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POSITION CONTROL DEVICES AND METHODS FOR USE WITH

POSITIVE AIRWAY PRESSURE SYSTEMS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of and priority to U.S. Provisional

Application Serial No. 61/757,632, filed January 28, 201 3 , the disclosure of which is

hereby incorporated by reference in its entirety.

FIELD OF THE INVENTION

[0002] The invention is generally directed to position sensors and methods for

controlling the treatment a patient receives, particularly to controlling a Positive

Airway Pressure (PAP) device.

BACKGROUND OF THE INVENTION

[0003] During sleep, all muscles, including those of the upper airway, lose tone

and relax. Obstructive Sleep Apnea (OSA) occurs when tissue blocks the upper

airway during sleep. This will cause a drop in blood oxygen and a rise in blood

carbon dioxide. The brain will sense these changes, and awaken the person enough

to restore muscle tone to the structures of the upper airway, and the airway will

reopen.

[0004] The severity of OSA is determined by the number of blockages per

hour of sleep, also called the apnea-hypopnea index (AHI). These include complete

blockages (apneas) and partial blockages (hypopneas). The severity of OSA, as

determined by a sleep study, is classified as follows:



Moderate 15-30

Severe 30+

[0005] OSA disrupts restorative sleep. Chronic fatigue has long been recognized

as the hallmark of OSA. But more recently, large clinical studies have shown a

strong link between OSA and stroke and death. This link is independent of other risk

factors for cardiovascular disease such as hypertension, obesity, high cholesterol,

smoking and diabetes.

[0006] As discussed above, several structures can cause blockage of the upper

airway: the tongue, the soft palate, the uvula, the lateral walls of the pharynx, the

tonsils and the epiglottis. In most patients, the blockage is caused by a combination

of these anatomical structures.

[0007] Many current procedures and devices have been used to stabilize, modify

or remove tissue in the airway to treat OSA. In uvulopalatopharygoplasty (UPPP),

the uvula, part of the soft palate and the tonsils are removed. A Repose stitch is

used to tie the tongue to the mandible to prevent its posterior movement. Oral

appliances move the mandible forward (very slightly) to create more space in the

airway.

[0008] None of these approaches has achieved much more than a 50% success

rate, with success defined as a 50% decrease in AHI to a score below 20. The

limited success of these approaches likely stems from the fact that they don't

address all anatomical sources of a blockage.

[0009] The most widely used therapeutic system for OSA is a PAP system such

as a continuous positive airway pressure (CPAP) system. A CPAP system usually

consists of three parts: a mask forming a largely airtight seal over the nose or nose



and mouth, an air pressurizing housing or console and an elongated tube connecting

the two. The mask contains one or more holes, usually at the junction with the tube.

A CPAP system works by pressurizing the upper airway throughout the breathing

cycle, essentially inflating the airway to keep it open. A CPAP system thus maintains

a pneumatic splint throughout the respiratory cycle.

[0010] Unlike interventions that treat specific blockages, a CPAP system

addresses all potential blockage sites. The success rate in patients (dropping AHI

by >50%) exceeds 80%, and its cure rate (decreasing AHI below 5) is close to 50%.

The drawback to a CPAP system is poor patient compliance, i.e. continuous use by

the patient. In one large study, only 46% of patients were compliant with a CPAP

system, even though compliance was defined as using the CPAP system at least 4

hours per night at least 5 nights per week.

[0011] Critical pressure is the airway pressure a given patient requires to maintain

an open airway during sleep. Critical pressure is measured in cm of water, and will

typically be between 6 and 14 cm of water for a patient requiring CPAP. In a given

patient, the efficacy of a CPAP system goes up as pressure is increased. But, as

higher pressure makes the CPAP system more uncomfortable to the patient, patient

compliance drops. The goal of the healthcare professional in setting up a CPAP

system for a patient is to achieve critical pressure without exceeding it. This will

make the CPAP system both effective and tolerable.

[0012] In a given patient, there are several factors that affect critical pressure.

The pressure supplied by the CPAP system necessary to achieve critical pressure

varies through the breathing cycle. When a patient is exhaling, the patient is

supplying some air pressure to the airway, and thus requires limited pressure from

the CPAP system to maintain critical pressure. But when the patient is inhaling, he



is decreasing pressure in the airway. During inhalation, more pressure is required by

the CPAP system to maintain critical pressure in the airway. There are now many

available CPAP systems that monitor the respiratory cycle, and provide less

pressure during the portions of the respiratory cycle when less external pressure is

required to maintain critical pressure in the airway. Such adaptive systems, which

include systems commercially known as BiPAP and C-Flex, make CPAP systems

more comfortable, improving the compliance of many patients. These adaptive

systems have air pressure and air flow sensors integrated into the PAP console.

These sensors measure air pressure and air flow in the conduit between the air

compressor and the patient, and can thus track the respiratory cycle. So, during the

respiratory cycle, critical pressure does not change. But the pressure contributed by

the CPAP system to maintain critical pressure changes during the respiratory cycle.

[0013] Critical pressure can change based on sleeping position in many patients.

Critical pressure will usually be higher when a patient is in a supine position (i.e. on

his back) than when a patient is in a lateral position (on his side). This is because

many of the structures that can block the airway, such as the tongue and uvula, are

anterior to the airway. When a patient is in a supine position, gravity pulls these

structures toward the airway, and a greater pressure (critical pressure) is required to

keep the airway open. When a patient is in a lateral position, gravity is not pulling

these structures directly into the airway, and thus less pressure is required to

maintain an open airway. This was demonstrated in a study published in 2001

(Penzel T. et al. 2001 . Effect of Sleep Position and Sleep Stage on the Collapsibility

of the Upper Airways in Patients with Sleep Apnea; SLEEP 24(1 ) : 90-95.).

Additionally, most sleep studies used to diagnose OSA will track body position and

will determine whether a patient has airway blockages more frequently when



sleeping in a supine position. Other sleep studies have found that the lateral position

results in fewer observed apneas than the supine position. (Cartwright R . et al. 1984

Effect of Sleep Position on Sleep Apnea Severity: SLEEP 7:1 10-1 14). (Pevernagie

D. et al. 1992 Relations Between Sleep Stage, Posture, and Effective Nasal CPAP

Levels in OSA: SLEEP 15 : 162-1 67). Further studies have shown that apnea events

in the supine position tend to be more severe, have longer duration, be accompanied

by a greater oxygen desaturation and increased heart rate, and be more likely to

result in arousals and awakenings. (Oksenberg A . et al. 2000 Association of Body

Position with Severity of Apneic Events in Patients with Severe Non-positional

Obstructive Sleep Apnea: CHEST 118 : 10 18-1 024). Importantly, the air pressure

and air flow sensors in bedside PAP consoles cannot currently determine a patient's

sleeping position.

[0014] In furtherance of the inventions described in previous filings by the same

inventors, herein we describe several means to gather and utilize sleeper position

data with PAP systems to enhance treatment.

BRIEF SUMMARY

[0015] Described here are devices and methods for altering pressure in a positive

airway pressure ("PAP") system for the treatment of patients with OSA or other

breathing problems. The devices can sense head position, or otherwise alter the

pressure based on head position. The sensors and sensing mechanisms could be

used with a wearable PAP system, but are also intended for use with a standard

bedside PAP system. The sensing elements broadly fall into three categories:

gravity-driven physical sensing systems, secure attachment position sensing

systems (which may include an accelerometer), and contact/pressure or proximity

driven sensing systems. In addition to these active sensing technologies, passive



technologies are disclosed which adjust the pressure by venting the excess pressure

when in certain positions. These 'passive' systems may be driven by gravity.

[0016] The gravity-driven systems include one or more components that change a

position or configuration due to gravity when the head position of the user changes.

When the user alters their sleeping position, gravity alters the position or

configuration of the gravity-driven component or components. These components,

when altered, can then either affect a change to the system which lowers the

pressure, such as opening venting valves, or create and send a signal to the PAP

system to indicate that a change in pressure is desired, and the PAP system then

adjusts the pressure.

[0017] In some embodiments, the gravity-driven physical sensing systems employ

an element which, when actuated by gravity, modifies the airflow through the device,

creating an airflow signature. This airflow signature is recognized by the air pressure

and/or airflow sensors in the system (e.g., which may be integrated into a PAP

system console), and used to determine the position of the device user.

[0018] In one preferred embodiment, the device includes a dangling element

designed to hang into the airflow stream when the user is supine. The dangling

element hangs into the airflow path and alters the airflow such that the PAP unit

detects the alteration. This airflow alteration is the signal to the PAP unit to modify

the pressure due to the change in user position. One way in which the dangling

element is designed to alter the airflow is through oscillation within a known

frequency range. The dangling element may comprise a weight element and a

suspension material. By varying the weight, geometry, and suspension materials,

different oscillation patterns can be achieved. For example, the geometry can be

asymmetric to cause a greater force from the airflow to act on one side of the



dangling element. In another embodiment, the shape of the dangling element can

be altered to create oscillations. For example, the airpath around one side of the

element could be longer than the airpath length around the other side. This would

result in a lower local pressure on the side with the longer airpath, and would cause

the dangling element to oscillate. By titrating the geometry, weight, and suspension

material, the desired oscillation frequency can be achieved. These oscillations can

be detected by the pressure and/or flow measurement sensors in the PAP unit.

When these oscillations are detected, the system will know the user is in a supine

position, and will adjust the PAP pressure accordingly. Most users will require a

higher PAP pressure in the supine position than in other sleeping positions. When

the user rolls to one side or the other, gravity pulls the dangling element to the side

and far enough out of the airflow that the oscillations are changed. The change of

position of the dangling element in the airflow removes or modifies the air signature.

The machine recognizes this, and adjusts the PAP pressure accordingly. Most users

will require a lower PAP pressure in non-supine positions. Alternatively, the dangling

element or elements could work in the opposite fashion - creating the air signature

when the user is in the non-supine position, and removing the air signature when the

user is supine. This could be achieved by having a dangling element attached to

each of the lateral sides of the airway. In the supine position, the dangling elements

would fall substantially out of the airpath, but in either lateral position, one of the

dangling elements would be pulled into the airpath to create the air signature

[0019] The air signature can be created by a disruption in the airflow as it passes

by the dangling element. The dangling element can have a geometry that disrupts

the airflow in a predicted manner. The dangling element could also be caused to

oscillate by the airstream. The airflow could displace the element momentarily, and



then it could return to its position. This pattern could cycle many times, at a known

frequency, which could be interpreted by the air pressure or airflow sensors located

on the PAP machine. The oscillation information, together with any other information

detected by the air flow and air pressure sensors, can be communicated to a

controller which would control the output of the compressor based on programmed

algorithms.

[0020] In another embodiment, the air signature could be created by passing the

air through or past a structure that is designed to create sound (e.g., which may be

at a frequency undetectable to the human ear). Several embodiments could achieve

this selective sound signature based on position. For example, an element with a

sound creating structure could be mounted within the airway such that it descends

into the airpath by gravity in certain positions. For another example, a sound

creating structure could be located at the edge of the airpath, or in a bypass airpath.

A blocking element within this structure could selectively allow or block airflow

according to gravity. This enables a first sound to be produced in a first position, and

an addition position or positions which result in a change to that first sound that may

include: eliminating the sound, increasing or decreasing its volume, or changing its

frequency. Such frequencies could be below 20Hz or above 60kHz. This sound is

sensed by the PAP device, and contains the position information about the sleeper,

which is used to inform the appropriate pressure adjustment. The sound could be

detected by one or more microphones in the PAP device, and communicated to the

controller that controls the output of the compressor. The controller would utilize this

and other information (such as air pressure and air flow information from the

breathing cycle) to determine the compressor output based on programmed



algorithms. The chosen frequency could also be undetectable to household pets

such as dogs, cats, birds, or other household animals.

[0021] In another gravity-driven embodiment, a relief valve is provided in the air

path system, and is actuated by gravity when certain sleeping positions are

achieved. The valve passageway can have various sizes for pressure relief. For

example, valves could be made to allow for one, two, three, four or more cm H20 of

pressure relief when in the lateral position. Alternatively, the valves could be

adjustable. A dial-adjustable valve, or other mechanism, could allow the user to

change the rate of pressure relief through the valve passageway, thereby altering the

amount of pressure adjustment. In one embodiment, a valve passageway or air exit

path is open when the user is in the lateral position, but is closed when the user is

supine. This maintains the higher pressure in the supine position, but lowers the

pressure in the lateral position. This could be achieved through the use of a ball-in-

track system, flapper valve(s), flutter valve(s) or other similar mechanisms. For

example, in the supine position, the valve covers are held closed due to the force of

gravity. In the lateral position, gravity acts to pull open one of the valve covers,

allowing for the release of excess pressure. In another embodiment, in the supine

position gravity pulls a ball within a track system to a low point where it blocks the

valve exit port. In either lateral position, gravity acts on the ball to remove it from

blocking the exit port, and the excess pressure is vented. With such a relief valve

system, the PAP system would have to be programmed not to increase the PAP

pressure output in response to a pressure drop which would occur when the patient

is in a supine position.

[0022] In another gravity-driven embodiment, a mechanical gravity switch can be

employed. An electrical circuit is incorporated with an open circuit that gets closed



when gravity acts upon an element to bring it into contact with both ends of the open

circuit. Such a system could be achieved using a ball in a track setup. When

supine, gravity pulls the ball down the track to its lowest position, where it contacts

both sides of the open circuit, thereby closing the circuit and signaling that the user is

in the supine position. In other positions, gravity would keep the ball away from the

ends of the circuit, leaving it in the open position. A hanging pendulum with a

conductive element could produce the same results. In the desired position, say

supine, the hanging element would contact both ends of the open circuit, thereby

closing the circuit and indicating the user's sleeping position. Alternatively, an optical

circuit could generate the signal. In one position, the optical circuit would sense the

absence of a blocking element. In the alternate position, the blocking element would

interrupt the optical circuit, thereby indicating a change in position. When the signal

indicates the user is in the supine position, the PAP device administers the

appropriate supine pressure. When the signal indicates the user is in the lateral

position, the PAP device administers an appropriate lateral pressure (usually a

reduced pressure).

[0023] A secure attachment position sensor is a sensor that can be removed and

reattached to one or more portions of a PAP system. For instance, it could be

removed from a PAP mask that is at the end of its service life and replaced onto a

new PAP mask. The secure attachment position sensor provides position and

orientation information about the user. The secure attachment position sensor

attaches to a PAP mask, strap, hose, or structure on the user's head and/or body.

