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(57) ABSTRACT

A control system (706) provides automated control of gas
washout of a patient interface, such as a mask or nasal prongs.
A gas washout vent assembly (60) of the system may include
a variable exhaust area such as one defined by overlapping
apertures of the assembly or a conduit having a variable gas
passage channel. The vent assembly may be formed by nested
structures, such as conic or cylindrical members, each having
an opening of the overlapping apertures. The vent assembly
may be attached substantially near or included with the
patient interface. An actuator of the assembly, such as a sole-
noid or voice coil, manipulates an aperture of the vent assem-
bly. The actuator may be configured for control by a controller
to change the exhaust area of the vent assembly based on
various methodologies including, for example, sleep detec-
tion, disordered breathing event detection, rebreathing vol-
ume calculation and/or leak detection.
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VENT ARRANGEMENT FOR RESPIRATORY
MASK

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of the filing dates
of U.S. Provisional Patent Application Nos. 61/534,044 filed
Sep. 13, 2011, and 61/558,158 filed Nov. 10, 2011, the dis-
closures of which are hereby incorporated herein by refer-
ence.

FIELD OF THE TECHNOLOGY

[0002] The present technology relates to conduits for a
respiratory treatment apparatus such as a vent arrangement
for a mask assembly that may be implemented for a respira-
tory pressure treatment including, for example, Non-invasive
Positive Pressure Ventilation (NPPV) and continuous positive
airway pressure (CPAP) therapy of sleep disordered breath-
ing (SDB) conditions such as obstructive sleep apnea (OSA).

BACKGROUND OF THE TECHNOLOGY

[0003] Treatment of sleep disordered breathing (SDB),
such as obstructive sleep apnea (OSA), by a respiratory treat-
ment apparatus such as a continuous positive airway pressure
(CPAP) flow generator system involves a delivery of air (or
other breathable gas) at pressures above atmosphetric pressure
to the airways of a human or other mammalian patient via a
conduit and/or a mask. Typically, the mask fits over the mouth
and/or nose of the patient, or it may be an under-nose style
such as a nasal pillows or nasal cushion style mask. Pressur-
ized air flows to the mask and to the airways of the patient via
the nose and/or mouth. As the patient exhales. carbon dioxide
gas may collect in the mask and breathing circuit. A washout
vent in the mask or conduit may be implemented to refresh the
gas in the circuit by virtue of the positive pressure maintained
within the circuit. By providing adequate renewal of gas at the
patient-end of the circuit, the patient’s exhaled gas can be
expelled from the mask to atmosphere.

[0004] Thewashout vent is normally located in the mask or
substantially near the mask in a gas delivery conduit coupled
to the mask. The washout of gas through the vent to the
atmosphere removes exhaled gases to prevent carbon dioxide
build-up. “Rebreathing” of exhaled carbon dioxide may be a
health risk to the mask wearer. Rebreathing may occur of the
contents of any circuit volume on the patient side of the vent
(the circuit “deadspace”). This is most problematic for those
patients whose tidal volume is not substantially larger than
this “deadspace”. Rebreathing may also occur of any exhaled
volume that extends beyond the vent back up the circuitaway
from the patient. Any of this exhaled gas that remains at the
start of the next inspiration will represent a proportion of
rebreathing. Whether such a residual exhaled volume exists
or not depends on the degree of venting, the patient’s tidal
volume, and the breath pattern. Breathing patterns more
likely to foster rebreathing are those with substantial tidal
volumes and minimal end-expiratory pause (e.g., obstructive
lung mechanics such as in COPD). Adequate gas washout
may be achieved by selecting a vent size and configuration
that allows a minimum safe washout flow at a low operating
CPAP pressure, which typically can be as low as 4 cm H,O for
adults and 2 cm H,O for children.
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[0005] WO 2006/102708 describes an air delivery system
with a vent valve that is controlled to maintain a substantially
constant air flow in the air delivery conduit and the air flow
generator.

[0006] W(O2005/051468 describes a vent assembly for use
withamask assembly. The vent assembly includes a first vent,
asecond vent and a selector to switch the flow of exhaled gas
from a patient between the first and second vents.

[0007] There is a need for a gas washout vent arrangement
which allows for adequate venting of carbon dioxide while
permitting efficient air delivery to the patient.

SUMMARY OF THE TECHNOLOGY

[0008] One aspect of the present technology relates to a
washout vent arrangement for respiratory mask apparatus
which incorporates a variable effective venting area or aper-
ture(s).

[0009] Further aspects of the present technology relate to
an air delivery apparatus incorporating a gas vent arrange-
ment, and to apparatus, systems and methods for controlling
variable venting of gases.

[0010] Inoneform, thetechnology provides a vent arrange-
ment for venting of gases from a respiratory treatment appa-
ratus, including a vent member having a vent portion, and a
vent cover member for controllably covering a variable area
of said vent portion.

[0011] Some aspects of the present technology involve an
apparatus for automated control of gas washout of a patient
interface of a respiratory treatment apparatus. The apparatus
may include a vent assembly having a variable exhaust area
defined by apertures of the vent assembly, the vent assembly
being associated with a patient interface to vent expiratory
gas; and an actuator to manipulate an aperture of the vent
assembly. Optionally, the apparatus may also include a con-
troller including a processor, the controller coupled with the
actuator, wherein the controller may be configured to operate
the actuator to change the exhaust area of the vent assembly.
Optionally, the exhaust area may be defined by overlapping
apertures.

[0012] Insome such cases, the processor may be configured
to switch between a treatment setting for the variable exhaust
area and the comfort setting for the variable exhaust area. The
processor may be configured with a user interface for input of
comfort settings including a setting for the variable exhaust
area. Optionally, the comfort settings may be further include
one or more of a humidity setting, pressure setting and a
temperature setting.

[0013] Insome such cases, the processor may be configured
to determine a measure of patient ventilation and adjust the
variable exhaust area as a function of the measure of patient
ventilation. For example, the variable exhaust area may be
decreased if the measure of patient ventilation meets or
exceeds a threshold. Optionally, the measure of patient ven-
tilation may include an instability index. The instability index
may include at least one of a moving window standard-de-
viation of ventilation, a central apnoea index, a central hypop-
noea index, a central apnoea-hypopnoea index, a persistent
apnoea-hypopnoea index, and a respiratory disturbance
index.

[0014] In some such cases, the controller may be config-
ured to detect a Cheyne-Stokes respiration cycle from a
patient flow signal and phase-lock adjustments to the variable
exhaust area to control rebreathing cycles according to the
phase-lock.
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[0015] The controller may optionally be configured to con-
trol operation of a flow generator. The processor may also be
configured to detect a presence or absence of an unintentional
leak and control the change to the exhaust area based on the
detection of the presence or absence of the unintentional leak.
Optionally, the processor may close the exhaust area in
response to the detection of a presence of a leak or open the
exhaust area in response to the detection of a presence of a
leak to lower a mask pressure to ambient pressure. In some
cases, the processor may close and open the exhaust area in
response to a continued detection of a presence of a leak.

[0016] Still further, the processor may change the exhaust
area as a function of a quantification of the unintentional leak.
For example, the processor may decrease the exhaust area
based on a threshold comparison of a value of the quantifica-
tion. The processor may also be configured to detect a sleep
state and control the change to the exhaust area based on the
detection of the sleep state. For example, the processor may
initiate a cyclical variation of the exhaust area in response to
the detection of sleep state. Optionally, the processor may
maintain an approximately constant exhaust area in response
to the detection of an absence of sleep.

[0017] In some cases, the processor may be configured to
detect a breathing condition and control the change to the
exhaust area based on the detection of the breathing condi-
tion. For example, the detected breathing condition may be a
central apnea or central hypopnea and the processor is con-
figured to control a decrease to the exhaust area based on the
detection of the central apnea or central hypopnea. The pro-
cessor may be configured to control an increase of the exhaust
area based on a further detection of an absence of central
apnea or central hypopnea.

[0018] Insome cases, the processor may control changes to
the exhaust area in synchrony with detected patient respira-
tion. The processor may control changes to the exhaust area as
a function of a measure of pressure. The processor may con-
trol changes to the exhaust area as a function of a measure of
flow such as a measure of flow through the exhaust area. The
processor may control changes to the exhaust area to permit a
vent flow of the exhaust area to mirror patient flow. The
processor may control changes to the exhaust area as a func-
tion of a measure of patient flow. The controller or processor
may control changes to the exhaust area as a function of a
calculation of a rebreathed volume.

[0019] In some cases, the vent assembly may include
nested first and second conic structures, each have an opening
of the overlapping apertures. The vent assembly may include
nested first and second cylindrical structures, each have an
opening of the overlapping apertures. Optionally, an opening
of the apertures may include a set of grooves.

[0020] In some cases, the vent assembly may include
nested firstand second structures, each have an opening of the
overlapping apertures and the actuator may include a motor
and an induction coil coupled to the first structure, and the
structures may be configured to adapt a size of the overlap-
ping apertures by rotation of the first structure.

[0021] Insome cases, the actuator may include one or more
of a voice coil and a magnet. The actuator may include a
pneumatic piston. The actuator may include a motor such as
a piezo motor. Optionally, the apparatus may also include a
spring mechanism, such a torsion spring, configured to return
the variable exhaust area of the vent assembly to a normally
open position.
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[0022] In some aspects, the vent assembly may include a
floating aperture portion, which may include a flexible mate-
rial. The vent assembly may include a foam vent portion, such
as a foam that has a variable effective porosity along its
length. In some cases, the vent assembly may include a flex-
ible cylinder having a plurality of slits, the plurality of slits
being configured to expand and contract with an expansion
and contraction of the flexible cylinder. Optionally, the vent
assembly may include first and second plates.

[0023] Someaspects of the present technology may involve
a system for automated control of gas washout of a patient
interface. The system may include a vent assembly having a
variable exhaust area defined by overlapping apertures of the
vent assembly, the vent assembly being attachable to a patient
interface; and an actuator to manipulate an aperture of the
vent assembly, the actuator configured for control by a pro-
cessor to change the exhaust area of the vent assembly. The
vent assembly may also include nested first and second conic
structures, eachhave an opening of the overlapping apertures.
[0024] The vent assembly may include nested first and
second cylindrical structures, each having an opening of the
overlapping apertures. An opening of the overlapping aper-
tures may include a set of grooves. The vent assembly may
include nested first and second structures, each having an
opening of the overlapping apertures and wherein the actuator
comprises a motor and an induction coil coupled to the first
structure, and wherein the structures are configured to adapt a
size of the overlapping apertures by rotation of the first struc-
ture. The actuator may include a voice coil. The actuator may
include a pneumatic piston. The actuator may include an
induction coil and/or piezo motor. The system may also
include a spring mechanism, such as a torsion spring, config-
ured to return the variable exhaust area of the vent assembly
to a normally open position.

[0025] In some aspects of the system, the first cylindrical
structure may include a coil groove extending along a length
of the cylindrical structure and the coil groove may include a
coil. Optionally, the second cylindrical structure may be mag-
netized. In some cases, the first cylindrical structure may be
formed by halves split longitudinally such that each half
includes a coil groove. In some cases, the first cylindrical
structure may be formed in thirds that split longitudinally
such that each third includes a coil groove.

[0026] In some aspects of the system, the vent assembly
may include a plurality of adjustable flaps. Selective move-
ment of subsets of the plurality of flaps may vary the exhaust
area of the vent. A plurality of coils may generate magnetic
fields to manipulate the flaps. The flaps may be flexible. In
some cases, each flap may include a magnetized edge portion.
[0027] In some aspects of the system, the vent assembly
may include a fabric including a plurality of flexible threads
and/or a plurality of flexible layers. Selective movement of
one or more subsets of the threads and/or one or more subsets
of the layers may vary the exhaust area of the vent. A plurality
of coils may generate magnetic fields to manipulate some or
all of the threads and/or some or all of the layers.

[0028] In some aspects of the system, the vent assembly
may include first and second plates. The first plate may
include a plurality of projections for selectively plugging
corresponding apertures of the second plate. In some such
cases, the second plate may include a plurality of projections
for selectively plugging corresponding apertures of the first
plate. Optionally, the projections may be conic shaped and the
apertures may be funnel shaped. A biasing member may be
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coupled to the first and second plates. The biasing member
may bias the first and second plates to an open configuration.
[0029] In some aspects of the system, the vent assembly
may include one or more caps. Each cap may be configured to
selectively cover and uncover a plurality of apertures of an
inner vent member. Optionally, a coil may generate a mag-
netic field to selectively attract or repel the cap(s) with respect
to the inner vent member.

[0030] In some aspects of the system, the vent assembly
may include a vent fan. The vent fan may be configured at an
aperture of the vent assembly. The vent fan may have a con-
troller to control the fan to regulate the exhaust through the
aperture.

[0031] In some aspects of the system, the actuator may
include an adjustable diaphragm. The adjustable diaphragm
may be configured to selectively increase or decrease expira-
tory flow through the diaphragm such as by adjusting its
diameter. Optionally, the adjustable diaphragm may include a
piezo-ceramic ring or an electro-active polymer ring. In some
such cases, a plurality of adjustable diaphragms may regulate
flow through a plurality of vent apertures. The adjustable
diaphragm may also be adapted on a surface of a flexible
expiratory conduit. In some such cases, the flexible expiratory
conduit may encompass an inspiratory conduit.

[0032] In some aspects of the system, the vent assembly
may include an expiratory chamber and a piston. The piston
may be arranged to move within the expiratory chamber to
selectively block one or more venting apertures of a surface of
the expiratory chamber. In some such cases, the actuator may
include a coil to generate a magnetic field to selectively posi-
tion the piston. Such vent assemblies may include a manual
adjustment mechanism to limit a range of movement of the
piston. The manual adjustment mechanism may be config-
ured to apply a tension to a range of movement of the piston.
In some cases, the adjustment mechanism may include a
threaded post and a spring.

[0033] In some such systems, the vent assembly includes
nested first and second structures, each have an opening of the
overlapping apertures, the apparatus further comprising a
processor configured to operate the actuator. The processor
may be configured to detect a presence or absence of an
unintentional leak and control a change to the exhaust area
based on the detection of the presence or absence of the
unintentional leak. The processor may close the exhaust area
in response to the detection of a presence of a leak. The
processor may open the exhaust area in response to the detec-
tion of a presence of a leak to lower a mask pressure to
ambient pressure. The processor may close and/or open the
exhaust area in response to a continued detection of a pres-
ence of a leak. The processor of the system may change the
exhaust area as a function of a quantification of the uninten-
tional leak. For example, it may decrease the exhaust area
based on a threshold comparison of a value of the quantifica-
tion.

[0034] The processor of the system may also be configured
to detect a sleep state and control the change to the exhaust
area based on the detection of the sleep state. The processor
may initiate a cyclical variation of the exhaust area as a
function of a detected sleep state. The processor may option-
ally maintain an approximately constant exhaust area in
response to the detection of an absence of sleep. The proces-
sor may also be configured to detect a breathing condition and
control the change to the exhaust area based on the detection
of the breathing condition. The detected breathing condition
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may include a central apnea or central hypopnea and the
processor may be configured to control a decrease to the
exhaust area based on the detection of the central apnea or
central hypopnea. Such a processor may also be configured to
control an increase of the exhaust area based on a further
detection of an absence of central apnea or central hypopnea.
[0035] Insome cases,aprocessorofthe system may control
changes to the exhaust area as a function of a measured
patient flow. The processor may control changes to the
exhaust area in synchrony with detected patient respiration to
permit a vent flow of the exhaust area to mirror patient flow.
[0036] Optionally, the system may include a controller hav-
ing a processor, the controller coupled with the actuator, the
controller configured to operate the actuator to change the
exhaust area of the vent assembly. The processor may be
configured to switch between a treatment setting for the vari-
able exhaust area and the comfort setting for the variable
exhaust area. The processor may be configured with a user
interface for input of comfort settings including a setting for
the variable exhaust area. The comfort settings may further
include one or more of a humidity setting, pressure setting
and a temperature setting.

[0037] The processor of the system may be configured to
determine a measure of patient ventilation and adjust the
variable exhaust area as a function of the measure of patient
ventilation. In such a case, the variable exhaust area may be
decreased if the measure of patient ventilation meets or
exceeds a threshold. Such a measure of patient ventilation
may include an instability index. The instability index may
include at least one of a moving window standard-deviation
of ventilation, a central apnoea index, a central hypopnoea
index, a central apnoea-hypopnoea index, a persistent
apnoea-hypopnoea index, and a respiratory disturbance
index.

