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Description
TECHNICAL FIELD

[0001] The presentinvention is related to medical sys-
tems, devices, and methods. More specifically, the in-
vention is related to systems, devices and methods for
treating obstructive sleep apnea or snoring.

BACKGROUND

[0002] Obstructive sleep apnea (OSA) is a common
medical disorder that can be quite serious. It has been
reported that approximately one in twenty-two Americans
(about 12, 000, 000 people) suffer from OSA, and many
cases go undiagnosed. Chronic fatigue has long been
recognized as the hallmark of OSA, but more recently,
large clinical studies have shown a strong link between
OSA, strokes and death.

[0003] Obstructive sleep apnea is a condition in which
the flow of air pauses or decreases during breathing while
oneis asleep, because the airway has become narrowed,
blocked, or floppy. (See FIG. 1A of published patent ap-
plication US20140246025 A1 to Cragg et al., published
September4, 2014, illustrating an airway A during normal
breathing and FIG. IB therein illustrating the airway A
during OSA.) A pause in breathing is called an apnea
episode, while a decrease in airflow during breathing is
called a hypopnea episode. Almost everyone has brief
apnea or hypopnea episodes while they sleep. In OSA,
however, apnea episodes occur more frequently and last
longer than in the general population. OSA has become
an increasingly costly medical condition in recent years,
as the disorder is more prevalent in obese people and
obesity has become significantly more prevalent. Unfor-
tunately, the currently available options for treating OSA
are not ideal.

[0004] A personwith OSAusually begins snoring heav-
ily soon afterfalling asleep. Often the snoring gets louder.
The snoring is then interrupted by a long silent period
during which there is no breathing. This is followed by a
loud snort and gasp, as the person attempts to breathe.
This pattern repeats. Many people wake up unrefreshed
in the morning and feel sleepy or drowsy throughout the
day. This is called excessive daytime sleepiness (EDS).
People with sleep apnea may act grumpy or irritable, be
forgetful, fall asleep while working, reading, or watching
TV, feel sleepy or even fall asleep while driving, or have
hard-to-treat headaches. OSA sufferers may also expe-
rience depression that becomes worse, hyperactive be-
havior (especially in children), or leg swelling (if severe).
[0005] The most widely used therapy for OSA is Con-
tinuous Positive Airway Pressure (CPAP). As shown in
FIG. 2 of US20140246025 A1 to Cragg et al., a CPAP
system typically 10 consists of a mask 12a-12c fitting in
or over the nose or nose and mouth, an air pressurizing
console 14 and a tube 16 connecting the two (typically a
six-foot long hose with a 20mm diameter bore). CPAP
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works by pressurizing the upper airway throughout the
breathing cycle, essentially inflating the airway to keep
it open and thus creating what is sometimes referred to
as a "pneumatic splint." This flow is at set pressure that
has been predetermined through medical testing to be
appropriate to create a pneumatic splintin the user’s air-
way. This prevents airway collapse and allows the user
to breath without obstruction. Because the masks 12a-
12c typically leak air, CPAP systems have to provide an
airflow rate of up to 200 liters per minute (approximate
figure based on unpublished data). The high airflow rate
is needed for multiple reasons. First, all the air needed
for breathing must come through the hose. Second, con-
ventional masks have an intended leak built in for the
purpose of constant "CO2 washout." Third, these sys-
tems achieve the required pressure by using a high air-
flow rate to generate a backpressure at the mask end
where the air is leaking out. Unfortunately, this high flow
rate makes breathing feel quite uncomfortable for many
users and requires a relatively large, noisy pressurizing
console 14. Additionally, the high required flow rates of
CPAP often cause discomfort during exhalation due to
increased resistance, as well as nasal dryness, dry
mouth, ear pain, rhinitis, abdominal bloating and head-
aches.

[0006] The overwhelming shortcoming of CPAP is
poor user compliance. Over half of all users who try CPAP
stop using it. Users dislike the side effects mentioned
above, as well as having to wear an uncomfortable, claus-
trophobic mask, being tethered to a pressurizing console,
the noise of the console, traveling with a bulky device,
and a loss of personal space in bed.

[0007] Many CPAP devices and alternatives to CPAP
have been developed, but all have significant shortcom-
ings. Less invasive attempts at OSA treatment, such as
behavior modification, sleep positioning and removable
splints to be worn in the mouth, rarely work. A number
of different surgical approaches for treating OSA have
also been tried, some of which are still in use. For exam-
ple, Uvulopalatopharyngoplasty (UPPP) and Laser As-
sisted Uvula Palatoplasty (LAUP) are currently used.
Surgical approaches, however, are often quite invasive
and not always effective at treating OSA.

[0008] One alternative approach to OSA treatment is
to provide a pneumatic splint during the expiratory portion
of the respiratory cycle by producing a partial blockage
inthe nose or mouth, thus slowing the release of air during
expiration and increasing positive pressure in the airway.
The simplest way to form an expiratory pneumatic splint,
pursing the lips, has been shown to open the upper air-
way and improve breathing in emphysema users. This
type of maneuver is generically labeled Expiratory Pos-
itive Airway Pressure (EPAP).

[0009] Ventus Medical, Inc. (http://www.proventthera-
py.com/ventus_medical) has developed aremovable na-
sal EPAP device to produce such a pneumatic splint dur-
ing exhalation (the Provent@ Sleep Apnea Therapy).
(See, for example, published patent application
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US20060150978 A1 to Doshi et al., published July 13,
2006,). This device restricts exhalation by forcing expired
air through several small orifices attached to the nose.
This is labeled a Fixed Orifice Resistor (FOR). One short-
coming of this therapy is that 1) the fixed hole exhalation
valve does not have a capped maximum pressure, 2) the
pressure increases immediately upon exhalation and
therefore makes it difficult to exhale, and 3) with no as-
sistance of additional pressure from an external source,
if the user has an apneic event there is no 'rescue pres-
sure’ - i.e., the flow supplied by the blower box. A further
disadvantage is that the Provent@ device or any FOR
restricts expiratory airflow using a fixed hole for resist-
ance. This leads to an uncomfortable spike in nasal pres-
sure at the beginning of expiration when airflow is highest
and a less efficacious decrease in nasal pressure at the
end of expiration when airflow is lowest. Another short-
coming of the Provent@ device is that it produces the
pneumatic splint only during exhalation-i.e., there is no
increased pressure during inhalation.

[0010] In addition, the device is not effective in mouth
breathers or users who become mouth breathers when
resistance is added to the nasal passages. Thus, the
Provent@ device is useful only in moderate cases of OSA
that do not convert to mouth breathing.

[0011] Although snoring is not as severe a condition
as OSA, it does affect lives adversely. Snoring can ad-
versely affect sleep quality and can make sleeping with
a spouse or other partner difficult. Although many snoring
therapies have been tried, including Breathe Right® Na-
sal Strips and more invasive approaches in more severe
cases, no ideal solution has been found.

[0012] Therefore, it would be advantageous to have
improved systems, devices and methods for treating
OSA and snoring. Ideally, such systems, devices and
methods would be less cumbersome than currently avail-
able CPAP systems, to improve user compliance. Also
ideally, such systems, devices and methods would pro-
vide some of the advantages of an expiratory pneumatic
splint. At least some of these objectives were met by the
embodiments described in US20140246025 A1 to Cragg
et al., (herein sometimes referred to as "Cragg '025").
[0013] Cragg '025 utilized a novel system of valves to
allow inspiration of air supplied via the hose and also
from inlets in the mask that take in room air. In various
example embodiments Cragg '025 provided variable re-
sistance to expiratory air flow using a resistive mecha-
nism other than infused external air that increases over
the course of expiration, thus providing an easier, more
comfortable start to expiration while maintaining airway
pressure toward the end of expiration (e.g., by decreas-
ing resistance to expiratory flow when intranasal pres-
sure reaches a threshold pressure and/or by gradually
increasing resistance to expiratory air flow until intranasal
pressure reaches the threshold pressure). Another im-
provement in various embodiments of Cragg '025 was
that lower air flow rates were used (e.g., less than or
equal to 20 L/min), while still supplying the desired ther-
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apeutic pressure (e.g., between about 4 cmH20 and 20
cmH20), thus requiring less power and smaller device
components than traditional CPAP and reducing side ef-
fects. Still another improvement of Cragg ‘025 was a less
cumbersome, more form-fitting mask that reduced air
leaks and was more comfortable to wear than prior CPAP
masks and eliminated the need for high flow rates be-
cause there was no need to compensate for air leaks.
Accordingly, the devices described therein could be used
in in connection with a small diameter hose (e.g., having
a diameter of less than or equal to about 15 mm), thus
decreasing the bulkiness of the system.

[0014] While Cragg '025 was an important improve-
ment over the state of the art, it required and relied upon
a special system of protruding valves that had to be pre-
adjusted or set to suit each user. It would be advanta-
geous toimprove upon the system of Cragg ‘025 by mak-
ing the system simpler and more compactin design, sim-
pler to use, and more robust.

[0015] From the United States patent US 5,649,533 a
respiration device for preventing sleep apnea and snor-
ing is known, using self-closing one-way valves such as
of the diaphragm-type.

[0016] From the United States patent application pub-
lication US2011/0259331 A1 a mask for treating a patient
suffering from obstructive sleep apnea according to the
precharacterizing part of claim 1 is known. The invention
is defined by the appended claims.

[0017] It is an object of the invention to improve the
mask making it simpler, more compact in design, simpler
to use, and more robust.

[0018] This and other objects are achieved by the fea-
tures in claim 1. Advantageous further embodiments are
claimed in the dependent claims.

