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1 (A) VENT ARRANGEMENT FOR A RESPIRATORY DEVICE.

2 (B) CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority from the Australian Provisional Patent
Application 2013900885, filed on 14 Mar 2013, and the Australian Provisional Patent
Application 2013903088, filed on 16 Aug 2013, the entire contents of the applications

being included herein by reference.
3 {F) BACKGROUND OF THE INVENTION

3.1 (1) FIELD OF THE INVENTION

[0002] The present technology relates to one or more of the detection, diagnosis.
treatment, prevention and amelioration of respiratory-related disorders. In particular,

the present technology relates to medical devices or apparatus, and their use.
3.2 (2) DESCRIPTION OF THE RELATED ART

3.2.1 Human Respiratory System and its Disorders

{0003] The respiratory system of the body facilitates gas exchange. The nose and

mouth form the entrance to the airways of a patient.

{0004] The airways include a series of branching tubes, which become narrower,
shorter and more numerous as they penetrate deeper into the lung. The prime function
of the lung is gas exchange, allowing oxygen to move from the air into the venous
blood and carben dioxide to move out. The trachea divides into right and left main
bronchi, which further divide eventually into terminal bronchioles. The bronchi make
up the conducting airways, and do not take part in gas exchange. Further divisions of
the airways lead to the respiratory bronchioles, and eventually to the alveoli. The
alveolated region of the lung is where the gas exchange takes place, and is referred to
as the respiratory zone. See “Respiratory Physiofogy”, by John B. West, Lippincott

Williams & Wilkius, 9th edition published 201 1.

{0005} A range of respiratory disorders exist. Some examples of respiratory

disorders include: Obstructive Sleep Apnea (0OSA), Cheyne Stokes Respiration
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(CSR), Obesity Hyperventilation Syndrome (OHS), Chronic Obstructive Pulmonary
Disease (COPD), Neuromuscular Disease (NMD) or chest wall disorders.

[0006] Otherwise healthy individuals may take advantage of systems and devices

10 prevent respiratory disorders from arising.

3.2.2 Therapy

[0007] Nasal Continuous Positive Airway Pressure (CPAP) therapy has been
used to treat Obstructive Sleep Apnea (OSA). The hypothesis is that continuous
positive airway pressure acts as a pneumatic splint and may prevent upper airway
occlusion by pushing the soft palate and tongue forward and away from the posterior

oropharyngeal wall.

[0008] Non-invasive ventilation (NIV) provides ventilator support to a patient
through the upper airways to assist the patient in taking a full breath and/or maintain
adequate oxygen levels in the body by doing some or all of the work of breathing.
The ventilator support is provided via a patient interface. NIV has been used to treat

CSR, OHS, COPD, MD and Chest Wall disorders.

{0009] Invasive ventilation (IV) provides ventilatory support to patients that are
no longer able to effectively breathe themselves and is provided using a tracheostomy

tube.

[0010] Ventilators may control the timing and pressure of breaths pumped into
the patient and monitor the breaths taken by the patient. The methods of control and
monitoring patients typically include volume-cycled and pressure-cycled methods.
The volume-cycled methods may include among others, Pressure-Regulated Volume
Control (PRVC), Volume Ventilation (VV), and Volume Controlled Continuous
Mandatory Ventilation (VC-CMV) techoiques. The pressure-cycled methods may
involve, among others, Assist Control (AC), Synchronized Intermittent Mandatory
Ventilation (SIMV), Controlled Mechanical Ventilation (CMV), Pressure Support
Ventilation (PSV), Continuous Positive Airway Pressure (CPAP), or Positive End

Expiratory Pressure (PEEP) techniques.
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3.2.3 Systems

{00117 A treatment system may comprise a Respiratory Pressure Therapy Device

(RPT device), an air circuit, a humidifier, a patient interface, and data management.

3.2.4 Patient Interface

{0012] A patient interface may be used to interface respiratory equipment to its
user, for example by providing a flow of breathable gas. The tlow of breathable gas
may be provided via a mask to the nose and/or mouth, a tube to the mouth or a
tracheostomy tube to the trachea of the user. Depending upon the therapy to be
applied, the patient interface may form a seal, e.g. with a face region of the patient, to
facilitate the delivery of gas at a pressure at sufficient variance with ambient pressure
to effect therapy, e.g. a positive pressure of about 10cmH20. For other forms of
therapy, such as the delivery of oxygen, the patient interface may not include a seal
sufficient to facilitate delivery to the airways of a supply of gas at a positive pressure

of about 10cmH20.

[0013] The design of a patient inierface presents a number of challenges. The
face has a complex three-dimensional shape. The size and shape of noses varies
considerably between individuals. Since the head includes bone, cartilage and soft
tissue, different regions of the face respond differently to mechanical forces. The jaw
or mandible may move relative to other bones of the skull. The whole head may move

during the course of a period of respiratory therapy.

{0014} As a consequence of these challenges, some masks suffer from being one
or mote of obtrusive, aesthetically undesirable, costly, poorly fitting, difficult to use
and uncomfortable especially when worn for long periods of time or when « patient is
unfamiliar with a system. For example, masks designed solely for aviators, mask
designed as part of personal protection equipment (e.g. filter masks), SCUBA masks
or for the administration of anaesthetics may be tolerable for their original
application, but nevertheless be undesirably uncomfortable to be worn for extended
periods of time, e.g. several hours. This is even more so if the mask is to be wom

during sleep.

[0015] Nasal CPAP therapy is highly effective to treat certain respiratory

disorders, provided patients comply with therapy. If a mask is uncomfortable, or
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difficult to use a patient may not comply with therapy. Since it is often recommended
that a patient regularly wash their mask, if a maask is difficult to clean (e.g. difficult to
assemble or disassemble), patients may not clean their mask and this may impact on

patient compliance.

[0016] While a mask for other applications (e.g. aviators) may not be suitable for
use in treating sleep disordered breathing, a mask designed for use in treating sleep

disordered breathing may be suitable for other applications.

[0017] For these reasons, masks for delivery of nasal CPAP during sleep form a

distinct field.

3.2.4.1 Seal-forming portion
[0018] Patient interfaces may include a seal-forming portion. Since it is in direct
contact with the patient’s face, the shape and configuration of the seal-forming

portion can have a direct impact the effectiveness and comfort of the patient interface.

[0019] A patient interface may be partly characterised according to the design
intent of where the seal-forming portion is to engage with the face in use. In one form
of patient interface, a seal-forming portion may comprise two sub-portions o engage
with respective left and right nares. In one form of patient interface, a seal-forming
portion may comprise a single element that surrounds both nares in use. Such single
element may be designed to for example overlay an upper lip region and a nasal
bridge region of a face. In one form of patient interface a seal-forming portion may
comprise an element that surrounds a mouth region in use, e.g. by forming a seal on 4
lower lip region of a face. In one form of patient interface, a seal-forming portion may
comprise a single element that surrounds both nares and a mouth region in use. These
different types of patient interfaces may be known by a variety of names by their
manufacturer including nasal masks, full-face masks, nasal pillows, nasal puffs and

oro-nasal masks.

[0020] A seal-forming portion that may be effective in one region of a patient’s
face may be in appropriate in another region, e.g. because of the different shape,
structure, variability and sensitivity regions of the patient’s face. For example, a seal
on swimming goggles that overlays a patient’s forehead may not be appropriate (o use

on a patient’s nose.
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{0021} Certain seal-forming portions may be designed for mass manufacture such
that one design fit and be comfortable and effective for a wide range of different face
shapes and sizes. To the extent to which there 1s @ mismatch between the shape of the
patient’s face, and the seal-forming portion of the mass-manufactured patient

interface, one or both must adapt in order for a seal to form.

[0022] One type of seal-forming portion extends around the periphery of the
patient interface, and is intended to seal against the user's face when force is applied
1o the patient interface with the seal-forming portion in confronling engagement with
the user's face. The seal-forming portion may include an air or fluid filled cushion, or
a moulded or formed surface of a resilient seal element made of an elastomer such as
a rubber. With this type of seal-forming portion, if the fit is not adequate, there will be
gaps between the seal-forming portion and the face, and additional force will be

required to force the patient interface against the face in order to achieve a seal.

[0023] Another type of seal-forming portion incorporates a flap seal of thin
material so positioned about the peripbery of the mask so as to provide a selt-sealing
action against the face of the user when positive pressure is applied within the mask.
Like the previous style of seal forming portion, if the match between the face and the
mask is not good, additional force may be required to effect a seal, or the mask may
leak. Furthermore, if the shape of the seal-forming portion does not match that of the

patient, it may crease or buckle in use, giving rise to leaks,

[0024] Another type of seal-forming portion may comprise a friction-fit element,

e.g. for insertion into a naris.

[0025] Another form of seal-forming portion may use adhesive to effect a seal.
Some patients may find it inconvenient to constantly apply and remove an adhesive to

their face.

{0026] A range of patient interface seal-forming portion technologies are
disclosed in the following patent applications, assigned to ResMed Limited: WO
1998/004,310; WO 2006/074,513; WO 2010/135,785.



WO 2014/138803 PCT/AU2014/000263

10027] One form of nasal pillow is found in the Adam Circuit manufactured by
Puritan Bennett. Another nasal pillow, or pasal puff is the subject of US Patent

4,782,832 (Trimble et al.), assigned to Puritan-Bennett Corporation.

[0028] ResMed Limited has manufactured the following products that
incorporate nasal pillows: SWIFT nasal pillows mask, SWIFT II nasal pillows mask,
SWIFT LT nasal pillows mask, SWIFT FX nasal pillows mask and LIBERTY f{ull-
face mask. The following patent applications, assigned to ResMed Limited, describe
nasal pillows masks: International Patent Application WO2004/073,778 (describing
amongst other things aspects of ResMed SWIFT nasal pillows), US Patent
Application 2009/0044808 (describing amongst other things aspects of ResMed
SWIFT LT nasal pillows); International Patent Applications WO 2005/063,328 and
WO 2006/130,903 (describing amongst other things aspects of ResMed LIBERTY
full-face mask); International Patent Application WO 2009/052,560 (describing
amongst other things aspects of ResMed SWIFT FX nasal pillows).

3.2.4.2 Positioning and stabilising

[0029] A scal-forming portion of a patient interface used for positive air pressure
therapy is subject to the corresponding force of the air pressure to disrupt a seal. Thus
a variety of techniques have been used to position the seal-forming portion, and to

maintain it in sealing relation with the appropriate portion of the face.

{0030] One techmique is the use of adhesives. See for example US Patent
publication US 2010/0000534.

{0031} Another technique is the use of one or more straps and stabilising
harnesses. Many such harnesses suffer from being one or more of ill-fitting, bulky,

uncomtortable and awkward to use.

3.2.4.3 Vent technologies

{0032} Some forms of patient interface systems may include a vent to allow the
washout of exhaled carbon dioxide. Many such vents are noisy. Others may block in
use and provide insufficient washout. Some vents may be disruptive of the sleep of a

bed-partner 1100 of the patient 1000, e.g. through noise or focussed airflow.
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[0033] ResMed Limited has developed a number of improved mask vent
technologies. See WO 1998/034,665; WO 2000/078,381; US 6,581,594; US Patent
Application; US 2009/0050156; US Patent Application 2009/0044808.

[0034] Table of noise of prior masks (ISO 17510-2:2007, 10 cmH,O pressure at
tm)

i Mask name { Mask type | A-weighted : A-weighted | Year {approx.) |
| 5 i sound power sound pressure ;

| level dbA £ dbA

(uncertainty) (uncertainty)
Glue-on () inasal 509 @29 e
‘ResCare  imasal 315 235 1993
standard (*)
‘ResMed
Mirage (*)
ResMed | nasal K6 . ELYE N 000 T
- UltraMirage | E 5 |
ResMed | nasal 23 2403 2002
- Mirage Activa | 5 5 5
‘ResMed Cnasal 303 23 2008
i Mirage Micro | § 5 |
ResMed Cnasal 293 23 2008
- Mirage SoftGel |
ResMed  nasal 126 (3) 18 (3) 2010
: Mirage FX : : : 5
ResMed  imasalpillows 37 29 2004
| Mirage Swift | E 5 s
ResMed : nasal pillows 28 (3) 12003) 2005
Mirage Swift 1T f 5 i
‘ResMed  masalpillows (25(3)  173) 2008
| Mirage Swift f 5 i
L

[0035] (* one specimen only, measured using test method specified in ISO3744

in CPAP mode at 10cmH50)

[0036] Sound pressure values of a variety of objects are listed below
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| Object . A-weighted sound pressure dbA | Notes

5 (uncertainty) :

Vacuum cleaner: Nilfisk 68 S0y Mdanim
| Walter Broadly Litter Hog: B+ | ¢ distance

i Grade :

Conversational speech 60 Im distance
“Averagebome ¢ s T ————
“Quietlibracy T T
Quiet bedroom at night | £ )
‘Background in TV studio ¢ 20

3.2.5 Respiratory Pressure Therapy (RPT) Device

[0037] One known RPT device used for treating sleep disordered breathing is the
S9 Sleep Therapy System, manufactored by ResMed. Another example of an RPT
device is a ventilator. Ventilators such as the ResMed Stellar™ Series of Adult and
Paediatric Ventilators may provide support for invasive and non-invasive non-
dependent ventilation for a range of patients for treating a number of conditions such
as but not limited to NMD, OIIS and COPD. RPT devices have also been known as

flow generators.

{0038] The ResMed Elisée™ 150 ventilator and ResMed V8 HI™ ventilator may
provide support for invasive and non-invasive dependent ventilation suitable for adult
or paediatric patients for treating a number of conditions. These ventilators provide

volumetric and barometric ventilation modes with a single or double limb circuit.

[0039] RPT devices typically comprise a pressure generator, such as a motor-
driven blower or a compressed gas reservoir, and are configured to supply a flow of
air to the airway of a patieat. In some cases, the flow of air may be supplied to the
airway of the patient at positive pressure. The outlet of the RPT device is connected

via an air circuit to a patient interface such as those described above.

{0040] RPT devices typically also include an inlet filter, various sensors and a
microprocessor-based controffer. A blower may include a servo-controlled motor, a
volute and an impeller. In some cases a brake for the motor may be implemented to

more rapidly reduce the speed of the blower so as to overcome the inertia of the motor
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and impeller. The braking can permit the blower to more rapidly achieve a lower
presswre condition in time for synchronization with expitation despite the inertia. In
some cases the pressure generator may also include a valve capable of discharging
generated air to atmosphere as a means for altering the pressure delivered to the
patient as an alternative to motor speed control. The sensors measure, amongst other
things, motor speed, mass flow rate and outlet pressure, such as with a pressure
transducer or the like. The controller may include data storage capacity with or

without integrated data retrieval and display functions.

[0041] Table of noise output levels of prior devices (one specimen only,

measured using test method specified in ISO3744 in CPAP mode at 10cmH-0).

Device name - A-weighted sound power  Year (approx.)
: | level dB(A) : :
C-Series Tango 3l 2007
C-Series Tango with Humidifier Bk 007
S8Bscapenr T 305 2005
S8 Escape Tl with Hdi Humidifier B N 2005
S9AwoSet T 265 2010
S9 AutoSet with H51 Humidifier 286 2010
3.2.6 Humidifier
[0042] Delivery of a flow of breathable gas without humidification may cause

drying of airways. Medical humidifiers are used to increase humidity and/or
temperature of the flow of breathable gas in relation to ambient air when required,
typically where the patient may be asleep or resting (e.g. at a hospital). As a result, a
medical humidifier is preferably small for bedside placement, and it is preferably
contigured to only humidify and/or heat the flow of breathable gas delivered to the
patient without humidifying and/or heating the patient’s surroundings. Room-based
systems (e.g. a sauna, an air conditioner, an evaporative cooler), for example, may
also humidity air that is breathed in by the patient, however they would also humidify

and/or heat the entire room, which may cause discomfort to the occupants.

