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TREATING SLEEP APNEA, SNORING, AND OTHER RESPIRATORY DISORDERS

(57) Abstract: Systems and methods provide
a self-contained, intermittent positive airway
pressure system for treating sleep apnea, snor-
ing, and other respiratory disorders. The sys-
tems and methods provide an air flow director
that can be worn in or over the nose of the in-
dividual in communication with an upper air-
way. The systems and methods provide an air-
flow regulation assembly that can also be
worn in its entirety by the individua in com-
munication with the air flow director. The air-
flow regulation assembly includes a source of
positive pressure. The airflow regulation as-
sembly intermittently operates the source of
positive pressure to increase positive air pres-
sure in the air flow director sufficient to resist
tissue collapse in the upper airway during
only a portion of the respiratory cycle less
than the entire respiratory cycle.
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Rel at ed Application

This application claims the benefit of U S
Pr ovi si onal Patent Application Serial No. 61/143,371
filed 8 January 2009, and entitled "DEVICES AND METHODS
FOR TREATI NG RESPI RATORY DI SORDERS" which is incorporated
herein by reference.
Field of the Invention

The invention generally relates to respiration aids
to prevent partial or conplete airway blockage during
sl eep, or other respiratory disorders. The invention also
generally relates to positive airway pressure systens and
met hods .
Background of the Invention

During sleep, all nmuscles, including those of the
upper airway, lose tone and relax. Cbstructive Sleep
Apnea (OSA) occurs when tissue blocks the upper airway
during sleep. This wll cause a drop in blood oxygen and
a rise in blood carbon dioxide. The brain wll sense
t hese changes, and awaken the person enough to restore
muscle tone to the structures of the upper airway, and
the airway wll reopen.

PCT/US2010/000046
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The severity of OSA is deternined by the nunber of

bl ockages per hour of sleep, also called the apnea-
hypopnea index (AH) These include conplete blockages
(apneas) and partial blockages (hypopneas) The severity
of OSA, as determined by a sleep study, is classified as
foll ows :

Severity Blockages per Hour (AHTI)

Mild 5-15

Moderate 15-30

Severe 30+

OSA disrupts restorative sleep. Chronic fatigue has
long been recognized as the hallmark of OSA But nore
recently, large clinical studies have shown a strong link
bet ween OSA and stroke and death. Thi s link is
i ndependent of other risk factors for cardiovascular
di sease such as hypertension, obesity, high cholesterol,

snoki ng and di abet es.

Current Therapies

Several - structures can cause blockage of the upper
airway: the tongue, the soft palate, the lateral walls of
the pharynx, the tonsils and the epiglottis. In nost
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None of these approaches has achieved nmuch nore than
a 50% success rate, with success defined as a 50%
decrease in AH to a score below 20. The linmted success
of these approaches I|ikely stenms from the fact that they
don't address all anatomical sources of a blockage.

The nost widely used therapy for OSA is Continuous
Positive Airway Pressure, or CPAP. A CPAP system consists
of three parts: an airtight mask fitting in or over the
nose or nose and nmouth, an air pressurizing console and a
tube connecting the tw. The nmask contains one or nore
holes. CPAP works by pressurizing the upper airway
t hroughout the breathing cycle, essentially inflating the
airway to keep it open. CPAP thus nmaintains a pneunatic
splint throughout the respiratory cycle.

Unlike interventions that treat specific bl ockages,
CPAP addresses all potential blockage sites. The success
rate in patients exceeds 80% and its «cure rate
(decreasing AH below 5) is close to 50% The drawback to
CPAP is poor patient conpliance. Roughly half of all
patients who try CPAP are unable to sleep wth it.
Patients dislike several aspects of CPAP including:
having to wear a mask, being tethered to a pressurizing
console, the noise of the console, traveling with a bul ky
device, and a |loss of personal space in the bed.

There is good evidence that an effective pneunatic
splint can be achieved within part of the respiratory
cycle by producing a partial blockage in the nose or
mouth, thus slowing the release of air during expiration.
The sinplest nethod, pursing of the lips, has been shown
to open the wupper airway and inprove breathing in
enphysenma patients.

Doshi et al . (uUs Patent Application 2006/0150978)
descri be renovabl e nasal devi ces t hat provi de
considerably nmore resistance during exhalation than
during inhalation. Early results with this type of device

PCT/US2010/000046
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are promsing, although the results are not as good as
those achieved with CPAP. See, Colrain IM Turlington sS.
The use of a nasal resistance valve to treat sleep
di sordered breathing. SLEEP abstract 2008; Rosenthal L,
Dolan DC , Massie CA , Kram J. A novel expiratory-
pressure device to obstructive sl eep apnea. SLEEP
abstract 2008; Massie cCc, Rosenthal L, Krarn J. Acceptance
and Adherence of a novel device in the treatnent of sleep
apnea. SLEEP abstract 2008.

The drawback to the devices described by Doshi is
that increased airway pressure (the "Pneumatic splint")
is only achieved during exhalation: there is no increased
pressure during inhalation. Addi tionally, the nasal
devi ce described by Doshi cannot be used beneficially by
nouth breathers, or patients who become nouth breathers
when resistance is added to the nasal passages.

Several devices providing a proximl blockage and
covering both the nose and nouth have been described.
Oen (US Patent 5,649,533) describes a mask covering
the nose or nose and nmouth which has two valves. The
first valve opens during inhalation, that is when
external pressure exceeds pressure within the nmask. The
second valve opens when pressure within the nmask exceeds
pressure outside the mask within a certain range, but
which will close when pressure within the mask exceeds
at nospheric pressure by a predeterm ned anount (as would
be achieved near the end of expiration) . This device thus
relies on conplete closure of all valves near the end of
expiration to achieve a pneumatic splint. The drawback to
the system is that it does not allow the patients to
conplete expiration before initiating inspiration.

Bibi (usS Patent 6,371,112) describes a systemthat
contains both a nouthpiece and a nasal nmask. This fairly
conplex system wuses an inflatable body wthin the

nouthpiece to maintain elevated pressure wthin the

PCT/US2010/000046
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ai rway throughout the respiratory cycle. The drawback to

the systemis the requirenent for a sizable device within

the nouth . .

Summary of the Invention
5 One aspect of the invention provides systens and

methods to aid respiration of an individual during a

respiratory cycle having an inhalation phase and an

exhal ati on phase. The systens and nmethods provide an air

flow director sized and configured to be worn in or over
10 the nose of the individual in conmunication with an upper
airway. The systems and nethods provide an airflow
regul ation assenbly sized and configured to be worn in
its entirety by the individual in comrunication with the
air flow director. The airflow regulation assenbly
15 i ncl udes a source of positive pressure. The systems and
met hods operate the airflow regLiI ation assenbly in a
first node to regulate the supply of air to the air flow
director during the inhalation phase of the respiratory
cycle. The systems and nethods operate the airflow
20 regulation assenbly in a second node to regulate the
exhaust of air from the air flow director during the
exhal ati on phase of the respiratory cycle. The systens
and nethods intermttently operate the source of positive
pressure to increase positive air pressure in the air
25 flow director sufficient to resist tissue collapse in the
upper airway during only a portion of the respiratory
cycle less than the entire respiratory cycle.

