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COMPLIANT COUPLING OR ADAPTOR

CROSS REFERENCE TO PRIORITY APPLICATION

[0001] This application claims the benefit of U.S. Provisional Application No.
60/707,948, filed August 15, 2005, incorporated herein by reference in its entirety.

FIELD OF THE INVENTION
[0002] The present invention relates to a compliant coupling or adaptor for use in
communicating pressurized breathable gas between ablower or flow generator and a
humidifier tub for a Continuous Positive Airway Pressure (CPAP) device used to treat sleep
disordered breathing (SDB) conditions such as Obstructive Sleep Apnea (OSA).

BACKGROUND OF THE INVENTION

[0003] Domestic treatment of OSA and other SDB isusually done using a device that
provides CPAP, e.g., nasal CPAP. A common configuration of atreatment system comprises
a CPAP device and apatient interface, e.g., anasa mask. Thenasal mask forms a sealing
interface with the patient's nasal passages in use so that the supply of air at positive pressure
from the CPAP device may be delivered to the patient's airways. In this way, while the
patient iswearing anasal mask, their mouth isuncovered.

[0004] hi some situations, patients "mouth breath" during sleep. When this happens
while wearing only anasal mask, air can pass in the mask and straight out the patient's mouth.
This can lead to drying of the patient's airway and patient discomfort. This patient discomfort
can to some extent be alleviated by the use of ahumidifier placed between the CPAP device
and the patient interface.

[0005] Many humidifiers are available, although the most convenient formis one that
is either integrated with or configured to be coupled to the relevant CPAP device. While
passive humidifiers can provide somerelief, generally aheated humidifier isrequired to
provide sufficient moisture to the air so that patients will be comfortable. Humidifiers

typically comprise awater tub having a capacity of several hundred milliliters, aheating
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element, a control to enable the level of humidification to bevaried, an air inlet to receive air
from the blower, and an air outlet adapted to be connected to an air delivery conduit so that
the humidified pressurized air may be passed to the patient interface. Usually, the water tub
isremovable from the system so that it can berefilled when necessary.

[0006] Inmaking ahumidification tub removable, there are three problems that need
to be overcome. First, thereisaneed for an air seal between the air outlet of the flow
generator and the air inlet of the humidifier tub. An air seal reduces air leaks that may result
in an increased pressure drop between the air pressure generated by the flow generator and th'e
air pressure delivered to the patient at the patient interface. Second, for efficient
humidification, there must be adequate thermal contact be;ween the humidification tub and
tile heating element. Third, it isnecessary to properly align and couple the humidifier tub and
the flow generator, h some cases, a system base or cradleisprovided to facilitate the correct

assembly of the flow generator with the humidifier.

SUMMARY OF THE INVENTION

[0007] One aspect of the invention relates to a coupling, adaptor and/or seal between
the humidifier inlet and flow generator outlet.

[0008] Another aspect of the invention relates to a CPAP device including aflow
generator including an outlet, ahumidifier including an inlet, and a connector between the
outlet of the flow generator and the inlet of the humidifier. The connector includes aflexible
and conformable sealing portion that ismovable to accommodate misalignment.

[0009] Another aspect of the invention relates to an adaptor for a CPAP device, said
adaptor communicating pressurized gas between an outlet of aflow generator and an inlet of
ahumidifier, the adaptor including amain body having first and second ends, the first end
structured to be coupled to one of the inlet and the outlet and the second end having aflexible
and conformable sealing portion that ismovable to accommodate misalignment between the
flow generator and the humidifier.

[0010] 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 apart of this disclosure and which illustrate, by way of example,

principles of this invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The accompanying drawings facilitate an understanding of the various

embodiments of thisinvention. In'such drawings:

[0012] Fig. lisaperspective view of a CPAP device according to an embodiment of
the invention,
[0013] ’ Fig. 1.1is aperspective view of ahumidifier tub supported by acradle

according to an embodiment of the present invention;
[0014] Fig. 2 illustrates aperspective view of ablower with a seal/connector

according to an embodiment of the present invention;

[0015] Fig. 3illustrates the blower and seal/connector of Fig. 5in an exploded
position;

[0016] Fig. 4 isacross section along section 4-4 of Fig. 2;