[0038] Optionally, the controller of the system may be con-
figured to detect a Cheyne-Stokes respiration cycle from a
patient flow signal and phase-lock adjustments to the variable
exhaust area to control rebreathing cycles according to the
phase-lock. The controller may also be configured to control
operation of a flow generator.

[0039] Someaspects of the present technology may involve
an apparatus for automated control of gas flow rate for wash-
out of a patient interface of a respiratory treatment apparatus.
Such an apparatus may include a conduit having a gas flow
channel. The apparatus may also include a slug configured to
traverse within the conduit to vary a gas passage size of the
channel of the conduit. Optionally, the gas flow channel may
include a plurality of steps for the slug. The gas flow channel
may be tapered. Optionally, the plurality of steps may com-
prise symmetrical steps. The slug may be magnetic. In some
cases, the apparatus may also include an actuator for the slug
that includes a plurality of electromagnets configured to
manipulate the slug.

[0040] In some cases, the conduit may include a set of
threads, conduit thread, and the slug may include a set of
threads, slug threads. The set of conduit threads may include
one or more break portion grooves. Such a break portion
groove may be a tapered groove. Optionally, the set of conduit
threads may include a plurality of thread sizes. Such a set of
conduit threads may further include one or more a break
portion grooves.

[0041] Insome cases, an actuator for the slug may be con-
figured to manipulate the slug. Such an actuator may include
a plurality of coils positioned externally of the gas flow chan-
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nel. In some embodiments, the apparatus may include a con-
troller with a processor. The controller may be coupled with
the actuator and may be configured to operate the actuator to
vary the size of the gas flow channel to permit more orless gas
flow through the channel. Optionally, in some embodiments,
the conduit may be coupled to a gas washout vent of a respi-
ratory mask.

[0042] Some aspects of the present technology may involve
an apparatus for control of gas washout of a patient interface
of a respiratory treatment apparatus. The apparatus may
include an assembly having a variable exhaust area defined by
a plurality of overlapping blades of the assembly; and an
actuator to manipulate an aperture of the vent assembly, the
actuator coupled with the blades. The assembly may include
first and second blade mounts. The actuator may include a
drive lever coupled with the plurality of blades. The actuator
may include a slot for the drive lever. In some cases, the
actuator may include a yoke coupled with the drive lever. The
actuator may include a ring having magnetic sections. The
actuator may include a set of field coils. Optionally, in some
cases, the actuator may include a yoke coupled with the drive
lever. Such a yoke may include a ring having magnetic sec-
tions, and the actuator may include a set of field coils config-
ured to control a rotation of the ring. In some such examples,
the apparatus may also include a processor, such as a control-
ler of a respiratory treatment apparatus, configured to operate
the field coils.

[0043] In some cases, the apparatus may have a biasing
member. The biasing member may be configured to bias
movement of the actuator toward a pre-set position. The pre-
set position may be an open exhaust area defined by the
plurality of overlapping blades. In some cases, the apparatus
may include a housing coupled with the assembly and actua-
tor. The housing may be a conduit adaptor for a gas delivery
conduit of a respiratory treatment apparatus. The housing
may be a venting port of a mask for a respiratory treatment
apparatus.

[0044] Other aspects, features, and advantages of this tech-
nology will be apparent from the following detailed descrip-
tion when taken in conjunction with the accompanying draw-
ings, which are a part of this disclosure and which illustrate,
by way of example, principles of the technology. Yet further
aspects of the technology will be apparent from the appended
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] Further example embodiments of the technology
will now be described with reference to the accompanying
drawings, in which:

[0046] FIG.1isaschematic diagram of a respiratory treat-
ment apparatus;
[0047] FIGS. 2A, 2B and 2C show the components of one

example embodiment of a variable area vent assembly;

[0048] FIG. 3 shows incorporation of a variable area vent
assembly into a respiratory mask and gas conduit arrange-
ment;

[0049] FIG. 4 shows incorporation of a variable area vent
assembly into an under-nose nasal pillows style respiratory
mask;

[0050] FIGS. 5a, 55 and 5¢ contain an illustration of coni-

cal versions of the components of a variable area vent assem-
bly:
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[0051] FIGS. 6A and 6B are graphs illustrating various
functions for controlled vent flow verses patient respiratory
flow in some embodiments;

[0052] FIG. 7 is a schematic diagram showing example
components of a controller suitable for implementation in
some embodiments of the present technology;

[0053] FIGS. 8A and 8B contain an illustration of a further
conical example of the components of a variable area vent
assembly;

[0054] FIGS. 9A, 9B and 9C illustrate a variable area vent
assembly implemented with rotatable disks;

[0055] FIGS. 10, 10A, 10B. 10C, 11, 12A and 12B illus-
trate various embodiments of a variable area vent assembly
for rotatable and/or axial adjustment of vent flow;

[0056] FIGS.13A,13B,13C and 13D illustrate an example
compressible/expandable vent assembly for varying vent
flow;

[0057] FIG. 14 shows a cross section of a threaded conduit
having a movable slug for controlling adjustment of flow
through the conduit such as for a variable vent;

[0058] FIGS. 15A, 15B, 15C are cross sectional views of a
stepped conduit having a movable slug for controlled adjust-
ment of flow through the conduit taken along line ABC of
FIG. 15E;

[0059] FIG. 15D is a cross sectional view of the conduit of
FIGS. 15A, 15B and 15C taken along line DD of FIG. 15E;

[0060] FIG. 15E is a top plan view of the conduit of FIGS.
15A, 15B, 15C and 15D;

[0061] FIG. 15F is a top plan view of an example movable
slug suitable for some embodiments of the present technol-
0gy;

[0062] FIG. 15G is a top plan view of a conduit suitable for

use with the slug of FIG. 15F;

[0063] FIG. 16 is an illustration of a Cheyne-Stokes breath-
ing pattern;
[0064] FIG.17A is a graph illustrating a simulated Cheyne-

Stokes breathing flow pattern;

[0065] FIG. 17B is a graph of a ventilation measure and a
standard deviation SD of the ventilation measure taken from
the simulated patient flow of FIG. 17A,;

[0066] FIG. 17C is a signal graph illustrating an example
calculated rebreathed volume signal suitable for controlling
operations of a vent assembly of the present technology;
[0067] FIG. 18A is an isometric view of an example elec-
tro-magnetic cover member for a variable vent assembly;
[0068] FIG. 18B is an isometric view of an inner vent
member suitable for use with the cover member of FIG, 18A;
[0069] FIG. 18C is an end view of the cover member of the
embodiment of FIG. 18A;

[0070] FIG. 18D is an end view of a further example
embodiment of a cover member similar to the embodiment of
FIG. 18A;

[0071] FIGS.19A and 19B illustrate operation of a variable
venting assembly including a plurality of magnetically con-
trolled flaps in a closed and open configuration respectively;
[0072] FIGS.20A and 20B illustrate a porous material with
layers for selectively varying flow in some vent assemblies of
the present technology;

[0073] FIGS.21A and 21B illustrate a porous material with
fibers or threads for selectively varying flow in some vent
assemblies of the present technology:

[0074] FIGS. 22A and 22B illustrate a porous and stretch-
able material for selectively varying flow in some vent assem-
blies of the present technology;
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[0075] FIGS. 23A and 23B illustrate a venting assembly
with mating protrusions for selectively varying flow in some
vent assemblies of the present technology:

[0076] FIGS. 24A and 24B show cross-sectional views of
another example embodiment of a vent assembly in closed
and opened positions respectively;

[0077] FIG. 25 is an illustration of respiratory treatment
apparatus with a patient interface that includes a mask fan
vent;

[0078] FIGS.26A and 26B illustrate operation of a conduit
for a variable area vent including an adjustable diaphragm in
an open and partial closed position respectively;

[0079] FIGS. 27A and 27B show a cross sectional illustra-
tion of a mask assembly including a variable area vent in an
open and partially closed position respectively;

[0080] FIGS. 28A and 28B contain a cross sectional view
of a further embodiment of a mask assembly including a
variable area vent in an open and partially closed position
respectively;

[0081] FIG. 29A is a side view of a variable area vent
embodiment including an adjustable iris and controller
mechanism;

[0082] FIG.29B is a front view of the embodiment of FIG.
29A:

[0083] FIG. 29C is top plan view of the embodiment of
FIG. 29A;

[0084] FIG. 29D is a side cross section view of a variable

area vent embodiment of FIG. 29A within a housing;

[0085] FIG. 30 is an cross sectional perspective illustration
of an adapter housing with the mechanism of FIG. 294,
[0086] FIGS. 31 and 32 are isometric perspective view
illustration of components of an iris assembly;

[0087] FIG. 33 is an isometric perspective illustration of a
magnetic yoke assembly for the mechanism of FIG. 29A,;
[0088] FIG. 34 is an isometric perspective illustration of a
control coil assembly for the mechanism of FIG. 29A; and
[0089] FIG. 35 is a cross sectional perspective of the
mechanism of F1G. 29A in a conduit housing.

DETAILED DESCRIPTION

Example Respiratory Treatment Apparatus

[0090] FIG. 1 schematically illustrates an air delivery sys-
tem of a respiratory treatment apparatus for delivering breath-
able gas to a patient under pressure, for example, as used in
CPAP therapy for sleep disordered breathing (SDB), in accor-
dance with one example embodiment of the current technol-
ogy.

[0091] The basic components of the system of FIG. 1 are a
flow generator 10, optionally a humidifier 15 which may be
either integrated with or separate from the flow generator, and
an air delivery conduit 20 leading from the flow generator—
or from humidifier if fitted—to a patient interface 30 which is
in comnunication with the patient’s airways.

[0092] The air flow generator may be of a type generally
known in the art, such as the ResMed S9™ series flow gen-
erator, and may incorporate a housing with an air inlet, a
blower capable of delivering air to the patient at a pressure of,
for example, 2 to 30 cm H20, or 4 to 25 cm H20, and an air
outlet adapted for connection of air delivery conduit 20 or
humidifier 15.

[0093] The flow generator may further include sensors 45,
such as pressure and flow sensors, and a microprocessor
control (e.g., processor 40) which may be capable of receiv-
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ing signals from sensors 45 and any remote sensors 50, and to
use the information from those sensors in control of the flow
generator 10 and/or humidifier 15.

[0094] The air delivery conduit 20 may be a flexible tube,
for example between 8-22 mm or preferably 15 or 19 mm
internal diameter, for delivering the pressurized (and possibly
humidified) air to the patient interface 30. The conduit 20 may
also incorporate one or more heating elements (not shown)
for regulating temperature of the gas passing through the
conduit and for preventing condensation (“rain-out”) inside
the tube.

[0095] The air delivery conduit 20 may also include one or
more wires 55 for carrying signals to and/or from the com-
ponents (e.g., remote sensors 50) located at or adjacent the
patient interface 30 back to/from the processor 40. Alterna-
tively, the signals may be multiplexed and transmitted over a
heating wire of the air conduit. An example of a heated tube is
disclosed in PCT application WO 2008/055308, filed 8 Nov.
2007. Still further, signals from and/or to the sensors and
control components of the vent arrangements may be com-
municated wirelessly.

[0096] The patient interface 30 may be, for example, a
nasal, pillows, prongs, cradle, full face or oro-nasal mask
sealingly engaging the patient’s nares, nose, and/or mouth.
Examples of some of these types of mask are the ResMed
Mirage Activa™, Mirage Swiftt™™ II mask and Ultra
Mirage™ masks.

[0097] In the embodiment illustrated in FIG. 1, the patient
interface also includes a gas washout vent component—
(schematically shown at reference character 60), examples of
which are described in more detail below. The air delivery
conduit 20 may have a control wire 65 for providing signals to
control the gas washout vent and/or other active components
at the patient interface end of the conduit. Optionally, the
control wire may also carry multiplexed signals representing
measurements by sensors associated with the operation of the
vent arrangements or sensors of the patient interface.

[0098] Alternatively, the vent assembly 60 for gas washout
may be positioned in the air delivery path proximal to the
patient interface 30. For example, it may be positioned
between the patient interface end of conduit 20 and the patient
interface 30.

[0099] Alternatively, the vent assembly 60 for gas washout
may be displaced or positioned remote from the patient inter-
face 30. For example, the vent assembly 60 may be positioned
at the flow generator 10.

Variable Area Gas Washout Vent

[0100] Insomeembodiments of the present technology, the
gas washout vent component may be a variable area gas
washout vent. A variable area gas washout vent may have one
or more of the following advantages. A fixed vent will typi-
cally require an increase in flow (and power) of the flow
generator in order to increase CO, washout and a decrease in
flow of the flow generator to decrease washout. However, a
variable vent may increase or decrease CO, washout without
such power increases or decreases simply by opening or
closing the vent. Changes to CO, washout may also be made
more rapidly and/or with more precision with a variable vent
when compared to waiting for the flow generator to change
pressure and flow to do so with a fixed vent. Moreover, when
combining flow generator changes with the adjustment of a
variable vent, even quicker and/or more precise adjustments
to washout may be achieved. Furthermore, use of a variable
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mask vent can permit a patient to feel less claustrophobic
since a more open vent with a greater vent flow can make a
mask feel more open.

[0101] Moreover, such a vent may allow for a reduction of
the flow of air to the patient. It may reduce turbulence of air
and thereby decrease noise. It may also reduce turbulence in
the mask to better simulate normal breathing. Alternatively,
control of the vent can increase turbulence in the mask to
improve venting such as for better CO, washout. It may
require less power from the flow generator. It may allow for
smaller flow generators and their associated components
(e.g., humidifiers). It may reduce the cost of the therapy
system (e.g., due to the smaller components). It may also be
used to reduce the exhalation pressure which increases com-
fort and may thereby increase or improve CO, washout.
[0102] FIGS. 2A to 2C show a variable area vent (e.g., vent
assembly 60) in accordance with one example embodiment.
FIGS. 2A and 2B respectively show an inner vent member 70
component (FIG. 2A) and a cover member 75 component
(FIG. 2B). FIG. 2C shows the inner vent member 70 compo-
nent nested with the cover member 75 compornent such that
the inner vent member is inserted within the cover member to
form the variable area vent assembly.

[0103] The inner vent member 70 of FIG. 2A may have a
generally cylindrical or tubular form, having a central inner
bore 80 open at one end and optionally being closed at the
other end, for example with an end cap 85. End cap 85 may
have an enlarged diameter adapted to locate and secure inner
vent member 70 within cover member 75.

[0104] At least a vent portion 90 of the surface of the inner
vent member 70 is porous and communicates with the inner
bore 80 to allow air to pass from the bore through the vent
portion.

[0105] The inner vent member 70 may be formed of any
suitable material and may advantageously be formed of moul-
ded plastic material such as polycarbonate, nylon or porous
formed plastics such as polypropylene or similar. Alterna-
tively, inner vent member 70 may be formed of a flexible
polymer such as silicone, thermoplastic elastic, or similar. In
a further alternative, vent portion 90 of the inner vent member
70 may be formed from a textile or alternative porous material
such as foam. In a further alternative, inner vent member 70
may be constructed of a combination of materials, for
exampleend cap 85 and body of inner vent member 70 may be
constructed of a polymer such as nylon, with the vent portion
90 being constructed of a fabric, textile or similar.

[0106] Insomeembodiments, the foam for the vent portion
90 of the inner vent member 70 may be formed from a mate-
rial having a variable effective porosity. For example, the
foam porosity along the width and/or length of the foam may
vary from less porous to more porous. Thus, depending on
which portion of foam of the vent portion 90 is exposed to the
venting aperture 95 of cover member 75, the flow through the
vent will permit varying degrees of flow. Optionally, the vari-
able effective porosity of the foam may be varied axially or
longitudinally to allow variability in venting depending on
the relative movement between the cover member and inner
vent member. In this regard, the inner vent member 70 may be
formed by a foam cylinder having a variable effective poros-
ity around its cylindrical surface for varying flow by its rota-
tional position. Still further, a section from a foam cylinder
may fill the vent portion 90 of the inner vent member.
[0107] As seen from FIG. 2A, the vent portion 90 may be
formed as a curved rectangular portion of a cylindrical sur-
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face of the vent assembly 60. Other shapes may also be used.
For example, a tapered shape may be employed in some
embodiments that are configured to vary the vent open or
exhaust area in response to movement of the cover member—
as discussed in more detail herein.

