US010016163B1

a2 United States Patent 10) Patent No.:  US 10,016,163 B1
Kayyali et al. 45) Date of Patent; Jul, 10, 2018
(54) DEVICE FOR DETERMING AIRWAY A6IM 16/00; AGIM 16/0488; A61M
OBSTRUCTIONS 16/049; A61M 16/0493; A61M 16/0495;
A6IM 16/06; A6IM 16/0666; A61M
(71) Applicants:Hani Kayyali, Shaker Heights, OH 16/0683; A61M 16/08; A61M 2205/3375;
(US); Brian Kolkowski, Leroy, OH A61M 2230/40
(Us) USPC ... 128/200.24, 204.18, 204.21, 20423,
. ) ) 128/206.21, 206.28, 206.29, 861;
(72) Inventors: Hani Ka.yyall, Shaker Helghts, OH 600/529, 533, 537, 538
Egzgs Brian Kolkowski, Leroy, OH See application file for complete search history.
(73) Assignee: Cleveland Medical Devices Inc., (56) References Cited
Cleveland, OH (US) U.S. PATENT DOCUMENTS
( * ) Notice: Subject. to any disclaimer,. the term of this 6,820,617 B2* 11/2004 Robertson et al. ...... 128/204.18
patent is extended or adjusted under 35 6,892,565 B2*  5/2005 Sato etal. ..o, 73/24.01
US.C. 154(b) by 815 days. 7,402,139 B2*  7/2008 Ganshom ... 600/533
2004/0182386 A1*  9/2004 Meier ......ccccvveinnas 128/203.12
(21) Appl. No.: 13/845,441 (Continued)
(22) Filed: Mar. 18, 2013 Primary Examiner — (Jackie) Tan-Uyen T Ho
o Assistant Examiner — Jonathan Paciorek
Related U.S. Application Data (74) Attorney, Agent, or Firm — Brian Kolkowski
(62) Division of application No. 12/231,741, filed on Sep.
5, 2008, now Pat. No. 8,424,527. (57) ABSTRACT
(51) Int. CL The present invention is related to a device for acoustically
A61B 5/00 (2006.01) monitoring a subject’s airway to determine airway obstruc-
A6IM 16/00 (2006.01) tion(s) and their location(s). The device is particularly useful
A6IB 5/097 (2006.01) when performing sleep analysis and sleep therapy, but is also
A61B 5/085 (2006.01) highly useful in determining airway obstructions of any
A61B 7/00 (2006.01) subject when the subject is sleeping or otherwise uncon-
A6IM 16/08 (2006.01) scious, and can further be used in certain applications when
(52) US.CL the subject is awake or conscious. The device, in its simplest
CPC oo AGIB 5/682 (2013.01); A61B 585~ Torm. is comprised of a supporting body (e.g. a mask,

(2013.01); A61B 5/097 (2013.01); A61B mouthpiece, or nasal cannula) used to position at least one
5/4818 (2013.01); A61B 5/6819 (2013.01); acoustic generator and at least one acoustic sensor at a
A61B 5/72 (2013.01’); A61B 7/003 (2013.01)2 location essentially proximal to a subject’s airway, the

A6IM 16/0057 (2013.01); A6IM 16/0875 acoustic generator and acoustic sensor generating and/or
(2013.01) sensing sound waves useful in determining obstruction(s)

(58) Field of Classification Search and their location(s) within the airway of a subject.

CPC ... A61B 5/085; A61B 5/087; A61B 7/003;
A61B 8/00; A61B 8/08; A61B 8/4227; 14 Claims, 6 Drawing Sheets




US 10,016,163 Bl

Page 2
(56) References Cited
U.S. PATENT DOCUMENTS
2005/0005935 A1*  1/2005 Gradon ..., 128/204.18
2007/0161918 A1*  7/2007 Ganshomn ............... 600/533

* cited by examiner



U.S. Patent Jul. 10, 2018 Sheet 1 of 6 US 10,016,163 B1

204

FIG. 1



U.S. Patent Jul. 10, 2018 Sheet 2 of 6 US 10,016,163 B1

105

FIG. 2



U.S. Patent Jul. 10, 2018 Sheet 3 of 6 US 10,016,163 B1

204

105

FIG. 3



U.S. Patent Jul. 10, 2018 Sheet 4 of 6 US 10,016,163 B1

FIG. 4



U.S. Patent Jul. 10, 2018 Sheet 5 of 6 US 10,016,163 B1

250,

2% FG. 5a

252 ="

FIG. 5



U.S. Patent Jul. 10, 2018 Sheet 6 of 6 US 10,016,163 B1

e s FIG. 6a

272

276

FIG. 6b

FIG. 6



US 10,016,163 B1

1
DEVICE FOR DETERMING AIRWAY
OBSTRUCTIONS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a division of and claims the benefit of
U.S. application Ser. No. 12/231,741 filed Sep. 3, 2008.