[0019] Provided in various example embodiments is
an improved apparatus, system, and method for treating
obstructive sleep apnea comprising a dynamically-re-
sponding "smart valve" that can create exhalation pres-
sure equivalent to the pressure of the supplied air. A ver-
sion of this smart valve may utilize a channel to supply
pressurized air for breathing with a parallel channel that
provides a pressure to control the resistance of the valve.
In these embodiments the two channels may use the
same source air at the same source pressure. Also in
various example embodiments, the supplied air and the
valve controlling air may be combined into a single hose
with a single lumen. This has unique advantages, in that
the hose can be smaller, more supple (an important user
feature is not having a cumbersome hose to distract from
sleeping), easier to clean (the system need not have any
elongated, small lumens that end in a closed compart-
ment in the valve resistance generating chamber), and
easierto connectasonly asingle orientationindependent
hub is needed at either end. Additionally, in various ex-
ample embodiments the system may comprise a one-
way flapper in line with the airflow adapted to prevent
"back flow" into the supply tube during exhalation. In var-
ious example embodiments such system may comprise
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discrete valves for inspiration and a discrete valve for
exhalation.

[0020] Also provided in various example embodiments
is an exhalation valve that incorporates at least partially
the inspiratory flow path and valves. When considering
the mask and its need for communication to the atmos-
phere, it was observed that the inspiratory valves need
to communicate to the ambient atmosphere of the room,
while the expiration valve likewise needs to communicate
to the room atmosphere. It was recognized that it would
be a more efficient and compact design if both these
valves could share a common communication to the
room. Accordingly, in various example embodiments the
inspiratory and expiration valves both use the same vent
on the mask.

This has the benefit of facilitating use of a single valve
housing to contain all the needed valves. With a com-
bined valve assembly, inspiratory valves do not have to
be pre-assembled on the mask, which reduces parts and
costs, and the user does not have to repeatedly install
and uninstall a series of valves for use and cleaning.
Thus, various example embodiments may comprise a
single and easy to install valve canister.

[0021] Another feature provided in various example
embodiments is that all valve opening and closing com-
ponents may be configured so as to not be visible or
accessible to the user during use. In previous designs
these valves and their components were accessible, par-
ticularly with regard to inspiratory valves, which typically
comprised an orifice and an elastomeric one-way flapper
installed on the outward facing surface of the mask. In
these prior embodiments, it was readily possible to
tamper with the valve with a finger, paper clip, or the like.
But in the present system, all valve flappers and closing
membranes may be configured to be not directly acces-
sible, for instance by housing them well within the bore
of a crescent-shaped set of slots, for example.

[0022] Further provided in various example embodi-
ments is an exhalation valve that does not have a rigid
closure component. In certain embodiments the exhala-
tion valve may utilize an inflating, distending, membrane
toimpinge on arigid disk that in turn closes the exhalation
valve orifice. But in other embodiments the rigid disk may
be eliminated. For example, the internal geometry of the
exhalation valve may be configured to allow an inflating,
distending membrane to directly block the exhalation air-
flow. This may be important for several reasons. For ex-
ample, in this type of embodiment there is no hard part
to rattle or generate noise due to its movement. Second,
there is no need to include a rubber grommet or elasto-
meric base for the disk to better seal against. Third, the
flow path may be simplified for better flow dynamics and
easier cleaning. Fourth, this type of embodiment may be
more robustin that it may be more likely to close securely
in the presence of minor debris, such as lint or residue,
because the closing component may comprise a mor-
phable soft membrane such as 10 Shore A silicone (a
particularly soft membrane material).
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[0023] Additional aspects, alternatives and variations
as would be apparent to persons of skill in the art are
also disclosed herein and are specifically contemplated
as included as part of the invention. The invention is set
forth only in the claims as allowed by the patent office in
this or related applications, and the following summary
descriptions of certain examples are not in any way to
limit, define or otherwise establish the scope of legal pro-
tection.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Various embodiments are depicted in the ac-
companying drawings for illustrative purposes, and
should in no way be interpreted as limiting the scope of
the embodiments. Furthermore, various features of dif-
ferent disclosed embodiments can be combined to form
additional embodiments, which are part of this disclosure.
It will be understood that certain components and details
may not appear in the figures to assist in more clearly
describing the invention.

FIG. 1is an exploded perspective view of an example
CPAP apparatus according to various example em-
bodiments.

FIG. 2A is a front perspective view of an example
valve cartridge adapted for use with the example
CPAP apparatus of FIG. 1, according to various ex-
ample embodiments. FIG. 2A does not show the in-
spiration one-way valve membranes 45A, B or the
inlet pressure one-way valve membrane 40.

FIG. 2B is a rear perspective view of the example
valve cartridge of FIG. 2A according to various ex-
ample embodiments. FIG. 2B does not show the in-
spiration oneway valve membranes 45A, B or the
inlet pressure one-way valve membrane 40.

FIG. 2C is a section side view taken through the mid-
dle of the example valve cartridge of FIG. 2A accord-
ing to various example embodiments.

FIG. 3 is a front perspective section view of the ex-
ample CPAP apparatus of FIG. 1, according to var-
ious example embodiments.

FIG. 4 is a rear perspective section view of the ex-
ample CPAP apparatus of FIG. 1, according to var-
ious example embodiments.

FIG. 5 is a schematic functionally depicting various
aspects of an example CPAP apparatus operating
during inhalation, according to various example em-
bodiments.

FIG. 6 is a schematic functionally depicting various
aspects of an example CPAP apparatus operating
during exhalation, according to various example em-
bodiments.

FIG. 7 is a schematic functionally depicting various
aspects of an example CPAP apparatus operating
during apnea, according to various example embod-
iments.

FIG. 8A is a front perspective section view of the
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example CPAP apparatus of FIG. 1, depicted oper-
ating during inhalation according to various example
embodiments.

FIG. 8B is a rear perspective section view of the ex-
ample CPAP apparatus of FIG. 1, depicted operating
during inhalation according to various example em-
bodiments.

FIG. 8C is a section side view taken through the mid-
dle of the example valve cartridge of FIG. 2A, de-
picted operating during inhalation according to var-
ious example embodiments.

FIG. 9A is a front perspective section view of the
example CPAP apparatus of FIG. 1, depicted oper-
ating during exhalation according to various example
embodiments.

FIG. 9B is a rear perspective section view of the ex-
ample CPAP apparatus of FIG. 1, depicted operating
during exhalation according to various example em-
bodiments.

FIG. 9C is a section side view taken through the mid-
dle of the example valve cartridge of FIG. 2A, de-
picted operating during exhalation according to var-
ious example embodiments.

FIG. 10A is a front perspective section view of the
example CPAP apparatus of FIG. 1, depicted oper-
ating during apnea according to various example
embodiments.

FIG. 10B is a rear perspective section view of the
example CPAP apparatus of FIG. 1, depicted during
operating apnea according to various example em-
bodiments.

FIG. 10C is a section side view taken through the
middle of the example valve cartridge of FIG. 2A,
depicted operating during apnea according to vari-
ous example embodiments.

FIG. 11 is a graph of example breathing cycle pres-
sures inside an example CPAP apparatus operating
at different blower settings.

FIG. 12is a schematic functionally depicting various
aspects of an example CPAP apparatus during in-
halation when the blower is off, according to various
example embodiments.

FIG. 13 is a schematic functionally depicting various
aspects of an example CPAP apparatus during ex-
halation when the blower is off, according to various
example embodiments.

FIG. 14 is a chart showing example pressures ap-
plied by an example CPAP system at various times,
according to various example embodiments.

FIG. 15is adiagram depicting example relationships
among example components of an example CPAP
system operated in part by a delay circuit, according
to various example embodiments.

FIG. 16 is adiagram depicting example relationships
among example components of an example CPAP
system operated in part by a sleep detector, accord-
ing to various example embodiments.

FIG. 17A is a chart showing example pressures ap-
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plied by an example CPAP system during an apnea
event occurring during mid-inspiration, according to
various example embodiments.

FIG. 17B is a chart showing example pressures ap-
plied by an example CPAP system during an apnea
event occurring during mid-expiration, according to
various example embodiments.

FIG. 17C is a chart showing example pressures ap-
plied by an example CPAP system during an apnea
event occurring during start of expiration, according
to various example embodiments.

FIG. 17D is a chart showing example pressures ap-
plied by an example CPAP system during an apnea
event occurring during start of inspiration, according
to various example embodiments.

DETAILED DESCRIPTION OF EXAMPLE EMBODI-
MENTS

[0025] Reference is made herein to some specific ex-
amples of the present invention, including any best
modes contemplated by the inventor for carrying out the
invention. Examples of these specific embodiments are
illustrated in the accompanying figures. While the inven-
tion is described in conjunction with these specific em-
bodiments, it will be understood that it is not intended to
limit the invention to the described or illustrated embod-
iments. To the contrary, it is intended to cover alterna-
tives, modifications, and equivalents as may be included
within the spirit and scope of the invention as defined by
the appended claims.

[0026] In the following description, numerous specific
details are set forth in order to provide a thorough under-
standing of the presentinvention. Particular example em-
bodiments of the present invention may be implemented
without some or all of these specific details. In other in-
stances, process operations well known to persons of
skill in the art have not been described in detail in order
not to obscure unnecessarily the present invention. Var-
ious techniques and mechanisms of the present inven-
tion will sometimes be described in singular form for clar-
ity. However, it should be noted that some embodiments
include multiple iterations of a technique or multiple
mechanisms unless noted otherwise. Similarly, various
steps of the methods shown and described herein are
not necessarily performed in the order indicated, or per-
formed at all in certain embodiments. Accordingly, some
implementations of the methods discussed herein may
include more or fewer steps than those shown or de-
scribed. Further, the techniques and mechanisms of the
present invention will sometimes describe a connection,
relationship or communication between two or more en-
tities. It should be noted that a connection or relationship
between entities does not necessarily mean a direct, un-
impeded connection, as a variety of other entities or proc-
esses may reside or occur between any two entities. Con-
sequently, an indicated connection does not necessarily
mean a direct, unimpeded connection unless otherwise
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noted.