[0108] The vent portion 90 of the inner vent member 70
may be integrally formed in the vent assembly 60, for
example by forming perforations extending from the inner
bore 80 to the outside surface of the vent portion 90. The vent
portion 90 may comprise a series of vent holes in a uniform or
random arrangement. The vent holes may be tapered through
their length. Preferably, the vent holes may be convergent
(i.e., the venthole may have a larger diameter at the bore side
of inner vent member when compared to the diameter of the
vent hole on the atmosphere side of inner vent member.) An
exemplary vent arrangement is disclosed in U.S. Pat. No.
6,581,594, filed 15 May 2000.

[0109] In the case of an inner vent member 70 formed of
porous material such as a foamed plastics material, the vent
portion may be formed by surface treatment of the vent mem-
ber material at the vent portion to remove an outer skin of the
porous material.

[0110] Alternatively, the vent portion 90 may be formed as
an insert in the inner vent member 70, for example as an insert
of moulded perforated material or porous material such as
foamed plastics, or of a fabric, including but not limited to
woven fabrics, non-woven fabrics, spacer fabrics, 3D textiles
on molded fabrics.

[0111] FIG. 2B illustrates a tubular cover member 75 which
is adapted to fit closely about the inner vent member 70 as
shown in FIG. 2C.

[0112] The cover member 75 formed as an outer sleeve that
is movable relative to the inner vent member 70, for example
by relative rotation about a common axis with the inner vent
member 70. In an alternative form, cover member 75 may be
co-planar with inner vent member 70 such that inner vent
member translates (rather than rotates) with respect to cover
member 75 in a sliding relationship. Optionally, the cover
member and inner vent member may be configured to permit
rotation and axial translation. Examples of such embodi-
ments are described herein with reference to FIGS. 10 and 11.
[0113] The cover member 75 has a venting aperture 95
positioned to align with an area of the vent portion 90 of the
inner vent member 70 depending on the relative positions of
the cover member 75 and inner vent member 70. Thus, the
vent exhaust area will be defined by the size of the overlap of
the vent portion and venting aperture and may be increased or
decreased depending on the alignment of the apertures of the
cover member and inner vent member when at least one, or
both, of the apertures is manipulated to a different position.
[0114] The vent assembly may be provided with appropri-
ate sealing means, for example, ring seals (not shown) adja-
cent to each end of the inner vent member, to prevent vent
flow from bypassing the aligned vent portion 90 and venting
aperture 95.

[0115] Thecover member 75 may be formed of any suitable
material, such as moulded plastics materials including but not
limited to those approved for medical uses. Optionally, it may
be co-molded to form the inner vent member and cover mem-
ber together. Such a co-molded embodiment may be imple-
mented with materials that do not bond together. For example,
the inner member may be molded first and then the cover
member may be molded over it so that the adjacent contact
surfaces suitably match each other.
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[0116] The venting aperture 95 may simply be a cut-out
portion of the cover member 75, as illustrated, or may have a
porous material such as a foamed plastic or fabric portion.
[0117] FIGS. 5A to 5C show another variable area vent
assembly 60. FIGS. 5A and 5B respectively show an inner
vent member 570 component (FIG. 5A) and a cover member
575 component (FIG. 5B) of a generally conical shape. FIG.
5C shows the inner vent member 570 inserted within the
cover member 575 to form the variable area vent assembly.
[0118] Generally, this vent assembly may employ two
conic structures with a first cone being nested within a second
cone as illustrated in F1G. 5C. Such a design employing conic
structures may be more compact than alternative arrange-
ments such as the cylindrical embodiments previously
described. Conic structures may also be more compact and
may withstand wear better than cylinders. That is, with use,
the cones wear into each other to help remain in contact
during use. The surfaces of nested cylinders on the other hand
may wear out so as to cause the surfaces to separate. This wear
can cause a degradation in vent performance if contact
between surfaces is needed for creating a suitable seal to
prevent unintentional leak between the surfaces.

[0119] The cones may have a single aperture or number of
apertures in a similar manner to that described above. As
illustrated in FIG. 5B, the cover member 575 has a venting
aperture 595 open to the cavity of the bore 585 of the cover
member 575. Similarly, as shown in FIG. 5A, the inner vent
member 570 has a vent portion 590 open to the cavity of the
bore 580 of the inner vent member 570. In the shown
examples, the vent portion and venting aperture are tapered.
However, other shapes for these openings may be employed
and the shapes and sizes of these openings do not need to both
be the same for any given vent assembly 60 with a variable
venting area. The venting aperture 595 and vent portion 590
are positioned to align depending on the relative positions of
the cover member 575 and inner vent member 570 as illus-
trated in FIG. 5C. This positioning of the first cone apertures
relative to the second cone apertures dictates the amount of
gas that can flow from within the inner cone to the outside of
the outer cone. As with prior embodiments, either the cover
member or inner vent member may be adjusted to increase or
decrease a flow of air from the bore cavity through the vent
portion and venting aperture of the cones as the area of the
vent opening, as defined by the overlap of the vent portion and
venting aperture, is increased or decreased depending on the
alignment of the cones, when at least one, or both, of the
apertures is manipulated to a different position.

[0120] As illustrated in FIGS. 5A to 5C, one or both of the
cones may also optionally have grooves 596 or notches that
may lead to the larger vent portion or venting aperture of the
cones. As illustrated in this embodiment, the cover member
575 includes inner grooves 596-1 on an internal surface of the
conic structure and the inner vent member 570 includes outer
grooves 596-O on an external surfaces of the conic structure.
Such a configuration may be adapted to create a longer flow
path for the air to reduce noise. The grooves may have a
triangular or polygonal cross section. The grooves may have
asemi-circular or curved cross section. The grooves may also
vary in width along their length. For example, at the end of the
groove positioned near a larger vent opening, the groove may
have a relatively large width and at the end of the groove
furthest from the larger vent opening the groove may have
relatively small width. This may be a gradual change in width
along the length of the grove and may be a tapered groove.
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[0121] As illustrated in FIGS. 5A and 5B, the grooves of
both cones have the same or similar shape. Optionally, and as
shown respectively in FIGS. 5A and 5B, the grooves on one
cone may be oriented ina first direction and the grooves on the
second cone may be oriented in a second direction. Such an
opposite orientation arrangement may vield different varia-
tions in the amount of flow permitted out of the vent depend-
ing on the position ofthe first cone relative to the second cone.
In another version (not shown), the grooves on one of the
cones may be oriented in a direction that is generally perpen-
dicular to the grooves on the other cone. Such grooves may
also have a width that tapers along their length so as to be
larger towards the vent opening. A further example embodi-
ment of a conic vent arrangement is illustrated in FIGS. 8A
and 8B.

[0122] Inorderto achieve the variation in the effective vent
opening size as previously discussed, either cone may be
rotatable relative to the other cone. Optionally, both cones
may be rotatable. Thus, the cones may have a screw mecha-
nism and/or pivot to guide the rotation of the cones relative to
one another. Depending on the shape of the cones and/or their
vent apertures and/or grooves, it may be possible to have a
small rotation of one cone relative to the other cone resulting
in a large change in vent flow. This may be more effective
when compared to cylindrical structures. In an alternative
embodiment, the cones may not rotate relative to one another,
but could be configured to translate along their central axis
(i.e., displace their apexes relative to one another). In some
embodiments, such translational movement may also be com-
bined with the rotational movement previously described.
[0123] The inner vent member 570 and outer vent portion
(e.g., cover member 575) may be formed of the same mate-
rials or combinations of materials as described above for
inner vent member 70 and cover member 75 respectively.
[0124] Alternative physical forms for the vent assembly
may be adopted, for example incorporating the vent member
and cover member as parallel discs with the respective vent
portion and vent aperture being formed in the discs or plates
and aligned to expose a variable vent area by relative rotation
ofthe discs or covers. Such as illustrated in FIGS. 9A, 9B and
9C. As illustrated, the surface of a first disk 970 may be
positioned, such as within a conduit 990, to contact a surface
of a second disk 975 such that a variable vent area is formed
by apertures on the disk when the apertures (e.g., venting
aperture 595 and vent portion 590) are rotated to aligned to at
least partially overlap so as to permit a vent flow through the
apertures. As illustrated in FIG. 9B, a triangular aperture may
be employed. Tear drop shaped apertures are illustrated in
disk of FIG. 9C. In some cases, a central keyed hole of the disk
may serve to receive a correspondingly keyed motor shaft for
rotation of the disk. Such a motor may be sized to be located
within the mask or conduit which contains the disk.

[0125] As previously mentioned, in some aspects, the inner
vent member and cover member combinations may be
adapted to move linearly (e.g., by traversing axially along
their lengths) to adjust the vent area and/or by rotation. For
example, the cover member may be internally threaded and
moved on threads on the outer surface of inner vent member.
It may also optionally be moved on a variable helical path
such as by being guided by a cam of a motor.

[0126] For example, the vent assembly of FIG. 10 may be
configured for manipulation by rotation in a direction shown
by arrows RM or axially along the lengths of the components
(e.g., a central axis of the cylinders) as shown by arrows AM.
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In such arrangements, vent area flow adjustment can be con-
structed to provide coarse and/or fine flow adjustments. For
example, one motion (e.g., rotation) may be associated with
access to larger or more apertures of the vent portion, such as
when the apertures are linear, while another motion (e.g.,
translation) may be associated with access to smaller or fewer
apertures of the vent portion such as when the apertures are
non-linear, as illustrated in FIG. 10. When the assembly is
rotated along arrows RM, a linear row of several apertures
(e.g., 7 holes) is simultaneously opened or closed fora coarse
adjustment to the vent flow. However, when the assembly is
translated along arrows AM, a smaller number or area of the
openings is exposed or closed (e.g., as few as 2 holes) per-
mitting a fine adjustment to the vent flow. In such a case, a
linear or non-linear configuration of the apertures of the vent
portion can be chosen so as to provide different flow charac-
teristics as desired. Similarly, the shape of the venting aper-
ture may be selected to variably expose linearly aligned aper-
tures in a non-linear manner. The vent portions 590 and 595
may either or both be filled with a porous material such as
foam or other porous material for noise control. This foam
may be of variable density and/or porosity. The variability
may vary in any direction.

[0127] Thecomponents of the vent assembly of FIG. 10 are
illustrated in FIGS. 10A, 10B and 10C. This vent assembly
employs a floating vent portion 1090 shown in FIG. 10C. The
floating vent portion 1090 may be inserted to rest on shelf
1088 of an aperture of the inner vent member 1070 shown in
FIG. 10B. The floating vent portion 1090 may be retained in
its position in the assembled configuration of FIG. 10 by an
inner retaining surface IRS of the cover member 1075 when
the inner vent member 1070 is inserted in the cover member
1075. The inner retaining surface IRS includes the inner
surface of the boundary of the opening of the cover member
1075, which is smaller than the boundary of the floating vent
portion 1090. During use, any internal conduit pressure that
results in flow out of the vent can force the floating vent
portion to maintain its contact with portions of the inner
retaining surfaces IRS of the cover member 1075. In this way,
the floating vent portion 1090 may consistently reside in
contact with portions of the inner retaining surfaces IRS
during use, even in the event of wear on the contact surfaces
of the floating vent portion and/or the inner retaining surface
of the cover member 1075. The consistent seal between the
surfaces may then prevent unintentional vent flow out of any
apertures of the vent portion that are not exposed directly to
the opening of the cover member. Optionally, the floating vent
portion 1090 may be formed of a flexible material to further
permit it to flex to maintain its contact with the opening of the
cover member when flow from the bore pushes it to contact
the edges of the cover member opening(s).

[0128] As such, the floating vent portion 1090 can lengthen
the product useful life compared to a vent portion that may be
integrated with the inner vent member since wear may be
tolerated. Similarly, as a separate component from the inner
vent member, manufacture of the particular vent portion may
be simplified. It may also provide the opportunity for replace-
able vent portions and vent portions configured for different
venting characteristics. Such an assembly may also permit
easier maintenance and cleaning of the components.

[0129] FIG. 11 is a top plan view of a vent assembly
arrangement that may be manipulated by rotation (arrows
RM) and/or axial translation (arrows AM). In this arrange-
ment, the vent portion 90 of the inner vent member 70 has an
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oval shape and may, for example, include foam or other
porous material. As with other embodiments, the manipula-
tion in the various directions of the components may permit a
dynamic adjustment to the vent flow.

[0130] FIGS. 12A and 12B show components of another
vent assembly. The inner vent member 1270 of FIG. 12A has
a plurality of apertures on its vent portion 1290. The inner
vent member 1270 may be inserted within the cover member
1275 of F1IG. 12B. In this vent assembly, the cover member
1275 includes a plurality of venting apertures 1295-1 and
1295-2 which, in conjunction with relative movement axially
and/or rotationally, can provide variable area venting.

[0131] FIGS. 13A, 13B, 13C and 13D illustrate a com-
pressible and/or expandable variable area vent. In this vent
assembly, a cylindrical drum 1301 is formed of a flexible
material, such as silicone. The drum includes a plurality of
slits 1303 around its cylindrical surface that may flex to close
and open to varying degrees in conjunction with the axial
expansion or compression of the drum. When open, the slits
may serve as an exhaust aperture of the variable area vent. To
this end, a rod 1305 or piston may be coupled to one or both
of the ends of the drum. The rod may be electro-mechanically
manipulated such as by a solenoid, to axially lengthen and
shorten the drum and thereby variably adjust the openings of
the slits 1303. For example, as illustrated in FIG. 13C, the
drum is lengthened to expand the opening of the slits and
thereby increase an open area of the vent. In FIG. 13D, the
drum may then be shortened to reduce the opening of the slits
and thereby decrease the open area of the vent. Expired flow
from a patient may enter one end of the drum and flow
outward from the inside of the drum through the slits to serve
as an exhaust vent. Alternatively, expired flow from a patient
may enter the inside of the drum through the slits and exit an
end of the drum to serve as an exhaust vent. In some cases, the
slits or holes of the material (e.g., a membrane or textile) of
the cylinder may decrease in size or collapse to reduce flow
when stretched or expanded. In such a case, the holes of the
material of the cylinder may change shape to reduce flow
when the material is stretched. For example, holes of the
material, such as an elastic material, may contract in one axis
when stretched from the form shown in FIG. 22 A to that of the
form illustrated in FIG. 22B. Alternatively, the variation in
hole shape or size may be triggered by other stimuli. For
example, any one or more of a change in temperature, a
vibration, an electrical charge or current, or a magnetic field
may also be applied to such a material to control the change of
shape and/or size.

[0132] The vent assemblies of FIGS. 14 and 15 implement
flow control slugs that operate within a vent conduit and may
be manipulated by control elements that reside wholly or
partially outside of the airflow channel of the conduit. For
example, FIG. 14 includes a threaded conduit 1467. In this
vent assembly, the flow control slug 1469 is also threaded for
traversing along the conduit in conjunction with the threads
1471-C of the conduit. The position of the flow control slug
along the length of the conduit sets the amount of flow that
may traverse through the conduit. For example, in the illus-
trated embodiment, the threads 1471-C of the conduit may
circumscribe the complete internal surface of one portion of
the conduit at one end of the threads 1471-C shown as com-
plete end CE in FIG. 14. When the slug is threaded within
these threads, no flow can traverse the conduit since the slug
will block the internal channel of the conduit. However, from
the complete end CE traversing along the conduit, the threads
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1471-C may include one or more break portions BP where the
internal surface of the conduit is not completely circum-
scribed by the threads. The break portion BP may be consid-
ered a groove that runs approximately perpendicularly across
some portion of the threads 1471-C of the conduit. When the
slug rotates through the conduit to reside adjacent to a portion
ofthe threads 1471-C that contain one or more break portions,
the conduit is opened at least to some degree so that gas flow
can pass by oraround the slug through the groove of the break
portion, thereby allowing flow through the conduit.

[0133] Optionally, the flow can be varied by varying the
location, number of break portion grooves and the width of
the break portion groves along the length of the conduit. In
this way, varying degrees of flow may be permitted and it may
be configured to provide either course increases/decreases or
fine increase/decreases in the flow of the conduit. For
example, a set of grooves may be tapered along the length of
the conduit. As the flow control slug rotates to reside adjacent
to asmall width of the taper of the groove(s), less flow through
the conduit is allowed. Similarly, as the flow control slug
rotates to reside adjacent to a wider part of the taper of the
groove(s), more flow through the conduit is allowed. Based
on a tapered configuration of the grooves, flow through the
tube may be varied gradually as the threaded slug is advanced
(rotated in its threads) along the tube from being near a narrow
tapered portion to being near wider tapered portions.

