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(57) Abstract: A breathable gas inlet control device permits flow regulation at the inlet of a flow generator for a respiratory treat-
ment apparatus such as a ventilator or continuous positive airway pressure device. The device may implement a variable inlet
aperture size based on tlow conditions. In one embodiment, an inlet flow seal opens or closes the inlet to a blower in accordance
with changes in pressure within a seal activation chamber near the seal. The seal may be formed by a flexible membrane. A con-
troller selectively changes the pressure of the seal activation chamber by controlling a set of one or more flow control valves to se-
lectively stop forward flow, prevent back flow or lock open the seal to permit either back flow or forward flow. The controller
may set the flow control valves as a function of detected respiratory conditions based on data from pressure and/or flow sensors.
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BREATHABLE GAS INLET CONTROL DEVICE
FOR RESPIRATORY TREATMENT APPARATUS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of the filing date
of United States  Provisional Patent  Application No.
61/317,483 filed March 25, 2010, the discleosure of which is

hereby incorporated herein by reference.

FIELD OF THE TECHNOLOGY

[0002] The present technology relates to valves fof
controlling gas flow 4in respiratory tfeatment apparatus. -
‘More épecifically,.itfrelétes to val§es'toflimit gaé flow,
such as fnlet gasifIOW, to a flow generator in'respiratgfy
treatment apparatus such as continuocus positive = airway
Preséure treatment devices, . ventilator devices or other

airflow devices for. treating réspiratorerelated conditions.

‘BACKGROUND OF THE TECHNQLOGY _

[0003] Respiratory treatment apparatus. can function to supply
a patient wiéh a SUpplyvof cleah'breathable gas (usually air,
with . or 2withbut sﬁppléméntal oxygen) at 'a therapeutic
pressure or pressures, at appropriate tinmes duringA the
subject's Dbreathing . cycle. PreSsure Changes may be
implemented in.a‘synchronized fashion so as to permit greater
pressures during' inspixatioh and lower -pressures during
expiratioﬁz Thgyapeutic pressure is alﬁo _knbﬁn.~33  £he
Qentilation'pressuré,, ' _ v o

[0004] ReSpiratory treatment apparatus fypically include a
flow generator, an air filter, a mask, an air delivery
conduit connecting the flow generator to the mask, various
sensors and a microprocessor-based controller. Optionally,
in lieu of a mask, & tracheotony tube may also serve as a
patient interﬁgce;.'The flow generator may include a Sero;‘-
controlled motor, voiute and - an impeller'that forms a blower.

In some cases a brake for the motor may be implemented-to
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more rapidly reduce the speed of the blower so as 'to overcome
T the 1nert1a of the ‘moter and impeller. The Braking can
permlt the blower to more ‘rapidly achieve a. lower prebsure
condltlon in time for synchronization with explratlon despite
“the inertia,. In some cases ‘the flow 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 dan alternative to motor speed control. 'The
sensorsvmeasuré,'amongst other.things, motor speed, mass flow
~rate and outiet pressure,.such as with a pressure transducer
or the iike,' . The apparatus may optionally .include a
humidifier and/or theater elements in the path. of_‘the air
delivery 'circuit._ The controller may include. data storage
capacity with or without integrated data retrieval and
“display fﬁnctions. ' o | |
NtOOOS]'These deviceS'may be used for the treatment of many
.H chditions, for eyample resplratory 1nsufflc1ency or failure

due to lung, neuromuscular or musculoskeletal disease and

diseases of respiratory control. They may also be used for'
conditions related to sleep disordered breathing (SDB)
(including mi]d obStructive sleep apnea (OSA)) allerqgy

induced upper airway obstruction or early viral 1nfectlon of

-._the upper alrway

[0006] It may- be desirable to develop further methods and
devices for controlling the flow of breathable gas in a

respiratory treatment apparatus during operations.

SUMMARY’OF THE ?ECHNOLOGY _
.»[0007] An aspect of some embodiments,‘of the current.
technology- is to provide ,a flow control device for a
'resplratory treatment apparatus _
[0008] Another aspect of some embodlments of the technology
is to prov1de a variable inlet for a respiratory tredtment

apparatus.
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[0009] A still further aspect of some embodiments of the
‘teChpology is to-provide an inlet flow control device that is
adjustable in accordance With_patient flow.
[0010] A vyet further feature of some embodiments of the
technology 1is to provide a flow control device to prevent
back flow. d
[0011] A stlll further aspect of some embodiments of the
technology is to provide such a flow control device to-
prevent a back flow or return of breathable gas in va
._respiratory treatment apparatus based on detected conditions.
[0012} Another aspect of some embodiments of the technology
is to provide a'flow-COntrol seal for an inlet of a flow
generator. ‘ | |
[0013] Eor‘example, in Some embodimehts of the technology,'a
respiratory treatment appatatus-may be configured tovprovide
a flow of'breathable gas to a patient. The apparatus may
include a gas inlet naving a variable aperture that is,
. adjustable between closed and fully open and a gas outlet A
‘flow genérator of the apparatus may be adapted to provide aj‘
supply of pressurlzed breathable gas from the gas 1nlet and
to the ‘gas.- outlet. 'Q.The- apparatus may also 1nclude 'a_'
controller to control the level of pressure generated by the
flow generator. Thevaperture.may vary ‘in opening.size as a
function of a _leﬁel' of flow of breathable  gas provided
-adjacent to the vgas: outlet,._ The variable aperture'gmay'
include a flexible- seal. It may also be configured .for
proportional opening over a range of flow values where the
range of flow is between a first flow value and a second flow
value. In some embodiments, the first flow value may be
approximately 0 liters_per minute and the second flow value
may be approximately 70 literS'per minute. Optionally, the
variable aperture may be configured at a fixed opening size
for flow values above  the range of flow ' The variable

-aperture may also be - conflgured to be closed at the flrstl
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flow value of the range of flow,. The varlable aperture may
.also include a seal activation chamber The pressure of the
seal actlvatron chamber may be set by control of one or more
electroemechanical‘_valves. The - controller may :set the
electromechanical valve as a function of a measure of the
level of flow of breathable gas. Optionally, the aperture
may include an electro-mechanical valve and ‘the controller
may be configured to set a size of an opening of the
.electromechanical valve as a function'of ta measure of the
:level of flow of breathable gas.
[0014] In some embodiments of the technology,‘a respiratory
treatment apparatus is conflgured to provide a -supply of
pressurized breathable gas to a patient in succe551ve
respiratory cycles where each cycle 1ncludes an inspiration
rphase and an explratlon phase. The apparatus may  include a
gas inlet, a gas’outlet and. a flow generator that is adapted
tto receive an inlet flow of breathable gas from the gas'inlet
and to pressurlze the breathable gas prlor to dellvery to the
_ gas outlet o A controller of the apparatus may then ‘be
adapted to control the level of pressure generated by the
flow generator to provrde an inspiratory pressure and an
explratory pressure wherein durlng at least a portlon of the
: explratlon phase the inlet flow. to the. flow generator 1sv
'lnterrupted to fac1lltate the reductlon in pressure from the
1nsp1ratory pressure 'to ~the explratory pressure ThlS.
1nterruptlon of ~the inlet flow may then unload 'a blower. of-
the flow generator. _ In.some such embodiments, the controller
may be configured to rnterrupt the inlet flow by settlng -one-
or more electro—mechanlcal valves For . example, the
,apparatus may include a flexrble seal in 'a flow path of the
1nlet and a seal. actlvatlon chamber prox1mate to the flexrble
seal, The setting of the electro—mechanlcal valve may then

control a pressure level of the seal activation chamber.
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[0015] .In some embodiments of the present technology, a flow
generator for a-.respiratory treatment apparatus includes a.‘
‘motor, a volute and an impeller coupled with the motor. A
housing for the 1mpeller has  a gas 1nlet and a gas outlet
The gas outlet _is' adaptable for a conduit of a - patient
interface to . deliver breathable gas as a respiratory
treatment.  The apparatus also includes an inlet flow seal
positioned to selectively epeh'and close the gas inlet. The
inlet flow_seal has a first side internally proximate to an
inlet chamber of the gas inlet and the inlet flow seal has e‘
second_side externally proximate to the inlet ehamber'of the
gas inlet. The seal activation chamber is configured
.proximate to the ‘second side of the inlet flow seal to permit
a negative pressure in the seal activation chamber to open
the gaslinlet'to a flow of breathable gas.
[0016] In some embodiments,.the housing also includes first
and second ports' and ‘& pressure COmmunicetion conduit to
connect a posterlor portlon of the 1nlet chamber and the seal. .
activation chamber for pressure communlcatlon such that a
negatlve pressure in the 1nlet chamber results in & negatlve
pressure_ in the ‘seal activation chamber. Optlonally, the
flow'generator may also include a first flow control valve
coupled with the preSsure communication conduit. 'The.firstw>
~ flow control valve may be configured to seiectively switeh.,
the seal actiVation-chamber to the pressure in the pressure
cemmunicatien - conduit associated. with the inlet chamber
pressure or to atmbspheric-pressure; | ‘
[o017] In some embodlments, the negatlve pressure in the seal
‘actiVatlon chamber is due to the flow of breathable gas
‘flowing towards the gas 6utlet.' Moreover, this flow can he
COntrolled,by”a‘breathihg eyclem Thus, COnfigUretion of the
seal activation chamber and the settlng of the flow control
valve may ailow flow to a patlent from the inlet through the

flow generator and to the outlet.
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[0018] Optionally, the negative pressure in the seal
actlvatlon chamber may be discontinued when the flow control
valve 1s set to open to atmOSpherlc pressure resulting in a
substantial ambient pressure equalization ‘in the seal

.activation chamber. This equalization may then permit
closure of the gas inlet to a flow of breathable gas such as
the flow from the inlet through the flow generator and to the
outlet _