The piece includes a sensor for determining the user's position. This information is

relayed either wirelessly or through a small wire to the PAP system for use in

appropriately titrating the PAP pressure. The sensor could be an accelerometer.



Magnetometers, gyros, and other sensing elements known to the art could also be

used alone or in combination to determine the sleeper's position and orientation.

The sensor can have a secure attachment mechanism, which includes a pre

determined, keyed, orientation for the sensor. This allows the sensor to be removed

and reattached on the same or different devices. For example, when a user

replaces a PAP mask, the sensor could be correctly oriented when attached to the

new mask, due to the secure attachment system. A predetermined, keyed

orientation for the sensor has the benefit of measuring the appropriate axis of

motion, thus re-calibration would not be needed for such a replaced sensor. This

would allow the sensor to be reusable or disposable. Further, the sensor attachment

system could work with existing PAP accessories: masks, headstraps, scaffolds. It

could also work with custom developed PAP accessories.

[0024] Several embodiments could enable the keyed function of the replaceable

sensor. Geometry of mating parts is one way to key the elements. For example, a

specific shape such as a triangle, diamond, etc. could be made on the sensor and a

corresponding mating shape made on the mask or strap or headgear or part to which

the sensor is to be attached. This would ensure that the two parts are attached

together in a known, designated geometry. In some instances, it may be possible to

attach the sensor in two ways, yielding the same sensing result. For example, if the

sensor could be placed in one orientation as well as another orientation that is 180

degrees from the first orientation. Another embodiment could be realized using

magnets. One or more magnets could be incorporated into the device to properly

orient the sensor during reattachment. Keyed geometry could also be used in

conjunction with other methods of fastening such as hook and loop systems,

adhesives, elastomeric elements, or similar.



[0025] Another method to key the placement of the reattachable sensor is to key

off of human anatomy. Structures such as the skull, ears, nose, nostrils, mouth and

others could be used to place the sensor in a known location on the user's head.

For example, a position sensor could be incorporated into a small ear bud or ear

plug. This would allow the sensor to know repeatably and with certainty it's location

on the head and orientation with respect to gravity. In addition, such an embodiment

could incorporate noise dampening materials to further advantage.

[0026] Several advantages come out of having the sensor be removable and

repeatably reattachable. This allows the mask to be cleaned and/or replaced

periodically. This enables a more expensive sensing element to be used since it can

be reusable. A reattachable sensor enables a retrofit for existing PAP systems and

masks, enabling them to make use of position data for optimal PAP pressure

administration.

[0027] Although a removable/reattachable sensor has many advantages, there

may be circumstances under which a permanent, built-in sensor is desired. For

example, as the costs of electronics continue to decline, a low-cost accelerometer

could be permanently affixed to the user's headgear or mask during manufacturing.

This sensor could be oriented as desired in manufacturing. It would allow easy

setup, and could be connected via a wire or wirelessly as described herein. After its

service life, the sensor would be discarded along with the element to which it is

attached. In hospital applications or similar use environments where cross-

contamination is a concern, the disposable element would help alleviate those

concerns. This disposable solution has clear advantages for certain applications.

[0028] One choice for the position-sensing mechanism is an accelerometer (e.g.,

such as those described in US patents 8,327,846 and 8,336,546). For such an



embodiment, a power source and communication ability is required to enable the

electronic sensor. The power source could be a small battery at or near the site of

the sensor. This battery could be rechargeable or one-time use. Alternatively, the

power source could be via a wire connecting to the PAP device, an off-body battery,

or wall outlet source. Likewise, communication from the position sensor to the PAP

device could be achieved either wired or wirelessly. If wired, it could be transmitted

through conduit housed with the power transmission line. Or it could be transmitted

via wire separately. Wirelessly, the information from the position sensor could be

transmitted via Bluetooth, Low Energy Bluetooth, WiFi, or any other similar wireless

means.

[0029] Multiple types of accelerometers could gather the necessary data for the

position sensing application. Some possibilities are: 1-axis, 2-axis, or 3-axis

accelerometers or similar sensors. For a 1-axis sensor to gather the necessary

'supine' or lateral' position data, it would need to be locked down in the other two

axes during manufacturing, assembly, or setup. The other two axes would need to

be oriented and defined such that the one axis of measurement is indicating the

rotation of interest from supine to lateral. The other two axes need to be

permanently defined in manufacturing; this could be achieved via fittings, adhesives,

geometry or similar method. For instance, the 1-axis accelerometer would need to be

oriented on the device such that it's axis of measurement aligns with that of the

user's head rotating from supine to lateral and back. There may be specific

advantages of a 1-axis accelerometer, such as cost and simplicity of code, which

may reduce power needs. As such, it becomes very important to properly orient

such a sensor to get useful readings. Such a system could be calibrated during

manufacturing or assembly, removing the calibration step from the user.



[0030] Another possibility is a 2-axis sensor. For a 2-axis sensor such as an

accelerometer, 1 of the axes would need to be locked down during manufacturing.

Information gathered from the other 2 axes could be used to determine supine and

lateral positions. Such a system could be calibrated during manufacturing or

assembly, removing the calibration step from the user.

[0031] Another possibility is a 3-axis sensor. A 3-axis position sensor, such as an

accelerometer, would not need any axes to be specially aligned. It would require a

calibration step to define a known orientation once to enable it to determine lateral

and supine positions.

[0032] Another embodiment to sense the position of the sleeper is to utilize

pressure and/or contact sensors. These pressure and/or contact sensors could be

placed on the sides of the device, or any other sleep surface contacting device

surface. For example, a pressure sensor placed on either side of the device would

signal when the user is in the lateral position. A pressure and/or contact sensor

placed on the system such that it contacts the pillow or sleeping surface when the

user is supine would indicate the supine sleeping orientation. Data from the

pressure/contact sensors could then be used to adjust the PAP pressure to a

therapeutically appropriate level. Such pressure/contact sensors could be placed on

a wearable PAP device, headstraps, masks, tubing, scaffolding, ears, or any other

worn element.

[0033] In another embodiment, proximity sensors are used to determine head

position. For example, a small transmitter could be placed on either side of the

head, and a receiver within or under the user's pillow. When in the lateral sleeping

position, one of the transmitters would be closer to the receiver and one would be

farther, allowing the system to determine the sleeping position. In the supine



position, the two transmitters are located on the sides of the head such that they are

roughly equidistant from the receiver. In the supine position, the two transmitters

would also be at a distant between the closest transmitter and the furthest

transmitter in the lateral position, assuming a roughly equivalent pillow height in each

case. In such a way the sleeper's position could be determined. Of course, sleeping

position could be determined by using proximity sensors in other ways as well. One

such way would be to place the transmitters on the front and back of the head, and

measure in the manner described above. Another way to determine the position

using proximity sensors would be to place a sensor on each side of the head, and a

sensing layer inside the sleeper's pillow. When the head sensor and pillow sensor

are in close proximity, the user is in the lateral position.

[0034] Transmission of data gathered by the position/orientation sensing elements

can be transmitted wirelessly to a control unit (via Bluetooth or other protocol), or can

be transmitted via wire to the control unit. Batteries at or near the sensor placement

can provide power for the above-described devices. Alternatively, power can be

provided via a wired connection to a battery or power source. To reduce power

demands, low-power sensing solutions and transmission protocols can be utilized.

For example, low-power Bluetooth combined with reduced, optimized data

transmission rates could reduce power requirements and enhance battery life.

[0035] Any of the above-described position sensing embodiments can be mounted

to either directly to the patient, or to headgear, masks, straps, scaffolding, tubing, or

wearable PAP systems. The position sensing elements may be manufactured such

that they are reusable or disposable. The position sensing elements may be used in

conjunction with standard bedside PAP units, with wearable PAP units, or with any

other PAP units or ventilation or respiratory equipment.



[0036] A system embodying features of the detachable position sensor has a head

position sensor, such as an accelerometer, that is secured with a fixed orientation

within or to a PAP mask, tubing, or on or to the harness assembly that is configured

to secure to the user's head. The head position sensor is configured to sense the

position/orientation of the patient's head with respect to a reference plane (e.g. a

horizontal plane) and to generate a signal representing the sensed position of the

patient's head. A suitable accelerometer is a Freescale 3-Axis MEMS

Accelerometer (MMA845XQ), particularly the MMA8453Q model, which generates a

signal series representing a three-axis orientation with respect to gravity.

[0037] Such a detachable electronic sensor would need the means to

communicate with the controller of the PAP output. This could achieved either by a

wire from the position sensor to the PAP system, or by wireless communication such

as Bluetooth from the position sensor to the PAP controller. Such a controller would

vary gas pressure source output by patient position as detected by the position

sensor. The controller is configured to receive the head position signals and to

determine a suitable pressure source output pressure for the particular sensed head

position from the received head position signal. The controller preferably has a

stored relationship between sensed head position and suitable pressure source

output pressure and is configured to generate a control signal for the pressure

source representing the determined suitable gas pressure. The control signal

generated by the controller is transmitted to the pressure source, e.g. the driving

motor of a compressor, to control the output of the pressure source so as to provide

the determined suitable gas pressure for the sensed position of the patient's head.

[0038] In one embodiment, an air pressure sensor senses the actual gas pressure

directed to or received by the user and the controller compares the directed or



received sensed pressure with the desired or determined suitable pressure and

adjusts the control signal to the pressure source so as to provide the pressure

source output that provides the critical pressure that maintains patency in the

patient's airway passage.

[0039] Alternatively, the pressure source may be operated at a constant pressure

level and a control valve disposed between the pressure source and the patient's

mask receives the control signal to control the output pressure. The control valve

may be provided in the compressor outlet, in a gas flow line to the patient's mask or

in the patient's mask, to provide the determined suitable gas pressure to the patient

that maintains patency in the patient's airway passage.

[0040] Although the position-sensing system and the controller are described

herein as two separate devices, they may be combined into a single device.

[0041] The controller is configured to determine suitable compressor output

pressures from the head position signal-pressure source output pressure relationship

for at least two patient head positions, one head position may be a supine position

and another second patient position might be a lateral position, preferably at least

20° from the supine position. In one embodiment, the controller may be provided

with a readable library listing a plurality of head position signals with corresponding

suitable pressure source output pressures. In another embodiment, the controller

has a preprogrammed algorithm representing a relationship between head position

signal and corresponding suitable pressure source output pressure. The

microprocessor is configured to use the received head position signals to calculate

from the algorithm suitable pressure source output pressures and generate suitable

control signals for the pressure source. The relationship between the head position

signal and suitable pressure source output pressure may be a stepped function, e.g.



two or more positions with suitable pressure source output pressure or a continuous

function. There may be a gradual change in pressure between stepped functions.

The continuous function preferably has a maximum rate of change in the pressure

source output pressure with respect to head position with head positions between

about 30° and 60°from the supine position (0°).

[0042] The set point for a suitable pressure source output pressure for one of the

head positions, e.g. the supine position, may be set by a health professional based

upon the patient's sleep study. The set point for other positions may also be set by

the health professional.

[0043] In one embodiment, the supine position may be defined as within 30° of

vertical, with vertical being the sleeping position where the nose is pointed directly

upward, orthogonal to the sleeping plane which is horizontal.

[0044] Initially, a health professional may set the output pressure of the

compressor for one or more of the patient's head positions that have been based

upon a sleep study performed on the patient. The second head position may be at

least 20° away from the first head position. Optionally, the health professional may

also set the set point for the output pressure of the system when the patient's head is

at other positions. Preferably, the controller is programmed to select a suitable

compressor output pressure from a preset table or library for at least one head

position or determine a suitable pressure from a preprogrammed algorithm that is

based upon the sensed position of the patient's head. The algorithm defines the

relationship between the head position signal and the suitable compressor output

pressure.

[0045] In the gravity-driven embodiments described herein, the supine and lateral

positions would be determined in manufacturing. In the sensor embodiments



described herein, the position sensor may require calibration. With the position

sensor mounted on the patient's head, mask, tubing or straps, the head position

sensor is first calibrated, preferably when the patient's head is in a supine position.

The calibrated head position sensor senses the patient's head position and

generates a sensed head position signal that is transmitted to the controller. The

controller determines a suitable pressure source output pressure for the sensed

head position signal and generates a control signal for the pressure source to

provide the suitable pressure output pressure. In one embodiment, the controller

compares the determined suitable pressure source output pressure with the current

pressure output of the pressure source and if they differ by a specified amount, the

controller generates a new control signal for the pressure source. If they do not

differ by the specified amount the system loops back and continues to monitor the

patient's head position.

[0046] The pressure source output pressure requirements can vary between a

low point at exhalation to a high point at inhalation for each position of the patient's

head which forms an output pressure envelope for the patient.

[0047] During sleep, the position of the patient's head can be the most important

determinant of critical pressure for the patient since the anatomical structures that

might block the airway (such as the tongue, the soft palate, the uvula and the tonsils)

are in the head. Thus, the position sensor that determines the position of the head

can be valuable in effectively controlling the pressure output of a PAP system.

[0048] In one embodiment the PAP system provides a first (higher) gas pressure

from the compressor when the patient's head is in a supine position and a second

(lower) pressure when the patient's head is in a lateral position. The gas pressure

supplied to the patient when the patient's head is in a lateral position would likely be



1-8 cm of water less than the pressure supplied when the patient's head is in the

supine position. Additionally, the PAP system can vary pressure more continuously

based on several patient sleeping positions. With such a system, higher pressure

would be supplied to the patient by the pressure source the closer a person's head is

to a completely supine position with the patient's nose oriented in a vertical plane.

Slightly lower pressure could be supplied, for example, if a person's head was 20° off

from the supine position and other positions further away from the supine position.

The lowest gas pressure would usually be when the patient's head is in a lateral

position 90° or more from the supine position.

[0049] The patient's head positions are described herein primarily in terms of the

supine position, a lateral position and positions between these two positions about a

longitudinal axis passing through the patient's head. The head position sensor may

also sense when the patient's head is tilted toward or away from the patient's chest,

or rotated further than a lateral position 90° away from the supine position. A patient

whose head is tilted far forward during sleep (i.e. the chin is close to the chest), may

experience an even higher frequency of airway blockages than when in a supine

position and may need a higher gas pressure to maintain an open airway passage

than when in a supine position.