[0043] The use of a humidifier with a flow generator or RPT device and the patient

interface produces humidified gas that minimizes drying of the nasal mucosa and
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increases patient airway comafort. In addition, in cooler climates warm air applied
generally to the face area in and about the patient interface is more comfortable than

cold air.

[0044] Respiratory humidifiers are available in many forms and may be a standalone
device that is coupled to a respiratory apparatus via an air circuit, is integrated with or
configured to be coupled to the relevant respiratory apparatus. While known passive
humidifiers can provide some relief, generally a heated humidificr may be used to
provide sufficient humidity and temperature to the air so that the patient will be
comfortable. Humidifiers typically comprise a water reservoir or tub having a
capacity of several hundred milliliters (ml), a heating element for heating the water in
the reservoir, 4 control to enable the level of humidification to be varied, a gas infet to
receive gas from the flow generator or RPT device, and a gas outlet adapted to be

connected to an air circuit that delivers the humidified gas (o the palient interface.

{0045] Heated passover humidification is one common form of humidification
used with a RPT device. In such humiditiecs the heating element may be incorporated
in a heater plate which sits under, and 1s in thermal contact with, the water tub. Thus,
heat is transferred from the heater plate fto the water reservoir pamarily by
conduction. The air flow from the RPT device passes over the heated water in the
water tub resulting in water vapour being taken up by the air flow. The ResMed
H4i™ and H5{™ Humidifiers are examples of such heated passover humidifiers that

are used in combination with ResMed S8 and S9 CPAP devices respectively.

{0046] Other humidifiers may also be used such as a bubble or diffuser
humiditier, a jet humidifier or a wicking humidifier. In a bubble or diffuser humidifier
the air is conducted below the surface of the water and allowed to bubble back to the
top. A jet humidifier produces an acrosol of water and baffles or filters may be used
so that the particles are either removed or evaporated before leaving the humidifier.
A wicking humidifier uses a water absorbing material, such as sponge or paper, to
absorb water by capillary action. The water absorbing material is placed within or
adjacent at least a portion of the air flow path to allow evaporation of the water in the

absorbing material to be taken up into the air flow.
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[0047] An alternative form of humidification is provided by the ResMed
HumiCare™ D900 bumidifier that uses a CounterStream™ technology that directs
the air flow over a large surface area in a first direction whilst supplying heated water
to the large surface arca in a second opposite direction. The ResMed HumiCare™

D900 humidifier may be used with a range of invasive and non-invasive ventilators.

4 (G) BRIEF SUMMARY OF THE TECHNOLOGY

[0048] The present technology relates to devices that may be used medically such
as for the diagnosis, amelioration, treatment, and/or prevention of respiratory
disorders, and may have one or more features for improved comfort, cost, efficacy,

case of use and/or manufacturability.

[0049] A first aspect of the present technology relates to apparatus used in the

diagnosis, amelioration, treatment or prevention of a respiratory disorder.

{0050] Another aspect of the present technology relates to methods used in the

diagnosis, amelioration, treatment or prevestion of a respiratory disorder.

[0051] One form of the present technology includes a vent, the vent may be
configurable with a variable aperture size for communicating a flow of breathable gas.
Another aspect of the present technology involves the features of a vent such that the
cross section profile exposed to the {low of breathable gas traversing through the vent

remains constant even as the vent aperture size changes.

[0052] Another form of the present technology comprises a vent arrangement
comprising a plurality of vents. Another key aspect of this form of the present
technology is that the aperture size of each vent may be controlled independently or
together. Furthermore, the aperture size of each vent may be controlled according to
one or more input signals from one or more sensors, suitable examples of the one or
more sensors may include flow, pressure, noise, accelerometer outputs, orientation of

a patient or presence of any obstructions.

[{0053] Another aspect of one form of the present technology is the contro} of size
of cross-section areas of a plurality of vents according to one or more input signals
from one or more sensors. Examples of suitable input signals include flow, pressure,

noise, accelerometer outputs, orientation ot a patient or presence of any obstructions.
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[0054] Another aspect of one form of the present technology is a vent
arrangement comprising a plurality of vents, and a plurality of microphones, each vent
comiprising a variable cross-section area for communication of a flow of breathable to
gas and the microphones configured to produce signals indicating the noise level
generated by a flow of breathable gas communicating through each vent, wherein the
cross-section area of each vent is controlled according to the signals produced by the

microphones.

[0055] Another aspect of one form of the present technology is a vent
arrangement comprising a plurality of vents and an accelerometer, each vent
comprising a variable cross-section area for communication of a flow of breathable
gas and the accelerometer configured to produce a signal indicating orientation of the
patient or the orientation of the vent arrangement, wherein the cross-section area of

each vent is controlled according to the signal produced by the accelerometer.

{0056] Another aspect of one form of the present technology is a vent
arrangement comprising a plurality of vents, each vent comprising a variable cross-
section area for communication of a flow of breathable gas, wherein the cross-section
arca of cach vent is controlled according to an output from a pressure sensor, wherein
the pressure sensor is measuring a pressure of the flow of breathable gas delivered to

the patient.

[0057] Another aspect of one form of the present technology is a vent
arrangement comprising a plurality of vents, each vent comprising a variable cross-
section area for communication of a flow of breathable gas, wherein the cross-section
area of each vent is controlled according to an output from a flow sensor, wherein the
flow sensor is measuring a flow rate of the flow of breathable gas delivered to the

patient.

{0058] Another aspect of one form of the present technology is a vent
arrangement comprising a plurality of vents, each vent comprising a variable cross-
section area for communication of a flow of breathable gas, wherein the cross-section
area of each vent is controlled according to an aspect ol the patient’s breath

waveform.
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[0039] A yet another aspect of the current technology is a patient interface

comprising a vent arrangement.

[0060] A yet another aspect of the current technology is an air circuit comprising

a vent arrangement.

[0061] A yet another aspect of the current technology is a vent arrangement

configured to couple with an air circuit or a patient interface.

[0062] Some versions of the present technology include a gas washout vent
arrangement for exhausting a flow of exhaust gas received within a patient interface.
The gas washout vent arrangement may include one or more vents to exhaust a tlow
of exhaust gas received within a patient interface, the one or more vents adapted to
provide a plurality of different venting configurations. It may further include a sensor
adapted to generate a signal indicative of disruption attributable to the exhaust gas.
The one or more vents are adjustable to one of the plurality of different venting

configurations based on the signal.

[0063] In some cases, the one or more vents may be configured for continuous
adjustment while the patient interface is in use. The one or more vents may adjust to
vary direction of the flow of exhausted gas. The one or more vents may adjust to vary
velocity of the flow of exhausted gas. In some cases, the signal may be based on a
measured noise level. The signal may be based on detected orientation of the patient

interface.

{0064] In some examples, the one or more vents may adjust to vary one or
more flow papedances of the one or more vents. The one or more vents may adjust
by actuating movement of a movable portion of the one or more venis. In some
examples, at least a portion of the gas washout vent arrangement may be located in a
patient interface. At least a portion of the gas washout vent arrangement may be
located in an air circuit. At least a portion of the gas washout vent arrangement may
be located in a shell of the patient interface. At least a portion of the gas washout vent
arrangement may be located in a decoupling structure of the patient interface. At least
a portion of the gas washout vent arrangement may be structured to be coupled with

the patient interface.
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[0065] In some examples, the gas washout vent arrangement may include a
controller, such as a processor. The controller may be configured to selectively adjust
the vent arrangement based on a detected vent noise to increase an exhaust area of a
first vent and decrease an exhaust area of a second vent. The controller may be
configured to selectively adjust the vent arrangement based on a detected orientation
of the patient interface to increase an exhaust area of a first vent and decrease an

exhaust area of a second vent.

[0066] The present technology may include apparatus for (reating a
respiratory disorder. The apparatus may include a patient interface for delivering a
supply of air or breathable gas to the entrance of a patient's airways. The apparatus
may also include a flow generator for supplying the supply of air or breathable gas to
the patient interface. The apparatus may also include a gas washout vent arrangement
such as any of the arrangements previously described or described in more detail
hereafter. The apparatus may include a controller configured to receive the signal
from the sensor and generate one or more signals to adjust the one or more vents in

response to the signal indicative of disruption.

{0067] Some versions of the present technology may include a control
method, such as a control method of an apparatus for adjusting a flow of exhaust gas
from a patient interface. The control method may include generating with a sensor a
signal indicative of disruption attributable to a flow of exhaust gas through one or
more vents from a patient interface. The one or more vents may be adapted for a
plurality of ditferent venting configurations. The control method may further include
adjusting with a controller the one or more vents to one of the plurality of different
venting configurations based on the signal. whereby disruption to a user and/or bed-

partner of the user may be reduced.

[0068] In some cases of the method, the one or more vents may be adapted for
continuous adjustment while the patient interface is in use. The adjusting of the one
or more vents to one of the plurality of different venting configurations may change a
characteristic of the flow of exhaust gas. The characteristic may be direction of the
flow of exhausted gas. The characteristic may be velocity of the flow of exhausted
gas. In some cases, the signal may be generated based on a measured noise level. In

some cases, the signal maybe generated based on detected orientation of the patient
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interface. The adjusting the one or more vents to one of the plurality of different
venting configurations may include actuating movement of a movable portion of the
one or more vents, In some cases, the controller may selectively adjust the one or
more vents based on detected vent noise to increase an exhaust area of a first vent and
decrease an exhaust area of a second vent. The controller may selectively adjust the
one or more vents based on detected orientation of the patient interface to increase an

exhaust area of a first vent and decrease an exhaust area of a second vent.

[0069] Some embodiments of the present technology may include an apparatus,
such as a patient interface, for applying or delivering a tlow of breathable gas to an
airway of user. The apparatus may include a plenum chamber adapted for coupling
with a flow generator or respiratory pressure therapy device to a supply breathable gas
to the plenum chamber. The plenum chamber may be further adapted to couple with
an airway of a user. The apparatus may also include one or more exhaust vents. The
exhaust vents may be coupled with the plenum chamber to permit a flow of exhaust
gas from a cavity of the plenum chamber. The one or more exhaust vents may be
configured to change a direction of exhaust flow relative to the plenum chamber in
accordance with orientation of the plenum chamber such as a change in orientation of

the plenum chamber.

{0070 The one or more exhaust vents may be configured to enforce an
upward flow of exhaust from the plenum chamber upon a changing orientation of the
plenum chamber. The one or more exhaust vents may be configured to reduce an
exhaust tlow in a direction of a bed partner upon a changing orientation of the plenum
chamber. The one or more exhaust vents may include a plurality of apertures and a
movable portion configured to selectively move between a first end and a second end

according to a gravitational orientation of the plenum chamber.

{0071] The apparatus may include an orientation sensor to detect or sense
orientation of the plenum chamber, for example by generating a signal indicative of
orientation of the plenum chamber, an actuator to adjust opening of the one or more
exhaust vents, and/or a controller coupled with the orientation sensor and actuator.
The controller may be configured to control adjustment of the one or more exhaust
vents in response to detected orientation of the plenum chamber such as in respouse to

the signal indicative of orientation of the plenum chamber. The apparatus may
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include a sensor adapted to generate a signal indicative of disruption attributable to
the exhanst gas, and the one or more exhaust vents may be adjustable to one of a

plurality of different venting configurations based on the signal.

[0072] In some cases, the one or more exhaust vents may include a first
exhaust vent and a second exhaust vent, the first exhaust vent and second exhaust vent
located on opposing sides of the plenum chamber to direct exhaust flow in opposing
directions. The plenum chamber may be coupled with a mask frame. The plenum
chamber may be coupled with headgear. The plenum chamber may f{orm part of a
nasal mask. The plenum chamber may form part of a mouth and nose mask. The

plenum chamber may form part of a nasal pillow.

[0073] The apparatus may further include the respiratory pressvre therapy device
or flow generator and a respiratory pressure therapy device controller or flow
generator controller including a processor.  The flow geserator controller or
respiratory pressure therapy device controller may be configured o control

adjustment of an opening of the one or more exbaust vents,

[0074] In some cases, an exhaust vent of the one or more exhaust vents may
include a swivel having a vent aperture. An exhaust vent of the one or more exhaust
vents may include a guide channel having a sliding or rolling movable pottion and a
plurality of apertures. An exhaust vent of the one or more exhaust vents may include
a set of movable leaves with an adjustable aperture central to the set of leaves. The
one or more vents may be adjustable to increase an exhaust area of a first vent and
decrease an exhaust area of a second vent responsive to an orientation of the plenum
chamber. In some cases, a controller may be configured to adjust the one or more
vents based on a detected orientation of the plenum chamber to increase an exhaust

area of a first vent and decrease an exhaust area of a second vent.

{0075] Of course, portions of the aspects may form sub-aspects of the present
technology. Also, various ones of the sub-aspects and/or aspects may be combined in
various manners and also constitnte additional aspects or sub-aspects of the present

technology.
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[0076] Other features of the technology will be apparent from consideration of
the information contained in the following detailed description, abstract, drawings and

claims.

5 (H) BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE
DRAWINGS

[0077] The present technology is illustrated by way of example, and not by way
of limitation, in the figures of the accompanying drawings, in which like reference

numerals refer to similar elements including:

5.1 TREATMENT SYSTEMS

{0078} Fig. 1a shows a system in accordance with the present technology. A
patient 1000 wearing a patient interface 3000, in the form of nasal pillows, receives a
supply of air at positive pressure from a RPT device 4000. Air from the RPT device is
humidified in a homidifier 5000, and passes along an air circuit 4170 to the patient

1000.

{0079] Fig. 1b shows a system including a patient 1000 wearing a patient
interface 3000, in the form of a nasal mask, receives a supply of air at positive
pressure from a RPT device 4000. Air from the RPT device is humidified in a
humidifier 5000, and passes along an air circuit 4170 to the patient 1000.

[0080] Fig. 1c shows a system including a patient 1000 wearing a patient
interface 3000, in the form of a full-face mask, receives a supply of air at positive
pressure from a RPT device. Air from the RPT device is humidified in a hamidifier

5000, and passes along an air circuit 4170 to the patient 1000.
5.2 THERAPY

5.2.1 Respiratory system
{0081] Fig. 2a shows an overview of a human respiratory system including the
nasal and oral cavities, the larynx, vocal folds, oesophagus, trachea, bronchus, lung,

alveolar sacs, heart and diaphragm.
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0082] Fig. 2b shows a view of a human upper airway including the nasal cavity,
nasal bone, lateral nasal cartilage, greater alar cartitage, nostril, lip superior, lip
inferior, larynx, hard palate, soft palate, oropharynx, tongue, epiglottis, vocal folds,

ocsophagus and trachea.

5.2.2 Facial anatomy

[0083] Fig. 2c is a front view of a face with several features of surface anatomy
identitied including the lip superior, upper vermillion, lower vermillion, lip inferior,

mouth width, endocanthion, a nasal ala, nasolabial sulcus and cheilion.
5.3 PATIENT INTERFACE
[0084] Fig. 3a shows an example of a patient interface known in the prior art.

5.4 RESPIRATORY PRESSURE THERAPY (RPT) DEVICE

{0085] Fig. 4a shows a RPT device in accordance with one form of the present
technology.
{0086] Fig. 4b shows a schematic diagram of the pneumatic circuit of a RPT

device in accordance with one form of the present technology. The directions of

upstream and downsiream are indicated.

