a need for a system and method for
effectively controlling exhaled CO, and/or CO, re-breathing
during respiratory pressure testing (e.g., diagnostic testing)
and therapy including sleep disordered breathing testing situ-
ations.

[0007] Inone embodiment, a respiratory interface appara-
tus is provided that includes a patient contacting portion
structured to engage a face of the patient, a common chamber
fluidly coupled to the patient contacting portion, a first control
chamber, a first flow regulating mechanism provided between
the first control chamber and the common chamber, a second
control chamber, and a second flow regulating mechanism
provided between the second control chamber and the com-
mon chamber.

[0008] Inanother embodiment, a method controlling a flow
of one or more exhaled gases during respiratory pressure
therapy or testing is provided that includes attaching a respi-
ratory interface apparatus to a head of a patient, the respira-
tory interface apparatus having a contacting portion struc-
tured to engage a face of the patient, a common chamber
fluidly coupled to the patient contacting portion, a first control
chamber, and a second control chamber. The method also
includes, during an expiratory phase of the patient’s respira-
tory cycle, permitting fluid flow from the common chamber to
the first control chamber and restricting fluid flow from the
common chamber to the second control chamber to prevent a
first predetermined amount of a patient exhaust flow from
entering the second control chamber, and during an inspira-
tory phase of the patient’s respiratory cycle, permitting fluid
flow from the second control chamber to the common cham-
ber and restricting fluid flow from the first control chamber to
the common chamber to prevent a predetermined amount of
at least one of the one or more exhaled gases from flowing into
the common chamber from the first control chamber.

[0009] These and other objects, features, and characteris-
tics of the present invention, as well as the methods of opera-
tion 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 cor-
responding 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 invention. As used in the speci-
fication and in the claims, the singular form of “a”, “an”, and
“the” include plural referents unless the context clearly dic-
tates otherwise.

[0010] FIG. 1isaschematic diagram of system for control-
ling the flow of one or more exhaled gases, such as CO,, and
controlling re-breathing of one or more exhaled gases, suchas
CO,, during respiratory pressure testing or therapy according
to one exemplary embodiment of the present invention; and

[0011] FIG. 2 is a schematic diagram of system for control-
ling the flow of one or more exhaled gases, such as CO,, and
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controlling re-breathing of one or more exhaled gases, such as
CO,, during respiratory pressure testing or therapy according
to an alternative exemplary embodiment of the present inven-
tion.

[0012] 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.
[0013] Asemployed, herein, the statement that two or more
parts or components are “coupled” together shall mean that
the parts are joined or operate together either directly or
through one or more intermediate parts or components.
[0014] Asemployed 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.
[0015] As employed herein, the term “number” shall mean
one or an integer greater than one (i.e., a plurality).

[0016] FIG. 1 is a schematic diagram of system 2 for con-
trolling the flow of exhaled gases, such as CO,, and in par-
ticular controlling re-breathing of exhaled gases, such as
CO.,, during respiratory pressure testing or therapy according
to one exemplary embodiment of the present invention. Sys-
tem 2 includes pressure source 4 operatively coupled to patent
interface apparatus 6. Pressure source 4 in the illustrated
embodiment includes pressure generator 8 and controller 10.
Pressure generator 8 is configured to generate a pressurized
flow of breathable gas for delivery to the airway of the patient
via patent interface apparatus 6. One or more parameters of
the pressurized flow of breathable gas generated by pressure
generator 8 may be controlled by pressure generator 8. For
example, pressure generator 8 may control one or more of the
pressure, the flow rate, the composition, and/or other param-
eters of the pressurized flow of breathable gas. In one embodi-
ment, pressure generator 8 includes a gas source and one or
more components that control the flow and/or pressure of a
pressurized flow of gas generated from the gas within the gas
source. The gas source may include any supply (or supplies)
of breathing gas, such as, for example, ambient atmosphere, a
tank of pressurized gas, a wall gas source, and/or other bodies
of breathable gas. The breathing gas from the gas source can
be any breathable gas, such as air, oxygen, an oxygen mixture,
a mixture of a breathing gas and a medication, which can be
in gaseous form (e.g., nitric oxide, nebulized, etc.), and/or
other breathable gases. The one or more components that
control one or more parameters of the pressurized flow of
breathable gas may include one or more of a valve, a blower,
a piston, a bellows, and/or other mechanisms for controlling
one or more parameters of the pressurized flow of breathable
gas. Controller 10 may be, for example and without limita-
tion, a microprocessor or a microcontroller. The function of
controller 10 in the illustrated embodiment is described else-
where herein.

