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(76) Inventors: James Chua, Bakersfield, CA (US); 7 ABSTRACT
Kyle Adriance, .Bakersﬁeld, CA (US); A pressure sensing device for coupling to a cannula and
Phuoc H. Vo, Ei Monte, CA (US) receiving respiratory breathing information from a patient to
. be monitored. The pressure sensing device comprising an
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(1) Appl. No.: 11/155,902 circuit for testing an integrity of the airflow and snore
detection circuits prior to use of the pressure sensing device
(22) Filed: Jun. 17, 2005 to ensure that both circuits are operational. An input port for
pressure sensing device extends from the housing of the
Publication Classification pressure sensing device so as to space a connector, for the
cannula, a sufficient distance away from the bottom surface
(51) Int. CL whereby the bottom surface will always remain flush with
A6IM  16/00 (2006.01) and in constant and continuous intimate contact with a
A62B  7/10 (2006.01) support surface for the pressure sensing device.
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PRESSURE SENSING DEVICE WITH TEST
CIRCUIT

FIELD OF THE INVENTION

[0001] The present invention relates to a pressure sensing
device for measuring respiratory air wave and airflow infor-
mation during a sleep diagnostic session and processing the
acquired air wave and airflow breathing information for
input to conventional polysomnography equipment. To
facilitate ease of use, the pressure sensing device is equipped
with an internal test circuit which allows testing of the
circuitry of the pressure sensing device prior to use of the
same.

BACKGROUND OF THE INVENTION

[0002] A pressure sensing device is currently available
from Pro-Tech Services, Inc. of Mukilteo, Wash. This pres-
sure sensing device is used during a sleep diagnostic session
to detect changes in respiratory air pressure and/or airflow to
confirm whether or not a patient is breathing and to gather
other breathing information from the patient. However,
before this, as well as other, pressure sensing devices can be
utilized during a sleep diagnostic session, it is generally
necessary to test the electrical leads for the pressure sensing
device to insure that all of the electrical leads are, in fact,
operational and not faulty. Due to the relatively small
voltage that is utilized by the pressure sensing device, e.g.,
the pressure sensing device typically operates on millivolts,
and due to the fact that noise is typically generated in and by
such pressure sensing devices, the test circuitry for such
pressure sensing devices can be fairly expensive, e.g., cost-
ing hundreds of dollars or so.

[0003] In addition, conventional test circuitry typically is
completely separate from the pressure sensing device and
this leads to further difficulties such as the test circuitry
being either misplaced, lost, may have insufficient electrical
power, etc., thereby rendering it difficult to test the pressure
sensing device prior to use of the same.

SUMMARY OF THE INVENTION

[0004] Wherefore, it is an object of the present invention
to overcome the above noted drawbacks of the prior art.

[0005] Another object of the present invention is to pro-
vide test circuitry which is integrated directly into the
pressure sensing device and readily allows the electrical
circuits, of the pressure sensing device, to be quickly and
conveniently tested prior to use of the pressure sensing
device and confirm that the pressure sensing device is fully
operational prior to use thereof.

[0006] A further object of the present invention is to
provide a pressure sensing device which can be powered by
a solar cell to eliminate dependency upon a battery for
powering the pressure sensing device.

[0007] Yet another object of the present invention is to
provide test circuitry in which the integrity of all of the
internal circuitry of the pressure sensing device can be
quickly and conveniently checked, by utilizing an internal
battery powered circuit, to insure that there is adequate
electrical conductivity for all of the internal circuitry and
that none of the internal circuits is open, e.g., no electrical
short is contained in any of the internal circuits.
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[0008] A still further object of the present invention is to
provide a piezoelectric crystal or piezo transducer within the
test circuitry, for solely powering the test circuitry, to
eliminate the need for a battery powering the test circuitry of
the pressure sensing device when checking the electrical
conductivity of the electrical leads.

[0009] Still a further object of the present invention is to
provide a strain gauge arrangement which eliminates the
need for utilizing a battery for powering the test circuitry, to
insure that there is adequate electrical conductivity for all of
the internal circuitry and that none of the internal circuits is
open, e.g., no electrical short is contained in any of the
internal circuits.

[0010] Yet another object of the present invention is to
color code each pair of electrical leads, for each internal
circuit of the pressure sensing device, to facilitate quick and
accurate identification of the same. Preferably the pair of
electrical leads, electrically coupled to the respiratory air-
flow detection circuit, are color coded a first color scheme,
such as blue, red, yellow, black, grey, green, etc., which
matches the color coding scheme of the airflow Hi/Lo switch
for the respiratory airflow detection circuit and/or an area or
border around the airflow Hi/Lo switch, while a second pair
of electrical leads, electrically coupled to the respiratory
snore detection circuit, are color coded a different second
color scheme, such as blue, red, yellow, black, grey, green,
etc., which matches the color coding scheme of the snore
Hi/Llo switch for the respiratory snore detection circuit
and/or an area or border around the snore Hi/Lo switch to
facilitate the ease of use by an end user.

[0011] Another object of the present invention is to facili-
tate ease of connection of a nasal cannula to the pressure
sensing device whereby the pressure sensing device remains
flat on a support surface, such as a table, night stand, counter,
etc., to facilitate actuation or switching of the airflow and
snore Hi/LLo switches, located on the top surface of the
pressure sensing device, in a stable manner for controlling
operation of the respiratory airflow detection circuits and the
respiratory snore detection circuitry.

[0012] The present invention relates to a pressure sensing
device for coupling to a cannula and receiving respiratory
breathing information from a patient to be monitored, the
pressure sensing device comprising: an exterior housing
accommodating an input port, the input port being coupled
to the cannula for receiving the respiratory breathing infor-
mation from the patient to be monitored: the exterior hous-
ing accommodating a respiratory snore detection circuit for
processing the received respiratory breathing information
from the patient and outputting, via a pair of snore electrical
leads, a signal indicative of sensed snoring of the patient; the
exterior housing accommodating a respiratory airflow detec-
tion circuit for processing the received respiratory breathing
information from the patient and outputting, via a pair of
airflow electrical leads, a signal indicative of sensed airflow
of the patient; and an internal test circuit for testing an
integrity of the airflow electrical leads and the snore elec-
trical leads prior to use of the pressure sensing device for
ensuring that the airflow and the snore electrical leads are
operational.