{0087] Fig. 4¢ shows a schematic diagram ol the electrical components of a RPT

device in accordance with one aspect of the present technology.

5.5 HUMIDIFIER

[0088] Fig. S5a shows a humidifier in accordance with one aspect of the present

technology.

5.6 BREATHING WAVEFORMS

{0089] Fig. 6a shows a model typical breath waveform of a person while
sleeping, the horizontal axis s time, and the vertical axis is respiratory flow. Wihile
the parameter values may vary, a typical breath may have the following approximate
values: tidal volume, Vi, 0.51., ishalation time, Ti, 1.6s, peak inspiratory flow, Opeak,
0.4 L/s, exhalation time, Te, 2.4s, peak expiratory flow, Qpeak, -0.5 L/s. The total

duration of the breath, Ttot, is about 4s. The person typically breathes at a rate of
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about 15 breaths per minute (BPM), with Ventilation, Vent, about 7.5 L/s. A typical

duty cycle, the ratio of 7i to Ttot is about 40%.

5.7 GAS WASHOUT VENT ARRANGEMENTS

10090 Fig. 7-8 show front views of one form of a vent according to the current
technology. Figure 7 shows a configuration of the vent where the adjustable vent
aperture 3422 is closed, and Figure 8 shows another configuration where the

adjustable vent aperture 3422 has been enlarged.

[0091] Fig. 9-11 show exploded perspective views of one form of a vent
according to the curreat technology. Figure 9 shows a configuration of the vent where
the vent aperture 3422 is closed, Figure 10 shows another configuration where the
vent aperture 3422 has been enlarged and Figure 11 shows another configuration

where the vent aperture 3422 has been enlarged further.

{0092] Fig. 12a-12b show rear perspective views of one form of a vent according
to the current technology. Figure 12a shows a configuration of the vent where the vent
aperture 3422 is closed, and Figure 12b shows another configuration where the vent

aperture 3422 has been enlarged.

[0093] Fig. 13 shows an exploded rear perspective view of some components of a

vent according to the current technology.

{0094] Fig. 14a-14b show front perspective views of components of a vent
according to the curtent techoology, showing the leaves 3404. Fig. 14a shows a
configuration of the leaves 3404 where the vent aperture 3422 is partially closed, and
Figure 14b shows another configuration where the vent aperture 3422 has been

enlarged.

{0095] Fig. 15 shows a rear perspective view of one form of a leaf 3404

according to the current technology.

[0096] Fig. 16 shows a front view of one form of a leaf 3404 according to the
current technology, with a cross-sectional view of the leat 3404 taken along line A--

A.
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[0097] Fig. 17 shows a flow chart of one form of a vent aperture size control

methodology of the current technology.

[0098] Fig. 18 shows a flow chart of one form of a vent aperture size control
methodology of the current technology wherein a plurality of vents are used as well as

a plurality of noise levels.

{0099] Fig. 19 shows a flow chart of one form of a vent aperture size control
methodology of the current technology wherein a plurality of vents are used as well as

a plurality of noise levels and a threshold noise level.

{0100] Fig. 20 shows a flow chart of one form of a vent aperture size control

methodology of the current technology wherein the orientation of the patient is used.

{0101 ] Fig. 21 shows a flow chart of one form of a vent aperture size control
methodology of the current technology wherein a plurality of vents are used as well as

4 plurality of noise levels, a threshold noise level and a lookup table.

{0102] Fig. 22 shows a front view of one form of a patient interface 3000
according to the current technology, including a plurality of vents 3400 and sensors

such as microphones 3440, proximity sensors 3444 and accelerometer(s) 3442,

{0103] Fig. 23a shows a flow chart of one form of a vent actuator calibration
methodology of the current technology wherein the ‘corapletely open’ position is

recorded.

{0104] Fig. 23b shows a flow chart of one form of a vent actuator calibration
methodology of the current technology wherein the ‘completely closed” position is

recorded.

[0105] Fig. 24 shows a front view of one form of some components of a vent
according to the current technology, particularly showing the leaves 3404, such as

leaves 3404(a) and 3404(b).

[0106] Fig. 25 is a graph ol sound power levels according to one form of a vent
according to the current technology, showing the comparative sound power levels

according to various therapy pressures and opening sizes.
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[0107] Fig. 26a-26b show front views of one form of a patient interface 3000
according to the current technology, including a vent 3400 with a movable portion

3456.

[0108] Fig. 27a-27b show front views of another form of a patient interface 3000
according to the current technology, including a vent 3400 with a movable portion

3456.

{0109] Fig. 28a-28b show front views of a yet another form of a patient interface
3000 according to the current technology, including a vent 3400 with a movable
portion 3456 which is adapted to move, such as according o gravity, in a guiding

portion 3458.

{0110] Fig. 29 shows a patient 1000 lying on a bed wearing a patient interface
3000 according to an aspect of the present technology, wherein patient interface 3000

includes a movable portion 3456.

[0111] Figs. 30a-30b show front views of a yet another form of a patient interface
3000 according to the current technology, including a vent 3400 with a movable
portion 3456, such as one which is adapted to rotate to vary the direction of the

aperture 3457.

6 (I) DETAILED DESCRIPTION OF EXAMPLES OF THE
TECHNOLOGY

{0112] Before the present technology is described in further detail, it is to be
understood that the technology is not limited to the particular examples described
herein, which may vary. It is also to be understood that the terminology used in this
disclosure is for the purpose of describing only the particular exaruples discussed

herein, and is not intended to be limiting.

6.1 TREATMENT SYSTEMS

[0113] In one form, the present technology comprises apparatus for treating a
respiratory disorder. The apparatus may comprise a flow generator or blower for
supplying pressurised respiratory gas, such as air, to the patient 1000 via an air

delivery tube leading to a patient interface 3000.
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6.2 THERAPY

{01147 In one form, the present technology comprises a method for treating a
respiratory disorder comprising the step of applying positive pressure to the entrance

of the airways of a patient 1000.

6.2.1 Nasal CPAP for OSA
[0115] In one form, the present technology comprises a method of treating
Obstructive Sleep Apnea in a patient by applying nasal continuous positive airway

pressure to the patient.

6.3 PATIENT INTERFACE 3000

[0116] A non-invasive patient interface 3000 in accordance with one aspect of
the present technology comprises the following functional aspects: a seal-forming
structure 3100, a plenum chamber 3200, a positioning and stabilising structure 3300, a
vent 3400 and a connection port 3600 for connection to air circuit 4170. In some
forms a functional aspect may be provided by one or more physical components. In
some forms, one physical component may provide one or more functional aspects. In
use the seal-forming structure 3100 is arranged to surround an entrance to the airways

of the patient so as to facilitate the supply of air al positive pressure to the airways.

6.3.1 Seal-forming structure 3100

fo117] In one form of the present technology, a seal-forming structure 3100
provides a sealing-forming surface, and may additionally provide a cushioning

function.

[0118] A seal-forming structure 3100 in accordance with the present technology

may be constructed from a soft, flexible, resilient material such as silicone.

[0119] In one form, the seal-forming structure 3100 comprises a sealing flange
and a support flange. Preferably the sealing flange comprises a relatively thin member
with a thickness of less than about Imm. for example about 0.25mm to about
0.45mm, that extends around the perimeter 3210 of the plenum chamber 3200.
Support flange may be relatively thicker than the sealing flange. The support flange is
disposed between the sealing flange and the marginal edge of the plenum chamber

3200, and extends at least part of the way around the perimeter 3210. The support
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flange is or includes a spring-like element and functions to support the sealing flange
from buckling in use. In use the sealing flange can readily respond to system pressure
in the plenum chamber 3200 acting on its underside to urge it into tight sealing

cngagement with the face.

[0120] In one form the seal-forming portion of the non-invasive patient interface
3000 comprises a pair of nasal pufls, or nasal pillows, each nasal puff or nasal pillow
being constructed and arranged to form a seal with a respective naris of the nose of a

patient.

{0121 Nasal pillows in accordance with an aspect of the present technology
include: a frusto-cone, at least a portion of which forms a seal on an underside of the
patient's nose; a stalk, a flexible region on the underside of the cone and connecting
the cone to the stalk. In addition, the structure to which the nasal pillow of the present
technology is connected includes a flexible region adjacent the base of the stalk. The
flexible regions can act in concert o facilitate a universal joint structure that is
accommodating of relative movement- both displacement and angular- of the trusto-
cone and the structure to which the nasal pillow is connected. For example, the frusto-

cone may be axially displaced towards the structare to which the stalk is connected.

[0122] In one form the non-invasive patient interface 3000 comprises a scal-
forming portion that forms a seal in uvse on an upper lip region (that is, the /ip

superior) of the patient's face.

[0123] In one form the non-invasive patient interface 3000 comprises a seal-

forming portion that forms a seal in use on a chin-region of the patient's face.

6.3.2 Plenum chamber 3200

[0124] Preferably the plenum chamber 3200 has a perimeter 3210 that is shaped
to be complementary to the surface contour of the face of an average person in the
region where a seal will form in use. In use, a marginal edge of the plenum chamber
3200 is positioned in close proximity to an adjacent surface of the face. Actual contact
with the face is provided by the seal-forming structare 3100. Preferably the seal-
forming structure 3100 extends in use about the entire perimeter 3210 of the plenum

chamber 3200.
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[0125] In one form, the plenum chamber 3200 may surround and/or be in fluid
communication with the nares of the patient where the plenum chamber 3200 is a part
of a nasal mask (e.g. shown in Fig 1b). In another form, the plenum chamber 3200
may surround and/or be in fluid communication with the nares and the mouth of the
patient where the plenum chamber 3200 is a part of a full-face mask (e.g., shown in
Fig. 1c). In yet another form, the plenum chamber 3200 may engage and/or be in fluid
communication with one or more of the nares of the patient where the plenum

chamber 3200 is a part of nasal pillows (e.g., shown in Fig. 29).

6.3.3 Positioning and stabilising structure 3300

[0126] Preferably the seal-forming structure 3100 of the patient interface 3000 of
the present technology is held in sealing position in use by the positioning and

stabilising structure 3300.

6.3.4 Vent 3400

[0127] In one form, the patient interface 3000 includes a vent 3400 constructed
and arranged to allow for the washout of exhaled carbon dioxide or any other exhaust

gas from the patient interface 3000.

[0128] One form of vent 3400 known in the prior art comprises a plurality of
holes, for example, about 20 to about 80 holes, or about 40 to about 60 holes, or about

45 to about 55 holes.

{0129] The vent 3400 may be located in or on the surface/barricr/shell of the
plenum chamber 3200. Alternatively, or in addition thereto, the vent 3400 may be
located in a decoupling structure , e.g. a swivel 3510 (see Fig. 29) or a ball and socket

3520 (see Fig. 27a).

[0130] A vent arrangement, comprising one or a plurality of vents 3400 as
described below may be located in the patient interface 3000, in the air circuit 4170 or
as a separate component configured to be coupled to a patient interface 3000 or an air

circuit 4170.

[0131] An exemplary gas washout vent 3400 according to an aspect of the current
technology is shown in Fig. 7, showing a single vent 3400 which comprises a plurality

of blades, or feaves 3404 and an outer housing 3408.
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[0132] 'The vent 3400 may aliow for a flow of breathable gas to traverse between
either sides of the vent 3400 via a veat aperture 3422 as shown in Fig. 8. One aspect
of the current technology is that the size of a vent aperture 3422 of a vent 3400 may
be adjusted between a maximum size and a minimum size, allowing a plurality of
configurations for the gas washout vent arrangement. Thus, aspects of the air flow
therethrough may be adjusted and/or controlled by changing the size of the vent

aperture 3422,

[0133] Aspects of the air flow through the vent 3400 may be modified by
changing properties of the vent 3400, sach as the size and/or orientation of the vent
aperture 3422 or the components thereof. Examples of aspects of the air flow through
the vent 3400 that may be modified by changing properties of the vent 3400 (such as
the size of the vent aperture 3422) include the air impedance, or flow impedance, of
the vent 3400 and/or characteristics of noise generated by the air {low as it [fows
through the vent 3400. For instance, the velocity of the flow of exhaust gas that is
exhausted through the gas washout vent arrangement may be varied by varying the air
impedance of the vent 3400. By varying the orientation of the components defining

the vent aperture 3422, a direction of the air flow may be varied.

6.3.4.1 Vent geometry

{0134 The size of the vent aperture 3422 may be described using a distance
‘across faces’, which is the distance across the aperture between the opposing faces of
leaves 3404. An example of this measurerent is shown in Fig. 24, wherein the
distance designated Dap between a face of a leaf 3404(a) and a face of the opposing
leaf 3404(b) would be a distance ‘across faces. However, any number of other metrics
may be used Lo describe the geometry. It is noted that although the [aces of the leaves
3404 are shown as flat in Fig. 24, the face or surface of a leat 3404 does not have to

be flat and may have an alternative profile such as curved, jagged or tooth-shaped.

[0135] Fig. 9 shows an exploded view of the exemplary vent 3400 with a
plurality of leaves 3404, a guiding member, or guide ring 3406, and an outer housing
3408. As illustrated, the vent 3400 may include six leaves 3404. However the vent
may have any number of leaves 3404 as discussed in more detail below. The vent
3400 also may be connected to an actvating drive mechanism, which may include, for

example, a magnet ring 3452 and a coil 3454. The actuating drive mechanism may
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take the form of any number of rotary or linear drive mechanisms, such as a linear
actuator, a rotary actuator, a motor drive mechanism or any number of such means
known in the art. The actuating drive mechanism may include the drive mechanism
described in U.S. patent application number 13/967609 filed on 15 August 2013 or
PCT/US2012/055148 filed on 13 September 2012, the conteats of which are

incorporated herein in its entirety.

[0136] Figs. 10-11 show turther exploded views of the vent 3400 similar to that
shown in Fig. 9, however showing different sizes of the vent aperture 3422. Figs. 9-11
also show that each leaf 3404 can be coupled with the guide ring 3406, in that the
guide ring 3406 is shown to have rotated as the vent aperture 3422 has changed in
size. That is, partial rotation of the guide ring when coupled with the leaves will
adjust the size of the opening of the vent aperture 3422. For example, in one
direction, partial rotation of the guide ring will increase the opening in size and in the

opposite direction, partial rotation of the guide ring will decrease the opening in size.

{0137] The guide ring 3406 includes a plurality of guide ring keys 3410 formed
on the outer surface of the guide ring 3406 that are configured to each engage with a
leaf guide slot 3412 (seen in Fig. 12a) formed on a first surtace of each of the plurality
of leaves 3404. A second surface of each of the plurality of leaves, such as an
opposing surface to the first surface, is configured to couple to the outer housing
3408. Each of the plurality of leaves 3404 includes a leaf key 3414 located on a
surface (such as the second surface) of each leaf 3404. Each leaf key 3414 may be
inserted into an outer housing guide slot 3416, which may be a hexagonally edged slot
or a slot with a number of edges corresponding to the number of leaves, formed in the
outer housing 3408 as shown in Fig. 13. In some configurations as shown in Fig. 13
the leaf guide slots 3412 may be formed integrally with leaf keys 3414 such that the
leaf guide slots 3412 are on a first surface and the leaf keys are on an opposing second
surface. Alternatively (not shown) the leaf guide slots 3412 and the leaf keys 3414

may be on the same or adjacent surfaces.