[0017] Fig. 5isaperspective view of ahumidifier and the seal shown in Figs. 2-4;
[0018] Fig. 6 isacross sectional view of the humidifier and seal shown in Fig. 5;
[0019] Fig; 7 isacross-sectional view illustrating a seal/connector according to

another embodiment of the present invention;

[0020] Figs. 7B-7C illustrate a seal/connector according to an embodiment of the
préent invention;

[0021] Figs. 8A-8E illustrate a seal/connector according to another embodiment of the
present invention;

[0022] Figs. 9A-9E illustrate a seal/connector according to another embodiment of the
present invention;

[0023] Figs. 10A- 10E illustrate a seal/connector according to another embodiment of
the present invention;

[0024] Figs. 11A-1 | Eillustrate a seal/connector accord ng to another embodiment of
t‘he present invention;

[0025] . Figs. 12A-12E illustrate aframe attaching portion for the seal/connector

shown in Figs. 1IA-l IE; |
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[0026] Figs. 13A-13E illustrate a seal portion for the seal/connector shown in Figs.
1IA-I IE; '

[0027] Figs. 14A-14E illustrate a seal/connector according to another embodiment of
the present invention;

[0028] Figs. 15A-15E illustrate aframe attaching portion for the seal/connector
shown in Figs. 14A-14E;

[0029] Figs. 16A-16E illustrate a seal portion for the seal/connector shown in Figs.
14A-14E;

[0030] Figs. 17A-17E illustrate a seal/connector according to another embodiment of

the present invention; '

[0031] Figs. 18A-18E illustrate aframe attaching portion for the seal/connector
shown in Figs. 17A-17E;

[0032] Figs. 19A-19E illustrate a seal/connector according to another embodiment of
the present invention; and

[0033] Figs. 20A-20E illustrate a seal/connector according to another embodiment of

the present invention.

DETAILED DESCRIPTION OF ILLUSTRATED EMBODIMENTS

1. CPAP Device

[0034] Fig. 1lillustrates a CPAP device 10 according to an embodiment of the present
invention. Asillustrated, the CPAP device 10 includes aflow generator 20 and a humidifier
30 adaptéd to be coupled to the flow generator 20. The humidifier 30 and the flow generator

20 may be mounted to or supported by a common support or cradle.

2. Humidifier

[0035] The humidifier 30 includes ahumidifier tub 50 having abase plate 52 sealed
to the bottom of the tub 50. The humidifier 30 includes or is otherwise associated with a
heating element or plate that maybe provided to acradle 40 (Fig. 1.1). The cradle 40
includes aportion for supporting the flow generator. The tub 450 in Fig. 1.1is slightly
different from tub 50in Fig. 1, .e.g., tub 450 includes flattened sides 482 to facilitate
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alignment with cradle 40. The tub 50 includes an inlet 54 adapted to bein fluid
communication with (i.e. not necessarily directly) the outlet 24 of the flow generator 20, and
an outlet 56 adapted to be connected to an air delivery conduit. The air delivery conduit
includes one end coupled to the outlet 56 of the tub 50 and an opposite end coupled to a
patient interface. The patient interface comfortably engages the patient's face and provides a
seal. The patient interface may have any suitable configuration asisknown in the art, e.g.,
full-face mask, nasal mask, oro-nasal mask, mouth mask, nasal prongs, etc.

[0036] The tub 50 and base plate 52 define a chamber that is adapted to receive a
volume of water, e.g., several hundred milliliters. Theinlet 54 and the outlet 56 are both in
communication with the chamber. In use, asupply of pressurized air from the flow generator
20 enters the inlet 54 of the tub 50 and collects moisture through contact with the water
within the tub 50 before continuing on to the outlet 56 and to the patient via the air delivery
conduit.

[0037] The humidifier tub 50 may be structured such as the humidifier described in
U.S. Patent Application No. 60/707,949, entitled "Humidifier Tub For CPAP Device", filed
August 15, 2005, the contents of which areincorporated in its entirety by reference herein.
Also, the flow generator‘ 20 may be structured and controlled such asthe flow generator
described in U.S. Patent Application No. 60/707,951, entitled "Low Cost CPAP Flow
Generator and Humidifier Assembly”, filed August 15, 2005, the contents of which are

incorporated in its entirety by reference herein.