[0027] The following list of example features corre-
sponds with FIGS. 1-17D and is provided for ease of
reference, where like reference numerals designate cor-
responding features throughout the specification and fig-
ures:

Sleep Apnea Device 10

Nasal Pillow/mask 15

Valve cartridge 20

Valve body 25

Expiration Valve Seat 30

Expiration Valve Membrane 35

Inlet pressure one-way valve Membrane 40

Inlet pressure one-way valve seat 42

Inspiration one-way valve membranes 45A, B
Inspiration one-way valve seat 47A, B

Inlet pressure port 50

Ambient Pressure ports 55A, B

Valve Body connection structure 60

Cavity 65

Compliant/malleable nasal seat 70A, B

Positive pressure 75

Inspiration ambient air stream 80

Inspiration nasal air stream 85

Inspiration positive pressure air stream 90
Inspiration cavity pressure 93

Expiration nasal air stream 95

Expiration ambient air stream 100

Expiration positive pressure air stream 105
Expiration cavity pressure 107

Apnea positive pressure air stream 110

Apnea nasal air stream 115

Apnea cavity pressure 117

Non-positive pressure inspiration nasal air flow 120
Non-positive pressure inspiration ambient air flow
130

Non-positive pressure expiration nasal air flow 140
Non-positive pressure expiration ambient air flow
150

Conventional positive operation region 160
Positive air pressure of zero while user is falling
asleep 170

Increase of positive air pressure after the user falls
asleep 180

Operation region of sleep apnea device 190
Positive Air Flow Generator 200

Controller 210

Delay circuit 220

Initiation control 240

Transceiver 250

Sleep detector 260

Cavity Pressure 270

Cavity Pressure supplied by positive air flow gener-
ator 280

[0028] Some of the inventors of the innovation de-
scribed herein have also disclosed other masks and
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structures designed to treat sleep apnea. Those masks
and structures are described in U.S. patent application
Ser. No. 14/278587, filed May 15, 2014, titled "Auto-
Feedback Valve For A sleep Apnea Device," U.S. patent
application Ser. No. 13/860,926, filed Apr. 11,2013, titled
"Sleep Apnea Device," U.S. Provisional Application Ser.
No. 61/623,855, filed Apr. 13, 2012, titled "Sleep Apnea
Device," U.S. Provisional Application Ser. No.
61/775,430, filed Mar. 8, 2013, titled "Sleep Apnea De-
vice," U.S. Provisional Application No. 61/823,553, filed
May 15, 2013, titled "Sleep Apnea Device," U.S. Provi-
sional Application No. 61/838,191, filed Jun. 21, 2013,
titled "Sleep Apnea Device," U.S. Provisional Application
No. 61/962,501, filed Nov. 8, 2013, titled "Sleep Apnea
Device," U.S. Provisional Application No. 61/909,956,
filed Nov. 27, 2013, titled "Sleep Apnea Device," U.S.
Provisional Application No. 61/927,355, filed Jan. 14,
2014, titled "Valve with Pressure Feedback," U.S. Provi-
sional Application No. 62/134,506 filed March 17, 2015
titled "Valve with Pressure Feedback Draft Provisional
Application,” U.S. Provisional Application No.
62/163,601, filed May 19, 2015, titled "Airflow Generator
with Delayed Onset", U.S. Provisional Application No.
62/184,787 filed June 25, 2015 titled "Sleep Apnea De-
vice," and U.S. Provisional Application No. 62/239,146
filed October 8, 2015 titled "Sleep Apnea Device," U.S.
Provisional Application No. 62/246,339 filed October 26,
2015 titled "Venting of a Valved CPAP Mask to Create a
Comfortable Breathing Sensation," U.S. Provisional Ap-
plication No. 62/246,489 filed October 26, 2015 titled
"Managing Sleep Apnea with Pulse Oximeters and With
Additional Assessment Tools," U.S. Provisional Applica-
tion No. 62/246,328 filed October 26, 2015 titled "Novel
Low Flow Technology Designed to Meet CPAP Efficacy,"
and U.S. Provisional Application No. 62/246,477 filed Oc-
tober 26, 2015 titled "Composite Construction Air Deliv-
ery Hose for use with CPAP Treatment" all of which are
assigned to the same assignee as the present applica-
tion.

[0029] Now turning to FIGS. 1 through IOC, provided
in various example embodiments is a sleep apnea device
or apparatus 10, comprising a unitary nasal pillow/mask
15 configured to be connected to a source of pressurized
air, such as a conventional CPAP blower box (not shown)
via a small-diameter single-lumen hose (now shown). For
example, an outer diameter of the hose can be between
about 3.0 mmand about 15.0 mm. In some embodiments,
an inner diameter of those hose can be less than or equal
toabout10.0 mm, e.g., between about 5.0 mm and about
10.0 mm. Insome embodiments, awall thickness ofthose
hose can be less than or equal to about 1.0 mm, e.g.,
between about 0.5 mm and about 0.75 mm. The smaller
hose is less bulky than traditional hoses for CPAP devic-
es. Such a hose is described in U.S. Patent Applications
14/278587 filed on May 15, 2014 and 62/246477 filed on
October 26, 2015. Nasal pillow/mask 15 may be config-
ured to be sealably affixed to the nostrils of a user with
compliant/malleable nasal seats 70A, 70B (FIG. 4) and
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held in place by adjustable headgear (not shown). Nasal
pillow/mask 15 may be formed from any appropriate ma-
terial, such as silicone.

[0030] Nasal pillow/mask 15 may be configured to re-
movably receive therein a centrally-located valve car-
tridge 20, for instance partially or entirely within a sealed
internal cavity 65 of nasal pillow/mask 15 (FIGS. 3, 4),
such that the valve cartridge is removably located almost
entirely or entirely inside the exterior profile of the nasal
pillow mask. Valve cartridge 20 may in various example
embodiments be a unitary cylindrical assembly compris-
ing a valve body 25 defining an inlet pressure port 50
configured to removably attach with the hose (not shown)
communicating pressured air 90 from the CPAP blower
box (not shown). Valve body 25 may further define am-
bient pressure ports 55A, 55B, which may be crescent-
shaped and located adjacent and on opposite sides of
inlet pressure port 50. Ambient pressure ports 55A, 55B
may be configured to be in communication with ambient
air 80 in the room where the device 10 is being used.
[0031] One or more flexible expiration valve mem-
branes 35 (e.g., a distensible or morphable soft mem-
brane, such as a thin sheet of 10 Shore A silicone) may
be removably assembled between the valve body 25 and
one ormore mating expiration valve seats 30, forinstance
by a valve body connection structure 60 (such as a com-
pression-fit or snap-together mechanism 60), such that
in use each valve membrane 35 is exposed on one side
(distal expiration valve seat 30) to pressured air 90 com-
municated through inlet pressure port 50, and is exposed
on the opposite side (proximate expiration valve seat 30)
to expiration nasal air stream 95. Expiration valve mem-
branes 35 may be formed from a distensible or morphable
soft membrane, such as a thin sheet of 10 Shore A sili-
cone, which creates a quiet, effective, and robust seal
that tends to effectuate a seal even in the presence of
minor debris, lint, and residue.

[0032] Valve body 25 may further comprise one or
more inlet pressure one-way valve membranes 40 that
in use are exposed on one side to pressured air 90 com-
municated through inlet pressure port 50, and are ex-
posed on the opposite side to expiration nasal air stream
95. One-way valve membranes 40 may be configured to
open and allow pressured air 90 to flow from inlet pres-
sure port 50 into cavity 65 of nasal pillow/mask 15 when
pressured air 90 is at a higher pressure than expiration
nasal air stream 95. Conversely, one-way valve mem-
branes 40 may be configured to close and seal against
inlet pressure one-way valve seat 42 formed in valve
body 25 to prevent air flow between inlet pressure port
50 and cavity 65 when pressured air 90 is not at a higher
pressure than expiration nasal air stream 95.

[0033] Valve body 25 may also comprise one or more
inspiration one-way valve membranes 45A, 45B, config-
ured such that in use each inspiration one-way valve
membrane 45A, 45B is exposed on one side (proximate
ambient pressure ports 55A, 55B, respectively) to ambi-
ent air 80 communicated through ambient pressure ports
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55A, 55B, respectively, and is exposed on the opposite
side (distal ambient pressure ports 55A, 55B, respective-
ly) to expiration nasal air stream 95. Inspiration one-way
valve membranes 45A, 45B may be configured to open
and allow ambient air 80 to flow from ambient pressure
ports 55A, 55B, respectively, into cavity 65 of nasal pil-
low/mask 15 when ambient air 80 is at a higher pressure
than expiration nasal air stream 95. Conversely, one-way
valve membranes 40 may be configured to close and
seal against inspiration one-way valve seats 47A, 47B,
formed in valve body 25 to prevent air flow between am-
bient pressure ports 55A, 55B, and cavity 65 when am-
bient air 80 is not at a higher pressure than expiration
nasal air stream 95. The expiration valve 35 and inspi-
ration valves 45A, 45B, share the same ambient pressure
ports 55A, 55B, such that the device is simple to manu-
facture and easy for the user to clean. Also, the example
design shown in the figures includes no dead-end cavi-
ties or difficult-to-access recesses in the air flow chan-
nels, which allows a user to clean and dry the device
effectively withoutleaving moisture that might bread mold
or mildew.

[0034] An example sleep apnea device or apparatus
10 will now be described in use as part of a system, ac-
cording to various example embodiments. The nasal pil-
low/mask 15 may be connected with a traditional CPAP
blower box (not shown) via a hose (not shown). The nasal
pillow/mask 15 may be affixed to the nostrils of a user
(not shown) via a silicone or similar nasal interface 70A,
70B, and adjustable headgear (not shown). The function
of the nasal pillow/mask 15 may be described by three
distinct states: inhalation, exhalation, and apnea, depict-
ed in FIGS. 5, 6, 7, respectively (where only one inspi-
ration one-way valve membrane and seat are shown)
and again at FIGS. 8A-8C, 9A-9C, 10A-10C respectively
(where two inspiration one-way valve membranes and
seats are shown).