[0017] Patent interface apparatus 6 in the illustrated
embodiment also includes conduit 12, wherein a first end of
conduit 12 is fluidly coupled to an output of pressure source 4,
and in particular the output of pressure generator 8. A second
end of conduit 12 is fluidly coupled to an input of fluid coupler
14. Fluid coupler 14 transforms a single input fluid path into
two output fluid paths. A first one of those output fluid paths
is fluidly coupled to exhaust hose/conduit 16, and a second
one of those output fluid paths is fluidly coupled to fresh
hose/conduit 18.
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[0018] Patent interface apparatus 6 further includes patient
interface assembly 20. Patient interface assembly 20 includes
mask body 22 that is in fluid communication with flow control
assembly 24, the details of which are described below. Mask
body 22 facilitates the delivery of the flow of breathing gas
generated by pressure source 4 to the airway of a patient, and
may be, without limitation, a nasal mask, anasal/oral mask, or
a full face mask. In an exemplary embodiment, mask body 22
includes a patient contacting portion 21 (e.g., a cushion)
coupled to a frame or shell. The patient contacting portion 21
is made of a soft, flexible material, such as, without limitation,
silicone, an appropriately soft thermoplastic elastomer, a
closed cell foam, or any combination of such materials. In
addition, the frame or shell is made of a rigid or semi-rigid
material such as, without limitation, polycarbonate or rein-
forced silicone. An opening in the frame or shell is provided
in order to enable mask body 22 to be fluidly coupled to flow
control assembly 24.

[0019] Flow control assembly 24 includes exhaust side
control chamber 26 that is fluidly coupled to exhaust hose/
conduit 16 and fresh side control chamber 28 that is fluidly
coupled to fresh hose/conduit 18. Flow control assembly 24
further includes common chamber 30 that is fluidly coupled
to mask body 22. In the illustrated embodiment, exhaust side
control chamber 26 includes active exhaust side flow control
valve 32 and fresh side control chamber 28 includes active
fresh side flow control valve 34. In the illustrated embodi-
ment, exhaust side flow control valve 32 and fresh side flow
control valve 34 may be any type of suitable, electromechani-
cally operated valve. Exhaust side flow control valve 32 is
actuated by driver/actuator 36 under the control of processor
10, and similarly fresh side flow control valve 34 is actuated
by driver/actuator 38 under the control of processor 10.
Exhaust side control chamber 26 and fresh side control cham-
ber 28 may each be selectively placed in fluid communication
with common chamber 30 through selective actuation of
exhaust side flow control valve 32 and fresh side flow control
valve 34, respectively.

[0020] In addition, in the illustrated embodiment, exhaust
side control chamber 26 includes active exhaust side venting
valve 40 and fresh side control chamber 28 includes active
fresh side venting valve 42 which may be used to selectively
vent exhaust side control chamber 26 and fresh side control
chamber 28 to atmosphere. In the illustrated embodiment,
exhaust side venting valve 40 and fresh side venting valve 42
may be any type of suitable, electromechanically operated
valve. Exhaust side venting valve 40 is actuated by driver/
actuator 44 under the control of processor 10, and similarly
fresh side venting valve 42 is actuated by driver/actuator 46
under the control of processor 10.

[0021] As seen in FIG. 1, patent interface apparatus 6 also
includes a number of sensors for sensing parameters such as
one or more of pressure, CO, level, O, level or flow rate
within various parts of patent interface apparatus 6. In the
illustrated embodiment, patent interface apparatus 6 includes
first parameter sensor 46A provided within mask body 22,
second parameter sensor 46B provided within common
chamber 30, and third parameter sensor 46C provided within
exhaust side control chamber 26. Information gathered by
first, second and third parameter sensors 46 A, 46B and 46C is
provided to processor 10 through sensor acquisition inter-
faces 48A, 48B, 48C. Furthermore, pressure, flow, CO, and/
or O, sensors may be employed in any section of the air paths
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of the system 2, in any valve/port described above, and/or in
the environment surrounding system 2.