[0050] The PAP system which modulates its output pressure based on a patient's

head position while sleeping could also be used to determine whether a given

patient's sleep apnea event frequency and severity are affected by sleeping position,

and PAP system output could be modulated accordingly. For example, the PAP

system pressure may be lowered from about 11 cm (of water) to about 9 cm as the

patient moved from a supine to a lateral sleeping position. The system could also

further modulate pressure output based upon whether the number of airway



blockages increased or decreased (e.g. as measured by air pressure sensors in the

PAP mask or within the gaseous flow from the compressor to the PAP mask) and the

corresponding patient position.

[0051] The controller of the PAP system may be used to provide different pressure

source output pressures within the pressure envelope at different points in the

respiratory cycle at any given patient head positions. For example, higher pressure

source output pressures may be provided during inhalation and lower pressure

source output pressures during exhalation to maintain the critical pressure within the

patient's airway passage.

[0052] The features of this invention would allow a PAP system to provide different

suitable gas pressures depending on the head position of the patient. This would

improve patient comfort while providing the critical pressure at different positions to

maintain an open airway. Additionally, since patients prefer lower PAP pressures,

such a system might also cause patients to prefer to sleep in positions (such as a

lateral position) that cause the system to provide a lower gas pressure to the patient.

The lower output pressure would also encourage the patient to sleep in a position

that leads to fewer airway blockages. The lower output pressure would tend to

disturb a person's sleep much less because of comfort of lower pressure and less

noise due to the slower operation of the compressor drive motor.

[0053] The position sensors described herein can provide head position data to

controllers that are part of either bedside PAP systems or wearable PAP systems.

[0054] These and other advantages of the invention will become more apparent

from the following detailed description of embodiments of the invention when taken

in conjunction with the accompanying exemplary drawings.



BRIEF DESCRIPTION OF DRAWINGS

[0055] Fig. 1 depicts a bedside positive airway pressure system as described

here.

[0056] Fig. 2 depicts a wearable positive airway pressure system as described

here.

[0057] Figs. 3A-3C show cross-sectional views of the airway tubing channel with

a dangling element to create an air signature to indicate position.

[0058] Figs. 4A and 4B show cross-sectional views of the airway tubing channel

with another dangling element to create an air signature to indicate position.

[0059] Figs. 5A and 5B show cross-sectional views of the airway tubing channel

with a ball element to create an air signature to indicate position using gravity.

[0060] Figs. 6A and 6B show cross-sectional views of the airway tubing channel

with a gravity-driven element to create a sound signature to indicate position.

[0061] Figs. 7A and 7B show cross-sectional views of the airway tubing channel

with a gravity-driven element to create a sound signature to indicate position.

[0062] Figs. 8A-8C show a diagram of a venting system actuated by gravity to

lower mask pressure based on position.

[0063] Figs. 9A and 9B shows a diagram of a valve venting system actuated by

gravity to lower mask pressure based on position.

[0064] Figs. 10A and 10B illustrate two mechanisms to produce an electrical

signal indicating position based on gravity.

[0065] Fig. 11A illustrates a way to key a sensor and base element to each other

using unique geometry.

[0066] Fig. 11B illustrates a way to key a sensor and base element to each other

using magnets.



[0067] Fig. 12 shows potential placement areas for force sensors on a system.

[0068] Fig. 13 shows potential placement areas for force sensors on the ear.

[0069] Figs. 14A and 14B show potential placement areas for force sensors on a

system in both the supine and lateral positions.

[0070] Figs. 15A and 15B show a variation of a system comprising proximity

sensors.

DETAILED DESCRIPTION

[0071] Described here are devices and methods for altering pressure in a positive

airway pressure (PAP) system for the treatment of patients with OSA or other

breathing problems. Typically, the positive pressure systems described here may

include a wearable mask for delivery of pressurized air to a user, a pressure source

configured to provide the pressurized air, and an airway tube connecting the mask

and the pressure source, which may define an airway between the pressure source

and the user. In some instances, the pressure source may be at least partially

housed in a bedside unit, whereas in other instances the pressure source may be

part of a wearable system.

[0072] Fig. 1 shows a variation of a bedside positive airway pressure system

( 1 000) (e.g., a CPAP system). As shown there, the positive airway pressure system

( 1 000) may include a pressure source ( 1002) (e.g., a compressor), which may be

housed in a console ( 1 004) that sits on the bedside table. The system may further

comprise an airway tube ( 1 006), which may connect the pressure source ( 1002) to a

mask ( 1 008) worn by the user. For example, a first end of the airway tube ( 1006)

may be connected to the console ( 1 004), and the airway tube ( 1 006) may create an

airway between the pressure source ( 1 002) and the mask ( 1008). Typically, the

airway tube ( 1 006) includes a six foot CPAP tubing, although the airway tube ( 1006)



may have any suitable length. The mask ( 1008), airway tube ( 1 006) and console

(1004) comprise the three primary elements of the system. Generally, the console

(1004) may be reusable for several years, while the mask and tubing are intended to

be disposed of every three months. It should be appreciated, however, that the

components of the positive airway pressure system ( 1 000) may be replaced at any

suitable frequency. The masks of the systems described here may include any

suitable elements, such as for example, a mask assembly including a mask, a

headgear, and one or more straps.

[0073] Fig. 2 shows a wearable positive airway pressure system (2000) (e.g., a

wearable CPAP system). As shown there, the positive airway pressure system

(2000) may include a wearable housing (2002), a mask (2004), and an airway tube

(2006) connecting the wearable housing (2002) to the mask (2004). Generally, the

wearable housing (2002) includes a positive pressure source (e.g., a blower), and

airway tube (2006) may create an airway between the pressure source and the

mask. In some instances, the housing may be intended for reuse for several years,

while the mask and tubing are intended to be replaced every three months, although

it should be appreciated that the components of the positive airway pressure system

(2000) may be replaced at any suitable frequency.

[0074] The positive airway systems described above may be configured to sense

a user's head position, and may be configured to alter pressure based on the sensed

head position. For example, Figs. 3A-3C show cross-sectional views of a section of

an airway tube ( 1 00), which may be part of either a bedside or wearable positive

airway pressure systems as discussed immediately above. Specifically, Fig. 3A

shows a cross-sectional view of a segment of the airway tubing ( 100) having a

channel ( 1 02) extending therethrough and a dangling element ( 1 04) positioned in the



channel ( 1 02). As shown there, the dangling element ( 1 04) may comprise a weight

element ( 1 06) and a suspension member ( 108) connecting the weight element ( 106)

to a wall of the airway tubing ( 1 00). The position of the weight element ( 106) within

the channel ( 1 02) may change depending on the orientation of a user's head

position.

[0075] For example, in Fig. 3A, the dangling element ( 104) is shown hanging into

the channel ( 102) due to gravity. In Figs. 3A-3C, gravity is oriented down the page,

from the top to bottom in these Figs. . When acted upon by gravity, the dangling

element (104) is pulled into the channel ( 102) to partially block the air path through

the channel ( 1 02), thereby disrupting the airflow, and leaving an airflow signature

that can be interpreted by the air pressure sensors in the PAP console. In some

variations, the position of the dangling element ( 104) may correspond to the position

of a user sleep in a supine position (i.e., on the user's back).

[0076] Shown here, the dangling element ( 104) includes a weight ( 1 06)

suspended by a flexible suspension member ( 1 08). The weight ( 1 06) can be a body

of any material of appropriate mass and density to produce the desired effects

including but certainly not limited to: plastics, rubbers, metals, ceramics, paper, or

the like. The suspension member ( 108) may be a tether, cord, or strip of any

material of appropriate properties such as strength, weight and flexibility including

but certainly not limited to: polymers, elastomers, fibers.

[0077] When the airway tubing ( 1 00) is rotated (e.g., in Fig. 3B, the cross-section

is rotated 90 degrees clockwise, to represent the user sleeping on one side in the

lateral position), gravity may pull the dangling element ( 1 04) out of the airpath

through the channel ( 1 02). In some variations, the weight ( 106) may be pulled

against an inner wall of the channel ( 102). In some variations, the airway tubing



(100) may further comprise one or more recessed areas ( 1 10). In these variations,

rotation of the airway tubing ( 100) may pull the weight ( 1 06) (and in some variations

a portion of the suspension member ( 1 08)) at least partially into the recessed area

( 1 10), such that the weight ( 106) is housed at least partially out of the airpath of the

channel (102). In some of these variations, the recessed area ( 1 10) may be sized

such that the weight ( 1 06) is fully pulled into the recessed area ( 1 10), such that the

weight ( 1 06) is housed entirely out of the airpath of the channel ( 1 02). Specifically,

the suspension member ( 1 08) may deflect and the weight ( 1 06) may fall/be pulled

into a recessed area ( 1 10) in the wall of the air channel, out of the airpath. In this

position, the dangling element either does not produce an air signature, or produces

an air signature different from that of the position shown in Fig 3A.

[0078] In Fig. 3C, the cross-section is rotated 90 degrees counter-clockwise from

Fig. 3A, to represent the user sleeping on the other side in the lateral position. In

this position, gravity also pulls the dangling element ( 104) out of the airpath ( 1 02). In

some instances, the weight ( 1 06) may be pulled at least partially or entirely into a

recessed area ( 1 10), such as described in more detail above. In some variations,

such as shown in Figs. 3A-3C the airway tubing ( 1 00) may comprise two recessed

areas. In these variations, the weight ( 106) may be pulled into a first recessed area

( 1 10) when the airway tubing ( 100) is rotated in a clockwise direction, and may be

pulled into a second recessed area ( 1 10) when the airway tubing ( 1 00) is rotated in a

clockwise direction.

[0079] While shown in Figs. 3A-3C as being connected to airway tubing ( 1 00), the

dangling element (104) may in other variations be connected to a portion of a mask

of the positive airway pressure system. For example, in some variations, the mask

may have an opening to which the airway tubing may be connected. In these



variations, the dangling element ( 104) may be connected to the mask such that it

dangles within the opening such as depicted in Figs. 3A-3C.

[0080] Although the Figs. 3A-3C illustrate the case where the airflow is altered by

the dangling element ( 104) when the user is in a supine position, the dangling

element ( 1 04) may be configured to instead alter the airflow when in a lateral

position instead. This could be achieved with two dangling elements, one on each

side of the tube. For example, the airflow tubing ( 1 00) may comprise a first dangling

element and a second dangling element, each positioned in the channel. The first

dangling element may be connected to an inner wall of the airflow tubing ( 1 00) on a

first side of the airflow tubing ( 1 00), and the second dangling element may be

connected to an inner wall of the airflow tubing ( 100) on a second side of the airflow

tubing ( 1 00) opposite the first side. When the user is in a first lateral position (e.g.,

on the user's left side), the first dangling element may hang in the airway of the

airflow tubing ( 1 00) and when the user is in a second lateral position (e.g., on the

user's right side), the second dangling element may hang in the airway of the airflow

tubing ( 100). In these variations, each of the first and second dangling elements

may include a weight element and a suspension member.

[0081] As mentioned above, the positive airway pressure systems may be

configured to detect whether a dangling element is hanging in the airway of the

airflow tubing, and may be configured to alter the output of a pressure source of the

positive airway pressure system based on the detected position of the dangling

element (or elements). There are several ways in which the positive airway pressure

system may be configured to detect the positioning of the dangling element. In some

variations, the dangling element may alter the local pressure in the airway tubing

when the dangling element hangs in the airway. One or more air pressure sensors



or flow sensors, which may be positioned, for example, in the tubing and/or mask,

may detect the change in local pressure, and a portion of the positive airway

pressure system (e.g., a controller) may interpret this change to identify the position

of the dangling element, and with it, the position of the user (e.g., supine or lateral).

In other variations, the dangling element may oscillate when it hangs in the airway.

As the dangling element oscillates, it varies the flow of air through the tube, creating

an airflow signature that can be interpreted by one or more flow sensors and/or

pressure sensors in the system. The one or more flow sensors and/or pressure

sensors may be positioned, in the mask, the airway tubing, and/or the

console/housing.

[0082] Figs. 4A and 4B show a diagrammatic cross-sectional view of another

embodiment of a dangling element to produce an airflow signature. Fig. 4A shows a

cross-sectional view of a segment of airway tubing ( 1 20) having a channel ( 1 22)

therethrough and a dangling element ( 1 24) positioned in the channel ( 122). As

shown there, the dangling element ( 1 4) may comprise a weight element ( 1 26) and

a suspension member ( 1 8) connecting the weight element ( 1 6) to a wall of the

airway tubing ( 1 20). In some of these variations, the suspension member ( 128) may

be a rod or bar connected to the airway tube (120) at a pivot point (132). The

suspension member ( 1 28) may be mostly rigid, in that it maintains its shape during

rotation of the dangling element ( 1 4), such that the weight element ( 1 26) is moved

in an arc around the pivot point ( 1 32) as the dangling element ( 1 24) rotates. It

should be appreciated that in some instances, the suspension member ( 1 28) may

slightly flex during oscillation of dangling element (124)

[0083] Fig. 4A illustrates the supine position, with gravity (also acting downward

from the top of the page, such as discussed above with respect to Figs. 3A-3C)



pulling the dangling element ( 1 24) into the air path of the channel ( 122). When the

dangling element ( 124) hangs in the air path of the channel ( 1 22), passing air may

cause the dangling element ( 1 24) to oscillate, which may alter the pressure and/or

air flow through the air path of the channel ( 1 22). These pressure oscillations may

be sensed by a portion of the positive pressure airway system, and may be used to

determine the position of the dangling element, and with it, the user. The pressure

oscillations may be sensed by one or more sensors (positioned in the mask, airway

tubing, and/or console/housing), such as described in more detail above. When the

supine position is detected, the appropriate pressure for the supine position would be

administered.

[0084] Fig. 4B shows the airway tubing ( 1 20) placed in a lateral position, shown

rotated 90 degrees clockwise. When the user is in the lateral postion, the dangling

element ( 1 24) may be pulled out of the air path of the channel ( 1 22) by gravity.

Optionally, the airway tube ( 1 20) may comprise a track ( 130) to guide the dangling

element ( 1 24) through its range of motion. As mentioned above, the dangling

element ( 1 24) is suspended from a pivot point ( 1 32) which allows it to travel through

its full range of motion, which in some instances may include recesses ( 1 34) in the

air tubing ( 120) outside of the air path of the channel ( 122). When in the lateral

position, as shown in Fig. 4B, the dangling element ( 124) may either not alter the

airflow passing through the air path of the channel (122), or may alter the pressure

and flow differently than when the dangling element ( 1 24) is hanging in the supine

position. When the dangling element ( 1 24) rotates between the lateral and supine

positions, the positive airway pressure system may be configured to detect the

change in position of the dangling element ( 124) (which may represent a change in

the position of the user), and may alter the output of the pressure source of the



system accordingly. For most users, this means a higher PAP pressure when they

are sleeping on their backs, and a lower pressure when they are sleeping on their

sides. Although the dangling element ( 1 24) is shown in FIG. 4B as being positioned

in one lateral position, it should be appreciated that in the dangling element (124)

may be configured to move from the supine position to either a first lateral position

(e.g. on the user's left side) or a second lateral position (e.g., on the user's right

side).