[0035] Invarious example embodiments, the nasal pil-
low/mask 15 may begin to function as soon as the device
is properly affixed and the blower box is set to the user’s
prescribed pressure, e.g.,0-20cm H,0. The device state
of "inhalation" starts when the user inhales, as depicted
in FIGS. 5 and 8A-8C. As the userinhales, inlet pressure
one-way valve membrane 40 and inspiration one-way
valve membranes 45A, 45B open and both ambient room
air 80 and pressurized blower air 90 enter the cavity 65
at an inspiration cavity pressure 93, and that air flows
through nasal interface 70A, 70B to the user as inspira-
tion nasal air stream 85. Inhalation also causes the pres-
surized blower air 90 to create a net positive pressure 75
over the expiration valve membrane 35, causing itto seal-
ably close against expiration valve seat 30. Since the
expiration valve membrane 35 may be formed from a
soft, flexible, compliant material, it advantageously
makes little to no noise when it moves and engages and
disengages the valve seat 30. This helps the user go to
sleep and increases effectiveness by increasing user
compliance with usage regimens.
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[0036] AsdepictedinFIG. 5, the expiration valve mem-
brane 35 is sealably closed against expiration valve seat
30 because of a netforce differential across the expiration
valve membrane 35 in the direction of positive pressure
75, but only when the expiration valve membrane 35 is
closed against seat 30, as shown in FIGS. 5 and 7. Once
the expiration valve membrane 35 is closed against seat
30, this net force differential tends to bias expiration valve
membrane 35 closed against seat 30 until the pressure
in the cavity 65 increases above the pressure of blower
air 90. At which time the expiration valve membrane 35
begins to open and unseat from seat 30, causing the
expiration valve membrane 35 to open.

[0037] After inhalation, the user will begin to exhale.
The state of exhalation starts when the user exhales, as
depicted in FIGS. 6 and 9A-9C. Exhalation causes the
pressure inside the pillow/mask 15 to rise up to and slight-
ly higher than the blower box setting, thereby causing
the inlet pressure one-way valve membrane 40 and in-
spiration one-way valve membranes 45A, 45B to close.
With the inlet pressure one-way valve membrane 40
closed, an expiration positive pressure air stream 105
builds pressure in the inlet pressure port 50. This pres-
surized air 105 applies a force to the expiration valve
membrane 35, urging it toward the expiration valve seat
30, and sealing it against the expiration valve seat 30
until the expiration nasal air stream 95 builds up enough
pressure in the cavity 65 to overcome the force of pres-
surized air 105 and unseat expiration valve membrane
35 from expiration valve seat 30, thereby permitting the
user to exhale, via open expiration ambient air stream
100 flowing out into the room through ambient pressure
ports 55A, 55B. This is how the present system governs
the exhalation or expiration cavity pressure 107; i.e., itis
a direct and passive function of the amount of blower
pressure 105. Accordingly, a blower set at different pres-
sure settings will pressurize the expiration valve mem-
brane 35 to different resistances. A lower blower box set-
ting results in a lower resistance to unseating expiration
valve membrane 35 from expiration valve seat 30, and
thus causes a lower expiration cavity pressure 107. A
higher blower box setting results in a higher resistance
to unseating expiration valve membrane 35 from expira-
tion valve seat 30, and thus causes a higher expiration
cavity pressure 107. This unitary nasal pillow/mask 15
system can thus automatically and passively react to a
multitude of blower box pressure settings. It also is con-
templated that the nasal pillow/mask 15 canreact to real-
time changes in the blower box pressure setting. For ex-
ample if the blower box has ramps, pressure relief, or
dynamically titrates pressure, the nasal pillow/mask 15
should be able to instantly react appropriately.

[0038] If the user is sleeping normally, the user will
finish exhalation and begin a new inhalation breath.
[0039] However, if either inhalation or exhalation is
stopped, for instance by OSA, the nasal pillow/mask 15
will automatically enter into a state of "apnea treatment,"
as depicted in FIGS. 7 and 10A-10C. In this state the
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user is neither inhaling nor exhaling, so the expiration
valve membrane 35 is sealably seated against expiration
valve seat 30 by apnea positive pressure air stream 110
in the inlet pressure port 50. Apnea positive pressure air
stream 110 quickly builds up in the inlet pressure port 50
to a higher pressure than the initial apnea cavity pressure
117 in the cavity 65, causing the inlet pressure one-way
valve membrane 40 to open, thereby pressurizing the
cavity 65 and causing inspiration one-way valve mem-
branes 45A, 45B to close. Air from the blower 110 then
builds up pressure 117 in the interior 65 of the nasal pil-
low/mask 15 to the pressure set at the blower box. The
pressure 117 inside the mask 15 will then splint the user’s
airway, and the air from the blower box will flow through
nasal interface 70A, 70B to the user as apnea nasal air
stream 115, allowing the user to return back to breathing.
Notably, only a minimal air flow is required from the hose,
just enough to achieve a "dead-headed" pressure of the
blower box or a minimal flow necessary to achieve pres-
sure and make up for any small system leaks.

[0040] Turning to FIG. 11, depicted are breathing
curves obtained from using an example embodiment of
a nasal pillow/mask 15 and system as disclosed herein,
using a Harvard Breathing Apparatus at the following set-
tings: Tidal Volume = 500ml; Ventilation Frequency = 20
breaths/min; Sample Time Constant = 0.10s; Ventilation
Pressure =12.5and 20.0 cm H20; Inspiratory/Expiratory
Phase Time Ratio = 1:2.

[0041] ShowninFIG. 11 are five sets of pressures 270
measured in the cavity 65 of the nasal pillow/mask 15 for
a series of three breaths. The five tracings of cavity pres-
sures 270 are unique breath responses obtained from
five corresponding settings on the CPAP blower box.
Specifically, moving from the top of the page to the bottom
in FIG. 11, the CPAP blower box settings were 20, 16,
12, 8, and 4 [cm H,0]. This graph demonstrates an in-
halation starting at barely below atmospheric pressure
(using 0 cm H,0 as atmospheric pressure), then rapidly
reaching a therapeutic pressure as set by the blower box,
maintaining that therapeutic pressure during exhalation,
and rapidly returning to a sub low pressure on the next
inhalation.

[0042] As depicted in FIGS. 17A-17D, when an apnea
or OSA occurs, whether at the start of or during inspiration
or expiration, the pressure 270 measured in the cavity
65 of the nasal pillow/mask 15 will almost instantaneously
reach and maintain the blower box pressure 280. This
constantly pressurized state splints the airway and main-
tains this pressure 280 until the next inhalation occurs,
as described herein. In contrast, a conventional CPAP
system would trace a relatively constant pressure line
280 at the blower box pressure setting at all times, re-
gardless whether an apnea or OSA was occurring. Ac-
cordingly, conventional CPAP systems do not provide a
significant sinusoidal tracing nor do they achieve a low
pressure state during inhalation.

[0043] Since the present system is so sensitive and
quick-reacting, in certain applications it may be appro-
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priate to use it with a blower or airflow generator that
need not run continuously, but rather is only activated as
needed, for instance immediately upon detection of OSA.
This option is possible with the present system in part
because its unique valving system provides the addition-
al feature of allowing a user to breathe normally while
wearing it when there is no airflow or pressure being pro-
vided to the inlet port 50 by a blower. This is demonstrated
in FIGS. 12 and 13, which show that when there is no
airflow or pressure being provided to the inlet port 50 by
a blower, the expiration valve membrane 35 will auto-
matically move to its neutral position, which is unseated
from the expiration valve seat 30, thereby opening a
breathing path for the user. Specifically, upon inhalation,
non-positive pressure inspiration ambient air flow 130
may travel through ambient pressure ports 55A, 55B, pro-
viding the user with non-positive pressure inspiration na-
sal air flow 120. Further facilitating inhalation, inspiration
one-way valve membranes 45A, 45B will open upon in-
halation, providing increased non-positive pressure in-
spiration ambient air flow 130 through ambient pressure
ports 55A, 55B, thus providing the user with increased
non-positive pressure inspiration nasal air flow 120. It is
also possible that, depending on the pressure in the cav-
ity and the construction of the expiration valve membrane
35, that the expiration valve member 35 may seat with
the expiration valve seat 30 during inhalation, thus all
airflow would travel through the ambient pressure ports
55A, 55B and through the inspiration one-way valves -
i.e., the membranes 45A, 45B are opened. And upon
exhalation, non-positive pressure expiration ambient air
flow 150 may travel past the open expiration valve mem-
brane 35 and through ambient pressure ports 55A, 55B,
providing the user with non-positive pressure expiration
nasal air flow 140.

[0044] Sincethe presentthe nasal pillow/mask 15 does
not require the blower to run continuously, in various ex-
ample embodiments a CPAP blower may be initiated in
response to a preset delay, or in response to a detected
onset of sleep or attainment of a preselected sleep stage,
to enable a user to fall asleep while the blower is off.
Accordingly, various example aspects of an airflow gen-
erator with delayed onset will now be described with ref-
erence to FIGS. 14-16.

[0045] Currently, human sleep stages are typically de-
termined using a laboratory-based measurement called
polysomnography. In polysomnography, it is typical for
several electroencephalogram readings to be taken
(EEGs are the microvolt potentials generated by brain
activity that can be measured at the scalp using elec-
trodes), in addition to other parameters such as respira-
tion, electrocardiogram (ECG), leg movements, and
electro-oculograms (EGG). Based on work originally pi-
oneered by Rechtschaffen and Kales (R&K), it is now
conventional to score human sleep in 30-second epochs,
and to label these epochs using sleep stage labels.
[0046] At present, the American Academy of Sleep
Medicine defines the stages of sleep as:
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Wake--this is when a person is fully awake, and is char-
acterized by a positive dominant rhythm in the occipital
EEG channel (when eyes are closed), typically in the
range 8714 Hz (often referred to as alpha waves).
[0047] Stage N1--thisis the lightest stage of sleep, and
is characterized by the appearance of some low ampli-
tude waves at multiple frequencies interspersed with the
alpha waves for more than 50% of an epoch. There may
also be sharp vertex waves, some slow eye movements
on the EGG and/or an overall lowering of the frequency
of EEG.