BACKGROUND OF THE INVENTION
1. Field of Use

The present invention is related to a novel and unique
device for acoustically monitoring a subject’s airway to
determine airway obstruction(s) and their location(s). The
device is particularly useful when performing sleep analysis
and sleep therapy, but is also highly useful in determining
airway obstructions of any subject when the subject is
sleeping or otherwise unconscious, and can further be used
in certain applications when the subject is awake or con-
scious. The device, in its simplest form, is comprised of a
supporting body (e.g. a mask, mouthpiece, or nasal cannula)
used to position at least one acoustic generator and at least
one acoustic sensor at a location essentially proximal to a
subject’s airway, the acoustic generator and acoustic sensor
generating and/or sensing sound waves useful in determin-
ing obstruction(s) and their location(s) within the airway of
a subject.

2. Technology Review

Because of the vital role that the respiratory system plays
in human health and physiological function, monitoring of a
subject’s airway is an important part of providing quality
health care. Specifically, determination and monitoring of
obstructions and their locations within a subject’s airway is
a critical and useful step in many health care applications.
Among the most critical and useful applications are airway
monitoring during sleep analysis and therapy as well as
during procedures involving the use of sedatives or general
anesthesia wherein a subject is unconscious.

Currently, a number of imaging modalities exist which
can be used to examine a subject’s airway, including cepha-
lometry, computed tomography and pharyngometry. How-
ever, because of the temporal limitations and the methods
and nature of the equipment required to perform these
procedures, they cannot practically be used to monitor a
subject’s airway while the subject is asleep or unconscious.
Other imaging methods exist which may be used over longer
time periods and/or while a subject is asleep or unconscious,
such as sleep endoscopy and manometry. However, these
methods are costly, ineffective and invasive, as they require
placement of nasal catheters or endoscopes into the pharynx
of a subject under local anesthetic for prolonged periods of
time.

Notwithstanding the many methods available to image or
monitor a subject’s airway, currently, none of these methods
are viable solutions to providing a way to accurately and
conveniently monitor and localize airway obstructions while
a subject is asleep or unconscious.

To address these shortcomings, it is therefore an object of
the present invention to provide a device for convenient,
non-invasive monitoring of airway state while a subject is
asleep or unconscious. It is another object of the present
invention to provide a device wherein at least one acoustic
generator and at least one acoustic sensor are placed essen-
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tially proximal to the airway of a subject to collect infor-
mation on the nature and location of obstructive tissue
within a subject’s airway. It is another object of the present
invention to provide a device by which information pertain-
ing to the nature and location of obstructive tissue within a
subject’s airway can be obtained and used in surgical
planning, therapeutic planning, diagnosis, and the like. It is
still another object of the present invention to provide a
device wherein acoustic monitoring of obstruction(s) and
their location(s) within a subject’s airway is used in con-
nection with, or controlled by, a respiratory therapy or
respiratory assist device.

SUMMARY OF THE INVENTION

The present invention is related to a novel and unique
device for acoustically monitoring a subject’s airway to
determine airway obstruction(s) and their location(s). The
device is particularly useful when performing sleep analysis
and sleep therapy, but is also highly useful in determining
airway obstructions of any subject when the subject is
sleeping or otherwise unconscious, and can further be used
in certain applications when the subject is awake or con-
scious. The device, in its simplest form, is comprised of a
supporting body (e.g. a mask, mouthpiece, or nasal cannula)
used to position at least one acoustic generator and at least
one acoustic sensor at a location essentially proximal to a
subject’s airway, the acoustic generator and acoustic sensor
generating and/or sensing sound waves useful in determin-
ing obstruction(s) and their location(s) within the airway of
a subject.

The device of the present invention is particularly useful
in a number of applications. These applications include, but
are not limited to, testing and/or treating a subject with a
respiratory disorder, more particularly an obstructive sleep
respiratory disorder. The device of the present invention is
further particularly useful in monitoring airway patency of a
subject who is asleep or unconscious. The device is also
useful in providing acoustic data pertaining the state of
subject’s airway, which can be used in diagnosing a sub-
ject’s respiratory disorder. A further useful application of the
device includes the collection of acoustic data to localize an
airway obstruction and, using this data, at least in part, to
determine tissue to be surgically removed from a subject’s
airway or to determine a proper therapeutic approach. A
further useful application of the device includes the collec-
tion of acoustic data to localize an airway obstruction and,
using this data, at least in part, to determine tissue or
anatomical structures in the mouth to be shifted by oral
appliances to determine a proper therapeutic approach. The
device of the present invention further includes any useful
applications not listed, which will be apparent to those
skilled in the art.