[0022] System 2 as described herein may be used any time
a closed pressurized system is needed for respiratory testing,
therapy, or other respiratory purpose. For example, system 2
may be used for testing purposes in order to diagnose sleep
disordered breathing in a patient. Alternatively, system 2 may
be used to provide pressure support therapy to treat a sleep
disordered breathing condition of a patient. In any such uses,
pressure of various levels (positive and/or negative) is gener-
ated by pressure source 4 and is provided to the airway of the
patient during one or more portions of or all of the patient’s
respiratory cycle. As will be appreciated by those of skill in
the art, the particulars of such pressure levels will depend on
and be dictated by the needs of the particular application.
Regardless of such particulars, the present invention provides
a mechanism for effectively controlling the flow of exhaled
gases, such as CO,, and controlling re-breathing of exhaled
gases, such as CO,, when the pressure levels are provided to
the patient.

[0023] Operation of system 2 according to one exemplary
embodiment of the invention will now be described. During
the expiratory phase of the patient’s respiratory cycle: (i)
exhaust side flow control valve 32 is partially or fully opened
to enable exhaust flow from the patient to be vented to the
exhaust hose/conduit 16 and out valve 40 and/or 43 and back
to the pressure source 4 if the pressure of the pressure source
output is less than that in the exhaust hose 16, and (ii) fresh
side flow control valve 34 is fully or partially closed to prevent
an unwanted amount (e.g. from zero up to some permissible
threshold level) of one or more gases, such as CO,, (from the
patient exhaust flow) from passing down through fresh hose/
conduit 18. During the inspiratory phase of the patient’s
respiratory cycle: (i) exhaust side flow control valve 32 is
fully or partially closed to prevent an unwanted amount (e.g.
from zero up to some permissible threshold level) of one or
more gases, such as CO,, from flowing into common chamber
30 and mask body 22, and (ii) fresh side flow control valve 34
is partially or fully opened to enable fresh gas (provided at
least in part by pressure source 4) to be provided to the patient
through common chamber 30 and mask body 22. It should be
understood that the fresh gas supply may or may not include
some negative flow bias, which may be desired in the therapy
or testing use of system 2.

[0024] Furthermore, exhaust side venting valve 40 may be
partially or fully opened during the expiratory phase of the
patient’s respiratory cycle to relieve pressure within mask
body 22 or flow control assembly 24 when the pressure and/or
flow and/or CO, (or some other exhaled gas) level and/or O,
level in one or more of mask body 22, common chamber 30 or
exhaust side control chamber 26 exceeds a predetermined
threshold as measured by one or more of the parameter sen-
sors 46A, 465, 46C. In addition, fresh side venting valve 42
may be partially or fully opened during the inspiratory phase
of the patient’s respiratory cycle to supplement the gas flow
from pressure source 4 with supplemental flow from the
ambient atmosphere. This may be important if the fresh hose/
conduit 18 is too small or pressure source 4 is limited in
providing adequate flow at a peak portion during the inspira-
tory phase.

[0025] In addition, additional active or passive valves 43
may be provided in any or all of exhaust hose/conduit 16,
fresh hose/conduit 18 or conduit 12. When such valves 43 are
provided, exhaust side venting valve 40 and/or fresh side
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venting valve 42 may be partially or fully opened to enable
fresh air to flush the exhaust hose/conduit 16, fresh hose/
conduit 18 and or conduit 12, with the flushing air flow being
vented to atmosphere through flow provided in any or all of
exhaust hose/conduit 16, fresh hose/conduit 18 or conduit 12.
These additional valves 43 may also be used to vent pressure
or exhaust gas from system 2.

[0026] Inaddition, one or more of exhaust side flow control
valve 32, fresh side flow control valve 34, exhaust side vent-
ing valve 40 and fresh side venting valve 42 may be controlled
to enable a predetermined amount of gases, such as CO,,
generated and exhaled by the patient, to be trapped in one or
both of the air paths defined by exhaust hose/conduit 16 and
fresh hose/conduit 18 and be re-breathed by the patient.
[0027] Furthermore, controller 10 may be structured to
interface to other equipment and/or operators, and/or may
include a memory to record information, a power supply,
and/or other common features of known electronic device
control systems.

