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ABSTRACT

A patient interface for delivering breathable gas to a patient includes a nasal prong
assembly (not shown) including a pair of nasal prongs (not shown) structured to sealingly
communicate with nasal passages (not shown) of a patient's nose in use and headgear (50) to
maintain the nasal prong assembly in a desired position on the patient's face. The headgear
(50) includes side straps (53) and rigidizers (55) provided to respective side straps (53). Each
rigidizer (55) includes a first end portion (55(1)) that provides a connector (56) structured to
engage a respective end of the nasal prong assembly and an inwardly curved protrusion in the
form of a cheek support (62) that curves inwardly of the connector (56). The cheek support
(62) is adapted to follow the contour of the patient's cheek and guide a respective end portion
(63) of the side strap (53) into engagement with the patient's cheek to provide a stable cheek
support.
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PATIENT INTERFACE

CROSS-REFERENCE TO APPLICATION

[0001] This application claims the benefit of U.S. Provisional Application Nos.
60/935,179, filed July 30, 2007, 60/996,160, filed November S, 2007, 61/006,409, filed
January 11, 2008, 61/064,818, filed March 28, 2008, and 61/071,512, filed May 2, 2008, and
Australian Provisional Application Nos. AU 2008900891, filed February 25, 2008, AU
2008900134, filed January 11, 2008, AU 2008900136, filed January 11, 2008, AU
2008900137, filed January 11, 2008, AU 2008900138, filed January 11, 2008, AU
2008900139, filed January 11, 2008, AU 2008900140, filed January 11, 2008, and AU
2008900141, filed January 11, 2008, each of which is incorporated herein by reference in its

entirety.
FIELD OF THE INVENTION
[0002] The present invention relates to a patient interface for delivery of respiratory

therapy to a patient. Examples of such therapies are Continuous Positive Airway Pressure
(CPAP) treatment, Non-Invasive Positive Pressure Ventilation (NIPPV), and Variable
Positive Airway Pressure (VPAP). The therapy is used for treatment of various respiratory
conditions including Sleep Disordered Breathing (SDB) such as Obstructive Sleep Apnea
(OSA).

BACKGROUND OF THE INVENTION

[0003] Mask systems form an interface between a patient and apparatus providing a
supply of pressurized air or breathing gas and are hence sometimes referred to as patient
interfaces. In this specification, the words mask system and patient interface will be used
interchangably. Mask systems in the field of the invention differ from mask systems used in

other applications such as aviation and safety in particular because of their emphasis on
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comfort. This high level of comfort is desired because patients must sleep wearing the masks
for hours, possibly each night for the rest of their lives. Mask systems typically, although not
always, comprise (i) a rigid or semi-rigid portion often referred to as a shell or frame, (ii) a
soft, patient contacting portion often referred to as a cushion, and (iii) some form of headgear
to hold the frame and cushion in position. Mask systems often include a mechanism for
connecting an air delivery conduit. The air delivery conduit is usually connected to a blower
or flow generator.

[0004] A range of patient interfaces are known including nasal masks, nose & mouth
masks, full face masks and nasal prongs, pillows, nozzles & cannulae. Masks typically cover
more of the face than nasal prongs, pillows, nozzles and cannulae. In this specification, all
will be collectively referred to as patient interfaces or mask systems. Nasal prongs, nasal

pillows, nozzles and cannulae all will be collectively referred to as nasal prongs.

SUMMARY OF THE INVENTION

[0005] A first aspect of the invention relates to a patient interface for delivering
breathable gas to a patient. A mask system in accordance with an embodiment of the
invention provides improved seal, fit, comfort, stability, adjustability and ease of use
compared to prior art mask systems. Other aspects of the invention include providing a small,
lightweight, unobtrusive mask system. Another aspect is to provide a mask system that fits a
wide range of different faces.

[0006] One aspect of improved seal is provided through the use of dual walled nasal
pillows in accordance with an embodiment of the invention. Another aspect is the ability of a
mask system in accordance with an embodiment of the invention to maintain a seal despite
tube drag, side-sleeping, and other disruptions. Another aspect of improved seal and fit is
through the adjustability provided by a mask in accordance with an embodiment of the
invention which allows adjustment to better suit an individual patient's face.

[0007] A mask system in accordance with an embodiment of the invention is flexible
and can fit a wide variety of facial shapes. An aspect of flexibility of a mask system in

accordance with an embodiment of the invention is provided through the use of a semi-rigid
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frame. The use of a semi-rigid frame also leads to an improved seal with an elbow, and a
reduction in the overall number of parts.

[0008] A mask system in accordance with an embodiment of the invention provides
improved comfort through improved seal, meaning patients do not need to overtighten
headgear straps to get a seal. Another aspect of improved comfort comes from removal of a
rear buckle when compared to otherwise similar prior art mask systems. Another aspect of
the invention providing improved comfort is through the improved attachment mechanism of
stiffening portions of the interface stabilizing arrangement, for example, across the cheek
regions. Another aspect of improved comfort of the present invention results from a more
comfortable strap and or padding arrangement in the cheek region that leads to a reduction in
"cheek mark" when compared to the prior art.

[0009] An aspect of improved stability provided to a mask in accordance with an
embodiment of the invention is through support features that engage with the front of the face
generally in the region of the maxilla and or zygoma, depending on the size of the patient's
face.

[0010] An aspect of the present invention relates to a patient interface including a
nasal prong assembly including a pair of nasal prongs structured to sealingly communicate
with nasal passages of a patient's nose in use and headgear to maintain the nasal prong
assembly in a desired position on the patient's face. The headgear includes side straps and
rigidizers provided to respective side straps. Each rigidizer includes a first end portion that
provides a connector structured to engage a respective end of the nasal prong assembly and a
curved protrusion in the form of a cheek support that curves forward of the connector. The
cheek support is adapted to follow the contour of the patient's cheek and guide a respective
end portion of the side strap into engagement with the patient's cheek to provide a stable
cheek support.

[0011] Another aspect of the invention relates to a patient interface for delivering
breathable gas to a patient. The patient interface includes a nasal seal to sealingly
communicate with the patient's nose in use and headgear to maintain the nasal seal in a
desired position on the patient's face. The headgear includes side straps. Each side strap

includes a curved protrusion in the form of a cheek support adapted to follow the contour of
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the patient's cheek and guide a respective end portion of the side strap into engagement with
the patient's cheek to provide a stable cheek support.

[0012] Another aspect of the invention relates to a patient interface for delivering
breathable gas to a patient. The patient interface includes a nasal seal to sealingly
communicate with the patient's nose in use and headgear to maintain the nasal seal in a
desired position on the patient's face. The headgear includes side straps each having a
rigidizer with a slotted connector portion and a rear or back strap having ends that connect to
a respective slotted connector portion.

[0013] Another aspect of the invention relates to a patient interface for delivering
breathable gas to a patient. The patient interface includes a frame, a nasal prong assembly
provided to the frame and adapted to provide an effective seal or interface with the patient’s
nose, an elbow provided to the frame and adapted to be connected to an air delivery tube that
delivers breathable gas to the patient, and headgear adapted to support the patient interface in
a desired position on the patient's head. The frame is relatively harder than the nasal prong
assembly and relatively softer and more flexible than the elbow. In an embodiment, the frame
is relatively softer and more flexible than the elbow and/or headgear yokes of the headgear.
In an embodiment, the nasal prong assembly includes a gusset that allows a range of axial and
lateral movement while maintaining a sufficient seal. In an embodiment, the headgear yoke
of the headgear includes a yoke to frame interface structured to retain the headgear yoke to
the frame, provide rotation relative to the frame, and provide a friction element to provide
sufficient rotational torque (e.g., to reduce tube drag, to provide tactile/audible feedback).
[0014] Another aspect of the invention relates to a patient interface for delivering
breathable gas to a patient. The patient interface includes a frame, a nasal prong assembly
provided to the frame and adapted to provide an effective seal or interface with the patient’s
nose, an elbow provided to the frame and adapted to be connected to an air delivery tube that
delivers breathable gas to the patient, and headgear adapted to support the patient interface in
a desired position on the patient's head. The headgear includes side straps and rigidizers
provided to respective side straps. Each rigidizer includes a frame interface structured to
retain the nigidizer to the frame, provide rotation relative to the frame, and provide a friction

element to provide sufficient rotational torque.
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[0015] Another aspect of the invention relates to a patient interface for delivering
breathable gas to a patient. The patient interface includes a pair of nasal prongs adapted to
provide an effective seal or interface with the patient’s nose and a support arrangement to
support the nasal prongs in an operative position on the patient's face. The support
arrangement is structured to provide a range of rotational, axial, and lateral movement to the
nasal prongs while maintaining a sufficient seal and resisting the application of tube drag and
headgear tension to the nasal prongs.

[0016]) Another aspect of the invention relates to a headgear link member for
connecting two or more straps of a headgear assembly for securing a respiratory mask to a
patient. The link member is flexible and has connector portions for adjustable connection to
said two or more straps.

[0017] Another aspect of the invention relates to a headgear assembly for securing a
respiratory mask to a patient including a pair of rear headgear straps located in use at a rear
portion of the patient’s head and a headgear link member connecting the rear headgear straps.
The straps and link member are configured such that each strap passes through the link
member in a single U-shape and is secured back to itself.

[0018] Another aspect of the invention relates to headgear for a patient interface
including a pair of side straps. Each of the side straps includes an upper strap portion adapted
to pass over the top of the patient's head, a front strap portion adapted to pass along the side
of the patient's head, and a rear strap portion adapted to pass around a rear portion of the
patient's head. The free end of each rear strap portion includes a tab of hook material, and
one side of each rear strap portion is coated with un-broken loop material which allows the
tab of hook material to fasten anywhere along its length.

[0019] Another aspect of the invention relates to a patient interface for delivering
breathable gas to a patient including a frame and a nasal prong assembly provided to the
frame. The nasal prong assembly includes a pair of nasal prongs adapted to provide an
effective seal or interface with the patient’s nose. The nasal prong assembly includes a frame
contacting portion that is adapted to be inserted and retained within a frame channel provided
to the frame. The frame contacting portion includes an external protrusion that is adapted to

protrude through a corresponding opening provided in the frame channel.
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[0020] Another aspect of the invention relates to a tube retainer for retaining an air
delivery tube to a headgear strap of headgear. The tube retainer includes a first strap portion
adapted to loop around a headgear strap of headgear and a second strap portion provided to
the first strap portion and adapted to loop around an air delivery tube. The first and second
strap portions are integrally formed in one-piece from a soft and flexible material with the
second strap portion extending transverse to the first strap portion. Each strap portion
includes a hook and loop arrangement adapted to secure the respective strap portion in
position.

(0021] Another aspect of the invention relates to a tube retaining assembly for
retaining air delivery tubing including a headgear buckle including opposing locking portions
adapted to be removably and adjustably coupled with respective headgear straps of headgear
and a tube retainer provided to the headgear buckle. The tube retainer includes a pair of
arcuate arms adapted to retain air delivery tubing.

[0022] Other aspects, features, and advantages of this invention will become apparent
from the following detailed description when taken in conjunction with the accompanying
drawings, which are a part of this disclosure and which illustrate, by way of example,

principles of this invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The accompanying drawings facilitate an understanding of the various
embodiments of this invention. In such drawings:

[0024] Fig. 1-1 is a perspective view of headgear for a patient interface according to
an embodiment of the present invention;

[0025] Figs. 2-1 and 2-2 are perspective views of a nasal prong assembly for a patient
interface according to an embodiment of the present invention;

[0026] Figs. 2-3 and 2-4 are top and front views of a nasal prong assembly for a
patient interface and showing exemplary dimensions according to an embodiment of the

present invention;
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[0027] Fig. 3-1 is a perspective view of dual wall nasal prongs according to an
embodiment of the present invention,;

[0028] Fig. 4-1 is a schematic view of a trampoline-like suspension system for a nasal
prong and showing exemplary dimensions according to an embodiment of the present
invention;

[0029] Fig. 4-2 is a schematic view of a trampoline-like suspension system for a nasal
prong according to another embodiment of the present invention;

[0030] Figs. 5-1 to 5-40 illustrate nasal prongs and nasal prong assemblies according
to alternative embodiments of the present invention,;

[0031] Fig. 5-41 illustrates a nasal prong assembly and air delivery conduit according
to another embodiment of the present invention;

[0032] Fig. 5-42-1 to 5-42-6 are various views of a tube retainer according to an
embodiment of the present invention;

[0033] Fig. 5-43-1 to 5-43-7 are various views of a headgear buckle according to an
embodiment of the present invention;

[0034] Figs. 5-44-1 to 5-44-4 are respectively side, top, cross-section (along line 5-44-
3 of Fig. 5-44-2), and bottom orthogonal views of a link according to an embodiment of the
present invention;

[0035] Fig. 5-44-5 is an isometric view of the link shown in Figs. 5-44-1 to 5-44-4;
[0036] Fig. 5-45 is a cross-section showing the connection between the headgear
straps and the link shown in Figs. 5-44-1 to 5-44-4;

[0037] Fig. 5-46 shows a portion of a prior art headgear buckle and strap assembly in
use;
[0038] Figs. 5-47-1 to 5-47-6 are various views of a tube retainer according to an

embodiment of the present invention;

[0039] Fig. 5-48 is an isometric view of a buckle according to an embodiment of the
present invention;