The device of the present invention includes a number of
features which enhance the device over other similar exist-
ing devices. These features include but are not limited to: the
non-invasive use of the device while a subject is asleep or
unconscious, to acoustically monitor the state of the sub-
ject’s airway; the use of a mask to position both an acoustic
sensor and acoustic generator at a location essentially proxi-
mal to a subject’s airway and to perform acoustic monitoring
of obstruction(s) within an airway of a subject; the use of a
mask to position both an acoustic sensor and acoustic
generator at a location essentially proximal to a subject’s
airway while also providing a connection to a respiratory
therapy or respiratory assist device; the use of a mouthpiece
to position at least one acoustic generator and at least one
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acoustic sensor at a location essentially proximal to a
subject’s airway; the use of a nasal cannula to position at
least one acoustic sensor and at least one acoustic generator
at a location essentially proximal to a subject’s airway, more
specifically, essentially proximal to a subject’s nares.

The device of the present invention can also comprise
other sensors, and further can be used for compliance
purposes. For example, the device can contain a motion or
position sensor to further define the diagnostic data devel-
oped from the acoustic transducer or for the separate pur-
pose of determining whether the subject has been complying
with treatments related to wearing the device. One example
would be a device containing an acoustic transducer and a
motion or position sensor. The device, however, could also
merely contain the motion or position sensor by itself. Other
sensors that could be used alone or in combination with
various embodiments of the present invention include snore
sensors, pressure sensors, environmental sensors, physi-
ological recording devices attached or embedded into the
device, and the like.

Numerous embodiments of the present invention are
disclosed herein, and examples of these embodiments are as
follows, these examples are, however, merely exemplary of
the various embodiments that are envisioned. In one
embodiment, the present invention includes a mouthpiece
which is inserted into the mouth of a subject, the body of the
mouthpiece capable of fitting between a subject’s lips while
allowing the subject to breathe regularly through the mouth-
piece. The mouthpiece is also used to position at least one
acoustic generator and at least one acoustic sensor at a
location essentially proximal to the subject’s airway for use
in acoustically monitoring a subject’s airway for obstruc-
tions. The mouthpiece of the present invention can be used
alone as a diagnostic tool or in connection with a respiratory
therapy device wherein the respiratory therapy device is
attached to the mouthpiece.

In another embodiment, the present invention includes a
nasal cannula comprised of a tubular body and two nasal
prongs which are inserted into the nares of a subject and
used to deliver oxygen or other gases to the nasal passages.
The nasal cannula is further comprised of at least one
acoustic generator and at least one acoustic sensor, prefer-
ably positioned near the nasal prongs, and used to acousti-
cally monitor the subject’s airway for obstructions.

In still another embodiment, the present invention
includes a mask used to position at least one acoustic
generator and one acoustic sensor at a location essentially
proximal to a subject’s airway. The mask can be a nose
mask, an oral mask, or a face mask. In various embodiments,
the mask is used alone as a diagnostic tool and can include
vents or airways to allow the subject to breathe regularly
through the mask when it is worn. In other embodiments, the
mask can include a point of connection to a respiratory
device for use in applications involving respiratory therapy,
assisted breathing, and the like.

Additional features and advantages of the invention will
be set forth in the detailed description that follows, and in
part will be readily apparent to those skilled in the art from
that description or recognized by practicing the invention as
described herein, including the detailed description that
follows, the claims, as well as the appended drawings.

It is to be understood that both the foregoing general
description and the following detailed description are merely
exemplary of the invention, and are intended to provide an
overview or framework for understanding the nature and
character of the invention as it is claimed. The accompany-
ing drawings are included to provide a further understanding
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of the invention, illustrate various embodiments of the
invention and, together with the description, serve to explain
the principles and operation of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 Partial side view of a subject wearing a face mask
with acoustic transducer used in one embodiment of the
present invention.

FIG. 2 Partial side view of a subject wearing an oral mask
with acoustic transducer used in another embodiment of the
present invention.

FIG. 3 Partial side view of a subject wearing a nose mask
with acoustic transducer used in still another embodiment of
the present invention.

FIG. 4 Front view of one embodiment of a mask used with
the present invention wherein the mask includes an inde-
pendent acoustic generator and acoustic sensor.