[0013] The present invention also relates to a method of
using a cannula to receive respiratory breathing information
from a patient to be monitored, the method comprising the
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steps of: using a pressure sensing device comprising an
exterior housing accommodating an input port, coupling the
input port to the cannula for receiving the respiratory
breathing information from the patient to be monitored;
accommodating a respiratory snore detection circuit within
the exterior housing for processing the received respiratory
breathing information from the patient and outputting, via a
pair of snore electrical leads, a signal indicative of sensed
snoring of the patient; accommodating a respiratory airflow
detection circuit within the exterior housing for processing
the received respiratory breathing information from the
patient and outputting, via a pair of airflow electrical leads,
a signal indicative of sensed airflow of the patient; and
testing an integrity of the airflow electrical leads and the
snore electrical leads via an internal test circuit, prior to use
of the pressure sensing device, to ensure that the airflow and
the snore electrical leads are operational.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The invention will now be described, by way of
example, with reference to the accompanying drawings in
which:

[0015] FIG. 1 is a diagrammatic perspective view show-
ing connection of the pressure sensing device to a nasal
cannula, for collection of from a patient, and coupled to
diagnostic equipment for inputting the processed and col-
lected information to diagnostic equipment for analysis;

[0016] FIG. 2 is a diagrammatic perspective view of a first
embodiment of a pressure sensing device, according to the
present invention, having both airflow and snore detection
circuits;

[0017] FIG. 2A is a front elevational view of the pressure
sensing device of FIG. 2;

[0018] FIG. 2B is a side elevational view of the pressure
sensing device of FIG. 2 with a separate replaceable filter
component connected to the input port;

[0019] FIG. 3 is a diagrammatic perspective view of a
second embodiment of a pressure sensing device, according
to the present invention, having both internal respiratory
airflow and snore detection circuits;

[0020] FIG. 3A is a front elevational view of the pressure
sensing device of FIG. 3;

[0021] FIG. 3B is a side elevational view of the pressure
sensing device of FIG. 3 with a separate replaceable filter
component connected to the input port;

[0022] FIG. 4 is a diagrammatic diagram of the internal
circuitry showing splitting of the received airflow signal into
two signals, a first for the airflow detection circuit and a
second signal for the snore detection circuit;

[0023] FIG. 4A is a diagrammatic drawing of a portion of
unfiltered periodic respiration pressure waveform represent-
ing normal inspiration and expiration of a patient;

[0024] FIG. 4B is a diagrammatic drawing of a portion of
filtered periodic respiration pressure waveform representing
only respiration of the patient;

[0025] FIG. 4C is a diagrammatic drawing of a portion of
filtered periodic respiration pressure waveform representing
only snoring of the patient;
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[0026] FIG. 5 is a diagrammatic diagram of the internal
circuitry showing the airflow detection circuit, the snore
detection circuit and the test circuit;

[0027] FIG. 6 is a diagrammatic view of a nasal cannula,
with a mouthpiece, for connection to the pressure sensing
device to facilitate acquiring breathing information of a
patient;

[0028] FIG. 7 is a diagrammatic view of a nasal cannula,
with a mouthpiece but without any secondary openings in
the nares, for connection to the pressure sensing device to
facilitate acquiring breathing information of a patient;

[0029] FIG. 8 is a diagrammatic view of an undivided
nasal cannula, with a pair of integral mouthpieces but
without any secondary openings in the nares, for connection
to the pressure sensing device to facilitate acquiring breath-
ing information of a patient;

[0030] FIG. 9 is a diagrammatic view of an undivided
nasal cannula, with a pair of integral mouthpieces and with
nares having secondary openings therein, for connection to
the pressure sensing device to facilitate acquiring breathing
information of a patient;

[0031] FIG. 10 is a diagrammatic view of an undivided
nasal cannula, with a pair of spaced apart mouthpieces but
without any secondary openings in the nares, for connection
to the pressure sensing device to facilitate acquiring breath-
ing information of a patient;

[0032] FIG. 11 is a diagrammatic view of an divided nasal
cannula, with a pair of spaced apart mouthpieces and with
nares having secondary openings therein, for connection to
the pressure sensing device to facilitate acquiring breathing
information of a patient;

[0033] FIG. 12 is a diagrammatic diagram of another
embodiment of the test circuit;

[0034] FIG. 13 is a diagrammatic diagram of a still further
embodiment of the test circuit;

[0035] FIG. 14 is a diagrammatic diagram of a test circuit
powered by a solar cell;

[0036] and

[0037] FIG. 15 is a diagrammatic diagram of a test circuit
powered by a physically activated electrical generator.

DETAILED DESCRIPTION OF THE
INVENTION

[0038] Turning now to FIGS. 1-5, a detailed description
concerning a first embodiment of the pressure sensing
device 2 of the present invention will now be provided. The
pressure sensing device 2 of the present invention is gener-
ally a two output channel device which can be used to
acquire respiratory (low) air pressure wave information and
respiratory (low) airflow information (both of which are
herein after collectively referred to as “breathing informa-
tion 4”) via a conventional nasal cannula 60 worn by a
patient P during a sleep diagnostic session or some other
patient monitoring session. The nasal cannula 60 has a pair
of spaced apart nares 65, 67 and preferably at least one or
possibly a spaced apart mouthpiece lumens 69, 69' to
facilitate detection of respiratory air pressure waves and/or
respiratory airflow in the event that the patient P breathes
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through his or her mouth. The nasal cannula 60 collects or
acquires the breathing information 4, generated by breathing
and/or snoring of the patient P, from the nostrils and/or
mouth of the patient P being monitored. The pressure
sensing device 2 is able to convert the acquired respiratory
breathing information 4, received by one or both of the nares
65, 67 of the cannula 60 and/or one or both of the mouth-
piece lumens 69, 69' (if present) of the nasal cannula 60, into
at least two separate electrically signals 110 which can be
separately processed by the pressure sensing device 2 and
outputted, as two separately processed electrical signals, to
diagnostic equipment 9 such as polysomnography equip-
ment for measurement or analysis in a conventional fashion.

[0039] The acquired breathing information 4 is channeled
or directed along a pair of separate flexible conduits or
tubing 74, 76 (one connected to each outlet 73, 74 of the
nasal cannula 60), which eventually combine with one
another, at a coupling device 78, into a common flexible
conduit or tubing 80 (see FIG. 1). A first end of the common
flexible conduit or tubing 80 is connected to the opposite end
of'the coupling device 78 while a second opposed end of the
common flexible conduit or tubing 80 is connected to an
input port 6 of the pressure sensing device 2, to supply the
acquired breathing information 4 from the patient P to the
pressure sensing device 2.

[0040] Typically, a filter 84 is provided somewhere along
the common flexible conduit or tubing 80 or at the interface
between the common flexible conduit or tubing 80 and the
pressure sensing device 2 to prevent moisture, or other
particulate matter, for flowing or being conveyed from any
one of the openings of the nasal cannula 60 into the pressure
sensing device 2. Preferably, the filter 84 is either integral
with a connector member 82, which facilitates connection of
the common flexible conduit or tubing 80 of the nasal
cannula 60 with the input port 6 of the pressure sensing
device 2, or the filter 84 is separate replaceable component
63 (see FIGS. 2B and 3B) which facilitates coupling of the
connector member of the common flexible conduit or tubing
80 to the input port 6 of the pressure sensing device 2. That
is, the separate replaceable filter component 63 has a female
luer connector 81, at one end thereof, for connection to the
input port 6 of the pressure sensing device 2, and has a male
luer connector 90, at an opposite end thereof, for connection
with the female luer connector 82 of the common flexible
conduit or tubing 80 of the nasal cannula 60. The separate
replaceable filter component 63 facilitates repeated use
thereof, i.e., the separate replaceable filter component 63 is
only replaced when the internal filter 84 is sufficiently
contaminated.

[0041] The acquired breathing information 4, e.g., the
respiratory air pressure wave information and/or the respi-
ratory airflow information, is received by the input port 6
and conveyed to a piezoelectric crystal or a piezo transducer
(hereinafter “piezo transducer 8”) of the pressure sensing
device 2 and processed into two separate signals, and each
signal is separately processed as a voltage and attenuated
and filtered by the respiratory airflow detection circuit 22
and respiratory snore detection circuit 24 of the pressure
sensing device 2, as will be discussed below in further detail,
prior to outputting such processed output signals to conven-
tional diagnostic equipment 9 such as polysomnography
equipment for example. As the diagnostic equipment 9 does
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not form any part of the present invention, per se, a further
detail discussion concerning the same will not be provided
herein.