[0040] Fig. 5-49 is an isometric view of a buckle according to another embodiment of
the present invention;

[0041] Fig. 5-50 is a side view of a buckle according to another embodiment of the

present invention;
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[0042]

Fig. 5-51 is a side view of a buckle according to another embodiment of the

present invention;

[0043]

Fig. 5-52 is an isometric view of a buckle according to another embodiment of

the present invention;

[0044]

Fig. 5-53 is an isometric view of a buckle according to another embodiment of

the present invention;

[0045]

Fig. 5-54 is a top view of a buckle according to another embodiment of the

present invention;

[0046]

Fig. 5-55 is a top view of a buckle according to another embodiment of the

present invention;

[0047]

Fig. 5-56 is a top view of a buckle according to another embodiment of the

present invention;

[0048]

Fig. 5-57 is a top view of a buckle according to another embodiment of the

present invention,

[0049]

Fig. 5-58 is a top view of a buckle according to another embodiment of the

present invention,

[0050]

Fig. 5-59 is a top view of a buckle according to another embodiment of the

present invention;

[0051]

Fig. 5-60 is a top view of a buckle according to another embodiment of the

present invention;

[0052]

Fig. 5-61 is a top view of a buckle according to another embodiment of the

present invention;

[0053]

Fig. 5-62 is a top view of a buckle according to another embodiment of the

present invention;

[0054]

Fig. 5-63 is a top view of a buckle according to another embodiment of the

present invention;

[0055]

Fig. 5-64 is a top view of a buckle according to another embodiment of the

present invention;

[0056]

Fig. 5-65 is a top view of a buckle according to another embodiment of the

present invention;
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[0057] Fig. 5-66 is an isometric view of the keyhole of a buckle according to an
embodiment of the present invention;

[0058] Fig. 5-67 is a top view of a buckle according to another embodiment of the
present invention;

[0059] Fig. 5-68 is an isometric view of a tube retainer according to an embodiment
of the present invention;

[0060] Fig. 5-69 is an isometric view of a tube retainer according to another
embodiment of the present invention;

[0061] Fig. 5-70 is an isometric view of a tube retainer according to another
embodiment of the present invention;

[0062] Fig. 5-71 is an isometric view of a tube retainer according to another
embodiment of the present invention;

[0063] Fig. 5-72 is a front view of a tube retainer according to another embodiment of
the present invention;

[0064] Fig. 5-73 is a front view of a tube retainer according to another embodiment of
the present invention;

[0065] Fig. 5-74 is a front view of a tube retainer according to another embodiment of
the present invention,;

[0066] Fig. 5-75 is a front view of a tube retainer according to another embodiment of
the present invention;

[0067] Fig. 5-76 is an isometric view of a tube retainer according to another
embodiment of the present invention;

[0068] Fig. 5-77 is an isometric view of a tube retainer according to another
embodiment of the present invention,;

[0069] Fig. 5-78 is an isometric view of a tube retainer according to another
embodiment of the present invention;

[0070] Fig. 5-79 is a front view of a tube retainer according to another embodiment of
the present invention;

[0071] Fig. 5-80 is a front view of a tube retainer according to another embodiment of

the present invention;
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[0072] Fig. 5-81 is an isometric view of a tube retainer according to another
embodiment of the present invention;

[0073] Fig. 5-82 is an isometric view of a tube retainer according to another
embodiment of the present invention;

[0074] Fig. 5-83 is an isometric view of the tab of a tube retainer according to an
embodiment of the present invention;

[0075] Fig. 5-84 is an isometric view of the tab of a tube retainer according to another
embodiment of the present invention;

[0076] Fig. 5-85 is an isometric view of the tab of a tube retainer according to another
embodiment of the present invention;

[0077] Fig. 5-86 is an isometric view of the tab of a tube retainer according to another

embodiment of the present invention;

[0078] Figs. 6-1 to 6-5 illustrate headgear yoke for headgear according to an
embodiment of the present invention;

[0079] Fig. 7-1 schematically illustrates headgear tension on ResMed's Mirage Swift
headgear,

[0080] Fig. 7-2 schematically illustrates headgear tension on headgear according to an

embodiment of the present invention;

[0081] Figs. 8-1 to 8-4 schematically illustrate headgear yoke according to alternative
embodiments of the present invention;

[0082] Fig. 9 illustrates a rear strap for headgear according to an embodiment of the
present invention;

[0083] Figs. 10-1 illustrates a headgear strap section including a headgear strap and

headgear yoke according to an embodiment of the present invention;

[0084] Figs. 10-2-1 and 10-2-2 illustrate foam headgear straps according to an
embodiment of the present invention;

[0085] Fig. 10-3-1 illustrates a cheek mark region with respect to ResMed's Swift
headgear;

[0086] Fig. 10-3-2 illustrates a known headgear strap section;

[0087] Fig. 10-4 illustrates a headgear strap section according to an embodiment of

the present invention;

10
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[0088] Figs. 10-5 and 10-6 illustrate headgear straps and headgear yokes according to
alternative embodiments of the present invention;

[0089] Figs. 10-7-1 to 10-7-3 illustrate headgear including a friction pad according to
an embodiment of the present invention;

[0090] Figs. 10-8-1 to 10-8-3 illustrate a nasal prong assembly including wings
according to an embodiment of the present invention;

[0091] Figs. 10-9-1 to 10-9-3 illustrate headgear including foam padding according to
an embodiment of the present invention;

[0092] Fig. 10-9-4 illustrates headgear with yoke and wing without foam padding
according to another embodiment of the present invention;

[0093] Figs. 11-1 and 11-2 illustrate cutting profiles for headgear straps according to
embodiments of the present invention;

[0094] Figs. 12-1 to 12-26-2 illustrate headgear according to alternative embodiments
of the present invention;

[0095] Figs. 13-1 to 13-4 illustrate various views of a patient interface on a patient's
head according to an embodiment of the present invention;

[0096] Fig. 13-5 is a schematic view illustrating headgear vectors according to an
embodiment of the present invention;

[0097] Figs 14-1 to 14-2 illustrate various views of the patient interface shown in
Figs. 13-1 to 13-4 with the headgear straps removed;

[0098] Figs. 15-1 to 15-12 illustrate various views of the frame of the patient interface
shown in Figs. 13-1 to 13-4;

[0099] Figs. 16-1 to 16-12 illustrate various views of the nasal prong assembly of the
patient interface shown in Figs. 13-1 to 13-4;

[00100] Figs. 16-13-1 to 16-13-7 illustrate a nasal prong assembly according to an
embodiment of the present invention;

[00101] Fig. 16-14-1 illustrates an assembled view of a nasal prong assembly and
frame according to another embodiment of the present invention;

[00102] Fig. 16-14-2 illustrates an unassembled view of the nasal prong assembly and
frame shown in Fig. 16-14-1;

11
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[00103] Fig. 16-14-3 is a perspective view of a patient interface including the nasal

prong assembly and frame of Fig. 16-14-1;

[00104] Figs. 16-15-1 to 16-15-10 illustrate various views of the nasal prong assembly
of Fig. 16-14-1;

[00105] Figs. 16-16-1 to 16-16-8 illustrate various views of the frame of Fig. 16-14-1;
[00106] Fig. 16-17 is a perspective view of a nasal prong assembly and frame

according to another embodiment of the present invention;

[00107] Fig. 16-18-1 is a perspective view of a nasal prong assembly and frame
according to another embodiment of the present invention;

[00108] Fig. 16-18-2 illustrates an unassembled view of the nasal prong assembly and
frame shown in Fig. 16-18-1;

[00109] Fig. 16-18-3 illustrates a frame according to an embodiment of the present
invention;
[00110] Fig. 16-19 is a perspective view of a nasal prong assembly and frame

according to another embodiment of the present invention;

[00111] Fig. 16-20 is a cross-sectional view of a frame contacting portion of a nasal
prong assembly and a frame according to an embodiment of the present invention;
[00112] Fig. 16-21 is a cross-sectional view of a frame according to an embodiment of
the present invention;

[00113] Fig. 16-22 is a cross-sectional view of a frame according to another
embodiment of the present invention;

[00114] Fig. 16-23 is a cross-sectional view of a frame according to another
embodiment of the present invention;

[00115] Fig. 16-24 is a cross-sectional view of a frame according to another
embodiment of the present invention;

[00116] Fig. 16-25 is a cross-sectional view of a frame contacting portion of a nasal
prong assembly according to an embodiment of the present invention;

[00117] Fig. 16-26 is a cross-sectional view of a frame contacting portion of a nasal
prong assembly and a frame according to an embodiment of the present invention;
[00118] Fig. 16-27 is a cross-sectional view of a frame contacting portion of a nasal

prong assembly and a frame according to another embodiment of the present invention,;

12
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[00119] Fig. 16-28 is a cross-sectional view of a frame contacting portion of a nasal
prong assembly and a frame according to another embodiment of the present invention;
[00120] Fig. 16-29 is a cross-sectional view of a frame contacting portion of a nasal
prong assembly and a frame according to another embodiment of the present invention;
[00121) Fig. 16-30 is a cross-sectional view of a frame contacting portion of a nasal
prong assembly and a frame according to another embodiment of the present invention;
[00122] Fig. 16-31 is a cross-sectional view of a frame contacting portion of a nasal
prong assembly and a frame according to another embodiment of the present invention;
[00123] Fig. 16-32 is a cross-sectional view of a frame contacting portion of a nasal
prong assembly and a frame according to another embodiment of the present invention;
[00124] Fig. 16-33 is a cross-sectional view of a frame contacting portion of a nasal
prong assembly and a frame according to another embodiment of the present invention;
[00125] Fig. 16-34-1 is a cross-sectional view of a frame contacting portion of a nasal
prong assembly according to an embodiment of the present invention;

[00126] Fig. 16-34-2 is a cross-sectional view of a frame contacting portion of a nasal
prong assembly according to an embodiment of the present invention;

[00127] Fig. 16-35 is a rear view of a frame and frame channel according to an
embodiment of the present invention;

[00128] Fig. 16-36 is a rear view of a frame and frame channel according to another
embodiment of the present invention;

[00129] Fig. 16-37 is a perspective view of a nasal prong assembly including a frame
contacting portion according to an embodiment of the present invention;

[00130] Fig. 16-38 is a rear view of a frame and frame channel according to another
embodiment of the present invention;

[00131] Fig. 16-39 is a cross-sectional view of a frame contacting portion of a nasal

prong assembly according to another embodiment of the present invention;

[00132] Fig. 17 is a cross-sectional view of the patient interface shown in Figs. 13-1 to
13-4;
[00133] Figs. 18-1 to 18-7 illustrate various views of the elbow of the patient interface

shown in Figs. 13-1 to 13-4,

13
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[00134] Figs. 18-8-1 to 18-8-9 illustrate various views of an elbow according to
another embodiment of the present invention;

[00135] Fig. 18-8-10 is a cross-sectional view through line 18-8-10--18-8-10 of Fig.
18-8-5;

[00136] Fig. 18-8-11 is an enlarged portion of Fig. 18-8-10;

[00137] Fig. 18-8-12 is a cross-sectional view through line 18-8-12--18-8-12 of Fig.
18-8-10;

[00138] Fig. 18-8-13 is an enlarged portion of Fig. 18-8-12;

[00139] Fig. 18-8-14 is a cross-sectional view similar to Fig. 18-8-10 in perspective;
[00140] Fig. 18-8-15 is an enlarged portion of Fig. 18-8-14;

[00141] Fig. 18-8-16 shows the elbow attached to the frame and nasal prong assembly

according to an embodiment of the present invention;

[00142] Fig. 18-8-17 shows the interface between the elbow and the short tube
according to an embodiment of the present invention;

[00143] Figs. 18-9-1 to 18-9-3 are various views of an elbow to frame attachment
according to an embodiment of the present invention;

[00144) Figs. 18-10-1 to 18-10-3 are various views of an elbow to frame attachment
according to another embodiment of the present invention;

[00145] Figs. 18-11-1 to 18-11-3 are various views of an elbow to frame attachment
according to another embodiment of the present invention;

[00146] Figs. 18-12-1 to 18-12-3 are various views of an elbow to frame attachment
according to another embodiment of the present invention;

[00147] Figs. 18-13-1 to 18-13-3 are various views of an elbow to frame attachment
according to another embodiment of the present invention;

[00148] Figs. 18-14-1 to 18-14-3 are various views of an elbow to frame attachment
according to another embodiment of the present invention;

[00149] Figs. 18-15-1 to 18-15-3 are various views of an elbow to frame attachment
according to another embodiment of the present invention;

[00150] Figs. 18-16-1 to 18-16-3 are various views of an elbow to frame attachment

according to another embodiment of the present invention;
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[00151) Figs. 18-17-1 to 18-17-3 are various views of an elbow to frame attachment
according to another embodiment of the present invention;

[00152]) Figs. 18-18-1 to 18-18-3 are various views of an elbow to frame attachment
according to another embodiment of the present invention;

[00153] Figs. 19-1 to 19-5 illustrate various views of headgear yoke of the patient
interface shown in Figs. 13-1 to 13-4;

[00154] Figs. 19-6 and 19-7 are enlarged views of the yoke to frame interface of the
headgear yoke shown in Figs. 19-1 to 19-5;