FIG. 5 a) Perspective view of one embodiment of a
mouthpiece used in the present invention also showing
positioning of acoustic transducer on the mouthpiece, and b)
a cross-sectional side view of the mouthpiece showing
alternate placement of acoustic transducer.

FIG. 6 a) Perspective view of one embodiment of a nasal
cannula used in the present invention showing placement of
acoustic sensors on the cannula, and b) a partial side view of
a subject using the nasal cannula.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention is related to a novel and unique
device for acoustically monitoring a subject’s airway to
determine airway obstruction(s) and their location(s). The
device is particularly useful when performing sleep analysis
and sleep therapy, but is also highly useful in determining
airway obstructions of any subject when the subject is
sleeping or otherwise unconscious, and can further be used
in certain applications when the subject is awake or con-
scious. The device, in its simplest form, is comprised of a
supporting body (e.g. a mask, mouthpiece, or nasal cannula)
used to position at least one acoustic generator and at least
one acoustic sensor at a location essentially proximal to a
subject’s airway, the acoustic generator and acoustic sensor
generating and/or sensing sound waves useful in determin-
ing obstruction(s) and their location(s) within the airway of
a subject.

Various embodiments of the present invention, use an
acoustic transducer to generate or sense sound waves. Other
embodiments contain or include other sensors. In certain
embodiments, the acoustic transducer used as part of the
invention is an acoustic sensor. Preferably, this sensor is
capable of converting sound waves into electrical signals for
use in examination and analysis of acoustic data. In other
embodiments of the present invention, the acoustic trans-
ducer used as part of the invention is an acoustic generator.
Preferably, this generator is capable of converting electrical
signals into sound waves, and is capable of producing
variable output dependent upon electrical input. In still other
preferable embodiments, the acoustic transducer is capable
of acting as both an acoustic sensor and an acoustic gen-
erator and is used to produce and emit sound waves and
subsequently measure reflections of the emitted sound
waves.

Acoustic transducers used in the present invention can be
any type known in the art. One example of such a transducer
is an electro-acoustic transducer, which uses a pressure-
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sensitive diaphragm connected to various electrical compo-
nents to measure sound waves, produce sound waves, or
both. Another example of an acoustic transducer useful in
the present invention is a piezoelectric acoustic transducer
which uses a piezoelectric crystal to convert sound waves
into electrical signals and electrical signals to sound waves.
Tt is envisioned that the range of signals capable of being
generated and sensed by the acoustic transducers will extend
from audible frequencies to ultrasonic frequencies, prefer-
ably, from about 20 Hz to about 20 MHz, and more
preferably at least about 20 kHz. Due to the range of
envisioned frequencies, various embodiments of the inven-
tion may use different models and/or types of acoustic
transducers. Preferably, the acoustic generator and acoustic
sensor are of small enough dimensions that they can be
conveniently placed in a mask, mouthpiece, cannula or the
like for use in or near a subject’s mouth or nose. The above
examples are given only as representative illustrations, and
are not intended to limit the present invention.

Various embodiments of the present invention use acous-
tic transducer(s) placed in or on a supporting body such as
a mask, cannula or mouthpiece in order to generate and/or
measure various acoustic signals from a location essentially
proximal to a subject’s airway. By essentially proximal to a
subject’s airway it is meant that the acoustic transducer is
placed either inside of a subject’s mouth or nose or within
about 12 inches of the outside of the subject’s mouth or nose,
more preferably within about 8 inches of the outside of the
subject’s mouth or nose, even more preferably within about
4 inches of the outside of a subject’s mouth or nose and most
preferably within about 2 inches of the outside of a subject’s
mouth or nose. By positioning the acoustic transducer(s)
essentially proximal to a subject’s airway, attenuation of
sound waves is minimized and ease of adaptation of acoustic
variables to changing conditions, such as opening and clos-
ing of the mouth, is increased. Further, by positioning the
acoustic transducer at a location essentially proximal to a
subject’s airway it is easier and more effective to use higher
frequency sound waves, which increase resolution of the
location and characteristics of the obstruction(s) within a
subject’s airway.

In various embodiments of the present invention, place-
ment of an acoustic transducer in or on the supporting body
(mask, mouthpiece, cannula etc.) can be done in such a way
that the acoustic transducer is permanently connected to, or
embedded in, the supporting body. More preferably, how-
ever, placement of the acoustic transducer on the supporting
body is done so that the transducer is easily removable and
interchangeable with other types of transducers or electronic
components. For example, certain applications may be better
suited for use with an acoustic transducer capable of gen-
erating lower frequency sound waves whereas other appli-
cations may require the use of an acoustic transducer
capable of generating ultrasonic waves. By making the
acoustic transducer easily removable and interchangeable,
adaptation of the device to changing applications such as
these becomes more simple and cost-effective.