{0138] Figs. 12a-12b show a portion of the vent 3400 from a different angle to
that of Figs. 9-11, showing the plurality of leaves 3404 and the outer housing 3408

assembled together. These figures show the leal guide slots 3412 that are formed on
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the first surface of each leaf 3404. Each leaf guide slot 3412 is configured to receive a

guide ring key 3410 as described above.

[0139] Fig. 13 shows an exploded view of the vent 3400, only showing the
plurality of leaves 3404 and the outer housing 3408 to display the ounter housing guide
slot 3416, Tt can be seen here that in this form, a movement of each individual leaf
such as leaf 3404(3) follows a linear path (shown by the double ended arrow in Fig.
13) in the outer housing guide slot 3416 into which the leaf key 3414 (as shown Fig.
14a) is inserted along the edge of the slot. The outer housing guide slot 3416 is shown
in Fig. 13 as a single continuous recess formed integrally with the outer housing 3408.
However it may be formed as a plurality of discrete recesses, each configured to
receive a leaf key 3414, and/or as a discrete component coupled to the outer housing

3408.

[0140] Figs. 14a and 14b show the plurality of leaves 3404 (or a leave set)
arranged to form an adjustable vent aperture 4322 according to one form of the
current technology. showing two different sizes of the vent aperture 3422. Fig. 14b
also illustrates a direction of exhaust flow at arrow EF through the leaves. Fig. 15
shows an example of one of the plurality of leaves according to an example of the
present technology. In this example, the leaf key 3414 is integrally formed as a part of
the leaf 3404, however it should be understood that it may alternatively be formed as
a separate component that may be coupled between each of the plurality of leaves

3404 and the outer housing 3408.

{0141] As the plurality of leaves 3404 are moved from a configuration shown in
Fig. 14a to a configuration shown in Fig. 14b, an outer leaf surface 3418 of one of the
plurality of leaves 3404(1) slides relative to an inner leaf surface 3420 of an adjacent
leat 3404(2) of the plurality of leaves such as in a tongue and groove fashion. In this
form, the coordinated movement of the plurality of leaves such as that between a leaf
3404(1) against an adjacent leaf 3404(2) result in the opening and closing of the vent
aperture 3422 while maintaining a seal between the plurality of leaves 3404 other than

in the area of the open vent aperture 3422.

{0142] Another aspect of the current technology is that it may allow for the vent

aperture 3422 to be adjusted between a maximum size and a minimum size (e.g.,
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limits). The maximum size and/or the minimum size may be predetermined in some
cases, although the maximum and/or the minimum may be changed in other cases, for
example to suit therapeutic need of each patient 100. The maximum size and/or the
minimum size may be determined by the geometry of the vent 3400, or be otherwise

determined or set such as by programming, or by adjustable switches for instance.

[0143] The predetermined minimum may be a zero area, or it may be a small area
or any other value for the area, as will be described in more detail below. Another
aspect of this technology is that the size of the vent aperture 3422 may be infinitely
adjustable between the maximum and minimum sizes, sabject to the resolution of the
controller and/or the actuation/adjustment mechanisnmi. In other cases, the vent 3400
may be arranged so that the size of the vent aperture 3422 may be one of a discrete

number of sizes such as two, five, ten, fifteen or twenty for example.

[0144] A number of leaves 3404 may be used to coastruct the vent 3400.
Accordingly, shape of the leaves 3404, shape of the outer housing guide slot 3416 and
the shape of the aperture 3422 may be dependent on the namber of leaves 3404 used
in the vent 3400. For instance, the vent aperture 3422 shown in Fig.14b 1s in a
hexagonal shape as the vent 3400 has six leaves 3404 in this configuration.
Preferably between three and eight leaves 3404 may be used in the vent 3400, more
preferably between four and six leaves 3404 may be used, although the number of
leaves 3404 may vary as the design parameters and requirements vary, such as the
size of the required aperture, material employed or the cross-section profile of the leaf

3404.

[0145] In this arrangement of the current technology, each leaf guide slot 3412 is
shaped as a rectangular slot with rounded internal corners. This facilitates slidable and
rotatable movement of the corresponding guide ring key 3410 within each leaf guide
stot 3412 when the plurality of leaves 3404 are moved Lo adjust the size of the vent
aperture 3422. In this arrangement, the guide ring keys 3410 form a protrasion on the
guide ring 3406 that is inserted into the leafl guide slots 3412 on each of the plorahty

of leaves 34()4.

{0146] It will be understood that any number of other mechanisms known in the

art may be used to perform in a similar manner to the couplings shown in the figures
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and/or described in this document. In an alternative arrangement, each of the plurality
of leaves 3404 may include a protrusion or key (not shown) and the guide ring 3406
may include a slot or recess (not shown) that enables the slidable and rotatable
movement of the protrusion or key located on each of the plurality of leaves 3404 as
the plurality of leaves move. In a further alternative arangement both of the guide
ring 3406 and each of the plurality of leaves 3404 may include a slot or recess and a
separate key component may be coupled therebetween. In a yet further alternative,
both of the guide ring 3406 and each of the plurality of leaves 3404 may include
protrusions or keys and a scparate component comprising corresponding recesses or

slots may be coupled therebetween.

[0147] In one form, each of the plurality of leaves 3404 comprises a leaf key
3414 on its second surtace. The leaf key 3414 may have a shape with rounded
internal corners to lacilitate slidable movement of each of the plurality of leaves 3404
relative to the outer housing 3408, although any number of other arrangements may
be used to perform in a similar manner. As described above, the outer housing 3408
includes an outer housing guide slot 3416 configured to receive the leaf keys 3414
from one of the plurality of leaves 3404 therein. The outer housing guide slot 3416 is
larger than the size of the leaf keys 3414 to facilitate movement of the connecting
plate protrusions along the outer housing guide slot 346 when the plurality of leaves

3404 are moved to adjust the size of the vent aperture 3422.

[0148] In an alternative arrangement, the outer housing 3408 may comprise keys
and cach of the plurality of lcaves may include a slot or recess that enables the
slidable movement of the keys located on the outer housing 3408 within the slots or
recesses on the plurality of leaves 3404 as the plurality of leaves 3404 move. In a
further alternative arrangement both of the outer housing 3408 and each of the
plurality of leaves 3404 may include a slot or recess and a separate connecting plate
component may be coupled therebetween. In a yet another alternative arrangement
both of the outer housing 3408 and each of the plurality of leaves 3404 may include
keys and a separate connecting component comprising recesses or slots may be

coupled therebetween.
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6.3.4.2 Vent Controller

{0149] In another aspect of the present technology, a controller, such as one with
a processor(s) and which may optionally serve as a processor or controller of a RPT
device, may be configured to control the one or more vents 3400 such as & vent
arrangement described herein. In one form, the controller may be configured, e.g.,
programmed, to perform one or more of the methods or algorithms described
throughout this specification, such as to control aspects of the one or more vents 3400.
For example, it may control the size and/or orientation of its apertures 3422, Such
control may be, for example, based on one or more inputs as described in further
detail berein.  Such a device controller or processor may, for example, ianclude
integrated chips, such as application specific integrated chip(s), a memory and/or
other control instruction, data or information storage medium with the methodologies.
Thus, programmed instructions encompassing the methodologies may be coded on
integrated chips or in the memory of the device. Such instructions may be loaded as
software or firmware using an appropriate data storage medium. The coatroller may
then be in electrical communication with a controllable actuator or actuation
mechanism as described herein for automated manipulation of the components of vent

{e.g., guide ring and/or leaves).

{0150] In one form, a size of the vent aperture 3422 may be adjusted by
rotationally constraining the outer housing 3408 and affixing the guide ring 3406 to
an actuator, which may be controlled by the controller. The actuator may then rotate
the guide ring 3406 to adjust the size of the vent aperture 3422. The controller may be
configured to receive an indicative signal such as from the actuator and/or a discrete
sensor regarding a property of the vent 3400, such as a signal indicating an orientation
and/or the size of the aperture 3422, The actuator may be further configured to
determine when the size of the vent aperture 3422 of the vent 3400 has reached the
predetermined maximum or the predetermined minimum throughout its range of
possible sizes. In one form, the actuator may include limit switches configured to

detect whea the vent aperture 3422 is at the minimum and/or the maximum size.

[o1s1] One aspect of the method of operation of the vent aperture controller may
be to control performing one or more calibration cycles with the vent 3400.

According to one form of the calibration cycle, shown in Fig. 23a, the first calibration
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cycle 34710 may be performed to determine one of the vent's limits, such as a
‘completely open’ position, or a position of maximum size of the vent aperture 3422,
In such a first calibration cycle 34710, the actuator 3480 may be instructed to
progressively open the vent 3400 in step 34712, while measuring the current required
in the actuator in step 34714 and comparing the measured current (1,,e,s) in relation to
a limit current (Tiwi) threshold in step 34716. When the current limit is exceeded. the
actuator may be stopped (step 34717) and the position may be recorded in step 34719.
Thus, the first calibration cycle 34710 would continue until the size of the vent
aperture 3422 reaches its maximum, upon which point the controller (using the limit
switch for imstance) may detect an indicative position signal such as the vollage
supplied exceeding a threshold voltage, or the current supplied exceeding a threshold
corrent, or the power supplied exceeding a threshold power, or a proximity sensor

indicating that the vent is at its ‘completely open’ position.

[0152] According to another form of the calibration cycle, shown in Fig. 23b, the
second calibration cycle 34720 may be performed to determine the other limit of the
vent such as a ‘completely closed’ position, or a position of minimum size of the vent
aperture 3422, In the second calibration cycle 34720, the actnator 3480 may be
instructed to progressively close the vent 3400 in step 34722 until the aperture 3422
reaches its minimum, spon which point the limit switch may detect an indicative
position signal such as those described above (current, voltage and/or power). The
first calibration cycle 34710 and the second calibration cycle 34720 may thus provide
a controller with accurate limits of travel for the leaves of the vent and thus the
aperture 3422. Although these calibration cycles have been described in a particular
order, they may be reversed such that the first cycle may determine a fully closed
position and the second cycle may determine a fully open position. Furthermore, a
skilled addressee would understand that other calibration steps to determine different

positions of the leaves of the vent may also be undertaken.

[0153] Another aspect of the current technology is that the minimum size of the
vent aperture 3422 may be so small so as to have zero area. Any number of sizes may
be chosen for the minimum size of the vent aperture 3422 such as a size between, for
example, 0.01 mm to 1} mm distance across faces, such as 0.1 mm, 0.5 mm or 2 mm,

4 ram, 6 mm or 8 mm distance across faces.
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j0154] According to another aspect of the present technology, the controller may
be in communication with one or more sensors and/or the vent arrangement to send
and/or receive suitable control and/or sensing signals. In some cases, the controller
may be a central controller 4230 that forms a part of the RPT device and performs
other functions. However, the controller may optionally be a standalone vent
controller 3438 configured only to be in communication with the sensors and/or the
vent arrangement. In some such cases, for example, the controller may be placed on
or in a patient interface or the air circuit. Such a standalone vent controller 3438 may
optionally be in communication with a central controller 4230 as shown in Fig. 4¢

such as to be controlled by commands from the central controller.

6.3.4.3 Cross-section profile

[0155] As described above, some of the problems related to prior vent
technologies concern noise. Some may be noisy, which may disturb the patient 1000,
and/or that they may be distuptive to the sleep of a bed-partner 1100 as a result of the

passage of air through the vent.

[0156] Thus, in some forms of the present technology, the vent may be
configured so that as the size of the aperture 3422 changes, the cross-section profile of
each outer leaf surface 3418 that is exposed to the flow of breathable gas traversing
through the vent remains constant. In some configurations, the cross-section profile
may remain constant irrespective of the length of the outer leaf surface 3418 that is
exposed to the flow of breathable gas. Therefore, one advantage of the present
technology may be that a cross-section profile may be chosen to reduce the noise
generated by the gas washout vent arrangement, which may reduce disruption cavused
to the user and/or the bed partner of the user. The cross-section profile design can be

important for reducing noise.

{0157 Assuming a unidirectional air flow, one suitable example design of the
cross-section profile 3424 of the outer leal surface 3418 of each of the plurality of
leaves 3404 may be as shown in Fig. 16. The cross-section profile of each outer leaf
surface 3418 that is exposed to the flow of breathable gas remains constant as the size
of the vent aperture 3422 changes as described above. Therefore, the cross-section
profile 3424 may be shaped at the leading edge 3426 and the trailing edge 3428 to

reduce noise generated by the flow of breathable gas as it passes through the aperture
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3422. In such a case, the vent may be oriented for use with the unidirectional airflow
passing over the outer leaf surface 3418 starting at the leading edge 3426 then

proceeding across the surface and then proceeding past the trailing edge 3428.

[0158] One suitable cross-section profile may be a ‘reverse-trumpet’ profile,
similar to one disclosed in the US patent application US 2010/0051034, the entire

contents of which is incorporated herein by reference.

{0159] Such a profile may include a contracting, curved leading edge 3426 that
blends into the entry side surface 3430 of each of the plurality of leaves 3404, The
profile may further include a sharply terminating trailing edge 3428 at the exhaust
side surface 3432 as shown in Fig. 16. The leading edge 3426 may approximate a
contracting curved surface and connect to the irailing edge 3428, which may be
curved and tangential to a centre axis of the aperture 3422 or converge at a small
angle, such as between approximately 0 and approximately 15 degrees. The trailing
edge may terminate with an angle of between approximately 60 degrees and
approximately 100 degrees, such as 70 degrees, 80 degrees, ot 90 degrees between the

exit-side surface 3432 of the leaf 3404 and the trailing edge 3428.

[0160] The radius of the leading edge R2 may be between approximately 0.5 mm
and approximately 1.5 mm. such as 0.75 mom, 1 mm or 1.25 mm, and the radius of the
trailing edge R1 may be between approximately 1 mm and approximately 3 mm, such
as 1.5 mm, 2 mm or 2.5 mm. The thickness T1 of cach leaf 3404 may be between
approximately 1 mm and approximately 4 mm, such as 2 mm, 2.5 mm or 3 mm. The
convergence in section depth C1 of each of the plurality of leaves 3404 may be
between approximately 0.5 mm and approximately 2.5 mm, such as 1 mm, 1.5 mm or
2 mm. In other arrangements of the present technology, where a vent arrangement is
configured to allow air flow in either direction of the vent arrangement, a symmetric

cross section profile may be preferred.

jotet] In one instance of the present technology, the vent 3400 may consist of six
leaves 3404, wherein the thickness T1 of each leaf 3404 may be about 1-4 mm, such
as 2 mm, 2.5 mm or 3 mm, and the maximum distance across each opposing leaves
(across faces) may be about 5-15 mm, such as 6 mm, 8 mm, 10 mm, 12 mm or 14

mm. In this arrangement, the vent 3400 with the aperture 3422 at the most open
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position would be approximately between 2] mm” and 195 mm? such as 30 mm’, 53
mm>, 80 mmz, 125 mm® or 170 mm® depending on the distance across faces and at 7
mm distance across faces (AF) the area of the aperture 3422 may be approximately 42

mm .

[0162] Another aspect of the present technology is that characteristics of noise
generated by the flow of breathable gas through the vent 3400 may change as the size
of the vent aperture 3422 changes. One example of such a noise characteristic is the
level of noise generated, although other characteristics such as the frequency content
of the noise may also change. An example showing changes to the measured sound
power level as a function of the aperture 3422 size (distance across faces) and/or the
pressure is shown in Fig. 25 for one form of the present technology vent 3400. For
example, at approximately 10 cm H,O of pressure, the measured sound power level of
an example of the vent 3400 was approximately 30 dBA when the vent 3400 was
configured with a distance across faces of approximately 4 mm. When the vent 3400
was in another configuration with a distance across faces of approximately 7 mm, the
measured sound power level was approximately 32 dBA. To take advantage of the
changing noise characteristic of the vent 3400, a plurality of vents 3400 and/or
sensors may be implemented in some embodiments of the technology as will be

shown in further detail below.