[0048] Stage N2-thisisaslightly deeperstage of sleep,
and is marked by the appearance of sleep spindles and
K-complexes, on a background of mixed frequency sig-
nals. Sleep spindles are bursts of higher frequency ac-
tivity (e.g., greater than 12 Hz). K-complexes are distinct
isolated bipolar waves lasting about 1-2 seconds.
[0049] Stage N3 is the deepest stage of sleep (in the
original R&K classification, there were two distinct stages
called Stage 3 and Stage 4). This is characterized by the
appearance of slow waves (e.g., 1-2 Hz frequency) for
at least 20% of an epoch.

[0050] Stage R (REM)- this is rapid eye movement
sleep, and is apparent through the presence of distinct
activity in the EOG signal. The EEG signals recorded are
typically quite similar to Stage N1 or even wake.

[0051] An automated system for scoring polysomno-
gram data is described in U.S. Pat. No. 5, 732, 696 to
Rapoport et al.. The system uses a computer to look for
elemental patterns in the PSG data (such as the sleep
spindles described above), and then uses a probabilistic
weighting to score each epoch. However this approach
to the problem of determining sleep stages is limited by
the technical difficulty of measurement of a full set of
polysomnogram signals, and hence is difficult and cum-
bersome to implement for more than a single night.
[0052] A number of systems have provided alternative
techniques for determining sleep stage. One approach
is to use actigraphy, in which small motion sensors (e.g.,
accelerometers) are worn by a user, typically in a wrist-
watch configuration in some cases referred to as activity
trackers. Such systems may be able to effectively distin-
guish between sleep and wake, but may not effectively
distinguish between different sleep states.

[0053] US2006/0184056 (Heneghan et al.), describes
a sleep monitoring system which uses an ECG signal
which is processed to determine a status for each epoch,
either apneic or normal.

[0054] WO2007143535 (Heneghan et al.) describes a
system for monitoring physiological signs such as sleep
state by monitoring motion, breathing, and heart rate sig-
nals obtained in a non-contact fashion. A classifier model
is applied to the streams of data.

[0055] A system which combines ECG and respiration
methods to determine simplified sleep stage is described
in US20090131803 (Heneghan et al.). This combines
signal characteristics derived from cardiogram and res-
piration signals, such as the amplitude modulation of the
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ECG signal and the dominant respiratory frequency in
order to distinguish sleep from wakefulness.

[0056] WO2004112606 (Heneghan et al.) describes a
method of detecting sleep apnea using trans-cervical bi-
oimpedance measurements.

[0057] US2011/0124979 (Heneghan et al.) describes
an approach to sleep monitoring using ECG and photo-
plethysmogram (PPG) data. These may be sensed using
a Holter monitor and a pulse oximeter which are wearable
in an ambulatory manner.

[0058] An approach in which cardiac R-R wave inter-
vals are used to designate sleep as REM or non-REM is
described in U.S. Pat. No. 5,280,791 to Lavie. A power
spectrum of the cardiac R-R interval is calculated in order
to determine the stages of sleep.

[0059] US2014/0088373 (Phillips et al.) discloses a
system that is said to be able to differentiate between
sleep states. A processor determines a sleep stage
based on acombination bodily movement and respiration
variability. The determination of sleep stages may distin-
guish between deep sleep and other stages of sleep, or
may differentiate between deep sleep, light sleep and
REM sleep. The bodily movement and respiration move-
ment signals may be derived from one or more sensors,
such as non-invasive sensor (e.g., a non-contact radio-
frequency motion sensor or a pressure sensitive mat-
tress).

[0060] Any of a variety of commercially available wear-
able or portable activity trackers are also equipped with
sleep detection capabilities, such as: FIT BIT (Fitbit Inc.
405 Howard Street, San Francisco, CA 94105); SENSE
and SLEEP PILL (Hello Inc, 1660 17th Street, San Fran-
cisco, CA 94107); Beddit (Misfit); MisfitShine (Misfit); and
Withings Aura™, for example.

[0061] Conventional breathing devices such as CPAP
systems must have the blower operating while the user
is wearing the mask. The blower is typically set to a min-
imum of 4cm H,0. This is necessary because without the
blower delivering fresh air, the user re-breaths residual
exhalations that migrate into and out of the hose. The
blower is not continuously flushing out the stale air from
the hose when turned off in conventional CPAP. The
blower creates noise and perceptible air flow, interfering
with the wearer’s ability to go to sleep.

[0062] The system of the present invention eliminates
the need for the blower to operate while the user is at-
tempting to go to sleep. It may also have a much smaller
caliber hose, such as 50% smaller in diameter. This has
a significant volume reduction, hence significantly less
potential for "re-breath air" to reside. Also a preferred
embodiment has a one-way flapper valve on the air sup-
ply path which prevents exhaled breath from migrating
into the hose. While prior art systems need to maintain
around a minimum flow rate corresponding to 4 cm H,0
of pressure while the user tries to go to sleep over the
noise, the blower in the system of the present invention
can be shut off while the user is trying to go to sleep. The
blower is instead not turned on until a delayed start time
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T. Time T can be preselected as a delay from initiation
of the clock and measured in time such as in minutes or
hours. Alternatively T can be a set time of day pro-
grammed in by the user or care giver, based upon their
experience how long it takes that user to go to sleep, or
a time at which the onset of sleep is detected using any
of a variety of sleep detectors.

[0063] Graphically, conventional systems must oper-
ate in the hashed area 160 shown in FIG. 14, with an air
flow of at least about 4cm H20 at all times that the mask
is worn by the user, and ramping to higher flow rates.
[0064] The present system operates on the datum line
170 and in the hashed area 190 shown above the datum
line 170. The air flow rate from the blower can be zero
while the user is awake, and the blower can remain off
until after the user has fallen asleep. After the onset of a
sleep state, the blower can turn on and subsequently
ramp up 180 to the desired therapeutic flow rate. This is
advantageous because it eliminates the sensation of
forced airflow, and eliminates noise from the blower box,
while the user is trying to go to sleep. Also, this preserves
the ability to speak naturally prior to sleep.

[0065] The present system can work with the blower
off indefinitely. In one embodiment the blower is off at
the start of use and turns on at a preset time delay fol-
lowing activation of the timing cycle. The time delay can
either be programmed into the machine or selectable by
the physician or user (an off time could also be set for an
anticipated wake-up). The user may select or input a de-
lay such as at least about 5 minutes, or at least about
10, 15, or 30 minutes, or up to an hour or more, for ex-
ample. The blower will automatically turn on at delayed
start time T and begin to ramp up in air flow when the
preset delay period has expired. Alternatively, the user
can select a start time of day such as 10:00 PM or 11:00
PM by which time the user expects to be asleep.
[0066] Alternatively, the blowercan turnoninresponse
to a determination that the user has fallen asleep or
reached a particular sleep stage. Sleep sensors may be
employed to determine when the user achieves a sleep
state. In response to the detection of the onset of sleep,
the blower is turned on and ramps to the desired thera-
peutic flow rate. The sleep sensors may be carried by
the system, or may be a remote device that is in wireless
or wired communication with the system. Any of the sleep
detection devices discussed elsewhere herein can be
utilized to determine the onset of sleep.

[0067] Thus, one ormore biometric monitoring devices
may automatically detect or determine when the user is
attempting to go to sleep, is entering sleep, is asleep,
and/or is awoken from a period of sleep. In such embod-
iments, the biometric monitoring device may employ
physiological sensors to acquire data and the data
processing circuitry of the biometric monitoring device
may correlate a combination of heart rate, heart rate var-
iability, respiration rate, galvanic skin response, motion,
skin temperature, and/or body temperature data collect-
ed from sensors of the biometric monitoring device to
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detectordetermine ifthe useris attempting to goto sleep,
is entering sleep, is asleep, and/or is awoken from a pe-
riod of sleep. For example, a decrease or cessation of
user motion combined with a reduction in user heart rate
and/or a change in heart rate variability may indicate that
the user has fallen asleep. Subsequent changes in heart
rate variability and galvanic skin response may then be
used by the biometric monitoring device to determine
transitions of the user’s sleep state between two or more
stages of sleep (for example, into lighter and/or deeper
stages of sleep). Motion by the user and/or an elevated
heart rate and/or a change in heart rate variability may
be used by the biometric monitoring device to determine
that the user has awoken. Additional details can be found
in US patent publication 20140278229 to Hong, et al.,
assigned to Fitbit, Inc..

[0068] The CPAP system of the presentinvention thus
includes an input for receiving a signal indicative of the
onset of sleep or a change in a stage of sleep. The input
may be a wired port or a wireless port. Preferably but not
necessarily, a wireless port is provided in the form of a
transceiver for wireless pairing with any of a variety of
commercial devices capable of determining sleep state.
[0069] These include any of a variety of commercial
activity trackers (e.g., Fitbit, Jawbone, Under Armour,
UP, Resmed S+) or with a sleep detection bed (e.g.,
Sleep Number) or with any of a variety of dedicated sleep
detection systems that can be either integrated into the
device or separate but connectable via wireless or hard
wired connection.

[0070] In another embodiment sleep/apnea sensors
are employed to turn the machine on only when both
sleep and apnea are occurring. In either case the sleep
sensors could also do the opposite function and turn the
blower off when waking is sensed. Suitable sleep apnea
detection systems are disclosed in U.S. Patent Publica-
tion No. 2014/0200474.

[0071] The advantages of being able to wear a CPAP
mask with no blower operating include: comfort from
force airflow while awake; talking without the difficulty of
forced air; less noise while attempting to sleep; and re-
duction of wasted power, in particular battery power.
[0072] Referring to FIG. 15, the present system may
comprise a mask/hose and a blower box with an air flow
generator 200, a controller 210 and a delay circuit 220.
An initiation control 240 is provided for the user to initiate
a delay cycle. The initiation control can be a button,
switch, touch screen or other control.