The source of positive pressure can conprise, e.g.,

a turbine, a blower, and/or an air reservoir.
30 In one illustrative enbodiment, the airflow director
conprises a mask that fits over the nose or nose and
nout h, and which may have portions within the nostrils.
The source of pressurized air in the airflow regul ation
assenbly provides increased air pressure within the nask
35 and upper airway sufficient to resist tissue collapse in
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the upper airway during at |least a portion of exhalation
and/ or i nhal ation  without a separate pressurizing
console. Airflow may also be restricted upon exhal ation
by one or nore exhaust holes with limted cross- sectional
area or turbines through which exhaled air nay pass, to
increase pressure in mask and inflate the upper airway
during exhal ati on.

In another representative enbodinment, as the air
noves through the turbine, the turbine can serve to store
energy. At the conpletion of exhalation (or at sone point
before or after the conpletion of exhalation) , the
turbine or a blower can draw upon this stored energy to
bl ow positive air pressure into the mask. This nmay occur
t hroughout inhalation, or during a portion of inhalation,
or prior to the start of inhalation. Alternatively, sone
or all of the energy required to blow positive air
pressure into the mask during inhalation can be provided
by an energy source that is not replenished by the energy
created by exhalation. The energy may be provided by a
battery which is recharged daily, or a disposable battery
or batteries, or a capacitor. The battery is desirably
part of the airflow regulation assenbly.

Brief Description of the Draw ngs

Figs. IA to ID are perspective views of illustrative
enbodi nents of a self-contained, intermttent positive
airway pressure system for treating sleep apnea, snoring,
and other respiratory disorders.

Figs. 2A and 2B are perspective views of another
illustrative enbodinment of a self-contained, intermttent
positive airway pressure system for treating sleep apnea,
snoring, and other respiratory disorders.

Fig. 3 is a general schematic view of a self-
contained, intermttent positive airway pressure system
shown in Figs. 1A to ID or Fig. 2A and 2B

Figs. 4A and 4B are schematic views a self-
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contained, intermttent positive airway pressure system

as shown in Figs. IA to ID or Fig. 2A and 2B, which

i ncludes a positive pressure source conprising a turbine

34, Fig. 4A showing the system during inhalation and Fig.
5 4B showi ng the system during exhalation.

Fig. 5 is a perspective view of an illustrative
enbodi nrent of a turbine that can be used in the system
shown in Figs. 4A and 4B.

Fi gs. 6A and 6B are schematic views a self-

10 contained, intermttent positive airway pressure system
as shown in Figs. IA to ID or Fig. 2A and 2B, which
includes a positive pressure source conprising a blower,
Fig. 6A showing the system during inhalation and Fig. 6B
showi ng the system during exhalation.

15 Figs. 7A to 7C are perspective views of illustrative
enbodi nents of a blower that can be used in the system
shown in Figs. 6A and 6B.

Fi gs. 8A and 8B are schematic views a self-

contained, intermttent positive airway pressure system
20 as shown in Figs. IA to ID or Fig. 2A and 2B, which
includes a positive pressure source conprising a pre-
charged air reservoir, Fig. 8A showing the system during
i nhal ati on and Fig. 8B showing the system during
exhal ati on.
25 Fi gs. 9A and 9B are schematic views a self-
contained, intermttent positive airway pressure system
as shown in Figs. IA to ID or Fig. 2A and 2B, which
includes a positive pressure source conprising an air
reservoir charged by a blower, Fig. 9A showing the system
30 during inhalation and Fig. 9B showing the system during
exhal ati on.

Figs. 10A and 10B are perspective views show ng
representative enbodi nment s of a mask that can be
i ncorporated into a self-contained, intermttent positive

35 airway pressure system as shown in Figs. IA to ID or Fig.
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2A and 2B, the mask having airflow resistance ports that
resist the passage of air during exhalation.

Fig. 11 is a perspective view of a representative
enbodi nent of a mask that can be incorporated into a
sel f - cont ai ned, intermttent positive airway pressure
system as shown in Figs. |IA to ID or Fig. 2A and 2B, the
mask having exhalation resistance flaps that resist the
passage of air during exhalation

Fig. 12 is a schematic view of a self-contained,
intermttent positive airway pressure system as shown in
Figs. IA to ID or Fig. 2A and 2B, showi ng the operation
of the airflow regulation assenbly that the system
i ncorporates during the inhalation and exhal ati on phases
of a respiratory cycle.

Fi gs. 13A to 13D are schematic views show ng
representative sel f - cont ai ned, intermttent positive
airway pressure systens as shown in Figs. 4A/B, 6A/ 6B
8A/8B, and 9A/9B, and further showi ng candidate |ocations
for sensors to aid in the functionality of the systens.

Figs. 14A and 14B are perspective views show ng
representative enbodi nent s of a mask that can be
incorporated into a self-contained, intermttent positive
airway pressure system as shown in Figs. |IA to ID or Fig.
2A and 2B, the mask having an integrated source of
positive pressure conprising a turbine 34 or blower 36,
as well as exhalation resistance ports.

Figs. 15A and 15B are schematic views a self-
contained, intermttent positive airway pressure system
as shown in Figs. I|IA to ID or Fig. 2A and 2B, which
includes a positive pressure source conprising a turbine
34 (or a blower 36) and dual purpose valve A/B, Fig. 15A
showi ng the system during inhalation and Fig. 15B show ng
the system during exhalation.

Description of the Preferred Enbodi nents

Al t hough the disclosure hereof is detailed and exact
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to enable those skilled in the art to practice the
i nventi on, t he pﬁhysi cal enbodi nents herein disclosed
nerely exenplify the invention, which nay be enbodied in
other specific structures. Wile the preferred enbodi nent
5 has been described, the details nmay be changed without
departing from the invention, which is defined by the

clainms .
I . Overvi ew
Fi gs. IA  to ID and 2A/B show representative
10 enbodi nents of a self-contained, intermttent positive

airway pressure system 10 for treating sleep apnea,
snoring, and other respiratory disorders. The system 10
is sized and configured to be worn by an individual
during sleep, in conmunication wth the individual's
15 airway, as, e.g., Fig. IB and Fig. 2B shows. In use, the
system 10 functions to maintain desired positive air
pressure conditions in the wupper airway during the
respiration <cycle. The desired positive air pressure
conditions are sufficient to resist the collapse of
20 tissue along the airway during sleep, thereby maintaining
an open airway that does not block or interfere wth
airflow to and from the |ungs.

The system 10 is "self-contained," nmeaning that it
need not be coupled or "tethered" to an external source
25 of positive air pressure. As will be described in greater
detail later, a source of air positive pressure is
carried on-board the system 10.

The system 10 is "intermttent," neaning that it
supplies positive air pressure to the airway sufficient
30 to resist tissue collapse in the upper airway in a manner
that is not continuous. The system 10 supplies positive
air pressure to selectively resist collapse of the airway
only during a portion of the respiratory cycle. In
representative enbodinments that wll be described in
35 greater detail later, the system 10 supplies positive air
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pressure sufficient to resist tissue collapse in the

upper airway only at desired tinmes before and/or during

the inhalation phase of the respiratory cycle. At other

times, the system 10 does not supply positive air
5 pressure sufficient to resist tissue collapse in the

upper airway. During the exhal ation phase, however, the

system 10 can also serve to resist the passage of exhal ed

air, t her eby i ncreasi ng ai r way pressure duri ng

exhal ati on, just as increased positive pressure is
10 actively provided sufficient to resist tissue collapse in
the upper airway before and during at |east a portion of
the inhalation phase.

