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Title — Improvements relating to Respiratory Masks

The present invention relates to respiratory masks, such as respiratory mask

assemblies for use in non-invasive ventilation, and sealing cushions therefor.

Non-invasive ventilation is a process by which a flow of respiratory gas is delivered

to the airway of a patient through a non-invasive interface device, which is

generally a respiratory mask, and hence without using an invasive device that

enters a patient’'s airway, such as an endotracheal tube. Non-invasive ventilation
10 is typically used to manage both chronic and acute respiratory failure, and also

other medical disorders, such as sleep apnoea.

Leakage from a respiratory mask during use is undesirable because it reduces

alveolar ventilation and synchrony between the patient and the ventilator, and
15 hence respiratory masks for use in non-invasive ventilation are generally adapted
to form an ettective seal against the patient’s face. For this reason, resiliently

deformable sealing cushions are typically provided as a patient interface portion of
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a respiratory mask.

20  Whilst such sealing cushions are able to resiliently deform to generally match the
contours of a patient’s face, there nevertheless remain gaps between the sealing
cushion and the patient’'s face which allow leakage of the respiratory gas. In order
to eliminate such leakage it is necessary to apply further force, usually through the
use of an elasticated band or strap, to further engage the sealing cushion with a

25  patient’s face, thus eliminating any gaps in the seal.

This can, however, cause discomfort to the patient, eg pressure sores.

Furthermore, over deformation of the sealing cushion can cause unwanted stress

In the material of the device, which may eventually lead to degradation and failure
30 of the cushion, and may also result in improper location of the sealing cushion,

allowing the sealing cushion to move from its desired location during use.
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There has now been devised an improved respiratory mask assembly, an
Improved sealing cushion theretfor, which overcome or substantially mitigate the

aforementioned and/or other disadvantages associated with the prior art.

Described herein is a sealing cushion for a respiratory mask assembly, the sealing
cushion comprising a patient interface portion having a resiliently deformable
membrane for engagement with a patient’'s face, and an aperture formed therein
for receiving a nasal and/or mouth region of a patient’s face, wherein an inner
surface of the membrane comprises a plurality of projections, the projections being
arranged such that each projection is engageable with an adjacent projection on
deformation of the membrane during engagement of the membrane with the
patient’s face, in use, thereby providing the membrane with an increased

resistance to deformation in a deformed configuration.

The sealing cushion is advantageously principally as it enables an arrangement
having two stages of operation: a first stage in which the sealing cushion provides
a lower resistance to deformation and hence a lower resilience (eg when
projections do not engage adjacent projections), allowing the sealing cushion to be
properly located against the face of the patient; and a second stage in which the
sealing cushion provides a higher resistance to deformation and hence a higher
resilience (eg when projections are engaged with adjacent projections), allowing
the sealing cushion to sealingly engage with the face of the patient, whilst resisting
over-deformation. The sealing cushion also enables an arrangement in which the
sealing cushion has a sufficiently high resistance to deformation towards the
patient, when fitted to a patient, but provides a lower resistance to deformation
away from a patient’s face, eg upon application of pressurised gases to the

respiratory mask.

The projections may be upstanding from the inner surface of the membrane. The
height of the projections may be at least two times, and more preterably at least
three times, the thickness of the membrane. The height of the projections may be
at least five times, or at least ten times, the thickness of the membrane. The width

and/or length of the projections may be at least two times, and more preferably at
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least three times, the thickness of the membrane. The width of the projections

may be at least five times, or at least ten times, the thickness of the membrane.

Groups of projections may be arranged in a plurality of localised regions of the
membrane. Groups of projections may be arranged around the circumferential
extent of membrane. There may be a substantially regular separation between
adjacent groups of projections. Projections in a group of projections may be

disposed in a regular array, or in an irregular arrangement.