[0028] According to an alternative embodiment, control of
exhaust side flow control valve 32, fresh side flow control
valve 34, exhaust side venting valve 40 and fresh side venting
valve 42 is entirely provided by a living operator. Sensors (as
described above), a scheme for displaying information (such
as sensor outputs) for the living operator, and means for
enabling the operator to control the actuators 36, 38, 42, 44
are provided in this configuration. Semi-automated control
means may also be provided to assist the operator.

[0029] FIG. 2 is a schematic diagram of system 2' for con-
trolling the flow of one or more exhaled gases, such as CO,,
re-breathing of one or more exhaled gases, such as CO,,
during respiratory pressure testing or therapy according to an
alternative exemplary embodiment of the present invention.
System 2'is similar to system 2 shown in FIG. 1 and described
above, and like components are labeled with like reference
characters. However, system 2' differs from system 2 in a
number of ways as described below.

[0030] System 2' includes pressure source 4' operatively
coupled to patent interface apparatus 6'. Pressure source 4' in
the illustrated embodiment includes pressure generator 8 as
described elsewhere herein, but does not include a separate
controller 10 (as is known in the art, pressure generator 8 may
include its own processor for controlling the delivery of
breathing gas at the desired pressure levels).

[0031] Patent interface apparatus 6' in the illustrated
embodiment includes conduit 12 coupled to an input of fluid
coupler 14 as described elsewhere herein in connection with
system 2. However, patent interface apparatus 6' of system 2'
further includes first intermediate conduit 50 coupled to fluid
coupler 52 and second intermediate conduit 54 coupled to
fluid coupler 56. As seen in FIG. 2, first and second interme-
diate conduits 50, 54 are coupled to the outputs of fluid
coupler 14. As also seen in FIG. 2, fluid coupler 52 is fluidly
coupled to exhaust hose/conduit 16, fluid coupler 56 is fluidly
coupled to fresh hose/conduit 18. In the illustrated embodi-
ment, first and second intermediate conduits 50, 54 having a
larger diameter than each of exhaust hose/conduit 16 and
fresh hose/conduit 18 (e.g., first and second intermediate
conduits 50, 54 may each be standard 22 mm hose and
exhaust hose/conduit 16 and fresh hose/conduit 18 may each
be 15 mm hoses. The smaller diameter of exhaust hose/con-
duit 16 and fresh hose/conduit 18 provides greater comfort to
the patient during sleep, as long as the resistance to flow does
not become high enough to prevent the pressure source 4'
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from providing the flow and pressure required, and as long as
the resistance does not become disturbing to the subject. Such
a configuration may also be used in the embodiment of FIG.
1.

[0032] Patent interface apparatus 6' further includes patient
interface assembly 20'. Patient interface assembly 20’
includes mask body 22 as described elsewhere herein in con-
nection with FIG. 1 that is in fluid communication with flow
control assembly 24', the details of which are described
below.

[0033] Flow control assembly 24' includes exhaust side
control chamber 26' that is fluidly coupled to exhaust hose/
conduit 16 and fresh side control chamber 28' that is fluidly
coupled to fresh hose/conduit 18. Flow control assembly 24'
further includes common chamber 30 that is fluidly coupled
to mask body 22. In the illustrated embodiment, exhaust side
control chamber 26' includes exhaust side flow control valve
58 in the form of a one-way passive valve, and fresh side
control chamber 28" includes fresh side flow control valve 60
also in the form of a one-way passive valve. Exhaust side flow
control valve 58 and fresh side flow control valve 60 may be
any type of suitable, passive flow regulating/restricting valve,
such as, without limitation, a pressure actuated duck-bill
valve. Alternatively, exhaust side flow control valve 58 and
fresh side flow control valve 60 may be any type of suitable,
non-valve type passive flow regulating/restricting, such as,
without limitation, a one way valve such as a flapper valve,
parachute valve, one-direction fan or turbine.