_[0019] Back flow through the gas inlet may also be prevented.
when the dev1ce is set to permit egualization between the
seal aetlvatlon chamber and the gas inlet chamber. The back

| flow from the gas outlet to the gas inlet 1ncreases pressure
in the inlet chamber and the seal activation chamber such
that the increase in pressure permits closure of the - gas
lnlet w1th the seal. , | | »
[0020] In still further embodlments, a eecond flow control
valve 1is coupled with the first flow ,oontrol 'ValVe, The
second flow control valve may be oonfigured to selectively
switch the .gas inlet of the first flow control valve to
pressure of the gas outlet or ambient pressure. The switch
to ambient pressure -may be provided directly to ambientAor to

" the ‘an‘fterio’r' portion of the inlet chamber which . can be

_substantlally equlvalent to amblent pressure. | | |
[0021] In some embodiments, the.flow control dev1ce may be
selectively set to permit back flow. For example, the.
apparatus may set one or more control valves to sealnwa
desired pressure level ”within the seal ‘activationr chamber‘
such that the seal activation chamber discontinues equaliZing
with a pressure of the gas inlet chamber and an ambient
pressure. The sealed.pressure level thereih, which may be a
regative pressure, oan lock the inlet flow seal in an open
position even when the pressure of the inlet:'chamber

increases due to the back flow. : o -
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[0022] Optionaily, a controller of the flow generator may.be
'conflgured to set the first flow control valve to permit a
negative pressure in the seal actlvatlon chamber to open the
gas inlet to a flow of breathable gas in response to a
detection of a condition of inspiration. The controller may
also be configured to set the first and optionally the second
flow control valves to discontinue the negative pressure in
the seal activation chamber to close the gas inlet to a flew'
of breathable gas in fesponSe to a detection of a condition
of expiration,
[0023] The  technology - may also be implemented as e
respiratory treatment apparatus that includes - a flow
generator to produce a breathable gas at a pressure above
atmosﬁheric pressure for a pressure therapy regime. The flow
generator may include‘a gas inlet and a gas outlet where the
ngas outlet 1is adaptabie for a conduit of a patient interface.
to deliver the breathable gas. .The apparatus may also
include a controller to control the flow generator to produce
the’breathable gas according to a pressure therapy regime.
An inlet “flow 7sea; of the apparatus may be ,positiQnedJ:to
seleCtiVely open and&CIOSe‘ﬁhe gas inlet where the inlet flow
seal has a first side internally pfoximéte: to an inlet.
chamber of the gas inlet and -a se&c¢ond sideb‘eXternally
”‘proximate to " the inlet chamber of the gas inlet. The
‘apparatus may also include a seal activation chamber
proximate to the second side of the inlet flow seal wherein a
negative pressure in the seal activation chamber permitse
openlng of the gas inlet to a flow of breathable gas.
[0024] In some embodlments of the apparatus, a pressure
communication conduit connects the interior inlet chamber and
the seel activation chamber for pressure communication such
that a change in pressure in"the interior- inlet chamber
changes  the pressure' in the seal activation chamber .Iﬂ

still further embodiments -of the apparatus, a - first flow.
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control valve is coupled with the seal activation chamber and
‘is éonfigured to vselectively' switch between the pressure
communication conduit and atmospheric pressure under control
of the controller. In scme further embodiments a Sebond flow
control vaive of the apparatus may be coupled with the first
control valve and be configured to selectively switch between
(a) equalizing pressure (permitting flow) between the gas
inlet and the gas outlet and (b) equalizing pressure
(permitting flow) between the gas inlef and the first control
valve, In such a case, the pressure at the gas inlet may be
substantially ambieﬁt‘pressure; _ | _
[0025] The flow qénerator of the apparatus may include a
motor, volute and *an. impeller cdnfiguredf between thé_'gés
inlét arid the gas outlet. Similar to pfeviously.described
embodiments, one or mote of the wvalves may‘be set to control
the pressure in the chamber and the seal so as to permit
flow, stop flow,_preVent back flow and permit back flow.
_tOOZG] In some embodiments of ‘the -technology, a system -
" regulates flow to a flow généiétor in'a'ré%pirétory‘treatment
ébparétus. The syst@ﬁ may include a gas inlet tQ é. flowf
generator through which a flow of breathable gas is drawn.
The system may also include means for sealing off the flow at
the gas inlet. The means for sealing may have a first side
internally proximate to an inlet chamber of the gas inlet and
a second sidevextérnéllyvprdximate to the inlet chamber of
K the gas inlet. The_systém may also include a chamber means.
.that is proximate to the second side of the means for sééling
wherein a negative pressure therein opens the gas inlet at
the means fof sealing. The system may élso include a means
for changing pressure to the chamber means in accordance with
a change in-pressure in the gas inlet. Sstill furthérh'the
system may ihélude'means for seiectiveiy discOhtinﬂiﬁgvthe'
change in pressure in the chamber means while‘permitting'the

charige in pressure in the gas inlet.’
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[0027] Optionally, the aforementioned embodiments may also
inclnde an oxyoen input port coupled to the inlet to inject
oxygen gas into the gas inlet. |
[0028] Additional features of the present respiratory
treatment'apparatus tecnnology will be apparent from a review
of the following detailed dlchssion, drawings and claims. |

. BRIEF DESCRIPTION OF DRAWINGS | -
[0029] The ’present technology is illustrated by way of
example,'and not_byVWay of limitation, in the figures‘of the
accomoanying drawings, in which like reference numerals refer
to similar elements including: '
‘[0030] FIG. 1 1s a schematlc dlagram 1llustrat1ng components
of an. inlet_ control device for a flow generator in -an

: embodiment of thejpresentfteChnology;

[0031] FIG:' 1-A s a. dlagram lllustratlon an area ratlo

between a - seal and an inlet aperture in an example embodlment

of the technology, '

[0032] FIG. 2 is a schematlc dlagram illustrating pressurlzed'
‘operation of the components ‘of FIG. 1; '
Q[0033] FIG '3 is a schematlc dia@ram illustrating de-
:n*pressurlzed operatlon of the components of FIG 1z |
.[0034] FIG. 3-A is a schematlc dlagram .1llustrat1ng -a
blocked-flow operatlon of the components of FIG, l; ’

[0935] FIG. 3- B is a schematic dlagram lllustratlng a patient -
back flow operation of the components of FIG. 1;

‘[0036] FIG. 4 is an illustration of "example.finlet control
components for an assembly of the present technology,

"[0037] FIG. 5 1s a side v1ew cross-sectional 1llustratlon of
example inlet control components of FIG. 4- installed on a
volute housing of -a blower in an embodimentvof_the'present
technology; . | |
- [0038] FIG. 5-A is a side view exploded perspectlve of 1nlet

~control :components for _another embodiment. the vpresent’.

- technology;
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‘[0039] FIG. 6 is an illustratién of example components of a
respiratory treatmentvapparatuslwith an inletvcontroller of .
the technology; _ - _

[0040] FIG. 7 is a schematic diagram illustrating components
“of an inlet'cohtrol device for a flow generator in a further
respiratory treatment apparatus embodiment of the technology;
[0041] FIG. 8 is a schematic diagram'illustréting operation
of the components of the embodiment of FIG. 7 in an initial

inspiration state; | | ‘
"[0042] FIG. 9 is a schematic diagram illgstrating~operaﬁiam
of the components of the emboaiment’of FIG.V7 in-a‘ﬁ@ximum
inspiratory fiow state; o - |
 [0043]"F1G} 1O is a schematic'diégram illustrating operation
§f  the Compbnénts of the embodiment"of_ FIG. 7  in an
éxpiratory state; | | v
[0044]._FIG. 11 is a schematic diagram illustratingbopération,
" of the‘ componehts ot the émbodiment of FIG. 7 in.van
inspiratory  state for a- non-vented respiratory‘:ﬁreatméﬁt
" apparatus;. | v _ v .
[0045] .FIG‘AIZ'is a SCbematiC diagram ilIUStratiqg operation
of the componen£3'of-the embodimenﬁ of FIG. 7 in an initial
A_eXpiratory state foft a non-vented. respiratbry treatment
apparatus;‘ _ _ -
[0046] FIG. 13 is a schematic diagram'illustratiﬁg épefation
‘of the componentsv;of the ~empodiment of FIG. 7 in an
'expiratory state for a -non—véntéd' respiratory treatment
apparatus; and. _ ’ _ _
t0047] FIG. 14 is a schematic diagrém.illustratiﬁg’opéfatibn
of the Cbmponents of the embodiment of :FIG; -7 in an
‘inspiratdry -paﬁse state for a non-vented respiratory
" treatment appafatus; and o v ‘
[0048] FIG. 15 is a schematic diagram illustrating operation -
'df the ¢omponen%s of;the embédiment of FIG.’Tfin avfailgré

state for a_nbn—vénted’respiratory treatment apparatus,

10
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DETAILED DESCRIPTION .
[0049] Example empbodiments of the current technology may be
implemented with a breathable gas inlet control device 102
for a flow generator ot a lreSPiratory treatment‘ apparatus
‘including components illustrated in the schematic dlagram of7
FIG. 1. Typlcally, the flow generator, such as a servo-
controller blower 104, will include a motor, ‘volute -and
impeller 105. With the impeller 105, the blower can produce
a flow of breathable_gas (e.g., air) to the gas outlet 106.
Although.Fig. 1 illustrates a flow generator of the blower
“type, also  known ae d radial comptessor, . other flow
generators may be- utlllzed‘such as a plston based compreseor"
In a respiratory treatment apparatus, the gas outlet 106 will
typlcally be configured for coupling with a patlent 1nterface
for resplratory treatment such as . a dellvery or supply
oondult and-mask or tracheotomy‘tube (not shown). '
[0050] The‘ breatheble' gas can. be::drawh into .the' bloWer‘
.through a gas inlet 108 by powered rotation of the lmpeller
Rotation of the ‘1mpeller_ lQS creates a lower gas ,pressure
_ condition at the inlet and a highet gas préSsure odnditioﬁ at
the outlet relative to ambient or etmospheric pressure. ihe
gas inlet caﬁ_be formed by an inlet chamber 110. that serves
ae a path~tﬁat directs a flow of gas drawn into the impeller
v105;, ' Ae shown in FIG. 1, an aperture 112 of the inlet
chamber - 110 may be sealed by an. inlet. flow seal ' 114.
. Controlled movement of the inlet flow seal 114 serves to
 impede flow by prevehting or permitting gas transfer between.
an anterior portion 110A of the gas inlet chamber 110
exterior of the 'seal and a posterior portlon llOP of the gas
inlet 108 interior of the seal. : » _
[0051] As illustrated inm FIG. 1, the inlet flow sedl 114 is
coupled to a cavity or ‘seal activation chamber 116.
Selective control of the ges pressure Qithin the seal