[0042] As can be seen in FIGS. 2, 2A, 2B, 3, 3A and 3B
of the drawings, the pressure sensing device 2 generally
comprises a rigid exterior housing 10 which has an opposed
generally planar top and bottom surfaces 14, 12 and a
generally contoured and curved exterior side wall 16. A pair
of spaced apart “Hi/Lo” switches 18, 20, such as an airflow
“Hi/Lo” switch 18 and a snore “Hi/Lo” switch 20, are
located on the top surface 14 of the pressure sensing device
2 (in FIGS. 2-2B) or in the side wall or surface 16 (in FIGS.
3 and 3A), and each switch 18, 20 has two setting or
positions, namely, a Hi (high) position and a Lo (low)
position. When either “Hi/Lo” switch 18, 20 is in its Lo
(low) position, the amplitude of the output signal is gener-
ally one fourth of the amplitude of the output signal for the
Hi (high) position. Conversely, when either “Hi/L.o” switch
18, 20 is in its Hi (high) position, the amplitude of the output
signal is generally four times the amplitude of the output
signal for the Lo (low) position. The airflow “Hi/Lo” switch
18 controls the internal circuit relating to respiratory airflow
detection circuit 22 while the snore “Hi/Lo” switch 20
controls the internal circuit relating to the respiratory snore
detection circuit 24. A further detailed description concern-
ing the respiratory airflow detection circuit 22 and the
respiratory snore detection circuit 24 will be provided below.
The housing 10 also contains a light emitting diode 132
which is associated with a built-in test circuit 40, discussed
below in further detail, to confirm whether or not the
electrical leads 26, 28, 30 and 32 are in fact operational. That
is, there is continuity for each of the electrical leads 26, 28,
30 and 32, e.g., there is not any electrical short contained in
any of the electrical leads.

[0043] The planar bottom surface 12 facilitates locating
and supporting of the pressure sensing device 2 on a desired
support surface S such as a table, a counter, a night stand, a
dresser, etc., so that the pressure sensing device 2 remains
positioned on such support surface S in a very stable manner
with the pair of “Hi/Lo” switches 18, 20 facing upward so
as to be readily accessible by an end user (see FIG. 2B, for
example).

[0044] To facilitate receiving the acquired breathing infor-
mation 4 from the patient P being monitored, the input port
6 is at least partially generally formed in the top surface 14
of the pressure sensing device 2 (see FIGS. 2-2B). It is to be
appreciated that the input port 6 may also be connected with
an upper portion of the side wall 16 of the housing 10 (see
FIGS. 3-3B). An exterior surface of the remote free end of
the input port 6 is provided with a conventional male luer
style coupling which facilitates a releasable locking engage-
ment of the input port 6 with a mating conventional female
luer style coupling carried by, for example, a filter 84 which
is connected to a free end of the common conduit or tubing
80 connected with the nasal cannula 60 and positioned on
the patient P being monitored to acquire breathing informa-
tion 4 and supply the same to the pressure sensing device 2.
The filter 84 prevents any moisture, or other undesired
particular matter which may flow along the tubing 80, from
reaching and contaminating the pressure sensing device 2.

[0045] The acquired respiratory breathing information 4,
received from the patient P to be monitored, is received by
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and inputted to the pressure sensing device 2 via the input
port 6. A shown in this embodiment, a central axis for the
input port 6, of the pressure sensing device 2, generally
projects slightly, e.g., from about 0.1 to about 0.5 inches or
s0, from the bottom surface 12 of the housing 10 and extends
away from the housing 10 for a distance of about to 0.3
about 1.5 inches or so, generally parallel to both the top and
bottom surfaces 14, 12 of the housing 10.

[0046] One aspect of the present invention is that the input
port 6, for engaging with the filter 84 carried by the leading
end of the common tubing 80 or supported by the input port
6, either extends generally parallel to the bottom surface 12
or is spaced sufficiently away from the bottom surface 12 of
the housing 10 such that the filter 84, carried by the leading
free end of the flexible common conduit or tubing 80 of the
nasal cannula 60, when connected to the input port 6 of the
pressure sensing device 2, will remain sufficiently spaced
from the support surface S, supporting the pressure sensing
device 2, such that the bottom surface 12 of the housing 10
will always remain flush with and in constant and continu-
ous intimate contact with the support surface S (see FIG. 2B
). That is, the bottom surface 12 of the pressure sensing
device 2 will always remains in the contact with and lie
generally in a plane defined by the support surface S
whereby the pressure sensing device 2 remains in a stable
position which facilitates actuation of the airflow and snore
“Hi/Lo” switches 18, 20, by an end user, during use of the
pressure sensing device 2.

[0047] Alternatively, as shown in FIGS. 3, 3A and 3B, the
input port 6 of the pressure sensing device 2 can be con-
nected to a front side wall 16 of the housing 10, at a position
adjacent the bottom surface 12, and extend therefrom at a
desired angle or be sufficiently inclined with respect to the
bottom surface 12 and have a sufficient length such that the
filter 84 contained within the connector 82, carried by the
leading free end of the flexible common conduit or tubing 80
connected with the nasal cannula 60 or coupled to the input
port 6, will remain sufficiently spaced from the support
surface S, supporting the pressure sensing device 2, so that
the bottom surface 12 of the housing 10 will always remain
flush with and in intimate contact with the support surface S
(see FIG. 3B ). That is, the bottom surface 12 of the pressure
sensing device 2 will always remains in the contact with and
lie generally in the plane defined by the support surface S so
that the pressure sensing device 2 remains in a horizontal
and stable position which facilitates actuation of the airflow
and/or the snore “Hi/Lo” switches 18, 20 during use of the
pressure sensing device 2.

[0048] While the input port 6 of the housing 10 (see FIGS.
3, 3A and 3B) is shown as projecting from the end wall of
the housing 10 at an angle of between about 140 to about 170
degrees, preferably about 155 degrees or so, it is to be
appreciated that the angle at which the input port 6 projects
from the housing 10 can be varied, as desired, to suit any
particular application. It is preferable that the input port 6
has a sufficient length and extends at an angle which is
sufficient to ensure that the filter 84 is totally spaced from the
support surface S so that the bottom surface 12 of the
housing 10 is able to lie flush and within the plane defined
by the support surface S as such arrangement leads to the
stability of the pressure sensing device 2 during use thereof.

[0049] As noted above, the nasal cannula 60 (see FIGS.
6-11) has a pair of spaced apart nares 65, 67 which are
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insertable in a conventional manner, during use, in respec-
tive nostrils of the patient P to be monitored. As noted above,
the nasal cannula 60 may also including one or more
mouthpiece lumens 69, 69' for positioning adjacent a mouth
of the patient P being monitored so as to provide input
signals to the pressure sensing device 2 in the event the
patient P being monitored is a mouth breather, or alternates
breathing between his or her nose and mouth. The one or
more lumens 69, 69', for position adjacent a mouth of the
patient P being monitored, will facilitate acquiring breathing
information 4 from the patient P, for monitoring respiratory
airflow and/or respiratory snoring of the patient P being
monitored, in the event of mouth breathing by the patient P.