[0034] In addition, exhaust side control chamber 26'
includes passive flow regulating/restricting mechanism 62
and fresh side control chamber 28' includes passive regulat-
ing/restricting mechanism 64 which may be used to vent
exhaust side control chamber 26' and fresh side control cham-
ber 28' to atmosphere. In the illustrated embodiment, flow
regulating/restricting mechanisms 62, 64 are each a fixed
leak/fixed resistance port comprising a disk shaped member
having a plurality of orifices, although other suitable passive
flow regulating/restricting mechanisms such as, without limi-
tation, a passive one-way valve, may also be used.

[0035] Inthe illustrated embodiment, during the expiratory
phase of the patient’s respiratory cycle: (i) exhaust side flow
control valve 58 is, in response to patient exhalation flow,
caused to be opened to enable exhaust flow from the patient to
be vented to the exhaust hose/conduit 16 out valve 40 and/or
43 and back to the pressure source 4 if the pressure of the
pressure source output is less than that in the exhaust hose 16,
and (ii) fresh side flow control valve 60 is closed (e.g., biased
closed) to prevent one or more gases, such as CO,, (from the
patient exhaust flow) from passing down through fresh hose/
conduit 18. During the inspiratory phase of the patient’s
respiratory cycle: (i) exhaust side flow control valve 58 is
closed (e.g., biased closed) to prevent one or more gases, such
as CO,, from flowing into common chamber 30 and mask
body 22, and (ii) fresh side flow control valve 60 is caused to
be opened to enable fresh gas (provided at least in part by
pressure source 4') to be provided to the patient through
common chamber 30 and mask body 22.

[0036] Furthermore, passive flow regulating/restricting
mechanism 62 may, during the expiratory phase of the
patient’s respiratory cycle, relieve pressure within mask body
22 or flow control assembly 24. In addition, passive flow
regulating/restricting mechanism 64 may, during the inspira-
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tory phase of the patient’s respiratory cycle, supplement the
gas flow from pressure source 4' with supplemental flow from
the ambient atmosphere.

[0037] In other alternative exemplary embodiments, sys-
tem 2 or system 2' may be modified such that the flow path
including exhaust hose/conduit 16 and the flow path includ-
ing fresh hose/conduit 18 each have a separate pressure
source 4 or 4' or such that one or both of such flow paths are
vented directly to atmospheric pressure (rather than being
coupled to pressure source 4 or 4'). In still another alternative
exemplary embodiment, system 2 or system 2' may be con-
figured without exhaust hose/conduit 16 and fresh hose/con-
duit 18, with the associated hose ports being blocked-off.
With this configuration, atmospheric pressure is the reference
and limited diagnostics can be performed, using the flow
control valves 32, 34, 58, 60 and resistance pressure (both
positive and negative) generated by control of the flow resis-
tance of valves 40, 42 and flow regulating/restricting mecha-
nisms 62, 64. In connection with such a variation of system 2,
controller 10 may be separate from patient interface assembly
20 or 20' but in communication with same, or integrated into
patient interface assembly 20 or 20", such as in the mask body
22.

[0038] According to further alternative embodiments,
some or all of the valves, ports, and sensors described above
may be integrated into a mask body such as mask body 22 as
is viable within the requirements of the testing/therapy
scheme. It should also be understood that the valves described
herein may actually be multiple valve arrangements, or may
be combinations of passive and actively controlled valves.
[0039] As noted elsewhere herein, the present invention
may be employed in multiple situations where a closed pres-
surized system is needed for respiratory testing, therapy, or
other respiratory purpose. For example, and without limita-
tion, the present invention may be used to implement an
interface system for a Critical Pressure (Pcrit) respiratory
diagnostic system, to implement an interface system for the
provision of respiratory therapy (especially with low flow
rate), to implement an interface system for the provision of
ventilatory therapy or assistance (especially with low flow
rate), as a self-contained ventilatory therapy mask, or as a
self-contained Pcrit diagnostic system.