activation chamber serves to control the movement of the

11
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,inlet flow seal 114. For example, the inlet flow seal 114
may Ee formed by a flexible membrane. The membrane may be
formed and positioned to permit it to resillentlybclose or
seal the aperture 112 uhder.abnormal pressure condition such
as when an ambient pressure condition exists within the seal
activation chamber 114 and in the gas inlet 108. = As
.illustrated in the embodiment of FIG. 1, such a pressure
condition may.exlst when the blower 104 is not operating.
:Moreover, depending on the resilience of the seal and/or the
‘pressure condition ‘in the seal actrvatlon chamber, the seal
can prevent a back flow of gas from the posterlor portion
110P. of the inlet. chamber 110 toward the antérior portlon.
llOA of the inlet chamber 110. 'Thus, the inlet flow seal may-
also‘operate as a non-return valve. "
[0052] The cross—sectlonal area of the inlet flow seal 114
(i.e. the surface area of the seal) may be desrgned to be
larger than the cross sectlonal area of the gas passageway of'
the inlet | aperture 112 as 1llustrated in' FIG. 1-A.
-ConSeqUehtly, the cross- sectlonal area tatio of the aperture_
to the inlet flow seal can be greater than 1:1, preferably
between about l:l.5tand about li3,“more.preferably the ratlo
is about 1:2. »In the example of Fig.'l¥A, the surface area
115 of the seal 114 is about two times the cross-sectional
area ll3 of the lgaS‘.passageway,-llZ_'of the inlet apertUre'
(i.e., aréa ratio ARy/AR; = 1/2). |
' tOOSSj Tn the embodiment_of'FIG. 1, a flow control valve 118,
such:as an electro-mechanical valve (e.g.;.a three port, two
way valve), may be implemented fto permit changes to .the
pressurization of the seal activation chamber - 116.. ‘For'
example, as illustrated the flow control valve‘ll8 may be
selectively set to permJt the pressure of the seal activation
- chamber 116 to- equallze w1th dlfferent pressures such as. w1thl
an dmbient pressure (rllustratedr rn FIG. 1 as arrow "AP")

through a first conduit 120 or another pressure of the inlet

12
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chamber 110 through 'a second conduit or the pressure
communlcatlon conduit 122, such ‘as the ambientlpressure of

the posterlor portlon 110P of the inlet chamber 110 when the
blower is not operating.: | ‘

[0054] Several operational modes of the apparatus of FIG. 1
will now be described with reference to.FIGs. 2, 3, 3-A and:
3-B. | |

[0055] As illustrated in FIG 2, a negative or décreased
pressure relative to amblent pressure may exist within the
posterior portion llOP of the inlet chamber 110. This
negati&e pressure (illustrated in FIG. 2 as arrow "DP") may
be communicated to the seal activation chamber 116 via the
presspre communication conduit 122 by operation of the flow
control valve 118.  For example, as furthen illustrated in
FIG. 2, when the blower.is activatedoanqvthe_flow is directed
towards the gas outlet 1O§,Ithe flow control valve 118 may be
"set to permit pressurization of.the seal activation chamber
116 at the negdative pressure "DP" of the inlet chamber 110
caused by the pressure of the inwards flow of breathable gas
such as when the patlent inhales (i.e., inspiraticn). = The

pressure may be communlcated to the seal activation chamber

, 116 through ‘the pressure communication. conduit 122 serv1ng as

a pneumatic link. Slgnlflcantly, the_seal activation chamber
116 and the inlet flow seal 114 may be configured to permit
openlng of the aperture 112 as a result of thlS change in
pressure in the seal activation chamber 116 In this regard
the rotation of the impe]Ter of the blower acts as a pressure
source but the preSSure drop in the posterior portion 110P of
the inlet chamber 110 relatlve to the anterior portlon 1lOA.
that opens the seal ds a _consequence» of flow through the
| inlet chamber 110 rather than simply from the rotation of the
impeller. For example, the flow through the posterior
portion 110P may be controlled or induced by the breathing

cyole of the patient whether or not the blower is powered.
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Moreover, as illustrated in more detail herein, in some’
.statés ‘of the apparatus the blower may be powéred (e.qg.,
rotating) but there may be no flow through the posterior
-portion 110P, .such as when the output of the blower 1is
biocked. Nevértheless, if patient flpw exists, the impeller-
induced pressure in conjunction with the patient's flow-
induced pressure may both contribute to the level of pressure
that will exist in the posterior portion. R
[0056] The size of the apefture 112 and. the sea17114 as well
as the 'flexibility of the seal can be chosen so that the.
-decrease in pressure within thé chamber retracts one or more
~portions of the sea1>into the seal activation chamber lle.
'This retraction may withdraw the seal 114 into the seal
activation chamber i16 periding a gap between the anterior
portion 110A of the inlet chamber 110 and the posterior
portidn 110B of the inlet chamber 110. This retraction of
the seal will then péfmit gas flow between the seal and the
aperture  from the anterior portion 110A to the posterdior
portibn-ilOP and then into the impeller. v
[00571 Dépending on the flexibility of the seal, the extent.
of the movement of the seal can be a'function of the varYihg
nfidw generated. by the'patient.. Thus, the size of thé opening
- formed by the aperture and the flexible seal_durihg blower
| operation 'Can be: proportional to the -inducéd flow as
illustrated by the dotted lines in FIG. 2. . For 'example,
greater inwards flow in the posterior poftion 110? of the
~inlet chamber can result in greater openings of the apertﬁre
112 to allow more fiqw into the blower. ‘Similarly, smaller
inwards flow in the poéterior portien 110P of the” inlet
chamber can-résulf in smaller openings of the aperture 112 to
allow less‘flow into the blower. The proportional opening
permifs"thef,forming of a minimum necessary opeﬁing size
sufficient to permit the desired flow drawn by the blower.

' Since larger openings can cause greatér noise as the flow of



WO 2011/116428 » PCT/AU2011/000341

_gas passes across the opening/ a potential benefit of such a.
proportional flow opening is a reduction of noise. Such . a
feature can be significant for a respiratory treatment
apparatus designed for treatment.of patients during’éléepmf
[0058] Thus,-in some embodiments, the-inlef cbntrol de&ice
may be implemented with a: variable inlet opehing to allow
different levels of flow to be supplied during inspirétion aé
required by tﬁe patient. During inspiration the seal acts as
a péséive proportional valve,that adjusts its distance from a
rim of the apertu;e 112 to.impiement a variable openiné? The
size of the opening. then may be related to the level of -
patient flow, 'In‘a particular exémple embodiﬁent;'a simple.‘

passive pneumatic'(fléwy_servo COntrol ﬁay be -implemented as
follows: _ | : _ '
- (a) at 0 fiow} 3 the valve is fully closed;
(b) at betwéen apprinmately > 0 and < 70 L/mih forward
flow, thervalve apertu:e size 1s linked to the flow;
' (e¢) at approximately >70' L/min, the wvalve is fully.

 opened_with'a fixed aperture size.

IOOSQ]. However, other flow rangés mayvbe‘configUreda When - -

'cpmparéd'to devices that have fixed inlet openings, such a
variable.opening'can optimize the working conditions of the
blower and/or deCféase the noise radiating-ftom the systemi-'
[0060] As further illustrated in FIG. 3, when the bl,ow;r'fi.s
activatgd,'théVflOW control valvé;ll8 may be set to relieve
or discontinue the pressurization of the seal activation
chémbe: 116 without ne¢essarily-also.stopping or reducing the
powered impeller. rotation. For examplé, - the flow control
valve li8‘may be set to comﬁunicate an ambieﬁt preségre to .
the seal activation chambef 116 through the first chduit 120
or pneﬁmatic link. The resultant equalizaﬁion in,pressure.ih
the seal xactivétioh:achamber 116 can permit -tﬁe inlet flow
seal 114 to return to its normal cdnfiguratign édjacent to

the aperture 112 and ' thereby to seal” the ‘apertufé 112,
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‘More?ver, in addition'to the seal resilience, in the evént'
thaf the - blower is>still operating (i.e., the impeller is
still rotating) or the.patient still inspirihg as shown in
FIG. 3, the decreased -pressuré condition in the posterior
portion 110P of the inlet chamber 110 in relation to the
higher ambient pressure condition in either of the anterior
portion 110A of the inlet chamber 110 or the_séal activation
chamber 116 can further serve as a suction force toifurthér
enfofce closing of the éeal to the aperture 112.