[0085] Figs. 5A and 5B show cross sections of a portion of an airway ( 140) of a

variation of a positive airway pressure system as described here, which may be a

bedside or wearable system as described above. While the airway (140) is shown in

Figs. 5A and 5B as being in an air tube (141 ) , the airway (140) may be part of the

mask. As shown there, the system may comprise a ball element ( 1 42) which may

create an air signature when positioned in the airway ( 1 40). The ball element (142)

is generally a rounded body, and may be of various sizes and/or geometries to affect

different air signatures when positioned in the air path ( 140). The system may

further comprise a recess ( 1 44) (e.g., in the air tube (141 ) as shown in Figs. 5A and

5B, or in a mask), such that the ball element ( 142) may be moveable into or out of

the recess (144) to affect the flow of air through the airway (140)

[0086] For example, when a user is in the supine position, illustrated in Fig 5A, the

ball element (142) drops into recess ( 1 44) due to gravity. In some variations, the ball

element (142) may be entirely housed in the recess (144), such that the ball element

(142) does not block the airway ( 140). In other variations, the ball element (142)

may be partially housed in the recess ( 144), such that only a portion of the ball

element ( 1 42) impedes the air path.



[0087] When the user moves to a lateral position, illustrated in Fig 5B, the ball

(142) rolls out of the recess ( 144) due to gravity, and into the air path (140). In

variations where the ball element (142) is partially housed in the recess ( 1 44) when

in the supine position, moving to the lateral position may increase the amount of the

ball element (142) positioned in the air path (140). As more of the ball element (142)

is positioned in the air path ( 1 40), the ball element ( 142) affects the air flow such that

an air signature can be perceived by the positive airway pressure system (e.g., via

pressure and/or flow sensors in the console/housing, mask, or air tube).

[0088] In some variations, tracks or a guide may be added to the air path (140)

(e.g., formed on or otherwise attached to an interior wall of the air tube (141 ) or

mask. The tracks or guide may constrain the motion of the ball to ensure the ball's

movements stay within a desired path (e.g., the tracks or guides may prevent the ball

element (142) from rolling longitudinally along the airway. Additionally or

alternatively, the recess (144) may comprise small bumps (146) or a lip at the

entrance to the recess ( 1 44) to help control when the ball element (142) enters or

exits the recess (144). In these variations, the bumps (146) or lip may resist entry of

the ball element (142) into the recess (144) and/or resist exiting of the ball element

(142) from the recess ( 1 44), which may reduce the likelihood that the ball element

(142) will not roll in or out do to minor shifts in the user's position.

[0089] As mentioned above, in some variations, the ball element ( 1 42) may extend

at least partially out of the recess in each of the supine and lateral positions, but

extend by varying amounts to affect a different air signature in each case. In other

variations, the, the ball element may only partially extend out of the recess in one

position (e.g., a supine position), and may be fully housed in the side channel in a

second position (e.g., a lateral position). For example, in some variations, a flexible



suspension element (e.g., a tether, cord, or the like) may limit the amount that the

ball element ( 1 42) may roll out of the recess (144). As the ball element (142)

changes position within the airway ( 1 40), the ball element ( 1 42) may change the air

flow through the airway (140), which may be detected by the system (e.g., via a

pressure and/or flow sensor) to detect the positioning of the airway, and the system

may be further configured to alter an output of a pressure source of the system

based on the detected position.

[0090] While the airway (140) is shown in Figs. 5A and 5B as being configured

such that the ball element (142) rolls into the recess (144) in a supine position and

outer of the recess (144) in a lateral position, the airway (140) may instead be

configured such that the ball element (144) rolls out of the recess (144) in the supine

position and into the recess (144) in a lateral position.

[0091] In some variations, the positive airway pressure systems described here

may be configured and programmed to detect a user's head position based on

sound generated in the positive airway pressure system. In these variations, the

positive airway pressure system (which may be a wearable or beside system as

discussed above) may comprise a sound-generating assembly. The sound-

generating assembly may be moveable between a first configuration when a user's

head (and thus the mask) is in a first position (e.g., a supine position) and a second

configuration when the user's head and mask are in a second position (e.g., a lateral

position). The sound-generating assembly may be configured to generate a sound

signal in at least one of the first and second configurations, and the system may

detect the sound signal generated by the sound-generating assembly (e.g., via a

sound sensor such as a microphone) and may alter the output of a pressure source

based on the detected sound signal.



[0092] For example, in some variations, the sound-generating assembly may

generate a first sound signal when the sound-generating assembly is in the first

configuration and may generate a second sound signal different than the first sound

signal when the sound-generating assembly is in the second configuration. In these

variations, the system may be configured to generate a first output with a pressure

source when the system detects the first sound signal, and may generate a second

output with a pressure source when the system detects the second signal. In other

variations, the sound-generating assembly may generate a first sound signal when

the sound-generating assembly is in the first configuration and may not generate a

sound signal when the sound-generating assembly is in the second configuration. In

these variations, the system may be configured to generate a first output with a

pressure source when the system detects the first sound signal, and may generate a

second output with a pressure source when the system does not detect a sound

signal.

[0093] In some variations, the sound-generating assembly may be configured to

automatically change between the first configuration and the second configuration

when the mask is moved between the first and second positions. For example, the

sound-generating assembly may include one or more gravity-driven elements that

change positions based on gravitational forces to change the sound-generating

assembly between first and second configurations as the user and mask move

between the first and second positions, respectively.

[0094] Figs. 6A and 6B show cross-sectional views of an airway (156) of a

positive airway pressure system as described here, which may be a bedside or a

wearable system as discussed above, and which may detect a user's head position

using a sound-generating assembly. In the variations shown in FIGS. 6A and 6B,



the sound-generating assembly may be positioned in the airway ( 156) of the air tube

(154), although in other variations the sound-generating assembly may be positioned

in the airway of the mask.

[0095] The sound-generating assembly may comprise a sound-creating element

(152) such as a whistle, which may be positioned at least partially in the airway ( 156)

and which generate a sound as air flowing through the airway ( 1 56) passes through

or around the sound-creating element (152). The sound-generating assembly may

further comprise a track ( 1 50) at least partially positioned in the airway and having a

ball ( 158) moveable along or within the track ( 150). Fig 6A shows a cross-sectional

view of the airway ( 1 56) when the user (and the mask) is in a first position (e.g., a

supine position), and the sound-generating assembly is in a first configuration. In the

first position, gravity may pull the ball ( 1 58) to a position in the track ( 1 50) that blocks

the sound-creating element ( 1 52). For example, the track (150) may have a curved

shape or a v-shape, and the ball ( 1 58) may be pulled to the lowest point in the track

(150). In some instances, the ball ( 158) may entirely block the sound-creating

element ( 152) when the sound-generating assembly is in a first configuration, such

that the sound-creating element ( 1 52) does not generate a sound signal. In other

instances, the ball ( 158) may partially block the sound-creating element ( 1 52), such

that the sound-creating element ( 152) generates a sound signal.

[0096] When the user and the mask are rotated to a second position (e.g., a

lateral position, which is shown in a cross section in Fig. 6B as rotated 90 degrees

clockwise from the first position, but may alternatively be rotated 90 degrees

counterclockwise), the sound-generating assembly may change to a second

configuration. In some variations, to the ball ( 158) may roll away from the sound-

creating element ( 1 52) (e.g., toward the portion of the track ( 1 50) that is currently at



the lowest point) to move the sound-generating assembly to the second

configuration. In some variations, the ball ( 158) does not block the sound-creating

element (152) when the sound-generating assembly is in the second configuration,

such that the air may pass around or through the sound-creating element (152) to

generate a sound signal. In other variations, the ball ( 158) may partially block the

sound-creating element ( 152) when the sound-generating assembly, but may still

allow for the sound-creating element ( 1 52) to generate a sound signal. In variations

where the sound-generating assembly generates a first sound signal while in the first

configuration, the sound-generating assembly may generate a second sound signal

while in the second configuration that is different than the first configuration. In these

variations, the system may be configured to detect which sound signal is generated

by the sound-creating element to indicate head position of the user, as discussed in

more detail above.

[0097] While the sound-generating element is shown in FIGS. 6A and 6B as being

unblocked to be when the user is in a supine position and unblocked when the user

is in a lateral position, the sound-generating assembly may instead be configured

such that it is unblocked when the user is in a supine position and is blocked when

the user is in a lateral position.

[0098] While the sound-generating assembly shown in Figs. 6A and 6B includes a

ball ( 1 58) configured to selectively block the sound-creating element, it should be

appreciated that the sound-generating assembly may include any suitable blocking

member to selectively block the sound-creating element. For example, in some

variations the sound-generating assembly may comprise a pivoting disk or plate

rotatably connected to a portion of the airway. When in a first configuration, the

sound-creating element may be unblocked (completely unblocked or partially



unblocked) by the pivoting disk or plate, such that the sound-creating element

generates a first sound signal as air flows through the airway. When the mask is

rotated (e.g., from a supine to a lateral position, or vice versa), the pivoting disk or

plate may rotate to move the sound-generating assembly to a second configuration

in which the sound-creating element is at least partially blocked (e.g., either fully

blocked such that the sound-creating element does not generate a sound signal, or

partially blocked such that the sound-creating element generates a second sound

signal different from the first sound signal). The resulting sound signature is

information that would be interpreted by the positive airway pressure system (e.g., by

the console or housing of the system) to indicate the user's sleeping position, and an

output of a pressure source could be adjusted appropriately. Other similar blocking

elements may be incorporated into the sound-generating assembly to achieve these

results.

[0099] In other variations, the systems described here may comprise a sound-

generating assembly having a sound-creating element configured to move relative to

an airway. Figs. 7A and 7B show cross-sectional views of an airway ( 1 64) of a

positive airway pressure system as described here, which may be a bedside or a

wearable system as discussed above, and which may detect a user's head position

using a sound-generating assembly. In the variations shown in FIGS. 7A and 7B,

the sound-generating assembly may be positioned in the airway ( 164) of the air tube

(162), although in other variations the sound-generating assembly may be positioned

in the airway of the mask.

[0 00] As shown there, sound-generating assembly may comprise a sound-

creating element ( 1 60) such as a whistle, which is moveably connected to the airway

(164). The sound-generating assembly may be placed in a first configuration when



the user and mask are in a first position (e.g., a supine position), in which the sound-

creating element ( 1 60) is positioned at least partially in the airway ( 164) such that the

sound-creating element generates a first sound signal as air flows through the airway

(164). As the user and mask are rotated to a second position (e.g., a lateral

position), the sound-generating assembly may automatically move to a second

configuration in which the sound-creating element is positioned at least partially out

of the airway ( 164). In some of these variations, the sound-creating element may be

positioned entirely out of the airway ( 164), such that the sound-creating element

does not generate a sound signal as air flows through the airway ( 164). In others of

these variations, the sound-creating element may be positioned partially out of the

airway ( 164), but may still generate a second sound signal different than the first

sound signal. As air flows through the airway ( 164). As discussed in more detail

below, the system may be configured to detect the sound signals, which may

indicate head positioning, and may alter an output of a pressure source based on the

same.

[0101] The sound-creating element ( 1 60) may be connected to the airway in any

suitable manner. In the variation shown in Figs. 7A and 7B, the sound-creating

element ( 1 60) may be connected to the airway ( 1 64) via a suspension member

(168), such as those discussed in more detail above. When the user and mask are

in a first position (e.g., a supine position), such as shown in Fig. 7A, the sound-

generating assembly may be in a first configuration and the sound-creating element

(160) may hang in the airway ( 164), such that passing air actuates the sound-

creating element ( 1 60) to create a first sound signal (which may be sensed by the

positive airway pressure system as discussed above). When the user and mask

rotate to a second position (e.g., a lateral position), such as shown in Fig. 7B, the



sound-generating assembly may automatically move to a second configuration, and

the sound-creating element ( 160) may be positioned at least partially outside of the

airway ( 164). For example, the air tube ( 1 62) or mask may comprise one or more

recesses ( 166) (two recesses are shown in Figs. 7A and 7B), and gravity may pull

the sound-creating element ( 160) into a recess ( 1 66) when in the second

configuration. In these variations, the sound-creating element ( 1 60) may either not

generate a sound signal, or may generate a second sound signal different the first

sound signal, such as discussed in more detail above. While shown in Figs. 7A and

7B as being connected to the airway ( 1 64) via a suspension member, it should be

appreciated that the sound-creating element may be directly connected to the wall of

an air tube, such that the sound-creating element may rotate between the positions

described above with respect to Figs. 7A and 7B. When a sound-creating element is

configured to generate one or more sound signals, it may be preferable for the one

or more sound signals to be at a frequency or volume that is unperceivable to

humans, and in some instances, household pets.

[0102] In some variations, the airway of the pressure system may selectively vent

air from the airway to the surrounding environment, and may vent different amounts

of air depending on the position of the mask and the user. For example, in some

variations, the airway may comprise a vent assembly that does not vent any air when

the vent assembly is in a first configuration, and vents air when the vent assembly is

in a second configuration. For example, the vent assembly may be configured such

that it does not vent air when the user is in a supine position, but vents air when the

user is a lateral position, which may reduce the pressure of the air supplied to the

user when the user in a lateral position. In some of these variations, gravity may

move the vent assembly between the first and second configurations (e.g., when the



mask and user move between a supine position and a lateral position, or vice versa).

In other variations, the vent assembly may vent a first amount of air when the vent is

in a first configuration, and may vent a second amount of air different than the first

amount when the vent is in the second configuration. For example, the vent

assembly may vent a first amount of air when the user is in a supine position, and

may vent a larger amount of air when the user is in a later position. Again, gravity

may move the vent assembly between first and second configurations as the user

changes head positions.