[0040] In one specific, non-limiting example, the present
invention may be employed during automatic sleep pheno-
typing to control the flow of one or more exhaled gases, such
as CO,. More specifically, as stated elsewhere herein, United
States Patent Application Publication No. 2009/0082639, the
disclosure of which is incorporated herein by reference,
describes a system that determines one or more sleep pheno-
typing parameters of a subject. In one embodiment, the sys-
tem includes a sleep sensor, a stimulus generator, and a pro-
cessor. The sleep sensor generates signals that convey
information related to the physiological functions that indi-
cate the sleep stage of the subject. The stimulus generator
provides a stimulus to the subject that enables information
related to the sleep phenotyping parameters to be determined.
The processor receives the signals generated by the sleep
sensor and is in operative communication with the stimulus
generator. The processor (i) determines, based on the signals
received from the sleep sensor, whether a trigger condition
related to the current sleep stage of the subject is satisfied, (ii)
controls the stimulus generator to provide the stimulus to the
subject if the trigger condition is satisfied, and (iii) quantifies
the response of the subject to the stimulus to enable informa-
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tion related to one or more sleep phenotyping parameters of
the subject to be determined In one particular embodiment,
the stimulus generator comprises a device that provides a flow
of pressurized gas to the airway of a subject to support the
airway during sleep (e.g., a Positive Airway Pressure device
(“PAP device™)). Provision of such a stimulus to the subject
may include reducing the pressure of the flow of gas to levels
at which the subject is susceptible to respiratory challenges
(e.g., apneas, airway obstructions, etc.). Thus, in one exem-
plary embodiment, patent interface apparatus 6 or patent
interface apparatus 6' may be employed in a sleep phenotyp-
ing system, such as, without limitation, the sleep phenotyping
just described, to control the flow of one or more exhaled
gases, such as CO,. In another exemplary embodiment, sys-
tem 2 or 2' discussed herein may be modified/configured to
implement an automatic sleep phenotyping system as
described in, for example, United States Patent Application
Publication No. 2009/0082639, by providing the necessary
sleep sensor or sensors and programming the controller
thereof to operate as describe in United States Patent Appli-
cation Publication No. 2009/008263. By controlling the flow
of'one or more exhaled gases, such as CO,, the adverse effect
that such exhaled gases may have on the measured parameters
may be limited.

[0041] Although the invention has been described in detail
for the purpose of illustration based on what is currently
considered to be the most practical and preferred embodi-
ments, it is to be understood that such detail is solely for that
purpose and that the invention is not limited to the disclosed
embodiments, but, on the contrary, is intended to cover modi-
fications and equivalent arrangements that are within the
spirit and scope of the appended claims. For example, it is to
be understood that the present invention contemplates that, to
the extent possible, one or more features of any embodiment
can be combined with one or more features of any other
embodiment.

1. A respiratory interface apparatus (6, 6'), comprising:

apatient contacting portion (21) structured to engage a face
of the patient;

a common chamber (30) fluidly coupled to the patient
contacting portion;

a first control chamber (26, 26');

a first flow regulating mechanism (32, 58) provided
between the first control chamber and the common
chamber;

a second control chamber (28, 28'); and

a second flow regulating mechanism (34, 60) provided
between the second control chamber and the common
chamber.

2. The respiratory interface apparatus according to claim 1,
wherein the first flow regulating mechanism is structured to
selectively fluidly couple the first control chamber to the
common chamber, and wherein the second flow regulating
mechanism is structured to selectively fluidly couple the sec-
ond control chamber to the common chamber.

3. The respiratory interface apparatus according to claim 1,
wherein the patient contacting portion is part of a mask body
(22), and wherein the common chamber, the first control
chamber and the second control chamber are coupled to the
mask body and together form a patent interface assembly.

4. The respiratory interface apparatus according to claim 3,
further comprising a first conduit (16) fluidly coupled to the
first control chamber and a second conduit (18) fluidly
coupled to the second control chamber.
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5. The respiratory interface apparatus according to claim 4,
further comprising a pressure source (4, 4') structured to
generate a flow of breathing gas, the first conduit and the
second conduit being fluidly coupled to the pressure source.

6. The respiratory interface apparatus according to claim 5,
wherein the pressure source includes a pressure generator (8)
and a controller (10), wherein the first flow regulating mecha-
nism is a first active valve controlled by the controller and is
structured to selectively fluidly couple the first control cham-
ber to the common chamber, and wherein the second flow
regulating mechanism is a second active valve controlled by
the controller and is structured to selectively fluidly couple
the second control chamber to the common chamber.