The "intermittent" aspect of the system 10
conpl enents the "self-contained" aspect of the system 10.
15 There is a significant energy requirement for actively
provi di ng positive pressuri zed air t hr oughout t he
respiratory cycle for the duration of a normal sleep
cycle, e.g., eight hours. Further, the noise created by a
nmechani zed positive pressure source carried by an
20 i ndi vidual during sleep should desirably be much |ess
than the noise created by blowers in traditional CPAP
consoles, which are both farther from the patient's ears
and (being placed within the CPAP console) insulated for
sound. The intermttent supply of positive pressure
25 sufficient to resist tissue collapse in the upper airway
makes possible, e.g., a reduction in the overall energy
requirenents of the system 10 and an overall reduction of
noi se generated during operation of the system 10.
A. The Airflow Director

30 As shown in Figs. |IA to ID, the system 10 conprises
an airflow director 12 sized and configured to be worn in
or over the nose of the individual in conmmunication with
an upper airway. The airflow director 12 can conprise a
mask that is sized and configured to form an airtight
35 seal over the nose (Figs. IA and IB) , or in the nasal .
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nares (Fig. 10 , or over the nose and mouth (Fig. 1D
The mask 12, when properly fitted to an individual,
comuni cates with the upper airway of the individual

B. The Airflow Regul ati on Assenbly

The system 10 further conpri ses an airflow
regul ation assenbly 14 communicating with the nask 12. In
a first node, the airflow regulation assenbly 14
regul at es the supply of air to the nmask 12 in
synchronization wth the native inhalation phase of the
respiratory cycl e. In a second node, the airflow
regul ation assenbly 14 regulates the exhaust of air from
the mask 12 in synchronization~with the native exhal ation
phase of the respiratory cycle. Intermttently, t he
airflow regulation assenbly 14 increases positive air
pressure wthin the wmsk 12 and the upper ai rway
sufficient to resist tissue collapse in the upper airway
only during a portion of the respiratory cycle. The
positive air pressure affirmatively prevents or resists
the collapse of tissue in the upper airway that, in the
absence of the positive air pressure, could occur to
bl ock or otherwise obstruct airflow to and from the
 ungs .

The airflow regulation assenbly 14 is desirably
sized and configured appropriately for confortable weight
positioning and distribution when worn by an individual.
Confortable weight positioning and distribution can be
achieved, e.g., by keeping the weight of the airflow
regulation assenbly 14 close to the head and on the
surfaces of the head that do not typically contact the
pillow or bed, one such region being the top of the head
(as Figs. IA to ID show), or by placing some or all of
the conponents inside a neck collar that is confortable
and could provide sound danpening (as Figs. 2A and 2B
show) . As shown in Figs. 2A and 2B, the collar can take a

form simlar to that of a travel neck pillow

PCT/US2010/000046
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1.  The Airflow Manifold

The airflow regulation assenbly 14 can be variously-
constructed. In a representative enbodinent, the airflow
regul ation assenbly 14 conprises a housing defining an

5 airflow manifold 16 with one or nore airflow channels
communicating with the nmask 12. The manifold housing is
shown in Figs. |IA to ID (for wearing on the head) and in
Figs. 2A and 2B (carried within the pillow) . The manifold

housing is also shown schematically in Fig. 3. The
10 mani fold housing can be constructed, e.g., from nolded
plastic or nmetal, and be coupled to the mask 12 via

flexible tubing 64, as Figs. |A to ID and 2A/B show.
2. The Mask Inlet and Qutlet Val ves

As shown schematically in Fig. 3, the airflow
15 regul ation assenmbly 14 further includes at |east one mask
inlet valve 18 (designated A in the Figures) that
comrmuni cates with the airflow manifold 16. The mask inlet
valve 18 serves to regulate the inflow of air into the
mask 12 through the airflow manifold 16 during an
20 i nhal ati on phase of the respiratory cycle. The nmask inlet
valve 18 is sized and configured for one-way flow
operati on, allowing air flow into the nmask 12, but
blocking air flow out of the nmask 12. The mask inlet
valve 18 conprises a one-way valve that allows air to
25 flow in when pressure in the mask 12 is less than
pressure outside the nmask 12, but which closes when
internal pressure exceeds external pressure.

The airflow regulation assenbly 14 also includes at
| east one mask outlet valve 20 (designated C in the
30 Figures) . The nask outlet valve 20 serves to regulate the
outflow of air from the mask 12 through the airflow
mani fold 16 during an exhal ation phase of the respiratory
cycle. The mask outlet valve 20 is sized and configured
for one-way flow operation, allowing air flow out of the
35 mask 12, but blocking air flow into the mask 12. The nask
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outl et valve 20 conprises a one-way valve that allows air
to flow out when pressure in the mask 12 is greater than
pressure outside the mask 12, but which closes when
internal pressure is less than external pressure.

The mask inlet valve 18 and the mask outlet valve 20
can each conprise, &e.g., a one way mechanical check
val ve, such as a ball check valve, a sw ng check valve, ‘a
butterfly check valve, a clapper valve, a duckbill valve,
a dual check valve, or a lift check valve. The valve can
al so be a diaphragm valve or any other equivalent self-
cl osing, one-way valve. Alternatively, or in conbination,
the mask inlet valve 18 and the mask outlet valve 20 can
each conprise a |ow power electrically or pneunatically-
actuated valve.

In the case of a nose nask 12 (e.g., as Figs. IA
IB, 1D, 2A, and 2B show) , the nose mask 12 includes an
additional one-way valve 22 directly between the nose
mask 12 and the anbient air (i.e. not through the
mani fold 16) . This additional one-way valve 22 opens to
allow ambient air inflow whenever the pressure in the
mask 12 falls below anbient air pressure. |If pressure in
the mask 12 exceeds anbient air pressure (e.g. during
exhal ati on or during inhalation when the airflow
regul ation assenbly 14 increases positive air pressure
within the mask 12 and the upper airway during a portion
of the respiratory cycle) the additional one-way valve 22
cl oses. The additional one-way valve 22 can conprise,
e.g., a one way mechanical check valve, a diaphragm
valve, or any other equivalent self-closing, one- way
val ve.

3. The Ambient Air Inlet and Qutlet Valve

I n a representative enbodi nent t he airfl ow
regul ation assenbly 14 further conprises at |east one
anbient air inlet valve 24 (designated D in the Figures)
that communicates wth the airflow nanifold 16. The