[0163] The dimensions of the vent 3400 may be varied under different design
circumstances, such as when varying the number of vents 3400 to be placed on/in a
patient interface 3000, or when varying therapy requirements. As a result, the
dimensions as described above should be understood to be only exemplary and a
person skilled in the art would be capable of changing any number of the above

dimensions of the vent 3400 to suit their requirements.

6.3.44 Vent arrangements (e.g., sensor enabled)

[0164] In another aspect of the cwrent technology, a vent arrangement
comprising vents 3400 such as those described above, and/or other adjustable (active)
and non-adjustable vents, may be used to ameliorate problems known in the art
described above. Such problems to be ameliorated may include potential sources of
discomfort and/or disruption caused to the patient 1000 and/or the bed-partner 1100.

The potential sources of discomfort and/or disruption may include noise generated by
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the flow of breathable gas. whether as it passes through a vent arrangement or after it
passes through a vest arrangement, and jetting of flow of air onto the patient 1000
and/or onto the bed-partner 1100. In one form, one or more signals indicative of
potential disruption may be communicated from one or more sensors to a controller,
such as any of the controllers described in this specification, which may be used to

adjust the vent arrangement accordingly.

[0165] In one form, a gas washout vent arrangement may include multiple
instances of the vents 3400 (e.g., a set of vents 3400) described above to be placed in
fluid communication with a patient interface 3000 such as one or more of: in the
plenum chamber 3200, or in a decoupling structure 3500, or in the air circuit 4170, or
in between the patient interface 3000 and the air circuit 4170. Properties of the set of
the vents 3400 may then be controlled together or separately (e.g., one, more or all of
the set) to control various properties of the {low of breathable gas communicating
through the patient interface 3000, such as noise generated by the tlow or a direction
of the flow. An example of adjusting the apertures 3422 may be by selectively
moving the movable portions of the vent arrangement, which may then change tlow

impedances of the multiple vents 3400 (e.g., one or mare of the set).

[0166] In some instances, such a vent arrangement may be used to adjust the
noise generated from the flow of breathable gas through each vent 3400 or vary the
amount of flow through the vent 3400 during different phases of the respiratory cycle.
For example, the vents may be configured to open only during the expiration phase of

the respiratory cycle.

[0167] In one form of the present technelogy, two vents 3400 may be placed on
either side of the patient interface 3000 as shown in Fig. 22. In this example the two
vents 3400 are positioned approximately symmetrical about the sagittal plane once the
patient 1000 puts on the patient interface 3000. However, the vents may be located in

other positions on the patient interface 3000 as discussed further below.

{0168] One control method of achieving noise reduction may be to vary the size
and/or orientation of the aperture 3422 of a vent wrangement (e.g. each vent 3400)
according to one or more predetermined control parameter(s). One example of such a

control parameter may be measured noise levels from microphones 3440 placed near

o
o
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each vent 3400. In another example of a suitable control parameter may be an output
from an accelerometer 3442, which may be processed to indicate an orientation of the
patient 1000 or the patient interface. Other suitable control parameters may include,
pressure, flow, temperature, respiratory phase, such as whether the patient is in
inspiration or in expiration, or therapy-related parameters, such as the patient’s SpO2

level or whether the patient sufters from CSR.

[0169] An exemplary set of locations of microphones 3440 or proximity sensors
3444 placed near each vent 3400 or an accelerometer(s) 3442 is shown in Fig. 22,
however it is to be understood that the numbers and locations of the vents 3400, the
microphones 3440, or accelerometer(s) 3442 may be varied. Any number of other
sensors known in the art, such as pressure, temperature or flow sensors may be used
to provide one or more control parameters. For example, one or more sensors to
detect orientalion of the patient interface may be implemented and the opening or
closing of one or more of the vents may be selected/controlied depending on the
detected orientation of the patient interface. In some such cases, the controller may
open or increase the aperture of a vent(s) on a upwardly oriented side of the mask and
close or decrease the aperture of a vent on a downwardly oriented side of the mask or
vice versa. Thus, the vents on opposing sides of the patient interface/mask may be
controlled differently and/or may implement dynamic selection of the direction of
venting of the mask so as to re-direct exhawst flow in different directions relative to

the patient interface.

[0170] Fig. 26a-26b shows another form of the current technology, including a
vent 3400 comprising a plurality of holes and a movable portion 3456 which is
movable relative to the vent 3400 allowing a plurality of configurations for the gas
washout vent arrangement. In this form, the movable portion 3456 may be moved to
adjust properties of the vent 3400. For instance, the plurality of holes in the vent 3400
may be configured so that the flow impedance of the vent 3400 may vary depending
on the position of the movable portion 3456 (e.g. it may slide to cover/block more or
fewer of the plurality of holes). Such movement or sliding may be implemented
through manual adjustment of movable portion or in response to movement and/or

orientation of the patient interface itself.
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[0171] For example, the vent 3400 may be configured so that the direction of the
flow of air therethrough may differ depending on the position of the movable portion
3456 as shown in Fig, 26a-26b. For example, where the removable portion 3456 of 4
vent 3400 is in a configuration as shown in Fig. 26a, the flow of exhaust gas may be
generally directed towards the left side of the mask, whereas in Fig. 26b the flow of
exhaunst gas may be generally directed towards the right side of the mask. In this
regard, the dotted lines in Fig. 26a-28b and Fig. 30a-30b illustrate a change in
direction (re-direction) of the flow of exhaust gas as it is exhausted from the patient

interface responsive to the re-positioning of the movable portion.

{0172] Alternatively, or additionally, some of the holes of the vent may be
configured for inward flow only and some of the hole of the vent may be configured
for outward tlow only such as with a one way vatves. Thus, when the slide is moved

vent may selectively permit inward flow and/or outward flow.

{0173] Such a vent 3400 may then be configured be adjusted based on one or
more control parameters, such as outputs from one or more sensors such as a
microphone 3440 or an accelerometer 3442 and/or 1n some cases the vent(s) may be

adjusted by the gravitational orientation of the mask.

{0174} For instance, the movable portion 3456 in such a vent 3400 shown in Fig.
26a and Fig. 26b may be configured to slide according to an orientation of the patient.
This may be implemented by the use of an accelerometer as described above and a
suitable actuator, or by configuring the movable portion 3456 to slide due to gravity
(e.g., weighted movement of the sliding moveable portion) following orientation of
the vent 3400. Fig. 29 shows an instance where the patient 1000 is lying in a bed with
her head tilted towards her left. Accordingly, the movable portion 3456 becomes
oriented towards the left side of the patient 1000, changing the direction of the flow of
exhaust air away to be away from the bed. In some cases, the movable portion may
include additional weights to overcome static friction and/or airflow in order for the
movable portion 3456 1o slide relative to the vent 3400. Fig. 27a and Fig. 27b show
another type of a patient interface 3000 (nasal mask) which incorporates a vent 3400

including a movable portion 3456.

37
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[0175] In another form, the vent 3400 may be configured as shown in Fig. 28a
and Fig. 28b. The vent 3400 in Fig. 28a includes one or more of a movable portion
3456 in the form of a prism or ball, and configured to move along or within one or
more of a guiding portion 3458 such as an open ended channel CC. Optionally, each
of the open ends (OEI, OE2) may comprise a plurality of holes to vent air from the
plenum chamber and a portion of the channel CC (e.g., an inside portion) may be in
air communication with the air of the plenum chamber. Thus, the guiding portion
3458 may comprise a plurality of apertures, such as at a first end of the guiding
portion and a second end of guiding portion, which {or portions thereof) may be
opened and/or closed according to a movement of the movable portion 3456. For
example, by re-positioning the orientation of the patient interface such that the
guiding portion or channel will have a lower end and a higher end. As a result,
gravity may re-position the weighted prism or ball to the lower end (e.g., by sliding or
rolling in and along the channel) of the guiding portion or changel so that the prism or
ball will move to seal or partially seal the lower end of the guide portion or channel
and thereby open or increase the opening of the higher end for exhaust venting. In
this way and similar to other movable portion embodiments described herein, the flow
of the exhaust venting may be periodically re-directed from oune side of the patient
interface to the other, enforcing an upward (e.g., away [rom mattress) venting
direction even as the mask is re-positioned from one side to another as the patient,
wearing the patient interface, rolls in bed. In some cases, repositioning may cause the
movable portion to be more centrally located between the ends of the guiding portion
(e.g., when a patient with the patient interface is lying on his/her back). As such,
venting flow at both open ends depending on the vent characteristics may be reduced
since the moveable portion is blocking neither end. This dual end open situation may
reduce vent flow at both ends including the end in a direction of a bed partner when
compared to a situation when only one end is blocked and one end is open.  Of
course, such venting schemes may also be enforced with one or more orientation
sensors and electro~-mechanical control of different vents (such as any of the vents
disclosed in this specification) on opposing sides of the patient interface or one or

more of such vents configured to change exhaust flow direction.

{0176] In a yet another form, the vent 3400 may include a movable portion 3456,

as shown in Fig. 30a and Fig. 30b, where the movable portion 3456 includes one or
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more holes for washout of exhaust gas. In the arrangement shown in Fig. 30a and Fig.
30b, the movable portion 3456 includes an aperture 3457 to allow fluid
conmmunication between the inside of the plenum chamber 3200 and the ambient
cnvironment. The moveable portion forms a swivel that can pivoet, such as by
mechanical actuator (such as a stepper motor with a gear coupled with a side of the
swivel to rotate the swivel) and/or gravitation rotation {e.g., weighted on one side of
the swivel or counter balanced). In this regard, a flow channel FC of the swivel with
an inside opening CIO to the plenum chamber can rotate with the swivel to change the
direction from which flow exits the aperture of the swivel. Thus, when the patient
mterface is re-oriented such as from side to side, flow can be re-directed, such as to
enforce an upward flow (c.g., away from mattress) or away from the patient’s bed
partner. Accordingly, the movable portion 3456 may move in response o one or
more control parameters, such as outputs from one or more sensors such as a
microphone 3440 or an accelerometer 3442 or due to patient orientation resulting in

adjustment or movement of the aperture 3457.

10177] Of course, any vent configured with one or more adjustable properties of
the vent, such as a direction of air flow therethrough or the pneumatic impedance,
may be used in conjunction with one or more semsors and/or the control
methodologies as described above. For example, any number of vents disclosed in
PCT patent application number PCT/US2012/055148 may be implemented with the

above aspect(s) of the present technology.

[0178] According to another aspect of the present technology, the one or more
signals indicative of potential disruption (e.g., vent related noise) may be correlated
with an indicator of disruption to the paticnt 1000 and/or the bed-partner 1100. In one
form, an indicator of arousal such as those known in the art (e.g., one detected by
processor analysis of a flow signal and/or a signal from a movement sensor) may be
correlated with the indicator of disruption. In such a case, the controller may be
configured to control adjustments to the vent arrangement based on the arousal
indicator and the disruption indicator. For example, the processor may control
changes to the vent when arousal is indicated and the signal(s) indicative of potential
disruption such as noise is above a threshold. One example of prior art documenting

detecting indicators of arousal in the prior art may be in the PCT patent application
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WO 2011/006199, the contents of which are incorporated herein by cross-reference.
Detection of arousal then may be combined with any of the above indicators of
potential disruption in order to better determine whether the potentially disruptive

indicators would warrant an adjustment to the vent arrangement.

6.3.4.4.1 Example Control Functions

[0179] A number of example control functions are described below. Such
methodologies may be implemented by any of the controllers described throughout
this spectfication. Although the control functions may be drawn and/or described
based on a specific number of vents 3400 and/or configurations of venis 3400, it
should be understood that they may be adapted to suit any number of vents 3400
and/or configurations of vents 3400 while still taking advantage of the present

technology.

6.3.4.4.1.1 Vent aperture sizing control function A 34610

{0180] Fig. 17 shows a flow chart of one form of a vent aperture sizing control
function 34610 for controlling a size of the aperture 3422.  The vent aperture sizing
contro} function A 34610 may control the size of the aperture 3422 of each vent 3400
as a function of one or more control parameters, for example such as those described
above. In step 34612, the vent aperture sizing control function A 34610 may
determine value(s) of the control parameter. The value(s) of the control parameter
may comprise, for example, noise levels as measured by the microphones 3440 placed
near cach vent 3400 and/or a signal indicating the orientation of the patient 1000, or
other inputs as described above. The vent aperture sizing control function A 34610
may determine desired opening sizes in step 34614 for apertures 3422, for instance
based on the value(s) of the control parameter(s). Step 34614 may be carried out using
a look~up table or a predetermined vent sizing function configured to determine
desired changes to vent sizing based on the inputs of the value(s) of the control
parameter(s). The vent aperture sizing protocol may then communicate in step 34616
the desired aperture opening sizes (or other suitable controt signal) to the controller's

actuator to adjust the sizes of each vent apertures 3422 accordingly.
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6.3.4.4.1.2 Vent aperture sizing control function B 34620

{0181] Another form of a vent aperture sizing function is shown as a flowchart in
Fig. 18. The vent aperture sizing contro} function B 34620 is described based on two
vents 3400 in a vent arrangement (e.g. as shown in Fig. 22). In this form, the vent
aperture sizing costrol function B 34620 may open both vents 3400 in step 34622 to
ensure equal operating conditions for the vents 3400. As a next step 34624, the
control function B 34620 may determine noise levels (N1 and N2), for example by
measurement at two microphones 3440 that are placed near each vent 3400 as shown
in step 34623. The veat sizing function may then compare the noise levels N1 and N2
in step 34626, and in step 34628 act to close or partially close the vent 3400 that is

creating more noise.

6.3.4.4.1.3 Vent aperture sizing controf function C 34630

[0182] Another form of a vent aperture sizing function is shown as a flowchart in
Fig. 19, where the vent arrangement comprises two vents 3400 (e.g. as shown in Fig.
22). In step 34632, the vent aperture sizing control function C 34630 may determine
noise Jevels N1 and N2, respectively at each vent 3400. The control function C 34630
may determine two noise levels (N1 and N2) in step 34631, for example by receiving
data or signals representing them from two microphones 3440 that ate placed near
each vent 3400. The control function C 34630 may also receive data or signals
representing areas of apertures 3422 (S1 and S2) from each vent 3400 for example
from step 34638. The vent sizing function would compare the noise levels N1 and N2
in step 34634, and step 34638 may adjust the sizes of the aperture 3422 based on a
difference in noise levels N1 and N2. A threshold step 34636 may be included so that
the step 34638 may only be activated if the difference in noise levels N1 and N2

exceed a difference threshold ANresnotd-

{0183] In one form of the step 34638, the control function C 34630 may act to
reduce the size of the aperture 3422 of the corresponding vent 3400 where the noise
level was found to be higher, and/or increase the size of the aperture 3422 of the
corresponding vent 3400 where the noise level was fovnd to be lower. Furthermore,
the size of the aperture 3422 of each vent 3400 may be adjusted by a predetermined
incrernent untit the noise levels N1 and N2 are substantially equal to each other, or

until the difference in noise levels is under a predetermined threshold.
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[0184] Yet further, in the vent sizing functions described above, the function may
also compare the noise Jevels N1 and N2 against a threshold value Nigesnorn and only
adjust the size(s) of the vent aperture(s) 3422 if one or both values are above and/or

below Niggeshold.