In its simplest form, acoustic monitoring of a subject’s
airway to determine obstruction(s) and their location(s) is
performed by emitting sound waves into the subject’s air-
way by supplying an electrical signal to an acoustic genera-
tor and subsequent measurement and observation of the
behavior of these waves using an acoustic sensor. Specifi-
cally, as sound waves travel down the airway, some of the
waves are reflected as they contact various structures within
the airway. These reflected waves can be converted to
electrical signals by the acoustic sensor which can then be

20

25

40

45

60

65

6

analyzed to provide information about obstruction(s) and
their location(s) within the subject’s airway.

Analysis of acoustic data can be performed by any device
equipped with appropriate data acquisition and processing
hardware. Examples of such devices may include sleep
analysis devices, respiratory therapy devices (e.g. a continu-
ous positive airway pressure device), notebook computers,
or the like. Communication and transfer of acoustic data can
be accomplished using a wired or wireless connection from
an acoustic transducer. If a wired connection is used, the
wires are preferably embedded within a supporting body,
such as a mask body and/or an air hose attached to a
respiratory device. Optionally, the connecting wires may be
left untethered. In its simplest application, acoustic data can
provide a determination of whether a subject’s airway is
either open or closed. In other applications, the acoustic data
can undergo more complex analysis to provide information
on the degree, dynamic and location of airway
obstruction(s). In a still other applications, acoustic data can
be used to calculate the cross-sectional area of the airway as
a function of distance.

Various embodiments of the present invention use a mask
equipped with at least one acoustic generator and at least one
acoustic sensor to position the acoustic generator and acous-
tic sensor at a location essentially proximal to a subject’s
airway. Preferably, the mask is capable of essentially con-
forming to a subject’s facial features. By essentially con-
forming to a subject’s facial features it is meant that the
mask is shaped to approximate the contours of the nose,
mouth, and/or chin of a human subject. The mask can be of
various types including, but not limited to, a face mask,
covering both the nose and mouth of a subject, an oral mask,
covering only the mouth of a subject, or a nasal mask,
covering only a subject’s nose. The body of the mask is
preferably comprised of a rigid or semi-rigid material such
as a thermoplastic or thermoset polymer but can be, in
certain embodiments, wholly or partly comprised of soft,
rubber-like materials such as silicon polymers and certain
elastomers. Preferably, each type of mask (i.e. face mask,
oral mask, or nose mask) is capable of being used either
alone as a diagnostic tool or in conjunction with a respiratory
therapy or respiratory assist device as both a diagnostic and
therapeutic tool. When used alone, the mask preferably
includes airways, ports, or vents to allow a subject to breathe
regularly while wearing the mask. If used in conjunction
with a respiratory therapy or respiratory assist device the
mask preferably includes a point of attachment for an air
hose and is preferably structured so as to seal tightly against
a subject’s face to allow effective and efficient use of the
respiratory therapy or respiratory assist device.

One example of a respiratory device with which the mask
could be used is a continuous positive airway pressure
(CPAP) device. In one embodiment, use of the mask with
such a device could allow correlation of positive airway
pressure with degree and location of obstruction(s) within a
subject’s airway, providing means for more effective treat-
ment and diagnosis of obstructive airway disorders.

Where the mask, mouthpiece or cannula are attached to an
air supply such as a positive airway pressure device (PAP)
or a continuous positive airway pressure device (CPAP), the
transducers or sensors can be connected to the therapeutic
device by wires that either trail the air hose or are directly
embedded in such hose. In addition, the transducer or sensor
can use wireless technology to transmit data between the
mask, mouthpiece or cannula to a communication station or
monitor or the therapeutic device.
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Placement of the acoustic transducer in the mask will
vary, depending upon the type of mask and application for
which it is used. Preferably, if the mask is an oral or face
mask, the acoustic transducer(s) are placed directly in front
of the mouth and as near to the mouth as is practical. If the
mask is a nasal mask, the acoustic transducer(s) are prefer-
ably placed directly beneath opening(s) of the nares and as
near to the opening of the nares as possible without unduly
restricting a subject’s respiration.