Two or more groups of projections may be adapted to provide different levels of
resilience and/or resistance to deformation, pre- and/or post- engagement. Two or
more groups of projections may comprise different numbers of projections. Two or
more groups of projections and/or two or more individual projections may be
shaped, sized and/or arranged to provide different levels of resilience and/or
resistance to deformation. Groups of projections may differ in overall size in
different localised regions of the membrane. For example, groups of projections
located in a nasal bridge region of the membrane may be larger than groups of
projections located in lower corners of the membrane. The projections in a group
of projections may extend substantially transversely across the membrane, eg
aligned along a substantially transverse axis. The projections may extend
transversely across substantially the entirety of the membrane. The projections

may extend transversely only partially across the membrane.

Groups of projections may be located either side of a nasal bridge region and/or In
lower corners of the membrane adjacent nostrils in a nasal mask or adjacent sides

of the mouth In a full face mask.

At least two groups of projections may have substantially the same global form.
One or more pairs of groups of projections may have substantially the same global
form. One or more opposing pairs of groups of projections, across a substantially
vertical central axis of the sealing cushion, may have substantially the same global

form. Thus, the same force may be applied on each side of the sealing cushion.



The global form of one or more of the groups of projections may be tapered. One
or more of the groups of projections and/or individual projections may be tapered
along its length. One or more of the groups of projections and/or individual
projections may have a lower width and/or height in a region of the membrane that

5 Is adjacent to the aperture.

One or more of the projections may be tapered in a transverse direction. For

example, the projection may reduce in width and/or height towards an inner edge

of membrane which defines the aperture. This may thereby provide a region of
10  greater flexibility and/or less resilience in the region of the membrane adjacent to

the aperture.

One or more of the projections may be tapered in a circumferential direction. For
example, the projections may reduce in height at outer edges of a group of

15  projections. Thus the projections may provide a graduated transition between
regions of greater, and regions of lesser, resilience and/or resistance to

deformation.

The plurality of projections may be integrally formed with the membrane. The
20  plurality of projections may be formed as part of the same moulding process that
forms the membrane. The plurality ot projections may be formed of the same

material as the membrane.

The projections may be aligned substantially transversely across the membrane.
25  The projections may extend transversely across substantially the entirety of the
membrane. The projections may extend transversely only partially across the

membrane.

A group of projections may comprise two projections only. Alternatively, a group
30 of projections may comprise a series of three or more projections, eg substantially

aligned along a transverse axis, which may be adapted to engage an adjacent

projection substantially simultaneously, or there may be staged engagement as

deformation of the membrane increases. For example, at least two projections In



a first region of the membrane, eg in a region adjacent to the aperture for receiving
a nasal and/or mouth region of a patient’s face, may be adapted to engage one
another before engagement of at least two projections in a second region of the
membrane, eg in a region having a greater separation from the aperture than the

5  first region, during engagement of the membrane with the patient’s face, in use.

Each of the projections may comprise an abutment surface, which is brought into
abutment with a corresponding abutment surface of an adjacent projection, in use,
in a deformed configuration of the membrane. One or more of the abutment

10  surfaces may be adapted to resist transverse movement/slippage when it is

engaged with an adjacent abutment surface.

The abutment surface may be shaped to resist transverse movement/slippage

when engaged with an adjacent abutment surface. Adjacent abutment surfaces
15  may have the same or correspondingly shaped surfaces. For example, each

abutment surface may be substantially planar, or each abutment surface may

have formations that substantially mate with corresponding formations of an

adjacent abutment surface. Thus there may be less risk of slippage, and hence
more predictable resistance to deformation of the membrane. The abutment
20  surface may comprise a rough surface. The abutment surface may thereby

iIncrease frictional contact with an adjacent abutment surface.

Adjacent abutment surfaces of the projections may define a channel or a groove.
The channel or groove may have a substantially constant width. Thus, the

25  channel or groove may allow for substantially simultaneous engagement between
different portions of adjacent projections, thereby providing a more rapid transition

between the membrane’s different resistances to deformation and/or resilience.