[0103] Figs. 8A-8C show a diagram of a vent assembly having ball-valve system

that may allow venting of pressure from the airway of a positive airway pressure

system when in the lateral position. The vent assembly may be used with any of the

wearable or beside positive airway pressure systems as described here. As shown

in Figs. 8A-8C, the vent assembly may have a first channel ( 1 76) which may be

connected to the airway of the positive airway pressure system to allow air to flow

from the airway into the first channel ( 1 6). In some variations, the first channel

(176) may be connected to the mask ( 1 72) of the system, although in other

variations the first channel (176) may be connected to an air tube of the system. The

first channel ( 1 76) may split into first and second side channels, labeled ( 178a) and

(178b) respectively. The vent assembly may further include a first outlet ( 174a) in

the first side channel ( 1 78a) and a second outlet ( 174b) in the second side channel

(178b), which may communicate with the interior of the vent assembly and the

external environment. The vent assembly may also include a ball ( 1 70), which may

be configured to selectively control airflow through the vent assembly.



[0104] For example, the vent assembly may be configured such that when the

user and the mask are in the supine position, as shown in Fig. 8A, gravity pulls the

ball ( 1 70) into the first channel ( 1 76) (which, as mentioned above, may be in

communication with the mask ( 1 72)), such that the ball ( 1 70) may block the first

channel ( 1 76). When the ball ( 1 70) blocks the first channel ( 176), the ball (170) may

block airflow through the channel ( 176), such that air does not pass through the vent

assembly between the airway of the system and the external environment. In these

variations, when the user is in the supine position and the ball ( 170) blocks the

channel ( 1 76), the mask and user may receive the full pressure generated by the

pressure source.

[0105] When the user and mask are rotated to a lateral position, the vent assembly

may be rotated the ball ( 170) may roll away from the first channel (176) such that it

blocks one of the first or second side channels. For example, when the vent

assembly is rotated counterclockwise, as shown in Fig. 8B, the ball ( 1 70) may roll to

block the first side channel ( 174a). With the ball ( 170) blocking the first side channel

( 174a), air may flow from the airway through the first channel ( 176) and second side

channel ( 1 74b), and may exit the vent assembly through the second outlet ( 174b) in

the second side channel ( 174b). Accordingly, when the vent assembly is in the

lateral position, pressure may be vented from the airway to the surrounding

atmosphere, which may reduce the pressure supplied to the patient. Similarly, when

the vent assembly is rotated clockwise, as shown in Fig. 8C, the ball ( 170) may roll

to block the second side channel ( 1 74b), which may allow air to flow through the first

channel ( 1 76) and the first side channel ( 1 74a), and may exit the vent assembly

through the first outlet ( 174a) in the first side channel ( 174a).



[0106] It should be appreciated that the size and geometry of the outlets of the

valve assembly may control the rate of the pressure venting, and therefore the

pressure drop achieved when the user and mask are in a lateral position. In some

variations, one or more outlets may be adjustable. While shown in Figs. 8A-8C as

having two outlets, it should be appreciated that in some variations the vent

assembly may have a single outlet. In these variations, the ball may block the outlet

when a user and mask are in a supine position, and may leave the outlet open to

vent pressure when the user and mask are in a lateral position. For example, in

some variations the vent assembly may comprise a semi-spherical chamber. In

these variations, the ball may roll to a bottom of the chamber when the user is in a

supine position to block an outlet in the bottom of the chamber, and may roll away

from the bottom of the chamber when the user is in a lateral position.

[0107] Figs. 9A and 9B show another variation of a vent assembly as described

here. Specifically, the vent assembly may comprise one or more valve ports, each

having at least one valve lid. Each valve port may be configured to connect the

airway of the system to the external environment, and the valve lid may be opened to

allow air to pass from the airway to the external environment and may be closed to

block air from passing between the airway and the external environment. In some

variations, gravity may move a valve lid between opened and closed configurations.

The vent assembly may be used with a wearable or bedside positive airway pressure

system, such as discussed in more detail below.

[0108] In some variations, the vent assembly may comprise a plurality of valve

ports. For example, in the variations shown in Figs. 9A and 9B, the vent assembly

may comprise a first valve port ( 1 86) having a first valve lid ( 1 88) and a second valve



port ( 184) having a second valve lid ( 190). While the first and second valve ports are

shown in Figs. 9A and 9B as being connected to the mask (shown partially in Figs.

9A and 9B as ( 182)), the valve ports may instead be formed as part of the air tube.

Fig. 9A shows the vent assembly in a supine position (e.g., when the mask ( 1 82) and

user are in a supine position). When the vent assembly is in the supine position, the

first ( 1 88) and second ( 190) valve lids may be held closed by gravity against the

openings of the respective valve ports ( 184) and ( 1 84) (e.g., arrows ( 1 87) depict the

direction of travel that gravity may bias or move the valve lids).

[0109] When the vent assembly is rotated to a lateral position (e.g., when the mask

(182) and user move to a lateral position), one or both of the valve lids may open to

allow pressure to vent from the system airway to the external atmosphere. For

example, in the variation shown in Figs. 9A and 9B, when the valve assembly is

rotated clockwise, as depicted in Fig. 9B, the valve lid ( 1 90) of the second valve port

(184) may open (e.g., may be pulled open by gravity) while the valve lid ( 1 87) of the

first valve port ( 186) may remain closed. Pressure may be vented through the

second valve port ( 1 84). Conversely, when the valve assembly is rotated

counterclockwise, the valve lid ( 1 87) of the first valve port ( 186) may open while the

valve lid ( 190) of the second valve port ( 1 84) may be closed, such that pressure may

be vented through the first valve port ( 1 88).

[01 10] While each valve port is shown in Figs. 9A and 9B as having a single valve

lid, each valve port may have multiple lids, which may allow venting through a valve

port in either direction. For example, a valve port may comprise a double-hinged

valve lid with the ability to open in either direction. When supine, the valve port may

remain closed. In one lateral position (e.g., clockwise rotation relative to the supine



position), one of the hinged lid segments may open to open the valve and allow

venting through the valve port. In the opposite lateral position (e.g.,

counterclockwise rotation relative to the supine position), the other hinged lid

segment would open to open the valve and allow venting through the valve port.

Additionally, while shown in Figs. 9A and 9B as having two valve ports, it should be

appreciated that in some instances the vent arrangement may include any number of

valve ports. In some variations, the vent arrangement may include only one valve

port, which could save space on the system as an advantage.

[01 11] In still other variations of the devices described here, the system may

include a closeable circuit pathway and a circuit-interrupt assembly in operative

engagement with the closeable circuit pathway. The circuit-interrupt assembly may

be moveable between a first configuration when a mask and user of the system is in

a first position (e.g., a supine position) and a second configuration when the mask

and user are in a second position (e.g., a lateral position). Specifically, when the

circuit-interrupt assembly is in the first configuration, the closeable circuit pathway

may form a closed circuit, while when the circuit-interrupt is move to the second

configuration, the closeable circuit pathway may form an open circuit. In some

variations, gravity may move the circuit-interrupt assembly between the first and

second configurations as the mask and user. The system may be configured to

determine whether the circuit pathway is currently forming a closed or open circuit,

and may alter an output of a pressure source based on the determination. The

pathway may be an electrical circuit pathway, and optical circuit pathway, or the like.

[01 12] Figs. 10A and 10B illustrate variations of gravity-driven circuit-interrupt

assemblies which may be used to create an electrical signal which can be used to



indicate position of the user. Fig. 10A shows one embodiment, in which the circuit-

interrupt assembly comprises a ball (200) that is moveable along a track (202). The

track (202) may be connected to a portion of the mask or the air tube, and may be at

least partially enclosed within a housing (not shown), which may help hold the ball

(200) along the track (202). The track (202) may include a lowered mid-section

(201 ) between raised ends (208). The track (202) may be arranged relative to the

mask and user such that when the mask and user are in a supine position, gravity

pulls the ball (200) toward the lowered mid-section (201 ) . The lowered mid-section

(201 ) that may have two electrical contacts (206), and the ball (200) may contact

both of the electrical contacts (206) when positioned in the lowered mid-section

(201 ) . The ball (200) may include a conductive outer surface, which may conduct

between the first and second contacts (206) to close an electrical circuit. The

system (which may be a wearable or bedside system as discussed above) may

detect that the electrical circuit is closed, and may generate a first output of a

pressure source (e.g., a pressure chosen for supine breathing). In some variations,

the track (202) may include a hole (204) or divot between the electrical contacts

(206), which may help hold the ball (200) in contact with the electrical contacts (206)

when the user and mask are in a supine position.

[01 13] When the user and mask are rotated to a lateral position, the track (202)

may also be rotate such that the ball (200) rolls away from the mid-section (201 ) to

one of the ends (208). This may move the ball (200) out of contact with contacts

(206), which may open the electrical circuit. The system may detect that the

electrical circuit is open, and may generate a second output of the pressure source

(e.g., a pressure chosen for lateral breathing, which may be less than the pressure

chosen for supine breathing).



[01 14] It should be appreciated that the track may be arranged relative the mask

such that the ball (200) contacts the contacts (206) to close the circuit when the user

is in the lateral position. For example, in some variations, contacts (206) may be

positioned in one or more ends of the track (202), such that the ball (200) closes the

circuit when the ball rotates to an end of the track. Additionally, while shown in Fig.

10A as opening and closing an electrical circuit, the ball (200) may instead open and

close an optical circuit. For example, the ball (200) may be configured to block a

light pathway when the track is in a first position (e.g., to open the optical circuit) and

may unblock the light pathway when the track is in a second position (e.g., to close

the optical circuit).

[01 15] Fig. 10B shows a second gravity-driven circuit-interrupt assembly. As

shown there, the circuit-interrupt assembly may comprise a chamber (21 5) having

conductive plates (21 6). The circuit-interrupt assembly may further comprise a

dangling element (21 7) connected to the chamber (21 5). The dangling element

(21 7) may comprise a weighted element (21 4) (such as those described in more

detail above) with a conductive surface suspended by a suspension member (21 2),

which may be any suitable suspension member such as described in more detail

above. The stiffness of the suspension member (21 2) can be adjusted to accomplish

the desired sensitivity to positional movement and may include one or more polymer,

elastomer, paper, fiber or other materials with the desired properties. The

suspension member (21 7) and the conductive plates (21 6) may be part of a

closeable electric circuit. In the supine position, the dangling element (21 7) may

hang between two conductive plates (21 6), such that there is no contact between the

dangling element (21 7) and the conducting elements of the walls (21 6). In these

instances, the loop is open. When the circuit-interrupt assembly is moved to either



lateral position, gravity may pull the weighted element (21 4) dangling element (21 7)

into contact with one of the side plates (21 6), which closing the loop of the closeable

circuit. The system may be configured to detect whether the circuit is opened or

closed, and may alter an output of a pressure source based on whether the circuit is

opened or closed. In some variations, the functional states of the switch could be

reversed such that the circuit is open when the user is in the lateral position and the

circuit is closed when the user is supine. Further, the circuit-interrupt assembly of

Fig. 10B may be used with a closeable optical circuit (e.g., the dangling element may

block an optical pathway in one position, such as the supine position, and may

unblock the optical pathway in a second position, such as the lateral position).

[01 16] In many cases it may be desirable to determine the patient's position using

an accelerometer or similar position sensor, which may be connected to a portion of

a mask or air tube of a positive airway pressure system as described here. Although

the cost of electronics tends to continue to decline as volumes increase, many of

these sensors may be too expensive to be disposed every three months with the

masks and air tubes. Thus, in many cases it would be advantageous to have a

reusable sensor element that can be removed from a mask prior to its disposal, and

then securely fastened to a new replacement mask. The challenge that such a use

pattern brings is how to reliably place the sensing element onto the replacement

mask. In many instances, the sensing element may need to remain fixed in place,

and (especially in the case of an accelerometer) it may need to be specifically

oriented or calibrated in order to accurately provide accurate position information.

Accordingly, it may desirable to allow repeatable connection of a reusable sensor to

a mask or air tube with a known orientation relative to the mask or air tube.



[01 17] Accordingly, some of the positive airway pressure systems described here

may comprise a reusable position sensor that may be releasably connected to a

portion of the system. In some variations, the reusable position sensor may be

releasably connected to a mask of the system. In other variations, the reusable

position sensor may be releasably connected to an air tube. The reusable position

sensor, which may be an accelerometer, may also be configured to communicate

(e.g., wireless, via temporary wired connection) head position information to a

portion of the system (e.g., a controller, microprocessor, or other control circuitry,

e.g., in the wearable housing or a bedside unit). The system may be configured to

alter an output of a pressure source based on the head position information, such as

described above.

[01 18] In some instances, the position sensor may be part of a position sensor

assembly may require a predetermined orientation relative to the mask or the air

tube during attachment of the position sensor assembly to the mask or air tube. If

the position sensor assembly is attached to the same spot with the same orientation

on different masks, it may not be necessary to recalibrate the position sensor when

the use replaces mask and air tubes. In some instances, the position sensor

assembly may be keyed to require a specific orientation between the position sensor

assembly and the mask or air tube of the positive airway pressure system.

[01 19] Figs. 11A and 11B show ways to produce keyed position sensor

assemblies that can be detached and reattached in a repeatable orientation. For

example, Fig. 11A shows a geometry keying system. As shown there, the positive

airway pressure system may comprise a base ( 1 100) and a position sensor

assembly ( 1 102). The base ( 1 100) may be attached to or otherwise formed as part



of the mask or air tube assemblies. The position sensor assembly ( 1 102) may have

a housing ( 1 104) which may be connected to the base ( 1 100). In some variations,

such as shown in Fig . 11A , the base (1100) may have a recess (1106) into which a

portion of the housing ( 1 104) may fit. Generally the recess ( 1 106) and the housing

( 1 104) may be sized and shaped to require a specific orientation between the

position sensor assembly ( 1 102) and base ( 1 100).

[0 20] For example, in the variation shown in Fig. 11A , the recess ( 1 106) may

comprise a circular shape having a triangular extension . Similarly the housing

( 1 104) may have a circular shape having a triangular extension. To connect the

position sensor assembly ( 1 102) to the base ( 1 100), the housing ( 1 104) may be

oriented to align the triangular extension of the housing ( 1 104) with the triangular

extension of the recess ( 1 106) , which may provide a specific alignment between

position sensor assembly ( 1 102) and the base ( 1 100).