7. The respiratory interface apparatus according to claim 6,
wherein the controller is structured to actuate the first active
valve in a first predetermined manner and actuate the second
active valve in a second predetermined manner during an
expiratory phase of the patient’s respiratory cycle to enable
exhaust flow from the patient to be vented to the first conduit
and to prevent a predetermined amount of the patient exhaust
flow from entering the second conduit, and wherein the con-
troller is structured to actuate the first active valve in a third
predetermined manner and actuate the second active valve in
a fourth predetermined manner during an inspiratory phase of
the patient’s respiratory cycle to prevent a predetermined
amount of CO, from flowing into the common chamber from
the first conduit and to enable gas provided by the pressure
source to flow into the common chamber from the second
conduit.

8. The respiratory interface apparatus according to claim 7,
wherein the actuation in the first predetermined manner opens
the first active valve, wherein the actuation in the second
predetermined manner closes the second active valve,
wherein the actuation in the third predetermined manner
closes the first active valve, and wherein the actuation in the
fourth predetermined manner opens the second active valve.

9. The respiratory interface apparatus according to claim 7,
wherein the first control chamber further includes a third flow
regulating mechanism (40, 62) to selectively or constantly
couple the first control chamber to atmosphere and the second
control chamber further includes a fourth flow regulating
mechanism (42, 64) structured to selectively or constantly
couple the second control chamber to atmosphere.

10. The respiratory interface apparatus according to claim
9, wherein the third flow regulating mechanism is a third
active valve controlled by the controller and the fourth flow
regulating mechanism is a fourth active valve controlled by
the controller, wherein the controller is structured to actuate
the third active valve in a fifth predetermined manner and
actuate the fourth active valve in a sixth predetermined man-
ner during the expiratory phase of the patient’s respiratory
cycle, and wherein the controller is structured to actuate the
third active valve in a seventh predetermined manner and
actuate the fourth active valve in an eighth predetermined
manner during the inspiratory phase of the patient’s respira-
tory cycle.

11. The respiratory interface apparatus according to claim
10, wherein the patent interface assembly includes one or
more sensors (46A, 46B, 46C) operatively coupled to the
controller, and wherein the controller controls one or more of
the first, second, third and fourth active valves based on an
output of the one or more sensors.
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12. The respiratory interface apparatus according to claim
11, wherein the one or more sensors sense one or more of
pressure, CO, level, O, level and flow rate.
13. The respiratory interface apparatus according to claim
5, wherein the first flow regulating mechanism and the second
flow regulating mechanism are passive.
14. The respiratory interface apparatus according to claim
13, wherein the first flow regulating mechanism and the sec-
ond flow regulating mechanism are each one of a one-way
passive valve and a fixed leak/fixed resistance port.
15. The respiratory interface apparatus according to claim
13, wherein the first flow regulating mechanism is a one way
passive valve that opens responsive to flow out of the common
chamber into the first control chamber and wherein the sec-
ond flow regulating mechanism is a one way passive valve
that opens responsive to flow out of the second control cham-
ber into the common chamber.
16. The respiratory interface apparatus according to claim
13, wherein the first control chamber further includes a third
flow regulating mechanism to selectively or constantly
couple the first control chamber to atmosphere and the second
control chamber further includes a fourth flow regulating
mechanism structured to selectively or constantly couple the
second control chamber to atmosphere, wherein the third flow
regulating mechanism and the fourth flow regulating mecha-
nism are passive.
17. The respiratory interface apparatus according to claim
16, wherein the third flow regulating mechanism and the
fourth flow regulating mechanism are each one of a one-way
passive valve and a fixed leak/fixed resistance port.
18. A system of enabling determination of one or more
sleep phenotyping parameters of a subject including the res-
piratory interface apparatus according to claim 1.
19. A method controlling a flow of one or more exhaled
gases during respiratory pressure therapy or testing, compris-
ing:
attaching a respiratory interface apparatus (6, 6') to a head
of a patient, the respiratory interface apparatus having a
patient contacting portion (21) structured to engage a
face of the patient, a common chamber (30) fluidly
coupled to the patient contacting portion, a first control
chamber (26, 26"), and a second control chamber (28,
28);

during an expiratory phase of the patient’s respiratory
cycle, permitting fluid flow from the common chamber
to the first control chamber and restricting fluid flow
from the common chamber to the second control cham-
ber to prevent a first predetermined amount of a patient
exhaust flow from entering the second control chamber;
and

during an inspiratory phase of the patient’s respiratory

cycle, permitting fluid flow from the second control
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chamber to the common chamber and restricting fluid
flow from the first control chamber to the common
chamber to prevent a predetermined amount of at least
one of the one or more exhaled gases from flowing into
the common chamber from the first control chamber.