PCT/US2010/000046
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anbient air inlet valve 24 serves to regulate the inflow
of fresh anbient air through the manifold 16 into the
mask 12 (and thus into the uﬁper airway) in concert wth
the mask inlet valve 18 during an inhalation phase of the
5 respiratory cycle. The anbient air inlet valve 24 is
si zed and configured for one-way flow operation, allow ng
air flow in fromthe anbient atnosphere into the mask 12,
but blocking air flow frorﬁthe mask 12 out to the anbient
at nrosphere. The anbient air inlet valve 24 can conprise a
10 one-way valve that allows air to flow in when pressure in
the manifold 16 is less than pressure outside the
mani fold 16, but which closes when internal pressure
exceeds external pressure.
The airflow regulation assenbly 14 also includes at
15 | east one anbient air outlet valve 26 (designed B -in the
Fi gures) that conmunicates with the airflow manifold 16.
The anbient air outlet valve 26 serves to regulate the
outflow of spent air through the airflow nmanifold 16 from
the mask 12 (i.e., from the upper airway) to the ambient
20 atnosphere in concert wth the mask outlet valve 20
during -an .exhal ati on phase of the respiratory cycle. The
anbient air outlet valve 26 is sized and configured for
one-way flow operation, allowing air flow in out to the
anbi ent atnosphere, but blocking air flow in from the
25 anbi ent atnosphere. The anbient air outlet valve 26 can
conprise a one-way valve that allows air to flow out when
pressure in the manifold 16 is greater than pressure
outside the manifold 16, but which closes when internal
pressure is less than external pressure.
30 Li ke the mask inlet and outlet valves 18 and 20, the
anbient air inlet valve 24 and the anbient air outlet
valve 26 can each conprise, e.g., a one way nechanical
check valve, such as a ball check valve, a sw ng check
valve, a butterfly check valve, a clapper valve, a
35 duckbill valve, a dual check valve, or a |lift check
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valve. Like the nmask inlet and outlet valves, the anbient
air inlet and outlet valve can also conprise a diaphragm
valve or any other equivalent sel f-cl osi ng, one- way-
val ve. Alternatively, or in conbination, the anbient air
inlet valve 24 and the anbient air outlet valve 26 can
each conprise a |lowpower electrically or pneumatically
actuated valve. For exanple, the anbient air outlet valve
26 can, alternatively, conprise an electro-mechanically
activated valve, act uat ed, e.g., by an electrical
solenoid 28, as shown in Fig. 3. In this arrangenent, the
anbient air outlet valve 26 is electrically closed by an
airflow regulation controller 30 when the airflow
regul ation assenbly 14 increases positive air pressure
within the nask 12 and the upper airway during a portion
of the respiratory cycle, as will be described in greaier
detail later.
4. The Source of Positive Pressure

The airflow regulation assenbly 14 further conprises
a source of positive pressure 32 communicating wth the
airflow manifold 16. In the representative enbodi nent,
the source of positive pressure 32 is physically carried
within the manifold 16. The nmask inlet valve 18
(designated A) and the anbient air inlet valve 24
(designated D) communicate wth the source of positive
pressure 32. The source of positive pressure 32 can be
sel ectively activated to supply positive pressure in an
intermttent nmanner during a portion of the respiratory
cycle to augnent the pressure of anmbient air in the upper
airway sufficient to resist tissue collapse in the upper
ai rway.

The source of positive pressure 32 can conprise,
e.g., a powered turbine 34 (see Figs 4A/B) , or a powered
bl ower 36 (see Figs. 6A/B) , or an air pressure reservoir
or bladder 38 (see Figs. 8A/B) , or conbinations thereof
(see Figs. 9A/B) .
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a. Power ed Tur bi ne
As Fig. 4A shows, a powered turbine 34 in the
mani fold 16 communicating wth the mask inlet valve 18
and anbi ent air i nlet val ve 24  can serve to
5 intermttently supply positive air pressure before and/or
during an inhalation phase to increase the air pressure
in the upper airway sufficient to resist tissue collapse
in the upper airway, thereby preventing or resisting
ti ssue coll apse.
10 As Figs. 4B also show, a turbine 34 in the manifold
16 in comunication with the mask outlet valve 20
(designated c) also provides the added capability of
rotating in response to the passage of air during the act
of exhaling, and thereby nechanically resisting the
15 passage of air during exhalation. The resistance of the
turbine 34 increases air pressure in the upper airway
during exhalation, in the same way pursing one's lips
i ncreases upper airway pressure during exhalation.
When coupled to a generator 40 (see Fig. 4B and Fig.
20 5), the spinning turbine 34 can also serve to generate
energy for storage and later use by the turbine 34 (see
Fig. 4A (or by a separate blower 36) to generate
positive air pressure for application during an
i nhal ati on phase.
25 More particularly, power can be created by a turbine
34 during an exhalation phase and stored in a battery,
capacitor, or sinmlar storage elenment 42 (shown in Figs.
4A/ B) .
Power generated by a turbine 34 can be expressed by
30 the equation: P = 0.5 p A v3where :
P is Power.
p (rho) is the density of the air.
A is the area of the turbine 34.
v is the velocity of the air.

35 Additionally, when calculating for a generator: P =
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0.5 p Av3 Cp Ng Nb where :

O is the coefficient of power.

Ng is the generator efficiency.

Nb is the bearing/gear efficiency.

The source of positive pressure 32 can incorporate
several possible turbine designs. For exanple, the source
of positive pressure 32 can include a turbine 34 that
al ways spins the sanme direction to maintain nmonmentum (see
Fig. 4A) . As another exanple, the source of positive
pressure 32 can include a turbine 34 that reverses
direction upon inhalation (Fig. 4A) and exhalation (Fig.
4B) . As another exanple, the source of positive pressure
32 can include a series or array of multiple snmaller
turbines 34 which act in the aggregate. Turbine blade
design enconpasses many shapes to provide ‘optirral
aerodynam cs. These shapes are known to those of ordinary
skill in the art. ‘

b . Power ed Bl ower

As shown in Figs. 6A/B, as another exanple, the
source of positive pressure 32 can include a powered
blower 36 in the manifold 16 communicating wth the mask

inlet valve 18 (designated A) and anbient air inlet valve

24 (designated D). As wused in this application, a
"blower” differs from a "turbine® in that a blower 36
will not rotate in response to the passage of exhaled

air. A blower 36 requires power to rotate.

In one embodi nment, t he bl ower 36 can run
continuously at a low or idle power, drawing in amnbient
air and conveying it into the mask 12 via the mask inlet
valve 18. At idle power, the blower 36 does not increase
pressure sufficient to resist tissue collapse in the
upper airway. At the desired tine, the power to the
blower 36 is increased to increase the rotational speed
of the blower 36 to generate the requisite magnitude of

positive air pressure for delivery into the airway
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sufficient to resist tissue collapse in the upper airway.

This node of operation allows the blower 36 to consune

| ess power (and make |ess noise) . Alternatively, no power

can be supplied to the blower 36 until the desired tineg,

5 at which time full power is supplied to the blower 36 to

generate pressurized air for conveyance into the airway-

sufficient to resist tissue collapse in the upper airway.

Representative nmechani cal configurations for a

blower 36 are shown in Figs. 7A, 7B, and 7C. The bl ower

10 36 can include nulti ple heads, allowing it to conpress

and deliver nore air at a |ower speed, thereby producing
| ess noi se.

A powered blower 36/turbine 34 can include a noise
cancel lation device 44 (see Fig. 6A) to create noise
15 cancel lation waves at specific wavelengths to offset the
noise created by the blower 36/turbine 34. In this
arrangenent, t he bl ower 36/turbine 34 and the noise
cancel lation device 44 are synchronized such that the
noi se cancellation device 44 provides canceling waves
20 specific to the wavelength of the noise created by the
bl ower 36/turbine 34 at a given speed. As the blower
36/turbine 34 increased or decreased speed, the noise
cancel lation device 44 would provide different frequency

outputs. By synchronizing the two, the noise canceling

25 function would not have to first "hear" the noise before

it determned the optinmal wavelength output to offset the
noi se .
c. Air Reservoirs

As shown in Figs. 8A/B, as another exanple, the

30 source of positive pressure 32 can include one or nore

air pressure reservoirs 38 in the mani f ol d 16
comuni cat i ng with mask inlet valve 18. In this
arrangenent, the airflow regulation assenmbly 14 includes

at least one electrically actuated valve 46 that opens to

35 rel ease the stored air pressure to the mask 12 (and upper
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airway) sufficient to resist tissue collapse in the upper
airway at the desired tine.