[0073] The present system has the ability to commu-
nicate with accessory devices. This communication can
come from mechanical or pneumatic feedback, but pref-
erably but not necessarily is electronic communication
transmitted over a wire or wireless. Most preferably but
not necessarily the present system has "Bluetooth" or
other wireless communication with accessory sleep de-
tection devices. The communication features could be in
any component, but most preferably but not necessarily
is in the blower box. Referring to FIG. 16, the controller
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210 is in electrical communication with a transceiver 250
which may be permanently or removably carried by the
housing as discussed herein. The transceiver 250 can
be paired into wireless communication with a sleep de-
tector 260.

[0074] The wireless communication module 250 and
associated antenna carried by the CPAP device thus pro-
vide a wireless connection between the CPAP device
and a paired sleep detection device 260 such as any of
those discussed herein. Preferably but not necessarily
the sleep detectoris awearable device such as an activity
tracker. Pairing may be accomplished utilizing any of a
variety of short-range wireless protocols appropriate for
the particular sleep detection device, such as Wi-Fi, Zig-
bee, Bluetooth, wireless HDMI and/or IEEE 802.11 pro-
tocols (e.g., 802.11G, 802. UN, 802.11 AC, or the like).
Other examples of potential communication protocols in-
clude iBeacon, Z-Wave, WirelessHART/Dust Networks,
ISA 100a, ISM-band-based channels, IMBI, ANT or
ANT+, or other methods of communication.

[0075] For the purposes of the present disclosure, the
term "ANT" is intended to include "ANT+ and refers to a
proprietary wireless sensor network technology featuring
a wireless communications protocol stack that enables
semiconductor radios operating in the 2.4 GHz industrial,
scientific, and medical allocation of the RF spectrum
("ISM band") to communicate by establishing standard
rules for co-existence, datarepresentation, signaling, au-
thentication, and error detection. ANT is characterized
by a low computational overhead and low to medium ef-
ficiency, resulting in low power consumption by the radios
supporting the protocol.

[0076] For the purposes of the present disclosure, the
term "Bluetooth®" refers to a wireless technology stand-
ard for exchanging data over short distances (using
short-wavelength radio transmissions in the ISM band
from 24000-2480 MHz) from fixed and mobile devices,
creating personal area networks (PANs) with high levels
of security. Created by telecom vendor Ericsson in 1994,
it was originally conceived as a wireless alternative to
RS-232 data cables. It can connect several devices,
overcoming problems of synchronization. Bluetooth® is
managed by the Bluetooth® Special Interest Group,
which has more than 18, 000 member companies in the
areas of telecommunication, computing, networking, and
consumer electronics. Bluetooth® was standardized as
IEEE 802.15.1, but the standard is no longer maintained.
[0077] Awireless LAN may exist using a different IEEE
protocol, 802.11b, 802.11g or possibly 802.11n. The de-
fining characteristics of LANSs, in contrast to WANs (wide
area networks), include their higher data transfer rates,
smaller geographic range, and lack of a need for leased
telecommunication lines. Current Ethernet or other IEEE
802.3 LAN technologies operate at speeds up to 10
Gbit/s.

[0078] For the purposes of the present disclosure, the
term "low powered wireless network" refers to an ultra-
low powered wireless network between sensor nodes
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and a centralized device. The ultra-low power is needed
by devices that need to operate for extended periods of
time from small batteries energy scavenging technology.
Examples of low powered wireless networks are ANT,
ANT+, Bluetooth Low Energy (BLE), ZigBee and WiFi.
[0079] For the purposes of the present disclosure, the
term "ZigBee" refers to a specification for a suite of high
level communication protocols used to create personal
area networks built from small, low-power digital radios.
ZigBee is based on an IEEE 802 standard. Though low-
powered, ZigBee devices often transmit data over longer
distances by passing data through intermediate devices
to reach more distant ones, creating a mesh network;
i.e., a network with no centralized control or high-power
transmitter/receiver able to reach all of the networked
devices. The decentralized nature of such wireless ad-
hoc networks make them suitable for applications where
a central node can’t be relied upon. ZigBee may be used
in applications that require a low data rate, long battery
life, and secure networking. ZigBee has a defined rate
of 250 Kbit/s, best suited for periodic or intermittent data
or a single signal transmission from a sensor or input
device. The technology defined by the ZigBee specifica-
tion is intended to be simpler and less expensive than
other WPANSs, such as Bluetooth® or Wi-Fi. Zigbee net-
works are secured by 128 bit encryption keys.

[0080] Suitable wireless pairing protocols between the
CPAP device and remote activity tracker or other sleep
detection device are disclosed in US patent publication
2014/0281547, entitled Wireless Pairing of Personal
Health Device with a Computing Device.

[0081] Since different currently available activity track-
ers may utilize different protocols (e.g., some may utilize
Bluetooth, others may utilize ANT or ANT+), the commu-
nication module 250 carried by the CPAP device of the
present invention is preferably but not necessarily able
to pair utilizing any of a variety of protocols so that it can
universally obtain sleep onset data from whatever device
the user may choose to utilize. Thus, the communication
module may be provided with a capability to communi-
cate utilizing at least two and preferably but not neces-
sarily at least three or four or more different protocols. It
can be programmed to detect the appropriate protocol
from a sleep detector in range and select that protocol
automatically for a given activity tracker or other source
device. Alternatively, a user may be provided with a
choice from an array of different communication modules
from which they can select the module capable of com-
munication with their sleep onset detector. The selected
module can then be plugged into a transceiver docking
port on the CPAP device followed by pairing as is under-
stood in the art. The CPAP device may thus be provided
with a port for removably receiving the selected commu-
nication module.

[0082] The accessory devices that the present system
communicates with can be various items that have the
ability to sense sleep onset and or sleep stage. Exem-
plary accessory devices can sense sleep state ina variety
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of ways: movement, breath rate, blood pressure, heart
rate, eye motion, temperature, sound, brain activity,
physiological activity such as kidney function, Gl function,
hormone production and delivery. Such accessory de-
vices may comprise a Fit Bit or other accessory device
that already has sleep sensing capabilities, and may
communicate, forinstance wirelessly, with the blower box
and tell it whether the person is asleep or awake, so that
the blower box can respond by turning on or off based
on the sleep state that is reported to it.

[0083] From observing changes in behavior and re-
sponsiveness, scientists have noted the following char-
acteristics that accompany and in many ways define
sleep: sleep is a period of reduced activity; sleep is as-
sociated with a typical posture, such as lying down with
eyes closed in humans; sleep results in a decreased re-
sponsiveness to external stimuli; sleep is a state that is
relatively easy to reverse (this distinguishes sleep from
other states of reduced consciousness, such as hiber-
nation and coma).

[0084] From observations of behavioral changes that
accompany sleep and simultaneous physiological
changes, scientists now define sleep in humans based
on brain wave activity patterns and other physiological
changes as described below.

[0085] Many physiological variables are controlled dur-
ing wakefulness at levels that are optimal for the body’s
functioning. A person’s temperature, blood pressure, and
levels of oxygen, carbon dioxide, and glucose in the blood
remain quite constant during wakefulness. During sleep,
however, physiological demands are reduced and tem-
perature and blood pressure drop. In general, many
physiological functions such as brain wave activity,
breathing, and heart rate are quite variable when a per-
son is awake or during REM sleep, but are extremely
regular when a person is in non-REM sleep.

[0086] For centuries, physicians believed that sleep
was a period of brain inactivity, yet research over the last
60 years has shown us that the brain remains active dur-
ing sleep. There is a progressive decrease in the activa-
tion or "firing" rate of most neurons throughout the brain
as sleep progresses from wakefulness to non-REM
sleep. Also, the patterns of neuron firing change from a
seemingly random and variable activity pattern during
wakefulness, to a much more coordinated and synchro-
nous pattern during non-REM sleep.

[0087] During REM sleep (the stage of sleep most as-
sociated with dreaming) there is an increase in the firing
rate of most neurons throughout the brain, as compared
to non-REM sleep. In fact, the brain in REM sleep can
even be more active than when awake. Patterns of brain
activity during REM sleep are more random and variable,
similar to during wakefulness. This pattern of brain ac-
tivity during REM sleep probably underlies the intense
dreaming that occurs during this state.

[0088] Through a process known as thermoregulation,
the temperature of our body is controlled by mechanisms
such as shivering, sweating, and changing blood flow to
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the skin, so that body temperature fluctuates minimally
around a set level during wakefulness. Just before a per-
son falls asleep, their body begins to lose some heat to
the environment, which some researchers believe actu-
ally helps to induce sleep. During sleep, the body’s cen-
tral set temperature is reduced by 1 to 2°F. As a result,
people use less energy maintaining their body tempera-
ture. It has been hypothesized that one of the primary
functions of sleep is to conserve energy in this way.
[0089] Body temperature is still maintained, although
at a slightly reduced level during non-REM sleep, but
during REM sleep body temperature falls to its lowest
point. Sleeping under a blanket during the usual 10-to
30-minute periods of REM sleep ensures that people do
not lose too much heat to the environment during this
potentially dangerous time without thermoregulation.
[0090] Breathing patterns also change during sleep.
When a person is awake, breathing is usually quite irreg-
ular, since it is affected by speech, emotions, exercise,
posture, and other factors. As a person progresses from
wakefulness through the stages of non-REM sleep, their
breathing rate slightly decreases and becomes very reg-
ular. During REM sleep, the pattern becomes much more
variable again, with an overall increase in breathing rate.
[0091] One of the possible functions of sleep is to give
the heart a chance to rest from the constant demands of
waking life. As compared to wakefulness, during non-
REM sleep there is an overall reduction in heart rate and
blood pressure. During REM sleep, however, there is a
more pronounced variation in cardiovascular activity,
with overall increases in blood pressure, heart rate, and
blood flow.