6.3.4.4.1.4 Vent aperture sizing control function D 34640

[0185] Another form of a vent sizing function is shown as a flowchart in Fig. 20.
In this example, the vent aperture sizing control function D 34640 may determine an
orientation of a patient 1000 in step 34642. Por instance, the sizing control function D
may receive a signal in step 34641 indicating at least one of the orientation of the
patient 1000 or the orientation of the patient interface 3000 from an accelerometer
3442. The vent aperture sizing control function D 34640 may then adjust the sizes of

vent apertures 3422 in step 34644 based on the orientation determined in step 34642.

[0186] For instance, in operation, the step 34644 may send a signal to the vents
3400 to reduce the size of the aperture 3422 of the corresponding vent 3400 which is
closer to the ground (e.g., vent oriented downward), and increase the size of the
apecture 3422 of the corresponding vent 3400 which is further from the ground (e.g.,
vent oriented upward). Adjustment of vent aperture size according to patient
orientation as in sizing control function D 34640 may reduce noise generated by the
patient interface 3000 from impingement of the flow of breathable gas. Such noise
may be generated from impingement upon an obstruction such a pillow. or bedding is
known to generate additional noise in comparison to the unobstructed f{low of

breathable gas exiting the vent 3400 exits into the atmosphere.

[0187] Furthermore, by adjustment of vent aperture size according to patient
orientation as in sizing control function D 34640, it may also be possible to reduce the
amount of exiting flow of breathable gas from a vent 3400 that is directed at a bed
partner 1100, which may reduce annoyances and/or additional noise experienced by
the bed partner. For example, the controller may include an input setting to indicate
which side of the bed on which a patient sleeps relative to bed partner 1100. Tn the
event that the controlfer detects an orientation of the patient interface, such as with the
orientation sensor(s)/accelerometer(s), that indicates that the patient 1000 is sleeping
on his/her back, the controller may then, based on the setting, reduce the flow of

venting on the side of the bed partner. For example, the controller may then select to
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open or open more a vent of the patient interface opposite the bed partner and/or close

or open less a vent of the patient interface adjacent to the bed partner.

[0188] In another form of the present technology (not shown), the vent aperture
sizing control function may receive a signal from a proximity sensor 3444 indicating
the proximity of the patient 1000 to its bed partner 1100 or another obstruction to
each vent 3400 in the direction of its aperture 3422. The vent sizing function may then
act to adjust sizes of the vent apertures 3422 accordingly, such as reduce the size of
the aperture 3422 of the corresponding vent 3400 which is closer to the bed partner
1100 or obstruction, and increase the size of the aperture 3422 of the corresponding
vent 3400 which is further from the bed partner 1100 or obstruction. It is to be
understood that the vent sizing function may also receive and react to a signal from
other types of sensors, such as from a modulated pulse Doppler based sensor such as
one disclosed in US patent number 6,426,716 or a sensor described in US patent
application number 2009/0203972, the entire contents of which are included herein by
reference. Such a sensor may serve as a proximity sensor and/or orientation sensor in

some versions of the present technology.

{0189] In a yet another example of the current technology, the vent aperture
sizing control function may receive and react to a signal indicating whether the patient
1000 is in an inspiration phase or in expiration phase of the breathing cycle.
According to this signal the vent sizing function may, for example, close the vent
3400 during the inspiration phase of the patient’s breath, and open the vent 3400

during the expiration phase of the patient’s breath.

[0190] Although a number of above paragraphs discuss means of determining
sizes of apertures 3422 of vents 3400 using a vent aperture sizing control “function’, it
should be understood that use of the term “function” does not preclude use of a multi-
dimensional look-up table by themselves or in conjunction with a mathematical

function.

6.3.4.4.1.5 Vent aperture sizing control function E 34650
[0191] Another instance of the current technology that utilises a look-up table is
shown in Fig. 21. This vent aperture sizing control function E 34650 may determine

noise levels N1 and N2 near ecach vent 3400 in step 34652, possibly using
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measurements from sensors such as microphones in step 34651, A differential noise
value Nd, may he calculated in step 34653 as a difference between the two noise
levels N1 and N2, which may be compared against a threshold Nuyesnold 10 step 34654,
An amount by which to adjust the size of the aperture 3422 (AArea) may be
determined (for example from a look-up table) as shown in step 34655, and the vent
aperture sizes may be adjusted based on this value in step 34656. The adjusted,
resulting sizes of vent apertures 3422 may also be passed on to step 34652 as an input

from step 34656.

{0192] It is to be understood that the control protocols and means described
above are not to be limited only to the instance of the current vent 3400 and vent
arrangement technology. A comparable performance to adjusting sizes of vent
apertures 3422 of mulgple vents 3400 according to sensor inputs may be also
performed by a single vent assembly that allows the flow of breathable air to be re-
directed. For instance, a single vent assembly that has an actuator for movement of
its aperture along the sagittal plane may allow the vent o direct its outflow to the left
or the right side of the patient 1000 according to a sensor input as described above

and/or according to any of the adjustment control methodologies described herein.

6.3.5 Decoupling structure(s)

[0193] In one form the patient interface 3000 includes at least one decoupling
structure, for example a swivel 3510 (see Fig. 29) or a ball and socket 3520 (see Fig.

27a).

6.3.6 Connection port 3600

{0194] Connection port 3600 attows for connection to the air civcuit 4170.

6.3.7 Forehead support 3700

[0195] In one form, the patient interface 3000 includes a forehead support 3700.

6.3.8 Anti-asphyxia valve

{0196] In one form, the patient interface 3000 includes an anti-asphyxia valve.
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0.3.9 Ports

{01977 In one form of the present technology, a patient interface 3000 includes
one or more ports that allow access to the volume within the plenum chamber 3200.
In one form this allows a clinician to supply supplemental oxygen. In one form this
allows for the direct measurement of a property of gases within the plenum chamber

3200, such as the pressure.

6.4 RPT DEVICE 4000

[0198] An example RPT device 4000 that may be suitable for implementing
aspects of the present technology may include mechanical and pneumatic components
4100, electrical components 4200 and may be programmed to execute one or more of
the control methodologies or algorithms described throughout this specification. The
RPT device may have an external housing 4010, preferably formed in two parts, an
upper portion 4012 of the external housing 4010, and a lower portion 4014 of the
external housing 4010. In alternative forms, the external housing 4010 may include
one or more panel(s) 4015. Preferably the RPT device 4000 comprises a chassis 4016
that supports one or more internal components of the RPT device 4000. In one form a
pneumatic block 4020 is supportted by, or formed as part of the chassis 4016. The

RPT device 4000 may include a handle 4018.

{0199] The pneumatic path of the RPT device 4000 preferably comprises an inlet
air filter 4112, an inlet muftler 4122, a controllable pressure device 4140 capable of
supplying air at positive pressure (preferably a blower 4142), and an outlet mufller
4124. One or more pressure sensors 4272 and flow sensors 4274 are included in the

pneumatic path.

[0200] The preferred pneumatic block 4020 comprises a portion of the pneumatic

path that is located within the external housing 4010.

{0201] The RPT device 4000 preferably has an electrical power supply 4210, one
or more input devices 4220, a central controller 4230, a therapy device controller
4240 and/or any of the controllers previously described, a pressure device 4140, one
or more protection circuits 4250, memory 4260, transducers 4270, data
communication interface 4280 and one or more output devices 4290. Electrical

components 4200 may be mouated on a single Printed Circuit Board Assembly
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(PCBA) 4202. In an alternative form, the RPT device 4000 may include more than
one PCBA 4202.

[0202] The central controller 4230 of the RPT device 4000, which may include
one or more processors, can be programmed to execute one or more algorithm
modules, preferably including a pre-processing module, a therapy engine module, a
pressure control module, and further preferably a fault condition module. It may
further include a vent control module that may be configured with one or more of the

vent control methodologies described throughout this specification.
6.4.1 RPT device mechanical & pneumatic components 4100

6.4.1.1 Air filter(s) 4110

[0203] A RPT device in accordance with one form of the present technology may

include an air filter 4110, or a plurality of air filters 4110.

[0204] In one form, an inlet air filter 4112 is located at the beginning of the

pneumatic path upstream of a blower 4142. See Fig. 4b.

{02051 In one form, an outlet air filter 4114, for example an antibacterial filter, is
focated between an outlet of the pneumatic block 4020 and a patient interface 3000.

See Fig. 4b.

6.4.1.2 Muffler(s) 4120

[0206] In one form of the present technology, an inlet muffler 4122 is located in

the pneumatic path upstream of a blower 4142. See Fig. 4b.

10207} In one form of the present technology. an outlet muftler 4124 is located 1n

the pnevmatic path between the blower 4142 and a patient interface 3000. See Fig. 4b.

6.4.1.3 Pressure device 4140

{0208] In a preferred form of the present technology. a pressure device 4140 for
producing a flow of air at positive pressure is a controllable blower 4142. For
example the blower may include a brushless DC motor 4144 with one or more

impellers housed in a volute. The blower may be preferably capable of delivering a
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supply of air, for example about 120 litres/minute, at a positive pressure in a range

from about 4 craH;O to about 20 cmH-0, or in other forms up to about 30 emH-0.

[0209] The pressure device 4140 is under the control of the therapy device

controfler 4240,

6.4.1.4 Transducer(s) 4270

{0210] In one form of the present technology, one or more transducers 4270 are
located upstream of the pressure device 4140. The one or more transducers 4270 are
constructed and arranged to measure properties of the air at that point in the

pneumatic path,

[0211] In one form of the present technology, one or more transducers 4270 are
focated downstream of the pressure device 4140, and upstream of the air circuit 4170.
The one or more transducers 4270 are constructed and arranged to measure propetties

of the air at that point in the pneumatic path.

[0212] In one form of the present technology, one or more transducers 4270 are

located proximate to the patient interface 3000.

6.4.1.5 Anti-spill back valve 4160

[0213] In one form of the present technology, an anti-spill back valve is located
between the humidifier 5000 and the pneumatic block 4020. The anti-spill back valve
is constructed and arranged to reduce the risk that water will flow upstream from the

humidifier 5000, for example to the motor 4144,

6.4.1.6 Air circuit 4170

10214] An air circuit 4170 in accordance with an aspect of the present technology
is constructed and arranged to allow a flow of air or breathable gasses between the

pneumatic block 4020 and the patient interface 3000.

6.4.1.7 Oxygen delivery

[0215] In one form of the present technology, supplemental oxygen 4180 is

delivered to a point in the pnenmatic path.
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[0216] In one form of the present technology, supplemental oxygen 4180 is

delivered upstream of the pneumatic block 4020.

[0217] In one form of the present technology, supplemental oxygen 4180 is

delivered to the air circuit 4170.

[0218] In one form of the present technology, supplemental oxygen 4180 is

delivered to the patient interface 3000.
6.4.2 RPT device electrical components 4200

6.4.2.1 Power supply 4210
[0219] In one form of the present technology power supply 4210 is internal of the
external housing 4010 of the RPT device 4000. In another form of the present

technology, power supply 4210 is external of the external housing 4010 of the RPT
device 4000.

[0220] In one form of the present technology power supply 4210 provides
electrical power to the RPT device 4000 only. In another form of the present
technology, power supply 4210 provides electrical power to both RPT device 4000
and humidifier 5000. The power supply may also optionally provide power to any
actuator, controller and/or sensors for a veat arrangement as described throughout this

specification

6.4.2.2 Input devices 4220

{0221] In one form of the present technology. a RPT device 4000 includes one or
more input devices 4220 in the form of buttons, switches or dials to allow a person to
interact with the device. These may be implemented for entering settings for
operation of the components of the RPT device such as the vent arrangement. The
butlons, switches or dials may be physical devices, or software devices accessible via
a touch screen. The buttons, switches or dials may, in one form, be physically
connected to the external housing 4010, or may, in another form, be in wireless
communication with a receiver that is in electrical connection to the central controller

4230.
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[0222] In one form the input device 4220 may be constructed and arranged to

allow a person to select a value and/or a menu option.

6.4.2.3 Central controller 4230

{02231 In one form of the present technology, the central controller 4230 is a
dedicated electronic circuit configured to receive input signal(s) from the input device
4220, and to provide output signal(s) to the output device 4290 and / or the therapy

device controller 4240.

[0224] In one form, the central controller 4230 is an application-specific
integrated circuit. In another form, the central controller 4230 comprises discrete

electronic components.

[0225] In another form of the present technology, the central controller 4230 is a

processor suitable to control a RPT device 4000 such as an x86 INTEL processor.

{0226] A processor of a central controller 4230 suitable to control a RPT device
4000 in accordance with another form of the present technology includes a processor
based on ARM Cortex-M processor from ARM Holdings. For example, an STM32
series microcontroller from ST MICROELECTRONICS may be used.

{0227] Another processor suitable to control a RPT device 4000 in accordance
with a further alternative form of the present technology includes a member selected
from the family ARMO-based 32-bit RISC CPUs. For example, an STRO series
microcontroller from ST MICROELECTRONICS may be used.

[0228] In certain alternative forms of the present technology, a 16-bit RISC CPU
may be used as the processor for the RPT device 4000. For example a processor from
the MSP430 family of microcontrollers, manufactured by TEXAS INSTRUMENTS,

may be used.

[0229] The processor is configured to receive input signal(s) from owe or more

transducers 4270, and one or more input devices 4220.

[0230] The processor is contigured to provide output signal(s) to one or more of
an output device 4290, a therapy device controller 4240, a dala communication

interface 4280 and humidifier controller 5250.

49



WO 2014/138803 PCT/AU2014/000263

[0231] In some forms of the present technology, the processor of the central
controlter 4230, or multiple such processors, is configured to implement the one or
more methodologies described herein such as the one or more algorithms 4300
expressed as computer programs stored in a non-transitory computer readable storage
medivm, such as memory 4260. In some cases, as previously discussed, such
processor(s) may be integrated with a RPT device 4000. However, in some forms of
the present technology the processor(s) may be implemented discretely from the flow
generation components of the RPT device 4000, such as for purpose of performing
any of the methodologies described herein without directly controlling delivery of a
respiratory treatment.  For example, such a processor may perform any of the
methodologies described herein for purposes of determining control settings for a
ventilator or other respiratory related events by analysis of stored data such as from
any of the sensors described herein. Similarly, such a processor may perform any of
the methodologies described herein for purposes controlling operation of any vent

arrangement described in this specification.

6.4.24 Clock 4232

{0232] Preferably RPT device 4000 includes a clock 4232 that is connected to
Processor.

6.4.2.5 Therapy device controller 4240

[0233] In one form of the present technology, therapy device controller 4240 is a
pressure control module 4330 that forms part of the algorithms 4300 executed by the

processor of the central controller 4230.

[0234] In one form of the present technology, therapy device controller 4240 is a
dedicated motor control integrated circuit. For example, in one form a MC33035

brushless DC motor controller, manufactured by ONSEMI is used.

6.4.2.6 Protection circuits 4250

{0235] Preferably a RPT device 4000 in accordance with the present technology

comprises one or more protection circuits 4250.

{0236] One form of protection circuit 4250 in accordance with the present

technology is an electrical protection circuit.
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[0237] One form of protection circuit 4250 in accordance with the present

technology is a tempetature ot pressure safety circuit.

6.4.2.7 Memory 4260

{0238] In accordance with one form of the present technology the RPT device
4000 includes memory 4260, preferably non-volatile memory. In some forms,
memory 4260 may include battery powered static RAM. In some foums, memory

4260 may include volatile RAM.