3. Seal Between Humidifier and Flow Generator

[0038] Figs. 2-4 illustrate a connector 60 according to an embodiment of the present
invention. The connector 60 interconnects the outlet 24 of the flow generator 20 and the inlet
54 of the tub 50. Moreover, the connector 60 provides apressure-activated or 'self-
energizing' face seal that provides a seal between the flow generator 20 and the tub 50 upon
docking, coupling and/or activation of the flow generator. The seal accommodates
misalignment and manufacturing tolerances as described below.

[0039] Asillustrated, the connector 60 provides a channel 62 (Fig. 4) to deliver
pressurized air from the flow generator 20 to the humidifier tub 50. Intheillustrated
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embodiment, the connector 60 isremovably attached to the flow generator 20 and is
étructured to sealingly engage with the inlet 54 of the tub 50.

[0040] Asbest shown in Fig. 4, the connector 60 in this example includes two
components that are coupled to one another. Specifically, the connector 60 includes afirm
frame attaching portion 64 and aflexible sealing portion 66. The firm frame attaching
portion 64 ispreferably constructed of aplastic material and includes an attachment structure
that enables secure attachment to the outlet 24 of the flow generator 20. For example, the
attachment structure may bein the form of a snap-fit clip that includes one ore more
protrusions 68 adapted to engage within a corresponding groove 70 provided in the outlet 24
with a snap fit, as shown in Fig. 4. However, the attachment structure may have other
suitable configurations.

[0041] - The flexible sealing portion 66 comprises abellows-type conforming face seal
72 preferably made from silicone or other similar material that does not provide problems
with creep in use. The bellows-type conforming face seal 72 comprises an aperture 74 that is
adapted to abut the inlet 54 of the humidifier tub 50. The flexible sealing portion 66 further
includes an internal sealing element 76, e.g., wiper seal, that independently sealsto the outlet
24 of the flow generator 20 to prevent air leakage through the connection between the flow
generator 20 and the humidifier tub 50. -Any means of providing a seal between the flow
generator 20 and humidifier tub 50 is encompassed within the scope of the invention. For
‘exampl e, the internal ‘sealing element 76 may bein the form of acompression sealing ridge or
awiper seal. The flexible sealing portion 66 is constructed such that it preferably does not
have any split lines (from the tooling) on the outer sealing face that may interfere with
obtaining a satisfactory pressure seal.

[0042] hi addition, the flexible sealing portion 66 includes an interlocking structure
that is structured to interlockingly engage a compl ementary interlocking structure provided on
the firm frame attaching portion 64. Intheillustrated embodiment, the sealing portion 66
includes a groove 78 that interlocks with aprotrusion 80 provided on the frame attaching
portion 64. This arrangement interlocks the sealing portion 66 to the frame attaching portion
64. However, the sealing portion 66 may be coupled to the frame attaching portion 64 in

other suitable manners.
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[0043] Alternatively, the entire connector 60 may be made of silicone or asil icone-
like material with differing rigidity characteristics for the firm frame attaching portion 64 and
the flexible sealing portion 66. For example, as shown in Fig. 7, the connector 60 may have a
one-piece construction and the frame attaching portion 64 may have acylindrical structure
adapted to sealingly engage the outlet 24 of the flow generator 20.

[0044] Preferably, the connector 60 has around shape to provide minimal out-of-
mold distortion. The face seal 72 of the flexible sealing portion 66 has approximately 2 mm
to 3 mm interference from the nominal contact point to ensure sufficient contact when the
connector 60 ispushed against the inlet 54 of the humidifier tub 50. The aperture 74 on the
sealing face 72 may belarger than theinlet 54 of the tub 50 in ordAer to accommodate the
various misalignment and manufacturing tolerances of the connector 60 to outlet 24 of the
flow generator 20, to ensure sufficient passage of air flow through the connector 60.

[0045] Advantageoudly, the face seal 72 provides for tolerance in movement in all
directions while aligning the humidifier tub 50 and the flow generator 20. For example, the
face sea 72 isflexible axially (forwards and backwards), laterally (upwards, downwards,
and/or sideways), angularly, pivotally, and/or rotationally. Preferably, the face sed isflexible
in al directions, although it may be more flexible in some but more rigid in others.