[01 2 1] While the housing ( 1 104) is shown in Fig. 11A as being sized to fit entirely

within the recess ( 1 106) , it should be appreciated that the housing may ( 1 104) may

instead comprise a projection (not shown) sized and shaped to be aligned with and

fit within the recess ( 1 106) . In other variations, the base ( 1 100) may comprise a

projection and the housing ( 1 104) of the position sensor assembly (1102) may

comprise a recess to receive the projection , wherein the projection and recess are

sized and shaped to require a specific orientation between the base (1100) and the

position sensor assembly ( 1 102).

[01 22] While the shapes described above include a circular shape with a triangular

extension , it should be appreciated that the base ( 1 100) and position sensor

assembly ( 1 102) may have any geometries to require a particular orientation



between the base ( 1 100) and the position sensor assembly ( 1 102). In some

variations, the keyed geometries may be configured such that the base ( 1 100) and

position sensor assembly may have a single possible orientation when the base and

position sensor assembly are connected. In other variations, the keyed geometries

may allow for two possible orientations (e.g., which may in some instances be 180

degrees apart from each other). For example, the recess may be rectangular in

shape, and the housing may have a correspondingly rectangular shape, such the

housing may be connected to the base in one of two different orientations.

[0123] Additionally or alternatively, the base and the position sensor assembly may

be configured to magnetically align. For example, Fig. 11B shows a different method

for keying the sensor attachment using magnets. As shown there, the system may

comprise a base ( 1 108) and a position sensor assembly ( 1 110). Each of the base

( 1 108) and position sensor assembly ( 1 110) may include at least one magnet ( 1 112)

imbedded therein or otherwise attached thereto. For example, the base ( 1 108) and

position sensor assembly ( 1 110) is shown in FIG. 11B as each having two magnets

( 1 112). When the position sensor assembly ( 1 110) is brought near the base ( 1 108),

the magnets ( 1 112) of the position sensor assembly ( 1 110) may attract the magnets

( 1 112) of the base ( 1 108), which may hold position sensor assembly ( 1 110) against

the base ( 1 108). Further, the attraction of the magnets ( 1 11 ) may align the position

sensor assembly ( 1 110) relative to the base ( 1 108). In some instances, the magnets

( 1 112) may resist attachment when the position sensor assembly ( 1 110) and the

base ( 1 108) are not aligned. It should be appreciated that the position sensor

assembly and base may also be geometrically keyed as discuss above.



[01 24] The base ( 1 108) may be part of a mask or an air tube, such as discussed

above. In some variations, base ( 1 108) could be snapped into place on the mask or

molded into place on the mask during manufacturing. Alternatively, the base ( 1 108)

may be removable attached to a mask, such that both the base ( 1 108) and the

position sensor assembly may removable and reusable. For example, the base and

the position sensor assembly may be placed on opposite sides of a portion mask

material (e.g., a strap) such that when they are magnetically coupled, they capture

an amount of mask material between them.

[0125] Another way to indicate the position of the sleeper is through the use of

pressure and/or contact sensors. Pressure sensors may measure the force applied

to them, while contact sensors determine whether or not there is sufficient force on

to indicate contact of an object with the contact sensor. Either type of sensor could

be used to indicate the position of a sleeper (e.g., by measuring contact or force

between the sensor and a sleeping surface such as a bed or pillow), and the term

"force sensor" will be used here to interchangeably refer to a contact or pressure

sensor. On a positive airway pressure system as described here, there are many

potential locations for the placement of force sensors. For example, to determine

whether the sleeper is in the supine or lateral positions, force sensors may be placed

on the sides and the back of the head. When the forces sensors detect pressure or

contact on the back of the head, the user is likely to be in a supine position.

Similarly, when the force sensors detect pressure or contact either side of the head,

the user is likely to be in a lateral position.

[0126] When the systems described here comprise force sensors (e.g., pressure

and/or contact sensors), these sensors can be placed on the straps, scaffolding,



device, tubing, fasteners, or any other part of the positive airway pressure system

which is mounted on the user's head. Fig. 1 shows some potential placement

zones for force sensors on a wearable positive airway pressure system having a

mask (224), an air tube (226), and a wearable housing (228), such as discussed in

more detail above. Additionally shown there are first and second straps (222a) and

(222b) configured to connect the wearable housing (228) and the mask (224),

respectively, to a user.

[0127] The force sensors are most useful when placed in two general areas: the

back of the head and the sides of the head. The sensors placed on the back of the

head indicate when the user is in the supine position, while the sensors placed on

the sides of the head indicate when the user is in either lateral position. For

example, in the variation shown in Fig. 12 , the system may comprise a first side

force sensor (220a) positioned on the strap (222a) on a first side of the user's head,

a second side force sensor (not shown) on the strap (222a) an opposite side of the

user's head, and a rear force sensor (220b) on the strap (220a) on the back of the

user's head. Additionally, the strap (222b) may comprise one or more side force

sensors and/or a rear force sensor (only a first side sensor (220c) on the strap

(222b) is shown). When the system is worn by the user, the rear force sensors (e.g.,

rear sensor (220b)) may be positioned along a back of the user's head while the side

force sensors (e.g., side force sensor (220a) and (220c)) along the sides of the

user's heard. The side and rear force sensors may be used to determine head

position, such as described in more detail below. The sensor placement zones are

just for purposes of example, and not limiting as to where the force sensors could be

placed. Additionally, while the system shown in Fig. 12 is wearable, it should be



appreciate that a bedside system may include side and/or rear force sensors (e.g.,

which may be attached to one or more straps or portions of a mask).

[0 28] Further, while shown in Fig. 12 as having both rear and side force sensors,

the system may include only side force sensors or only rear force sensors. For

example, to save complexity, space and cost, a force sensor or force sensors could

be placed only on the back of the head. In these variations, when the rear force

sensors detect contact/pressure, the positive airway pressure system may determine

that the user is in a supine position, and may generate a first output from a pressure

source of the system (e.g., a pressure selected for supine position breathing). When

the rear force sensors do not detect contact/pressure, the positive airway pressure

system may place the system in a lateral setting, and may generate a second output

from a pressure source of the system (e.g., a pressure selected for lateral position

breathing, which may be a lower pressure than the first output). In other variations,

the force sensors could be placed only on the sides of the head. In such a case, the

positive airway pressure system may generate a first output of a pressure source

when none of the force sensors detect contact or pressure (e.g., a pressure selected

for supine position breathing), and may generate a second output of the pressure

source when one or more of the force sensors detect contact or pressure (e.g., a

pressure selected for lateral position breathing, which may be a lower pressure than

the first output).

[0129] The force sensors described above may be disposable or reusable. In

some variations, the force sensors may be incorporated into a reusable sensor

assembly that may be geometrically and/or magnetically keyed with a portion of the

system (e.g., a mask, strap, or the like) to set a specific orientation between the force



sensor and the rest of the positive airway pressure system. When a force sensor is

reusable, the sensors may be removed and replaced on a new set of headgear,

mask, straps, scaffold, etc. Alternatively, the sensors could be attached to a part of

the PAP system that is already intended to be reused (e.g., the wearable housing of

a wearable system as described above).

[0 30] In other variations, a force sensor may be configured to be connected

directly to a portion of a user (as opposed to being connected to a portion of the

positive airway pressure system worn by the user). In some variations, one or more

force sensors may be connected to an ear of the user. The ear provides a natural

placement for such sensors - since they would be in contact with bedding when the

user is in the lateral position. For example, Fig. 13 shows potential sensor mounting

areas on the ear. As shown there, a first force sensor (230a) may be connected to a

top of the ear, a second force sensor (230b) may be connected to the lobe of the

ear, and a third force sensor (230c) which may be at least partially positioned in the

ear canal. While all three sensors are shown in Fig. 13 , the system may include any

number of sensors attached to the ear in any of the above locations. Additionally,

while only one of the ears are shown in Fig. 13 , it should be appreciated that at least

one force sensor may be releasably connected to each ear of a user.

[0131] The force sensors may be connected to a user in any suitable manner. In

some variations, a force sensor may be incorporated into a clip which may be

clipped to a portion of the ear (e.g., the top of the ear and/or the lobe of the ear). In

other variations, the force sensor may be incorporated into an ear plug, which may

be inserted into the ear canal. The ear canal further provides the opportunity for the

sensor to be combined with a noise-dampening material to aid sleep by blocking out



noise from the surrounding environment, including the PAP device. The ear lobe

and external ear structures are good attachment surfaces as they do not have many

nerves, and thus a secure attachment can be made without discomfort to the user.

In other variations, one or more force sensors may be connected to a user via an

adhesive patch.

[0132] Figs. 14A and 14B show one manner in which force sensors may be used

by a positive airway pressure system to determine whether a user is in the supine or

lateral sleeping positions. While shown as a wearable system (e.g., having a

wearable housing (269)), it should be appreciated that the system may be a bedside

system. As shown there, the system may comprise three rear force sensors (272),

(273), and (274). One force sensor (272) may be connected to a wearable housing

(269), and two of the rear force sensors (273) and (274) may be connected to straps

on either side of the force sensor (272) connected to the wearable housing (269).

Additionally, the system may include first and second side sensors (270) and (271 )

(the first side sensor (270) may be on the same side of the user as the rear force

sensor (273) while the second side sensor (271 ) may be on the same side of the

user as the rear force sensor (274)). While the first and second side sensors (270)

and (271 ) are shown in Figs. 14A and 14B as being connected to the wearable

housing (269), the first and second side sensors (270) and (271 ) may be attached to

straps, or may be connected directly to the user, such as discussed above.

[0133] In Fig. 14A, the user is in the supine position and the rear force sensors

located on the back of the wearable housing (272) and the rear straps (273 and 274)

may be in contact with the bedding material, and the rear force sensors may detect

this contact and communicate this information to the system. The system may then



generate a first output with a pressure source of the system (e.g., a pressure that

may be selected for supine breathing). When a user moves to a lateral position, as

shown in Fig. 14B, one of the side sensors (e.g., the side sensors (271 ) on one side

of the wearable housing (269) and same side as for the force sensor (274) on the

rear strap) is moved into contact with the bedding material, thereby indicating the

lateral position to the device. When a side force sensor indicates contact (and/or

when rear force sensor ceases indicating contact), the system may generate a

second output with a pressure source of the system (e.g., a pressure selected for

lateral breathing, which may be less than the pressure selected for supine

breathing).

[0134] In some variations, the system may include one or more proximity sensors

configured to determine the sleeping position of a user. For example, Figs. 15A and

15B show how proximity sensors could be used to indicate sleeping position. As

shown there, the system may comprise a first proximity sensor (240), a second

proximity sensor (242), and a sensing base (254). The system may be configured to

measure the distance between the first proximity sensor (240) and the sensing base

(254) and the distance between the second proximity sensor (242) and the sensing

base (254). These distances may be used to determine a user's head position. The

proximity sensors may be connected to any suitable portion of the patient (e.g.,

connected to a wearable housing in a wearable system, to a portion of a mask, one

or more straps, or the like). The sensing base (254) may be placed on or under a

sleeping surface (244) on which the user sleeps (e.g., the sensing base may be

placed on or under a mattress pad, within a pillow, or the like). The sensing base

(254) may be flexible or rigid, and may be powered by wall outlet, one or more

batteries, or a combination thereof.



[0135] In the variation shown in Fig. 15A and 15B, the first proximity sensor (240)

may be positioned closer to a user's face while the second proximity sensor (242)

may be positioned closer to the rear of the user's head. When the user's head is

within a range (252) from the supine position (e.g., about thirty degrees on either

side of supine position), as shown in Fig. 15A, the first and second proximity sensors

may each have a relatively controlled distance from the sensing base (254). For

example, the distance between first proximity sensor (240) and the sensing base

(254) may be in a first range of distances (shown in Fig. 15A as between distances

(248) and (250)), while the second proximity sensor (240) and the sensing base

(254) may be in a second range of distances (shown in Fig. 15A as distance (246))

which is less than the first range of distances. Accordingly, the system may be

configured to calculate the difference between the distance between the first

proximity sensor (240) and the sensing base (254) and the distance between the

second proximity sensor (242) and the sensing base (254). If this difference is larger

than a threshold value, the system may determine that the user must be in the

supine position, and can adjust the output pressure accordingly.

[0136] Fig. 15B shows the user in the lateral sleeping position. Here, first and

second proximity sensors may each be about the same distance from the sensing

base (254). For example, as shown there, both the first proximity sensor (240) and

the second proximity sensor (242) may remain within a distance band (256) between

distances (258) and (260), even if the user shifts slightly within a lateral position.

When the difference between the distance between the first proximity sensor (240)

and the sensing base (254) and the distance between the second proximity sensor

(242) and the sensing base (254) is below a threshold value, the system may

determines that the user is in the lateral position.



[0137] It is possible to achieve a similar system with only one proximity sensor

mounted on the user. However, since there is considerable variability in the

thickness of the bedding material used by different sleepers, utilizing two or more

proximity sensor may allows for greater certainty of determining the sleeping position

accurately independent of bedding materials. Additionally, in some variations one or

more of the proximity sensors may be releasably attached to the system (e.g., a

portion of a mask, air tubing, wearable housing).

[0138] While particular forms of the devices and methods described here have

been illustrated and described herein, it will be apparent that various modifications

and improvements can be made to the devices and methods. For example, while

the description herein has focused on PAP systems, the system may be utilized in a

variety of breathing systems. Additionally, the PAP systems are primarily described

herein as self-contained breathing systems. However, many of the advantageous

features described herein may be applicable to breathing systems with remote

control and/or pressure sources and wherein the head position sensor is secured to

the top of the patient's head. To the extent not otherwise described herein, materials

and structure may be of conventional design.

[0139] Moreover, individual features of embodiments of the devices and methods

may be shown in some drawings and not in others, but those skilled in the art will

recognize that individual features of one embodiment of the devices and methods

can be combined with any or all the features of another embodiment. Accordingly, it

is not intended that the devices and methods be limited to the specific embodiments

illustrated. As used here, "about" means ± 5%.



WHAT IS CLAIMED IS:

1: A positive airway pressure system comprising:

a wearable mask for delivery of pressurized air to a user;

a pressure source configured to provide the pressurized air;

an airway tube connecting the mask and the pressure source, the

airway tube and mask defining an airway between the pressure source and a user;

an airflow-altering element positioned at least partially in the airway,

the airflow-altering element moveable between a first position when the mask is in a

first position and a second position when the mask is in a second position and

wherein the airflow-altering element is configured to alter flow of the pressurized air

in the airway in at least one of the first and second positions; and

at least one sensor configured to detect alterations in the flow of the

pressurized air,

wherein the system is configured to alter an output of the pressure source

based on the position of the airflow-altering element using an output of the at least

one sensor.