[0134] Automated movement or rotation ofthe flow control
slug may be implemented by driving the slug as a rotor of a
brushless electric motor. Optionally, slug movement may be
implemented with coils of electro-magnets on the outer sur-
face of the conduit or embedded within the conduit wall. In
such a case, the slug may be partially magnetic to promote its
rotation depending on the activation of the coils. The slug
may be driven to rotate by a motorized rod. Optionally, the
threads may be multi-start threads to permit easier movement
of the slug through the conduit. Alternatively, a rod of a
solenoid, which is rotationally coupled to the slug, may push
or pull the slug. Optionally the slug and conduit may not
include threaded surfaces.

[0135] In further arrangements, the size of the threads
1471-C of the conduit may be varied along the length of the
conduit such as by varying the clearance between threads of
the conduit and slug. In this way, space between loosely fitted
threads 1471-S of the slug and the threads 1471-C of conduit
may permit some airflow through the conduit and around the
slug. However, closely fitted threads can prevent flow. Such
arrangements may be implemented without break portion
grooves. For example, one portion of the conduit may have
threads 1471-S of a first size, such as one with a certain profile
height. A next portion of the conduit may have a second
smaller size thread (e.g., a smaller profile height) and a still
next portion of the conduit may have a third still smaller size
thread (still smaller profile height). The first size thread of the
conduit may be substantially the same as the threads 1471-S
of the slug. When the slug is adjacent to the first threads, no
flow will circumvent around the slug through the conduit
because the slug will closely fit in the threads of the conduit.
When the slug is rotated to be adjacent to the second size
threads, some flow of conduit may circumvent the slug
through the conduit because the threads of the slug will
loosely fit in the threads of the conduit. When the slug then is
rotated further to be adjacent to the third size threads, even
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more flow may circumvent the slug to pass through the con-
duit because the threads of the slug will even more loosely fit
in the threads of the conduit.

[0136] Insucharrangements, agradual change of the thread
size from one end of the conduit to another can provide a
continuous fine adjustment of the flow through the conduit as
the slug advances along the conduit through the various
threads. Optionally the use of such a variation in thread sizes
may also be implemented with break portion groove(s).
[0137] FIG. 15 illustrates a walking flow control slug 1569
that may be implemented without threads to regulate the gas
flow through a stepped conduit 1567. FIG. 15E is a top plan
view of the stepped conduit 1567. FIGS. 15A, 15B, and 15C
each show a cross sectional view of the stepped conduit 1567,
taken along line ABC of FIG. 15E. FIG. 15D shows another
cross sectional view, taken along line DD of FIG. 15E, of the
same stepped conduit of FIGS. 15A, 15B, and 15C. The
stepped conduit employs a plurality of spaced steps 1573
along its length. The steps are shown staggered on opposing
sides of the conduit. However, other step configurations may
be implemented such as symmetrical steps that are positioned
symmetrically on one side of the conduit relative to the
opposing side of the conduit. As illustrated in FIG. 15A, the
conduit may employ electro-magnets 1575 to manipulate the
slug 1569 within the flow path of the conduit. For example, as
illustrated in FIG. 15A, activating the electro-magnets
coupled only to magnet control C1 and C2 can maintain the
slug at the position illustrated. By sequentially operating the
magnet controls (e.g., C1, C2, C3 and C4) the slug may be
manipulated along the tube. Magnet controls C2 and C3 may
then be activated (and C1 and C4 deactivated) to move the
slug from the position of FIG. 15A to the slug position shown
in FIG. 15B. Similarly, the slug may be moved to the slug
position shown in FIG. 15C by activating magnet controls C3
and C4 and deactivating magnet controls C1 and C2. In this
example, stationary electro-magnets manipulate the slug.
However, in some embodiments, movable magnets at the
exterior of the conduit may be mechanically shifted along the
exterior of the conduit for stepping the slug within the con-
duit.

[0138] As illustrated in the cross section view of FIG. 15D,
the conduit may be tapered to have a wide end WE and a
narrow end NE. When the slug is held in the narrow end of the
taper, little or no flow is permitted through the flow channel
1577 of the conduit since the slug will block the channel.
However, as the slug is advanced to wider portions of the taper
by activation of the magnets, more flow will be permitted to
flow through the channel and around the wider gap ofthe slug.
In this way, the slug may variably regulate flow through the
channel. Moreover, flow may vary gradually as the slug
advances along the conduit.

[0139] While a slug having an oval type configuration as
illustrated in the FIG. 15D may be employed, the slug may
also be implemented with other configurations, which may
depend on the profile of the conduit. For example, FIG. 15F is
atop plan view of a slug 1569 including a plug portion 1569P
and extremity portions 1569E. A top plan view of a conduit
suitable for use with the slug of FIG. 15F is shown in FIG.
15G. In such an embodiment, the plug portion 1569P may be
suitably adapted for the cross sectional shape of the tapered
portion of the conduit such that when it is located at the
narrow end NE of the conduit, the exterior surface shape of
the plug portion will correspond with an interior surface
shape ofthe conduit with no gap or anominal gap between the
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surfaces. When located at the wide end WE of the conduit, the
exterior surface shape of the plug portion will correspond
with an interior surface shape of the conduit but a significant
flow gap between the surfaces will exist. In this way, the plug
portion may be implemented for variably blocking the flow
channel of the conduit. Thus, the plug portion 1569P may be
approximately round as shown in FIG. 15F but also may be
other shapes (e.g., rectangular, spherical, etc.). The extremity
portions of the slug may extend beyond the surface of the plug
portion as shown in FIG. 15F so as to permit their selective
engagement with the steps of the conduit. In this regard, the
steps 1573 may be optionally formed within opposing chan-
nels SC along the length of the conduit. The extremity portion
may then traverse the conduit within the step channels SC to
selectively engage with the steps.

[0140] The slug may be formed of any suitable materials.
Thus, although the slug itself may be formed from one mag-
netic material, multiple materials may be utilized. For
example, the plug portion may be formed of a non-magnetic
material (e.g., a plastic material) suitable for movement
within the flow channel of the conduit and blocking flow. The
extremity portions may be formed of a magnetic material
(e.g.,ametal or magnet) suitable for stepping through the step
channels SC of the conduit in accordance with the particular
movement control elements.

[0141] The variable vent assembly of FIGS. 23A and 23B
employ complementary venting protrusions on both the cover
member 2075 and the inner vent member 2070. In example of
FIGS. 23 A and 23B, upper and lower plates include apertures
to selectively permit flow through the plates. Thus, a plate of
the cover member 2075 may include venting portion with
apertures and mating projections 2076 for selectively plug-
ging or blocking the flow through apertures of the vent por-
tion 2090. Similarly, a plate of the inner vent member 2070
may have apertures that form the vent portion 2090 and mat-
ing projections 2071 for selectively blocking or plugging the
holes of the venting aperture 2095. Optionally, the projections
and mating apertures may be formed by conic and funnel
structures. One or more biasing members, such as spring
mechanisms 2097, may bias the plates apart or together to an
open or closed position respectively, such as the closed posi-
tion illustrated in FI1G. 23B. Optionally, air pressure on the
inner vent member side of the assembly may expand the
biasing member to permit flow F through the assembly as
illustrated in FIG. 23A. In such a case, an absence of a
sufficient air pressure on the inner vent member side will not
overcome the force of the biasing member to thereby impede
or prevent flow through the assembly. Selection of the differ-
ent spring constant and venting aperture characteristics can
allow the vent to be configured for venting operation at dif-
ferent pressures. Moreover, the implementation of different
spring constants with several different biasing members
across the length of the venting structure in one assembly can
allow different responses to pressure in different areas of the
vent to provide further variation of flow characteristics
through the assembly in response to different pressure con-
ditions. The biasing or movement between the two plates of
the assembly may be controlled by selective activation of one
or more magnetic fields using coils (not shown) where one or
both of the plates may be magnetic. In such a case, the springs
may or may not be omitted.

[0142] In the vent assembly of FIGS. 24A and 24B a cap-
like structure may serve as a cover member 2475 to selec-
tively open and close the apertures of the vent portion 2490 of
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the inner vent member. The cover member itself does not
include a venting aperture. However, one or more gaps
between the cover member 2475 and the inner vent member
2470 permits flow through the inner vent member to be vented
to atmosphere as illustrated in FIG. 24B. A biasing member,
such as spring mechanism 2497 may bias the cover member
2475 in either a closed or open position (e.g., without gap G
or with gap G respectively.) Optionally, one or more coils
2499 to generate electro-magnetic field(s) may be included to
alter the bias of the spring. For example, by applying current
or different amounts of current to one or more coils 2499
selectively, the size of the opening or the force required to
open the vent may be varied. For example, the vent may be
operated to be normally closed as a result of the spring and/or
electro-magnetic field acting upon the inner vent member
and/or cover member. When a patient exhales, and when a
sufficient internal air pressure builds due to the exhalation, the
pressure may overcome a portion of the spring force and/or
magnetic force to open the cover member. By increasing or
decreasing the magnetic force that attracts the cover member
2475 to the inner vent member, the internal air pressure
required to open the vent may be increased or decreased
respectively. Alternatively, by increasing or decreasing the
magnetic force that repels the cover member 2475 from the
inner vent member, the internal air pressure required to open
the vent may be decreased or increased respectively.

[0143] In some arrangements as shown in FIG. 25, flow
through a vent aperture of the mask may be varied by control
of a mask vent fan 2525 (e.g., a motor and a vaned disk) that
is incorporated into a venting aperture of the mask. The vent
fan may be controlled by a controller of a respiratory treat-
ment apparatus RTA. The controller, such as one with one or
more processors, may also be configured to control a flow
generator FG (e.g., blower) of the respiratory treatment appa-
ratus that would generate pressure treatment. The vent fan
may then serve as the vent outlet in the mask. For example, the
vent fan may be controlled to spin in a direction so as to apply
an inward flow and pressure against an expiratory flow from
the mask. Such control may prevent or impede flow out ofthe
mask through the aperture of the vent fan. When the vent fan
is unpowered, pressure in the mask may flow through the
aperture of the vent fan and may thereby spin the vent fan.
This expiratory spinning of the vent fan may optionally be
applied to inductively charge an energy store (e.g., a battery).
The vent outflow may be varied by variably powering the
motor of the vent fan. For example, the vent fan may be
powered to generate flow inwardly into the mask during
patient expiration. In some cases, the mask fan may be pow-
ered to generate flow outwardly from the mask to ease expi-
ratory flow.

[0144] Asshown in FIGS. 26A and 26B, control of variable
venting may be implemented with an adjustable expiratory
conduit implemented with one or more controllable dia-
phragms. For example, as illustrated in FIGS. 26 A and 268,
an expiratory conduit 2633 that conducts an expiratory flow
EF may be formed by a flexible material. Optionally, the
expiratory conduit may also contain an inspiratory conduit
2635 to conduct an inspiratory flow IF. The inspiratory con-
duit may be formed of a more rigid material than the expira-
tory conduit. One or more adjustable diaphragms 2637 may
be applied to the conduits such as to the outer circumference
of the expiratory conduit. The adjustable diaphragm 2637,
which may optionally be implemented by one or more piezo-
ceramic or electro-active polymer rings, may be controlled to
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selectively adjust a circumferential surface of one or more of
the conduits. For example, diaphragm 2637 may be con-
trolled to expand or relax as illustrated in FIG. 26 A to permit
greater flow through the expiratory channel of the expiratory
conduit. Similarly, the diaphragm may be controlled to
reduce its circumference so as to constrict a surface of the
conduit and thereby restrict a flow passage size of the conduit.
For example, as illustrated in FIG. 26B, the diaphragm 2637
may be controlled to variably constrict to different degrees to
thereby selectively reduce the expiratory flow passage size of
the expiratory conduit. A feedback control loop of a controller
2641 may regulate this channel size, for example, by moni-
toring pressure with a pressure sensor 2639 associated with
the expiratory channel, and by adjusting the size of the dia-
phragm as a function of a desired pressure and the measured
pressure. While a single conduit assembly is shown, it will be
understood that multiple expiratory conduits with multiple
diaphragms may be configured to selectively control a vent-
ing area formed by such assemblies.

[0145] Respiratory Treatment Apparatus Incorporating
Variable Area Gas Washout Vent

[0146] FIG. 3 is a schematic illustration showing an incor-
poration of a variable area gas washout vent assembly into a
respiratory treatment apparatus in accordance with one aspect
of the current technology.

[0147] In the arrangement of FIG. 3, the respiratory treat-
ment apparatus includes a flow generator 10 and humidifier
15 arranged generally as described above for FIG. 1. How-
ever, as noted above the use of a humidifier 15 is optional. An
air delivery conduit 320 delivers pressurized air from the flow
generator to a patient interface for applying the generated air
pressure to the patient’s airways. In the illustrated embodi-
ment the patient interface is of the triangular full face or nasal
type respiratory mask patient interface 330. However, other
types of patient interface may be applicable.

[0148] The mask-type patient interface 330 includes an
elbow or connecting element 322 for connection of the mask
to the air supply.

[0149] The gas washout vent assembly 360, generally in
accordance with any one of the aspects described above, can
be provided with one or more end connectors (not shown) for
connection to the air delivery conduit 320 and the elbow
connecting element 322 for location in the airway path
between the air delivery conduit and the elbow so that it may
be substantially near the patient interface 330. Alternative
positions may be implemented (e.g., between the elbow and
the mask.) The gas washout vent assembly 360 thus allows
venting of exhaled gases from the patient.

[0150] The vent assembly 360 and delivery conduit 320
may further include mating electrical connectors for power
take off and conveyance of feedback and control signals, as
further described below.

[0151] FIG. 4illustrates a further gas washout vent accord-
ing to the current technology implemented with a respiratory
treatment apparatus. In this apparatus, an under-nose patient
interface, such as a nasal cushion, nasal pillows or prongs,
includes the gas washout vent.

[0152] Theapparatus of FIG. 4 also includes an air delivery
conduit 420 leading from a flow generator (not shown) to the
patient interface 430, which in the illustrated example
includes nozzles 435 for sealing against the patient’s nares.
[0153] In contrast to the example of FIG. 3, in FIG. 4 the
vent assembly 460 is incorporated in the patient interface 430,
attached to the distal end of the interface 430, opposite from
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the pivotable elbow 422. The vent assembly 460 is illustrated
as a modified version of the vent assembly of FIGS. 2A to 2C
or a cone shaped assembly, but alternatively may take the
form of any of the vent assembly arrangements described
herein, including a disc-type vent and vent the gases from the
end of the assembly rather than the circumference. In some
cases, an outlet muffler may be added to assist in reducing
noise at the vent. For example, a tube or conduit may be added
at the output of the vent to take noise further away from the
mask or ears of the patient. This may also permit expired air
to be channelled away from patient’s face.

[0154] Actuation of Vent Flow Adjustment

[0155] In its simplest form, the relative positions of the
cover member 75 and inner vent member 70 in FIGS. 2A to
2C may be manipulated manually to cover or expose variable
areas of the vent portion 90 and thus allow adjustment control
of the vent flow characteristics. The vent may have a manual
setting for the vent area which may provide a DC component
(offset) to the vent flow. Fine or course adjustments to the vent
flow of such a vent may then be controlled by a controller by
increasing or decreasing the vent area from the manually set
vent area. The adjustment of the vent area may be continu-
ously variable depending on the relative displacement of the
cover member with respect to the inner vent member. For
example, the two may be held by friction between the inner
surface of the cover member and the outer surface of the inner
vent member. Alternatively, a retaining mechanism may be
employed to permit the adjustment to be made by selection of
a particular position from a plurality of discrete set positions.
As illustrated in the example of FIG. 2C, the vent assembly
may optionally have markings 91 which indicate variable
vent settings based on the relative rotational positions of the
cover member 75 and vent portion 90.

[0156] The range of adjustments may be preset by the cli-
nician, to set the variable vent characteristics in accordance
with a prescription for the patient’s therapy.

[0157] The vent assembly may include an actuator for
adjustment of the vent characteristics.

[0158] For example, the vent assembly may be biased
towards the open position, such as by means of a torsion
spring, to form a normally open vent which operates also as an
anti-asphyxia valve for the patient mask. The actuator may
then act against the force of the biasing means, to close the
vent either fully or proportionally. Such an optional spring
mechanism 97 is illustrated in FIG. 2A.