In the enbodinent shown in Figs. 8A/B, the air
pressure reservoir (s) 38 are charged outside of the
airflow regulation assenbly 14 prior to sleep and
inserted into the airflow regulation assenbly 14 at the
begi nning of the sleep cycle.

In another enbodinent shown in Figs. 9A/B, the
airflow regul ation- ésgeﬁbly 14 includes an air charging
blower 48 in the manifold 16 that comunicates with the
air pressure reservoirs 38. The air charging blower 48 is
operated at a low speed (e.g., by an on-board battery)
sufficient to maintain the air reservoir (s) in a charged
condition for use. A series of reservoirs 38, as few as
two but as nmany as ten or nore could be used, wth one
reservoir 38 being used to supply the positive pressure
during a portion of the respiratory cycle, and the others
38 being sinultaneously recharged by the charge blower 48
continuously for use during the next respiratory cycle.

d. Ener gy Sources

As Fig. "3 generally shows, the source of energy 50
for an intermttently power ed t ur bi ne 34 or
intermttently powered blower 36, and/or the electrically
actuated valves can be provided by, e.g., a rechargeable
battery or capacitor that is periodically charged prior
to use by a power cord or battery charging unit 52
coupled to an AC power source (also shown for purposes of
illustration in Figs. IA and 2A) ; or a disposable battery
or batteries that are periodically replaced. Regardless,
the batteries or capacitor are sized and configured to be
carried on-board the airflow regulation assenbly 14, as
Fig. 3 generally shows.

Alternatively, or in conbination, sone or all of the
energy required to operate an intermttently powered
turbine 34 or intermttently powered blower 36, and/or
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electrically actuated valves can be provided by an energy
source 42 that is replenished or charged by a charging
el ement carried on-board the airflow regul ation assenbly
14 by the energy created by the native act of exhal ation.
For example, as shown in Figs. 4B and 5, and as
previously described, a turbine 34 coupled to a generator
40 carried by the airflow regulation assenbly 14 can
generate electrical energy in response to passage of air
during exhalation. This energy is transferred to a
battery, capacitor, or equivalent energy storage elenent
42 carried on-board the airflow regulation assenbly 14
(shown in Fig. 4B) , to subsequently power the turbine 34
or an intermttently power ed bl ower 36, and/ or
electrically actuated valves when the supply of positive
air pressure is required.

The above-described enbodinments nmake possible a
cordless, fully wearable, self-contained system 10 (as
Figs. |A/'B and 2A/B show), one in which, during the sleep
cycl e, the individual is not tethered to anything
external of the body. In an alternative enbodinent, the
energy source carried on-board the airflow regulation
assenbly 14 can include a small, flexible |ightweight AC
cord that magnetically connects to the airflow regul ation
assenbly 14, charging the power sources and providing
power for use at the beginning of the sleep cycle. Upon
charging, the nmagnetic connect disconnects for fully
tetherless use for the remainder of the sleeping cycle.
The mnimal power cord allows for a smaller battery and
wei ght .

5. Exhal ati on Resi stance

As Figs. 4B, 10A/ B, and 11 show, the airflow
regul ation assenbly 14 can al so conprise various nmeans 54
for restricting airflow during exhalation fromw thin the
mask 12 to outside of the mask 12.

The nmeans 54 for restricting airflow during
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exhal ation can conprise, e.g., one or nore exhaust holes
56 conmmunicating wth the anbient air outlet valve 26
with limted cross-sectional area (see Figs. 10A/B) . The
exhal ation resistance exhaust holes 56 desirably include
5 adj ustabl e cross-sectional areas (e.g., in the form of
rotational port arrays shown in Figs. 10A/B) , so that a
user or _ healthcare professional can adjust these.
Al ternatively, or in conbination, as descri bed
above, the nmeans 54 for restricting airflow can conprise
10 one or nore turbines 34 (see Figs. 4B) or other neans in
the manifold 16 conmunicating with the anmbient air outlet
valve 26 (designated B) that create airflow resistance
within the nmanifold 16. Reliance on resistance created by
the nmeans 54 during forced exhalation to create increased
15 pressure in the wupper airway during sonme or all of
expiration makes possible the use of a source of positive
pressure 32 that does not have to be on continuously. The
source of positive pressure 32 need only be operated to
provide positive pressure sufficient to resist tissue
20 collapse in the upper airway during a portion of the
respiratory cycle.

As al so described above, a turbine 34 (see Fig. 4B)
can itself also serve to generate for storage energy in
the form of mechanical, chemical or electrical energy. At
25 the conpletion of exhalation (or at sone point before or
after the conpletion of exhalation) , the turbine 34 or a
blower 36 can use the stored energy (with or wthout
other stored energy in the device, such as a battery) to
blow fresh air into the mask 12 (as shown in Fig. 4A
30 sufficient to resist tissue collapse in the upper airway.
This may occur throughout inhalation, or during a portion
of inhalation, or prior to the start of inhalation. In
this way, the airflow regulation assenbly- 14 provides
both increased airway pressure during exhalation as well

35 as increased pressure before or during at least a portion
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of inhalation sufficient to resist tissue collapse in the
upper airway .
As Figs. 14A and 14B show, the mask 12 can carry an
integrated turbine 34 or blower 36, wth conmunication
5 vents for inhalation and exhalation. Such a mask 12 could
be made to fit over the nose and nmouth, or just the nose
of the user. The flow channels and valves of the airflow
regul ation assenbly 14 shown schematically in Figs. 4A/'B
(turbine 34) or Figs. 6A/B (blower 36) nay I|ikew se be
10 fully or partially integrated into the mask 12, to
function during inhalation and exhalation in the nmanner
previously described. For exanple, upon inhalation by the
user, mask inlet valve 18 (A is opened by the |ow
pressure created by the user. Subsequently, anbient air
15 outlet valve 26 B and nask outlet valve 20 (g9 are pulled
closed by the lower pressure. Anbient air inlet valve 24
(D opens from the lower pressure to allow fresh air in
from the atnobsphere. At a predetermned or calculated
time (calculated by detection of change in pressure,
20 turbine speed, or valve position) , the power assisted
turbine 34/blower 36 sequence is initiated to provide
addi ti onal pressure before and/or during inhalation,
sufficient to resist tissue collapse in the upper airway.
Upon initiation of exhalation by the user, nmask outlet
25 valve 20 (o9 is opened by the high pressure created by
the user. Mask inlet valve 18 (A and anmbient air inlet
valve 24 (p are closed by the higher pressure. Air exits
the user's mask 12 through the mask outlet valve 20 (¢
Wien a turbine 34 is present (as in Figs. 4A/B) , the nask
30 outlet valve 20 (¢ can direct the exhaled air into the
turbine 34. The turbine 34 provides resistance to the
user's exhalation. Resistance exhaust ports 56 can also
be present in the nmask 12, as shown in Figs. 14A/B, to
augrment the resistance of the turbine 34. The exhal ation
35 resistance aids in keeping the user's airway open during
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expiration due to the increased air pressure. Expired air
escapes to atnosphere after passing through the turbine
34/ bl ower 36 through anbient air outlet valve 26 (B

During this phase the turbine 34 may also be used to
collect and store energy provided by the wuser. The
turbine 34 may rotate in one direction during inhalation
and in an opposite direction during exhalation (as shown
by opposite rotational arrows Fig. 4A to Fig. 4B)

In another enbodinment (see Fig. 11) , the neans 54
for restricting airflow can conprise, by itself or in
conbination with exhaust holes 56 with linmted area, a
flap 58 around the outer edge of the nask 12. The flap 58
is sized and configured to |ift off the user's face and
create an opening between the nmask 12 and skin through
which air can wescape in a controlled rmanner. Upon
i nhalation, the flap 58 is held tight to the face, to not
provide a channel for air exchange. Upon exhalation, the
flap 58 opens. An additional benefit to this design is
the cycling on and off of the contact between the nask 12
and the user's skin. This reduces the anount of
irritation and sores created by the mask 12 on the face.