[0061] Accordingly, the seal then can serve as én efficient
and rapid means to prevent .a flow of gas into the blower
(i.e., shut . off the inlet sqpply)l_without' heCeSsarily_v
chéhgingvthé speed of the blower or neceSSarilyvrelYing on
braking of the motoer of the bloWer; Avoidance of braking can
‘reduce héat énd, keép the -blower cooler. i Avoidance or’
reduction of braking may _also' serve to reduce energy
requirements of the syétem Sinée‘iess current may be required
to operate the VQLVes of the inlefvleWVCOntrol device when
compared to supplying thelcurrent to the,flbw'generator tb
ceﬁtrol a reduction in bldwer»Speed, | . '_

~ [0062] Accordingly, _iﬂ_'ébmé; example embodiments, the inlet
A_'contrdl can'bE-impleménted to reducevpressures delivered by
the blower during expiration with or without braking of the
motor speéd. It.may also be implgmentéd to more immediately
étdp and stért generating flow from the blowé}{ For example,
a rapid‘stopping'and starting of flow can be controlledvby a
'coﬁtroller using this device to then-inducé a percuésive modé
of breéthing in a patient that‘may be suitable for causing
vsec;etion remoVal.(é.g;, inducing pafient coughing) . -
v‘[0063] Thus, the closing of the inlet control device 102 may
serve as part of a éoﬁtrol scheme for, making controlled
vadjustments of the supplied treatment gaé._”For example, this
reduction in size of.thé inlet aberture {e.g., .closing) may

be implemented to transition from an inspiration pressure to
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an "expiratian ‘pressure without . relying on a rapid
deceleration of the blower. In this regard, the blower is
unloaded by shutting ¢ff the flow (e.g., closing of the inlet
control device 102). = This means that' the blower will
decelerate more'quigkly and will not require the high levels
of induced current normally required when braking a blower
thaf is still receiving flow'through the inlet. In other
wofds, the blower does not have any load when it cannot draw
'éir in through the inlet.. Thus, the flow can‘be interrupted
~with a rapid _respdnSe'jtime dué to fhis unloading of the
" blower. The_ability-to rapidly cdntrol the fldw allows'the
shape of the fespiratory treatment waveform pfbduced by the
flow generator to be more finely tuned. If a shaip pressure
.WaVeform/résponsé is_féquired'then the inlet control device
aperture can be-éldsed‘rapidly. ' - 
[0064] In some other types of kdeﬁicés lacking the present
techneology, theﬂtrahsiti§h from,inspirationlto expiratign can
result in a flow spike at'the beginning of expiration due to
the time that is required for the blower to sléw down. . This
flow spike can be avoided in ‘embodiments of the present
technology by the cloéing‘of the inlet control device and
tﬁereby'shutting off inlet flow. _
[0065] fhus, in -gome emediments;-the contrqller may detect
an expiratory related cbndition_ (e.g., Dbeginning Cof
Abexpiration, end of.inspiration,‘etc.) from the sensors (e.g.,
a meésurevfromia'flOstensor) and éet the valves of the inlet
control device to close the inlet aperture and‘.thereby_
interrupt 'flow ‘to the flow generafor, Optionally, the
controller may aléo simultaneously - ot contémporaneously
change a setting (e.g., reduce“current)lof the flow generaf@r
t'o, for example, reduce a speed of the ,,fl'__,o_w generator to- a
setting suitable for geﬁerating' a pressure appropriate 'for
_expiration (e.g., an expiratory pressure level)." Such a

controller change might also involve the setting of a flow

17



WO 2011/116428 _ PCT/AU2011/000341

.gene;ator used fbr generating a positive end expiratory
pressure level (PEEP). Thus, the control of the inlet flow
>device,,and opfionally the flow generator, can élso assist in
implementihg a .desired shape of va generated respiratory
treatment pressure'Wavéform. » '
[0066] As illustrated in FIG. 3-A, the blower may be
activated. while the flow control valve 118 nay vbe set to
equalize the pressure of the seal activation chamber 116 and
the posterior portion 110P of the inlet chamber 110.
Moreover, the output of the blower at or beyorid tne outlet
106 may be’blocked (e.g., due to some problem of the patient
iﬁterface or if'the patient is neither inhaling nor exhaling)A
so as to prevent blowér induced flow out of'the:outlet 106.
.Dﬁring this operation,_without patient flow, the seal 114 can
:iemain in a position to Close the aperture 112 due to thé
configuration of the seal and the equalized‘pressure of the
seal éctivatioﬁ chamber 116 and the posterior portion 110P of
the inlet chafiber 110, Which wiilfbe approximately the same -
presSure as the_amtérior portion ‘110 of the inlet chamber -
110, | | o | o
‘[0067] Shutting off the.flqw also results in other beﬂefité'
Such.as when 1t 1is impleménted’to prevent back flow with a
vnoh—vénted mask system. For example, as illustrated in FIG.
3-B, the blower may be activated while the-flow.control valve
118 may be set to equalize the pressute of the seal
activation chamber llBIand-thevpostérior_portidn 110F of the
inlet chamber 110. In such a condition, a patiéﬁt‘might.
expire so as to induce a back flow BF condition into the
outlét 106 and'thereby create a positive pressure (shown as
"HP" in FIG. 3-B), relative fo ambient, in the wposterior
poftion 110P of the inlet chamber 110. HoWéver, in such a
"éaée, the seal 114 can rema@n in a positionv to close- the
aperture -112_ and prevent. the back flow  due’ E@"thé

configuratiéh.of the seaL and the equalized pressure Qf.thelj'
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Aseal.activation chamber 116 and the posterior portion 110P of
the inlet:chamber 110, even though the poesitive pressure HP
of the posterior portion llOP-.would exceed the ambient
pressure in thé anterior portion 110A of fhe inlet chamber
110. | o -
[0068] The prevention of back flow can also have benefits for
a system thaﬁ utilizes oxygen. For.example, when oxygen is
_injected after or downstream of the blower as discussed in'
more detail herein, shutting off the flow during éxpiration
by closing’ the valve means that the oxygen may be_maiﬁtained
~in the pressure side &6f the de?ice (e.g.; né oxygen éscapés
outside the devicé).' Also this arrangement may reduce the
exposure of the motor to ‘oxygen as there is ‘no or minimal
oxygen backflow through the blower. _
-{0069] Conponents of an example inlet control asSemblyﬂape
illustrated in FIG. 4. The inlet flow seal,li4 is~formed of
a flexible matéiialvwith a sealing sﬁrface 442. The sealing
surface 442 serves as a membrane for'pIYing against_aﬁ inlet
aperture (not shbwﬂ) as previously described. A clamp ring
444 haVihg flexible prongs 446 is configured for clamping the
outer perimeter lip 447 of the inlet flow seal 114 to a
chamber body 448 to. form . the seal activatibn” chamber  116
between - the chamber body and the inlet flow seal. - Thew
-chamber body. 448 includes holes 450 to permit. 1nlet alrflow
'tﬁrbugh the chamber - body 448 around and_externally_of the
.ééél activation chamber 116. Some of the holes may also be
spaced and sized to receive the flexible prongs 446 of the
clamp ring 444 When the prongs are snapped or engaged with
the holes. .The chamber body 448 includes a pressurefport 452
for communicating the selected pressure from one or more fl_é_w
control valvés 118 (not shown in FIG. 4).
[0070] FIG. 5 coﬁtains a cross .sectional illustration of the:
 example inlet control assembly cohponents_coupled to a blower

104 or flow generator. The illustrated blower 104 includes
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the motor 550 and impeller 105 coupled to a volute 552 that
Sserves as a housing for the impeller 105 of the flow
generator. In this embodiment, the volute‘includes the flow
inlet 108. When installed, the sealing eurface 442 of the
inlet flow seal 114 plies against the circumference.of a rim
of the flow inlet 108. -‘During the operatione previously
discussed, the rim of the.inlet 108 and the retraction of the
sealing_sUrféce 442 forms an'opening at the aperture 112. 1In
this embodiment, the wall of the volute that serves as the
inlet 108 includes a pressure port 554. The pressure port
554 of the inlet 108 permitsbaq exchange of pressure- between
the posterior portion of the inlet chamber 110P and the seal
ractivation chamber'll6 through  a condﬁit (ﬁot-éhown in FIG.
5 and the flow control valve 118 {also not shown in FIG. 5).
[QO?i] As illustrated in FIG. 5, the barticular structure of
this embodiment may have the potential for miniaturization.
That is, its ‘compact _designt can .reduce the size of the
housing of a respiratory -treatment apparatus. In ‘this
‘ regard, the location of the eeal'and sealvactivatiOn ohamber@'
“at the inlet and elose to the blower can provide a. reduction
‘in space. In this regard portlons of the components of the
' ,1nlet control device may be 1ntegrated w1th a volute for the
blower v However,- it is also possible in alternatlve
embodiments to locate the seal activation chamber and seal
elsewhere with respect to the apparatus or blower 4For
'eXample, it may be attachable and/or removablé to the blower
or blower hous1ng via a. tube or other conduit (not shown)
[0072] &Another embodiment of the inlet control assembly is
illustrated in FIG. 5-A. In this embodifent, the inlet flow
seal 114 is clamped between mounting ring 555 and chamber
body 448, The mounting ring 555 is adapted for removable
installation with the wall of the‘inlet chamber llOw For
example, side clips or threads'(not shown) of the'mOunting

ring 555 may mate with recervrng grooves (not shown)_of the
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'wall'of'the inlet chamber 110. When snapped or rotated in
place, the mounting ring secures the inlet control1assembly
to the blower - volute 552. ‘In this example of the inlet
control assembly, the mounting ring 555 includes flexible
prongs 446'configured‘for clamping the outer perimeter lip
447 of the inlet flow seal 114 to the chamber body 4484to
form the seal activation chamber 116 between the chamber body
-anid the inlet flow‘seal. The chamber body 448 includes holes
450 to permit inlet airflow through the chamber body 448
around and externally of the seal acti?ation chamber' 116.
Some of the holes may also be spaced and sized to receive the
,flexible:prongs 446 of the mounting ring 555 when the prongs
‘~are_snapped or engaged with the holes. The Chamberﬂbodyv448
includes the pressure paort 452 for communicating the selected

pressure from one or more flow control valves 118 (not shown

in FIG. 4) . Another pressure port' 554 leadlng to the

‘posterior portlon 110P of the inlet chamber 110 is 1ntegrated

inte the volute at the wall of the 1nlet chamber.