At least one, or each, projection may be at least partially separated from an

30 adjacent projection in a rest configuration of the sealing cushion. At least one, or
each, projection may be separated entirely from an adjacent projection, ie from the
iInner surtace of the membrane. This may provide greater flexibility of the

membrane before the engagement of adjacent projections. Alternatively, one or



more, or each, of the projections may be separated from an adjacent projection by
a substantially “V-shaped” channel or groove. Thus there may be a greater
resistance to deformation and/or greater resilience prior to the engagement of
adjacent projections, in these embodiments. Alternatively, it may be possible to

5 achieve differing resistances to deformation utilising projections that are In
abutment, eg with a low contact pressure, in a rest configuration. For example,
such projections may be formed by cutting through a projection to form two

abutting projections during manutfacture.

10  The membrane may comprise an outer contact surface for contacting the patient’'s
face. The outer contact surface may be shaped in the rest configuration to
substantially match contours of a patient’s face. The membrane may present a
convex contact surface to patient’'s face. The membrane may be curved In Ccross-
section in the region of the contact surface. The curvature of the membrane may

15 increase on deformation caused by engagement with the patient’s face. This may
allow projections to engage adjacent projections upon sutficient deformation ot the
membrane. The membrane may be curved in cross-section between a side wall

adjacent to a connection to a mask shell and the region of the contact surface.

20 The membrane may be formed of any resiliently deformable material suitable for
use in the sealing cushion of a mask assembly. The membrane may be formed of

a thermoplastic elastomer (TPE) or a thermoset elastomer (TSE), such as silicone.

The membrane may have a substantially uniform thickness in regions which do not
25 comprise projections. Alternatively, the membrane may comprise regions of a
different thickness than the remainder of the membrane, thereby providing regions
of lower and/or higher flexibility and/or resilience. The membrane may comprise a
single membrane. For example, the membrane may have no underlying support
member and/or cushion, such that the only resistance to deformation is provided

30 by the membrane and associated projections.

Where the membrane is curved Iin cross-section in the region of the contact

surface, and where the curvature increases on deformation caused by
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engagement with patient’'s face, the engagement between adjacent projections

may be caused by the increase in curvature of the membrane.

Each projection may not necessarily be in engagement with an adjacent projection
when the mask is fitted to a patient, and the projections that are in engagement
may change as the patient and mask moves, in use. In particular, depending on
the patient’s particular fit of the mask and/or the pressure of the respiratory gases
for the treatment supplied, the projections may not all come into abutment. The
projections may be disengaged, eg separated, in use, eg upon application of

pressurised gases to the respiratory mask.

The engagement between adjacent projections may increase the resilience of the
membrane to deformation. A series of three or more adjacent projections may be
brought into engagement substantially simultaneously, or there may be staged
engagement as deformation of the membrane increases. For example, at least
two projections In a first region of the membrane, eg in a region adjacent to the
aperture for receiving a nasal and/or mouth region of a patient’s face, may be
adapted to engage one another before engagement of at least two projections in a
second region of the membrane, eg in a region having a greater separation from
the aperture than the first region, during engagement of the membrane with the

patient’s face, in use.

The aperture may be disposed substantially centrally within the membrane. The
aperture may conform substantially to the shape of a nasal and/or mouth region of
a patient. The aperture may be substantially triangular in shape. The aperture
may comprise a nasal bridge portion with a reduced width relative to an adjacent

lower nasal portion. The corners of the aperture may be rounded or curved.

The membrane in the region of the aperture may be adapted so as to increase the
comfort of a patient. The membrane in the region of the aperture may be shaped
so as to increase the comfort of a patient. The membrane in the region of the
aperture may curve slightly inwardly towards an internal cavity of the mask

cushion.
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The sealing cushion may comprise a mask interface portion for connection to a
mask body. The mask interface portion may be, and is most preferably, disposed
on an opposing end of the sealing cushion to the patient interface portion. The
mask body will typically define a cavity for receiving a nasal and/or mouth region of

a patient’s face, and will typically include a gas inlet/outlet for respiratory gases.