6. Representati ve Operation

Fig. 12 shows the coordinated operation of the
mani fold 16, the pressure source 32, and the valve
component s (A to D) of a representative airfl ow
regul ation assenbly 14 during inhalation and expiration
phases of the respiratory cycle. In Fig. 12, the mask
inlet valve 18 (A , the nmask outlet valve 20 (¢ , the
anbient air inlet valve 24 (p , and the anbient air
outlet valve 26 (B each conprises a nechanical one way
check valve that opens and closes in predeterm ned one-
way flow directions, as above described, in response to
pressure differentials across the respective valve.

During a typical inhalation phase (i.e., during the
first nmde of operation) , the pressure differential
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generated across the mask inlet valve 18 in the nask 12
by the act of inhalation wll open the mask inlet valve
18 (A . The pressure differential generated across the
anbient air inlet valve 24 by the act of inhalation wll
5 also open anbient air inlet valve (p . Conversely, the
same pressure differentials wll close the mask outlet
valve 20 (o and the anbient air outlet valve 26 (B
Anbient air is supplied via the opened anbient air inlet
valve 24 (p and mask inlet valve 18 (A into the mask 12
10 and, fromthere, into the upper airway.

During a typical exhalation phase (i.e., during the
second node of operation) , the pressure differential
generated across the mask outlet in the mask 12 by the
act of exhalation wll open the mask outlet valve 20 (o .
15 The pressure differential generated across the anbient
air outlet valve 26 by the act of exhalation wll also
open anbient air outlet valve 26 (B) . Conversely, the
same pressure differentials wll close the mask inlet
valve 18 (A and the anbient air inlet valve 24 (D .
20 Spent air is exhausted from the upper airway via. the
opened anbient air outlet valve 26 (B and mask 'outlet
valve 20 (o from the mask 12 and, from there, into the
anbi ent at nbsphere .

The source of positive pressure 32 can be
25 intermttently operated to augnent the pressure of
anbient air in the upper airway sufficient .to resist
tissue collapse in the upper airway. For exanple, at a
desired time during an inhalation phase, the source of
positive pressure 32 can be activated to increase the

30 pressure of anbient air in the upper airway sufficient to

resist tissue collapse in the upper airway. The source of
positive pressure 32 is deactivated during the next
successive exhalation <cycle. As a result, collapse of

tissue structures within the upper airway are prevented

35 or resisted during all or a portion of the inhalation
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phase. As another exanple, at a desired time prior to the
initiation of inhalation (e.qg., near the end of a
preceding exhalation phase) , the source of positive
pressure 32 can be activated to increase the pressure of
5 anbient air in the upper airway sufficient to resist
tissue <collapse in the wupper airway. The source of
positive pressure 32 is deactivated at the beginning of
the next successive exhal ati on cycl e. As a result,
coll apse of tissue structures within the upper airway are
10 prevented or resisted before as well as during the
i nhal ati on phase .

In Figs. 4A/B, 6A/B, 8A/B, and 9A/B, the airflow
regul ation assenbly 14 further includes, instead of the
one-way valve 22, or in conbination wth the one-way
15 valve 22, a vent valve 60 (designated G) that can be
opened to provide the user with direct access to fresh
anbient air in a path that bypasses the source of
positive pressure 32. For exanple, the vent valve 60
could serve as a safety valve, to ensure the user can
20 inhale in the event that the source of positive pressure
32 malfunctions. The vent valve could be independently
controlled, or controlled by a sensor or other electronic
controls, or. could be pressure controlled, i.e. always
open when the pressure inside the mask is less than
25 at nospheric pressure.

As shown in Figs. 15A and 15B, the mask inlet valve
18 (A and the anbient air outlet valve 26 (B can be
conbined to conprise a single a dual purpose valve
(designated A/B) . The dual purpose valve (A/B) has only
30 two positions: (i) mask inlet valve 18 (A opened and
anbient air outlet valve 26 (B) closed, as shown in Fig.
15A; or (ii) mask inlet valve 18 (A closed and anbient
air outlet valve 26 (B) opened, as Fig. 15B shows.

Upon inhalation by the wuser, dual purpose valve

35 (AB) switches such that the nmask inlet valve 18 (A is
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opened and the anmbient air outlet valve 26 (B is closed,
as shown in Fig. 15A. Sinultaneously, the mask outlet
valve 20 (o is pulled closed by the |ower pressure.
Ambient air inlet valve 24 (D) opens from the |[|ower
pressure to allow fresh air in from the atnosphere. At a
predetermned or calculated tine (calculated by detection
of «change in pressure, turbine 34 speed, or valve

position) , the power assisted turbine 34 or blower 36

-.sequence is initiated to provide additional pressure

before and/or during inhalation, sufficient to resist
tissue collapse in the upper airway.

"Upon initiation of exhalation by the user, the dual
purpose valve (A/B) switches such that the nask inlet
valve 18 (A is closed and the anbient air outlet valve
26 (B) is opened, as shown in Fig. 15B. The nask outl et
valve 20 (o is opened by the high pressure created by
the user. The anbient air inlet valve 24 (p j.s closed by
the higher pressure. Air exits the user's mask 12 through
the mask outlet valve 20 (¢ and into the turbine 34 (if
present) . Now the turbine 34 provides resistance to the
user's expiration, to aid in keeping the user's airway
open during exhalation due to the increased air pressure.
Exhal ed air escapes to atnosphere after passing through
the turbine 34 through the anbient air outlet valve 26
() . During this phase the turbine 34 my be used to
collect and store energy provided by the user. In this
configuration, the dual purpose valve AB could provide
the optimal place for a sensor, as will be described.

7. Sensors

As Figs. 13A to 13D show, the various enbodi nents of
the airflow regulation assenbly 14 previously described
can include one or nore sensors Sy conmmunicating wth the
conponents of the airflow regulation assenbly 14 to sense
current conditions that relate to the respiratory cycle.

The sensors S, can conprise various nechanical, and/ or
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chemical, and/or tenperature, and/or electrical sensi ng
devices. Figs. 13A to 13D show candidate positions for
the sensors S,.

Fig. 13A shows candidate positions for sensors Sg.in
a turbine 34 configurat i.on like that shown in Figs. 4A/B.
Fig. 13B shows candidate positions for sensors S in a
bl ower 36 configuration |Iike that shown in Figs. 6A/B.
Fig. 13C shows candidate positions for sensors Sy in an
air reservoir configuration like that shown in Figs.
8N B. Fig. 13D shows candidate positions for sensors Sy in
a blower 36-air reservoir configuration Ilike that shown
in Figs. 9A/B.