[0159] Suitable actuators may be implemented by different
types of components. For example, a voice coil may serve as
the actuator including linear and rotary or swing arm voice
coil actuators. An example placement of a coil 99 for an
actuator such as a solenoid or voice coil is illustrated in FIG.
2A. Alternatively, piezo actuators (both direct and/or ampli-
fied) may be implemented. Further alternatives include pneu-
matic actuation (including pneumatic amplification). In such
arrangements, a bleed conduit from the flow generator pres-
sure may be provided to the mask to power a piston actuator.
The piston may rotate or slide the vent assembly into the
desired position as controlled by the pressure applied to the
bleed conduit by one or more servo-valves, proportional
valves or flow control valves. An example pneumatic piston
399 is illustrated symbolically in the embodiment of FIG. 3.
[0160] When a solenoid is utilised as the actuator, a voltage
may be transmitted by a controller of the flow generator to the
solenoid positioned to manipulate the vent assembly such as
by adjusting the relative position of the inner vent member
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with respect to the cover member. The voltage transmitted to
the solenoid may alter the position of the solenoid and hence
the position of the vent assembly. For example, a first voltage
may be applied to the vent assembly to position the vent
assembly at a first position (e.g., half of the vent assembly
open to atmosphere). A second voltage may be applied to the
vent assembly to position the vent assembly at a second
position (e.g., all of the vent assembly open to atmosphere).
Such adjustable positions of the vent may be discrete but they
may also be continuously variable and may run between fully
opened and fully closed or some other set limits there
between.

[0161] In the case of an electrically powered actuator type
such as voice coil or piezo actuator, the actuator may be
provided with its own power source such as a battery. Option-
ally, it may be powered by an electrical power take-off, for
example, from the heating circuit of the air delivery conduit
20 in FIG. 1. The vent assembly and air delivery conduit may
be formed with mating electrical connectors for this purpose.
Still further, the actuator may be powered by inductive or
transformer coupling.

[0162] A voice coil actuator may be configured to achieve
the relative displacement of the vent assembly, such as the
displacement of the conic structures of the gas washout vent
(e.g., vent assembly 60). For example, a coil of wire may be
attached to one movable cone (e.g., an apex of the outer cone
or inner cone.) A magnet may be positioned in a fixed loca-
tion, for example, a portion of a frame of the patient interface
that is adjacent to the vent assembly. When a voltage is
applied to the wire, the magnetic forces may then cause the
repositioning of the cone and thereby change the alignments
associated with the vent openings. Different positions of the
cone may be set by controlling an application of different
voltages or currents to the coil.

[0163] Furthermore the actuator may include an induction
coil attached to the vent apparatus, such as a portion of one of
the conic or cylindrical members of the vent apparatus.
Optionally, a motor, such as a piezo motor, may also be
attached to the induction coil. The actuator may be imple-
mented with just a coil and/or just a piezo motor/driver. In
some cases, vent assembly may be implemented without a
position sensor such as by controlling a solenoid and measur-
ing the vent flow rather than vent position. Alternatively, the
vent assembly may be implemented with just a motor or
driver that adjusts the position of the vent.

[0164] The control signals for the adjustment of the vent
may then be learned by running a ‘learn’ or “initiation’ cycle.
Such a cycle may optionally be implemented by the controller
of the flow generator. Such a system may learn the amount of
power required to adjust the vent and may optionally do so
without the need (or expense) for a position sensor. Such a
learn cycle may be initiated at the commencement of therapy.
In such a cycle, a series of voltages may be sent to the motor
(e.g., modulate the voltage) to induce a series of voltages in
the induction coil to cause the vent assembly to linearly move
or step through the alignment positions of the vent from
completely closed to completely open. For example, when the
vent arrives at its end and no more power is required to move
the vent, the system may stop. The data concerning the mini-
mum and maximum voltages may then be recorded or saved
in association with the minimum and maximum vent posi-
tions or the linear positions of the vent. Similarly, the mini-
mum voltage required to initially move the vent may be
recorded. Data representing voltage that is required or desired
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to move the vent from the minimum to maximum positions
(or vice versa) may also be recorded. In the event that the
current is controlled, the current required for setting the
movement of the vent to any desired position associated with
a particular voltage may alternatively be recorded. In setting
the vent assembly for use, the controller of the flow generator
may calculate the required vent flow based on the character-
istics of a certain mask such as by the methods described in
WO 2002/053217. Based on learned values and the known
characteristics of the vent, the controller may control apply-
ing of a voltage or current to the motor or solenoid to position
the vent to obtain the desired flow.

[0165] A piezo motor may be advantageous as it requires
lower power to run such as in the case that power is only
needed to move the vent and power is not needed to oppose a
biasing force to maintain the vent in a certain position. A
piezo motor however may be less accurate than a biasing
force and solenoid actuator, as a spring and solenoid arrange-
ment may be able to operate with more accuracy in a small
stroke.

[0166] FIGS. 18A and 18B, show a vent assembly config-
ured in a solenoid arrangement. The cover member 1875
includes both a venting aperture 1895 that may be formed by
a plurality of holes and one or more winding grooves 1891.
The winding grooves 1891 extend along the inner bore gen-
erally parallel with the bore of the cover member 1875.
Optionally, such grooves may be implemented on the outer
surface of the cover member as well (not shown). The wind-
ing grooves provide a channel for windings of the coil 1899
that may serve to electro-magnetically operate the inner vent
member. In some cases, such windings may be encapsulated
by the structure of the cover member 1875. As illustrated in
the end view of FIG. 18C, the cover member may be formed
in several portions, such as 2, 3, 4 or more portions, e.g., left
cover member 18751, half and right cover member 1875R
half that split the cylinder longitudinally along its length, to
permit the coils to be applied to the sections of the cover
member 1875 and otherwise simplify the assembly of the
vent. The portions may be joined such that the inner vent
member is held within the portions. The joining of the por-
tions of the cover member may then serve to maintain the
inner vent member for rotatable operation.

[0167] In operation, the inner vent member 1870 may be
magnetized such that it may have poles on opposing longitu-
dinal sides of the tube shown as N-mag and S-mag in FIG.
18B, which may depend on the number of coils 1899 of the
cover member 1875. For example, in the assembly embodi-
ment illustrated in FIGS. 18A, 18B and 18C, the inner vent
member 1870 is magnetized in a plurality of sections that
form two halves. However, as illustrated assembly of FIG.
18D, the inner vent member is magnetized in additional sec-
tions to complement the additional coils. As shown in FIG.
18D, the cover member includes three coil grooves 1891,
three coils 1899 and the inner vent member is magnetized
with sections having six poles (e.g., alternating S and N).
Such an embodiment of the cover member may optionally be
formed in thirds that split the cylinder longitudinally along its
length. Of course, different numbers of coils may be utilized.
[0168] With such constructions, the inner vent member,
shown as a tube with bore 1880 and vent portions 1890, has
several magnetic poles. The outer cover member’s coil wind-
ings may then be energised (e.g., by applying an electrical
current) to create one or more magnetic field(s) depending on
the number of coils. Optionally, the inner vent member may
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be coupled to the cover member with a biasing means 1897
(e.g., a spring mechanism) so that the rotation of the inner
vent member may be biased to return to an initial position
(e.g., open, closed or partially open) if the device is not
powered. By controlling the current into the inductive wind-
ing, the generated magnetic field(s) acts on the magnetised
poles of the inner vent member to cause it to move or shift
(e.g., rotate) due to an attraction and/or repulsion force. The
strength of the generated magnetic field may be regulated to
control the amount of rotation. The rotation then results in the
covering or opening of less or more holes depending on the
rotating tubes vent area configurations and can thereby permit
variable venting.

[0169] In another vent assembly arrangement, a sealed
solenoid may be implemented within an expiratory chamber
of mask assembly as illustrated in FIGS. 27A and 27B to form
avariable area vent. An expiratory chamber P3, which may be
formed by a cylindrical mask assembly 2701, included a
piston 2703. The expiratory chamber includes venting aper-
tures 2705 providing openings to atmosphere from the expi-
ratory chamber P3. Optionally, the hole of each venting aper-
ture may be a fine hole, such as an opening with a diameter of
approximately 0.4 mm to 1 mm, such as 0.7 mm. The piston
is slideably engaged within the chamber to selectively block
one or more of the venting apertures. The piston may be
configured to form a piston chamber P2 through which expi-
ratory flow F will pass originating from a user at a user side
chamber P1 of the mask 2709. To this end, the piston also
includes one or more piston apertures 2715 to permit the
expiratory flow to pass through the piston. The coil 2799 may
be controlled to selectively adjust the position of the piston
within the expiratory chamber P3 and thereby selectively
cover more or less of the area of the venting apertures 2705.
An optional manual adjustment mechanism 2711, such as a
threaded post (e.g., screw 2711SW) and biasing member
(e.g., spring 27115G) may be fixed to the piston to tension
and/or limit an extent or range of movement of the piston.
Such a manual adjustment may be implemented for manual
setting of a minimum open area of the vent. An optional
position sensor 2713 may provide feedback to a controller
(not shown) for selectively controlling current to the solenoid
coil for positioning of the piston. As illustrated in FIG. 27A,
the piston may be controlled to be in an open position such
that a greater venting area is available for expiratory flow. In
FIG. 27B, the piston may also be controlled to move by an
electro-magnetic field to slide over a portion of the venting
area of the venting apertures 2705 so as to provide a lesser
venting area of expiratory flow.

[0170] Insome configurations of FIGS. 27A and 27B, the
solenoid may be omitted. In such a case, the vent area may be
manually adjusted by the adjustment mechanism, which may
omit the spring, so as to move the piston to a desired venting
position. Similarly, in some configurations the manual adjust-
ment mechanism may be omitted and vent area adjustment
may be implemented solely with the control of the solenoid.
[0171] One advantage of the vent assembly of FIGS. 27A
and 27B involves the multiple chambers labelled as P1, P2
and P3. With multiple chambers, expiratory venting noise
may be reduced. The chambers provide several levels of
gradual pressure drop (e.g., from P1 to P2, from P2 to P3 and
from P3 to atmosphere) that can reduce venting noise.
[0172] Another mask assembly 2801 that may be config-
ured as an adjustable vent for variable area venting is illus-
trated in FIGS. 28A and 28B. An inner vent member 2870
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may be on an inner user side TUS of the mask assembly 2801.
The inner vent member may be selectively positioned to
block, by variable degrees, the venting apertures 2805 of the
mask assembly. In this regard, the inner vent member may
include one or more projections, such as plugs 2817P, that
include a profile or contour to complement the contour of the
venting apertures. For example, the projections may be
formed by a conic shape and the apertures may be formed
with a funnel shape so that the conic shape may be moved to
extend within or withdraw from the funnel shape to limit the
flow through the funnel to greater or lesser degrees. Other
shapes of the projections and apertures may also be imple-
mented so as to permit varying of the flow through the aper-
tures.

[0173] As shown in FIGS. 28A and 28B, movement of the
inner vent member 2870 may be controlled by a solenoid with
acoil 2899. Alternatively, the solenoid may be replaced by a
stepper motor that may turn a threaded post coupled between
inner vent member 2870 and an actuator support 2819 of the
venting portion of the mask assembly 2801. Optionally, a
biasing member 2897, such as return spring, may bias the
inner vent member 2870 to either an open or closed position.
Thus, movement of the vent member, such as by a slug or
piston of the solenoid, will either compress or stretch the
spring. For example, in the case that the biasing member
biases the inner vent member to an open position, a lack of
power to the coil will keep the inner vent member in an open
position as illustrated in FIG. 28A to permit a maximum
expiratory flow through the venting apertures from the user
side. By controlling a supply of current to the solenoid, or to
the stepper motor, the inner vent member may be moved
closer to the venting apertures to varying degrees to reduce
the area of the vent and thereby reduce the expiratory flow F
from the user side of the mask assembly.

[0174] An advantage of the vent assembly of FIGS. 28A
and 28B is that portions of the control unit (e.g., the solenoid
and/or stepper motor, may reside outside of the mask. As
such, they may be easily removed for maintenance or replace-
ment.

[0175] A further venting assembly that may be imple-
mented as a variable area vent is illustrated in FIGS. 19A and
19B. The cover member 1975 may be implemented with a
plurality of flexible or pivotal flaps 1975F. The flaps may be
attached along one edge to an inner vent member 1970 which
may form the pivoting edge of the flap. The inner vent mem-
ber 1970 may include holes to form vent portions 1990 shown
under or between flaps 1975F. The inner vent member 1970
may also include one or more conduits for one or more elec-
tro-magnetic coils 1999. For example, each flap 1975F may
be associated with its own coil 1999. The flaps may operate to
permit a flow F to pass through the inner vent member and
between the venting aperture 1995 formed by spaces between
the flaps 1975F of the cover member 1975. The application of
a current to a coil 1999 may generate an electro-magnetic
field to magnetically attract a magnetic portion of a proximate
flap 1975F to draw the flap to pivot or flex to close over an
aperture of vent portion 1990 of the inner vent member. In
such a way, the flap may be operated to prevent or impede
flow through the inner vent member proximate to the flap as
illustrated in FIG. 19A. Absence of such an applied current
may permit a flow F to pass through the inner vent member
1970 and pass by a flap 1975F of the cover member 1975.
Optionally, the coils may be activated by a common current to
permit all flaps to close in the same operation. However,
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alternatively the flaps may be selectively activated by selec-
tive activation of one or more coils or sets of the coils 1999
(e.g., one by one) to thereby permit the vent open area to be
varied as increasing subsets of flaps are opened or closed.
[0176] The flap may be formed of a magnetic material or
may have portions that are magnetic. Forexample, a magnetic
flap edge MFE may be formed along the flap of a magnetic
material on an edge opposite the pivot flap edge PFE which
may be formed of a non-magnetic material such as a flexible
plastic or polymer (shown in 19A). Although FIG. 19B illus-
trates opening of the vent by raising the flaps, alteratively
raising the flaps by magnetic control may serve to block an
aperture or channel through the vent.

[0177] Additionally, a movable fabric portion or threads of
a fabric may serve to regulate flow through an area of a vent.
For example, a porous fabric may be applied to cover a
portion of an inner vent member. Application of a magnetic
field or physical stimuli or other mechanical movement of the
fabric (e.g., stretching) may modify the fabric’s flow charac-
teristic or porosity for modifying the transfer of air through
the fabric. For example, as illustrated in FIGS. 20A, 20B, 21A
and 21B, the fabric may have moveable threads or layers for
controlling the flow. As illustrated in FIGS. 20A and 20B,
layers of a fabric, that may optionally have an airfoil shape,
may be moved to permit flow through the fabric. As shown in
FIG. 20A, when the layers are upright the fabric may have an
increased flow characteristic. As illustrated in FIG. 20B,
when the layers fall or lie down, the fabric may have a
decreased flow characteristic. Similarly, in the version of the
fabric of FIGS. 21A and 21B, threads, such as metallic
threads that may be selectively exposed to one or more mag-
netic fields, may rise and fall to selectively increase or
decrease the flow characteristic of the fabric.

[0178] As illustrated in FIGS. 29A through 35, variable
venting may employ an adjustable iris. As best seen in the
illustration of components of FIGS. 31 and 32, an iris assem-
bly 3202 may serve as a diaphragm with an adjustable aper-
ture 3203. Blades 3204-1, 3204-2, 3204-3, 3204-4, 3204-5,
3204-6, 3204-7, 3204-8, may be rotatably mounted between
first and second blade mounts 3206-1, 3206-2 to form the
aperture. As illustrated in F1G. 31, the blades may be curved
and implemented in an overlapping configuration such that
their generally flat planar surfaces are, at least in part, in
contact with each other. Each blade may rotate about a pivot
pin (not shown) that is inserted near the end of the blade
through a pivot aperture 3208 of the blade. These pivot pins
are further engaged in apertures 3209-1, 3209-2, 3209-3,
3209-4, 3209-5. 3209-6,3209-7, 3209-8, of the second blade
mount 3206-2. Generally, the narrow edges of the blades do
not contact each other. Rather, the surfaces of each blade may
in part be slidingly engaged with the surfaces of one or two
other blades. It is to be understood that the number of blades
3204 utilized may be varied, for example to use 2, 3, 4, 5, 6,
7, 8, 9 or more blades 3204.

[0179] An iris drive lever 3210, which may be formed as
part of the blade mount 3206-1, is pivotably coupled with all
of the blades so as to serve as an actuator for the adjustment of
the aperture 3203 formed by the blades. When the drive lever
is traversed in directions of arrow DD shown in FIG. 32, the
blades rotate to permit either an increase or decrease in the
size of the adjustable aperture 3203 formed by the blades.
This actuated movement of the drive lever rotates each blade
toward (or away from) the center of the adjustable aperture
3203 of the iris. Thus, the drive lever motion selectively
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prevents (or permits) air flow. This also selectively allows
varying degrees of air flow through the iris depending on the
position of the drive lever.