[0073] In the embodiments of FIGs. 5 and 5A various

arrangements are shown for coupllng components of the 1nlet

_control to the hou51ng of a blower or the 1nlet of a blower.

-However, addltlonal conflgurat;ons may also be implemented to

achieve a connection with a blower. For example, some or all
of the inlet control cOmponents may be. configured as a
removable unit or module. The unit or module may then be
‘removably coubled to a portion of an inlet of a blower or
housing thereof. For example, the unit or 1nodu1e may'vbe
.configured‘with.a bayonet-connection-or-zavbayonet coupler}
Similarly, the unit or module may be coupled to the inlet of
Aa blower such that it mates with the 1nlet of the blower by
an 1nterference fit. Other coupling arrangements may also be
implemented‘SUCB as a snapvﬁit arrangement.'

Example Respiratory Treatmeént Apparatus Operation
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‘[007§] As 'previously discussed, the breathable gas vinlet
control 102 device may bé implemented with the flow generator
of a respiratory treatment apparatus 609, such as the
ventilator or continuous positive airway pressure device
“illustrated ih EIG;' 6. Such. an apparatus includes a
controiler 664, - with one or more microcontrollers .or
processors, so that the respiratory treatment apparatus 600
may be configured with one more treétment regimes for setting
the presSﬁre delivered by the‘pﬁessure generator or blower in
conjunction with signals from optional"pressure sensors (s)
and/or flow senédr(s)i - Thus, the controller may adjust the
speed of the blower during patient. treatment vto treat
detected conditidns (e.qg., flow .limitation} -inédequate
.véntilatibn, apnea, etc.) and/or synéhronize pressure chariges
during detected patient respiration tdk'simuiate or Supportf
réspiration.. Iﬁ adﬁitidn, "the- controller 664 .may"be
configured' to selectively 'set'vﬁhe IpréSSure of the seal
activation chamber 116 by control of one or mére flow control
valves 118 and thefeby serve as an inlet flow coﬁtroller 666
_for_permitting.flow of gas (é,g.,_air or ox?geh and air) to
the bldwer»and/or to prevent a. back flow .of qas'from_the
blower. =~ In this vmanner,. the inlet flow contrQlLér ,666
controls the inlet flow seal 114. L
[0075] Thus, the contrbller 664 or inlet flow controller 666
will.typidally'include one of‘mope processors configured to
implement paiticular - control methqdblogies‘ such as the
algorithms deséribed'in more detail herein. To this end, the
controller may inlede integrated chips, 'a memory ahd/of
other control instruction, . data or -information storage
medium. For example, programméd’ instructions encompassing
such a contrdl methodology may bé coded on ihtegrated_éhips‘
in the memory of the device.  Such instructions may also or -
alternatively be Iqaded as software or fi:mWare dsing an“

appropriate data storage medium. The controller will also
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'ﬁypically include a bus or electronic interface fof setting
the flow control valves as well as.tbe bther components of
the apparatus (e.g., blower motor). | o
[0076] During operation of the respilratory  treatment
apparatus and depending on the desired usage,;the inlet fldw
controller 666 may set the gas inlet control device 102 based
on the detection ofvdifferent conditions of the system. For
example, from ‘an analysis of pressure and flow daté, the
coﬁtroller may set the gas control device 102 based on the
detection  of different -gtates of the patient's reépiratory
-Cyéle or enforcing thoée states such as 1inspiration,
expiration, start_'of _inspiratioh, start of ~expiration,
_inspiratory peak‘flow,'iﬁspiratory pause, etc. ~Known methods
for_the detection of'these conditions from pressure -and/or
flow data or for enforcing them (e,g.vtimed backup breathing
rates) may be implemenﬁed by the prograhming or the circuits -
of the controller. - Various examples of the setting:of the_-
gas inlet. confrol device 102 by'-a',cont;ollerj;ihv different
'Systeﬁ configurations.andvréspifatory étates are illustrated
in FIGS. 7 through 15. o
[0077] In the respiratory apparatus configuration of Figs. 7
through.lS an additioﬁal flow control valvé 772 (or pressure
relief valve) is added under the control of the inlét'flbw
controller 666;' The' additional flow control vwvalve 772
.selectively permits (a) an eqﬁalization of pressure or flow
between the outlét 1@6_0f'the blower 104 and the anterior
porﬁion 110A of the inlet chamber 110 through. back flow
conduit 779 or (b) an equalrzation‘ of pressufe or flow
between first conduit 120 to the first control valyg 118 and
the anterior portion ilOA_of the inlet chamber 110. However,
in some_embodiméntsh.the.optionél back flow Goﬁduit”779“méy
not bé preéent,' In suéh‘a case, the port of the flow control
valve 772 FTor -the optional back flow conduit 779 may be

capped such that the flow control valve 772 serves only as. a
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 2—waY valve able to selectively conduct gas betwéen the inlet.
108 and the first conduit 12Q._ Optionally,'the flow éontrol
valve 772 may be replaced'by a 2-way valve. ]
[0078] In the example of FIG. 7, the flow control valve 772
can be implémented with é‘,normal state that permits .
equalization of pressure or permits flow betWeeﬁ the outlet
106 of the blower 104 and the anterior portion 110A of the
inlet chamber 110. Such a‘recirculation of flow from the
outlet of the blower 106 to the éntericrnportion 110A of'the
”iﬁlet éhambep 110 may assist with cooling of tbe‘motdr'and
may provide'bettér control of the valve at low flows..  Upon
activation by the controller 666, the flpw controlrvélve 772
may then be switched_ ﬁQ équalize pressure .or pérmit flow
between first control valve 118 via first condditleO and the
vanteridr portion 110A of the inlet chamber 110. Similarly,
the flow control valve 118 may be implemented with a normal
state that permits equalizatibn of pressure or permits flow
“between the posterior pbrtion 110P of the inlet chamber 110:
and the seal-aétivation-chamber 116. Upoh_activation by the
controller 666, thé flow control Valve. 118 may then be.
_switched to equalize pressure or permit flow Dbetween the
 finst“conduit 12D,and ‘the sealuactivatién chamber 116. In
zthis_case, the pressu:e of the seél'aé;i&ati@n'dhamber'll6 is
further aepéndént,on the sétting of the flow controlvyalve
~ 772. For example, when the flow control Valve’1i8~is in its
activated. state and the flow control. valVe 772 viév in .its
normal state, .the seal activation chamber '116 will
effeétively be sealed at the last preésuré préviously
applied. Such a éase'may permit the seal activation chamber
116»to.“loCk" the inlet flow seal 114 open if a.hggative
‘pressure condition exiﬁted_in the seal activation chamber 116
prior to the activatiom of the flow Control valve 118. In
- such a case, thev inlet flow seal may be open even upon

deactivation of the blowex.
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[0079] Additienally, in, the example system of Figs. 7 through
 15 a second blower or positive end expilratory pressure
(PEEP) blower 704 méy also be included to deliver’a positive
pressure at thefénd of patient expiration. Altﬁough it is
illustrated, the full operations of the PEEP blower 704 are
beyond the scope of the explanation of the gas inlet control
| device 102 .of  the present technology. ‘Also shown in the
Jdiagranf is a safety valve 770 in a muffler chamber 777.
Generally, the safety wvalve will Dbe open -during patient
inspiration and closed during patient expiration,
[0080] Operations will.'now be described uwith reference to
Figs. 8 'to. 10. Generally, Figs. 8.’to 10 illustrate
operétions fo:_vented ventilation (i.e., use of the apparatus
with a vented patient intérface or mask) to the‘extént_thét
these figdres may show an active of'powered controller (i.e.,l
turned on). FIG. 7 "is. a block dlagram il lustrating the
default Settlng of the gas inlet control device 102 when the
respiratory treatment ;apparatus ‘lS' off the default .sett;ng
'[shpwn‘in”FIGQZT is the same whether a vented'quﬁdnevéﬁtedg
mask is utilized. In'thiﬁ,stabé'the»flOW'éonﬁi@l valve 772
and‘flow contfol valve 118.a£e not active (i.e{[ they are in
their normal states). o . |
[0081] -  FIG. 7 also illustrates the settings of the.gas inlet
control device 102 when ‘the :controller 664 'implements' a
ventilation pause such as when the-contfoller detects that
the patlent S explratlon is complete and 1nsp1ratlon has .not
yet started. Thus, there .is no or very low flow The
controller 664 does not activate either flow control valve
772 or flow control valve 118. While the blower may or may
" not be powered and it may bé'roﬁating in either case, the gas
inlet control device 102 bould be closed so as to prevent
bagk flow from the blower to the anterior portlon llOA of the
1nlet chambet 110.
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j0082} FIG. 8 is a block diagram illustrating the setting of
the gas inlet‘ control device 102 when the . respiratory
treatment apparatus is on and the controller 664 implements
the start of inspiration by either detection of patient
inspiration_or initiation of a timed backup. The controller
| 664 does not.activate either flow control valve 772 or flow
control valve 1181 Since in this cOndition the blower would
" be pdwered to deliver an inspiratory positive airway pressure
(IPAP), the patientks high~inspiratory.flow would generate a
negative pressure condition  or suctioh' in the posterior
portion 110§ of the inlet chambér and the .seal activation.
chamber 116.- Thus,. the gas inlet control devicev102'woﬁld be
open to permit flow to the blower. Additionally, in this
cénfiguration, the flow from the outlet 106 through the back
flow conduit 779 to the inlet chamber can iserVe a cooling
function. With the leak flow created with the back flow
’COhdﬁit, the blower mayfrun at a higher speed. By allowing
greater flow through the blower it can sérve to cool the
.blower[ ‘ v v
[0083] FIG. 9 is a blbck diégrém illustrating the setting of
the gas inlet control device 102 when ‘the -respiratory
. treatment apparatus is on and the controller 664 detects the
expeéted'peak flow of patient inspiration. The ¢controller
664 . does not 'activate flow control wvalve 772 but does
activate flow control valve 118. In this COndition_ the
blower would be powered to deliver an_inspiratgry positiVey
airway pressureb (IPAP); - The generated negative pressure
~condition in the posterior -portion 110P of ‘the inlet chamber
would then-be maintained or. sealed in the seal activation
chamber 116 due to thé activation of flow control valve 118.
Thus, the gaslinlet control device 102,would be "iocked" open
~or at least partially open (depending on the amount of
patient flow at the time of the activation of flow control