[0050] One or more of the nares 65 and/or 67, of the nasal
cannula 60, may be provided with at least one secondary
inlet/outlet hole, aperture or opening 35, 36, 37, 38 in a side
wall of the nare 65, 67, to provide a secondary inlet or outlet
for the nare 65, 67 in the event that the primary inlet/outlet
opening 62, 64 in the end surface or wall of the nare 65, 67
becomes partially or completely clogged, blocked,
obstructed or occluded for some reason during use of the
nasal cannula 60. The secondary inlet/outlet hole, aperture
or opening 35, 36, 37, 38 will assist the nare 65, 67 of the
nasal cannula 60 with still being able to receive breathing
information 4 from the patient P, for detecting the airflow
and/or snoring of the patient P being monitored, in the event
that the primary inlet/outlet opening 62, 64 becomes
clogged, blocked, obstructed or occluded for some reason.

[0051] An internal passage 34 of the input port 6 commu-
nicates with the piezo transducer 8 so as to supply the
acquired breathing information 4 thereto and the acquired
and supplied breathing information 4 moves, vibrates and/or
excites the piezo transducer 8. The piezo transducer 8
outputs an electrical signal, depending upon the extend or
degree that the piezo transducer 8 is excited by the acquired
and supplied breathing information 4. This electrical signal
is then divided into two separate signals and each signal is
inputted to one of the internal circuits 22 and 24. That is, a
first signal is inputted to the respiratory airflow detection
circuit 22 and the other second signal is inputted to the
respiratory snore detection circuit 24. Each inputted signal
flows through the respective circuits 22 and 24 and is
suitably processed and an output signal, from the respiratory
airflow detection circuit 22, is then transmitted by a pair of
color coded respiratory airflow electrical leads 26 and 28
while an output signal, from the respiratory snore detection
circuit 24, is transmitted by a pair of color coded respiratory
snore electrical leads 30 and 32. The remote ends of the pair
of airflow and snore electrical leads 26, 28, 30 and 32 can
then be coupled or connected, in a standard fashion, to
conventional sleep diagnostic equipment 9, such as a poly-
somnography equipment, which can then be utilized to
collect, monitor, record and/or plot, as necessary or desired,
the airflow characteristics and/or the snore characteristics of
the patient P being monitored.

[0052] With reference to FIGS. 4 and 5, a detailed
description concerning the respiratory snore detection cir-
cuit 24 will now be provided. Referring first to FIG. 4,
therein is presented a diagrammatic representation of the
pressure sensing device 2 which includes the input port 6,
which is connected with a cannula 60 that acquires breathing
information 4, e.g., input respiratory airflow and/or respira-
tory snore information from the patient P which is repre-

ResMed Corp. - Ex. 1042
Page 18 of 24



US 2006/0283446 Al

sentative of the respiration airflow sensed by the inlet/outlet
openings 35, 36, 37, 38, 62, 64, 83 and/or 87 (i.e., the
openings in either the nares 65, 67 and/or the mouthpiece
lumens 69, 69'). The acquired breathing information 4
passes through the filter 84, prior to communicating with the
piezo transducer 8. The piezo transducer 8, in turn, is
responsive to the acquired breathing information 4 and
generates an input respiration signal 110 that correlates to
the respiration airflow of the patient P sensed by the inlet/
outlet openings 35, 36, 37, 38, 62, 64, 83 and/or 87 of the
cannula 60.

[0053] As illustrated in FIGS. 4A, 4B and 4C, the respi-
ration airflow of the patient P, sensed by the inlet/outlet
openings of the cannula 60, includes a generally periodic
respiration airflow representing normal inspiration or inha-
lation and expiration or exhalation of the patient P and may
also include a component representing snoring when the
patient P is asleep, such as for the second and third breathing
cycles. The input respiration signal 110 correspondingly
includes a respiration component 1107 in the general fre-
quency range of about 5-15 Hz and represents the normal
inspiration or inhalation and expiration or exhalation of the
patient P and may also include a snoring component 110s in
the general frequency range of from about 10 Hz to 300 Hz
which represents snoring respiration of the patient P.

[0054] FIG. 5 is a diagrammatic representation of the
respiratory airflow detection circuit 22, the respiratory snore
detection circuit 24, and the test circuit 40 where the
drawing illustrates that the input respiration signal 110 from
the piezo transducer 8 is connected to a snore input 110s7 as
the input to the respiratory snore detection circuit 24 for use
in generating a composite respiratory snore output signal
114c.

[0055] As illustrated, composite respiratory snore output
signal 114c¢ is essentially the input respiration signal 110,
that is, includes a respiration component 1107 and possibly
a snoring component 110s, but is adjusted for amplitude by
the respiratory snore detection circuit 24. For this purpose,
the respiratory snore detection circuit 24 comprises a snore
“Hi/Lo” (amplitude selection) switch 20 connected from
snore input 110si that selectably connects snore input 110s7,
and thus the connection to the snore output signal 114c
through a direct path 1125 to a circuit reference point 112¢#
through either a high snore composite resistance 116/, to
form a high composite respiratory snore output signal 114¢h,
or through a low snore composite resistance 116/, to form a
low composite respiratory snore output signal 114¢/. As will
be understood by those of skill in the arts, the piezo
transducer 8 not only generates the input respiration signal
110 but also has a characteristic internal impedance, usually
capacitive. The combination of the internal capacitive
impedance of the piezo transducer 8 with the selected one of
the high snore composite resistance 1164 and the low snore
composite resistance 116/ effectively from a voltage divider
circuit, thereby controlling the amplitude of snore output
signal 114c.

[0056] In a present embodiment, the resistance values of
the high composite resistance 116/ and the low composite
resistance 116/ are selected, in combination with the internal
impedance of the piezo transducer 8, so that the output
amplitude of the low composite respiratory snore output
signal 114¢/ is approximately one fourth of the amplitude of
the high composite respiratory snore output signal 114ch.
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[0057] With reference to FIGS. 4 and 5, a detailed
description concerning the respiratory airflow detection cir-
cuit 22 will now be provided.

[0058] As further illustrated in those Figures, the circuitry
of pressure sensing device 2 further includes a respiratory
airflow detection circuit 22 for also receiving the input
respiration signal 110, from the piezo transducer 8, via a
respiratory input 11077 and generating a respiration airflow
output signal 1207 wherein respiration airflow output signal
120~ includes a respiration component 1107, but does not
include a snoring component 110s, and is adjusted for
amplitude. For this purpose, the respiratory airflow detection
circuit 22 comprises the airflow “Hi/Lo” (amplitude selec-
tion) switch 18 that selectably connects respiratory input
11074, and thus the connection to respiration airflow output
signal 1207, to reference point 112¢r through either a high
respiration airflow capacitance 120c/ or a low respiration
airflow capacitance 120¢/ to provide respectively either a
high respiration airflow output signal 1207/ or a low respi-
ration airflow output signal 1207/. The high respiration
airflow capacitance 120c/ or the low respiration airflow
capacitance 120¢/ thereby again forms a voltage divider
circuit with the capacitive internal impedance of the piezo
transducer 8. In addition, a filter resistor 120f# is connected
in parallel with the high respiration airflow capacitance
120c¢/ and the low respiration airflow capacitance 120c/ to
form a filter circuit which filters out the higher frequency
components, that is, any snoring component 110s in the 10
Hz-300 Hz range, from the input respiration signal 110 so
that the respiration airflow output signal 1207 contains only
the respiration component 110z

[0059] In a present embodiment, the capacitance values
for the high respiration airflow capacitance 120c# or the low
respiration airflow capacitance 120c¢/ are selected, in com-
bination with the values of the filter resistor 120f and the
internal capacitive impedance of the piezo transducer 8, so
that any snoring component(s) 110s of input respiration
signal 110, above approximately 10 Hz, are filtered out and
so that the amplitude of the low respiration airflow output
signal 120~ is approximately one fourth of the amplitude of
the high respiration signal output 120#%.