[0180] Accordingly, when the iris assembly is inserted in an
exhaust venting component, such as a port of a mask or other
conduit, a manual adjustment of the drive lever may be made
to set a desired level of airflow through a vent employing the
iris assembly. However, in arrangements, such as illustrated
in FIGS. 29A to 29D, the iris assembly may be implemented
with further actuator components for a more automated con-
trol over the drive lever, and thus, an automated control over
the varying size of the adjustable aperture 3203.

[0181] For example, the iris assembly may be fitted with a
yoke 3312. As shown in FIG. 33, the yoke 3312 may be
adapted as a ring. Optionally, the ring may be formed of a
magnetic and/or plastic material. The yoke may include a
drive lever catch 3314, such as one with a set of projections
3316-1, 3316-2, to ply against the drive lever when the iris
assembly is inserted within the yoke 3312. The peripheral
surface of the yoke may be formed to have magnetic sections
3318-1, 3318-2, or applied magnets, so as to form a set of
magnetic sections around the periphery of the ring with alter-
nating magnetic poles. The number of sections may be chosen
as desired depending on the range of movement desired for
the yoke. For example, a two pole configuration, a four pole
configuration, etc., may be implemented.

[0182] The yoke ring may be rotatably mounted within a
control coil ring assembly, such as the coil assembly 3319
illustrated in FIG. 34. The control coil ring assembly may
typically include a set of coils 3320-1, 3320-2, such as in a
ring formation. Thus, the coils may be located about the
periphery and be proximate to the internal surface of the
control coil assembly near to where the yoke ring may be
positioned. The field coils may be selectively powered by a
controller with a set of leads 3322. Accordingly, selective
powering of the coils by a controller may permit selective
rotation of the yoke (in directions of arrow DD shown in FIG.
32) due to the magnetic forces of the field coils and magnetic
sections of the yoke. For example, the yoke and coil assembly
may be configured to permit approximately a 90 degree range
of motion of the yoke within the coil assembly. As such, the
yoke 3312 may then be controlled to move the drive lever in
a slot of the yoke via the drive lever catch 3314 when the iris
assembly is installed within the yoke. As such, the control of
the powering of the field coils may selectively control the size
ofadjustable aperture 3203, and thus, control the venting flow
through the iris. Inthis regard, the airflow ofthe vent may pass
through the open aperture formed by the blades and will also
travel through the rings formed by the coil assembly and
yoke. In some example implementations, a controller or pro-
cessor of a respiratory treatment apparatus may control a vent
flow with such an iris using any of the control methodologies
described in more detail herein.

[0183] Optionally, in some embodiments, the yoke may
employ one or more biasing members to bias the yoke in a
certain position. For example, the yoke may be biased by one
or more springs such that the biased position of the drive lever
in the yoke will settle the iris assembly in a fully open posi-
tion. Powering the coils may then serve to move the iris
assembly away from its spring biased position and against the
biasing force toward a more closed position. In the absence of
any power to the coils, such a biased iris assembly will return
to a fully open position as a result of the biasing force of the
biasing member (e.g., spring). Similarly, the yoke may be
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biased by one or more spring components such that the biased
position of the drive lever in the yoke will settle the iris
assembly in a fully closed position. Powering the coils may
then serve to move the iris assembly away from its spring
biased position and against the biasing force to a more open
position. In the absence of any power to the coils, such a
biased iris assembly will then return to a fully closed position
as a result of the biasing force of the spring.

[0184] Still further, a spring component(s) may be
employed to bias the yoke and the position of the drive pin in
the yoke so as to settle the iris assembly in a half open/half
closed position. Selectively powering the coils may then
serve to move the iris assembly away from its spring biased
position and against at least one biasing force to either move
toward a more open position or toward a more closed posi-
tion. In the absence of any power to the coils, theiris assembly
will return to a half open/half closed position as a result of the
biasing force(s) of the spring components.

[0185] As illustrated in FIGS. 30 and 35, the iris assembly
and control mechanism (e.g., yoke and control coil assembly)
may be inserted in a housing 3535 that may serve as part of a
conduit of an exhaust vent or a washout vent for a mask. For
example, as shown in FIG. 35, a housing 3535 may couple
with the iris mechanism 3636 to regulate flow of air through
a conduit 3537 of the housing. Optionally, as shown in FIG.
30, the housing 3535 with the inserted iris mechanism 3636,
may itself be formed as a conduit adapter. Thus, air delivery
conduits may be coupled to the housing 3535 so that the iris
mechanism may control flow through the conduits connected
by the adapter. In such a case, adapter openings 3138-1,
3138-2 may serve as couplers for additional conduits (e.g., air
delivery tubes, for example, by an interference fit between the
openings and the conduits. In some cases, the iris mechanism
with its yoke and coil assembly may be sized for insertion
within an exhaust port of a patient mask so as to serve as a
washout vent. For example, the length of the diameter line
DIA of the adapter assembly of FIG. 29D may be 15 mm to 30
mm such as about 22 mm and the length shown by line LTH
may be 12 mm to 25 mm, such as about 17 mm. Thus, the
diameter of the iris mechanism itself may be less than 22 mm
and its length may be less than 17 mm. Such a component size
may permit its use in a mask without causing the mask to be
too large. As such, it may be more comfortable for patient use
while sleeping.

[0186] In FIG. 1, the vent assembly 60, 360, 460 may
further include one or more sensors, such as a pressure sensor
or flow sensor to measure the flow or pressure for use in the
control of the vent. For example, pressure of the mask may be
measured and used as a function to control the vent. Similarly,
flow in or through the vent may be measured and used to
control the vent. Moreover, a measure of patient flow may be
applied as an input to a function for making control changes
to the vent. Optionally, a position sensor may be implemented
to sense the relative position of the vent member and the cover
member. Based on one or more of such sensors, the venting
characteristics of the vent may be evaluated during operation,
such as by the controller or processor of the flow generator.
[0187] Communication between the flow generator proces-
sor 40 and the vent assembly actuator and sensors may be
through dedicated wires, or alternatively may be multiplexed
with other sensor wires or multiplexed with the tube heater
wires or inductively coupled to the heater wires. Alterna-
tively, communication may be by wireless communications,
such as with a Bluetooth link.
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[0188] The actuator assembly may also include an infrared
light that pulses infrared light rays in the direction of the vent
assembly. The vent assembly may reflect the infrared light ray
back to the actuator assembly where a microprocessor then
calculates the time delay between emitting the infrared light
and receiving the reflected infrared light. The time delay may
be taken as an indication of the position of the vent assembly.
Alternatively, the reflectivity may be measured such as by the
amplitude of the received light, which may then be imple-
mented as an indicator of the vent position where different
amplitudes are associated with different positions of the vent.
Once the position of the vent assembly is known, a processor
of the flow generator may be configured to calculate the
pressure and/or flow at the mask and adjust the settings of the
flow generator accordingly. In addition, the actuator or motor
may adjust the position of the vent assembly if the flow
generator calculates that an alternative vent position is
required.

[0189] Control of Vent Flow

[0190] The variable area vent arrangement of the current
technology may improve the control of gas washout. This, in
turn, may permit improved patient treatment and/or function-
ing of a respiratory treatment apparatus. For example, the
vent may be operated to achieve a more instantaneous
response with a flow generator to conditions at the mask. It
may be operated with the flow generator to achieve faster rise
and fall times. In some cases, operation of the vent can permit
use of a blower that operates with a single pressure while still
allowing the pressure at the mask to be varied by controlling
changes to the venting area. In some cases, the changes in vent
conduit impedance may also allow for an adjustment to the
pressure levels in the mask. For example, the conduitembodi-
ments of FIGS. 14 and 15 may be coupled to an output of a
vent. As such, changes in the conduit impedance that may be
made by manipulation of the flow control slug can thereby
change the pressure at or flow of the vent.

[0191] Forexample, control of the vent area may be imple-
mented in synchronization with a patient’s breathing cycle so
as to participate in the pressure treatment of the patient. For
example, the actuation of the active vent may be implemented
so that the vent flow mirrors the flow of the patient’s respira-
tory flow cycle as illustrated in FIGS. 6A and 6B. As illus-
trated in FIGS. 6A and 6B, the vent flow is out of phase with
patient respiration. Thus, a minimal vent flow may be set for
peak inspiration so that the patient may inhale more of the
gases from the flow generator (as opposed to a typical non-
adjustable gas washout vent where some of the gas from the
flow generator passes straight out of the vent), and a maxi-
mum vent flow may be set for peak expiration. As illustrated
in the graphs, different functions (e.g., sinusoidal function,
shark-fin function, etc.) may be implemented for setting the
change in amplitude of the vent flow.

[0192] Optionally, the control of the venting area and the
resulting vent flow could also be phased or timed depending
on the sleep state of the patient (e.g., whether they are awake,
sleeping, etc.). For example, when the patient is awake (e.g.,
trying to get to sleep) the vent may be controlled to operate in
a more open or higher flow position in cooperation with the
flow generator, such as a higher flow position held approxi-
mately constant over the patient’s breathing cycle, so that
there is less impedance when the patient inhales. As the
patient enters a sleep state, the controller of the system may
then initiate operation of the vent so that it functions in the
manner illustrated in FIG. 6A or 6B. Optionally, if the device
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then detects an awake state or non-sleep state, the vent may be
controlled to return to operate in the higher flow position in
cooperation with the flow generator, such as the more con-
stant higher flow position. A determination of sleep state may
be made by any suitable process but may in some embodi-
ments be made in accordance with the sleep condition detec-
tion technologies described in PCT Patent Application No.
PCT/AU2010/000894, filed on Jul. 14, 2010, the disclosure
of which is incorporated herein by reference.

[0193] The control of the vent may be implemented in
response to detected patient conditions, such as sleep disor-
dered breathing events. For example, an analysis of flow
and/or pressure data by a processor of the controller of the
flow generator may detect respiratory conditions such as cen-
tral or obstructive apnea, central or obstructive hypopnea,
and/or snoring etc. Example methods for detecting such con-
ditions are described in U.S. patent application Ser. No.
12/781,070, filed on May 17, 2010, the entire disclosure of
whichisincorporated herein by reference. The controller may
then set the vent area based on the analysis of the patient’s
detected condition. For example, ifa central apnea is detected
(an open airway apnea) or a central hypopnea, the processor
may control the vent to close or reduce the vent area so that the
patient is permitted to re-breath CO,. This may induce the
patient’s brain to detect an increase in CQO, in the body and
thereby cause the patient to spontaneously breath. Thereafter,
if the controller detects a patient’s breath or if a safety time
period lapses without a breath, the vent may then be con-
trolled to return to its normal operation, such as that associ-
ated with the varied operation of FIG. 6 A or FIG. 6B or amore
constant open position that provides a required vent flow
during respiration. Beneficially, pressure or flow adjustments
that are attributable to changes ofthe vent area may take effect
faster than such changes controlled by adjustments to some
flow generators. Thus, an initial adjustment of mask condi-
tions by manipulation of the vent may be performed before
flow generator changes are implemented. This may provide
the controller of the flow generator an opportunity to deter-
mine with its sensors how a patient’s airway is reacting and/or
how the flow generator should thereafter respond.

[0194] Furthermore adjustments to the venting area may be
implemented to improve patient comfort or to offset a poten-
tial leak due to an improperly positioned mask. Essentially,
these procedures may permit adjustments to the position of
the patient’s mask. For example, the controller of the flow
generator may detect an occurrence of an unintentional leak
that may be attributable to a displaced positioning of the
mask. If such a leak is detected, the controller may control an
adjustment to the vent area such as to close or rapidly close the
vent assembly. Optionally, such a closing of the vent may be
joined by a simultaneous controlled increase in speed of a
flow generator to temporarily increase airflow or pressure
delivered to the mask. The pressure increase at the mask
resulting from the closing of the vent assembly may then
cause the mask to ‘jump’, shake or disrupt from the patient’s
face. This jump or movement of the mask may result in the
mask re-positioning its seal to the patient’s face and poten-
tially sealing the detected leak path.

[0195] As an alternative controlled approach, the controller
may then control the vent arrangement to open (and/or simul-
taneously control a reduction in generated pressure by the
flow generator) so that the pressure of the mask is substan-
tially reduced (e.g., to a pressure or atmospheric pressure) for
some predetermined period of time. This substantial reduc-
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tion of pressure in the mask may then allow the mask to be
re-positioned by some movement of the patient or allow the
mask to change in the case of an auto adjusting mask and
thereby potentially correct the seal issue. Optionally, this
controlled opening approach may be implemented subse-
quently to a prior ‘jump’ attempt previously described, in the
event that mask leak is still detected after the ‘jump’ attempt.
Such controlled procedures may be repeated or performed (in
any order) until the leak is no longer detected or for a prede-
termined number of times. Moreover, both opening and clos-
ing the vent may be repeated rapidly and may coincide with
the flow generator decreasing and increasing the pressure
respectively. Such a shaking process may result in the mask
vibrating to a degree to help in reset the mask position to
rectify the detected leak.

[0196] Other vent area control procedures may also be
implemented in response to leak detection, such as the detec-
tion of unintentional leak, performed by the controller. For
example, the degree of venting may be variably controlled as
a function of a detection of unintentional leak and/or mouth
leak (such as in the case of a nasal only mask). Consequently
the pressure and flow output from the flow generator may be
determined. Additionally, the vent leak may be calculated by
sensing pressure or flow at or near the vent assembly. The
difference between the air flow generated by the flow genera-
tor and the vent leak flow may be determined to be the sum of
unintentional leak and mouth leak (where applicable). Mouth
leak may be determined, for example, as described in U.S.
Provisional Patent Application No. 61/369,247, filed 30 Jul.
2010, the entire disclosure of which is incorporated herein by
reference. Thus, the unintentional leak flow may be calcu-
lated. (e.g., Flow, ~Flow (Flow-
mouthileak-l-Flow

[0197] The vent area of the vent assembly may then be
controlled based on such a determination of unintentional
leak quantity by the processor of the flow generator. In one
example, upon the flow generator processor determining
increased or excessive unintentional leak, such as by a com-
parison of the quantified leak to a threshold that may be
indicative of a required gas washout flow, the processor may
control the vent actuator to reduce the vent open area, since
less gas washout venting is required with increased uninten-
tional leak at the patient’s face. Similarly, if such a leak is no
longer detected, the processor may thereafter control an
increase to the vent open area so that the flow of the gas
washout vent satisfies a required gas washout flow.

[0198] Furthermore, by knowing the open area against
pressure characteristic for the vent assembly, the processor
may control the vent actuator based on the sensed or calcu-
lated pressure at the vent, to control the vent flow to remain
constant or to follow a predetermined pattern.

[0199] Additionally, the venting may be controlled in
response to the patient’s breathing cycle or therapy need.

[0200] Algorithms for determining cycling between irha-
lation and exhalation are known, and described for example in
US Patent Application 2008/0283060, filed 21 Dec. 2006. By
employing such an algorithm, the variable area vent control-
ler may be controlled to synchronise with the breathing cycle,
for example to reduce the vent open area or close the vent
completely during part of the patient’s breathing cycle. For
example, the vent area is reduced or closed at a time corre-
sponding to inhalation when gas washout is not required, and
is opened coinciding with patient exhalation.

unintentional_lea total_generated—

vent_leak.
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[0201] By reducing gas venting during inhalation, it is
believed that the mean and peak flow rate required to be
generated by the flow generator may be reduced, with result-
ant decreases in flow generator capability and size, air deliv-
ery conduit diameter and humidifier capacity being possible.
Furthermore, the power and water consumption of the appa-
ratus may be able to be reduced.

[0202] The actuation of the active vent may be controlled
by software. The software may be upgradable orre-settable in
accordance with particular patient’s needs or clinical direc-
tion. For example, a patient (e.g., a patient suffering from
Cheyne-Stokes respiration CSR) may have a first vent flow
requirement during their first period of treatment (e.g., first
month, first week, first year, number of days, etc.) and then
have a second vent flow requirement in a second period of
treatment (e.g., the second month, second week, second year,
a following number of days respectively). The software may
control this change of the vent flow setting according to the
particular period (e.g., year) by checking an internal clock
and adjusting the setting accordingly. Alternatively, the data
of the software may be upgraded to re-program the active vent
in the second period of treatment to cause the vent to achieve
the second vent flow requirement. As discussed in more detail
herein, controlled adjustments to the vent may also be made
during a treatment session and may depend on detected
patient conditions such as sleep stage or time in treatment.
Moreover, vent adjustments may also optionally be made
based on blood gas measurements or surrogates thereof, such
as from a transcutaneous pCO2 sensor, of the patient during
treatment. For example, a controller may reduce vent size to
cause re-breathing of CO, upon detection of lower than nor-
mal paCO, relative to one or more thresholds. The controller
may then return the vent size for normal CO, washout when
the blood gas measurements normalize.