The sealing cushion may be adapted to fasten, in a peripheral region, to a mask
body, which may be more rigid than the sealing cushion and have the form of a
mask shell. In particular, the mask interface portion may comprise a recess for
receiving a corresponding projection of a mask shell, eg with a close fit and/or a

snap fit.

The sealing cushion may be adapted to engage with a fastener portion of a mask
shell. For example, the sealing cushion may be adapted to receive at least one
clip or the like. In particular, the mask intertace portion may comprise a recess
adapted to receive enlarged portions of a corresponding projection of a mask

shell.

Thus the sealing cushion may be connected to a mask shell which comprises a
gas inlet and/or outlet. The sealing cushion may form part of a nasal mask
assembly for accommodating the nose only. The sealing cushion may form part of

a “full face” mask assembly for accommodating the nose and mouth.

The sealing cushion may be a unitary component. The sealing cushion may be

formed via a single moulding process, for example by injection moulding or the
ike.

Also disclosed herein is a respiratory mask assembly comprising a sealing cushion

as previously described.

The respiratory mask assembly may comprise a mask shell, which may be more

rigid than the sealing cushion. The mask shell may be adapted so as to define an
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internal cavity. The mask shell may be generally dome-shaped so as to define an
Internal cavity. The mask shell may have a substantially concave interior surface.
The mask shell may have a substantially convex exterior surface. The internal
cavity may be, and is most preferably, in direct fluid communication with an

iInternal cavity of the sealing cushion.

The mask shell may be adapted to permanently engage the sealing cushion.
Alternatively, and most preferably, the mask shell may be adapted to releasably

engage the sealing cushion.

A rear surface of the mask shell may comprise at least one projection, which may
extend around a peripheral region of the mask shell. The at least one projection
may be shaped and/or dimensioned so as to be received by a corresponding

recess of the mask shell interface portion of the sealing cushion.

The mask shell may comprise at least one fastener portion. The at least one
fastener portion may be disposed in one or more localised regions of the rear
surface of the mask shell. A fastener portion may be disposed along each edge of
the mask shell, but may be omitted from one or more corners of the mask shell to
facilitate disengagement. The at least one tastener portion may form part of a
projection received by a corresponding recess of the mask shell interface portion
of the sealing cushion, but may have dimensions larger than those of the

remainder of the projection.

The at least one fastener portion may be adapted to engage, and most prefterably
releasably engage, a corresponding clip receiving portion of the mask interface
portion. The at least one fastener portion may be shaped to engage, and most
preferably releasably engage, a corresponding clip receiving portion of the mask

Interface portion. The at least one fastener portion may be a clip or the like.

The mask shell may comprise an aperture adapted to engage a fluid connector, or
may have a fluid connector formed integrally therewith. The fluid connector may

be an elbow connector. The mask shell may comprise a connecting formation,



10

which Is adapted to connect the mask shell to a fluid connector, such that the fluid

connector is In fluid communication with the aperture.

The connecting formation may rotatably mount the fluid connector to the mask
5 shell. The connecting formation of the mask shell, and the fluid connector, may

comprise corresponding formations that engage one another at one or more
predetermined rotational positions of the fluid connector, relative to the mask shell,
such that the fluid connector is retained in the predetermined rotational position
during use, until manually moved by a user, for example. The one or more

10  predetermined rotational positions of the fluid connector may include a position in
which the distal end of the fluid connector is directed in the direction of a
longitudinal axis of the patient’s tface, eg upwardly with respect to the patient’'s
face, to maintain a connected respiratory tube over the top of the patient’'s head, if
they find this a more comfortable position to sleep.