[0060] Since the embodiment of FIGS. 1-5 are passive
systems, it is generally not necessary to equip the pressure
sensing device 2 with an “on/off” switch. However, in the
event that the pressure sensing device 2 is battery operated,
then it is desireable to equip the exterior surface of the
housing 10 with an “on/off” switch (not shown) for turning
on the electrical power for the pressure sensing device 2
either “On” and “Off” as desired.

[0061] Another novel aspect of the present invention is
that a test circuit 40 is incorporated within the pressure
sensing device 2 so that the operator can confirm that the
electrical leads for both the respiratory airflow detection
circuit 22 and the respiratory snore detection circuit 24 are
properly operating. That is, each of the electrical leads 26,
28, 30 and 32 .for the internal circuitry, has adequate
electrical conductivity and there is not an electrical short in
any of the electrical leads and the electrical leads do not
from part of an “open” circuit. An inherent problem for the
test circuit 40 of the pressure sensing device 2 is that each
of the respiratory airflow detection circuit 22 and the respi-
ratory snore detection circuit 24 both operate at a very low
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voltages, e.g., micro volts, and any surrounding or created
noise or interference may cause measurement problems.
Such noise or interference is to be reduced as much as
possible.

[0062] With reference now to FIG. 5, a detailed descrip-
tion concerning a first embodiment of the test circuit 40 will
now be provided. According to this embodiment, the test
circuit 40 is battery operated. It is to be appreciated, how-
ever, that instead of utilizing a battery to electrically power
the test circuit 40, a solar cell, a strain gauge, a piezo
transducer, or a piezoelectric crystal, etc., a could be utilized
for powering such test circuit 40 without departing from the
spirit and scope of the present invention.

[0063] As shown in this Figure, the built-in test circuit 40
generally includes a battery 128, a resistor 130, a light
emitting diode 132 and a test output signal 126¢ connected
in series from circuit reference point 112¢r to comprise a test
signal source and a test indicator. In this regard, it should be
noted that reference connection 114¢ associated with com-
posite respiratory snore output signal 114¢ and reference
connection 122¢ associated with respiration airflow output
signal 1207 are all connected to the circuit reference point
112¢r to provide a reference level for the composite respi-
ratory snore output signal 114¢ and the reference connection
122¢ associated with respiration airflow output signal 120.
The test signal output 1267 may thereby be connected to any
of the connections 114¢, 114z, 1207 or 122z, that is, to the
outputs and reference connections of either the respiratory
snore detection circuit 24 or the input of the respiratory
airflow detection circuit 22, with a resulting current flow
there through and thus an indicated of a completed circuit
which is indicated by illumination of the light emitting diode
132. This facility thereby confirms that there is no “electrical
short” in the electrical circuit and that the external lead 26,
28, 30 or 32 is continuous and properly connected with the
respective circuit.

[0064] To facilitate testing of the electrical leads 26, 28, 30
and 32, preferably the side wall 16 of the housing 10 is
provided with a socket, a receptacle or a plug 42 of some sort
(see FIG. 2B) which has an electrical contact 44 which
forms the test output signal 1267 of the built-in test circuit
40. The remote free end of each electrical lead 26, 28, 30 and
32 is sequentially brought into contact with the electrical
contact 44 to receive the test output signal 126¢ and, assum-
ing that the light emitting diode 132 is illuminated by such
contact, such illumination confirms to the end user that the
electrical lead 26, 28, 30 or 32 is properly connected with the
respective circuit and operational.

[0065] To facilitate ease of operation and use by an end
user, preferably either the airflow switch 18, for controlling
the Hi/Lo operation of the respiratory airflow detection
circuit 22, or an area, a perimeter or a border 46 surrounding
the airflow switch is color coded a first color (such as blue,
red, yellow, black, grey, green, etc.), e.g., blue for example,
and the associated two airflow electrical leads 26 and 28
connected with the respiratory airflow detection circuit 22
are also colored that same color scheme, e.g., light blue and
darker blue (to facilitate distinguishing the two electrical
leads 26 and 28 from one another) for example, so that an
end user can quickly and reliably identify which pair of
electrical leads 26 and 28 which correspond to the respira-
tory airflow detection circuit 22. In addition, the snore
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switch 20, for controlling the Hi/LLo operation of the respi-
ratory snore detection circuit 24, or an area, a perimeter or
a border 48 surrounding the snore switch 20 is color coded
a second (such as blue, red, yellow, black, grey, green, etc.),
e.g., grey for example which is separate and distinct from the
first color scheme, and the associated two snore electrical
leads 30 and 32 connected with the respiratory snore detec-
tion circuit 24 are also colored that same color scheme, e.g.,
light grey and darker grey (to facilitate distinguishing the
two electrical leads 30 and 32 from one another) for
example, so that an end user can quickly and reliably
identify which electrical leads 30 and 32 which correspond
to the respiratory snore detection circuit 24. The use of the
two unique color coding schemes, for the two associated pair
of electrical leads 26, 28 and 30, 32 and switches 18 and 20
(as well as lighter and darker shades of the same color to
assist with distinguishing between the respective electrical
leads 26 from 28 and 30 from 32), facilitates ease of set up
and use of the pressure sensing device 2 by an end user prior
to use thereof. While the above description refers to blue and
grey as a suitable color coding scheme for the pressure
sensing device 2, it is to be appreciated that a variety of other
color coding schemes could also be utilized for use with the
present invention.

[0066] The length of the snore and airflow electrical leads
26, 28, 30 and 32 can vary, depending upon the particular
application. Preferably, the snore and the airflow electrical
leads 26, 28, 30 and 32 have a length of a least a few inches
to about 36 inches or so, or longer if necessary, to facilitate
ease of connection to the desired diagnostic equipment 9.