2 : The system of claim 1 wherein gravity moves the airflow-altering element

between the first and second positions.

3 : The system of claim 1 wherein the first position of the mask corresponds to

a supine head position when the mask is worn by the user.

4 : The system of claim 3 wherein the second position of the mask

corresponds to a lateral head position when the mask is worn by the user.



5 : The system of claim 1 wherein the airflow-altering element comprises a

weight member and a suspension member connecting the weight member to the

airway.

6 : The system of claim 5 wherein the weight member is configured to hang

from the airway when the airflow-altering element is in the first position.

7 : The system of claim 6 wherein the airway comprises at least one recess,

and wherein the weight member is configured to rest at least partially in the recess

when the airflow-altering element is in the second position.

8 : The system of claim 6 wherein the airflow-altering element in the first

position is configured to oscillate during flow of the pressurized air past the airflow-

altering element.

9 : The system of claim 8 wherein the at least one sensor is configured to

detect oscillations of the airflow-altering element.

10 : The system of claim 5 wherein the suspension member is flexible.

11: The system of claim 5 wherein the suspension member is rigid or semi

rigid, and is pivotably connected to the airway.

12 : The system of claim 1 further comprising a controller, wherein the

controller is configured to receive the output of the at least one sensor and set the

output pressure based on the output of the at least one sensor.

13 : The system of claim 1 wherein the airflow-altering element comprises a

ball member.



14 : The system of claim 13 wherein the airway comprises a recess, and

wherein the ball member is moveable between a first position at least partially within

the recess when the airflow-altering element is in the first position and a second

position at least partially extending from the recess when the airflow-altering element

is in the second position.

15 : A mask assembly for use with a positive airway pressure system

comprising:

a wearable mask for delivery of pressurized air to a user;

an airway tube for connecting the mask to a pressure source, the

airway tube and mask defining an airway therethrough;

an airflow-altering element positioned at least partially in the airway,

the airflow-altering element moveable between a first position when the mask is in a

first position and a second position when the mask is in a second position and

wherein the airflow-altering element is configured to alter flow of the pressurized air

in the airway in at least one of the first and second positions.

16 : The assembly of claim 15 wherein gravity moves the airflow-altering

element between the first and second positions.

17 : The assembly of claim 15 wherein the first position of the mask

corresponds to a supine head position when the mask is worn by the user.

18 : The assembly of claim 17 wherein the second position of the mask

corresponds to a lateral head position when the mask is worn by the user.



19 : The assembly of claim 15 wherein the airflow-altering element comprises

a weight member and a suspension member connecting the weight member to the

airway.

20: The assembly of claim 19 wherein the weight member is configured to

hang from the airway when the airflow-altering element is in the first position.

2 1 : The assembly of claim 20 wherein the airway comprises at least one

recess, and wherein the weight member is configured to rest in the recess when the

airflow-altering element is in the second position.

22: The assembly of claim 20 wherein the airflow-altering element in the first

position is configured to oscillate during flow of the pressurized air past the airflow-

altering element.

23: The assembly of claim 22 wherein the at least one sensor is configured to

detect oscillations of the airflow-altering element.

24: The assembly of claim 19 wherein the suspension member is flexible.

25: The assembly of claim 19 wherein the suspension member is rigid or

semi-rigid, and is pivotably connected to the airway.

26: The assembly of claim 15 wherein the airflow-altering element comprises

a ball member.

27: The assembly of claim 26 wherein the airway comprises a recess, and

wherein the ball member is moveable between a first position at least partially within

the recess when the airflow-altering element is in the first position and a second



position at least partially extending from the recess when the airflow-altering element

is in the second position.

28: A method for providing pressurized air to a patient's airway comprising:

delivering pressurized air to a patient using an air pressure system

comprising:

a wearable mask for delivery of the pressurized air to a user,

a pressure source configured to provide the pressurized air,

an airway tube connecting the mask and the pressure source wherein

the airway tube and mask defining an airway between the pressure source

and a user, and

an airflow-altering element positioned at least partially in the airway,

wherein the airflow-altering element is moveable between a first position when

the mask is in a first position and a second position when the mask is in a

second position and wherein the airflow-altering element is configured to alter

flow of the pressurized air in the airway in at least one of the first and second

positions;

monitoring the flow of pressurized air through the airway to determine a

head position based on the position of the airflow-altering element; and

altering an output of the pressure source based on the determined head

position.

29: The method of claim 28 wherein gravity moves the airflow-altering

element between the first and second positions.

30: The method of claim 28 wherein the first position of the mask

corresponds to a supine head position when the mask is worn by the user.



3 1 : The method of claim 30 wherein the second position of the mask

corresponds to a lateral head position when the mask is worn by the user.

32: The method of claim 28 wherein the airflow-altering element comprises a

weight member and a suspension member connecting the weight member to the

airway.

33: The method of claim 32 wherein the weight member is configured to hang

from the airway when the airflow-altering element is in the first position.

34: The method of claim 33 wherein the airway comprises at least one

recess, and wherein the weight member is configured to rest in the recess when the

airflow-altering element is in the second position.

35: The method of claim 33 wherein the airflow-altering element in the first

position is configured to oscillate during flow of the pressurized air past the airflow-

altering element.

36: The method of claim 34 wherein the at least one sensor is configured to

detect oscillations of the airflow-altering element.

37: The method of claim 32 wherein the suspension member is flexible.

38: The method of claim 32 wherein the suspension member is rigid or semi

rigid, and is pivotably connected to the airway.

39: The method of claim 28 wherein the airflow-altering element comprises a

ball member.

40: The method of claim 39 wherein the airway comprises a recess, and

wherein the ball member is moveable between a first position at least partially within



the recess when the airflow-altering element is in the first position and a second

position at least partially extending from the recess when the airflow-altering element

is in the second position.

4 1 : A positive airway pressure system comprising:

a wearable mask for delivery of pressurized air to a user;

a pressure source configured to provide the pressurized air;

an airway tube connecting the mask and the pressure source, the

airway tube and mask defining an airway between the pressure source and a user;

and

a sound-generating assembly at least partially positioned in the airway,

the sound-generating assembly moveable between a first configuration when the

mask is in a first position and a second configuration when the mask is in a second

position, and further configured to provide a sound signal in at least one of the first

and second configurations; and

at least one sensor configured to detect the sound signal of the sound-

generating assembly,

wherein the system is configured to alter an output of the pressure source

based on the sound signal.

42: The system of claim 40 wherein gravity moves the sound-generating

assembly between the first and second configurations.

43: The system of claim 40 wherein the first position of the mask corresponds

to a supine head position when the mask is worn by the user and wherein the

second position of the mask corresponds to a lateral head position when the mask is

worn by the user.



44: The system of claim 40 wherein the sound-generating assembly

comprises a whistle member, wherein the whistle member is configured to generate

sound when the pressurized air passes therethough.

45: The system of claim 44 wherein the sound-generating assembly further

comprises a suspension member connecting the whistle member to the airway.

46: The system of claim 45 wherein the whistle member is configured to hang

from the airway when the sound-generating assembly element is in the first

configuration.

47: The system of claim 46 wherein the airway comprises at least one

recess, and wherein the whistle member is configured to rest at least partially in the

recess when the sound-generating assembly is in the second configuration.

48: The system of claim 44 wherein the whistle member is fixedly connected

relative to the airway, and wherein the sound-generating assembly further comprises

a blocking member moveable relative to the whistle member.

49: The system of claim 48 wherein the blocking member is moveable

between a first position allowing airflow through the whistle member when the sound-

generating assembly is in the first configuration and a second position limiting airflow

through the whistle member when the sound-generating assembly is in the second

configuration.

50: The system of claim 40 wherein the sound-generating assembly is

configured to generate the sound signal at a frequency undetectable by human ears.

5 1 : A mask assembly for use with a positive airway pressure system

comprising:



a wearable mask for delivery of pressurized air to a user;

an airway tube for connecting the mask to a pressure source, the

airway tube and mask defining an airway therethrough; and

a sound-generating assembly positioned at least partially in the airway,

the sound-generating assembly moveable between a first configuration when the

mask is in a first position and a second configuration when the mask is in a second

position, and further configured to provide a sound signal in at least one of the first

and second configurations.

52: The assembly of claim 5 1 wherein gravity moves the sound-generating

assembly between the first and second configurations.

53: The assembly of claim 5 1 wherein the first position of the mask

corresponds to a supine head position when the mask is worn by the user and

wherein the second position of the mask corresponds to a lateral head position when

the mask is worn by the user.

54: The assembly of claim 5 1 wherein the sound-generating assembly

comprises a whistle member, wherein the whistle member is configured to generate

sound when the pressurized air passes therethough.

55: The assembly of claim 54 wherein the sound-generating assembly further

comprises a suspension member connecting the whistle member to the airway.

56: The assembly of claim 55 wherein the whistle member is configured to

hang from the airway when the sound-generating assembly element is in the first

configuration.



57: The assembly of claim 56 wherein the airway comprises at least one

recess, and wherein the whistle member is configured to rest at least partially in the

recess when the sound-generating assembly is in the second configuration.

58: The assembly of claim 54 wherein the whistle member is fixedly

connected relative to the airway, and wherein the sound-generating assembly further

comprises a blocking member moveable relative to the whistle member.

59: The assembly of claim 58 wherein the blocking member is moveable

between a first position allowing airflow through the whistle member when the sound-

generating assembly is in the first configuration and a second position limiting airflow

through the whistle member when the sound-generating assembly is in the second

configuration.

60: The assembly of claim 5 1 wherein the sound-generating assembly is

configured to generate the sound signal at a frequency undetectable by human ears.

6 1 : A method for providing pressurized air to a patient's airway comprising:

delivering pressurized air to a patient using an air pressure system

comprising:

a wearable mask for delivery of the pressurized air to a user,

a pressure source configured to provide the pressurized air,

an airway tube connecting the mask and the pressure source wherein

the airway tube and mask defining an airway between the pressure source

and a user, and

a sound-generating assembly positioned at least partially in the airway,

the sound-generating assembly moveable between a first configuration when

the mask is in a first position and a second configuration when the mask is in



a second position, and further configured to provide a sound signal in at least

one of the first and second configurations;

monitoring the sound signal to determine a head position;

altering an output of the pressure source based on the determined head

position.

62: The method of claim 6 1 wherein gravity moves the sound-generating

assembly between the first and second configurations.

63: The method of claim 6 1 wherein the first position of the mask

corresponds to a supine head position when the mask is worn by the user and

wherein the second position of the mask corresponds to a lateral head position when

the mask is worn by the user.

64: The method of claim 6 1 wherein the sound-generating assembly

comprises a whistle member, wherein the whistle member is configured to generate

sound when the pressurized air passes therethough.

65: The method of claim 64 wherein the sound-generating assembly further

comprises a suspension member connecting the whistle member to the airway.

66: The method of claim 65 wherein the whistle member is configured to

hang from the airway when the sound-generating assembly element is in the first

configuration.

67: The method of claim 66 wherein the airway comprises at least one

recess, and wherein the whistle member is configured to rest at least partially in the

recess when the sound-generating assembly is in the second configuration.



68: The method of claim 64 wherein the whistle member is fixedly connected

relative to the airway, and wherein the sound-generating assembly further comprises

a blocking member moveable relative to the whistle member.

69: The method of claim 68 wherein the blocking member is moveable

between a first position allowing airflow through the whistle member when the sound-

generating assembly is in the first configuration and a second position limiting airflow

through the whistle member when the sound-generating assembly is in the second

configuration.

70: The method of claim 6 1 wherein the sound-generating assembly is

configured to generate the sound signal at a frequency undetectable by human ears.

7 1 : A positive airway pressure system comprising:

a wearable mask for delivery of pressurized air to a user;

a pressure source configured to provide the pressurized air;

an airway tube connecting the mask and the pressure source, the

airway tube and mask defining an airway between the pressure source and a user;

and

a vent assembly connected to the airway, the vent assembly moveable

between a first configuration when the mask is in a first position and a second

configuration when the mask is in a second position,

wherein the vent assembly is configured to vent a first amount of the

pressurized air when in the first configuration and is further configured to vent a

second amount of the pressurized air when in the second configuration, the second

amount different than the first amount.



72: The system of claim 7 1 wherein gravity moves the vent assembly between

the first and second configurations.

73: The system of claim 7 1 wherein the vent assembly comprises at least

one vent.

74: The system of claim 73 wherein the vent assembly further comprises an

outlet portion connecting the airway to the at least one vent.

75: The system of claim 74 wherein the vent assembly further comprises a

ball member, wherein the ball member blocks the outlet portion when the vent

assembly is in the first configuration and allows flow between the outlet portion and

at least one of the at least one vent when the vent assembly is in the second

configuration.

76: The system of claim 75 wherein the at least one vent comprises a first

vent and a second vent, and wherein the ball member blocks one of the first and

second vents when the vent assembly is in the second configuration to allow flow

between the outlet portion and the other vent.

77: The system of claim 73 wherein the at least one vent comprises a first

vent having a flap, wherein the vent cover is configured to cover an opening of the at

least one vent when the valve assembly is in the first configuration and to at least

partially expose the at least one vent when the valve assembly is in the second

configuration.

78: The system of claim 73 wherein the at least one vent is adjustable.

79: The system of claim 7 1 wherein the first amount of vented pressurize air

is between about one to eight cm water.



80: The system of claim 7 1 wherein the second amount of vented

pressurized air is about zero cm water.

8 1 : A mask assembly for use with a positive airway pressure system

comprising:

a wearable mask for delivery of pressurized air to a user;

an airway tube for connecting the mask to a pressure source, the

airway tube and mask defining an airway therethrough; and

a vent assembly connected to the airway, the vent assembly moveable

between a first configuration when the mask is in a first position and a second

configuration when the mask is in a second position,

wherein the vent assembly is configured to vent a first amount of the

pressurized air when in the first configuration and is further configured to vent a

second amount of the pressurized air when in the second configuration, the second

amount different than the first amount.

82: The assembly of claim 8 1 wherein gravity moves the vent assembly

between the first and second configurations.

83: The assembly of claim 8 1 wherein the vent assembly comprises at least

one vent.

84: The assembly of claim 83 wherein the vent assembly further comprises

an outlet portion connecting the airway to the at least one vent.

85: The assembly of claim 84 wherein the vent assembly further comprises a

ball member, wherein the ball member blocks the outlet portion when the vent

assembly is in the first configuration and allows flow between the outlet portion and



at least one of the at least one vent when the vent assembly is in the second

configuration.