Various embodiments of the present invention use a
mouthpiece, placed at least partially within a subject’s
mouth, to position at least one acoustic generator and at least
one acoustic sensor at a location essentially proximal to a
subject’s airway. Preferably, the mouthpiece is comprised of
a mouthpiece body capable of fitting between a subject’s
lips, a tongue-depressing portion to prevent the tongue from
obstructing acoustic transmission, an air port extending
outside of the mouth to allow regular breathing while using
the device, and flanges which are placed either intra-orally
between the inner surface of a subject’s lips and a subject’s
gums or extra-orally, contacting the outside surface of a
subject’s lips in order to keep the device in its proper
position and provide a seal between the subject’s mouth and
the mask when the mouthpiece is used with a respiratory
device. The body of the mouthpiece is preferably comprised
of a combination of rigid or semi-rigid materials and soft,
pliable materials in order to increase comfort of the subject
when using the device. For example, the flanges of the
mouthpiece that contact the subject’s gums and inner surface
of the subject’s lips are preferably comprised of a soft,
pliable material, while the tongue-depressing portion of the
mouthpiece is preferably composed of a rigid material to
resist deflection from the pressure of contacting the tongue.

In one embodiment, the portion of the air port of the
mouthpiece which extends outside of the mouth can option-
ally be used to connect the mouthpiece to the air hose of a
respiratory therapy or respiratory assist device. In this
embodiment, the flanges of the mouthpiece serve the func-
tion of providing a seal between the mouthpiece and the
subject’s mouth, allowing for effective and efficient use of
the respiratory therapy device.

Positioning of the acoustic transducer within the device
can vary depending upon desired performance or applica-
tion. In certain applications, the acoustic transducer may be
placed near the end of the tongue-depressing portion of the
mouthpiece in order to position the acoustic transducer as
near to the airway as possible, while in other applications the
acoustic transducer may be placed outside the mouth in the
external portion of the air port of the mouthpiece.

When using the mouthpiece described herein, it is not
required that the subject breathe through the mouthpiece.
Optionally, the subject may breathe through his or her nose.
Accordingly, in certain embodiments, the mouthpiece need
not include an air port to allow breathing through the mouth,
but can be placed wholly within the mouth while the subject
breathes through his or her nose with only the wires for
connection to the acoustic transducer(s) being external to the
mouth.

Still various other embodiments of the present invention
use a nasal cannula to position acoustic transducer(s) at a
location essentially proximal to a subject’s airway. The nasal
cannula is preferably comprised of a tubular body capable of
connection to a source of pressurized gas or air, and two
nasal prongs extending essentially perpendicularly from the
tubular body for insertion into a subject’s flares. By essen-
tially perpendicular, it is meant that the long axis of the nasal
prongs is preferably oriented at an angle between 45° and
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135° to the long axis of the body of the cannula. The body
and nasal prongs of the nasal cannula can be comprised of
any material capable of maintaining a tubular shape.
Examples of such materials include, but are not limited to
thermoplastic and thermoset polymers and lightweight met-
als, such as aluminum and various titanium alloys.

Although capable of using a single acoustic transducer,
the nasal cannula preferably uses at least two acoustic
transducers, with one transducer being placed in the tubular
body directly beneath each of the two nasal prongs. In
various embodiments, these transducers can function as
various combinations of acoustic sensors, acoustic genera-
tors, or as both an acoustic sensor and acoustic generator.
Acoustic transducers in this embodiment can also be placed
in other locations including locations within the air hose at
varying distance from the nasal prongs.

Turning now to a description of the figures, FIG. 1 is a
partial side view of a subject 200 wearing one embodiment
of the mask 106 of the present invention used to position an
acoustic transducer 105 near the subject’s airway. The
acoustic transducer 105 shown here is preferably capable of
both generating and sensing sound waves, eliminating the
need for a separate acoustic generator and acoustic sensor.
The mask 106 shown here includes an air hose 204 whereby
the mask may be connected to a respiratory therapy or
respiratory assist device. The mask preferably forms a tight
seal against the subject’s face and is held snug over the
subject’s mouth and nose by a strap 208 used to secure the
mask to the subject 200. The mask 106 shown in FIG. 1 is
preferably used during a respiratory therapy or treatment
procedure in which acoustic data collected using the acous-
tic transducer 105 is used, at least in part, to quantify the
effectiveness of the therapy or treatment and to plan future
treatment or intervention on behalf of the subject. Acoustic
data collected using this embodiment can be stored and/or
analyzed using any of the aforementioned devices for stor-
age and analysis.