15
The connecting formation may be disposed on an exterior surface of the mask

shell. The connecting formation may be upstanding from the exterior surface of

the mask shell. The connecting formation may be integrally formed with the mask
shell. The connecting formation may take the form of a ridge, or projection, or the

20 like. The connecting formation may be located in a region adjacent to the
aperture. The connecting formation may extend around substantially the entirety
of the aperture. The connecting formation may have a substantially constant

Cross-section.

25  The connecting formation may further comprise at least one locking projection.
The at least one locking projection may be adapted so as to permanently engage
a corresponding receiving portion of a fluid connector. The at least one locking
projection may be locatable within a corresponding receiving portion of the fluid
connector.

30
The respiratory mask assembly may comprise a fluid connector for connecting the
mask assembly to the remainder of a respiratory circuit. The connector may

comprise first and second limbs in fluid communication. The first and second



11

imbs may be disposed substantially perpendicularly to each other, such that the

connector has an “L-shape”. The connector may be a so-called elbow connector.

The intertace between the first and second limbs may be tapered, thereby allowing
5 areduced projection of the connector from the mask shell. In particular, the

conduit defined by the first, distal limb may gradually reduce in dimension, eg
along an axis perpendicular to the patient’s face, such that the first, distal imb is
depressed towards the patient’s face, relative to a conventional elbow conduit of
substantially constant cross-sectional dimensions.

10
The connector may be adapted to fixedly engage a mask shell at a proximal end.
The connector may comprise a peripheral rim at a proximal end for releasably

receiving a corresponding fastening and/or locking formation of a mask shell.

15  The respiratory mask assembly may comprise at least one, and most preferably a
plurality of, vent formations. The at least one vent formation may be formed in the

connector, eg in the wall of the connector. The at least one vent formation may be
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adapted to direct exhaled respiratory gases out of the respiratory mask assembly,

eg in a direction substantially away from the patient’s face.
20
The at least one vent formation may comprise an aperture, and may comprise a
groove or channel for directing gas from the interior of the mask towards and
through the aperture. The aperture may be exposed on an exterior surface of the
connector, eg at the interface between the first and second limbs of the connector.
25  The groove or channel may be disposed on an interior surface of the connector,
eg at the interface between the first and second limbs of the connector. The
groove or channel may be tapered along its length. Each aperture may be Iin fluid
communication with a corresponding groove or channel. Thus, each groove or
channel may direct air through an aperture, and out of the connector formation.
30
The connector may comprise at least one formation at its distal end for releasably
connecting to a fluid connector of another component of a respiratory circuit. The

connector may be actuable between first and second configurations. The first
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configuration may retain a fluid connector of respiratory tubing or any other such
appropriate respiratory circuit component. The second configuration may release
a fluid connector of respiratory tubing or any other such appropriate respiratory
circuit component. The at least one connecting formation may comprise a plurality
of slots. Each of the plurality of slots may be shaped and/or dimensioned so as to
receive a corresponding portion of a respiratory tube, or any other such

appropriate respiratory circuit component.

The at least one connecting formation may be actuated from a first configuration to
a second configuration via the application of pressure. Such a configuration
allows a respiratory tube to be quickly and easily connected and/or disconnected
from the mask assembly via depression of the at least one connecting formation.
Such a configuration is thereby simpler and less time consuming than

configurations known from the prior art.

The mask shell may comprise at least one tastener for connecting to headgear for
the respiratory mask assembly. The at least one tfastener may be adapted to
permanently retain a headgear strap or the like. The at least one fastener is most
preferably adapted to releasably retain a headgear strap or the like. The at least
one fastener may be shaped so as to releasably retain a headgear strap or the
like. The mask shell most preferably comprises a plurality of fasteners, for

example one on each side of the mask shell.