valve 118) still permitting flow to the blower.
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[[oo084] FIG. 10 is a block diagram illustrating the setting of
the gas inlet control device 102 when tbe‘ respiratory
treatment apparatus is on and the controller 664 detects
patient expiration’ after the above inspiration. The
controller 664 does. not activate flow control valve 772 but
'does'continue_to acti?ate flow control valve 118. In this
condition the blower ~would be powered to deliver an
expiratory positive airway pressure (EPAP).  Since the
previously generated | negative pressure condition is
maintained or sealed.in the seal activation chamber 116, the
gas inlet control -device 102 would be "locked" open or
gpartlally open - This would permit back flow from the outlet
106 through the blower and back out the 1nlet 108 to permlt_
the patient's explratlon flow to be vented through " the
respiratory treatment apparatus. v
[0085] Figs. 11 to-15 illustrate operations for .non-vented
’ventllation (i.e., use of the-  apparatus with a non-vented
patient interface or,mask).v In this regard,. FIG. 11 is a
block' diagram illustrating the  setting of - the gas .inlet_
--control device 102 when the resplratory treatment apparatus:
is on and the controller 664 implements the start ofu
'inspiration .by either detection of patient inspiration or
lnltiation of a timed backup.  The oontroller-664 does not
activate either flow control valve 772 or flow control wvalve
118. Since in this condition the blower would be powered to
~deliver a flow or pressure based on a. set’ pornt of a closed
loop -control as a result of the patlent S 1nsp1ratory flow,
there would be generated a negative pressure condition in the
posterior portion 110P of the inlet chamber' and the seal
activation,cbamber 116. Thus} the gas .inlet control device'
102  would be open to permit- flow. to the blower
Additionally, if this configuration, the flow from the outlet
106 through - the back flow conduit 779 to the 1nlet chamber

- can Serve a coollng function.
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[0086] FIG. 12 is a block diagram illustrating the setting of
the gas ‘ihlet controlr device 102 when the .respiratory
treatment apparatus is on and theé controller 664 detects the

start of patient expiration (e.g., by detecting a peak flow

threshold). - The controller 664 activates. both flow control
valve 772 and flow control valve 118. In thisVCQndition the
controller may de—power the blower. Since the  seal

activation chamber 116 'hasfﬂan ambient condition of the

anterlor portion 110A of the inlet chamber 110 as a result of

‘the flow path through both flow coentrol wvalve 772 and -flow -

control valve 118, the gas 4inlet control dévice. 102 would be
closed. The closing of the inlet flow seal and stopping of
any. inlet flow would then tend to slow the natural inertia of
hthe_impeller'of the de-powered blower like a brake. ' N
[0087] FIG. 13 is a block diagram illustrating the setting of
‘the gas inlet control device 102 rwhen the respiratory
treatment apparatus is on and the controller 664\hdetectsl
_-expirationf Flow-by control may be implemented. .4Flow4by.
control. is control.- of the seal during expiration to allow a“
very low.leVel of flow throughfthe inlet to compensate for
leak (e.g. , 1-2 litres) at the patient interface. The
controller 664 does not actlvate either flow control valve
772 or flow control’ valve. 118. ;'In this condition the
‘cohtroller may nunlmally.power the blower for geherating a
low level of.flow based on a flow set point of a flow control
loop Since-the seal activation chamber 116 has a'negatiVe
‘pressure condltlon. from the posterlor ‘portion 110P of the
B inlet chamber 110 as a result of the flow path through the
flow control valve 118, the gas 1nlet control devlce 102 .
: Would be partially:open. The partial opening of the inlet
‘flow seal would then permit. a low bflow of breathable ogas,
through the blower to the outlet 106. |
[0088] FIG. 14 is a block dlagram 1llustrat1ng the setting of.

the - gas 'ihlet‘_control device 102 -when the respiratory
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Atreatment apparatus 1is on and the controller 664 detects an
insprratory pause or plateau. It may also be implemented for
an  automated positive end expiratory ' pressure (PEEP)
measurement mode. The controller 664 activates.flow'control
valve 772 but does not activate flow control valve 118. 1In
this ‘condition the blower would be powered at a minimum
speedq Due to the absence of patient flow, the:gas inlet
control device 102 wouldbbe closed. Moreover[ the flow back
conduit 779 would also be closed as a result of theysetting
of‘ the flow control valve 772. Thus, flow Dback into the
respiratory treatment apparatus from the patient interface or
mask would be prevented. . l .
-{0089] FIG. 15 is a block diagram illustrating the'setting'of
the gas 1nlet control device 102 for a fallure mode when the
_resplratory treatment apparatus is on and the controller 664
detects that the explratory valve associated with the ventlng
of the patient 1nterface or mask 1s  blocked, preventing
patlent exhalation durlng explratlon Upon detectioh-of this
.condltlon, the controller 664 activates both Flow control
‘_ﬁalve 772 .and flow control wvalve 118. : In this cdndition,
equallzatlon of pressure of the seal actlvatlon chamber 116
and the anterlor portion 110A of the inlet chamber 110 is
permitted,. The blower would also be powered to 'a minimum
‘speed. The  patient's expiratory’ flow' would then be
sufficient to force open the inlet flow seal 114 as a result
of the pdsitive pressure. created in the posterior portion
110P of the inlet chamber 110.  Thus, the,gas inlet control
device 102 would be opened.  Thus, flow back into the
respiratory treatment‘apparatus from the patient interface or
mask would be permitted. _
[0090] In some embodiments, a supply of oxygen. may also be
mixed with the air supply to form the mixed breathable gas at
~the -outlet. The "oxygen may be injected in the flow path_t

either dOwnStream;orjupstream of the blower. . For exampleﬁ ;n_
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some embodiments, the oxygen may.be supplied or injected into
the flow path at the'outlet 106 as indicated by.dxygen supply
or oxygen inlet port 780 in figures 7-15.  Eor'example, a
high flow valve may be. implemented to inject the oxygen.
Injecting the oxygen after the blower and the valve also
assists 1in preventing the oxygen from escaping back through
ﬁhe system and to athspherel .This'may'reduce wastage of
oxygeh. Furthermore, injecting the oxygen after the biower
prevents or limits'the.exposure of the blower_and motor to
‘the flammable' Oxygéhf making the device safer. In
~alternative versions of the appafétus, the oxygen may be
inserted or injected into the inlet 108 or inlet chamber 110.
This may optionally be injected eitﬁer ih the anterior
portion. 110A° or posterior portion 110P. .Thus, the ambient
Cair and oxygen mix WOuld then flow'through_the'blbwér and be.
pressufiZEd by thé blower at the outlet 106. This may be
implemented by including a gas input port in'thevwall:ofzthe
inlet. liO. This thion_”is ‘illustpated ,in figures. 7-15 as
alternative oiYgen éupply or oxygén inlet'port 780RA. The-
oxygen may then be regulatediwith a valve at the gas input
port.  For example, the valve may regulate a low flow: of
oxygen with the ambient air. The apparatus may inc¢lude-
oxygen port 780 near the outlet or oxygen 780A-néar-thé-;nletﬁ
br both ongen ports 780 and 78OA to allow a choice of'whiéh
- oxygen port to use. ~ However, generally in use only . one of
‘oxygen ports 780 or 780A are utilized. o
[0091] In the foregoing description’aﬁd in the aécompanying
drawings, specific terminology, équaﬁions and drawing symbols
are set forﬁh .to provide a thorough undérstanding of the
present technology. In'sqme instances, the terminology and
symbols. may. imply specific détails’that are hdt reqﬁired to
'praétice the feéhﬁology: Moreover, although‘the‘technology
herein has. been described with ‘reference -to particular

embodiments, it -is to be understood that these embodiments:
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‘are‘merely illustrative of the principles and applications of
the £echnology. 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. | ' ‘ |
[0092] For exampie, as -an alternative to the vafiable opéning
provided by the: flexible seal as herein diséussed, other
componénts may be implemented és a variabie openiﬁg and tay
also serve to reduce the level of noise radiated from the
syétem. In this regard, some embodiments of the technology-
‘may dimplement an electrically'controlled or electro-magnetic .
control system to vary the size of an opening at fheviniét.
.Such a contrdl system (e.g., a :processor,: a serisor and an
eléctrQ—magnetic_* valve coupléd togethér. for B signéling
purposes) that measures flow and links or associates the
‘required inspiratory flow to control signals for setting of
the opening/clOsing'size of a valve with variable sizes may
‘be .implementéd. Thus,‘ in such an embodiment, the inlet
supply of gas to the blower would traveréevthrough the valve
and the apertdfe of the valve through which the gas traverses
WQuld'. héﬁe  various | sizes. .that -may - be mechanically
éet/controlled;_Optionally,'tﬁé &alve of such an alternative
variable inlet control system may be implemented with a
solenoid valve,” mechanically controlled 'disk_ or mechanical
coﬁtrolled plunger that may moVe to form' the' variable
>  opening. Advantageously in such eémbodiments the opening‘and
closing of the wvalve vmay also be controlléd/éized‘ during
expiration to provide a proportionally controlled non-return
valve to more -accurately control the shape of the respiratory
Waveform; For example, upon detecting: a condition of
expifation by a controllei'of the valve, the opening size of
'the,valvé.may be set as a_functiontof the detected expiratory

‘flowQ Such a system may be more expensive and may take up
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more space within a respiratory treatment. apparatus ‘when

compafed to-the flexible seal‘&erSion previously described.
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Claims:

1. A respiratory treatment apparatus éonfigured ﬁo
provide a flow of breathable gas to a patient, comprising:
a gas inlet hawving é Variable aperture that 1is
adjustable between closed and fully open;
| a gas outlet; and , o |
o a flow generator adaptéd to providé a supply ‘of 
'pressuriied breathable gas from the éas inlet and to the gas
_>Qutlet;.and | ' _
v a controller to control the level of pressure generated
. by the flow geheratof, '
' wherein the aperture wvarles in Opéningv“size- as @
,fupctioh- of a level of flow of breathable gas 'proVided

adjacent to the gas outlet.