FIG. 2 shows another partial side view of a subject 200
wearing one embodiment of the present invention wherein
the mask 106 used to support and position the acoustic
transducer 105 near the airway of the subject 200 is an oral
mask, covering only the mouth of the subject. In this
embodiment, ports, vents or airways 210 are placed in the
mask to allow the subject 200 to breathe regularly while
wearing the mask. The mask is held tightly over the subject’s
mouth by a strap 208 used to secure the mask to the subject
200. As shown here, generation and recording of sound
waves emitted into the subject’s airway is transmitted to an
external device (not shown) for storage and/or analysis using
a hard-wired connection 212 from the acoustic transducer
105. However, transmission of data need not occur using a
hard-wired connection, and in other embodiments wireless
transmission of data, in whole or in part, may also be used.
As noted above, storage and/or analysis of acoustic data can
be performed by any device equipped with appropriate data
acquisition and processing hardware.

FIG. 3 shows still another partial side view of a subject
200 wearing one embodiment of the mask of the present
invention. The mask 106 shown here is a nasal mask,
covering only the nose of the subject 200. Here, as in FIG.
1, the mask 106 includes an air hose 204 for connection to
a respiratory therapy or respiratory assist device (not
shown). The mask preferably forms a tight seal against the
subject’s skin to allow effective and efficient use of the
respiratory therapy device. In this embodiment, the acoustic
transducer 105 is shown positioned near the nares 100 in
order to direct emitted sound waves into the subject’s airway
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and more easily detect reflected waves as they exit the
subject’s airway. As above, acoustic data collected using this
embodiment can be stored and/or analyzed using any of the
aforementioned devices for storage and analysis.

Referring now to FIG. 4, there is shown a front view of
one embodiment of the mask 106 of the present invention.
Here, a separate acoustic sensor 202 and acoustic generator
216 are used to conduct acoustic monitoring of a subject’s
airway for obstructions. Wires 218 used to connect the
acoustic sensor 202 and acoustic generator 216 to an extet-
nal data collection and analysis device 112 can be embedded
in the mask (as shown here) or attached simply to the
acoustic sensor and acoustic generator while not being
embedded in the mask. Though not shown here, in one
envisioned embodiment, the acoustic sensor and acoustic
generator are preferably secured in the mask in such a way
that they can be easily removed and replaced with sensors
and or generators of a different type but similar dimensions
for use under varying conditions or applications. The mask
106 shown in FIG. 4 includes ports, vents or airways 210 to
allow for unhindered breathing by the subject, while the
mask is worn. Optionally, however, the mask could just as
easily include an air hose for connection to a respiratory
therapy or respiratory assist device in place of ports or vents
for applications involving the use of respiratory treatment or
therapy.

Shown in FIG. 5a is a perspective view of a mouthpiece
250 used in one embodiment of the present invention to
position an acoustic transducer 105 at a location proximal to
a subject’s airway. In this embodiment, the mouthpiece
includes a flange 252 which is inserted into the mouth in the
space between the inner surface of the subject’s lips and the
subject’s gums, creating a seal with the inner surface of the
lips of the subject. In other embodiments, the flange 252 can
be positioned to be used outside of the mouth, contacting
only the exterior surface of the lips of the subject. In still
other embodiments, the flange 252 need not be present at all.
The mouthpiece also includes an air port 256 which passes
through the lips of the subject, allowing the subject to
breathe normally while using the mouthpiece. The mouth-
piece further includes a tongue depressing portion 254 to
prevent the tongue from obstructing the travel of sound
waves through the airway of the subject. As shown in FIG.
5a, the acoustic transducer 105 is positioned at the end of the
tongue depressing portion of the mouthpiece 254, allowing
acoustic monitoring of the subject’s airway for obstructions
to be conducted as near to the subject’s airway as possible.

FIG. 5b is a cross-sectional side view of the mouthpiece
250, illustrating an optional placement location for the
acoustic transducer 105. As shown here, the acoustic trans-
ducer can optionally be placed outside of the oral cavity in
the external portion of the air port of the mouth piece 250.
Further, though not shown, in certain embodiments the
external portion of the air port of the mouthpiece 250 could
also be used to provide a connection to a respiratory therapy
or respiratory assist device.

Turning now to FIG. 6, there is shown one embodiment
of a nasal cannula used in the present invention. The nasal
cannula 276 shown in FIG. 6a is comprised of two nasal
prongs 272 which are inserted into the nares (as shown in
FIG. 6b) during use of the device and two openings 270 on
each end for connection to a source of pressurized gas or air.
The nasal cannula 276 shown here further includes two
acoustic transducers 105 which are attached to the cannula
beneath the nasal prongs 272 in order to direct emitted sound
waves into the subject’s airway and/or more easily detect
reflected waves as they exit the subject’s airway through the
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nares. In various specific embodiments, the acoustic trans-
ducers 105 may serve to function respectively as one acous-
tic generator and one acoustic sensor, two acoustic sensors,
two acoustic generators, and, most preferably, two transduc-
ers capable of both generating and sensing sound waves.
Optionally, in certain embodiments, a septum 274 may be
placed in the cannula between the nasal prongs 272 in order
to control airflow and/or acoustic properties of the cannula.
FIG. 6b shows a simple schematic of a subject 200 wearing
the nasal cannula 276 with the nasal prongs 272 inserted into
the nares and the air hose 270 routed behind the subject’s
ears and connected to a source of pressurized gas or air (not
shown).