[0203] Insome cases, an anti-asphyxia valve may no longer
be necessary. The active vent could also serve as an anti-
asphyxia valve. For example, when the vent includes a bias-
ing member. The biasing member may maintain the vent in a
normally open position for breathing through the vent if the
controller is not powered and/or operating the flow generator.
When under power and operating, the controller may then
control the vent to limit vent flow to any desired CO, washout
level.

[0204] Patient compliance with OSA therapy such as CPAP
and APAP is affected by many factors. One of the significant
factors affecting success of an OSA patient remaining on
effective therapy is the level of comfort associated with the
wearing of the device and mask during the period while still
awake. If the patient comfort can be paramount until the onset
of sleep then there is likely to be an increased compliance
with CPAP or APAP therapy overall. Similarly, the patient
may resist continuation of therapy if woken for any reason
during sleep. The awakening may be unrelated to the patient
condition, for example the arrival home of another family
member may wake the patient. Once awake, the patient may
suffer discomfort and remove the CPAP system.

[0205] One factor that may decrease patient comfort, espe-
cially when not sleeping or in an aroused state, is the poten-
tially low pressure during wake state of an APAP machine.
Typically an APAP machine uses low pressure when the
wearer is not experiencing an occluded airway. For fixed
aperture vented mask systems the low pressure also will result
in a low intentional leak (or vent) flow and may result in
decreased CO, washout. Potentially, the patient may experi-
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ence some re-breathing, while not significantly of clinical
concern it may be sufficiently uncomfortable to the patient
and discourage use of the mask system.

[0206] Potentially, due to the low washout levels and addi-
tionally the level of humidity and heating levels of the air
proximal to the patient airways in the conduit and mask, the
patient may feel uncomfortable.

[0207] During treatment and the period waiting to fall
asleep and also during potential arousal events, the patient
may suffer a feeling similar to claustrophobia where there is
a desire to remove the CPAP/APAP system.

[0208] A variable vent system, such as one that employs the
conduits and vents previously described, can potentially
improve comfort during sleep state periods, including wake,
when therapy is not required. For example, a controller of the
adjustable vent may detect appropriate sleep related periods
of a patient, such as wake, or potentially light sleep. In
response to these detections, the controller may then alter the
pneumatic, humidity and heat settings set by the controller.
[0209] For example, the controller may increase the vent
flow when the respiratory treatment apparatus is set to gen-
erate lower pressures. Similarly, the controller may decrease
the vent flow when the respiratory treatment apparatus is set
to generate higher pressures. This may be suitable if these
pressure settings contribute to events that may wake or result
in patient arousal.

[0210] When increasing the vent flow at lower pressures,
the APAP/CPARP respiratory treatment device could compen-
sate by increasing the flow supply from the controlled flow
generator to maintain the set pressure at the patient interface
but with increased flow through the conduit and mask and out
the vent. The result is significantly increased CO, washout at
the desired pressure setting.

[0211] This controlled adjustment may also result in a
change in feeling of the patient as the flows near the facial skin
and nasal nares may have a cooling and drying effect. Simi-
larly, reducing the vent flow may increase the feeling of the
temperature and moisture content of the air to the patient.
[0212] By changing the vent flow, the patient may feel
hotter/cooler, and/or moister/drier simply with the changing
flow rate of the air near sensitive skin and nasal tissue. Thus,
the regulation of vent flow can provide a basis for adjusting
patient comfort.

[0213] The detection of sleep state may serve as a basis to
change the vent flow to improve the patient’s feeling of com-
fort. Similarly, the humidity and delivered air temperature
may also be optimised to suit the patient during such condi-
tions in the event that the controller of the respiratory treat-
ment apparatus also controls a humidifier and/or air warming
element.

[0214] If normal or deeper sleep states are detected by the
controller, the prescribed patient therapy (e.g., CPAP and
APAP therapy settings), humidity and temperature settings
will be set and delivered by the apparatus.

[0215] However, comfort changes from the prescribed
treatment settings may be set when the apparatus detects light
sleep or awake states. The physician prescribed settings dur-
ing these states may not be necessary since OSA is not likely
to occur during such stages of sleep (or awake) states. Thus,
patient preferred settings may automatically take effect on the
detection of the light sleep or awake states.

[0216] Such features as a “ramp” and similar from current
CPAP machines do not deliver the prescribed titration level of
pressure until the patient is expected to be in the correct sleep
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state by delaying the delivery of therapeutic pressure levels
for a period of time by gradually raising the pressure to the
therapeutic level.

[0217] A further feature can exploit the lack of need for
therapeutic pressures during light sleep or awake states to
allow the patient to adjust the flow through the vent during
such states. Normal therapeutic settings can resume during
usual sleep states requiring it. For example, when the “ramp”
feature is engaged, the respiratory treatment apparatus may
set the vent flow levels to those specified by some “patient
comfort” settings rather than the prescribed therapeutic set-
tings. Thus, the apparatus may have a user interface to allow
the patient to input or adjust the “patient comfort” settings
(e.g., within permitted ranges) to the apparatus for these
controlled features.

[0218] As an extension and as part of the “patient comfort”
settings, the apparatus may permit the patient to adjust CPAP/
APAP pressure within the safe limits that may be set by
clinical staff during titration or to some range that may be
found to be safe during the detected awake or light sleep
periods.

[0219] Similarly, as part of the “patient comfort” settings,
the patient may be able to have favored humidity and heat
settings during such sleep phases that revert to needs based
settings in other sleep states.

[0220] In some cases, the settings may be automatically
controlled or adjusted by the respiratory treatment apparatus
based on detected environmental conditions such as tempera-
ture and/or humidity outside of the device. For example,
cooler settings may be utilized during warmer seasons and
warmer settings may be utilized during cooler seasons.
[0221] There may be a plethora of settings and/or “patient
comfort” profiles of settings that may be preferred by the
patient, or even the clinical or prescribing staff. The different
profiles even for a single patient may be activated by the
device depending on various detected conditions, such as a
particular sleep state, environmental conditions, etc.

[0222] For example, the apparatus may be configured to
activate a particular preferred profile of the air delivery
parameters that improve patient comfort at a preferred auto-
matic time or particular sleep state.

[0223] Priority in control or profile may be given to com-
fort, pressure, flow (CO, washout), moisture, heat, battery or
power supply endurance, noise, machine/consumable part
life or other system parameter that may be preferred.

[0224] In a particular example, an OSA respiratory treat-
ment apparatus may be configured to deliver pressure, vent
flow (CO, washout), humidity/moisture and/or heat to the
tastes of the patient as set in “patient comfort” settings by a
user interface of the apparatus. Any combination of param-
eters pressure, flow, moisture and temperature of delivered air
may be profiled individually or in any combination. The
patient comfort settings then may be activated depending on
the particular detected conditions of the machine such as
sleep state (e.g., awake or light sleep) and/or environmental
conditions. When prescribed therapy is required, such as dut-
ing detected sleep states, physician prescribed “therapeutic
settings” may then be activated such that some or all of the
comfort settings will be deactivated.

[0225] Cheyne-Stokes respiration (CSR), Complex Sleep
Apnoea and other forms of central sleep apnoea may be
characterised as (on-average) hyperventilation during sleep.
This hyperventilation frequently manifests itself as a lower-
than-normal daytime PaCO,. However, it is mainly CHF—or
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altitude-related periodic breathing with that association—
that can be predicted from daytime PaCO,. Complex Sleep
Apnoea cannot typically be predicted from daytime PaCO,.
The graph of FIG. 16 shows the typical waxing and waning
pattern of CSR in a patient getting CPAP treatment from a
CPAP respiratory treatment apparatus. The pattern is charac-
terized by periods of hyperventilation (hyperpnoea) inter-
spersed with periods of low ventilation (hypopnoea) or cen-
tral apnoea. The pattern is strikingly periodic with little
variation neither in the length of each cycle nor in the length
of the components of each cycle.

[0226] Therapeutic methods to return PaCO, to a normal
range have focused on restoring a normal breathing pattern.
For example, the ResMed AutoSet CS (or VPAP Adapt) is a
non-invasive pressure-control ventilator that stabilises
PaCO, by increasing pressure support during periods of
apnoea or hypopnoea and decreasing pressure support during
periods of above-normal or normal ventilation. This method
acts to ‘break’ the vicious cycle whereby hyperventilation
drives the patient’s PaCO, below the apnoeic threshold which
in-turn leads to a new cycle of hyperventilation. By servo-
ventilating short term ventilation to a target which is a fraction
of a longer term ventilation, the CSR pattern is often abol-
ished. The ventilator has sensors and methods to reliably
measure patient respiratory flow in the presence of a known
mask vent flow and a variable inadvertent mask leak. The
ventilation measures are derived from the patient respiratory
flow estimate.

[0227] Another way to abolish or ameliorate the CSR pat-
tern is by having the patient re-breathe some fraction of their
own exhaled CO,. The rebreathed CO, acts to either raise the
patient’s PaCO, or to prevent PaCO, from falling during
hyperventilatory phases. In this way it can reduce the drive to
hyperventilate. A convenient way to do this is to have an
actively controlled vent at the mask such as one of the
embodiments previously described. In existing vented
breathing systems, the vent is a fixed orifice which provides
enough flow over the expected mask pressure range to
adequately purge the mask of exhaled CO, over each breath-
ing cycle. By controlling the vent orifice, the amount of CO,
rebreathed by the patient can also be controlled. Such an
actively controlled vent can form part of a servo-control sys-
tem of a respiratory treatment apparatus.

[0228] Inoneexample, the respiratory treatment apparatus,
such as a ventilator, may implement a fixed hyperventilation
threshold setting, such as in litres per minute (LPM). This
setting may be set by a clinician before the start of therapy. If
the patient’s average measured ventilation (measured over a
period such as three minutes) were to exceed the threshold,
the vent may be actively controlled by the controller to reduce
the flow such as by reducing its venting size such that the
patient would start to re-breath a small fraction of their own
CO,. If the detected hyperventilation subsequently resolved,
such as if the threshold is no longer exceeded, the vent could
be controlled by the controller to return to a normal position.
[0229] In another alternative approach, a servo-control
mechanism of the controller may continuously adjust the vent
size to keep fresh gas ventilation under a pre-determined
threshold. Such a servo-controlled system might utilise a PID
type controller with the error signal being the degree to which
ventilation was above threshold and it would output the size
of the vent. The controller could also regulate the vent size so
as to constrain it to be within pre-determined maximum and
minimum sizes.
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[0230] In another example, instead of a fixed ventilation
threshold, there might be an index of ventilation instability.
For example, the following indices may serve as a single
measure or combined measure of ventilation instability:
[0231] a. Ventilation stability may be measured by a mov-
ing window standard-deviation of ventilation assessed by the
controller;

[0232] b. A central apnoea index, a central hypopnoea
index or a central apnoea-hypopnoea index as detected by the
controller;

[0233] c. An apnoea-hypopnoea index (which persists
despite automatic adjustment of EPAP to abolish upper air-
way obstruction) as detected by the controller;

[0234] d. A respiratory disturbance index, (e.g., an arousal
index such as one derived from flow, SpO, and/or photopl-
ethysmogram) as detected by the controller.

[0235] Methods for detection and automated determination
of such indices may be considered in view of the discussion of
PCT/AU2010/000894, filed Jul. 14,2010, based on U.S. Pro-
visional Patent Application No. 61/226,069 filed Jul. 16,
2009, the disclosures of which are incorporated herein by
reference.

[0236] In each case, the vent orifice size may be adjusted
either in step fashion or continuously so as to minimise the
measure of ventilation instability. Optionally, the controlled
changes to vent size could be between two sizes chosen for
‘normal’ breathing and “re-breathing” or it may be continu-
ously adjustable through many sizes in a range between fixed
preset limits.

[0237] FIGS. 17A and 17B show a simulated CSR flow
pattern and some filter outputs plotted on a common time
scale. The trace in FIG. 17A is a simulated patient flow with
CSR breathing bracketed by two periods of normal breathing.
The plot of FIG. 17B shows a ventilation measure VM (fil-
tered with a three minute time constant) and the moving
window standard deviation SD of the ventilation measure
taken from the simulated patient flow of FIG. 17A. Allowing
for the time it takes the filters to initialize (slow rise at the
beginning), it can be seen that the ventilation during the CSR
period is a) higher on-average and b) variable. The standard
deviation SD trace shows that the instability in the ventilation
can be measured by a moving window SD metric.

[0238] As previously mentioned, in some embodiments,
the adjustable vent may be controlled by an actuator and
servo-controlled to minimise a respiratory disturbance index.
For example, in the plot of FIG. 17B, the determined rise in
the windowed standard deviation SD of ventilation would
cause the controller to reduce the vent size to increase the
fraction of inspired CO,. Then, when the windowed SD
reduced, the controller would begin reopening or increasing
the area of the vent.

[0239] Inanother example, the controller of the respiratory
treatment apparatus may ‘phase lock’ to the CSR cycle. This
process would involve learning the CSR cycle via a phase-
locked loop and then adjusting the vent area so as to initiate a
rebreathing cycle for the optimum time and with the optimum
phase relationship to the CSR cycle. This would result in a
lower on-average amount of rebreathing compared to a fixed
level or a quasi-statically adjusted level.

[0240] Insuchacase. the CSR cycleis typically 60 seconds
in length with a typical range of between 40 and 90 seconds.
In general, the cycle length increases with worsening heart
failure HF (e.g., bad SpO, reference) as does the hyperpnoea
length. The cycle length does not vary quickly or substantially
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within a night. Therefore, once a system had phased locked to
aCSR cycle, it may be possible to maintain phase lock despite
a lessening degree of CSR amplitude modulation. Alterna-
tively, if the CSR signal were to disappear altogether (i.e.,
normal breathing resumed) then the apparatus may re-estab-
lish a phase lock quickly based on a previously learned cycle
length, hyperpnoea length and apnoea or hypopnoea length,
or metrics indicative of these features.

[0241] If the patient is experiencing a CSR pattern with
frank apnoeas, it may only be possible to initiate rebreathing
during the hyperpnoea phase (i.e., while the patient is actually
spontaneously breathing). However, once apnoeas have been
abolished by the apparatus and a CSR pattern with continuous
spontaneous breathing throughout the breathing cycle is
detected, then it may be advantageous to vary the controlled
rebreathing process to the optimum point in the cycle and for
the optimal length that minimises the instability to the great-
est extent. This phase delay and length of the rebreathing
cycle might be pre-programmed or learned after starting at a
predetermined ‘best guess’ starting point.

[0242] In some cases, the apparatus may simply monitor
the patient over time by recording the CSR metrics previously
mentioned. The apparatus may then evaluate the metrics and
recommend use of a vent having a lesser venting flow if
residual CSR exists. For example, the apparatus may refer-
ence an array of standard vents to choose from with particular
vent flow characteristics, the apparatus may determine that a
step down to a smaller vent should be implemented by issuing
a warning or text instruction. Optionally, in the case of con-
stant flow venting, it may suggest an adjustment to the vent
such as a manual adjustment or insertion of an alternate mylar
tab or vent aperture that will make some change to the flow
characteristics of the vent.

[0243] 1In the above examples, the active vent control sys-
tem can be run at each treatment session (e.g., each night) to
provide therapy to the patient in a real time detection/re-
sponse to patient needs. However, in some embodiments, it
might be used on one or more nights to determine a suitable
fixed vent size for the patient’s subsequent therapy (e.g., by
implementing a vent flow titration protocol.)

[0244] In the examples above, the active vent system and
associated control system for rebreathing could be used in
conjunction with adaptive servo-ventilation (e.g., ResMed
AutoSet CS2). In such a combined system, the pressure con-
trol adjustment process might be used as the primary driver
for suppression of CSR breathing and a rebreathing control
process as previously described might supplement that pro-
cess, in tandem, to damp out any residual instability (if it is
detected). Alternatively, the two systems might work in con-
cert with a master process controlling both pressure-support
and rebreathing via active vent in order to more simulta-
neously operate to stabilise ventilation to the greatest degree.
For example, such a system might implement a pressure
support control-loop acting with a ‘fast’ time constant and a
rebreathing control process acting with a ‘slow” time con-
stant.