[0046] The face seal 72 may be flexible within apredetermined range. For example,
the face seal 72 may be axially and/or laterally flexible within arange of about 1-5 mm,
preferably about 2-3 mm. However, the face seal 72 may be axially and/or laterally flexible
lessthan 1 mm or greater than 5mm. Also, the face seal 72 may be angularly, pivotaly,
and/or rotationally flexible within arange of about 1-10°, preferably about 3-6° or about 5°.
However, the face seal 72 maybe angularly, pivotally, and/or rotationally flexible less than 1°
or greater than 10°.

[0047] Ii use, the firm frame attaching portion 64 of the connector 60 is securely
attached to the outlet 24 of the flow generator 20 and the bellows-type conforming face seal
72 on the flexible sealing portion 66 protrudes therefrom. The air inlet 54 of the humidifier
tub 50 is positioned adjacent to or abutting the face seal 72. When pressurized air flows out
through the outlet 24 of the flow generator 20, the face seal 72 fills with air and establishes a
pressurized face seal with the inlet 54 of the humidifier tub 50.
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[0048] Figs. 7B and 7C illustrate an embodiment of the 6onnector 60 forming a sed
with theinlet 54 of ahumidifier tub. Asshownin Fig. 7B, the connector 60 is positioned
adjacent the inlet 54 such that the bellows-type conforming face sea 72 is spaced from the
i'nlet 54. Aspressurized air flows out through the outlet of the flow generator (asindicated by
the arrow), the face sea 72 fillswith air and expands into engagement with the axial end or
axially facing surface of the inlet 54 as shown in Fig. 7C. That is, the face seal 72 balloons
outwardly to form a cylindrical face seal with the inlet 54.

[0049] The bellows-type conforming face seal 72 provides aflexible bellows or
gusset that allows the face seal 72 to self align with the inlet 54. That is, the flexibility and
freedom of movement of the face seal 72 (e.g., in all directions within apredetermined range)
allows the face seal 72 to form a seal with the inlet 54 even if they are misaligned.
Specifically, the face seal 72 can still form a sea with the inlet 54 even if the axis of the
connector 60 isnot aligned with the éxis of theinlet 54. This arrangement accommodates the
various misalignments that may occur between the connector 60 and the inlet 54.

[0050] Although the connector 60 has been described asbeing attached to the outlet
24 of the flow generator 20, in an aternative embodiment the connector 60 maybe attached
to the inlet 54 of the humidifier tub 50 and the flexible sealing portion 66 may abut the outlet
24 of the flow generator 20. In afurther embodiment, the connector 60 may be permanently
attached to either the outlet 24 of the flow generator 20 or the inlet 54 of the humidifier tub
50. However, the connector 60 is preferably a separate component that can be easily replaced
or removed for cleaning or sterilization purposes.

[0051] 3.1  Alternative Coupling Between Humidifier and Flow Generator

[0052] Figs. 8A-20E illustrate additional embodiments for coupling the flow
generator to the humidifier tub. Common reference numbers are used to denote like parts.
Each adaptor 60 includes amain body having afirst end for connection to either the inlet of
the humidifier tub or the outlet of the flow generator. A second end of the main body
includes flexible sealing portion 66 having aface seal 72 that in the examples shown has one
or more bellows portions or convolutions. The face seal isintended to be placed in contact
with or adjacent to either the humidifier tub or the flow generator.

[0053] Figs. 8A-9E show two adaptor embodiments, each of which isprovided with

one or two (or more) protruding ridges 60.1 designed to provide an extranoise seal. Inthe
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event or two or more ridges, they are axially spaced along the axis of the main body. As
shown in Fig. 8E, the beginning of the bellows portion has arelatively sharp angleto provide
more rigidity. Comparatively, the bellows portion in Fig. 9E isvery compliant and allows a
large tolerance to movement and positioning, hi Fig. 9E, the bellows portion has a gradually
curved cross section. In Fig. 8E, the bellows portion has afirst portion 60.2 that is gradually
curved and a second portion 60.3 that is more sharply angled relative to the first portion.
[0054] The adaptor of Figs. 10A-10E issimilar to the adaptor in Fig. 7, and ismolded
és asingle piece that ssmply slides onto the flow generator outlet (or the humidifier tub inlet,
depending on the arrangement). This design isvery compliant and allows alarge tolerance to
movement and positioning, h another variant (shown Figs. 20A-20E), one or more (three
shown) slight protrusions 60.4 can be located within the bellows to better prevent the outer
face from sucking inwards and sealing to or against the inside surface of the bellows due to
any vacuum that may be created once the flow generator has been activated to generate
pressurized flow of gas, e.g., in the range of 4-30 CmH,,0, typicaly 8-15 CmH.0Q.