[0239] Preferably memory 4260 is located on PCBA 4202. Memory 4260 may be
in the form of EEPROM, or NAND flash.

{0240] Additionally or alternatively, RPT device 4000 includes removable form
of memory 4260, for example a memory card made in accordance with the Secure

Digital (SD) standard.

[0241] In one form of the present technology, the memory 4260 acts as a non-
transitory computer readable storage medium on which is stored computer program
instructions expressing the one or more methodologies described herein, such as the

one or more algorithms 4300.

6.4.2.8 Transducers 4270

[0242] Transducers may be internal of the device, or external of the RPT device.
External transducers may be located for example oa or form part of the air delivery
circuit, e.g. the patient interface. External transducers may be in the form of non-
contact sensors such as a Doppler radar movement seasor that transmit or transfer

data to the RPT device.

6.4.2.8.1 Flow

{0243] A flow transducer 4274 in accordance with the present technology may be
based on a differential pressure transducer, for example, an SDP600 Series
differential pressure transducer from SENSIRION. The differential pressure
transducer is i tluid communication with the pneumatic circuit, with one of each of
the pressure transducers connected to respective first and second points in a flow

restricting element.
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[0244] In use, a signal representing total flow Qr from the flow transducer 4274 is

teceived by the processor.

6.4.2.8.2 Pressure

{02457 A pressure transducer 4272 in accordance with the present technology is
located in fluid communication with the pneumatic circuit. An example of a suitable
pressure tcansducer is a sensor from the HONEYWELL ASDX sedes. An alternative
suitable pressure transducer is a sensor {rom the NPA Series from GENERAL

ELECTRIC.

[0246] In use. a signal from the pressure transducer 4272, is received by the
central controller processor. In one form, the signal from the pressure transducer 4272

is filtered prior to being received by the central controller 4230.

6.4.2.8.3 Motor speed

[0247] In one form of the present technology a motor speed signal 4276 is
generated. A motor speed signal 4276 is preferably provided by therapy device
controller 4240. Motor speed may, for example, be generated by a speed sensor, such

as a Hall effect sensor.

6.4.2.9 Data communication systems 4280

10248 In one preferred form of the present technology, a data communication
interface 4280 is provided, and is connected to central controller processor. Data
communication interface 4280 is preferably connectable to remote external
communijcation network 4282, Data communication interface 4280 is preferably
connectable to local external communication network 4284. Preferably remote
external communication network 4282 is connectable to remote external device 4286.
Preferably local external communication network 4284 is connectable to local

external device 4288.

10249] In one form, data communication interface 4280 is part of processor of
central controller 4230. In another form, data communication interface 4280 is an

integrated circuit that is separate from the central controller processor.
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10250] In one form, remote exterpal communication network 4282 is the Internet.
The data communication interface 4280 may use wired communication (e.g. via

Ethernet, or optical fibre) or a wireless protocol to connect to the Internet.

[0251] In one form, local external communication network 4284 utilises one or

more communication standards, such as Bluetooth, or a consumer infrared protocol.

[0252] In one form, remote external device 4286 is one or more computers, for
example a cluster of networked computers. In one form, remote external device 4286
may be virtual computers, rather than physical computers. In either case, such remote
external device 4286 may be accessible to an appropriately authorised person such as

a clinician.

{0253] Preferably local external device 4288 is a personal computer, mobile

phone, tablet or remote conirol.

6.4.2.10 Output devices including optional display, alarms

[0254] An output device 4290 in accordance with the present technology may
take the form of one or more of a visual, audio and haptic unit. A visual display may

be a Liquid Crystal Display (LCD) or Light Emitting Diode (LED) display.

6.4.2.10.1 Display driver 4292
0255] A display driver 4292 receives as an input the characters, symbols, or
images intended for display on the display 4294, and converts ther to commands that

cause the display 4294 to display those characters, symbols. or images.

6.4.2.10.2 Display 4294

10256] A display 4294 is configured to visually display characters, symbols, or
images in response to commands received from the display driver 4292. For example,
the display 4294 may be an eight-segment display, in which case the display driver
4292 converts each character or symbol, such as the figure “07, to eight logical signals
indicating whether the eight respective segments are to be activated to display a

particular character or symbol.
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6.5 GLOSSARY
{0257 In certain forms of the present technology, one or more of the following

definitions may apply. In other forms of the present technology, alternative definitions

may apply.

6.5.1 General

[0258] Air: Air will be taken to include breathable gases, for example air with

supplemental oxygen.

[0259] Continuous Positive Airway Pressure (CPAP). CPAP treatment will be
taken to mean the application of a supply of air or breathable gas to the entrance to the
airways at a pressure that is coatinuously positive with respect to atmosphere, and
preferably approximately constant through a respiratory cycle of a patient. In some
forms, the pressure at the entrance to the airways will vary by a few centimeters of
water within a single respiratory cycle, for example being higher during inhalation
and lower during exhalation. In some forms, the pressure at the entrance to the
airways will be shghtly higher during exhalation, and slightly lower during inhalation.
In some forms, the pressure will vary between ditferent respiratory cycles of the
patient, for example being increased in response to detection of indications of partial
upper airway obstruction, and decreased in the absence of indications of partial upper

airway obstruction.

6.5.2 Materials

10260] Siticone or Silicone Elastomer: A synthetic rubber. In this specification, a
reference to silicone is a reference to liquid silicone rubber (LSR) or a compression
moulded silicone rubber (CMSR). One form of commercially available LSR is
SHLASTIC (included in the range of products sold under this trademark),
manufactured by Dow Corning. Another manufacturer of LSR is Wacker. Unless
otherwise specified to the contrary, a preferred form of LSR has a Shore A (or Type
A) indentation hardness in the range of about 33 to about 45 as measured using

ASTM D2240.

[0261] Polycarbonate: a typically transparent thermoplastic polymer of

Bisphenol-A Carbonate.
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6.5.3 Aspects of a patient interface

{02621 Anti-asphyxia valve (AAV): The component or sub-assembly of a mask
system that, by opening to atmosphere in a failsafe manner, reduces the risk of

excessive CO; rebreathing by a patient.

{0263] Elbow: A conduit that directs an axis of flow of air to change direction
through an angle. In one form, the angle may be approximately 90 degrees. In another
form, the angle may be less than 90 degrees. The conduit may have an approximately
circular cross-section. In another form the conduit may have an oval or rectangular

cross-section.

{0264] Frame: Frame will be taken to mean a mask structure that bears the load
of tension between two or more points of connection with a headgear. A mask frame
may be a non-airtight load bearing structure in the mask. However, some forms of

mask frame may also be air-tight.

[0265] Headgear: Headgear will be taken to mean a form of positioning and
stabilizing structure designed for use on a head. Preferably the headgear comprises a
collection of one or more struts, ties and stiffeners configured to locate and retain a
patient interface in position on a patient’s face for delivery of respiratory therapy.
Some ties are formed of a soft, flexible, elastic material such as a laminated composite

of foam and fabric.

{0266] Membrane: Membrane will be taken to mean a typically thin element that
has, preferably, substantially no resistance to bending, but bas resistance to being

stretched.

[0267] Plenum chamber: a patient interface plenum chamber will be taken to
mean a portion of a patient interface having walls enclosing a volume of space, such
as for a full-face mask (e.g., nose and mouth mask), a nasal mask or a nasal pillow,
the volume baving air therein pressurised above atmospheric pressure in use by the
patient. A shell may form part of the walls of a patient interface plenum chamber. In
one form, a region of the patient's face abuts one of the walls of the plenum chamber,

such as via a cushion or seal.
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[0268] Seal: The noun form ("a seal”) will be taken to mean a structure or barrier
that intentionally resists the flow of air through the interface of two surfaces. The verb

form ("to seal") will be taken to mean to resist a flow of air.

[0269] Shell: A shell will preferably be taken to mean a curved structure having
bending, tensile and compressive stiffaess, for example, a portion of a mask that
forms a curved structural wall of the mask. Preferably, compared to its overall
dimensions it is relatively thin. In some forms, a shell may be faceted. Preferably such

walls are airtight, although in some forms they may not be airtight.

{02707 Stiffener: A stiffener will be taken to mean a structural component
designed to increase the bending resistance of another component in at least one

direction.

[02714] Strut: A strat will be taken to be a structural component designed to

increase the compression resistance of another component in at least one direction.

[0272] Swivel: (noun) A subassembly of components configured to rotate about a
common axis, preferably independently, preferably under low torque. In one form, the
swivel may be constructed to rotate through an angle of at least 360 degrees. In
another form, the swivel may be constructed to rotate through an angle less than 360
degrees. When used in the context of an air delivery conduit, the sub-assembly of
components preferably comprises a matched pair of cylindrical conduits. Preferably

there is little or no leak flow of air from the swivel in use.

10273] Tie: A tie will be taken to be a structural component designed to resist

tenston.

[0274] Vent: (noun) the structure that allows a deliberate controlled rate leak of
air from an interior of the mask, or conduit to ambient air, to allow washout of

exhaled carbon dioxide (CO;) and supply of oxygen (O-).

6.6 OTHER REMARKS

{0275] A portion of the disclosure of this patent document contains material
which is subject to copyright protection. The copyright owner has no objection to the

facsimile reproduction by anyone of the patent document or the patent disclosure, as it
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appears in the Patent and Trademark Office patent file or records, but otherwise

teserves all copyright rights whatsoever.

[0276] Unless the context clearly dictates otherwise and where a range of values
is provided, it is understood that each intervening value, to the tenth of the unit of the
fower limit, between the upper and lower limit of that range, and any other stated or
intervening value in that stated range is encompassed within the technology. The
upper and lower limits of these intervening ranges, which may be independently
included in the intervening ranges, are also encompassed within the technology,
subject to any specifically excluded limit in the stated range. Where the stated range
inchudes one or both of the limits, ranges excluding either or both of those included

limits are also included in the technology.

10277 Furthermore, where a value or values are stated herein as being
implemented as part of the technology, it is understood that such values may be
approximated, unless otherwise stated, and such values may be utilized to any suitable
significant digit to the extent that a practical technical implementation may permit or

require it.

[0278] Unless defined otherwise, all technical and scientfic terms used herein
have the same meaning as commonly understood by one of ordinary skill in the art to
which this technology belongs. Although any methods and materials similar or
equivalent to those described herein can also be used in the practice or testing of the
present technology, a limited number of the exemplary methods and materials are

described herein.

[0279] When a particular material is identified as being preferably used to
construct a component, obvious alternative materials with sirailar properties may be
used as a substitute. Furthermore, unless specified to the contrary, any and all
components herein described are understood to be capable of being manufactured and,

as such, may be manuvfactured together or separately.

10280] It must be noted that as used herein and in the appended claims, the

singular forms "2", "an", and "the" include their plural equivalents, unless the context

clearly dictates otherwise.
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[0281] All publications mentioned herein are incorporated by reference to
disclose and describe the methods and/or materials which are the subject of those
publications. The publications discussed herein are provided solely for their
disclosure prior to the filing date of the present application. Nothing herein is to be
construed as an admission that the present technology is not entitled to antedate such
publication by virtue of prior invention. Further, the dates of publication provided
may be different from the actwal publication dates, which may need to be

independently confirmed.

[0282] Moreover, in interpreting the disclosure, all terms should be interpreted in
the broadest reasonable manner consistent with the context. In particular, the terms
"comprises” and "comprising” should be interpreted as referring to elements,
components, or steps in a non-exclusive manner, indicating that the referenced
elements, components. or steps may be present, or utilized, or combined with other

elements, components, or steps that are not expressly referenced.

{0283] The subject headings used in the detailed description are included only for
the ease of reference of the reader and should not be used to limit the subject matter
found throughout the disclosare or the claims. The subject headings should not be

used in construing the scope of the claims or the claim limitations.

[0284] Although the technology herein has been described with reference to
particular embodiments, it is to be understood that these embodiments are merely
illustrative of the principles and applications of the technology. In some instances,
the terminology and symbols may imply specific details that are not required to
practice the technology. For example, although the terms "first” and "second" may be
used, unless otherwise specified, they are not intended to indicate any order but may
be utilised to distinguish between distinet elements. Farthermore, although process
steps in the methodologies may be described or illustrated in an order, such an
ordering is not required. Those skilled in the art will recognize that such ordering
may be modified and/or aspects thereof may be conducted concurreatly or even

synchronously.
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It is therefore to be understood that numerous modifications may be made

to the illustrative embodiments and that other arrangements may be devised without

departing from the spirit and scope of the technology.

7 Reference signs list

1000
1100
3000
3100
3200
3210
3300
3400
3404
3406
3408
3410
3412
3414
3416
3418

3420

patient
bed-partner
patient interface
seal-forming structure
plenum chamber
perimeter
structure

vent

leaf

guide ring

outer housing
guide ring key
guide slot

leaf key

outer housing guide slot
outer leaf surface
inner leaf surface
aperture

section profile
leading edge
trailing edge
entry side surface

side surtace
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3454
3456
3457
3458
34610
34612
34614

34616

34623
34624
34626
346128
34630
34631
34632
34634
34636
34638
34640
34641

34642

microphone

accelerometer

proximity sensor

magnet ring

coil

movable portion

aperture

guiding portion

vent aperlure sizing control function A
sizing control function A —step 1
sizing control function A —step 5
sizing control function A - step 3

vent aperture sizing control function B
sizing control function B —step 1
sizing control function B - step 2a
sizing control function B — step 2
sizing control function B — step 3
sizing control function B — step 4

vent aperture sizing control function C
sizing control function C —step la
sizing control function C — step 1
sizing control function C — step 2
sizing control function C — step 3
sizing control function C — step 4

vent aperture sizing control function D
sizing control function D - step 1a

sizing contro} function D — step 1
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34644
34650
34651
34652
34653
34654
34655
34656
34710
34712
34714
34716
34717
34718

34720

3480
3510
3520
3600
3700
4170

4322

sizing control function D — step 2

vent aperture sizing control function E

sizing controf function C - step la

stzing control {unction C —step 1
sizing control function C — step 2
sizing control {unction C - step 3
sizing control function C — step 4
sizing control function C — step 4
(irst calibration cycle

first calibration cycle — step |
first calibration cycle - step 2
first calibration cycle — step 3
first calibration cycle — step 4
first calibration cycle — step S
second calibration cycle

second calibration cycle — step |
second calibeation cycle — step 2
second calibration cycle ~ step 3
second calibration cycle — step 4
second calibration cycle — step 5
actuator

swivel

bhall and socket

connection port

forchead support

air circuit

adjustable vent aperture
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8 () CLAIMS

1. A gas washout vent arrangement for exhausting a flow of exhaust gas received

within a patient interface, the gas washout vent arrangement comprising:

one or more vents to exhaust a flow of exhaust gas received within a
patient interface, the one or more vents adapted to provide a plurality of

different venting configurations; and

a sensor adapted to generate a signal indicative of disruption attributable

to the exhaust gas,

wherein the one or more vents are adjustable to one of the plurality of different

venting configurations based on the signal.

E\)

The gas washout vent arrangement as claimed in claim i, wherein the one or
more vents are configured for continuous adjustment while the patient

interface is in use.

3. The gas washoul vent arrangement as claimed in any one of claims 1-2,
wherein the one or more vents adjust to vary direction of the flow of exhausted

gas.

4. The gas washout vent arrangement as claimed in any one of claims 1-3,
wherein the one or more vents adjust to vary velocity of the flow of exhausted

zas.

5. The gas washout vent arrangement as claimed in any one of claims 1-4,

wherein the signal is based on a measured noise level.