2. The apparatus of claim 1 wherein - the variable

apertUre comprises a flekible seal.

3. The apparatus of claim 2 wherein 'the' variable
vapérture is configured'for'perOrtiohal opening over a range
of flow values, the range of flow being between a first flow

value and a second flow value.

4w,. The apparatus of claim 3 wherein the first flow
» value is approximately'O litérs'pér minute enui»thé ‘second

flow value ‘is approximately-?O liters péﬁ-minute.
5. The apparatus of claim 3 ~wherein the Variable

-aperture' is cbnfigured for a fixed opéning' size for flow

values above the range of flow.

33



WO 2011/116428 _ PCT/AU2011/000341

6. The apparatus of claim 5 wherein the variable
aperture is configured to be closed at the first flow value

of the range of flow,

7.  The 'apparatus of claim 2 wherein the variable

aperture further comprises a seal activation chamber.

8. Tne apparatus of claun 7 whereln pressure of the
seal activation chamber 1s set by control of at least one

electro-mechanical valve.

9. The apparatus of claim 8 whereln the controller is
conflgured to set the at least one electromechanlcal valve as
a- function of a measure of the level,of flOW»of.breathable

gas.

10. The: appaiatus _of,»olaim 1 . wherein ‘the aperture

comprises an electro-mechanical valve:

11. The apparatus'of.claimflO wherein the controller 1is
“configured to set a size of .an. openlng of . the
electromechanlcal valve as a functlon of a nmasure of the

Clevel of flow of breathable gas

12. A respiratory\ treatment .apparatus configured to
provide a‘supply of . pressurized breathable gas to a patient
in succeesive respiratory cycles, eaCh cycle includihg an
| inspiratiohf phase and én--eXpi:ation phase, said: apparatus
comprising: . - | |
a gas inlet;
a gas outlet, and
a flow generator adapted_ to receive an 1nlet flow of
'breathable gas. from the gas inlet and to pressurize the

breathable gas prior to delivery to the gas.outlet; and

34



WO 2011/116428 PCT/AU2011/000341

' a controller adapted to control the‘level of pressure
.generated by the flow generator to provide an inspiratory
fpressure and an explrdtory pressure,

-wherein during atv least a portlon of the .explratlon
phase the inlet flow to the flow generator 1is lnterrupted»to
facilitate a reduction in pressure from the inspiratory

pressure to the expiratory pressure.

13. The apparatus of claim 12»Wherein-the interruption

of the inlet flow unloads a blower of the flow generator.

_ 14. The apparatus of claim 12 wherein the controller is
conflgured to lnterrupt the 1nlet flow by setting one or nore

electro-mechanical valves.

15. The ,apparatus.‘of claim 14 further'bcomp:ieing- a.
cofléxible seai 'in a flow path . of the inlet ~and & seal
actlvatlon chamber proximatée to -the flex1ble seal wheﬁein;.
fthe: setting of the electro- -mechanical valve: controls a

»pressurevlevel of the. seal ‘activation chamber.

16. h‘A £1ow genefator for a -respiratory treatment
apparatus comprising;

a moﬁor;_ _ |

an impeller c0upiedeith the motor; v

a housing for the 1mpeller comprlslng a volute, &a. gas’
~inlet and a gas outlet, the gas outlet belng adaptable for a
conduit of a patient interface to deliver breathable gas as a
respiratory treatment; _ ’ |

an inlet flow seal positiohed to selectively_open_and

‘close the gas inlet, the inlet flow seal having avfifet side'

- internally prox1mate to an 1nlet chamber of the gas 1nlet andZJe

the inlet flow seal hav1ng a. second 51de externally prox1mateff

to the inlet - chamber of the gas 1nlet, and
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a seal activation chamber configured proximate to the
second side of the inlet flow seal to permit a negative
pressure in the seal activation chamber to openvthe gas inlet

to a flow of ‘breathable gas.

17. The flow generator of claim 16 Wherein the-houéing
further comprises first and second ports and . @& pressure
communication conduit tc connect the inlet chamberlghdbthe
seal activation chamber for;pressufe.communicatidn such that
a change in pressure in . the inlet chamber changes the

pressure in the seal activation chamber.

18. The flow generator of claim 17 further comprising a
first flow 'contrél valve = coupled with the pressure
commUnication'chduit; wherein the first flow control valvé
is configured - to selectively open and close_‘thé seal

activation chamber to atmospheric pressure.

19. The flow generator of claim 18 wherein the charige
in ‘pressure is a decrease associated with a patient induced

flow of breathablevgas from the gas inlet to the gas outlet.

20. fThe‘floWAgénerétor'of,elaim 19'wh6reih the décfeasé .
in‘pressure in the SéaL activation chamber is’discontiﬁUed
when the first flow control valve is set to open the seal

" activation chamber to atmospheric pressure and whefein the
discontinued decrease in pressure peimits closure of the gas

inlet to a flow of-bréathable gas.

21, The flow génerator of claim 18 wherein, when the -
.first» flow control valvé is set to Hpermit equalization
bétween the seal vactivation chamber ahd the gas inlet

" chamber, a back flow from the ga$ outlet to the gas inlet

"increases pressure in the  inlet chamber -and - the seal
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activation chamber such that the increase in pressure permits
closure of the gas inlet .and whereby the back flow is

stopped.

22. The flow generator of claim 18 wherein the inlet

flow seal comprises.é flexible membrane.

23. The flow generator of claim 22 wherein 'the. gas
inlet comprises an aperture that is sealable by the inlet
flow seal and wherein a surface area of the inlet flow seal

is greater than an aperture area of the aperture.

_ '24; The flow generatdr_éf claim 18 further tomprisimg a
second flow control valve coupled with the first flow control

" valve, wherein the second flow contrbl valve is configured to
selectively open and close the gas inlet to pressure of the

gas outlet@

: v.25. vThé flow genérator.of claim 24 wherein thé fifét‘
and second flow control valves are configured to selectively
seal a pressure ievel within the seél activation chamber such
that the seal activation‘chamber discontiﬁues.equalizing with

a pressure of the gas inlet chamber and an ambient preSSure[

26.  The flow generator of claim 25 whéreinithe'secgnﬁ
flow control valve is configured to selectively open ;ahd;
close the first flow Cdﬁtrél valve td equalize with ambient
pressure of the gas inlet and the first flow control -valve is

configured to selectively open and close the seal activation

chamber to the first flow coritrol valve.

27. -The flow generator of claim 25 further comprising:
a conttroller 60nfiguréd_to set the first flow control

vglve in . response to a  detection of a condition of
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inspiration to permit equalization of pressure in the seal:
activation chamber with pressure of the gas inlet chamber so

- as to permit an inspiratory flow to open the gas inlet.

- 28. The flow generator of claim 27  wherein the
controller is configured to set the first flow control valve
in response to a detection of a condition of expiration to
discontinue the decrease in pressure in the seal activafion

chamber to close the gas inlet to a flow of breathable gas.

29; The flow generator of claim 28 ﬁurther comprising a
controller configured td.sét theAfirét flow control valve and
the second flow control valve in response to a detection'of_a‘

-coﬁdition of ,inspiratiombltp seal,'ag pressure in fhe seal
abtiVation chamberuadd to lock Qﬁen the(éas_inlet_to_permit a

back flow of breathable gas.

30. The flow generator of claim 18 fﬁrﬁher comprising
“an oxygenrinput port cbupled to the inlét to allow injection

~of oxygen gas into the inlet.

31. The flow géneratdr of claim 16 further comprising
an oxygen input-.port coupled to the 'gas§ outlet to allow

injection of oxygen gas into the flow of breathable gas.

32. A iespiratory t;eatment‘apparatus comprising:

a flow: génerator to produce a breathable gas at a
pressure vabove atmospheric pressure Hfor' a :pressure therépy
regime, the flowvgenerétbr comprising a gas inlet and a gas
ouflet, the.gas oUtiet bein@ adaptable for a conduit of a
patient inte;face tc deliver the breathable gas;

a controller to control the flow generator to pfoduce

the breathable gaé according to @ pressure therapy regime;
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an inlet flow seal positioned to selectively open and
close the gas inlet, the inlet flow seal having a.first side
internally proximate to an inlet chamber of the gas ihlet and
“the inlet flow seal having a second side externally prokimatev
to the inlet chamber of the gas inlet; and

a seal activatioﬁ chamber proximate to the second side
of the inlet - flow seal wherein a hegative'pressure in the
seal activation chaniber permits opening of the gas inlet with

a flow of breathable gas.

33, The apparatus of claim 32 further compriéing a

pressure communication conduit to connect the inlet chamber

and the seal activation chamber for pressure communication -

such that a change in pressure in the'inlet chamber changes

‘the pressure in. the seal activation chamber.