[0092] Forthe most part, many physiological activities
are reduced during sleep. For example, kidney function
slows and the production of urine is decreased. However,
some physiological processes may be maintained or
even increased during sleep. For example, one of the
greatest changes induced by sleep is an increase in the
release of growth hormone. Certain physiological activ-
ities associated with digestion, cell repair, and growth are
often greatest during sleep, suggesting that cell repair
and growth may be an important function of sleep.
[0093] One of the most notable but least understood
characteristics of sleep is dreaming, during which a per-
son’s thoughts may follow bizarre and seemingly illogical
sequences, sometimes random and sometimes related
to experiences gathered during wakefulness. Visually in-
tense dreaming occurs primarily during REM sleep. How-
ever, not all dreams occur during REM sleep. For exam-
ple, night terrors actually occur during non-REM sleep.
[0094] Varying explanations for dreaming, as well as
the meanings of dreams, have been offered by philoso-
phers and psychologists throughout history. Even with
recent scientific investigations of dreaming, dreams still
remain something of a mystery. Some experts suggest
that dreams represent the replay of the day’s events as
a critical mechanism in the formation of memories, while
others claim thatthe content of dreams is simply the result
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of random activity in the brain.

Claims

1. A mask (15) for treating a patient suffering from ob-
structive sleep apnea, the mask (15) adapted to be
connected to an air flow generator (200) and con-
structed to cover at least the nostrils of the patient,
the mask (15) comprising:

a cavity (65) in fluid connection with the nostrils
of the patient;

an inlet pressure port (50) constructed to be at-
tached to the air flow generator (200);

the inlet pressure port (50) fluidly connected to
the cavity (65) via an inlet pressure valve (52)
that is constructed to allow air flow from the air
flow generator (200) to the cavity (65) with little
resistance;

the inlet pressure port (50) fluidly connected to
an expiration valve (35), wherein the expiration
valve (35) is fluidly connected to the cavity (65)
and to the outside of the mask (15), the expira-
tion valve restricts air flow from the cavity (65)
to the outside of the mask (15); and

an inspiration one-way valve (45) fluidly con-
nected to the cavity (65) and to the outside of
the mask (15), the inspiration one-way valve (45)
is constructed to allow air flow from the outside
of the mask (15) into the cavity (65) with little
resistance and blocking air flow from the cavity
(65) to the outside of the mask (15);
characterized in that

the inlet pressure valve (52) is an inlet pressure
one-way valve blocking air flow from the cavity
(65) to the air flow generator (200); and

the restriction of the expiration valve (35) is de-
pendent on the pressure of air in the inlet pres-
sure port (50).

2. The mask (15) of claim 1 further comprising a valve
cartridge (20) that comprises the inlet pressure one-
way valve, the expiration valve and the inspiration
one-way valve.

3. The mask (15) of claim 2, wherein the cartridge (20)
is removable.

4. Themask (15) of claim 1 wherein the inspiration one-
way valve comprises two valves.

5. The mask (15) of claim 1 further comprising an am-
bient pressure port (55 A,B), wherein the inspiration
one-way valve and the expiration valve are fluidly
connected to the ambient pressure port (55 A,B).

6. The mask (15) of claim 1, wherein at least one of the
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inlet pressure one-way valve, inspiration one-way
valve and expiration valve comprises a membrane
(40; 45A, 45B; 35) and a valve seat (42; 47A, 47B;
30) and if the inspiration one-way valve comprises
amembrane (45A, 45B) and a valve seat (47A, 47B),
the shape of the membrane (45A, 45B) is dependent
on the pressure of air in the inlet pressure port (50).

The mask according to one of the preceding claims,
characterized in that the mask (15) has at least an
inspiration mode, a rest/apnea mode and an expira-
tion mode; wherein the mask (15) is configured such
that

the inspiration mode occurs when the patient
inspires air, during which the inspiration one-
way valve and the inlet pressure one-way valve
are open;

the rest/apnea mode occurs when the patient is
neitherinspiring air nor expiring air, during which
the inlet pressure one-way-valve is open, and
the expiration valve and inspiration one-way
valve are closed; and

the expiration mode occurs when the patient ex-
pires air, during which the expiration valve is
open and the inlet pressure one-way valve and
the inspiration one-way valve are closed.

The mask (15) of claim 7, wherein the mask (15)
comprises a disconnected mode when the air flow
generator (200) is not providing airflow to the mask
(15), the mask (15) being configured such that:

during the disconnected mode when a patient
inspires the inspiration one-way valve and the
expiration valve are open; and

during the disconnected mode when a patient
expires the inspiration one-way valve is closed
and the expiration valve is open.

The mask (15) of claim 7, wherein the mask (15)
comprises a disconnected mode when the air flow
generator (200) is not providing airflow to the mask,
the mask (15) being configured such that

during the disconnected mode when a patient
inspires the inspiration one-way valve is open;
and

during the disconnected mode when a patient
expires the inspiration one-way valve is closed
and the expiration valve is open.

10. Asystem fortreating a patient suffering from obstruc-

tive sleep apnea, characterized by the system com-
prising:

a mask (15) according to any of the claims 1 -
9, wherein the air flow generator (200) further
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comprises a controller (210) that is configured
to adjust an air flow pressure and volume to be
generated; and

a tube connected to the air flow generator (200).

The system of claim 10, wherein the controller (210)
comprises a delay circuit (220) that delays the gen-
eration of air flow from the air flow generator (200)
for a predetermined amount of time.

The system of claim 11, wherein a predetermined
maximum pressure is set and the air flow generator
(200) gradually increases the pressure of air gener-
ated until the maximum pressure is reached.

The system of claim 12, further comprising a sleep
detector (260) that signals the controller (210) that
the patient is asleep, thus activating the generation
of air flow from the air flow generator (200).

The system of claim 13, wherein the sleep detector
(260) is worn by the patient and is adapted to take
biometric readings of the patient.

Patentanspriiche

1.

Eine Maske (15) zum Behandeln eines Patienten,
der unter obstruktiver Schlafapnoe leidet, wobei die
Maske (15) derart ausgebildet ist, dass diese mit ei-
nem Luftstromerzeuger (200) verbindbar ist, und
derart gestaltetist, dass diese zumindest die Nasen-
I6cher des Patienten abdeckt, wobei die Maske (15)
versehen ist mit:

einem Hohlraum (65), welcher in Luftstromver-
bindung mit den Nasenl6chern des Patienten
steht;

einer Einlassdruckéffnung (50), welche derart
gestaltet ist, dass diese mit dem Luftstromer-
zeuger (200) verbindbar ist;

wobei die Einlassdruckéffnung (50) in Luft-
stromverbindung mit der Hohlraum (65) mittels
eines Einlassdruckventils (52) steht, welches
derart gestaltet ist, dass dieses einen Luftstrom
von dem Luftstromerzeuger (200) in den Hohl-
raum (65) mit geringem Strémungswiderstand
zulasst;

wobei die Einlassdruckéffnung (50) in Luft-
stromverbindung mit einem Ausatmungsventil
(35) steht, welches Ausatmungsventil (35) in
Luftstromverbindung mit der Hohlraum (65) und
mit der AuBenumgebung der Maske (15) steht,
wobei das aus Atmungsventil dem Luftstrom
von dem Hohlraum (65) zu der AuRenumge-
bung der Maske (15) beschrankt; und

wobei ein Einatmungs-Einwegventil (45) in Luft-
stromverbindung mit dem Hohlraum (65) und
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mit der Aullenumgebung der Maske (15) ver-
bundenist, wobeidas Einatmungs-Einwegventil
(45) dazu ausgebildet ist, einen Luftstrom von
der AuBenumgebung der Maske (15) in den
Hohlraum (65) mit geringem Stromungswider-
stand zuzulassen und einen Luftstrom von dem
Hohlraum (65) zu der Aufienumgebung der
Maske (15) zu blockieren;

dadurch gekennzeichnet, dass

das Einlassdruckventil (52) ein Einlassdruck-
Einwegventil ist, welches einen Luftstrom von
dem Hohlraum (65) zu dem Luftstromerzeuger
(200) blockiert; und

der von dem Ausatmungsventil (35) bereitge-
stellte Stromungswiderstand von dem Luftdruck
an der Einlassdruckéffnung (50) abhangig ist.

Die Maske (15) nach Anspruch 1, weiter versehen
mit einem Ventileinsatz (20), welcher das Einlass-
druck-Einwegventil, das Ausatmungsventil und das
Einatmungs-Einwegventil aufweist.

Die Maske (15) nach Anspruch 2, wobei der Venti-
leinsatz (20) entfernbar ist.

Die Maske (15) nach Anspruch 1, wobei das Einat-
mungs-Einwegventil zwei Ventile aufweist.

Die Maske (15) nach Anspruch 1, weiter versehen
mit einer Umgebungsdruck-Offnung (55 A,B), wobei
das Einatmungs-Einwegventil und das Ausat-
mungsventil in Luftstromverbindung mit der Umge-
bungsdruck-Offnung (55 A,B) verbunden sind.

Die Maske (15) nach Anspruch 1, wobei das Ein-
lassdruck-Einwegventil und/oder das Einatmungs-
Einwegventil und/oder das Ausatmungsventil eine
Membran (40;45A, 45B; 35) und einen Ventilsitz (42;
47A, 47B; 30) aufweisen und fir den Fall, dass das
Einatmungs-Einwegventil eine Membran (45A, 45B)
und einen Ventilsitz (47A, 47B) aufweist, die Form
der Membran (45A, 45B) von dem Luftdruck an der
Einlassdruckéffnung (50) abhangt.