[0245] In another example, the rebreathing control process
might be the primary means of suppressing CSR breathing,
with the ventilator pressure support component acting to sup-
press frank apnoeas via the insertion of backup breaths.
[0246] Phasic venting may be implemented with a venting
protocol to treat CSR. For example, during detected hyperp-
noea periods, the controller may adjust the vent to close or
reduce the venting area to treat the hyperpnoea but only
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during detected patient expiration. In such a case, the vent
area would be increased during inspiration.

[0247] Alternatively, a process of the controller may
directly regulate rebreathing by calculating or estimating the
quantity of flow out through the vent and controlling it to be
at a desired quantity or percent.

[0248] In one control methodology example, the presence
of CO, rebreathing may be estimated using analysis of sensor
measures, and the vent may be adjusted to reduce this esti-
mate to an acceptable level. As discussed in paragraph [0004],
if the patient’s exhaled volume is still residing in the breath-
ing circuit at the time of the next inhalation, rebreathing may
occur. The magnitude of CO, rebreathing can be estimated
with knowledge (or estimation) of the patient’s respiratory
flow and knowledge (or estimation) of current vent flow, with
the intention of ‘tracking’ the exhaled volume remaining in
the tube at next inhalation. As illustrated in FIG. 17C, this
may be achieved utilizing the total flow TFLW delivered to
the patient and an estimate of mask pressure. For example, the
measured signal from a flow sensor within the air-delivery
path of a respiratory treatment apparatus will comprise two
components: an alternating component being patient respira-
tory flow PFLW, and a pressure-dependent bias flow being the
sum of vent flow and any flow from unintentional leak (e.g.,
mask or mouth leak) from the breathing circuit of the respi-
ratory treatment apparatus. The respiratory apparatus may
estimate each component by a variety of methods, such as any
of those described in International Patent Application No.
PCT/AU2011/000950 filed on Jul. 30, 2012 and/or U.S. Pat.
No. 6,659,101 filed on Jul. 10, 2001, the entire disclosures of
which are incorporated herein by reference. For example, the
combined leak can be modelled as a fixed size orifice, the flow
through which can be predicted from the mask pressure and
the orifice impedance. In this case the orifice impedance can
be estimated using a relationship between long-term average
(multiple breath cycles) mask pressure and long-term average
total flow. Having thus estimated the orifice impedance, the
total leak flow VFLW (both intentional and un-intentional
leak) at any instant can be estimated. During the expiratory
phase, the integral of any reverse flow back up the circuit
represents a potentially re-breathable exhaled volume PRB-
VLM. Any of this volume remaining at the start of inspiration
is actually rebreathed, which may be calculated as the poten-
tial rebreathed volume PRBVLM less the integral of esti-
mated total leak flow VFLW minus total flow TFLW over the
balance of the expiratory phase (shown in FIG. 17C at refer-
ence character RPRBVLM). The calculated difference may
thus represent the actual rebreathed volume ARBVLM which
may be calculated and represented each breath in an actual
rebreathed volume signal ARBVLMS determined by a con-
troller or processor.

[0249] By so doing the vent can be adjusted to reduce this
estimate of the actual rebreathed volume to an acceptable
level, regardless of the PEEP/EPAP value, the tidal volume,
and the breathing pattern. That is, the vent can be actuated so
as to open the vent or to increase the venting or venting area
of the vent assembly. Any such adjustment of the vent should
typically be made over a time scale many times longer than
the averaging period used by the leak impedance calculation.
The actuation of the vent assembly by the controller may be
by a closed loop control methodology so as to servo-control
the vent such that it prevents rebreathing while minimising
losses. In some versions, the controller may have a set of
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thresholds to keep the flow of the vent in a desired range, such
as a range defined by two thresholds.

[0250] For the above processes a pressure treatment
therapy is generated by a respiratory treatment apparatus that
also includes the venting control. However, in some embodi-
ments a mask with a vented control may be used without a
flow generator that generates a pressure treatment (e.g., a
snorkel) or in some cases pressure treatment may be stopped
while venting control is activated.

[0251] An example system architecture of a controller of a
respiratory treatment apparatus suitable for controlling actua-
tion of the variable area vent assembly of the present technol-
ogy is illustrated in the block diagram of FIG. 7. In the
illustration, the controller 706 for a respiratory treatment
apparatus may include one or more processors 708. The sys-
tem may also include a display interface 710 to output event
detection reports (e.g., central apnea, obstructive apnea, cen-
tral hypopnea, obstructive hypopnea, etc.) or vent assembly
related data (settings, vent flow vs. time plots, vent area, etc.)
as described herein such as on a monitor or LCD panel. This
may be used to log and/or monitor the performance or con-
trolled changes in the vent characteristics during a treatment
session. A user control/input interface 712, for example, a
keyboard, touch panel, control button(s), buttons, dial, mouse
etc. may also be provided to activate or modify the control
methodologies described herein. The system may also
include an actuator, sensor or data interface 714, such as a bus,
for receiving/transmitting data such as programming instruc-
tions, pressure and flow signals, positioning signals, actuator
control signals, etc. The device may also typically include
memory/data storage components 720 containing control
instructions of the aforementioned methodologies. These
may include processor control instructions for sensor signal
processing (e.g., flow and/or pressure signal processing and
filtering, vent assembly position determination, vent assem-
bly flow determination, vent assembly pressure determina-
tion, etc.) at 722. These may also include processor control
instructions for control of the variable vent area vent assem-
bly actuation/setting (e.g., patient condition detection, leak
detection, patient respiratory cycle detection, learn cycle,
sleep detection, mask adjustment procedures, related thresh-
old comparisons, etc.) at 724 as previously discussed in more
detail herein. These may also include processor control
instructions for treatment control (e.g., respiratory treatment
control, pressure adjustments, CPAP pressure control, Bi-
level pressure control, or other flow generator control meth-
odologies etc.) at 726. Finally, they may also include stored
data 728 for or from the methodologies of the controller (e.g,,
vent assembly settings, vent assembly voltage and/or current
data, vent assembly positions, gas washout flow requirements
data, recorded vent flow data, etc.).

[0252] In some embodiments, these processor control
instructions and data for controlling the above described
methodologies may be contained in a computer readable
recording medium as software for use by a general purpose
computer so that the general purpose computer may serve as
a specific purpose computer according to any of the method-
ologies discussed herein upon loading the software into the
general purpose computer. Still further, the methodologies
may be contained in a device or apparatus that includes inte-
grated chips, a memory and/or other control instruction, data
or information storage medium. For example, programmed
instructions encompassing such detection methodologies
may be coded on integrated chips in the memory of the device
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or apparatus to form an application specific integrated chip
(ASIC). Such instructions may also or alternatively be loaded
as software or firmware using an appropriate data storage
medium.

[0253] In this specification, the word “comprising” is to be
understood inits “open” sense, that is, in the sense of “includ-
ing”, and thus not limited to its “closed” sense, that is the
sense of “consisting only of”. A corresponding meaning is to
be attributed to the corresponding words “comprise”, “com-
prised” and “comprises” where they appear.

[0254] While particular embodiments of this technology
have been described, it will be evident to those skilled in the
art that the present technology may be embodied in other
specific forms without departing from the essential charac-
teristics thereof. The present embodiments and examples are
therefore to be considered in all respects as illustrative and not
restrictive, the scope of the technology being indicated by the
appended claims rather than the foregoing description, and all
changes which come within the meaning and range of equiva-
lency of the claims are therefore intended to be embraced
therein. It will further be understood that any reference herein
to subject matter known in the field does not, unless the
contrary indication appears, constitute an admission that such
subject matter is commonly known by those skilled in the art
to which the present technology relates.

1. An apparatus for automated control of gas washout of a
patient interface of a respiratory treatment apparatus com-
prising:

a vent assembly having a variable exhaust area defined by
one or more apertures of the vent assembly, the vent
assembly being associated with a patient interface to
vent expiratory gas;

an actuator to manipulate said one or more apertures of the
vent assembly; and

a controller, including a processor, that is coupled to the
actuator and configured to operate the actuator to change
the variable exhaust area of the vent assembly,

wherein the variable exhaust area is configured to be set to
a plurality of open positions, each open position provid-
ing a different vent flow area.

2. (canceled)

3. The apparatus of claim 1 wherein the controller is con-
figured to switch between a treatment setting for the variable
exhaust area and a comfort setting for the variable exhaust
area.

4. The apparatus of claim 1 wherein the controller is con-
figured with a user interface for input of comfort settings
including a setting for the variable exhaust area, wherein the
comfort setting includes one or more of a humidity setting,
pressure setting, and a temperature setting.

5. (canceled)

6. The apparatus of claim 1 wherein the controller is con-
figured to determine a measure of patient ventilation and
adjust the variable exhaust area as a function of the measure
of patient ventilation and the variable exhaust area is
decreased if the measure of patient ventilation meets or
exceeds a threshold, wherein the measure of patient ventila-
tion comprises an instability index.

7-8. (canceled)

9. The apparatus of claim 6 wherein the instability index
comprises at least one of a moving window standard-devia-
tion of ventilation, a central apnoea index, a central hypop-

Sep. 25,2014

noea index, a central apnoea-hypopnoea index, an persistent
apnoea-hypopnoea index, and a respiratory disturbance
index.

10. The apparatus of claim 1 wherein the controller is
configured to detect a Cheyne-Stokes respiration cycle from a
patient flow signal and phase-lock adjustments to the variable
exhaust area to control rebreathing cycles according to the
phase-lock.

11. The apparatus of claim 1 wherein the controller is
further configured to control operation of a flow generator.

12. The apparatus of claim 1 wherein the controller is
configured to detect a presence or absence of an unintentional
leak and control the change to the exhaust area based on the
detection of the presence or absence of the unintentional leak.

13. The apparatus of claim 12 wherein the controller closes
the exhaust area in response to the detection of the presence of
the unintentional leak.

14. (canceled)

15. The apparatus of claim 12 wherein the controller closes
and opens the exhaust area in response to a continued detec-
tion of the presence of the unintentional leak.

16. The apparatus of claim 12 wherein the controller
changes the exhaust area as a function of a quantification of
the unintentional leak.

17. The apparatus of claim 16 wherein the controller
decreases the exhaust area based on a threshold comparison
of a value of the quantification.

18. The apparatus of claim 1 wherein the controller is
configured to detect a sleep state and control the change to the
exhaust area based on the detection of the sleep state.

19. The apparatus of claim 18 wherein the controller ini-
tiates a cyclical variation of the exhaust area in response to the
detection of the sleep state.

20. The apparatus of claim 18 wherein the controller main-
tains an approximately constant exhaust area in response to
the detection of an absence of sleep.

21. The apparatus of claim 1 wherein the controller is
configured to detect a breathing condition and control the
change to the exhaust area based on the detection of the
breathing condition.

22. The apparatus of claim 21 wherein the detected breath-
ing condition comprises a central apnea or central hypopnea
and the controller is configured to control a decrease to the
exhaust area based on the detection of the central apnea or
central hypopnea.

23. The apparatus of claim 22 wherein the controller is
configured to control an increase of the exhaust area based on
a further detection of an absence of central apnea or central
hypopnea.

24. The apparatus of claim 1 wherein the controller con-
trols changes to the exhaust area in synchrony with detected
patient respiration and the controller controls changes to the
variable exhaust area as a function of any one of a measure of
pressure; ameasure of flow through the variable exhaust area;
a measure of patient flow; or a calculation of a rebreathed
volume.

25-37. (canceled)

38. The apparatus of claim 1 wherein the actuator com-
prises a motor and an induction coil coupled to a first structure
and a second structure, and wherein the structures are config-
ured to adapt a size of overlapping apertures by rotation of the
first structure.
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39. The apparatus of claim 1 wherein the actuator com-
prises one or more of a voice coil; a magnet; a prneumatic
piston; a motor; or a piezo motor.

40-42. (canceled)

43. The apparatus of claim 1 further comprising a spring
mechanism configured to return the variable exhaust area of
the vent assembly to a normally open position.

44-78. (canceled)

79. A system for automated control of gas washout of a
patient interface comprising:

a vent assembly having a variable exhaust area defined by
overlapping apertures of the vent assembly, the vent
assembly being attachable to a patient interface; and

an actuator to manipulate an aperture of the vent assembly,
the actuator configured for control by a controller to
change the exhaust area of the vent assembly,

wherein the variable exhaust area is configured to be set to
aplurality of open positions, each open position provid-
ing a different vent flow area.

80-114. (canceled)

115. The system of claim 79 wherein the actuator com-
prises a motor and aninduction coil coupled to a first structure
and a second structure, and wherein the structures are config-
ured to change a size of overlapping apertures by rotation of
the first structure.

116. The system of claim 79 wherein the actuator com-
prises at least one of a voice coil; a pneumatic piston; an
induction coil; or a piezo motor.

117-119. (canceled)

120. The system of claim 79 further comprising a spring
mechanism configured to return the variable exhaust area of
the vent assembly to a normally open position.

121-122. (canceled)

123. The system of claim 79 wherein the controller is
configured to detect a presence or absence of an unintentional
leak and control the change to the exhaust area based on the
detection of the presence or absence of the unintentional leak.

124. The system of claim 79 wherein the controller closes
the exhaust area in response to the detection of the presence of
the unintentional leak.

125. The system of claim 79 wherein the controller opens
the exhaust area in response to the detection of the presence of
the unintentional leak to lower a mask pressure to ambient
pressure.

126. The system of claim 79 wherein the controller closes
and opens the exhaust area in response to a continued detec-
tion of the presence of the unintentional leak.

127. The system of claim 79 wherein the controller
changes the exhaust area as a function of a quantification of
the unintentional leak.

128. The system of claim 127 wherein the controller
decreases the exhaust area based on a threshold comparison
of a value of the quantification.

129. The system of claim 79 wherein the controller is
configured to detect a sleep state and control the change to the
exhaust area based on the detection of the sleep state.

130. The system of claim 129 wherein the controller ini-
tiates a cyclical variation of the exhaust area as a function of
a detected sleep state.
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131. The system of claim 129 wherein the controller main-
tains an approximately constant exhaust area in response to
the detection of an absence of sleep.

132. The system of claim 79 wherein the controller is
configured to detect a breathing condition and control the
change to the exhaust area based on the detection of the
breathing condition.

133. The system of claim 132 wherein the detected breath-
ing condition comprises a central apnea or central hypopnea
and the controller is configured to control a decrease to the
exhaust area based on the detection of the central apnea or
central hypopnea.

134. The system of claim 133 wherein the controller is
configured to control an increase of the exhaust area based on
a further detection of an absence of central apnea or central
hypopnea.

135. The system of claim 79 wherein the controller con-
trols changes to the exhaust area as a function of a measure of
patient flow.

136. The system of claim 79 wherein the controller con-
trols changes to the exhaust area as a function of a calculation
of a rebreathed volume.

137. The system of claim 79 wherein the controller con-
trols changes to the exhaust area in synchrony with detected
patient respiration to permit a vent flow of the exhaust area to
mirror patient flow.

138. (canceled)

139. The system of claim 79 wherein the controller is
configured to switch between a treatment setting for the vari-
able exhaust area and a comfort setting for the variable
exhaust area.

140. The system of claim 79 wherein the controller is
configured with a user interface for input of comfort settings
including a setting for the variable exhaust area, wherein the
comfort setting includes one or more of a humidity setting,
pressure setting, and a temperature setting.

141. (canceled)

142. The system of claim 79 wherein the controller is
configured to determine a measure of patient ventilation and
adjust the variable exhaust area as a function of the measure
of patient ventilation, wherein the measure of patient venti-
lation comprises an instability index.

143. The system of claim 142 wherein the variable exhaust
area is decreased if the measure of patient ventilation meets or
exceeds a threshold.

144. (canceled)

145. The system of claim 142 wherein the instability index
comprises at least one of a moving window standard-devia-
tion of ventilation, a central apnoea index, a central hypop-
noea index, a central apnoea-hypopnoea index, an persistent
apnoea-hypopnoea index, and a respiratory disturbance
index.

146. The system of claim 79 wherein the controller is
configured to detect a Cheyne-Stokes respiration cycle from a
patient flow signal and phase-lock adjustments to the variable
exhaust area to control rebreathing cycles according to the
phase-lock.

147-179. (canceled)
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