[0055] Figs. 1IA-E and Figs. 14A-E illustrate two embodiments having two piece
designs, each adaptor or connector including arelatively rigid frame attaching portion (shown
inisolation in Figs. 12A-E and 15A-E, respectfully) to attach to the flow generator outlet (or
tub inlet) and aflexible bellows portion (shown in Figs. 13A-E and 16A-E, respectively)
having aface seal to abut and seal to the tub inlet or the flow generator outlet. The frame
attaching portion provides a firm attachment to the flow generator. The connection between
the bellows portion and the frame attaching portion is similar to the embodiment of Fig. 4, in
which the sealing portion includes a groove 78 and the frame attaching portion includes a
protrusion 80. Thus, the bellows/sealing portion may bereplaced asrequired. The frame
portion in Figs. 14A-15E has flexible sides 60.5 that are squeezed inwards (using the finger
grips shown) to facilitate repeated attaching and detaching of the adaptor from the flow
generator outlet or the tub inlet. When the sides 60.5 are squeezed, the frame attaching
portion takes on amore oval shape such that locking tabs 60.6 can bereleased from a
corresponding flange that can be provided to either the tub inlet or the flow generator outlet.
[0056] Figs. 17A-18C illustrate an adaptor having atwo part structure, including a
sealing portion and a frame attaching portion that are connected to one another as described

above. The sealing portion 66 is shown inisolation in Figs. 16A-16E. The frame attaching
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portion includes one or more (three shown) flexible arms 60.7 each of which includes a
locking tab 60.8.

[0057] Figs. 19A-19E illustrate an adaptor having two bellow portions with an axial
gap 66.1 therebetween to provide amoré compliant seal, while a the same time giving awide
tolerance to movement and positioning. This design is a single piece construction that simply
slides onto the flow generator outlet port or the tub inlet. The adaptor includes an internd
sealing element 60.9.

4.0  Mechanism for Retaining Humidifier in Cradle

[0058] The CPAP device 10 may include a cradle 40 (Fig. 1.1) structured to support
the humidifier tub 50, 450 in an operative position with respect to the flow generator 20. The
éradle40 may include aheater element or plate that includes aheating element, eg., a
ceramic heating element. In use, the cradle 40 receives the humidifier tub 50, 450 so that the
heating element isin thermal contact with the heat conducting base plate 52 (Fig. 1) of the
humidifier tub 50, 450. This arrangement allowswater contained within the humidifier tub
50 to be heated to provide sufficient moisture to the air so that patients will be comfortable.
[0059] The cradle 40 may provide one or more of the following functional features for
the humidifier tub 50, 450: allow the humidifier tub 50, 450 to be correctly oriented with
respect to the flow generator 20; securely lock the humidifier tub 50, 450 within the cradle
such that it cannot be easily pulled out during use; ensure good thermal contact between the
humidifier tub 50, 450 and the heater plate present in the cradle; alow easy docking of the
humidifier tub 50, 450, especialy for frail, elderly users; and for safety reasons, limit access
to hot areas of the humidifier chamber when heat isbeing transferred from the heater plate to
the heat conducting base plate 52 of the humidifier 30, once the humidifier tub 50, 450 is
docked within the cradle.

[0060] While the invention has been described in connection with what are presently
considered to be the most practical and preferred embodiments, it isto be understood that the
invention isnot to be limited to the disclosed embodiments, but on the contrary, isintended to
cover various modifications and equivalent arrangements included within the spirit and scope
of the invention. Also, the various embodiments descr‘i bed above may be implemented in

conjunction with other embodiments, e.g., aspects of one embodiment maybe combined with

10
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aspects of another embodiment to realize yet other embodi menté. Further, each individual
feature or component of one embodiment alone may constitute and additional embodiment.