The sensors Sy can be conditioned to sense various
pressure, flow, and tenperature conditions relating to
the respiratory cycle, e.g., change in air pressure at
various locations wthin the manifold 16 or airflow

velocity at various locations wthin the manifold 16

(e.g., in Figs. 13A to 13D, S; and S,); the speed of
rotation of the turbine 34/blower 36 (e.g., in Figs. 13A
to 13D, Sg); valve conditions (open or closed) e.g., in
Figs. 13A to 13D, si, S, , S;, Sg, Sn) , air reservoir
pressure (if present) (e.g., in Figs. 13A to 13D, Sig);
generator output ((e.g., in Figs. 13A to 13D, Sz): anount
of stored energy (e.g., in Figs. 13A to 13D, Sg): and/or

t enper at ur e/ humi dity/ pressure/fl ow conditions at various
locations within the manifold 16 (e.g., in Figs. 13A to
13D, Sz and S,).

In this arrangenent (see Figs. 13A to 13D), the
airflow regulation assenbly 14 desirably includes a
controller or processing elenment 30, such as an on-board
integrated circuit or sinple conputer. The processing
element 30 desirably includes preprogranmed rules or
algorithnms for processing the sensed output (s) of the
sensors and providing comuands to the conponents of the

airflow regulation assenbly 14 to optimze their intended
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For exanple , based upon the output of the sensors,
the processing elenent 30 can directly determine the drop
of expiration pressure toward the end of the exhalation
phase. The processing el enment 30 can generate, in
response to this sensed condition, a commnd that
initiates powering up of the turbine 34/blower 36 (or the
opening of the valve (s)y communicating wth the air
reservoirs 38) to provide positive pressure to increase
native pressure in the airway sufficient to resist tissue
collapse in the wupper airway at or slightly before
initiation of the inspiration phase, thereby proactively
preventing the collapse of the airway. Upon sensing the
rise of expiration pressure toward the beginning of the
exhal ati on phase, the processing el enment can, in
response, generate a conmmand that term nates operation of
the turbine 34/bl ower 36 (or <closes the valve (s)
communi cating wth the air reservoirs 38 . Using the
sensors and processing elenment, the airflow regulation
assenbly 14 provides positive air pressure sufficient to
resist tissue collapse in the upper airway intermttently
during only a portion of the respiratory cycle.

The processing el enent 30 can also include
preprogrammed rules that predict, based upon the sensed
conditions, the likely onset of tissue collapse that
could lead to an apnea or a hypopnea. For exanple, sensed
conditions <can indicate that an airway blockage has
occurred or is likely to occur. In this arrangenent, the
processing elenment can generate a command that initiates
powering up of the turbine 34/blower 36 to provide
positive pressure to augnent anbient pressure in the
airway sufficient to resist tissue collapse in the upper
ai rway when such conditions occur or are likely to occur.

Even people who are severely affected by sleep apnea
only have apneas or hypopneas in only a snall percentage

PCT/US2010/000046



WO 2010/080709 PCT/US2010/000046

- 29 -

of respiratory «cycles. A person wth an AH of 30
experiences a bl ockage, on average, once every two
mnutes. This is approximtely 5% of breathes. The
presence of sensors and the processing elenent that
5 detect or predict an oncomi ng apnea or hypopnea or the
likelihood of an apnea or hypopnea nakes possible the
generation of a command that initiates powering up of the
turbine 34/blower 36 (or the opening of the valve (s)
comunicating wth the air reservoirs 38 to provide
10 positive pressure to augnment native pressure in the
airway sufficient to resist tissue collapse in the upper
airway only when such conditions occur or are deened
likely to occur. During the other respiratory cycles, air
can enter the mask 12 through the one way valves during
15 i nhal ation wi thout activation of the positive pressure
source .

The presence of a processing elenent 30 with pre-
programmabl e rul es makes possible an airflow regulation
assenbly 14 having multiple functioning nbdes. In one
20 node, the airflow regulation assenmbly 14 provides air
pressure assistance sufficient to resist tissue collapse
in the upper airway on each inhalation. In another node,
the airflow regulation assenbly 14 provides air pressure
assistance sufficient to resist tissue collapse in the
25 upper airway only when a blockage or narrowing event is
detected or is deened likely. In another node, t he
airflow regulation assenbly 14 provides assistance
sufficient to resist tissue collapse in the upper airway
during sone, but not all inhalations, e.g., during every
30 third inhalation. The presence of a processing elenent
with pre-programmable rules makes possible an airflow
regul ation assenbly 14 that can be optim zed for the need
of individual users sufficient to resist tissue collapse
in the upper airway.

35 8. Condensati on and Humi dity Regul ation
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Desi rably, condensation and humdity levels are
regulated in the mask 12. Humidity regulation can help
prevent disconfort created by the drying out of the air
passage throughout the night. However, in the noist
interior of the mask 12, liquid wll condense on the
plastic and other surfaces which are cooler, and can then
drip or run onto the wuser causing another sl eep
di st urbance .

Wth the regulation of condensation and hunmidity
levels in the mask 12 in mind, the self-contained,
intermttent positive airway pressure system 10 desirably
conpri ses mat eri al s t hat function well in noist
environments, and adjust to changing tenperature rapidly
to avoid condensation surf aces. The sel f-contai ned,
intermttent positive airway pressure system 10 also
desirably conprises a geonetry that limts the nunber of
condensation surfaces and provides designated outflow
channels for the escape of condensed fluids wthout
di sturbing the user. Additionally, the condensed fluids
could be recycled within the system 10 to ensure that the
inhaled air is adequately hum d.

Furt hernore, airflow regulation assenbly 14 can
include a small reservoir 62 (see Fig. 3) for water to
provi de added hunmidity throughout the night. This fluid
could be held in a sponge or simlar such absorbent
material in the manifold 16. The absorbent material could
gather the exhaled condensation and use it to provide
hunmidity for the inhaled air.
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1. A system to aid respiration of an individual

10

15

20

25

30

35

during a respiratory cycle having an inhalation phase and
an exhal ati on phase conpri sing

an air flow director sized and configured to be worn
in or over the nose of the individual in conmunication
with an upper airway, and

an airflow regul ation assenbl y sized and “conf i gur ed
to be worn in its entirety by the individual in
comruni cation with the air flow director and operative in
a first node to regulate the supply of air to the air
flow director during the inhalation phase of the
respiratory cycle and in a second node to regulate the
exhaust of air from the air flow director during the
exhal ati on phase of the respiratory cycle, the airflow
regulation assenbly including a source of positive
pressure and a controller to intermttently operate the
source of positive pressure to increase positive air
pressure in the air flow director sufficient to resist
tissue collapse in the upper airway during only a portion
of the respiratory cycle less than the entire respiratory
cycle.

2. A system according to claim 1

wherein the controller includes at |east one sensor
comruni cating with the airflow regulation assenbly to
sense at least one condition relating to the respiratory
cycl e.

3. A system according to claim 1

wherein the controller includes at |east one sensor
comrunicating with the airflow regulation assenbly to
sense at |east one condition relating to operation of the
airfl ow regjul atory assenbly.

4. A system according to claim 1

wherein the controller includes at |east one sensor
communicating with the airflow regulation assenbly to
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sense at |least one condition relating to the respiratory-
cycle, and

wherein the controller includes a processing el enent
i ncludi ng preprogramred rules that predict, based upon at
| east one sensed condition, the likely onset of tissue
collapse in the upper airway.