6. The gas washout vent arrangement as claimed in any one of claims [-5,

wherein the signal is based on detected orientation of the patient interface.

7. The gas washout vent arrangement as claimed in any one of claims 1-6,
wherein the one or more vents adjust to vary one or more flow impedances of

the one or more vents.
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8. The gas washout vent arrangement as claimed in any one of claims 1-7,
wherein the one or more vents adjust by actuating movement of a movable

portion of the one or more vents.

9. The gas washout vent arrangement as claimed in any one of claims 1-8,
wherein at least a portion of the gas washout vent arrangement is Jocated in a

patient interface.

10. The gas washout vent arrangement as claimed in any one of claims -9,
wherein at least a portion of the gas washout vent arrangement is located in an

air ¢ircuit.

1. The gas washout vent arrangement as claimed in any one of claims 1-10,
wherein at least a portion of the gas washout vent arrangement is located in a

shell of the patient interface.

12. The gas washoul vent arrangement as claimed in any one of claims 1-11,
wherein at least a portion of the gas washout vent arrangement is Jocated in a

decoupling structure of the patient interface.

13. The gas washoul vent arrangement as claimed in any one of claims 1-12,
wherein at least a portion of the gas washout vent arrangement is structured to

be coupled with the patient interface.

14.  The gas washout vent arrangement as claimed in any one of claims 1-13,
forther comprising a controller configured to selectively adjust the vent
arrangement based on detected vent noise to increase an exhaust area of a first

vent and decrease an exhaust arca of a second vent.

I5. The gas washout vent arrangement as claimed in any one of claims 1-14,
further comprising a controller configured to selectively adjust the vent
arrangement based on detected orientation of the patient interface to increase

an exhaust area of a first vent and decrease an exhaust area of a second vent.
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16. Apparatus for treating a respiratory disorder comprising:

a patient interface for delivering a supply of air or breathable gas to the

entrance of a patient's airways;

a flow generator for supplying the supply of air or breathable gas (o the

patient interface;
a gas washout vent arrangement as claimed in any one of claims 1-13; and

a controller configured to receive the signal from the sensor and generate
one or more signals to adjust the one or more vents in response to the

signal indicative of disruption.

17. A control method of an apparatus for adjusting a flow of exhaust gas from a

patient interface, the control method comprising:

generating with a seasor a signal indicative of disruption attributable to a
flow of exhaust gas through one or more vents from a patieat interface,
the one or more vents adapted for a plurality of different venting

configurations; and

adjusting with a controller the one or more vents to one of the plurality of
different venting configurations based on the signal, whereby distuption to

a user and/or bed-partner of the user may be reduced.

18. The method claimed in claim 17, wherein the one or more vents are adapted

for continuous adjustment while the patient interface is in use.

19. The method claimed in any one of claims 17-18, wherein the adjusting the one
or more vents to one of the plurality of different venting configurations

changes a characteristic of the flow of exhaust gas.

20. The method claimed in claim 19, wherein the characteristic 1s direction of the

flow of exhausted gas.
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21. The method claimed in any one of claims 19-20, wherein the characteristic is

velocity of the flow of exhausted gas.

22. The method claimed in any one of claims 17-21, wherein the signal is

generated based on a measured noise level.

23. The method claimed in any one of claims 17-22, wherein the signal is

generated based on detected orientation of the patient interface.

24. The method claimed in any one of claim 17-23, wherein the adjusting the one
or more vents to one of the plurality of different venting configurations

comprises actnating movement of a movable portion of the one or more vents.

25. The method as claimed in any one of claims 17-24, wherein the controller
selectively adjusts the one or more vents based on detected vent noise to
increase an exhaust area of a first vent and decrease an exhaust area of a

second vent.

26. The method as claimed in any one of claims 17-25, wherein the controller
selectively adjusts the one or more vents based on detected orientation of the
patient interface to increase an exhaust area of a first vent and decrease an

exhaust area of a second vent.

27. An apparatus for delivering a flow of breathable gas to an airway of a user, the

apparatus comprising:

a plenum chamber, the plenum chamber adapted for coupling with a
respiratory pressure therapy device to receive a supply of breathable gas to the
plenum chamber, the plenum chamber further adapted to couple with the

airway of the user; and

one or more exhaust vents, the one or more exhaust vents coupled with the
plenum chamber to permit a flow of exhaust gas from a cavity of the plenum

chamber;
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wherein the one or more exhaust vents are configured to change a
direction of exhaust flow relative to the plenum chamber in accordance with

orientation of the plenum chamber.

28. The apparatus of claim 27 wherein the one or more exhaust vents are configured
to enforce an upward flow of exhaust gas from the plenum chamber upon a

change to an orientation of the plenum chamber.

29. The apparatus of either one of claim 27 or claim 28 wherein the one or more
exhaust vents are configured to reduce the flow of exhaust gas in a direction of

a bed partner upon a change to the orientation of the plenum chamber.

30. The apparatus of any one of claims 27-29 wherein the one or more exhaust vents
comprises a plurality of apertures and a movable portion configured to
selectively move between a first end and a second end according to a

gravitational orientation of the plenum chamber.

31. The apparatus of any one of claims 27-30 further comprising an orientation
sensor to generate a signal indicative of orientation of the plenum chamber, an
actuator to adjust an opening of the one or more exhaust vents, and a
controller coupled with the orientation sensor and the actuator, the controller
configured to control adjustment of the opening of the one or more exhaust
vents in response to the signal indicative of orientation of the plenum

chamber.

32. The apparatus of any one of claims 27-31 further comprising a sensor adapted to
generate a signal indicative of disruption attaibutable to the flow of exhaust
gas, and wherein the one or more exhaust vents are adjustable to one of a

plurality of different venting configurations based on the signal.

33. The apparatus of any one of claims 27-32 wherein the one or more exhaust vents
comprises a first exhaust vent and a second exhaust vent, the (irst exhaust vent
and the second exhaust vent located on opposing sides of the plenum chamber

to direct the flow of exhaust gas in opposing directions.
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34. The apparatus of any one of claims 27-33 wherein the plenum chamber is coupled

with a mask frame.

3S. The apparatus of any one of claims 27-34 wherein the plenum chamber is coupled

with headgear.

36. The apparatus of any one of claims 27-35 wherein the plenum chamber forms a

part of & nasal mask.

37. The apparatus of any one of claims 27-35 wherein the plenum chamber forms a

part of a mouth and nose mask.

38. The apparatus of any one of claims 27-35 wherein the plenum chamber forms a

part of a nasal pillow.

39. The apparatus of any one of claims 27-38 wherein the apparatus further
comprises the respiratory pressure therapy device and a respiratory pressure
therapy device controller including a processor, the respiratory pressure
therapy device controller configured to control adjustment of an opening of

the one or more exhaust vents.

40. The apparatus of any one of claims 27-39 wherein an exhaust vent of the one or

more exhatst vents comprises a swivel having a vent aperture.

41. The apparatus of any one of claims 27-40 wherein an exhaust vent of the one or
more exhaust vents comprises a guide channel baving a sliding or rolling

movable portion and a plurality of apertures.

42, The apparatus of any one of claims 27-41 wherein an exhaust vent of the one or
more exhaust vents comprises a set of movable leaves with an adjustable

aperture central to the set of leaves.

43. The apparatus of any one of claims 27-42 wherein the one or more vents is
adjustable to increase an exhaust area of a first vent and decrease an exhaust

area of a second vent responsive to an orientation of the plenum chamber.

44. The apparatus of any one of claims 27-43 wherein a controller is configured to

adjust the one or more vents based on a detected orientation of the plenum
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chamber to increase an exhaust area of a first vent and decrease an exhaust

area of a second vent.
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INTERNATIONAL SEARCH REPORT International application No.

PCT/AU2014/000263

A. CLASSIFICATION OF SUBJECT MATTER
A61M 16/06 (2006.01) A61M 16/20 (2006.01) F16K 11/02 (2006.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search {(name of data base and, where practicable, search terms used)

EPODOC, WPL:

TPC: A61M 16 and KW; washout, series, configuration, adjust, sensor, automatic (and like terms in various combinations)

Google Patents:

KW: series, vent, exhaust, CPAP, configuration, sensor, automatic, assembly, mask, adjust, direction, plenum (and like terms in
various combinations)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to
claim No.
Documents are listed in the continuation of Box C
X'| Further documents are listed in the continuation of Box C X | See patent family annex
* Special categories of cited documents:
"A"  document defining the general state of the art which is not ~ "T" later document published after the international filing date or priority date and not in
considered to be of particular relevance conflict with the application but cited to understand the principle or theory
underlying the invention
"E"  earlier application or patent but published on or after the "X"  document of particular relevance; the claimed invention cannot be considered novel
international filing date or cannot be considered to involve an inventive step when the document is taken
alone
"L"  document which may throw doubts on priority claim(s) or ~ "Y"  document of particular relevance; the claimed invention cannot be considered to
which is cited to establish the publication date of another involve an inventive step when the document is combined with one or more other
citation or other special reason (as specitied) such documents, such combination being obvious to a person skilled in the art
"0"  document referring to an oral disclosure, use, exhibition .
or other means "&"  document member of the same patent family
"P"  document published prior to the international filing date

but later than the priority date claimed

Date of the actual completion of the international search
11 June 2014

Date of mailing of the international search report
11 June 2014

Name and mailing address of the ISA/JAU

AUSTRALIAN PATENT OFFICE
PO BOX 200, WODEN ACT 2606, AUSTRALIA

Email address: pet@ipaustralia.gov.au

Authorised officer

Emma Francis

AUSTRALIAN PATENT OFFICE
(TSO 9001 Quality Certified Service)
Telephone No. 0399359631

Form PCT/ISA/210 (fifth sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.
PCT/AU2014/000263

Box No.II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following
reasons:

L. D Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

the subject matter listed in Rule 39 on which, under Article 17(2)(a)(i), an international search is not required to be
carried out, including

2. I:I Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3, I:I Claims Nos:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a)

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
See Supplemental Box for Details

1. I:I As all required additional search fees were timely paid by the applicant, this international search report covers all
searchable claims.

9. As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite
payment of additional fees.

3. l_‘ As only some of the required additional search fees were timely paid by the applicant, this international search report
— covers only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
— restricted to the invention first mentioned in the claims; it is covered by claims Nos.;

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable,

the payment of a protest fee.

The additional search fees were accompanied by the applicant’s protest but the applicable
protest tee was not paid within the time limit specified in the invitation.

No protest accompanied the payment of additional search fees.

1 1 [
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C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT PCT/AU2014/000263

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2012/0065533 Al (CARRILO INR et al.) 15 March 2012

X See Abstract, Figure 1b, [0011], [0024], [0038]-[0039], [0044]-[0045], [0047], [0049], | 1-3, 7-8,10, 12, 16-21 & 24
[0055]

WO 2005/051468 A1 (RESMED LTD.) 09 June 2005
A 1-26

US 7,059,325 B2 (HOLLIS) 13 June 2006
A 1-26

US 6,745,770 B2 (McAULIFFE et al.) 08 June 2004
A 27-44

EP 2 705 869 A2 (RESMED LTD) 12 March 2014

PX | See Abstract, [0002], [0042], [0046], [0049]-[0050], [0058], [0065], [0076], [0083] 1-4,7-11, 13, 16-21 & 24
[0089], [0092]-[0098] & [0106]-[0126]

Form PCT/ISA/210 (fifth sheet) (July 2009)
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Supplemental Box

Continuation of: Box III

This International Application does not comply with the requirements of unity of invention because it does not relate to one

invention or to a group of inventions so linked as to form a single general inventive concept.

This Authority has found that there are different inventions based on the following features that separate the claims into distinct

groups:

¢ Claims 1-26 are directed to a gas washout vent assembly for a respiratory therapy comprising one or more vents to exhaust
exhaled gases from a patient interface.. The feature of the assembly further including a sensor to detect a signal indicative of
disruption of exhaust and wherein the one or more vents are adjustable based upon this signal is specific to this group of
claims.

¢ Claims 27-44 are directed to an apparatus for elivering a flow of breathable gas to a user comprising a plenum chamber
connecting the respiratory pressure therapy device and the airway of the user and one or more exhaust vents coupled with the
plenum chamber. . The feature of the one or more exhaust vents configured to change a direction of exhast flow relative to the
plenum chamber in accordance with the orientation of the plenum chamber is specific to this group of claims.

PCT Rule 13.2, first sentence, states that unity of invention is only fulfilled when there is a technical relationship among the
claimed inventions involving one or more of the same or corresponding special technical features. PCT Rule 13.2, second sentence,

defines a special technical feature as a feature which makes a contribution over the prior art.
When there is no special technical feature common to all the claimed inventions there is no unity of invention.

In the above groups of claims, the identified features may have the potential to make a contribution over the prior art but are not
common to all the claimed inventions and therefore cannot provide the required technical relationship. Therefore there is no special
technical feature common to all the claimed inventions and the requirements for unity of invention are consequently not satisfied «

priori.

The International Searching Authority believes that a search and examination for the second invention will not involve more than
negligible additional search and examination effort over that for the first invention and so no additional search fee is required in
order to search and examine that invention.

Form PCT/ISA/210 (Supplemental Box) (July 2009)
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Information on patent family members

International application No.

PCT/AU2014/000263

This Annex lists known patent family members relating to the patent documents cited in the above-mentioned international search
report. The Australian Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

Patent Document/s Cited in Search Report Patent Family Member/s

Publication Number Publication Date Publication Number Publication Date

US 2012/0065533 Al 15 March 2012 None

WO 2005/051468 Al 09 June 2005 AU 2004292336 Al 09 Jun 2005
AU 2004292336 B2 07 Jul 2011
CN 1886167 A 27 Dec 2006
CN 1886167 B 26 Sep 2012
EP 1691871 Al 23 Aug 2006
JP 2007512047 A 17 May 2007
JP 2012011243 A 19 Jan 2012
NZ 546850 A 29 Oct 2010
NZ 586864 A 27 Apr 2012
US 2007095350 Al 03 May 2007
US 8678003 B2 25 Mar 2014

US 7,059,325 B2 13 June 2006

US 6,745,770 B2 08 June 2004

EP 2 705 869 A2 12 March 2014

US 7059325 B2
AU 728849 B2

AU 4101897 A

US 6557555 B1

US 2003127100 Al
US 6889692 B2

US 2006185674 Al
US 6006748 A

US 6745770 B2
AU 2002324018 B2
CN 1432416 A

EP 1327458 Al

JP 2003210583 A
US 2008210237 Al
US 7694679 B2
US 2005172967 Al
US 7036506 B2
US 2006144402 Al
US 7527055 B2
US 2004194783 Al
US 6895964 B2

US 2014069428 Al

13 Jun 2006
18 Jan 2001
30 Apr 1998
06 May 2003
10 Jul 2003
10 May 2005
24 Aug 2006
28 Dec 1999

08 Jun 2004
02 Oct 2008
30 Jul 2003
16 Jul 2003
29 Jul 2003
04 Sep 2008
13 Apr 2010
11 Aug 2005
02 May 2006
06 Jul 2006
05 May 2009
07 Oct 2004
24 May 2005

13 Mar 2014

Due to data integration issues this family listing may not include 10 digit Australian applications filed since May 2001.

Form PCT/ISA/210 (Family Annex)(July 2009)
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This Annex lists known patent family members relating to the patent documents cited in the above-mentioned international search
report. The Australian Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

Patent Document/s Cited in Search Report Patent Family Member/s

Publication Number Publication Date Publication Number Publication Date

End of Annex

Due to data integration issues this family listing may not include 10 digit Australian applications filed since May 2001.
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