[00155] Fig. 19-8 is a cross-sectional view illustrating the yoke to frame interface

attached to a respective frame connector according to an embodiment of the present

invention;

[00156] Figs. 19-9-1 to 19-9-6 are sequential views illustrating attachment of the yoke
to frame interface to a respective frame connector according to an embodiment of the present
invention;

[00157] Figs. 19-10 to 19-13 illustrate exemplary dimensions of the headgear yoke

according to an embodiment of the present invention;

[00158] Fig. 19-14 is a side view illustrating rotational movement of the patient
interface according to an embodiment of the present invention;

[00159] Figs. 19-15-1 to 19-15-5 are sequential views illustrating rotational adjustment
of the headgear yoke with respect to the frame according to an embodiment of the present
invention;

[00160] Fig. 19-16 is a top view of the patient interface on a patient's head according to
an embodiment of the present invention;

[00161] Fig. 19-17-1 to 19-17-4 illustrate various cross-sections through the headgear
yoke according to an embodiment of the present invention;

[00162] Fig. 19-18 is a perspective view of the patient interface showing exemplary
dimensions according to an embodiment of the present invention;

[00163] Fig. 19-19 is a cross-sectional view of the headgear yoke showing exemplary
dimensions according to an embodiment of the present invention;

[00164] Fig. 19-20 is a cross-sectional view illustrating headgear yoke attached to a

headgear strap according to an embodiment of the present invention;
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[00165] Figs. 19-21-1 to 19-21-3 illustrate a yoke to frame rotation indicator according
to an embodiment of the present invention;

[00166] Figs. 19-22-1 to 19-22-4 illustrate a yoke to frame rotation indicator according
to another embodiment of the present invention;

[00167] Figs. 19-23-1 to 19-23-4 illustrate a yoke to frame rotation indicator according
to another embodiment of the present invention;

[00168] Fig. 20-1 is a perspective view of a short tube according to an embodiment of
the present invention;

[00169] Figs. 20-2 to 20-4 are various views illustrating attachment of the short tube to
a swivel according to an embodiment of the present invention;

[00170] Figs. 20-5-1 to 20-5-6 illustrate a short tube with elbow and swivel according
to another embodiment of the present invention;

[00171] Figs. 21-1 and 21-2 illustrate Velcro tabs for a headgear strap according to

embodiments of the present invention;

[00172] Figs. 22-1-1 to 22-1-8 are various views of a frame according to an
embodiment of the present invention;

[00173] Figs. 22-1-9 and 22-1-10 illustrate rotation of the yoke relative to the frame
according to an embodiment of the present invention;

[00174) Figs. 22-2 and 22-3 illustrate assembly of headgear yoke to a frame according
to an embodiment of the present invention,;

[00175] Figs. 22-4 to 22-6 and 22-7-1 to 22-7-8 are various views of a headgear yoke
according to an embodiment of the present invention;

[00176] Figs. 22-8 to 22-13 are various views illustrate attachment of headgear yoke to
a frame according to an embodiment of the present invention;

[00177] Figs. 22-14 and 22-15 illustrate a ratchet arrangement between headgear yoke
and frame according to an embodiment of the present invention;

[00178] Fig. 22-16 illustrates a fully assembled frame and headgear yoke according to
an embodiment of the present invention;

[00179] Figs. 22-16-1 and 22-16-2 illustrate an interference fit between the yoke and

the frame according to an embodiment of the present invention;
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[00180] Figs. 22-17-1 to 22-17-2 illustrate relative movement between the frame and
headgear yoke according to an embodiment of the present invention;

[00181] Figs. 22-18-1 to 22-18-3 illustrate a mold for molding a frame according to an
embodiment of the present invention,;

[00182) Figs. 22-19-1 to 22-19-7 illustrate headgear yoke attached to a headgear strap
according to an embodiment of the present invention;

[00183] Figs. 22-20-1 to 22-20-5 illustrate a fully assembled patient interface
according to an embodiment of the present invention;

[00184] Figs. 22-20-6 and 22-20-7 illustrate a back strap for a patient interface
according to an embodiment of the present invention;

[00185] Figs. 22-21-1 to 22-21-8 illustrate a left-hand-side (LHS) side strap with
headgear yoke according to an embodiment of the present invention;

[00186] Figs. 22-22-1 to 22-22-8 illustrate a right-hand-side (RHS) side strap with
headgear yoke according to an embodiment of the present invention;

[00187] Figs. 22-22-9 and 22-22-10 illustrate under-side and top-side views of a tab of
hook material according to an embodiment of the present invention;

[00188] Figs. 22-23-1 to 22-23-7 illustrate a fully assembled patient interface
according to an embodiment of the present invention;

[00189] Fig. 22-24 is a perspective view showing a yoke engaged with a frame via a

ball and socket joint according to an embodiment of the present invention;

[00190] Fig. 22-25 is a cross-sectional view showing the ball and socket joint of Fig.
22-24;
[00191] Fig. 23 illustrates the difference in compression before bottoming out between

prior art nasal pillow mask systems (Puritan-Bennett Breeze), related art nasal pillow system
(ResMed Swift II) and an embodiment of the present invention;

[00192] Fig. 24 illustrates the difference in lateral movement that can be obtained in
accordance with an embodiment of the present invention when compared to ResMed Swift
nasal pillows;

[00193] Fig. 25a to Fig. 25g show cross-sectional profiles of a range of prior and

related nasal pillow systems, as well as an embodiment of the present invention;
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[00194] Fig. 26 shows a table comparing relative properties of the ResMed SWIFT
mask and an embodiment of the present invention;

[00195) Fig. 27a to Fig. 271 show a range of views of a nasal pillow and gusset
assembly in accordance with another embodiment of the present invention, Fig, 27 is similar
to Fig. 16;

[00196] Fig. 28 is a sketch illustrating how the nasal pillows and gusset align with the
face in use;

[00197] Fig. 29 is a sketch comparing a nasal pillow of an embodiment of the present

invention and a prior art nasal pillow when subject to a compression force;

[00198] Fig. 30 is a cross-section of headgear material according to an embodiment of
the present invention;

[00199] Figs. 31-1 and 31-2 are perspective views of a mask system according to
another embodiment of the present invention;

[00200] Figs. 32-1 and 32-2 are perspective views of a mask system according to
another embodiment of the present invention;

[00201] Figs. 33-1 and 33-2 are side and front views of a mask system according to
another embodiment of the present invention;

[00202] Fig. 34 is a perspective view of a mask system according to another
embodiment of the present invention;

[00203] Fig. 35 is an exploded view of a mask system according to another
embodiment of the present invention;

[00204] Fig. 36 is a perspective view of a mask system according to another
embodiment of the present invention;

[00205] Fig. 37 is a perspective view of a mask system according to another
embodiment of the present invention;

[00206] Fig. 38 is a perspective view of a mask system according to another
embodiment of the present invention;

[00207] Figs. 39-1 and 39-2 are perspective views of a mask system according to
another embodiment of the present invention;

[00208] Fig. 40 is a cross-sectional view of a mask system according to another

embodiment of the present invention,
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[00209] Fig. 41-1 illustrates a nasal prong assembly having a width and Fig. 41-2
illustrates a nasal prong assembly having a smaller width according to an embodiment of the

present invention;

[00210] Fig. 41-3 is a cross-sectional view of the nasal prong assembly shown in Fig.
41-2;
[00211] Fig. 42 is a cross-sectional view of a mask system according to another

embodiment of the present invention;

[00212] Fig. 43 is a cross-sectional view of a mask system according to another
embodiment of the present invention;

[00213] Fig. 44 is a cross-sectional view of a mask system according to another
embodiment of the present invention; and _

[00214] Fig. 45-1 illustrates a nasal prong assembly having a central axis and Fig. 45-2
illustrates a nasal prong assembly having a shifted central axis according to an embodiment of

the present invention.
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DETAILED DESCRIPTION OF ILLUSTRATED
EMBODIMENTS

[00215] In broad terms, a patient interface in accordance with an embodiment of the
invention may comprise three functional aspects: (i) interfacing, (ii) a positioning and
stabilizing, and (iii) air delivery. These three functional aspects may be constructed from one
or more structural components, with a given structural component potentially fulfilling more
than one function. For example, a mask frame may serve as part of a positioning and
stabilizing function and allow the supply of air.

[00216] In addition, a patient interface in accordance with an embodiment of the
invention may perform other functions including venting of exhaled gases, decoupling of
potentially seal disruptive forces and adjustment for different sized faces. Venting may be
performed by different structures, such as a frame, an elbow and/or a conduit.

[00217] The following description is provided in relation to several embodiments
which may share common characteristics and features. It is to be understood that one or more
features of any one embodiment may be combinable with one or more features of the other
embodiments. In addition, any single feature or combination of features in any of the
embodiments may constitute additional embodiments.

[00218] In this specification, the word *“‘comprising” is to be understood in its “open”
sense, that is, in the sense of “including”, and thus not limited to its “closed” sense, that is the
sense of “consisting only of”’. A corresponding meaning is to be attributed to the
corresponding words ‘“‘comprise”, "comprised" and "comprises" where they appear.

[00219] The term "air" will be taken to include breathable gases, for example air with
supplemental oxygen. It is also acknowledged that the positive airway pressure (PAP)
devices or flow generators described herein may be designed to pump fluids other than air.
[00220] Each illustrated embodiment includes features that may be used with the
embodiments and/or components described in U.S. Patent Application Publication Nos. 2004-
0226566, 2006-0137690, and 2005-0241644, PCT Application Publication Nos. WO
2005/063328, WO 2006/130903, and WO 2007/053878, and U.S. Provisional Application
Nos. 60/835,442, filed August 4, 2006, and 60/852,649, filed October 19, 2006, as would be
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apparent to those of ordinary skill in the art. Each of the above noted applications are
incorporated herein by reference in its entirety. However, it should be appreciated that any
single feature or combination of features in any of the embodiments may be applied to other

suitable mask arrangements, e.g., full-face, etc.
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1 Interfacing

1.1 Introduction
[00221] In one form of the invention, the interfacing function is provided by a pair of

nasal prongs (or "nasal pillows") that are placed at an entrance to the patient's nares. Each
prong is structured to form an adequate seal with its respective naris and is shaped, oriented,
sized and constructed so as provide a fit with a range of differently shaped and located nares.
[00222] As shown in Figs. 2-1 to 2-2, the nasal prong assembly 20 includes a base 22
and a pair of nasal prongs 24 provided to the base 22. Each nasal prong 24 includes a
generally conical, "volcano", or mushroom-shaped head portion 25 adapted to seal and/or
sealingly communicate with a respective patient nasal passage (e.g., concave and oval prong
designed to fit into the patients nares and seal against the rim of the nares) and a column or
stalk 27 that interconnects the head portion 25 with the base 22. The nasal prong assembly 20
is structured to be removably and replaceably attached to a substantially rigid frame 30 and be
retained to the frame 30 by a clip 23 (such as that described in WO 2007/053878, which is
incorporated herein by reference in its entirety). One or more vent openings 32 may be
provided in the frame and/or base for CO, washout.

[00223] The nasal prong assembly 20 may be integrally formed in one-piece, e.g., by
silicone in an injection molding process (e.g., LSR (liquid silicone rubber) and CMSR
(compression molded silicon rubber) molding technology). However, the nasal prong
assembly 20 may be formed in other suitable processes.

[00224] In an embodiment, one end of the nasal prong assembly is provided with a
plug and the other end is provided with an elbow (e.g., swivel elbow). The positions of the
elbow and the plug may be interchanged, according to preference, e.g., the typical sleeping
position of the patient. In an alterative embodiment, both ends of the nasal prong assembly
may be provided with an elbow. An air delivery tube is joined to the elbow or elbows to
deliver a source of pressurized gas (e.g., 2-30 cmH20).

[00225] In an embodiment, the nasal prong assembly may include a "low flow" version

with a different pressure flow requirement.
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[00226] The nasal prong assembly provides a lightweight, unobtrusive arrangement for
delivering positive airway pressure as a means of therapy, e.g., for OSA.

[00227] The following discussion in the "Interfacing" section of this detailed
description principally relates to the cone-shaped portion of the prong, other aspects of the

prong- such as the stalk- will be discussed in more detail in subsequent sections.

1.2 Shape, Geometry and Anthropometrical Features
[00228] The nasal prongs may include geometry and/or anthropometrical features

similar to the nasal prongs described in U.S. Patent Application Publication Nos. 2004-
0226566, 2006-0137690 and PCT Application Publication Nos. WO 2006/130903, and WO
2007/053878, each of which is incorporated herein by reference in its entirety.

[00229] Also, rotating the nasal prong assembly in relation to the headgear can
physically rotate the prongs in an anterior/posterior direction in relation to the nose. This
flexibility effectively sets the prongs into an “exact” comfortable position for an individual
user.

[00230] Further, the prong's stalk provides a flexible point to allow prong alignment

and seal maintenance.

1.3 Orientation
[00231] For example, the orientation of the nasal prongs is designed to present the exit

holes and the conical sealing surfaces as square to the nostril openings as possible. This
increases the effectiveness of the seal. The prongs have been angled and rotated in relation to
the base in order to provide this orientation for average anthropometry.