In addition, while the invention has particular application to patients who suffer from OSA, it
isto be appreciated that patients who suffer from other illnesses (e.g., congestive heart failure,
diabetes, morbid obesity, stroke, barriatric surgery, etc.) can derive benefit from the above
teachings. Moreover, the above teachings have applicability with patients and non-patients

alikein non-medical applications.

11
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WHAT IS CLAIMED IS:

1 An adaptor for a CPAP device, said adaptor communicating pressurized gas
between an outlet of aflow generator and an inlet of ahumidifier, the adaptor including a
main body having first and second ends, the first end structured to be coupled to one of the
inlet and the outlet and the second end having a flexible and conformable sealing portion that

ismovable to accommodate misalignment between the flow generator and the humidifier.

2. The adaptor according to claim 1, wherein the main body includes at |east one
annular ridge provided on an outer surface of the main body between the first and second

ends.

3. The adaptor according to claim 2, wherein the a |least one annular ridge

includes two annular ridges axially spaced from one another.

4, The adaptor according to claim 1, wherein the first end i sremovably

attachable to the outlet of the flow generator.

5. The adaptor according to any one of claims 2-3, wherein the adaptor includes

first and second components that are coupled to one another.
6. The adaptor according to claim 4, wherein the first component includes a
frame attaching portion that provides the first end and the second component provides the

second end.

7. The adaptor according to claim 6, wherein the frame attaching portion is

relatively firm or rigid compared to the flexible and conformable sealing portion.

8. The adaptor according to claim 6, wherein the frame attaching portion has a

plurality of flexible armsthat can be flexed to releasably engage the outlet or inlet.

12
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Q. The adaptor according to any one of claims 6-7, wherein the frame attaching

portion includes flexible sides.

10.  The adaptor according to any one of claims 6-9, wherein the frame attaching

portion isremovably attached to one of the inlet and the outlet with a snap-fit.

11.  The adaptor according to any one of claims 6- 10, wherein the sealing portion

isinterlocked with the frame attaching portion.

12.  The adaptor according to any one of claims 1-11, wherein the sealing portion

includes abellows portion defining a conforming face seal.

- 13, The adaptor according to claim 12, wherein the bellows portion has afi ret
portion that is gradually curved and a second portion that is generally angled relative to the

first portion in cross-section.

14.  The adaptor according to claim 12, wherein the bellows has a gradually curved

cross-sectional profile.

15.  The adaptor according to claim 12, wherein the bellows portion includes first
and second portions axially spaced along an axis of the main body, the first portion being
provided at the second end and the second portion being adjacent to the first portion with an

axial gap between the first and second portions to allow for mis-alignment.

16.  The adaptor according to claim 12, wherein the bellows portion includes a

structure to prevent collapse of the bellows portion.

17.  The adaptor according to claim 12, wherein the structure includes one or more

protrusions provided to an inside surface of the bellows portion.

13
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18.  The adaptor according to any one of claims 1-17, wherein the sealing portion

includes an internal sealing element.

19. The adaptor according to any one of claims 1-4, wherein the adaptor has a one-

piece construction.

20. The adaptor‘according to any one of claims 1-19, wherein at |least apoftion of

the sealing portion is constructed of silicone.

21.  The adaptor according to any one of claims 1-20, wherein the sealing portion
isflexible axialy, lateraly, angularly, pivotaly, and rotationally within apredetermined

range.

22. The adaptor according to claim 21, wherein the sealing portion isaxialy and

laterally flexible within arange of about 1-5 mm.

23.  The adaptor according to any one of claims 21-22, wherein the sealing portion
isangularly, pivotally, and rotationally flexible within arange of about 1-10°.

24. A adaptor according to claim-1, wherein the sealing portion includes aflexible

bellows portion that is expandable to provide a seal with the inlet or the outlet.

25. A adaptor according to clam 1, wherein the sealing portion defines a
cylindrical face seal adapted to seal with of the inlet or the outlet.

26. A CPAP device comprising:
ahumidifier including the inlet; and

an adaptor according to any one of claims 1-25.

27. The CPAP device according to claim 26, further comprising aflow generator

including the outlet.

14
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28. The CPAP device according to any one of claims 26-27, further comprising a

cradle to support the f!ow generatorn and humidifier.

15
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