It will be apparent to those skilled in the art that various
modifications and variations can be made to the present
invention without departing from the spirit and scope of the
invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

What we claim is:

1. A mouthpiece device comprising:

a mouthpiece body adapted to be placed at least partially
within a subject’s mouth;

the mouthpiece body adapted to be capable of fitting
between the subject’s lips;

an air port adapted to be extending outside of the subject’s
mouth, through which the subject is able to breathe
while using the mouthpiece device;

a tongue-depressing portion adapted to prevent the sub-
ject’s tongue from obstructing acoustic transmission
within the subject’s airway and,

at least one acoustic generator and at least one acoustic
sensor positioned in the mouthpiece adapted to be
essentially proximal to the subject’s airway and within
the subject’s mouth for acoustic monitoring of obstruc-
tion(s) within the subject’s airway; wherein the at least
one acoustic generator and the at least one acoustic
sensor are comprised of a single acoustic transducer
capable of both generating and sensing sound waves,
the single acoustic transducer being positioned at the
distal end of the tongue-depressing portion of the
mouthpiece device.

2. The device of claim 1 wherein the at least one acoustic
generator and the at least one acoustic sensor provides data
to determine tissue to be surgically removed from the
subject’s airway.

3. The device of claim 1 wherein the at least one acoustic
generator and the at least one acoustic sensor provides data
to determine tissue or anatomical structures in the subject’s
mouth to be shifted by oral appliances.

4. The device of claim 2 further including a motion or
position sensor to further define the data developed from the
at least one acoustic generator and at least one acoustic
Sensor.

5. The device of claim 1 further including a point of
connection to an air hose attached to a respiratory therapy or
respiratory assist device through which the subject breathes
while using the mouthpiece device.

6. The device of claim 1 wherein the at least one acoustic
generator and the at least one acoustic sensor are electroni-
cally connected to, and/or controlled by, a respiratory
therapy, respiratory assist device, or sleep disorders diag-
nostic monitor.
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7. The device of claim 1 wherein the at least one acoustic
generator and the at least one acoustic sensor are comprised
of a single acoustic transducer capable of both generating
and sensing sound waves.

8. The device of claim 1 wherein the at least one acoustic
generator and the at least one acoustic sensor are comprised
of a single acoustic transducer capable of both generating
and sensing sound waves, the single acoustic transducer
comprising a piezoelectric acoustic transducer.

9. The device of claim 1 wherein the at least one acoustic
generator and the at least one acoustic sensor are comprised
of a single acoustic transducer, the single acoustic transducer
comprising a pressure-sensitive diaphragm connected to
appropriate electrical components to allow the diaphragm to
both generate an acoustic signal and sense reflections of the
generated acoustic signal.

10. A mouthpiece device comprising:

a mouthpiece body adapted to be placed at least partially

within a subject’s mouth;

the mouthpiece body adapted to be capable of fitting

between the subject’s lips;

an air port adapted to be extending outside of the subject’s

mouth, through which the subject is able to breathe
while using the mouthpiece device;
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flanges attached to the mouthpiece body adapted to
securely position the mouthpiece and/or provide a seal
between the mouthpiece and the subject’s mouth;

a tongue-depressing portion adapted to prevent the sub-
ject’s tongue from obstructing acoustic transmission
within the subject’s airway, the tongue-depressing por-
tion comprising a more rigid material than that of the
flanges, and,

at least one acoustic transducer attached to the tongue-
depressing portion and adapted to be within the sub-
ject’s mouth for acoustic monitoring of obstruction(s)
within the subject’s airway.

11. The device of claim 10 wherein the material of the
tongue-depressing portion is rigid enough to resist deflection
from the pressure of contacting the tongue.

12. The device of claim 10 wherein the material of the
flanges is soft and pliable so as to increase patient comfort.

13. The device of claim 10 wherein the at least one
acoustic transducer is a piezoelectric acoustic transducer.

14. The device of claim 10 wherein the at least one
acoustic transducer is a pressure-sensitive diaphragm con-
nected to appropriate electrical components to allow the
diaphragm to both generate an acoustic signal and sense
reflections of the generated acoustic signal.
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