[00232] As shown in top view Fig. 2-3 (nostril angle), the rotation angle a of the prong
24 with respect to centerline CL may about 20-35 degrees, e.g., 27 degrees. As shown in
front view Fig. 2-4 (alar angle), the inward rotation angle B of the prong 24 with respect to
centerline CL may be about 15-20 degrees, e.g., 17 degrees. However, other suitable angles

are possible.
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1.4 Sizing

[00233] In combination with this orienting geometry, the prongs can be adapted to
nasal geometry variations from patient to patient in a number of ways. Firstly, the prongs
may be available in multiple sizes (e.g., extra small, small, medium, large, extra large). The

variant geometry between sizes may be the diameters of the oval prong profile.

1.5 Spacing
[00234] Spacing of the pillows is illustrated in Fig. 16-8 described below.

1.6 Construction

1.6.1 Dual-Wall Nasal Prongs
[00235] In an embodiment, the nasal prongs 24 may be similar to nasal prongs those

described in WO 2006/130903, which is incorporated herein by reference in its entirety.
[00236] For example, as shown in Fig. 3-1, the head portion 25 of each nasal prong 24
may include a dual or double-wall arrangement including an inner wall 26 (inner membrane
or support membrane) and an outer wall 28 (outer membrane or sealing membrane) that
surrounds the inner wall 26. The outer wall 28 may be relatively thin (e.g., 0.35 mm) to
conform to the shape of the patient's nose and provide a more compliant seal. In addition, the
thin outer wall effectively finds its own seal with very little tweaking, which reduces the time
for set-up. In an embodiment, the dual-wall prongs 24 may be manufactured in a manner as
described in WO 2006/130903, e.g., fold or invert one wall with respect to the other wall.
[00237] One of the advantages of dual wall nasal prongs that may be used to improve
jetting performance is that it is possible to reorient the inner exit hole at any angle while
retaining a "square" sealing orientation for the outer wall.

[00238] One aspect of dual pillows construction is that the inner surface of the outer
membrane may be frosted to facilitate removal from the molding tool. Also, the outer surface
of the outer membrane may be frosted, e.g., for comfort and for improving fitting to nose

because less sticking.
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1.6.2 Alternative Nasal Prong Embodiments
[00239] The following embodiments describe alternative prong arrangements that are

structured to improve sealing comfort and/or fitting. In embodiments, the prong
arrangements may be structured to reduce and/or eliminate the air jetting effect, e.g., redirect
air flow direction (e.g., away from sensitive regions such as the septum), diffuse air flow or
create turbulence, and/or change the prong orifice in order to reduce and/or eliminate air
jetting effects. Reducing and/or eliminating the air jetting effect may provide increased
comfort across a wider pressure range and/or reduced concentrated dryness and cold burning
sensation. In addition, adding turbulence may reduce noise.

[00240] Additional prong arrangements to improve comfort and fitting are described in
U.S. Provisional Application Nos. 60/835,442, filed August 4, 2006, and 60/852,649, filed
October 19, 2006, each of which is incorplorated herein by reference in its entirety.

[00241] The nasal prong embodiments described below include a dual or double-wall
head portion. While embodiments described below relate to dual-wall nasal prongs, it should
be appreciated that embodiments of the invention may be adapted for use with single-wall

nasal prongs and/or multi-wall nasal prongs (e.g., 2 or more walls).

Dual Wall with Hood
[00242) Fig. 5-1 illustrates a nasal prong 224 according to another embodiment of the

present invention. In the illustrated embodiment, the inner wall 226 includes a hood 234
(e.g., integrally formed with the inner wall) adapted to reorient the exit hole and change the
air flow direction to reduce and/or eliminate the air jetting effect, e.g., direct flow away from
the septum.

[00243] As illustrated, the hood 234 is provided to anterior and medial portions (i.e.,
front and middle portions) of the inner wall 226 along the perimeter of the orifice. The hood
234 is structured to direct the air posteriorly, e.g., towards the rear, rather than straight up the
nasal passage. In addition, the hood 234 is structured to direct the air laterally, e.g., towards
the side, rather than towards the septum. Thus, the hood 234 is structured to change the air
flow in two planes such that the hood 234 directs the air flow away from the septum and

avoids direct contact with sensitive areas of the anterior nose.

25




2008203372 28 Jul 2008

Dual Wall with Dome
[00244) Fig. 5-2 illustrates a nasal prong 324 according to another embodiment of the

present invention. In the illustrated embodiment, the inner wall 326 includes a dome 335
(e.g., integrally formed with the inner wall) adapted to change the air flow direction to reduce
and/or eliminate the air jetting effect, e.g., direct flow away from the septum. The dome 335
may also reduce pressure drop and/or impedance.

[00245] As illustrated, the dome 335 has a hemispherical shape that extends over the
orifice of the inner wall 326 and provides an eccentrically placed exit hole to direct the air
away from sensitive regions of the patient's nose, e.g., septum. In an embodiment, the exit
hole may be positioned to direct air similar to the hood described above, e.g., direct the air

posteriorly and laterally.

Dual Wall with Blocked Orifice and Holes on Inner and Outer Walls
[00246] Fig. 5-3 illustrates a nasal prong 424 according to another embodiment of the

present invention. In the illustrated embodiment, the orifice of the inner wall 426 is blocked
and the inner wall 426 includes one or more holes 436. As illustrated, the holes 436 are
provided to a posterior side of the inner wall 426. However, the holes 436 may be provided
along any suitable portion of the inner wall 426. Also, each hole 436 has a generally circular
or oval shape. In alternative embodiments, each hole 436 may have any other suitable shapes,
e.g., non-circular such as elongated slots or square or rectangular openings. In addition, the
inner wall 426 may have any suitable number of holes 436, e.g., 1, 2, 3, or more holes.
[00247] Further, the outer wall 428 may optionally include one or more holes 437. In
the illustrated embodiment, the holes 437 are provided to an upper region of the outer wall
(e.g., near the orifice) on a medial portion of the outer wall which is oriented towards the
patient's face in use (e.g., near the patient's top lip). Similar to the holes 436 in the inner wall,
the holes 437 in the outer wall may be provided to other suitable portions of the outer wall,
may be have other suitable shapes, and may have any suitable number of holes, e.g., 1, 2, 3, or
more holes.

[00248] In the illustrated embodiment, the holes 436 in the inner wall are larger than

the holes 437 in the outer wall. However, other suitable sizes are possible.
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[00249] In use, the holes 436, 437 disperse air as it passes through the prong 424, e.g.,

to create turbulence and/or reduce impedance.

Dual Wall with Blocked Orifice and Castellated Openings
[00250] Fig. 5-4 illustrates a nasal prong 524 according to another embodiment of the

present invention. In the illustrated embodiment, the orifice of the inner wall 526 is blocked
and the inner wall 526 includes one or more openings 536 around the perimeter or rim of the
inner wall 526 adjacent the blocked orifice. As illustrated, the openings 536 each include a
generally square or rectangular shape to provide a castellated-type arrangement at the top of
the inner wall 526. However, the openings 526 may have other suitable shapes and may be
provided in any suitable number, e.g., S, 6, 7, or more openings.

[00251) In use, the openings 536 direct the flow laterally from the blocked orifice to
disperse and/or diffuse air as it passes through the prong, e.g., to create turbulence.

[00252]) In an alternative embodiment, the orifice of the inner wall 526 may not be
blocked and the top of the inner wall 526 may include the castellated-type arrangement to

disperse air.

Dual Wall with Elongated Inner Wall
[00253] Fig. 5-5 illustrates a nasal prong 624 according to another embodiment of the

present invention. In the illustrated embodiment, the inner wall 626 is elongated or extended
so that the orifice of the inner wall 626 is substantially higher than the orifice of the outer
wall 628. In addition, the inner wall 626 has a tube-like configuration with the orifice of the
inner wall 626 oriented to change the air flow direction to reduce and/or eliminate the air
jetting effect, e.g., direct flow away from the septum. In an embodiment, the orifice may be
oriented to direct air similar to the hood described above, e.g., direct the air posteriorly and
laterally. For example, the inner wall 626 extends further inside the patient's nostril to direct

flow away from the inner septum.

Dual Wall with Insert
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[00254] Fig. 5-6 illustrates a nasal prong 724 according to another embodiment of the
present invention. In the illustrated embodiment, an insert 738 (i.e., formed separately from
the prong) is provided to the inner wall 726 that is adapted to change the air flow direction to
reduce and/or eliminate the air jetting effect, e.g., direct flow away from the septum.

[00255] As illustrated, the insert 738 includes a base 738(1) adapted to support the
insert 738 in a operative position adjacent the orifice of the inner wall 726 and a head 738(2)
that provides an exit opening to change the air flow direction. The length of the head 738(2)
may be changed, e.g., customized length for particular patient, to provide a longer or shorter
exit from the inner wall 726. In the illustrated embodiment, the wall of the insert 738 may be
constructed of a foam or silicone material. Alternatively, the entire volume of the insert 738
may be constructed of foam, e.g., similar to the foam insert described below.

[00256] The insert 738 is secured to the inner wall 726 to prevent removal and possible
inhalation in use. In an embodiment, the inner wall 726 may include an annular flange or
shoulder around the orifice adapted to support or secure the insert 738 in position. However,
the insert 738 may be supported in its operative position in other suitable manners, e.g.,
adhesive, friction fit, mechanical interlock, etc. In an embodiment, a connector may be
provided between inserts of adjacent prongs to prevent discharge of an insert through the
orifice, e.g., during inspiration.

[00257] In an embodiment, the insert 738 may be retrofitted to an existing nasal prong
in order to direct flow in a similar manner to a hood. For example, the exit opening of the
insert 738 may be positioned to direct air in a similar manner to the hood described above,
e.g., direct the air posteriorly and laterally. Thus, the insert 738 may be made as a "spare
part” or separate accessory and used only when the patient is suffering from jetting effect with

an existing nasal prong assembly.

Dual Wall with Internal Ledge
[00258] Fig. 5-7-1 illustrates a nasal prong 824 according to another embodiment of

the present invention. In the illustrated embodiment, the prong 824 includes an internal ledge
or shelf 839 that extends inwardly from the inner wall 826 to block at least a portion of the

flow exiting the orifice of the inner wall 826. In an embodiment, the ledge or shelf 839 is
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positioned on a medial portion of the inner wall 826 so that the ledge or shelf 839 is adapted
to block flow nearest to the patient's septum in use. However, the ledge or shelf 839 may be
provided at other portions of the inner wall 826 to block air flow directed at sensitive regions.
[00259] As illustrated, the ledge or shelf 839 extends inwardly from the edge of the
orifice. In an alternative embodiment, the ledge or shelf 839 may be spaced downwardly
from the edge of the orifice, e.g., to reduce impedance.

[00260) In yet another alternative, as shown in Fig. 5-7-2, a ledge or shelf 839 may be
provided to a single wall prong. For example, the ledge or shelf 839 may extend inwardly
from the wall of the prong to block at least a portion of the flow exiting the orifice, e.g., block

flow nearest to the patient's septum.

Dual Wall with Mesh or Gauze
[00261] Fig. 5-8 illustrates a nasal prong 924 according to another embodiment of the

present invention. In the illustrated embodiment, the prong 924 includes mesh or gauze 940
constructed of a suitable mesh or gauze material (e.g., auxetic materials possible) to diffuse
the flow of air. As illustrated, the mesh or gauze 940 is provided at the base of the head
portion. However, the mesh or gauze 940 may be provided at other suitable locations along
the prong, e.g., at the base of the stalk. In an embodiment, the mesh or gauze 940 may be
provided as an insert that is retrofit to an existing nasal prong.

[00262] In use, the mesh or gauze 940 increases the dispersion and turbulence of the air
as it exits the prong orifice and enters the patient's nasal passage.

[00263] In an altemative embodiment, the mesh or gauze 940 may be designed as an
anti-asphyxia valve (AAV) style flap adapted to cover the prong orifice on inspiration and fall

open on expiration to reduce impedance.

Dual Wall with Exit Gate
[00264] Fig. 5-9-1 illustrates a nasal prong 1024 according to another embodiment of

the present invention. In the illustrated embodiment, the prong 1024 includes a pinwheel-
shaped or star-shaped gate 1041, e.g., integrally formed with the prong, provided at the rim or

exit orifice of the inner wall 1026. As illustrated, the pinwheel-shaped or star-shaped gate
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1041 includes a hub 1041(1) and a plurality of vanes or legs 1041(2) extending radially from
the hub 1041(1). Each vane 1041(2) tapers from the rim to the hub.

[00265] In use, the gate 1041 increases the dispersion and turbulence of the air as it
exits the orifice and enters the patient's nasal passage.

[00266] It should be appreciated that the gate 1041 may be provided at other suitable
locations along the prong (e.g., at the outer wall, along the stalk, etc.), and the gate 1041 may
have other suitable shapes and orientations. In addition, the gate 1041 may have any suitable
number of vanes 1041(2), e.g., 3, 4, 5, or more vanes.

[00267] For example, Fig. 5-9-2 illustrates a prong 1124 with a gate 1141 according to
another embodiment of the present invention. As illustrated, the gate 1141 includes a hub
1141(1) and a plurality of vanes 1141(2) extending radially from the hub 1141(1). Each vane
1141(2) is helical or in the shape of a propeller blade to disperse the air and create turbulence
as it exits the orifice.

[00268] In yet another alternative, such a pinwheel-shaped or star-shaped gate may be

provided to a single wall prong, e.g., at the exit orifice of the prong.