The tastener may extend laterally outwardly from the mask shell. The fastener
may extend laterally outwardly from a lower corner of the mask shell. Most
preferably, a fastener extends laterally outwardly from each of the lower corners of
the mask shell. The fastener may be integrally formed with the mask shell. The
fastener may be adapted to receive a corresponding portion of a headgear strap or
the like. The fastener may be shaped so as to receive a corresponding portion of
a headgear strap or the like. The fastener may define one or more apertures, and
hence have the form of a buckle, or may have the form of a hook. Where the

fastener is a hook, the fastener may be substantially “C shaped” in form.
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The mask may comprise first and second fasteners, each adapted to releasably
retain a headgear strap or the like. In an alternative embodiment, a first fastener
may be adapted so as to permanently retain a headgear strap or the like, and a
second fastener may be adapted so as to releasably retain a headgear strap or
the like.

The respiratory mask assembly may include a respiratory mask and headgear for
retaining the respiratory mask on a patient’'s face, in use, wherein the headgear
Includes one or more flexible straps and at least one fastener adapted to
releasably attach to a corresponding tastener of the respiratory mask. In presently
preferred embodiments, the corresponding fasteners comprise a first fastener
having a neck portion and an enlarged head portion, and a second fastener having
one or more support members defining an opening for accommodating the neck
portion of the first fastener, such that the enlarged head portion of the first fastener
bears against the one or more support members of the second fastener. This

arrangement provides an attachment that i1s secure, but may be readily released.

According to the present invention, there is provided a respiratory mask assembly
as defined in the appended claim 1. Further optional features are recited in the

associated dependent claims.

The respiratory mask assembly comprises a respiratory mask and headgear for
retaining the respiratory mask on a patient’'s face, in use, the headgear including
one or more flexible straps and at least one fastener adapted to releasably attach
o a corresponding fastener of the respiratory mask, the corresponding fasteners
comprise a first fastener having a neck portion and an enlarged head portion, and
a second fastener having one or more support members defining an opening for
accommodating the neck portion of the first fastener, such that the enlarged head
portion of the first fastener bears against the one or more support members of the

second fastener.

The first fastener may include abutment surfaces of the enlarged head, which are

adapted to abut the one or more support members of the second fastener. The
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abutment surfaces may have substantially corresponding form to the form of the
abutment surfaces of the one or more support members of the second fastener, eg
substantially mating forms. The abutment surfaces of the first and second
fasteners may be curved, for example. The first fastener may be generally T-

5 shaped. The first fastener may be part of the headgear, and may be mounted to a

flexible strap of the headgear.

The second fastener has the form of a hook, which has at least three limbs, a first
limb forming a support member upon which the first fastener bears, and second
10  and third limbs that restrict or prevent transverse movement of the first fastener.
The second limb or the third limb may form an attachment to the respiratory mask
or the headgear. The second fastener may be generally C-shaped. The second

fastener may be part of the respiratory mask, eg extending from the mask shell,

and may be integrally formed with the mask shell.

15
The first and second fasteners may be adapted such that relative rotational

movement of the fasteners is required in order to disengage the fasteners. This
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may be achieved by the second fastener having lateral support members with a

separation that is less than the lateral width of the enlarged head of the first
20  fastener, In the engaged configuration. This reduces the risk of the fasteners

becoming disengagement by accident.

The first and second fasteners may be adapted such that only relative rotational
movement of the fasteners is required in order to disengage the tasteners, thereby
25  providing ready disengagement of the fasteners, in use. This may be achieved by
at least one of the surfaces of the one or more support members of the second
fastener, against which the enlarged head portion of the first fastener bears, being
obliquely angled relative to the direction of disengagement, such that relative
rotational movement of the fasteners causes the fasteners to be separated in the
30 direction of disengagement. For example, the one or more support members of
the second fastener may define a generally V-shaped or concave surface, against
which the enlarged head portion of the first fastener bears, when the fasteners are

engaged.
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One or more surfaces of the first and/or second fastener may be coated with
another material, eg a material with a higher friction coefficient, such as a
thermoplastic elastomer (TPE), in order to improve engagement between the

5 fasteners.

The mask shell may comprise a forehead support formation. The forehead
support formation may be integrally formed with the mask shell. The forehead
support formation may extend outwardly from the mask shell. The forehead
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