86: The assembly of claim 85 wherein the at least one vent comprises a first

vent and a second vent, and wherein the ball member blocks one of the first and

second vents when the vent assembly is in the second configuration to allow flow

between the outlet portion and the other vent.

87: The assembly of claim 83 wherein the at least one vent comprises a first

vent having a flap, wherein the vent cover is configured to cover an opening of the at

least one vent when the valve assembly is in the first configuration and to at least

partially expose the at least one vent when the valve assembly is in the second

configuration.

88: The assembly of claim 83 wherein the at least one vent is adjustable.

89: The assembly of claim 8 1 wherein the first amount of vented pressurize

air is between about one to eight cm water.

90: The assembly of claim 8 1 wherein the second amount of vented

pressurized air is about zero cm water.

9 1 : A method for providing pressurized air to a patient's airway comprising:

delivering pressurized air to a patient using an air pressure system

comprising:

a wearable mask for delivery of the pressurized air to a user,

a pressure source configured to provide the pressurized air,



an airway tube connecting the mask and the pressure source wherein

the airway tube and mask defining an airway between the pressure source

and a user, and

a vent assembly connected to the airway, the vent assembly moveable

between a first configuration when the mask is in a first position and a second

configuration when the mask is in a second position;

venting a first amount of the pressurized air when the vent assembly is

in the first configuration; and

venting a second amount of the pressurized air when the vent assembly is in

the second configuration, the second amount different than the first amount.

92: The method of claim 9 1 wherein gravity moves the vent assembly

between the first and second configurations.

93: The method of claim 9 1 wherein the vent assembly comprises at least

one vent.

94: The method of claim 93 wherein the vent assembly further comprises an

outlet portion connecting the airway to the at least one vent.

95: The method of claim 94 wherein the vent assembly further comprises a

ball member, wherein the ball member blocks the outlet portion when the vent

assembly is in the first configuration and allows flow between the outlet portion and

at least one of the at least one vent when the vent assembly is in the second

configuration.

96: The method of claim 95 wherein the at least one vent comprises a first

vent and a second vent, and wherein the ball member blocks one of the first and



second vents when the vent assembly is in the second configuration to allow flow

between the outlet portion and the other vent.

97: The method of claim 93 wherein the at least one vent comprises a first

vent having a flap, wherein the vent cover is configured to cover an opening of the at

least one vent when the valve assembly is in the first configuration and to at least

partially expose the at least one vent when the valve assembly is in the second

configuration.

98: The method of claim 93 wherein the at least one vent is adjustable.

99: The method of claim 9 1 wherein the first amount of vented pressurize air

is between about one to eight cm water.

100: The method of claim 9 1 wherein the second amount of vented

pressurized air is about zero cm water.

10 1 : A positive airway pressure system comprising:

a wearable mask for delivery of pressurized air to a user;

a pressure source configured to provide the pressurized air;

an airway tube connecting the mask and the pressure source, the

airway tube and mask defining an airway between the pressure source and a user;

a closeable circuit pathway; and

a circuit-interrupt assembly in operative engagement with the closeable

circuit pathway, the circuit-interrupt assembly moveable between a first

configuration when the mask is in a first position and a second configuration when

the mask is in a second position,



wherein the closeable circuit pathway forms a closed circuit when the circuit-

interrupt assembly is in the first configuration and forms an open circuit when the

circuit-interrupt assembly is in the second configuration, and

wherein the system is configured to alter an output of the pressure source

based on whether the circuit pathway forms a closed or an open circuit.

102: The system of claim 101 wherein gravity moves the circuit-interrupt

assembly between the first and second configurations.

103: The system of claim 101 wherein the closeable circuit pathway

comprises an electrical circuit pathway.

104: The system of claim 101 wherein the closeable circuit pathway

comprises an optical circuit pathway.

105: A method for providing pressurized air to a patient's airway comprising:

delivering pressurized air to a patient using an air pressure system

comprising:

a wearable mask for delivery of the pressurized air to a user,

a pressure source configured to provide the pressurized air,

an airway tube connecting the mask and the pressure source wherein

the airway tube and mask defining an airway between the pressure source

and a user,

a closeable circuit pathway; and

a circuit-interrupt assembly in operative engagement with the closeable

circuit pathway, the circuit-interrupt assembly moveable between a first

configuration when the mask is in a first position and a second configuration

when the mask is in a second position, wherein the closeable circuit pathway



forms a closed circuit when the circuit-interrupt assembly is in the first

configuration and forms an open circuit when the circuit-interrupt assembly is

in the second configuration; and

altering an output of the pressure source when the circuit pathway changes

between an open circuit and a closed circuit or vice versa.

106: The method of claim 105 wherein gravity moves the circuit-interrupt

assembly between the first and second configurations.

107: The method of claim 105 wherein the closeable circuit pathway

comprises an electrical circuit pathway.

108: The method of claim 105 wherein the closeable circuit pathway

comprises an optical circuit pathway.

109: A positive airway pressure system comprising:

a reusable position sensor assembly;

a disposable mask assembly for delivery of pressurized air to a user, the

disposable mask assembly comprising an attachment region for releasably attaching

the position sensor assembly to the mask assembly; and

a pressure source configured to provide the pressurized air and

connectable to the disposable mask assembly,

wherein the position sensor assembly and attachment region are configured

to require a predetermined orientation between the position sensor assembly and the

mask assembly during attachment therebetween.

110 : The system of claim 109 wherein the position sensor assembly and the

attachment region are geometrically keyed.



111: The system of claim 110 wherein at least one of the position sensor

assembly and the attachment region comprises one or more fasteners to hold the

position sensor assembly relative to the attachment region.

112 : The system of claim 109 wherein the position sensor assembly and the

attachment region are magnetically keyed.

113 : The system of claim 109 wherein the mask assembly comprises a mask,

headgear and one or more straps.

114: A method for providing pressurized air to a patient's airway comprising:

delivering pressurized air to a patient using an air pressure system

comprising,

a reusable position sensor assembly;

a disposable mask assembly for delivery of pressurized air to a user, the

disposable mask assembly comprising an attachment region for releasably attaching

the position sensor assembly to the mask assembly; and

a pressure source configured to provide the pressurized air and

connectable to the disposable mask assembly,

wherein the position sensor assembly and attachment region are configured

to require a predetermined orientation between the position sensor assembly and the

mask assembly during attachment therebetween.

115 : The method of claim 114 wherein the position sensor assembly and the

attachment region are geometrically keyed.



116 : The method of claim 115 wherein at least one of the position sensor

assembly and the attachment region comprises one or more fasteners to hold the

position sensor assembly relative to the attachment region.

117 : The method of claim 116 wherein the position sensor assembly and the

attachment region are magnetically keyed.

118 : The method of claim 109 wherein the mask assembly comprises a

mask, headgear and one or more straps.

119 : A positive airway pressure system comprising:

a wearable mask assembly for delivery of pressurized air to a user;

a pressure source configured to provide the pressurized air; and

one or more force sensors configured to generate one or more

pressure signals indicative of head position,

wherein the system is configured to alter an output of the pressure

source based on the one or more pressure signals.

120: The system of 119 wherein at least one of the one or more force

sensors are positioned on the wearable mask assembly.

1 1 : The system of 119 wherein at least one of the one or more force

sensors is configured for to be connected to an ear of the user.

122: The system of 12 1 wherein the at least one of the one or more force

sensors is configured to be placed at least partially within an ear canal of the ear.

123: The system of 12 1 wherein the at least one of the one or more force

sensors is configured to be connected to a top or a lobe of the ear.



124: A method for providing pressurized air to a patient's airway comprising:

delivering pressurized air to a patient using an air pressure system

comprising,

a wearable mask assembly for delivery of pressurized air to a user,

a pressure source configured to provide the pressurized air, and

one or more force sensors configured to generate one or more

pressure signals indicative of head position; and

altering an output of the pressure source based on the head position.

125: The method of 124 wherein at least one of the one or more force

sensors is positioned on the wearable mask assembly.

126: The method of 124 further comprising attaching at least one of the one

or more force sensors to an ear of the user.

127: The method of 126 wherein attaching the at least one force sensor to

the ear comprises positioning the at least one force sensor at least partially in an ear

canal.

128: The method of 126 wherein attaching the at least one force sensor to

the ear comprises attaching the at least one force sensor to a lobe or a top of the

ear.

129: A positive airway pressure system comprising:

a wearable mask assembly for delivery of pressurized air to a user;

a pressure source configured to provide the pressurized air; and

one or more proximity sensors configured to generate one or more

proximity signals indicative of head position,



wherein the system is configured to alter an output of the pressure

source based on the one or more proximity signals.

130: The system of 1 9 further comprising one or more transmitters, wherein

the one or more proximity sensors are configured to detect a position of the one or

more transmitters.

13 1 : The system of 130 wherein at least one of the one or more transmitters

is positioned on the wearable mask assembly.

132: The system of 13 1 wherein at least one of the one or more transmitters

is configured for to be connected to an ear of the user.

133: The system of 132 wherein the at least one of the one or more

transmitters is configured to be placed at least partially within an ear canal of the ear.

134: The system of 132 wherein the at least one of the one or more

transmitters is configured to be connected to a top or a lobe of the ear.

135: A method for providing pressurized air to a patient's airway comprising:

delivering pressurized air to a patient using an air pressure system

comprising,

a wearable mask assembly for delivery of pressurized air to a user,

a pressure source configured to provide the pressurized air, and

one or more proximity sensors configured to generate one or more

signals indicative of head position; and

altering an output of the pressure source based on the head position.



136: The system of 135 wherein the air pressure system further comprises

one or more transmitters, wherein the one or more proximity sensors are configured

to detect a position of the one or more transmitters.

137: The method of 136 wherein at least one of the one or more transmitters

is positioned on the wearable mask assembly.

138: The method of 135 further comprising attaching at least one of the one

or more transmitters to an ear of the user.

139: The method of 138 wherein attaching the at least one transmitter to the

ear comprises positioning the at least one transmitter at least partially in an ear

canal.

140: The method of 138 wherein attaching the at least one transmitter to the

ear comprises attaching the at least one transmitter to a lobe or a top of the ear.































.

PCT/US201 4/01 3440

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - A61 M 16/00 (201 4.01 )
USPC - 128/204. 18, 206.21

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC(8) - A61M 16/00, 16/06; A62B 18/00, 18/02, 18/08, 18/10 (2014.01) .
USPC - 128/203.29, 204.18, 205.24, 205.25, 206.12, 206.21

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
CPC - A61M 16/00, 16/047, 16/06, 16/0633, 2016/00, 2016/06 (2014.02)

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

PatBase, Google Patents, Google

C . DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2012/0199124 A 1 (BOWDITCH et al) 09 August 2012 (09.08.2012) entire document 1-40

WO 2008/028247 A 1 (DOHERTY et al) 13 March 2008 (13.03.2008) entire document 1-40

US 2004/0163648 A 1 (BURTON) 26 August 2004 (26.08.2004) entire document 1-40

I th r documents are listed in the continuation of Box C.

Special categories of cited documents: "T"

□
later document published after the international filing date orpriority

A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

P" document published prior to the international filing date but later than "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

14 May 2014 0 6 J U N 2014
Name and mailing address of the ISA/US Authorized officer:

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Blaine R. Copenheaver
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-3201



.

PCT/US2014/013440

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following

. □ Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

□ Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. □ Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

See Continuation Sheet Attached

IAs all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

No required additional search fees were timely paid by the applicant. Consequently, this international search report
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-40

The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

No protest accompanied the payment of additional search fees.

Form PCT/ISA/2 10 (continuation of first sheet (2)) (July 2009)



.
Information on patent family members

PCT/US20 14/013440

Continuation Of Box III

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1 . In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group I - claims 1-40 are drawn to a positive airway pressure system.

Group I I - claims 41-70 are drawn to a positive airway pressure system with sound generator.

Group 111 - claims 71-100 are drawn to a positive airway pressure system and method with vent means.

Group IV - claims 101-108 are drawn to a method and system for positive airway pressure with a circuit pathway interrupt assembly.

Group V - claims 109-1 0 are drawn to a positive airway pressure system and method with position, force and proximity sensors.

The inventions listed as Groups I - V do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
3.2, they lack the same or corresponding special technical features for the following reasons: the special technical features of Group I ,

an airflow-altering element, is not present in Groups ll-V; the special technical features of Group II, a sound-generating assembly, is not
present in Groups I or lll-V; the special technical features of Group III, a vent assembly, is not present in Groups I, II, IV or V; the
special technical features of Group IV, a circuit-interrupt assembly, is not present in Groups l-lll or V; and the special technical features
f

Group V, a position/force/proximity sensor for detecting head position, are not present in Groups l-IV.

Groups and II share the technical featuers of a wearable mask; a pressure source; an airway tube; and sensor. However, these shared
technical features do not represent a contribution over the prior art. Specifically, WO 2008/028247 A 1 to Doherty et al. teaches of a
mask and flow generator system (Abstract) comprising a wearable mask (4) for delivery of pressurized air to a user ( 1 ; page 5 , lines
27-33);
a pressure source (6) configured to provide the pressurized air (page 5, lines 27-33); an airway tube (16) connecting the mask and the
pressure source (page 7, lines 14-15); and at least one sensor (18) to control airflow (page 7, lines 28-29).

Groups I, III and IV share the technical features of a wearable mask; a pressure source and an airway tube. However, these shared
technical features do not represent a contribution over the prior art. Specifically, WO 2008/028247 A 1 to Doherty et al. teaches of a
mask and flow generator system (Abstract) comprising a wearable mask (4) for delivery of pressurized air to a user ( 1 ; page 5, lines
27-33);
a pressure source (6) configured to provide the pressurized air (page 5, lines 27-33); an airway tube (16) connecting the mask and the
pressure source (page 7, lines 14-15).

Groups I - V share the technical features of a wearable mask; and a pressure source. However, these shared technical features do not
represent a contribution over the prior art. Specifically, WO 2008/028247 A 1 to Doherty et al. teaches of a mask and flow generator
system (Abstract) comprising a wearable mask (4) for delivery of pressurized air to a user (1; page 5, lines 27-33); a pressure source (6)
configured to provide the pressurized air (page 5, lines 27-33).

Since none of the special technical features of the Group I - V inventions are found in more than one of the inventions, unity of invention
is lacking.


	abstract
	description
	claims
	drawings
	wo-search-report