Dual Wall with Foam Insert
[00269] Fig. 5-10 illustrates a nasal prong 1224 according to another embodiment of

the present invention. In the illustrated embodiment, the prong 1224 includes a foam insert
1238 constructed of a foam material, e.g., low density foam material, to diffuse the flow of
air. As illustrated, the foam insert 1238 is provided within the cavity defined by the inner
wall 1226. However, the foam insert 1238 may be provided at other suitable locations along
the prong, e.g., within the stalk. In an embodiment, the foam insert 1238 may be provided as
a "spare part" that is adapted to be retrofitted to an existing nasal prong.

[00270] The foam insert 1238 may be supported by the inner wall 1226 in its operative
position in any suitable manner, e.g., adhesive, friction fit, mechanical interlock, etc. For
example, the foam insert 1238 may be squeezed into the cavity and then allowed to resiliently
expand into engagement with the inner wall 1226. In an embodiment, a connector may be
provided between foam inserts of adjacent prongs to prevent discharge of an insert through

the orifice, e.g., during inspiration.

30




2008203372 28 Jul 2008

[00271] In use, air passes through the thickness of the foam insert 1238 which
increases the dispersion and turbulence of the air as it exits the prong orifice and enters the
patient's nasal passage.

[00272] In another alternative embodiment, each prong may include an insert
constructed of a silicone material and provided with relatively small channels through the
interior to diffuse the flow of air in use. Inserts constructed of other suitable materials are
also possible, e.g., Gore-Tex.

[00273] In yet another embodiment, the insert (e.g., foam or silicone insert) may
provide a mechanical valve type arrangement. For example, the insert may be adapted to
cover the orifice and act as a diffuser on inspiration, and open or uncover the orifice on
expiration. In an embodiment, the insert may include a cone-shape with a hollow center to

facilitate movement between covering and uncovering positions.

Dual Wall with Cut Inner Wall
[00274) Fig. 5-11 illustrates a nasal prong 1324 according to another embodiment of

the present invention. In the illustrated embodiment, the orifice of the inner wall 1326 and/or
the orifice of the outer wall 1328 is cut at an angle, e.g., 45° angle, to direct air flow. The
angled orifice(s) changes the air flow direction to reduce and/or eliminate the air jetting
effect, e.g., direct flow away from the septum. In addition, the angled orifice(s) increase the
size of the orifice(s) (€.g., with respect to a non-cut or non-angled orifice) to provide lower
impedance. The prong orifice(s) may be cut at any suitable angle, e.g., angle may be

dependent on the shape of the patient's nostrils.

Dual Wall with Chevron-pattern Exit Hole
[00275] Figs. 5-12-1 and 5-12-2 illustrate nasal prongs 1424 according to another

embodiment of the present invention. In the illustrated embodiment, the orifice of the inner
wall 1426 and/or the orifice of the outer wall 1428 includes a chevron-pattern or toothed
arrangement around its perimeter. In Fig. 5-12-1, the prong includes a chevron-pattern
around the orifice of the inner wall, 1426. In Fig. 5-12-2, the prong includes a chevron-

pattern around the orifice of the inner and outer walls 1426, 1428.
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[00276] However, the orifice may have other suitable shapes or patterns around its
perimeter. For example, Figs. 5-12-3 and 5-12-4 are tope top views of prongs including
orifices with a series of contours or lobes 1442, e.g., 3, 4, 5, 6, or more contours or lobes.
[00277] In use, the non-oval-shaped orifice increases the dispersion and turbulence of

the air as it exits the orifice and enters the patient's nasal passage.

Dual Wall with Alternative Base
[00278] Figs. 5-13-1 and 5-13-2 illustrate a nasal prong 1524 and base 1522 according

to alternative embodiments of the present invention. In the illustrated embodiment, the base
1522 that supports the prong 1524 may include different thicknesses to vary a trampoline or
bounce effect provided by the base 1522. For example, Fig. 5-13-1 illustrates a base 1522
wherein d1 is about 0.6 mm and d2 is about 0.75 — 0.85 mm, and Fig. 5-13-2 illustrates a base
1522 wherein d1 is about 0.85 mm and d2 is about 0.75 mm. In each embodiment, the stalk
1527 may have a length d3 of about 5.2 mm and a thickness d4 of about 0.6 — 1.0 mm. Also,
in each embodiment, the outer wall 1528 may have a thickness d5 of about 0.1 to 0.5 mm, or
about 0.35 + 0.1 mm, or about 0.3 + 0.1 mm, or about 0.45 mm. The relatively thin outer
wall 1528 may be more comfortable and compliant. The inner wall 1526 may have a
thickness d6 of about 0.4 to 1.0 mm.

[00279] It is to be understood that these dimensions and ranges are merely exemplary
and other dimensions and ranges are possible depending on application. Also, such base may

be provided to a nasal prong having a single wall configuration.

Manufacturing
[00280] In an embodiment, the dual-wall prong may be molded into its operative dual

wall construction. In an alternative embodiment, one of the inner and outer walls may be
molded in an open position and then inverted or folded to form the dual wall construction.
[00281] In yet another embodiment, as shown in Fig. 5-13-3, a prong 4424 may include
a multi-wall construction (e.g., triple-wall construction) in which two or more walls 4426(1),
4426(2) are molded in an open position and then inverted or folded with respect to another

wall 4426(3) to form the multi wall construction (e.g., three wall concentric arrangement).
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Exemplary folded wall arrangements are described in WO 2006/130903, which is

incorporated herein by reference in its entirety.

Thin Wall Thickness
[00282] Fig. 5-14-1 illustrates a nasal prong 1624 according to another embodiment of

the present invention. In the illustrated embodiment, the outermost wall 1628 (e.g., the outer
wall of a multi-wall prong or the single wall of a single wall prong has a relatively thin wall
thickness (e.g., thickness less than about 0.45 mm (e.g., 0.35 mm)) so that the outermost wall
is adapted to bulge outwardly or slightly inflate (as indicated in dashed lines in Fig. 5-14-1) in
use to accommodate and/or conform to the patient's nose in use.

[00283] For example, Fig. 5-14-2 is a plan view of the outermost wall 1628 to illustrate
its generally oval or elliptical shape, and Figs. 5-14-3 and 5-14-4 are cross-sectional views
through minor and major axes of the outermost wall respectively. As illustrated, the sides of
the wall are structured to bulge more outwardly than the ends of the wall in use. Specifically,
the sides of the wall are adapted to move from a generally concave shape to a generally
convex shape in use (see Fig. 5-14-3), and the ends are adapted to move from a generally
concave shape to a generally straight or linear shape in use (see Fig. 5-14-4). Such
arrangement facilitates sealing and compliance of the prong with the patient's nose in use as

the thin wall is able to conform to the patient's nasal contours.

Support of Thin Outer Wall
[00284] A support structure may be provided to a thin outer wall (such as that

described above in Figs. 5-14-1 to 5-14-4) to add rigidity and/or facilitate alignment and
engagement of the thin outer wall with the patient's nose before use. In addition, the support
structure may be constructed and arranged to create turbulence in use.

[00285] For example, as shown in Figs. 5-15-1 and 5-15-2, the thin outer wall 1728
may include one or more ribs 1743 that extend along an interior surface of the outer wall, e.g.,
integrally formed with the thin outer wall.

[00286] In another embodiment, as shown in Fig. 5-16, the thin outer wall 1828 may

include a plurality of ribs 1843 that form concentric ribs or rings along an interior surface of
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the outer wall 1828, e.g., integrally formed with the outer wall. The ribs 1843 may extend
around the entire interior perimeter of the outer wall and/or the ribs 1843 may extend around
portions of the interior perimeter of the outer wall.

[00287] In another embodiment, as shown in Fig. 5-17, the outer wall 1928 may
include a thin region 1928(1) positioned between a thicker rim 1928(2) along the orifice and a
thicker base 1928(3).

[00288] In another embodiment, as shown in Fig. 5-18, the outer wall 2028 may
include a plurality of notches 2044 that form thinned sections 2028(1) along the outer wall
2028. The thinned sections 2028(1) may extend around the entire interior perimeter of the
outer wall and/or the thinned sections 2028(1) may extend around portions of the interior
perimeter of the outer wall.

[00289] In another embodiment, a dual wall prong may be provided and the inner wall
may be substantially rigid (e.g., thickness greater than about 0.4 mm (e.g., 0.4 to 0.8 mm)) in
order to support and guide the thin outer wall into engagement with the patient's nose before
use. That is, the thin outer wall provides a seal-forming thinner wall and the inner wall
provides a structure-defining thicker wall that adds stiffness to the thin outer wall as it is
engaged and aligned with the patient's nose before use. In use, pressurized air causes the
outer wall to bulge outwardly into conformance with the patient's nose, e.g., pressure
supported seal.

[00290] In another embodiment, as shown in Figs. 5-19-1 to 5-19-3, a support rod 2145
may be operatively engaged with the outer wall 2128 of the prong in order to support and
guide the outer wall 2128 thereof into engagement with the patient's nose before use. As
shown in Fig. 5-19-3, each prong includes a pinwheel-shaped or star-shaped gate 2141
provided at the rim of the outer wall 2128. The support rod 2145 includes a first end 2145(1)
engaged with the hub of the gate 2141 and a second end 2145(2) that extends through the
base 2122 supporting the prongs. In use, the patient can slidably move the support rod 2145
via the exposed first end 2145(2) in order to hold the outer wall in a sufficiently taut or
extended position for engagement with the patient's nose before use (see Fig. 5-19-2).
[00291] In another embodiment, as shown in Figs. 5-20-1 to 5-20-2, support
projections 2246 may be provided to the base 2222 supporting the prongs that is adapted to

operatively engage with the outer wall 2228 of a respective prong in order to support and
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guide the outer wall thereof into engagement with the patient's nose before use. As
illustrated, each support projection 2246 is provided to the lower wall of the base 2222 in
alignment with a respective prong and includes a generally cone-like shape. In use, the
patient can deflect or deform the base 2222 so that each support projection 2246 moves from
an initial position (Fig. 5-20-1) into an engaged position (Fig. 5-20-2) with the outer wall
2228 of a respective prong. In the engaged position of Fig. 5-20-2, the support projection
2246 supports or holds the outer wall 2228 in a sufficiently taut or extended position for

engagement with the patient's nose before use.

1.6.3 Ball-type Insert
[00292] Fig. 5-21 illustrates a nasal prong assembly 2320 according to another

embodiment of the present invention. In the illustrated embodiment, a ball-type insert 2338
(e.g., silicone or plastic ball) is provided to the interior of each prong 2324. The ball-type
insert 2338 has a diameter that is sufficiently larger than the diameter of the prong orifice to
prevent discharge of the ball-type insert 2338 through the orifice, e.g., during inspiration. In
use, the ball-type insert 2338 moves or rotates freely within the prong interior to introduce
variable direction air flow, e.g., random diffuse of air, to reduce and/or eliminate the air
jetting effect, e.g., reduce air flow time with specific areas of the patient's nose (e.g., septum).
[00293] In an embodiment, the ball-type insert 2338 may have a sphere-like shape and
may include one or more perforations, grooves, dimples, or detents along its exterior surface.

However, the ball-type insert 2338 may have other suitable shapes, e.g., non sphere-like.

[00294] In an embodiment, a connector 2338(1) may be provided between ball-type
inserts 2338 of adjacent prongs to prevent discharge of the inserts 2338 through respective
orifices.

[00295] It should be appreciated that the ball-type insert 2338 may be adapted for use

with dual-wall nasal prongs.

1.6.4 One-way Valve
[00296] In another embodiment, a one-way valve may be provided to the vent

arrangement of the nasal prong assembly to reduce the pressure of exhalation and allow easier
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nose breathing. The one-way valve is adapted to pivot or otherwise move between (1) an
open position that uncovers the vent arrangement to allow venting during exhalation, and (2)
a closed position that covers at least a portion of the vent arrangement during inhalation. The
valve may provide variable vent flow in the closed position, e.g., depending on closed portion
of vent arrangement. The threshold pressure may be set at therapy pressure, such that the
valve moves to the open position during exhalation as added pressure from the patient's lungs

exceeds therapy pressure.

1.6.5 Blocking Flap
[00297] Figs. 5-22-1 and 5-22-2 illustrate a nasal prong assembly 2420 according to

another embodiment of the present invention. As illustrated, the nasal prong assembly 2420
includes a base 2422 and a pair of nasal prongs 2424 provided to the base.

[00298] In the illustrated embodiment, a blocking flap or valve 2447 may be provided
to one or both ends of the base 2422 (e.g., depending on whether air enters the base via one or
both ends) to control the flow of air entering the base 2422 and hence the pair of nasal prongs
2424. As illustrated, the blocking flap or valve 2447 is adapted to pivot or otherwise move
between (1) an open or partially open position that uncovers at least a portion of the end of
the base to allow pressurized air to enter the base during inhalation (see Fig. 5-22-1), and (2)
a closed position that blocks or covers the end of the base to prevent pressurized air from
entering the base during exhalation and venting (see Fig. 5-22-2). This arrangement is
adapted to block incoming flow from the PAP device on exhalation to reduce the pressure of
exhalation and allow easier nose breathing,.

[00299] In an alternative embodiment, a vibratable flap may be provided along the

flow path to introduce random diffuse of air.