[0067] With reference to FIG. 6, an embodiment of the
cannula will now be discussed. The nasal cannula 60 com-
prises a single flow path having three separate inlet/outlet
openings 62, 64 and 83 to the central internal chamber or
compartment C defined by the main body. Each one of the
three inlet/outlet openings 62, 64 and 83 to the central
internal chamber or compartment C is suitable for acquiring
breathing information 4 or possibly monitoring breathing
characteristics, detecting pressure, withdrawing or sampling
an exhalation gas(es) from the patient nostril (e.g., sampling
end tidal CO, in the exhaled gases of a patient), measuring
differential air flow along the tubing connect to the cannula,
supplying a treating gas to a patient, etc., both via either a
nostril or the mouth of a patient. The central chamber or
compartment C of the main body 71 of the cannula 60 is in
constant and continuous communication with an inlet/outlet
opening 83, formed in end surface of the mouthpiece 69, via
a gas passageway 77 in the mouthpiece 69 and also in
constant and continuous communication with the inlet/outlet
opening 62, formed in end surface of the first nare 65, and
the one or more secondary inlet/outlet opening(s) 35 via a
gas passageway 91 in the first nare 65 and in constant and
continuous communication with the inlet/outlet opening 64,
formed in end surface of the second nare 67, and the one or
more secondary inlet/outlet opening(s) 37 via a gas passage-
way 95 in the second nare 67. In addition, the central
chamber or compartment C of the main body 71 also
communicates with first and second opposed chamber end
openings 73, 75 of the cannula 60. As a result of this
arrangement, each one of these inlet/outlet openings 62, 64
and 83 can facilitate preforming acquiring breathing infor-
mation 4, monitoring breathing of a patient via the mouth
and/or the nose, sampling the end tidal CO, content in the
exhaled breath of a patient via the mouth and/or the nose to
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determine the patient’s CO, concentration level in the blood,
measuring differential air flow along the tubing connect to
the cannula, supplying a treating gas to a patient via the
mouth and/or the nose, detecting changes in pressure air
flow, or detecting apnea via the mouth and/or the nose, etc.

[0068] The first conduit or tubing 74 is connected to the
first end chamber opening 73 while the first end of a second
conduit or tubing 76 is connected to a second chamber end
opening 75. The opposed second ends of the first and second
conduits or tubings 74 and 76 are connected to a coupling
device 78 which couples the first and second conduits or
tubings 74 and 76 to a common conduit or tubing 80 which
is also connected to the coupling device 78. The opposite
end of the common conduit or tubing 80 typically has a luer
connector 82 which is either coupled to a filter 84, prior to
engaging with the pressure sensing device 2 or, preferably,
the filter 84 may be incorporated into the conventional luer
connector 82 and this unitary structure will then facilitate
coupling of the nasal cannula 60 to the pressure sensing
device 2 as discussed above. The first and second conduits
or tubings 74 and 76 each have a length of about 8 inches to
about a 24 inches or so and preferably have a length of about
15 to 25 inches or so while the common conduit or tubing
80 typically has a length of about 3 feet to about 10 feet,
preferably a length of about 5 to 7 feet or so.

[0069] With reference to FIG. 7, another embodiment of
the cannula will now be discussed. As this embodiment is
very similar to the embodiment of FIG. 6, identical refer-
ence numerals will given to identical elements and only the
differences between this embodiment and the previous
embodiment will be discussed in detail.

[0070] The only significant difference between this
embodiment of the cannula and the embodiment of FIG. 6
is the elimination of all of the secondary inlets/outlets
openings 35 and 37 adjacent the tip so that each nare 65 and
67 only has a primary flow passage into and out of the nare
but not any secondary flow passage in the event that the
primary inlets/outlets openings 62, 64 of the nares 65, 67
become either partially or fully occluded, blocked, clogged
or otherwise obstructed during use of the nasal cannula. That
is, flow into and out of the nares 65, 67 can only occur via
the primary inlet/outlet openings 62, 64 formed in the nares
65, 67, respectively.

[0071] With reference to FIG. 8, another embodiment of
the cannula will now be discussed. As this embodiment is
very similar to the embodiment of FIG. 7, identical refer-
ence numerals will given to identical elements and only the
differences between this embodiment and the previous
embodiment will be discussed in detail.

[0072] The only significant differences between this
embodiment and the embodiment of FIG. 7 is the inclusion
of a second integral mouthpiece 69'. As a result of this
arrangement, the first and second internal gas passageways
77,79 and the first and second gas passageways 91 and 95
in the nares 65 and 67 and all of the openings 62, 64, 73, 75,
83 and 87, are in constant and continuous communication
with one another.

[0073] With reference to FIG. 9, yet another embodiment
of the cannula will now be discussed. As this embodiment is
very similar to the embodiment of FIG. 8, identical refer-
ence numerals will given to identical elements and only the
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differences between this embodiment and the previous
embodiment will be discussed in detail.

[0074] The only significant difference between this
embodiment and the embodiment of FIG. 8 is the inclusion
of at least one, and preferably a pair of secondary inlets/
outlets openings 35 and 37, adjacent the tip of each one of
the nares 65, 67 to provide a pair of secondary flow passages
96, 98 in the event that the primary inlets/outlets openings
62, 64 of the nares 65, 67, respectively, become either
partially or fully occluded, blocked, clogged or otherwise
obstructed during use of the nasal cannula 60. The secondary
inlets/outlets openings 35 and 37 are smaller than the
primary inlet/outlet openings 62, 64 but are large enough to
facilitate acquiring breathing information 4, monitoring
breathing of a patient via the mouth and/or the nose,
sampling the end tidal CO, content in the exhaled breath of
a patient via the mouth and/or the nose to determine the
patient’s CO, concentration level in the blood, measuring
differential air flow along the tubing connect to the cannula,
supplying a treating gas to a patient via the mouth and/or the
nose, detecting changes in pressure air flow, or detecting
apnea via the mouth and/or the nose, etc.

[0075] With respect to the embodiments of FIGS. 8 and
9, it is to be appreciated that it is not necessary to have the
first and second mouthpieces 69, 69' precisely centered
between the nares 65, 67. It is possible to position the first
and second mouthpieces on one side or the other of a central
plane P bisecting a center of main body 71 into two halves.

[0076] In addition, the first and second mouthpieces could
be spaced apart from one another, as shown in FIGS. 10 and
11, so that both of the nares 65, 67 and both of the first and
second mouthpieces 69, 69' all communicate with one
another via the common central chamber or compartment
formed within the main body 71 of the cannula 60. The
spacing of the mouthpieces from one another by a distance
of from about 0.25 to about 1.25 inches, and more preferably
about 0.5 to about 1.0 inches, is useful if the patient being
monitored tends to breath, when mouth breathing, out of one
side of his or her mouth. By spacing the mouthpieces from
one another, mouthpieces of the nasal cannula are better
positioned to still detect or monitor breathing of the patient.

[0077] In addition, the first and second nares 65, 67 may
be each provided with at least one, and preferably a pair of
secondary inlets/outlets openings, 35 and 37, adjacent the tip
of the nares to provide a pair of secondary flow passages, as
shown in FIG. 11 but not in FIG. 10, in the event that the
primary inlets/outlets openings 31 of the nares 65, 67
become either partially or fully occluded, blocked, clogged
or otherwise obstructed during use of the nasal cannula. The
secondary inlets/outlets openings, 35 and 37 are smaller than
the primary inlet/outlet opening but are large enough to
facilitate acquiring breathing information 4 from the patient,
monitoring breathing of a patient via the mouth and/or the
nose, sampling the end tidal CO, content in the exhaled
breath of a patient via the mouth and/or the nose to deter-
mine the patient’s CO, concentration level in the blood,
measuring differential air flow along the tubing connect to
the cannula, supplying a treating gas to a patient via the
mouth and/or the nose, detecting changes in pressure air
flow, or detecting apnea via the mouth and/or the nose, etc.