34.. .+ The apparatus_fef claim 33 further vcomprisiﬁg- a
. first flow control rvai§ev.beiﬁgr~eoupled” With"the 'presSure
communlcatlon conduit and"being configured  to SelectiveIY‘
copen .and close the sealv activation ehamber to .atmospheric

pressure under control of the controller.

35. Ther'apparatus,'of claim 34 - wherein the flow
geherator comprises a .motor, - volute - and an iImpeller

cenfigured between thejgas inlet .and the gas outlet.

36. The 'apparatus of claim 35 wherein the ﬁegative
preésure in the seal activatien chamber is discontinued when
the first flow control valve 1s set .to. open the seal
actlvatlon chamber to atmospherlc pressure and whereln the
dlscontlnued negatlve pressure permlts closure of the gas

inlet to a flow of breathable gas
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37. Thevapparatus of claim 33 wherein, when the first
flow control valve is set to permit equalization between the
seal activation chamber and the 'gas inlet chamber, a  back
flow from the gas outlet to the gas inlet increaseées pressure
in the inlet chamber and vthe seal activation -chamber such
that the increase 1in pressure permits closure of the gas

inlet and whereby the back flow is stopped.

38. The apparatus of claim 36 wherein the inlet flow

seal comprises a flexible membrane.

39. The apparatus of elaim 38 wherein the'gas'inlet
comprises ‘an aperture that is sealable by the inlet flow seal
~and whereln a surface area of the. 1nlet flow seal is greater

than an aperture area of the aperture

- 40. The apparatus of claim 34 further comprising -a
-second flow control valve being coupled-with theifirst flow
'control valve and belng configured to selectjvely open -and

close the gas inlet to pressure of the gas outlet

" 41. The apparatus of claim'40therein the first and

second control valves are configured to selectlvely seal a

pressure level -within the seal activation chamber such - that

the seal activation chamber discontinues equalizing with a

pressure of the gas 1nlet chamber and an ambient pressure and e

wherein the sealed pressure level locks: the 1nlet flow seal

~in an open pOSlthh.

~42. The apparatus of claim 41 wherein the second flow
_control valve is conflgured to seleetlvely open and close the
flrst flow control valve to equallze w1th ambient pressure of

the gas inlet and the first flow control valve ls_eanlguredv
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to selectively open and close the seal activation chamber to

. the first flow control:valve.

43. The apparatus of claim 34 wherein.the controller is
further configured to set the first flow control Valﬁe in
response to a detection of a conditicn of iﬁapiration to
permit the decrease ln pressure in the seal activation

chamber to open the gas inlet to a flow 0f breathable gas.

‘44. " The apparatus of clalm 43 wherein the controller is
.conflgured to set the first flow control valve in response to
‘a-detectlon of,a condltlon oi explratlon to dlscontlnue the
decrease in pressure in the seal activation chamber to ¢lose

the gas inlet to a flow of breathable gas.

45. - The apparatus of claim 32 further comprising an .
oxygen input port coupled to the 1nlet to allow 1njectlon of

oxygen gas into the inlet.

46. The apparatus of .claim 32 further comprising an
oxygen input port coupled to the gas _outlet to allow

'1njectlon of oxygen gas into the flow of breathable gas.

47. A aystem for regulating flow to a flow generator'in
'a respiratory treatmentfapparatns, the_system comprising:

a gas”.lnlet"to a 'flow' generator-tthrOugh which a flow
breathable gas is inspired, |

means for seallng off . the flow at ‘the gas inlet, the
means for sealing comprising ‘a first side 1nternally'
proximate to an inlet chambef of the gas inlet and a second
lslde externally pm0ximaté to the'inlet<chamber of theagas

inlet;
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phamber means proximate to the second side of the means

for sealing wherein a negative pressure therein permits

opening-of the gas inlet at the means for sealing;

means for changing pressure to the chamber means in
accordance with a change in pressure in the gas inlet; and

means for selectively discontinuing the change in

pressure in the chamber means while permitting the chénge in

pressure in the gas inlet.

48. The system of claim 47 further comprising an oxygen

input port coupled to the inlet to allow injection of oxygen

_gas into the gas inlet..

49, The system of c1aim'47 further comprising an oxygen

input port coupled to the gas outlet to allow injection of

'oxygen gas into the flow of breathable gas.

50. nfThév'systeﬁl”of élain}.47, wherein 2 back flow-ﬁis

prevented in accordahce -with an equalized pressure condition

between the chamber means aﬁdj'therigas.‘inlet at the first

‘side.

51, The system df claim 47 whereim.a forward flow is
prevented in accordance_with anvéqualized preSSure'condition

‘between the chamber means and ambient pressure.

52. The Systén\ of -cléinr'47 wherein a back 'flow is
perhitﬁed in accordance with a sealed pressure condition of
the chamber means that ‘locks open the means for sealing off

the flow.
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INTERNATIONAL SEARCH REPORT International application No.

PCT/AU2011/000341
A. . CLASSIFICATION’ OF SUBJECT MATTER
Int. CL
A6IM 16/20 (2006.01) A62B 9/02 (2006.01)

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

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, WPIL: IPC and ECLA A61M 16/-, A62B, F16K and keywords: flow generator, valve, seal, membrane, respiratory,
aperture, change; and like terms

ESPACENET, GOOGLE PATENTS keywords: flow generator, chamber, inlet, seal valve; and like terms

C. DOCUMENTS CONSIDERED TO BE RELEVANT

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

WO 1996/004043 A1 (SAFETY EQUIPMENT AUSTRALIA PTY LTD) 15 February
1996

X See abstract; page 2, lines 12-19; page 11, line 28-page 12, line 22; page 15, line 26- 1-14, 16, 32
page 16, line 2; figs. 7(a) and 7(b)

WO 1997/010868 Al (RESMED LIMITED) 27 March 1997
X See page 3, line 27-page 4, line 5; page 9, line 3-page 10, line 12; page 14, lines 3-20; 1, 10-14
figs. 5 and 15

WO 1997/041812 A1 (RESMED LIMITED) 13 November 1997
X See abstract; page 5, lines 36-39; page 8, lines 12-38; fig. 6 1,10, 11

WO 1992/018201 A1 (SUNDSTROM SAFETY AB) 29 October 1992
X See abstract; page 2, line 32-page 4, line 26; figs. 2 and 3 12-14

D Further documents are listed in the continuation of Box C See patent family annex

* Special categories of cited documents:

"A"  document defining the general state of the art which is "T"  later document published after the international filing date or priority date and not in
not considered to be of particular relevance conflict with the application but cited to understand tha 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) "Y"  document of particular relevance; the claimed invention cannot be considered to
or which is cited to establish the publication date of involve an inventive step when the document is combined with one or more other
another citation or other special reason (as specified) such documents, such combination being obvious to a person skilled in the art

Q" document referring to an oral disclosure, use, exhibition

" H M
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 Date of mailing of the international search report
21 July 2011 26 UL 2011
Name and mailing address of the ISA/AU Authorized officer
AUSTRALIAN PATENT OFFICE E. W. 500
PO BOX 200, WODEN ACT 2606, AUSTRALIA AUSTRALIAN PATENT OFFICE
E-mail address: pct@ipaustralia.gov.au (ISO 9001 Quality Certified Service)
Facsimile No. +61 2 6283 7999 Telcphone No: +61 262832138

Form PCT/ISA/210 (second sheet) (July 2009)
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Box No. Il  Observations wherg certair: claims were found unsearchable (Continuation of item 2 of first sheet)

4

3

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

D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

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

D 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 1

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

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

RN

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 D 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 D 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 fee was not paid within the time limit specified-in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)
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1

Supplemental Box 1 '
| (To be used when the space in any of Boxes [ to IV is not sufficient)

Continuation of Box No: 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:

e Claims 1-11 are directed to a respiratory treatment apparatus configured to provide a flow of breathable gas to
a patient. The feature of wherein the aperture varies in opening size as a function of a level of flow of
breathable gas provided adjacent to the gas outlet is specific to this group of claims.

o Claims 12-15 are directed to a respiratory treatment apparatus configured to provide a supply of pressurized
breathable gas to a patient in successive respiratory cycles. The feature of wherein during at least a portion of
the expiration phase the inlet flow to the flow generator is interrupted to facilitate a reduction in pressure
[from the inspiratory pressure to the expiratory pressure is specific to this group of claims.

e Claims 16-52 are directed to a flow generator, a respiratory treatment apparatus and a system for regulating
flow to a flow generator in a respiratory treatment apparatus. The feature of chamber means configured
proximate to the second side of the means for sealing wherein a negative pressure therein permits opening of
the gas inlet at the means for sealing 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 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 claims and therefore cannot provide the required technical relationship. The only
features common to all of the claims and which provide a technical relationship among them are a flow generator, a
gas inlet; and a gas outlet. However these features do not make a contribution over the prior art because they are
disclosed in:

WO 1996/004043 A1 (SAFETY EQUIPMENT AUSTRALIA PTY LTD) 15 February 1996

_Therefore in the light of this document these common features cannot be a special technical feature. Therefore there is
no special technical feature present in the claims and the requirements for unity of invention are consequently not
satisfied a posteriori.

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




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/AU201 1/000341

This Annex lists the known "A" publlcatlon level patent fam11y members relatmg to the patent documenits 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 Cited in

Patent Family Member

Search Report

WO  1996/004043 AU  18518/99 AU  31053/95 CA 2196166
EP 0773814 - US 5906203

WO  1997/010868 AU - 68660/96 AU  69195/96 CA 2232546
EP 0862474 us 6182657 us 6526974
WO  1997/010479

WO  1997/041812 AU  26860/97. Us 6253764

WO  1992/018201 AU 15527/92 GB 2271286 SE 9101097

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

END OF ANNEX

Form PCT/ISA/210 (patent family annex) (July 2009)
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