1.6.6 Change Frequency
[00300] In another embodiment, the prong may be configured to change frequency,

e.g., like jet engine.
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1.6.7 Common Stalk
[00301] Figs. 5-23-1 and 5-23-2 illustrate a nasal prong assembly 2520 according to

alternative embodiments of the present invention. As illustrated, each nasal prong assembly
2520 includes a base 2522, a pair of nasal prongs 2524, and a common support or stalk 2523
that interconnects the prongs 2524 with the base 2522.

[00302] In Fig. 5-23-1, each prong 2524 includes a relatively short stalk 2527 provided
to the common stalk 2523. In use, the common stalk 2523 and/or the relatively short stalk
2527 may provide a trampoline or bounce effect.

[00303] In an alternative embodiment, as shown in Fig. 5-23-2, the relatively short
stalk may be eliminated and each prong 2524 may be directly coupled to the common stalk
2523. In such embodiment, the common stalk 2523 may provide a trampoline or bounce

effect.

1.6.8 Nasal Insert
[00304] Figs. 5-24-1 and 5-24-2 illustrate nasal inserts 2624 according to alternative

embodiments of the present invention. In use, the nasal insert 2624 is inserted into the
patient's nasal passage and retained therein by inflation of the outer wall 2628.

[00305] As illustrated, the nasal insert 2624 includes a dual or double-wall
arrangement with an inner wall 2626 and an outer wall 2628 that surrounds the inner wall
2626. An air pocket 2648 is provided between the inner and outer walls 2626, 2628. In use,
air enters the pocket 2648 to inflate the outer wall 2628 or cause the outer wall 2628 to bulge
more outwardly. Such arrangement allows the outer wall 2628 to seal and conform within the
patient's nasal passage.

[00306] As shown in Fig. 5-24-1, the insert 2624 may provide an open ended pocket
wherein air is adapted to enter the pocket 2648 via the opening between free ends of the inner
and outer walls 2626, 2628.

[00307] Alternatively, as shown in Fig. 5-24-2, the insert 2624 may provide a closed
pocket wherein air is adapted to enter the pocket 2648 via one or more openings 2636

provided through an intermediate portion of the inner wall 2626.
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1.6.9 Alternative Embodiments
[00308] The following figures illustrate embodiments structured to improve seal,

stability, and/or comfort, for example.

[00309) Fig. 5-25 illustrates a nasal prong 2724 according to another embodiment of
the present invention. As illustrated, the nasal prong 2724 includes a dual or double-wall
head portion. Specifically, the head portion includes an outer wall 2728 and an inner wall
2726 that is inverted internally or looped over at the top of the outer wall 2728 to form the
dual wall construction. This arrangement provides a rounded top to strengthen the top which
may facilitate insertion of the prong 2724 into engagement with the patient's nostril. That is,
this arrangement provides one continuous wall that is engaged with the nostril, rather than
two separate walls such as embodiments of the dual wall configurations described above.
Such arrangement may also enhance the seal of the head portion and may reduce the time of
mask set-up as the dual wall configuration provides more ability to seal.

[00310] Fig. 5-26 illustrates a dual wall nasal prong 2824 according to another
embodiment of the present invention. As noted above, the outer wall may be relatively thin to
enhance conformance to the patient's nasal contours. In the illustrated embodiment, the rim
2828(1) of the outer wall 2828 may be thicker or more rigid to stiffen the top of the outer wall
2828, e.g., to prevent creeping out of the outer wall as indicated in dashed lines. However,
the outer wall 2828 may include other support structures or mechanisms to stiffen the outer
wall and/or enhance the seal, e.g., ribs as described above.

[00311] Fig. 5-27 illustrates a dual wall nasal prong 2924 according to another
embodiment of the present invention. In the illustrated embodiment, the outer wall 2928
loops over or rolls over the inner wall 2926. That is, the outer wall 2928 provides a rolled
edge 2928(1) that rolls or curls inwardly and at least partially into the orifice of the inner wall
2926. A gap is provided between the free ends of the inner and outer walls 2926, 2928. The
rolled edge 2928(1) may taper towards its free end. This arrangement provides a rounded top
to strengthen the top to facilitate insertion in use, e.g., similar to the prong shown in Fig. 5-
25. Also, this arrangement holds the outer wall 2928 and prevents pulling side-to-side.
[00312] Fig. 5-28 illustrates a dual wall nasal prong 3024 according to another
embodiment of the present invention. As illustrated, the outer wall 3028 is inverted

externally or looped over at the top of the inner wall 3026 to form the dual wall construction.
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This arrangement provides a rounded top to strengthen the top to facilitate insertion in use,
e.g., similar to the prong shown in Fig. 5-25. In an alternative embodiment, the outer wall
3028 may be inverted internally. Pressurized air may help to maintain the form of the prong
in use.

[00313] Fig. 5-29 illustrates a dual wall nasal prong 3124 according to another
embodiment of the present invention. As illustrated, the outer wall 3128 is inverted
externally or folded outwards over the outside of the inner wall 3126 to form the dual wall
construction. This arrangement provides a rounded top or rolled over end to facilitate
insertion in use. In the illustrated embodiment, the inner and outer walls 3126, 3128 are bent
and/or contoured along their length to provide flexibility in use. Pressurized air may help to
pull the inner wall 3126 into the patient's nose in use.

[00314] Fig. 5-30 illustrates a nasal prong 3224 according to another embodiment of
the present invention. As illustrated, the stalk 3227 of the nasal prong includes a gusset
portion or flexing detail 3233 to add flexibility and articulation of the nasal prong in use.
That is, the gusset portion 3233 may facilitate bending, stretching, and/or compressing of the
nasal prong in use. Such arrangement may improve seal and stability of the prong in use.
Pressurized air may expand the gusset portion 3233 so that it increases the projected surface
area on the patient's nose, €.g., to improve seal.

[00315] Fig. 5-31 illustrates a nasal prong assembly 3320 according to another
embodiment of the present invention. As illustrated, the stalk 3327 of each prong 3324 is
sunken, recessed, or inset into the base 3322 to define a recess 3349 surrounding the stalk
3327. Such arrangement increases the length/height of the prongs 3324 (e.g., add extra length
to the stalks 3327) without increasing the overall height of the prongs 3324 with respect to the
base 3322. In addition, the interface between each stalk 3327 and the base 3322 provides a
trampoline or bounce effect. This arrangement allows greater extension, compression, and
rotation of each prong to facilitate sealing in use. In addition, extension, compression, and
rotation of the prongs (as indicated by the arrows in Fig. 5-31) acts as a form of “suspension”
so that the base 3322 can move away from the prongs without disrupting the seal. Further,
the recessed suspension arrangement allows the patient's fingers to reach underneath the

prongs 3324 in order to adjust them in the nose in use.
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[00316] In an embodiment, the prongs may be molded in one piece with the base, and
the recess surrounding each prong is exposed to the molding tool's open and shut direction,
e.g., to avoid an undercut.

[00317]) Figs. 5-32-1 to 5-32-5 illustrate a nasal prong 3424 according to another
embodiment of the present invention. As illustrated, the prong 3424 may be formed using an
"over-the-center" molding technique wherein the prong 3424 is molded in an extended
position (as shown in Figs. 5-32-1 and 5-32-3) with a detail or over-the-center feature 3439
(e.g., thin wall) that allows the prong 3424 to sink or be recessed into the base 3422 (as
shown in Figs. 5-32-2 and 5-32-4). That is, the prong 3424 is structured to hold the position
shown in Figs. 5-32-2 and 5-32-4 when assembled, which is similar to the prongs shown in
Fig. 5-31. As noted above, such arrangement provides a long stalk length and trampoline
base to allow greater articulation (e.g., extension, compression and rotation) of each prong in
use (e.g., as shown by the rotated prong in Fig. 5-32-5). Also, the recess surrounding each
prong 3424 does not include an undercut.

[00318] Fig. 5-33 illustrates a dual wall nasal prong 3524 according to another
embodiment of the present invention. As illustrated, the outer wall 3528 surrounds and loops
over the inner wall 3526. In the illustrated embodiment, both the inner and outer walls 3526,
3528 provide a rolled edge 3526(1), 3528(1) respectively that rolls or curls inwardly. The
rolled edge 3526(1), 3528(1) may taper towards its free end. This arrangement facilitates
insertion into the patient's nostrils, and may provide a seal with the patient's nostrils that is
similar to the seal provided by dual wall nasal or mouth cushions, e.g., see ResMed's
Mirage® mask.

[{00319] Fig. 5-34 illustrates a nasal prong 3624 according to another embodiment of
the present invention. As illustrated, the nasal prong 3624 includes an compression and
extension mechanism 3633 to improve flexibility and comfort of the nasal prong 3624 in use.
In the illustrated embodiment, the compression and extension mechanism 3633 is provided to
the stalk 3627 and includes a bellows or accordion-like configuration with multiple pleats that
allow compression and extension of the prong in use. Such arrangement provides maximum
extensions in a small area.

[00320] Fig. 5-35 illustrates a nasal prong 3724 according to another embodiment of

the present invention. As illustrated, the nasal prong 3724 includes a recessed trampoline
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base 3631 such as that shown in Fig. 4-1 described below. In such embodiment, when the
prong 3724 has been fully compressed, the patient's nose may be supported on nose support
areas provided by the base 3722, which provides extra stability in use. That is, when the
prongs 3724 have been fully compressed, the prongs will travel with the patient's nose, e.g., if
there is mask movement. As illustrated, each prong has an axis that is angled with respect to
a centerline CL of the base.

[00321] Fig. 5-36-1 illustrates a nasal prong assembly 3820 according to another
embodiment of the present invention. As illustrated, a support structure, e.g., silicone wings
3845, may extend from the nasal prong assembly 3820 to stabilize or support the nasal prong
assembly 3820 against the patient's cheek and/or chin.

[00322] In an embodiment, as shown in Fig. 5-36-2, a headgear strap 3853 may be
coupled to each wing 3845, e.g., via cross-bar 3845(1) or other headgear attachment point
provided to the wing, so that tension of the headgear strap 3853 may press or force the wing
3845 into the patient's face. Moreover, the headgear load or tension is applied to the wing
3845 in order to take the load off the prongs, i.e., decouple headgear from the prongs. This
arrangement facilitates adjustment and improves comfort in the patient's nostrils.

[00323] In an embodiment, headgear straps of headgear may be structured to utilize
skeletal features of the patient's face to achieve stability (e.g., increase surface area of straps).
For example, as shown in Fig. 5-37, the side strap 3953 of headgear and/or a silicone pad
provided to the side strap 3953 may be profiled or contoured to capture the cheek bone of the
patient's face in use.

[00324] Fig. 5-38 illustrates a nasal prong assembly 4020 according to another
embodiment of the present invention. As illustrated, a strap 4045 is provided to the nasal
prongs 4024 to link the nasal prongs 4024 and facilitate adjustment of the nasal prongs 4024
in use. In the illustrated embodiment, the strap 4045 includes a linking member 4045(1) that
links the prongs 4024 so that the prongs are connected and support one another. Also, the
strap 4045 includes a finger tab 4045(2) that protrudes outwardly from one of the prongs
4024. The free end of the finger tab 4045(2) may include one or more gripping protrusions
4045(3). In use, the finger tab 4045(2) may pulled and/or pushed to adjust the position of the

prongs 4024 in the patient's nose.
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[00325] In the illustrated embodiment, the strap 4045 extends along the base of the
head portion of the prongs 4024. However, the strap may engage the prongs at other suitable |
locations. In an embodiment, the strap 4045 may be integrally formed in one piece with the i
prongs 4024. In an alternative embodiment, the strap 4045 be formed separately from the |
prongs (e.g., from a silicone material with sufficient rigidity to allow pulling/pushing) and
attached or retrofit to the prongs 4024. For example, the strap 4045 may include spaced
openings for receiving respective prongs 4024 therethrough.

[00326] Also, the strap 4045 adds stability to the prongs 4024 by preventing tube drag
from pulling prongs out of engagement with the patient's nose. That is, the linking member
allows the prong that normally wants to draw out of the patient's nose due to tube drag to be
held in place by the other prong.

[00327] Fig. 5-39 illustrates a nasal prong assembly 4120 according to another

embodiment of the present invention. In the illustrated embodiment, a generally U-shaped

inlet tube adaptor 4115 is provided (e.g., retrofit) to the nasal prong assembly 4120 to center
the inlet tube 4114 and remove the asymmetric nature of the interface (e.g., inlet tube
typically provided to only one side of the nasal prong assembly). As illustrated, the inlet tube
adaptor 4115 includes side portions 4115(1) adapted to connect to respective ends of the nasal
prong assembly 4120 and an intermediate portion 4115(2) adapted to connect to the inlet tube
4114. In use, gas flows from the inlet tube 4114, into the intermediate portion 4115(2), into
the side portions 4115(1), and into respective ends of the nasal prong assembly 4120. Such

arrangement provides a symmetrical configuration to improve stability, e.g., with respect to

an asymmetric arrangement wherein an inlet tube is connected to one end of the nasal prong
assembly. In addition, such arrangement provides flexibility to accommodate different sleep
positions, e.g., side of head, back of head, etc.