[0078] With reference now to FIG. 12, a detailed descrip-
tion concerning use of strain gauge to provide a test circuit
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40 will now be discussed. A further variation of the built-in
test circuit 40 would be to replace the battery with a strain
gauge 134 and have a strain gauge activation mechanism
136, e.g., an external device for applying strain to the strain
gauge 134 in order to generate an electrical current for the
test circuit 40. The strain gauge activation mechanism 136 is
supported by an exterior surface of the housing 10, prefer-
ably on the top surface 14 and at least partially exposed to
facilitate actuation thereof. The generated electrical signal
could then be passed through the test circuit to the remote
free end of each electrical lead 26, 28, 30 and 32, as it is
brought into contact with the electrical contact 44 to receive
the test output signal 1267, and used to illuminate the light
emitting diode 132 and confirm that the electrical lead 26,
28, 30 or 32 is, in fact, operational. The strain gauge 134
would eliminate the need for battery power for the built-in
test circuit 40 and allow this circuit to be a passive system.

[0079] With reference now to FIG. 13, a description
concerning use of a sufficiently thin piezoelectric crystal 138
will now be discussed for use in powering the built-in test
circuit 40. According to this variation, the battery of the
built-in test circuit 40 is replace with a sufficiently thin
piezoelectric crystal 138 and have a piezoelectric crystal
activation mechanism 140, e.g., an external device for
applying an input stimulus to the piezoelectric crystal 138
and generating an electrical current for the test circuit 40.
The piezoelectric crystal activation mechanism 140 is sup-
ported by an exterior surface of the housing 10, preferably
on the top surface 14 thereof 14, and at least partially
exposed to facilitate actuation thereof. The generated elec-
trical signal, from the piezoelectric crystal, could then be
passed through the test circuit to the remote free end of each
electrical lead 26, 28, 30 and 32, as it is brought into contact
with the electrical contact 44 to receive the test output signal
126¢, and used to illuminate the light emitting diode 132 and
confirm that the electrical lead 26, 28, 30 or 32 is, in fact,
operational. The piezoelectric crystal 138 would eliminate
the need for battery power for the built-in test circuit 40 and
allow this circuit to be a passive system.

[0080] With reference now to FIG. 14, a description
concerning use of a solar cell 142 will now be discussed for
use in powering the built-in test circuit 40. According to this
variation, the battery of the built-in test circuit 40 is replace
with a solar cell 142 having at least one exposed external for
receiving light and converting the received light and gener-
ating, via conventional circuitry, an electrical current for the
test circuit 40. The generated electrical signal, from the solar
cell 142, could then be either stored in a small battery (not
shown) or passed through the test circuit to the remote free
end of each electrical lead 26, 28, 30 and 32, as it is brought
into contact with the electrical contact 44 to receive the test
output signal 126¢, and used to illuminate the light emitting
diode 132 and confirm that the electrical lead 26, 28, 30 or
32 is, in fact, operational. The solar cell 142 would eliminate
the need for battery power for the built-in test circuit 40 and
allow this circuit to be a passive system.

[0081] With reference now to FIG. 15, a description
concerning use of a physically activated electrical generator
144, which via motion generates an electrical current, will
now be discussed for use in powering the built-in test circuit
40. According to this variation, the battery of the built-in test
circuit 40 is replace with physically activated electrical
generator 144, such as a magnetic piston 146 captively
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located within a cylinder 148 which is wrapped with a coil
150 whereby when the end user shakes or moves the
pressure sensing device 2 to and fro, such motion causes the
magnetic piston 146, to move to and fro along and within the
cylinder 148 and induce an electrical current in the wire of
the coil 150. This electrical current may then be either stored
in a small battery (not shown) or passed through the test
circuit to the remote free end of each electrical lead 26, 28,
30 and 32, as it is brought into contact with the electrical
contact 44 to receive the test output signal 1267, and used to
illuminate the light emitting diode 132 and confirm that the
electrical lead 26, 28, 30 or 32 is, in fact, operational. The
physically activated electrical generator 144 would elimi-
nate the need for battery power for the built-in test circuit 40
and allow this circuit to be a passive system. It is to be
appreciated that other conventional and well known physi-
cally activated electrical generators, which generate an elec-
trical current when the end user shakes, moves, operates,
actuates, etc., the pressure sensing device 2 would also be
suitable for use with the pressure sensing device 2 of the
present invention.

[0082] If desired, one or both of the mouthpieces 69, 69'
of the cannula 60 can be provided with a shape retaining,
dead soft material or wire (not shown) to facilitate alignment
and retention of the first and/or second mouthpieces 69, 69'
in a desired aligned position during use of the cannula 60.
The wire permits the mouthpiece 69 or 69' to be bent,
configured or molded into a desired shape, configuration or
position while still retaining such desired shape, configura-
tion or position following adjustment of the mouthpiece 69
and/or 69'. A copper wire (either insulated or uninsulated),
for example, has substantially no structural memory of any
previous shape, orientation, configuration or form which
would cause the wire to retain, return or spring back to such
previous shape, orientation, configuration or form. Copper is
a highly malleable metal and generally retains whatever
shape is imparted thereto at any particular time without
reverting or returning back to any prior or previous shape.
Copper is also a preferred dead soft material, over for
example iron, steel or other ferromagnetic materials, due to
the propensity of the nasal cannula to be used in connection
with a patient exposed to certain electromagnetic and mag-
netic environments and/or diagnosis procedures.

[0083] The wire can either be formed integral with the first
and/or second mouthpieces 69, 69', can be accommodated
within an integral compartment extending along the length
of the first and/or second mouthpieces 69 and/or 69', or can
be glued or otherwise permanently secured or affixed to an
exterior surface of the first and/or second mouthpieces 69
and/or 69', along the entire length thereof, so that the wire
128 does not become separated or dislodged from the
cannula 60" during use of the nasal cannula. The wire
typically has a diameter of between 0.01 and 0.2 inches or
SO.

[0084] The first and second mouthpieces 69, 69' each have
a radius of curvature of between about 0.5 of an inch to
about 2.5 inches or so, and more preferably a radius of
curvature of between about 0.75 of an inch to about 1.25
inches or so. The radius of curvature of the mouthpieces 69,
69' can vary, depending upon the cannula being manufac-
tured and/or its application, but is generally chosen to
facilitate the alignment of an opening formed in the free end
of the mouthpiece 69 and/or 69' with the opening of a mouth

ResMed Corp. - Ex. 1042
Page 22 of 24



US 2006/0283446 Al

of the patient. The first and second mouthpieces 69, 69' each
define an internal passageway 77, 79 therein which has a
transverse cross sectional flow area of between about 0.006
and about 0.007 square inches.

[0085] We also in the spirit and scope of the present
invention that a pair of output forks which are each associ-
ated with a single piezo crystal and a pair of respiratory
electric and snore detection circuits can be incorporated in a
single exterior housing. It is also anticipated that the piezo
electric crystal 8 could be utilized to power three or more
respiratory circuits which will all receive the same input
signal from a single input port 6.

[0086] Since certain changes may be made in the above
described improved pressure sensing device, without depart-
ing from the spirit and scope of the invention herein
involved, it is intended that all of the subject matter of the
above description or shown in the accompanying drawings
shall be interpreted merely as examples illustrating the
inventive concept herein and shall not be construed as
limiting the invention.