5. A system according to claim 1

wherein, during at least a portion of the first
node, the controller operates the source of positive
pressure to increase positive air pressure in the air
flow director sufficient to resist tissue collapse in the
upper airway.

6. A system according to claim 1

wherein, during at least a portion of the second
node, the controller operates the source of positive
pressure to increase positive air pressure in the air
flow director sufficient to resist tissue collapse in the
upper airway .

7. A system according to claim 1

wherein the source of positive pressure includes a
t ur bi ne .

8. A system according to claim 7

wherein, during at least a portion of the first
node, the controller operates the turbine to convey
positive air pressure into the air flow director
sufficient to resist tissue collapse in the upper airway.

9. A system according to claim 7

wherein, during at least a portion of the second
node, the <controller operates the turbine to convey
positive air pressure into the air flow director
sufficient to resist tissue collapse in the upper airway.

10. A system according to claim 7

wherein, during at least a portion of the second
node, the turbine rotates in response to exhalation
airflow through the turbine to resist exhalation airflow

PCT/US2010/000046
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11. A system according to claim 10

wherein the turbine includes a generator to generate
energy as the turbine rotates in response to exhalation
airfl ow.

12. A system according to claim 11

wherein the airflow regulation assenbly includes an
energy storage elenent coupled to the generator.

13. A system according to claim 12

wherein, during at least a portion of the first
node, the controller directs energy from the energy
storage elenment to operate the turbine to convey positive
air pressure into the air flow director sufficient to
resist tissue collapse in the upper airway.

14, A system according to claim 1

wherein the source of positive pressure includes a
bl ower .

15. A system according to claim 14

wherein, during at least a portion of the first
node, the <controller operates the blower to convey
positive air pressure into the air flow director
sufficient to resist tissue collapse in the upper airway.

16. A system according to claim 14

wherein, during at least a portion of the second
node, the <controller operates the blower to convey
positive air pressure into the air flow director
sufficient to resist tissue collapse in the upper airway.

17. A system according to claim 14

wherein the airflow regulation assenbly includes a
turbine that, during the second npbde, rotates in response
to exhalation airflow through the turbine to resist
exhal ation airflow

18. A system according to claim 17

wherein the turbine includes a generator to generate
energy as the turbine rotates in response to exhalation
airfl ow.
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19. A system according to claim 18

wherein the airflow regulation assenbly includes an
energy storage elenent coupled to the generator.

20. A system according to claim 19

wherein, during at least a portion of the first
node, the <controller directs energy from the energy
storage elenment to operate the blower to convey positive
air pressure into the air flow director sufficient to
resist tissue collapse in the upper airway.

21. A system according to claim 1

wherein the source of positive pressure includes an
reservoir of air subject to a positive pressure.

22. A system according to claim 21

wherein, during at least a portion of the first
node, the controller opens the reservoir to convey
positive air pressure into the air flow director
sufficient to resist tissue collapse in the upper airway.

23. A system according to claim 21

wherein, during at least a portion of the second
node, the contrél ler opens the reservoir to convey
positive air pfessure into the air flow director
sufficient to resist tissue collapse in the upper airway.

24, A system according to claim 21

wherein the airflow regulation assenbly includes a
turbine that, during the second nbde, rotates in response
to exhalation airflow through the turbine to resist
exhal ation airflow.

25. A system according to claim 21

wherein the reservoir includes a pre-charged air
cani ster i nsertabl e into and out of the airflow
regul ati on assenbly.

26. A system according to claim 21

wherein the reservoir includes a bladder, and

wherein the airflow regulation assenbly includes a
bl ower to charge the bladder with positive air pressure.
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27. A system according to claim 1
wherein the airflow regulation assenbly includes a
source of power for operating the source of positive
pressure. l
5 28. A system according to claim 27
wherein the source of power conprises a battery.
29. A system according to claim 27
wherein the source of power conprises a rechargeable
energy storage el enment
10 30. A system according to claim 29
wherein the airflow regulation assenbly includes a
turbine that, during the second node, rotates in response
to exhalation airflow through the turbine to resist
exhalation airflow, the turbine including a generator to
15 generate energy as the turbine rotates in response to
exhal ation airfl ow,
wherein the rechargeable energy storage elenent is
coupled to the generator, and
wherein the controller directs energy from the
20 energy storage elenent to operate the source of positive
pressure to convey positive air pressure into the air
flow director sufficient to resist tissue collapse in the
upper airway.
31. A system according to claim 1
25 wherein the air flow director includes means for
restricting airflow during exhal ation.
32. A system according to claim 31
wherein the nmeans includes an array of exhaled air
ports.
30 33. A system according to claim 32
wherein the flow area of the exhaled air ports is
adj ust abl e.
34, A system according to claim 31
wherein the means includes a turbine that rotates in
35 response to exhalation airflow through the turbine to
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resist exhalation airflow

35. A nethod to aid respiration of an individual
during a respiratory cycle having an inhal ati on phase and
an exhal ati on phase conprising

providing an air flow director sized and configured
to be worn in or over the nose of the individual in
communi cation with an upper airway, and

providing an airflow regul ation assenbly sized and
configured to be worn in its entirety by the individual
in communication with the air flow director, the airflow
regulation assenbly including a source of positive
pressure,

operating the airflow regulation assenbly in a first
node to regulate the supply of air to the air flow
director during the inhalation phase of the respiratory
cycl e,

operating the airflow regulation assenbly in a
second node to regulate the exhaust of air fromthe air
flow director during the exhalation phase of the
respiratory cycle, and

intermttently operating the source of positive
pressure to increase positive air pressure in the air
flow director sufficient to resist tissue collapse in the
upper airway during only a portion of the respiratory
cycle less than the entire respiratory cycle.

36. A nethod according to «claim 35 further
i ncl udi ng

providing at |east one sensor communicating with the
airflow regul ation assenbly,

sensing with the sensor at I|east one condition
relating to the respiratory cycle, and

intermttently operating the source of positive
pressure in response to the at least one sensed
condi tion.

37. A nethod according to clai‘m 35 further
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i ncl udi ng
providing at |east one sensor communicating with the
airflow regulation assenbly to sense at |east one
condition relating to operation of the airflow regulatory

5 assenbl y,
sensing with the sensor at |east one condition, and
intermttently operating the source of positive

pressure in response to the at least one sensed
condi tion.
10 38. A method according to claim 35

providing at |east one sensor comunicating with }he
airflow regul ati on assenbly,

sensing with the sensor at |east one condition
relating to the respiratory cycle, and

15 intermttently operating the source of positive
pressure in response to the at least one sensed
condition, including predicting, based upon at |east one

sensed condition, the likely onset of tissue collapse in
t he upper airway.

20 39. A method according to claim 35

wherein intermttently operating the source of
positive pressure includes operating the source of
positive pressure during at least a portion of the first
node to increase positive air pressure in the air flow

25 director sufficient to resist tissue collapse in the

upper airway .

40. A nmethod according to claim 35

wherein intermttently operating the source of
positive pressure includes operating the source of

30 positive pressure during at least a portion of the second

node to increase positive air pressure in the air flow
director sufficient to resist tissue collapse in the
upper airway.

41. A system according to claim 35

35 wherein the source of positive pressure includes a
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t ur bi ne .

42. A system according to claim 35

wherein the source of positive pressure includes a
bl ower .

43. A system according to claim 35

wherein the source of positive pressure includes an
air reservoir.
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