(00328] In an alternative embodiment, the tube entry point may be relocated to the
front of the frame for the nasal prong assembly, which may eliminate the need for plugs, seal
rings, etc. In yet another embodiment, a central soft tube connection may be incorporated into
the nasal prong assembly. The soft tube connection may be structured to accommodate
flexibility and movement (e.g., increased decoupling of forces) and may be molded to avoid

kinking or reduction of airflow.
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[00329] Fig. 5-40 illustrates a nasal prong 4224 according to another embodiment of
the present invention. As illustrated, the nasal prong 4224 is one size larger than the typically
recommended size. The next larger size prong 4224 may be used by educated patients to
improve stability as the prong is larger (larger head portion and/or stalk) and requires more
force to bend or deform it. In addition, the next larger size prong 4224 may improve seal and
may improve comfort as the next larger size prong provides a suspension system that allows
looser headgear. In an embodiment, at least the head portion of the prong 4224 may include a
frosted surface finish to improve comfort, e.g., frosted surface finish like a lubricated joint
that allows sliding.

[00330] Fig. 5-41 illustrates a nasal prong assembly 4320 and air delivery conduit 4314
according to another embodiment of the present invention. In the illustrated embodiment, the
air delivery conduit 4314 is in the form of spiral tubing, e.g., similar to spiral configuration of
a telephone cord. The use of such spiral tubing 4314 may improve stability and help reduce
the drag of the tubing on the nasél prong assembly 4320 in use.

[00331] In the illustrated embodiment, the spiral tubing 4314 is provided to one end of
the nasal prong assembly 4320 for delivering pressurized breathable gas. In an embodiment,
the spiral tubing 4314 may be spring loaded or biased to keep the tubing compact and neat
and to prevent tangling.

[00332] The spiral tubing 4314 may be particularly advantageous for use with such
nasal prong assembly 4320. Specifically, because tubing for the nasal prong assembly is
asymmetric or provided to only one side of the nasal prong assembly, typical elongated tubing
(e.g., 2 m elongate tubing) may provide enough pass to pull the nasal prong arrangement
sideways (e.g., when the patient moves around in bed) which may break the seal between the
nasal prongs and the patient's nares. However, the spiral tubing 4314 provides a flexible
arrangement that allows sufficient extension and retraction of the tubing in use. This
arrangement reduces tube drag and effectively decouples the tubing from the nasal prong

assembly to prevent breaking of the seal.
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1.6.10 Foam Prong
[00333] In an alternative embodiment, at least a portion of the prong may be

constructed of a foam material. For example, the entire head portion of the prong may be
constructed of a foam material, and provide a foam contact surface to interface with the
patient's nasal passages. The foam head portion may provide grip, warming sensation, and/or

improved comfort in use.

1.6.11 Question-mark Shaped Prong
[00334] In an alternative embodiment, side walls of the prong may include a question-

mark or sickle shaped configuration.

Alternative Embodiment Nasal Prongs
[00335] As shown in Figs. 16-1 to 16-12, each nasal prong 5024 of nasal prong

assembly 5020 includes a head portion 5025 adapted to seal and/or sealingly communicate
with a respective patient nasal passage and a column or stalk 5027 that interconnects the head
portion 5025 with a gusset 5022.

[00336] In the illustrated embodiment, each head portion 5025 includes a dual or
double-wall arrangement including an inner wall 5026 (inner membrane or support
membrane) and an outer wall 5028 (outer membrane or sealing membrane) that surrounds the
inner wall 5026. The outer wall 5028 may be relatively thin (e.g., 0.35 mm) with respect to
the inner wall 5026 (e.g., 0.75 mm) to conform to the shape of the patient's nose and provide
a more compliant seal.

[00337] The stalk 5022 may be relatively short (e.g., about 2-8 mm, e.g., 5.1 mm), e.g.,
due to flexibility provided by the gusset 5022.

1.7 Other forms of interfacing structure
[00338] In other forms of the invention, alternative interfacing structures may be used.

For example, a nasal cradle as described in International Patent Application

PCT/AU2007/001051, the contents of which are hereby incorporated by cross-reference.
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[00339] Other alternative forms of interfacing structure could be as described in U.S.
Patent No. 4,782,832 (Trimble et al), U.S. Patent No. 5,724,965 (Handke et al.), U.S. Patent
No. 6,119,694 (Correa et al.), U.S. Patent No. 6,431,172 (Bordewick), and International
Patent Application WO 2000/74758 (Lovell et al.), the contents of each of which is hereby

incorporated by cross-reference.
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2 Positioning, Suspension & Stabilising

2.1 Introduction
[00340] A patient interface in accordance with an embodiment of the invention

provides a structure for suitable positioning, suspension and stabilizing of the interfacing
portion of the patient interface at an entrance to the airways of the patient. This structure
includes the stalks of the nasal prongs, the gusset portion, the frame and headgear with
stabilizers. The structure as a whole may be regarded as positioning the interfacing portions.
The stalks of the nasal prongs, and the gusset portion together function as a form of
suspension system. The headgear and stabilizers form a structure that resists bending (for
example from tube drag) and yet is flexible to conform to different facial geometries, or to
move in response to other potentially disruptive forces. In combination with the suspension
system, a greater range of movement of a mask system in accordance with an embodiment of
the invention can be accommodated without disrupting the seal than in prior art mask
systems.

[00341] A frame in accordance with an embodiment of the present invention serves a
number of functions, including serving as a connection point to which the gusset, headgear
stabilizers and elbow may be connected. A given functional feature may reside in different
structures. For example, the stabilizing portion of headgear may be formed as part of a frame

either additionally or alternatively.

2.2 Suspension system

Stalks
[00342] As shown in Fig. 4-1, each prong 24 may include a trampoline-like suspension

system at both ends of the stalk 27, such as described in WO 2006/130903. Specifically, each
prong 24 may include an upper trampoline-like suspension system 29 between the head
portion 25 and the stalk 27, and a lower trampoline-like suspension system 31 between the
stalk 27 and the base 22. The upper and lower trampoline-like suspension systems 29, 31 act
as a universal mechanism to articulate and align the head portion 25 to the patient's alar and
nasolabial angles, self-adjust the stalk length to suit the patient's nasolabial height, and/or

provide a comfortable sealing force to the nares. That is, the upper and lower trampoline-like
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suspension systems 29, 31 allow rotation of the stalk 27 relative to both the head portion 25
and the base 22, and allow reduction in height of the head portion 25 relative to the base 22.
For example, a relatively thin base may allow the stalk to sink into the base and/or rotate
relative to the base (e.g., like a ball joint), and the head portion may deform and sink into the
stalk (e.g., like a ball joint). Such compliance and flexibility in rotation and height allows the
range of overall length to be effectively increased or decreased a great deal to allow for
accommodation of different geometries.

[00343] In an embodiment, the height H of the stalk 27 may be between 5-15 mm, e.g.,
7 mm, 8 mm, 9 mm, 12 mm, etc.

[00344] In an alternative embodiment, as shown in Fig. 4-2, the lower trampoline-like
suspension system 31 may include a square edge, e.g., square edge between bottom of stalk
27 and base 22, to provide a suitable collapsing point for the prong 24 on the base 22. The
square edge may bring the center of articulation down towards the base, which may provide

more articulation for a particular height of stalk 27.

Gusset
[00345] As best shown in Figs. 16-5, 16-9, and 16-12, the gusset 5022 of nasal prong

assembly 5020 includes a base 5023.1 adapted to support the nasal prongs 5024, lateral side
walls 5023.2, an outer side wall 5023.3 (adapted to face away from the patient's face in use),
and an inner side wall 5023.4 (adapted to face towards and/or contact the patient's face in
use).

[00346] The gusset 5022 provides structure that creates an axial force to enhance axial
or vertical movement (e.g., gusset and prongs (e.g., prong compression) together can move
axially or vertically up to about 17 mm), and provide contact with the patient's upper lip, and
create an axial force to enhance the nasal prong seal. The gusset also allows lateral
movement to enhance stability while maintaining a sufficient seal with an acceptable amount
of leak to maintain a sufficient seal (e.g., gusset and prongs (e.g., prong flexibility and dual
wall movement) together can move laterally up to about 7-10 mm total with less than 0.5

L/min leak), provides a trampoline like base due to a relatively thin base (e.g., 0.75 mm)
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which allows articulation and extra flexibility of the nasal prongs, provides compressibility,
and provides a wide range of movement of fit a large range of patients.

[00347]) The dual wall nasal prongs in combination with the gusset enhances the lateral
movement of the nasal prong assembly. Also, each nasal prong may include an upper
trampoline-like suspension system between the head portion and the stalk, and a lower
trampoline-like suspension system between the stalk and the gusset base, which allows
rotation of the stalk relative to both the head portion and the gusset base, and allow reduction
in height of the head portion relative to the gusset base (e.g., thin gusset base allows retraction
of the stalk into the base).

[00348] The gusset increases the range of adjustability to substantially prevent
overtightening of the headgear, e.g., gusset can compress axially to absorb headgear tension.
[00349] As illustrated in Figs. 16-5, 16-9, and 16-12, the upper portion of the gusset
(e.g., base) includes a relatively thinner wall thickness than the lower portion of the gusset
(e.g., lower portion of the side walls). In an exemplary embodiment, the wall thickness of the
upper portion of the gusset is about 0.75 mm, and the wall thickness of the lower portion of
the gusset is about 1.5 mm. However, other suitable wall thicknesses of the gusset are
possible, e.g., to adjust rigidity or springiness. For example, in an alternative embodiment,
the gusset may include 0.75 mm overall wall thickness, with selected portions of the gusset
including stiffening members (e.g., ribs) to add rigidity.

{00350] As shown in the side view of Fig. 16-9, the gusset 5022 provides a wedge like
cross-section (e.g., wedge angle a of about 15-45° (e.g., 30°) as shown in Fig. 16-9) in which
the inner side wall 5023.4 includes a larger surface area than the outer side wall 5023.3. The
larger surface area of the inner side wall 5023.4 is structured to contact with the patient's
upper lip and tilt the frame and elbow away from the patient's chin and mouth. In addition,
this arrangement moves the harder frame edge away from the patient's lip and moves the seal
into the patient's nose. The inner side wall 5023.4 may be contoured to match the contour of
the patient's upper lip. However, the gusset may have other suitable shapes.

[00351] As shown in the front view of Figs. 16-4 and 16-12, the gusset 5022 provides a
generally V-shaped cross-section in order to angle the prongs in the correct orientation with

respect to the patient's nose.
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Combination of Pillows and Gusset
[00352] A suspension system combination of pillows and gusset in accordance with an

embodiment of the present invention provides significant improvement over related and prior
pillows. To facilitate an understanding of the nature of the improvement, it is helpful to
consider the following;:

[00353] To effect an adequate seal against a surface, a system can present an
interfacing component (e.g. the top portion or head of the pillow) against the face (or surface
of the nose) with an appropriate force that restricts the flow of air between the surface of the
face and that of the interfacing component. An unnecessarily high level of force is both
uncomfortable and unhealthy - with a range of symptoms from red marks to sores and skin
necrosis. Most mask systems use a flexible cushioning material positioned against the skin
and located between the skin and more rigid components of the mask. The cushioning
component may be modeled mechanically as one or more springs.

[00354] Generally the spring arrangements of cushions in consideration have a range of
possible compression before they are fully compressed or "bottomed out". Once fully
compressed, a cushion will generally have little "cushioning" effect, and simply transfer to the
face whatever force has been established through headgear tension. We have discovered that
it is desirable for improved comfort and seal to provide for significantly more movement
before a cushion is fully compressed. As will be presently described, prior nasal pillow
arrangements in masks of the presently contemplated type (e.g., Puritan Bennett Adam's
Circuit, ResMed Mirage Swift, Innomed Bravo, Respironics Optilife, Fisher & Paykel Opus)
provide from about 1mm to about 6mm vertical movement, whereas a nasal pillows system
according to an embodiment of the present invention can provide up to about 10 mm vertical
movement before fully compressing the pillows.

[00355] Fig. 23 illustrates the difference between different nasal pillow mask systems.
Three mask systems are shown. Each mask system tested generally provides two regions, a
flatter region and a steep region. In the first, flatter region, the force on the face transmitted
through the pillow increases gradually as the spring is further compressed. Once the spring is
fully compressed, the force on the face has a much more significant rate of increase. Of the
nasal pillow masks tested, the Puritan-Bennet BREEZE mask system allows approximately

2mm of compression before the pillow is fully compressed and the force on the face starts to
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significantly increase. The ResMed SWIFT II allows approximately 6-7 mm of compression
before the force on the face starts to increase more significantly. Other mask systems tested
lie between the BREEZE and SWIFT masks. A mask system in accordance with an
embodiment of the present invention allows approximately 9-10 mm compression before the
force on the face starts to increase more significantly.

[00356] We have also discovered that comfort and seal of a nasal pillows mask system
can be improved if it can accommodated greater lateral movement (e.g., left to right, right to
left) without breaking a seal than that provided by known nasal pillows mask systems. For
example, providing greater lateral movement facilitates side sleeping. A mask system in
accordance with an embodiment of the present invention provides approximately five times
the lateral movement of SWIFT II without unacceptably leaking.