Die Maske nach einem der vorangehenden Anspri-
che, dadurch gekennzeichnet, dass die Maske
(15) wenigstens einen Einatmungsmodus, einem
Ruhe/Apnoe-Modus und einen Ausatmungsmodus
aufweist; wobei die Maske (15) derart konfiguriert
ist, dass

der Einatmungsmodus eingestellt ist, wenn der
Patient Luft einatmet, wahrenddessen das Ein-
atmungs-Einwegventil und das Einlassdruck-
Einwegventil gedffnet sind;

der Ruhe/Apnoe-Modus eingestelltist, wennder
Patient weder Luft einatmet noch ausatmet,
wahrenddessen das Einlassdruck-Einwegventil
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geoffnet ist und das Ausatmungsventil sowie
das Einatmungs-Einwegventil geschlossen
sind; und

der Ausatmungsmodus eingestellt ist, wenn der
Patient Luft ausatmet, wahrenddessen das Aus-
atmungsventil gedffnet ist und das Einlass-
druck-Einwegventil sowie das Einatmungs-Ein-
wegventil geschlossen sind.

Die Maske (15) nach Anspruch 7, wobei die Maske
(15) einen Entkopplungsmodus einstellt, wenn der
Luftstromerzeuger (200) keinen Luftstrom zu der
Maske (15) liefert, wobei die Maske (15) dann derart
konfiguriert ist, dass:

wahrend der Patient im Entkopplungsmodus
einatmet, dass Einatmungs-Einwegventil und
das Ausatmungsventil gedffnet sind; und
wahrend der Patient im Entkopplungsmodus
ausatmet, dass Einatmungs-Einwegventil ge-
schlossen und das Ausatmungsventil gedffnet
sind.

Die Maske (15) nach Anspruch 7, wobei die Maske
(15) einen Entkopplungsmodus einstellt, wenn der
Luftstromerzeuger (200) keinen Luftstrom zu der
Maske liefert, wobei die Maske (15) dann derart kon-
figuriert ist, dass:

wahrend der Patient im Entkopplungsmodus
einatmet, dass Einatmungs-Einwegventil geoff-
net ist; und

wahrend der Patient im Entkopplungsmodus
ausatmet, dass Einatmungs-Einwegventil ge-
schlossen und das Ausatmungsventil gedffnet
sind.

Ein System zum Behandeln eines Patienten, der un-
ter obstruktiver Schlafapnoe leidet, wobei das Sys-
tem versehen ist mit:

einer Maske (15) nach einem der Anspriiche
1-9, wobei der Luftstromerzeuger (200) weiter
einen Regler (210) aufweist, welcher dazu kon-
figuriert ist, den erzeugten Luftstromdruck und
das erzeugte Luftstromvolumen einzustellen;
und

ein Rohr mit dem Luftstromerzeuger (200) ver-
bunden ist.

Das System nach Anspruch 10, wobei der Regler
(210) einen Verzdgerungsschaltkreis (220) auf-
weist, welcher das Erzeugen von Luftstrom durch
den Luftstromerzeuger (200) um eine vorbestimmte
Zeitspanne verzogert.

Das System nach Anspruch 11, wobei ein vorbe-
stimmter Maximaldruck festgelegt ist und der Luft-
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stromerzeuger (200) den Luftdruck allmahlich er-
hoht, bis der Maximaldruck erreicht ist.

Das System nach Anspruch 12, weiter versehen mit
einem Schlafdetektor (260), welcher dem Regler
(210) signalisiert, dass der Patient schlaft, und so
das Erzeugen eines Luftstroms durch den Luftstrom-
erzeuger (200) aktiviert.

Das System nach Anspruch 13, wobei der Schlaf-
detektor (260) von dem Patienten getragen wird und
derartkonfiguriertist, dass diese biometrische Daten
von dem Patient liest.

Revendications

Masque (15) permettant de traiter un patient souf-
frant d’apnée obstructive du sommeil, le masque
(15) étantadapté pour étre connecté aun générateur
de flux d’air (200) et congu pour couvrir au moins les
narines du patient, le masque (15) comprenant :

une cavité (65) en liaison fluidique avec les na-
rines du patient ;

un orifice de pression d’entrée (50) congu pour
étre fixé au générateur de flux d’air

(200) ;

I'orifice de pression d’entrée (50) en liaison flui-
dique avec la cavité (65) par l'intermédiaire
d’'une soupape de pression d’entrée (52) qui est
congue pour permettre un flux d’air produit par
le générateur de flux d’air (200) vers la cavité
(65) avec peu de résistance ;

I'orifice de pression d’entrée (50) en liaison flui-
dique avec une soupape d’expiration (35), dans
lequel la soupape d’expiration (35) est en liaison
fluidique avec la cavité (65) et avec I'extérieur
du masque (15), la soupape d’expiration limite
le flux d’air de la cavité (65) vers I'extérieur du
masque (15) ; et

une soupape unidirectionnelle d’inspiration (45)
en liaison fluidique avec la cavité (65) et avec
I'extérieur du masque (15), la soupape unidirec-
tionnelle d’inspiration (45) est congue pour per-
mettre le flux d’air de provenant de I'extérieur
du masque (15) dans la cavité (65) avec peu de
résistance et pour bloquer le flux d’air de la ca-
vité (65) vers I'extérieur du masque (15) ;
caractérisé en ce que

la soupape de pression d’entrée (52) est une
soupape unidirectionnelle de pression d’entrée
bloquant le flux d’air de la cavité (65) vers le
générateur de flux d’air (200) ; et

la restriction de la soupape d’expiration (35) dé-
pend de la pression de I'air dans I'orifice de pres-
sion d’entrée (50) .
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Masque (15) selon la revendication 1, comprenant
en outre une cartouche de soupape (20) qui com-
prend la soupape unidirectionnelle de pression d’en-
trée, la soupape d’expiration et la soupape unidirec-
tionnelle d’inspiration.

Masque (15) selon la revendication 2, dans lequel
la cartouche (20) est amovible.

Masque (15) selon la revendication 1, dans lequel
la soupape unidirectionnelle d’inspiration comprend
deux soupapes.

Masque (15) selon la revendication 1, comprenant
en outre un orifice a pression ambiante (55 A, B),
dans lequel la soupape unidirectionnelle d’inspira-
tion et la soupape d’expiration sont en liaison fluidi-
que avec l'orifice a pression ambiante (55 A, B).

Masque (15) selon la revendication 1, dans lequel
aumoins I'un des soupape unidirectionnelle de pres-
sion d’entrée, soupape unidirectionnelle d’inspira-
tion et soupape d’expiration comprend une membra-
ne (40 ; 45A, 45B ; 35) et un siege de soupape (42 ;
47A, 47B; 30) et si la soupape unidirectionnelle
d’inspiration comprend une membrane (45A, 45B)
et un siege de soupape (47A, 47B), la forme de la
membrane (45A, 45B) dépend de la pression de I'air
dans l'orifice de pression d’entrée (50).

Masque selon I'une des revendications précéden-
tes, caractérisé en ce que le masque (15) présente
au moins un mode inspiration, un mode repos/apnée
et un mode expiration ; dans lequel le masque (15)
est configuré de telle sorte que

le mode inspiration intervient lorsque le patient ins-
pire de l'air, la soupape unidirectionnelle d’inspira-
tion etla soupape unidirectionnelle de pression d’en-
trée étant alors ouvertes ;

le mode repos/apnée intervient lorsque le patient
n’inspire ni n’expire d’air, la soupape unidirection-
nelle de pression d’entrée étant alors ouverte, et la
soupape d’expiration et la soupape unidirectionnelle
d’inspiration étant alors fermées ; et

le mode expiration intervientlorsque le patient expire
de l'air, la soupape d’expiration étant alors ouverte
et la soupape unidirectionnelle de pression d’entrée
et la soupape unidirectionnelle d’inspiration étant
alors fermées.

Masque (15) selon la revendication 7, dans lequel
le masque (15) comprend un mode déconnecté lors-
que le générateur de flux d’air (200) ne fournit pas
de flux d’air au masque (15), le masque (15) étant
configuré de telle sorte que :

en mode déconnecté lorsqu’un patient inspire,
la soupape d’inspiration unidirectionelle et la
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soupape d’expiration sont ouvertes ; et

en mode déconnecté, lorsqu’un patient expire,
la soupape unidirectionnelle d’inspiration est
fermée et la soupape d’expiration est ouverte.

Masque (15) selon la revendication 7, dans lequel
le masque (15) comprend un mode déconnecté lors-
que le générateur de flux d’air (200) ne fournit pas
de flux d’air au masque, le masque (15) étant confi-
guré de telle sorte que

en mode déconnecté, lorsqu’un patient inspire, la
soupape unidirectionnelle d’inspiration est ouverte ;
et

en mode déconnecté, lorsqu’un patient expire, la
soupape unidirectionnelle d’'inspiration est fermée et
la soupape d’expiration est ouverte.

Systeme permettant de traiter un patient souffrant
d’apnée obstructive du sommeil, caractérisé en ce
que le systéme comprend :

un masque (15) selon I'une quelconque des re-
vendications 1 a 9, dans lequel le générateur de
flux d’air (200) comprend en outre un régulateur
(210) qui est configuré pour régler une pression
et un volume de flux d’air a générer ; et

un tube relié au générateur de flux d’air (200).

Systeme selon la revendication 10, dans lequel le
régulateur (210) comprend un circuit de temporisa-
tion (220) qui retarde la génération d’'un flux d’air
produit par le générateur de flux d’air (200) pendant
une durée prédéterminée.

Systeme selon la revendication 11, dans lequel une
pression maximale prédéterminée est définie et le
générateur de flux d’air (200) augmente progressi-
vement la pression de I'air généré jusqu’a ce que la
pression maximale soit atteinte.

Systeme selon la revendication 12, comprenant en
outre un détecteur de sommeil (260) qui signale au
régulateur (210) que le patient est endormi, activant
ainsi la génération d'un flux d’air produit par le gé-
nérateur de flux d’'air (200).

Systeme selon la revendication 13, dans lequel le
détecteur de sommeil (260) est porté par le patient
et est adapté pour prendre des mesures biométri-
ques du patient.
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