Wherefore, I/we claim:

1. A pressure sensing device for coupling to a cannula and
receiving respiratory breathing information from a patient to
be monitored, the pressure sensing device comprising:

an exterior housing accommodating an input port, the
input port being coupled to the cannula for receiving
the respiratory breathing information from the patient
to be monitored;

the exterior housing accommodating a respiratory snore
detection circuit for processing the received respiratory
breathing information from the patient and outputting,
via a pair of snore electrical leads, a signal indicative of
sensed snoring of the patient;

the exterior housing accommodating a respiratory airflow
detection circuit for processing the received respiratory
breathing information from the patient and outputting,
via a pair of airflow electrical leads, a signal indicative
of sensed airflow of the patient; and

an internal test circuit for testing an integrity of the airflow
electrical leads and the snore electrical leads, prior to
use of the pressure sensing device, to ensure that the
airflow and the snore electrical leads are operational.
2. The pressure sensing device according to claim 1,
wherein the input port of the pressure sensing device com-
municates with a piezo transducer and the piezo transducer
is connected both the respiratory airflow detection circuit
and respiratory snore detection circuit for supplying the
received respiratory breathing information from the patient
thereto.
3. The pressure sensing device according to claim 1,
wherein an exterior surface of the housing for the pressure
sensing device has an electrical contact for engaging with:

one of the pair of airflow electrical leads of the respiratory
airflow detection circuit and coupling each airflow
electrical lead to the test circuit to facilitate testing
thereof, and

one of the pair of snore electrical leads of the respiratory
snore detection circuit and coupling each snore elec-
trical lead to the test circuit to facilitate testing thereof.
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4. The pressure sensing device according to claim 1,
wherein the pressure sensing device is used in combination
with a cannula, the cannula has a pair of nares for insertion
into nostrils of the patient to be monitored for acquiring the
respiratory breathing information from the patient.

5. The pressure sensing device according to claim 4,
wherein the cannula has at least one mouthpiece lumen for
acquiring the respiratory breathing information from a
mouth of the patient while the patient is mouth breathing.

6. The pressure sensing device according to claim 4,
wherein the cannula has a pair of mouthpiece lumens for
acquiring the respiratory breathing information from a
mouth of the patient while the patient is mouth breathing.

7. The pressure sensing device according to claim 2,
wherein the pressure sensing device is used in combination
with the cannula, the cannula has a pair of nares for insertion
into nostrils of the patient to be monitored for acquiring the
respiratory breathing information from the patient, and a
filter is provided between a piezo transducer and the cannula
for preventing moisture from being transferred from the
cannula to the pressure sensing device.

8. The pressure sensing device according to claim 1,
wherein the respiratory airflow detection circuit includes an
airflow switch which facilitates operation of the respiratory
airflow detection circuit in first and second modes, and the
second mode of the respiratory airflow detection circuit
generates an output amplitude of the processed signal which
is less than an output amplitude of the processed signal of
the first mode; and the respiratory airflow detection circuit
includes a snore switch which facilitates operation of the
respiratory snore detection circuit in first and second modes,
and the second mode of the respiratory snore detection
circuit generates an output amplitude of the processed signal
which is less than an output amplitude of the processed
signal of the first mode.

9. The pressure sensing device according to claim 8§,
wherein operation of the respiratory airflow detection circuit
in the second mode generates an output amplitude of the
processed signal which is about one fourth of the output
amplitude of the processed signal of the first mode; and
operation of the respiratory snore detection circuit in the
second mode generates an output amplitude of the processed
signal which is about one fourth of the output amplitude of
the processed signal of the first mode.

10. The pressure sensing device according to claim 8,
wherein at least one of the airflow switch, for controlling
operation of the respiratory airflow detection circuit, and a
border surrounding the airflow switch and the airflow elec-
trical leads for the respiratory air pressure circuit are both
color coded a first color while at least one of the snore
switch, for controlling operation of the respiratory snore
detection circuit, and a border surrounding the snore switch
and the snore electrical leads for the respiratory snore
detection circuit are both color coded a second color which
is different from the first color.

11. The pressure sensing device according to claim 1,
wherein the input port, for supplying the acquired breathing
information to the pressure sensing device, is sufficiently
spaced from a bottom surface of the exterior housing so that
when a free end of the cannula is connected to the input port
of the pressure sensing device, the connector for the engag-
ing the cannula with the pressure sensing device is suffi-
ciently spaced from a plane defined by the bottom surface of
the exterior housing so that the bottom surface of the exterior
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housing, during use, will always remain flush with and in
intimate contact with a support surface for the pressure
sensing device to facilitate actuation of the airflow and the
snore switches during use of the pressure sensing device.

12. The pressure sensing device according to claim 1,
wherein the input port is formed in a top surface of the
housing and projects therefrom by a distance of between
about 0.1 to about 0.5 inches and extends away from the
exterior housing, generally parallel to both the top and
bottom surfaces, for a distance of about 0.3 to about 1.5
inches so as to space a connector for the cannula a sufficient
distance away from the bottom surface of the exterior
housing such that the bottom surface of the exterior housing,
during use, will always remain flush with and in constant
and continuous intimate contact with a support surface for
the pressure sensing device.

13. The pressure sensing device according to claim 1,
wherein the input port extends away from a side surface of
the housing by a distance of between about 0.3 to about 1.5
inches and forms an angle with a bottom surface of the
exterior housing of between 140 to about 170 degrees so as
to space a connector for the cannula a sufficient distance
away from the bottom surface of the exterior housing such
that the bottom surface of the exterior housing, during use,
will always remain flush with and in constant and continu-
ous intimate contact with a support surface for the pressure
sensing device.

14. The pressure sensing device according to claim 3,
wherein the built-in test circuit is electrically powered by a
battery.

15. The pressure sensing device according to claim 3,
wherein the built-in test circuit comprises a battery, a resistor
and a light emitting diode connected in series with test
output signal contact.

16. The pressure sensing device according to claim 3,
wherein the built-in test circuit is electrically powered by a
solar cell.
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17. The pressure sensing device according to claim 3,
wherein the test circuit is powered by a piezo electric crystal.

18. The pressure sensing device according to claim 3,
wherein the test circuit is powered by a strain gauge.

19. The pressure sensing device according to claim 3,
wherein the test circuit is powered by a physically activated
electrical generator.

20. A method of using a cannula to receive respiratory
breathing information from a patient to be monitored, the
method comprising the steps of:

using a pressure sensing device comprising an exterior
housing accommodating an input port,

coupling the input port to the cannula for receiving the
respiratory breathing information from the patient to be
monitored;

accommodating a respiratory snore detection circuit
within the exterior housing for processing the received
respiratory breathing information from the patient and
outputting, via a pair of snore electrical leads, a signal
indicative of sensed snoring of the patient;

accommodating a respiratory airflow detection circuit
within the exterior housing for processing the received
respiratory breathing information from the patient and
outputting, via a pair of airflow electrical leads, a signal
indicative of sensed airflow of the patient; and

testing an integrity of the airflow electrical leads and the
snore electrical leads via an internal test circuit, prior to
use of the pressure sensing device, to ensure that the
airflow and the snore electrical leads are operational.
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