[00357] Fig. 24 shows the amount of leak measured for the present example and the
ResMed SWIFT nasal pillow system when subject to lateral movement. The amount of leak
increases with the amount of lateral movement. However, since the present example is much
more accommodating of movement than the SWIFT, at a leak level of approximately 2
L/min, approximately 5 mm of total lateral movement can be accommodated with the present
example compared to approximately 1 mm for the SWIFT mask. The values determined in
this test are dependent on the test rig, and in another test rig, different values may result.
Furthermore, the choice of 2 L/min to measure the amount of movement is somewhat
arbitrary and intended merely to illustrate the advantages of the present example.

[00358] Fig 25a to 25g show portions of nasal pillow systems including a range of prior
art nasal pillows and the present example (Fig. 25g). In particular, they illustrate the portions
of the pillows that provide (vertical) compression and lateral movement. As discussed above,
the performance of the different nasal pillows may be modeled as a number of mechanical
springs. The spring constant for a particular spring may be, amongst other things, a function
of the material's inherent resilience, the thickness of the part, a radius of curvature, a
configuration (e.g., is the spring a being bent like a cantilever or compressed along its length)
as well as the properties of surrounding components. In the following commentary, the
shortcomings of prior nasal pillows will be discussed as well as how the present example

leads to an improved result.
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[00359] Fig. 25a shows a portion of a nasal pillow from the Puritan-Bennet BREEZE
mask. The pillow includes three apparent corrugations as shown, however, the pillow is
mounted in a rigid frame between the bottom two corrugations, hence the only movement
possible in use is that which is afforded by the flexibility of the regions between the top two
corrugations, marked as "flexing" in Fig. 25a. We estimate that approximately 2 mm of
compression can be provided by the BREEZE pillow before it is fully compressed. It is noted
that the radius of curvature of the first curve 25a-2 and second curve 25a-4 is approximately
similar.

{00360] It is noted that U.S. Patent No. 6,431,172 (Bordewick) appears to illustrate a
nasal pillow similar to the BREEZE nasal pillow, however instead of being mounted on a
rigid support, it is mounted on an inflatable plenum chamber. As far as we are aware, no
commercial sample was ever produced and hence we are unable to test it. Since the base
region is described as "entirely flaccid" and "not effective in transmitting forces between
nares elements and rigid support" we expect it not to have any "springiness" (or a spring
constant with a value of zero).

[00361] Fig. 25b shows a cross-sectional profile of the ResMed SWIFT [ and SWIFT II
nasal pillows system. As illustrated, the "head" of the pillow can compress approximately 6
mm before it reaches the base. The first curved region 25b-2 has a generally similar radius as
the second curved region 25b-4, however because the second curved region 25b-4 is adjacent
a much stiffer platform (not shown), the first curved region 25b-2 is more flexible than the
second curved region 25b-4.

[00362] Fig. 25c¢ illustrates the Fisher & Paykel OPUS nasal pillow. This nasal pillow
has a relatively inflexible stalk region. The only compression that is provided is by collapse
and buckling of the pillow head or collapse of the stalk base. Because collapse and buckling
are unpredictable, this pillow seals very poorly.

[00363] Fig. 25d illustrates the Respironics OPTILIFE nasal pillow. The corresponding
first and second curved regions of this pillow 25d-2 and 25d-4 have approximately similar
radii. The first (25d-2) of these two regions is more flexible, in use, very little flexing of the
second region 25d-4 appears to occur. Approximately S mm compression may be achieved
before the stalk is fully compressed. Since the rest of the OPTILIFE pillow is relatively stiff,

further compression leads to a significant increase in force. Note that the sidewall of the
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pillow base region is located below the head region hence, once the stalk region is
compressed (~Smm) further compression may only be obtained by buckling the pillow.
[00364] Fig 25e illustrates the Innomed BRAVO nasal pillow. This pillow appears to
provide approximately 7 mm of compression before bottoming out. The pillow has two
curved regions 25e-2 and 25e-4. The second of these two curved regions appears to have a
larger radius than the first and we would expect that the region with the larger radius would
be more flexible - everything else being equal. However, since the base region to which the
pillow is connected is relatively stiff, flexing only occurs at the first region 25e-2. Other parts
(not shown) of the BRAVO nasal pillows mask adjacent the base of the pillows are
constructed from a rigid polycarbonate.

[00365] A portion of the pillows of the Fisher & Paykel OPUS 2 mask is shown in Fig.
25f. The stalk/neck region of the pillow has two curved portions 25f-2 and 25f-4. Both
curved regions appear to have approximately the same radius. The pillow appears to provide
approximately 6mm of compression before bottoming out. Furthermore, it is noted that the
base region 25f-6 of the pillow, is similarly configured to the Respironics OPTILIFE nasal
pillow. Hence, upon compression of the pillow beyond that provided by the neck region of
the stalk can only be provided by buckling the pillow, or at least attempting to compress it
along its length.

[00366] Fig. 25g shows a portion of a nasal pillow in accordance with an example of
the invention. First curved region 25g-2 provides compression of the pillow. Second curved
region 25g-4 has a reduced curvature compared to region 25g-2 and hence is stiffer than
region 25g-2. Nevertheless, flexing can still occur at region 25g-4. Unlike all the prior art
nasal pillow regions discussed thus far, the nasal pillow in accordance with an embodiment of
the present invention also includes an additional flexing region 25g-5 located on a flatter, top
or "platform" region 25g-8 of the gusset. The platform region 25g-8 of the gusset extends
approximately 5 to 10mm from the point of connection of the stalk to the gusset. When the
pillow is compressed, this additional flexing region 25g-5 can bend somewhat like a
cantilever. This contrasts with the other nasal pillows which may be subject to buckling
forces when further compressed.

[00367] As shown in Fig. 25g, six flexing regions have been enumerated. These may

be named as follows: 25g-1 "single wall pillow", 25g-2 "attachment of pillow to stalk", 25g-3
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"stalk", 25g-4 "attachment of stalk to platform", 25g-5 "platform" & 25g-6 "gusset" or "base
region". By way of comparison of corresponding regions between the SWIFT and the present
example, the relative stiffness of the different regions is shown in Fig. 26. For example, the
stiffness of region 2, the attachment of the pillow to stalk, is approximately the same in the
present example and the ResMed SWIFT. However, in region 4, the attachment of the stalk
to platform is less stiff in the SWIFT than in the present example. While the SWIFT does not
have a gusset, a comparison can be made between the barrel/base region of the SWIFT and
the gusset of the present example and the result is that the gusset of the present example is
significantly less stiff than the barrel/base portion of the SWIFT. There is a direct inverse
correspondence between the amount of movement provided by stiffness - the stiffer a spring,
the less movement is provided for a given force.

[00368] Figure 27a to Figure 271 show a nasal pillow and gusset assembly in
accordance with an embodiment of the invention. Some illustrative dimensions are shown.
However, it should be noted that the principles of the invention may be applied to other sizes
and shapes. A preferred platform region in accordance with an embodiment of the invention
has a thickness of approximately 0.75 mm and is molded from 40 Shore A hardness silicone.
Other dimensions are as shown.

[00369] For example, as shown in Figs. 27a to 271, D1 may be about 3 mm, D2 may be
about | mm, D3 may be about 1 mm, D4 may be about 5 mm, D5 may be about 2 mm, D6
may be about 3 mm, D7 may be about 4 mm, D8 may be about 5 mm, D9 may be about 6
mm, D10 may be about 0.6 mm at the tip, D11 may be about 20 mm, D12 may be about 7
mm, D13 may be about 5 mm, D14 may be about 9 mm, D15 may be about 10 mm, D16 may
be about 25 mm, D17 may be about 14 mm, D18 may be about 27°, D19 may be about 32
mm, D20 may be about 2 mm, D21 may be about 21 mm, D22 may be about 30°, D23 (the
average outer membrane thickness) may be about 0.35 mm, D24 (the average inner
membrane thickness) may be about 0.75 mm, D25 (the average thickness of the stalk) may be
about 0.75 mm, D26 (the average platform thickness) may be about 0.75 mm, D27 may be
about 9 mm, D28 may be about 11 mm, D29 may be about 5 mm, D30 may be about 73°,
D31 may be a radius of about 12 mm, D32 may be a radius of about 5 mm, D33 may be about
54 mm, and D34 may be about 29 mm. Although specific dimensions are indicated, it is to

be understood that these dimensions are merely exemplary and other dimensions are possible
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depending on application. For example, the exemplary dimensions may vary by 10-20% or
more or less depending on application.

[00370] As shown in Fig. 27d, the gusset includes a top lip stability region. This
portion of the gusset lightly rests on the top lip of the patient in use to aid stability of the
system. The area is approximately 5 cm>. When compared to the ResMed SWIFT mask
(approximately 3.5cm?), OPUS 1 (approximately 2cm?) and OPUS 2 (approximately 2.5cm?),
this region has a relatively larger area, which leads to less pressure on the top lip, and less
force concentrations. The exact area in contact with a patient's lip depends on how the mask
is positioned in use.

[00371] As shown in Fig. 27d, the platform region of the gusset is angled at
approximately 30° with respect to the base of the gusset. See also Fig. 28 which is a sketch
illustrating the pillows and gusset in use. By adopting this angled configuration, the risk of
frame contacting the top lip is reduced, improving comfort.

[00372] Fig. 29 illustrates a nasal pillow according to an embodiment of the invention
(top row) and a prior art arrangement (2nd row). When subject to a compression force (right
hand side), as in when in use, a number of regions of the present example, such as the
platform region begin to bend and flex. However, the same force on the prior art mask
assembly only results in bending of the region the top of the stalk and the head of the pillow.
[00373] Another known form of nasal pillow is described in International Patent
Application No. PCT/AU2006/000770 (Lubke et al., assigned to ResMed) published as WO
2006/130903. This nasal pillow is particularly suited for an oro-nasal mask. Because the
oro-nasal mask includes nasal pillows extending from a mouth cushion, they have a
significantly longer stalk region than the nasal pillows discussed above. This long stalk
arrangement also provides a significant amount of flexibility and articulation, however this
long-stalk arrangement is a different configuration to the present example. In the present
example, significant articulation and movement is provided in relatively short stalks when
compared to the oro-nasal mask of WO 2006/130903. Furthermore, the corresponding top
region of the mouth cushion to which the long-stalk pillows are connected is relatively stiff

compared to the top region of the present example.

Gusset to Frame Attachment

54




28 Jul 2008

2008203372

[00374] As shown in Figs. 16-1 to 16-12, the nasal prong assembly 5020 includes a
frame contacting portion 5029 that extends from the lower end of the gusset 5022, and is
structured to be removably and replaceably attached to a frame 5030 (e.g., see Figs. 15-1 to
15-12), e.g., push-in type fit, tongue/groove mechanical interlock. As illustrated, the frame
channel 5033 of the frame 5030 is provided along a curve (e.g., see Fig. 15-7).

[00375] As best shown in Figs. 16-5 and 16-6, the frame contacting portion 5029
includes an end portion 5029.1 with a sealing lip 5029.2. The end portion 5029.1 is adapted
to be easily inserted and retained within the frame channel 5033 (end portion 5029.1 may be
tapered to facilitate insertion). The sealing lip 5029.2 provides a seal around the perimeter of
the frame channel 5033 and also in conjunction with the bead 5033.1 (see Figs. 15-9 and 15-
12) around the frame channel 5033 retains the nasal prong assembly 5020 onto the frame
5030 during use, as shown in Fig. 17. In addition, such arrangement allows the nasal prong
assembly to be easily disassembled from the frame, e.g., for cleaning or replacement.

[00376] It is noted that, without the sealing lip 5029.2 or bead 5033.1, the end portion
5029.1 would still be able to provide a seal just by interference of the end portion 5029.1 and
the frame. However, the sealing lip and bead arrangement are structured to allow quite a bit
of disassembly of the nasal prong assembly from the frame without any increase in leak. For
example, Fig. 16-6-1 illustrates the end portion 5029.1 engaged with the frame 5030 (ideal
sealed assembly), and Fig. 16-6-2 illustrates the end portion 5029.1 partly disassembled from
the frame 5030 but the sealing lip 5029.2 remains engaged with the bead 5033.1 to maintain
seal. In an embodiment, this arrangement may allow the sides of the nasal prong assembly to
lift out of the frame a little while the external catches 6029.3 remain fully engaged with the
frame 6030 (e.g., see Fig. 16-14-1 described below).

[00377] In one form the frame bead 5033.1 has a protrusion in the range of 0.4mm to
1.2mm, preferably 0.8mm. The angle of the underside of the bead is preferably in the range
85° to 95°, preferably 90°. Other protrusion values and angles are possible. More than one
bead may also be used.

[00378] As shown in Fig. 17, the sealing lip 5029.2 seals along the inner wall of the
frame channel 5033 closest to the internal volume of the frame 5030. Any air pressure

between the end portion 5029.1 and the inner wall of the frame channel 5033 will enhance the
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seal as the air pressure will force the sealing lip 5029.2 into the inner wall of the frame
channel 5033.

[00379] In an embodiment, the end portion 5029.1 of the frame contacting portion
5029 may be sufficiently long (e.g., D23 is about 5 mm long) to help locate the end portion
5029.1 in the frame channel 5033 before an insertion force is applied to secure the end
portion 5029.1 in position. In addition, the end portion 5029.1 may provide only a slight
taper so that the end portion 5029.1 is sufficiently thick to aid insertion and/or to create
interference in the channel, increasing retention. The end portion 5029.1 may also be very
long, e.g., the whole depth of the frame channel, to increase retenti<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>