20. The method according to claim 19, wherein the at least
one of the one or more exhaled gases is CO, and the method
is a method of controlling CO, re-breathing.

21. The method according to claim 19, wherein the restrict-
ing fluid flow from the common chamber to the second con-
trol chamber comprises completely preventing fluid flow
from the common chamber to the second control chamber,
and wherein restricting fluid flow from the first control cham-
ber to the common chamber comprises completely preventing
flow from the first control chamber to the common chamber.

22. The method according to claim 19, further comprising
providing a flow of breathing gas to the respiratory interface
apparatus.

23. The method according to claim 22, further comprising
venting the first control chamber to atmosphere at least during
the expiratory phase.

24. The method according to claim 23, further comprising
monitoring one or more parameters within the respiratory
interface apparatus and wherein the venting is performed
responsive to a value of at least one of the one or more
parameters exceeding a threshold.

25. The method according to claim 23, wherein the one or
more parameters comprises one or more of pressure, CO,
level, O, level and flow rate.

26. The method according to claim 22, further comprising
venting the second control chamber to atmosphere at least
during the inspiratory phase.

27. The method according to claim 19, wherein the permit-
ting fluid flow from the common chamber to the first control
chamber, the restricting fluid flow from the common chamber
to the second control chamber, the permitting fluid flow from
the second control chamber to the common chamber, and the
restricting fluid flow from the first control chamber to the
common chamber each comprises actuating a valve (32, 34).

28. The method according to claim 19, wherein the respi-
ratory pressure testing is automatic sleep phenotyping,
wherein the method is a method of controlling the flow of the
one or more exhaled gases during a determination of one or
more sleep phenotyping parameters, wherein the method
includes providing a stimulus in the form of a pressurized
flow of breathing gas to the patient during either or both of the
expiratory phase and the inspiratory phase, and wherein a
response to the enables information related to the one or more
sleep phenotyping parameters to be determined.

* * Ed Ed *



RiES

[ i (S RIR) A ()

RE(EFR)AGE)

HERB(E R AGE)

FRI& B A

EHA

IPCH 3=

CPCH¥E=

L5
H M2 TF S0k
S\EREERR

BEG®)

B (21) , RAARERBEEMIS (21) WAHEE (30) , %
—RBIEE (26) ) , REEFE—EHE (26 ) MAHE (30) ZEB
E-RERETIM (32) , F2EHE (28) MEBEEE-EHEZR
HEZREBRETYE (34) (28) MHEHE (30),

FREORE
US20130102916A1 NI (»&E)B
US13/703698 RiEHR

COLBAUGH MICHAEL EDWARD
A& CHRISTOPHER SCOTT

COLBAUGH , MICHAEL EDWARD
A% , CHRISTOPHER SCOTT

EREFHBFN.V.

COLBAUGH MICHAEL EDWARD
LUCCI CHRISTOPHER SCOTT

COLBAUGH, MICHAEL EDWARD
LUCCI, CHRISTOPHER SCOTT

A61M16/06 A61B5/00 A61B5/085 A61B5/097 A61M16/00 A61M16/20

A61M16/0816 A61M16/0833 A61M2016/0027 A61M2016/0036 A61M2016/0042 A61M2016/1025

patsnap

2013-04-25

2011-05-18

A61M2016/103 A61M2202/0208 A61M2202/0275 A61M2230/432 A61M2230/435 A61B5/085 A61B5

/097 A61B5/4818 A61M16/0057 A61M16/06 A61M16/20 A61M16/208

61/357200 2010-06-22 US

US9901695

Espacenet USPTO

4
43t
Py

Pressure Source

Pressure

Controller

10

Generator
LV



https://share-analytics.zhihuiya.com/view/6a0c6125-86ac-4357-a0c4-bd5bb8a62545
https://worldwide.espacenet.com/patent/search/family/044588224/publication/US2013102916A1?q=US2013102916A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220130102916%22.PGNR.&OS=DN/20130102916&RS=DN/20130102916

