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(57) ABSTRACT

A nebulizer includes a main body that has a nebulizer outlet
and an air channel in communication with the nebulizer out-
let. The main body supports a medicine reservoir and a mesh
that engages the medicine reservoir and air channel and
vibrates to atomize medicine from the medicine reservoir into
the air channel for discharge through the nebulizer outlet. The
nebulizer outlet and mesh are configured to be received within
the oral cavity of the patient when the nebulizer is in use.

/ 900 932 930
| / 901

Nl

7

7404 7
ALIAVIARNARARARIAARRARARMANNY

/ 912

RESERVIOR
T

AL TARTANNY

NNNNNNE AT 7777777

904
902

A
AASAELTARARTARIRTARARAALRULILTALRAUEAR AR TAURAUAAAARNARIRAIAY
Q N IIIIS

7|




Patent Application Publication  Oct. 10,2013 Sheet 1 of 29 US 2013/0267864 Al

o
=L L~

7N
MOUTHPIECE L@ CFLEX TUBE 120

EN WPV

VENTURI
155
CUP FOR
\ —  MEDIONE
|
AIR HOSE
160

FiG. 1



Patent Application Publication  Oct. 10,2013 Sheet 2 of 29 US 2013/0267864 Al

MEDICINE
PUNCTURE TUBE
70

MEDICINE
RECEIVER

RUBBER

MOUTHPIECE MAIN
260 BODY
FLUID 200
ATR/CHANNEL
SECTION

230

REED VALVE

COMBINER 70
DIFFUSER AND NOZZLE
250 SECTION
240

FIG. 2



Patent Application Publication  Oct. 10,2013 Sheet 3 of 29

MEDICINE
PUN(TZURE TUBE

[
[—]
_—

US 2013/0267864 A1

MEDICINE
RECEIVER 210

MOUTHPIECE

MIXING  VENTURI
G 30 20 /

N / V////)ﬂ, %
; s e S BEEURNAY AR RN

/

WY

MAIN
BODY

2 e AAARRAN
ﬁ§ N $ ‘ N N AN N AN AN /
SRS oS W
7

DIFZFSUOSER FLUID/AIR
CHANNEL

SECTION
FLUID CONBINER  MEDICNE  ~ 230 fj6. 3
AND NOZZLE  FEED LINE '
SECTION 320

240



Patent Application Publication  Oct. 10,2013 Sheet 4 of 29 US 2013/0267864 Al

NOUTHPIECE ONE WAYREED VALV
260 )
AW T )
— - f AIR
LINE
INTAKE
o 300
G —
0
‘ \;) N Y ljj
DIFFUSER FLUID/AIR \ ONE WAY
250 CHANNEL REED VALVE
FLUID COMBINER SECTION 270
AND NOZZLE 230
SECTION
240

F6.4



Patent Application Publication  Oct. 10,2013 Sheet 5 of 29 US 2013/0267864 Al

MEDICINE

(e CARTRIDGE
Jl 500

ONE WAY REED MEDICINE
VALVE —{  RECEIVER

T

FLUID
COMBINER AND

NOZZLE SECTION ONE WAY

REED VALVE
270

T
FLUID
AR 260
CHANNEL
SECTION
DIFFUSER 230

250

FIG.5



Patent Application Publication  Oct. 10,2013 Sheet 6 of 29 US 2013/0267864 Al

MEDICINE
CARTRIDGE

500
/_//




US 2013/0267864 A1

Patent Application Publication  Oct. 10,2013 Sheet 7 of 29




Patent Application Publication  Oct. 10,2013 Sheet 8 of 29 US 2013/0267864 Al

T
L MEDICINE
o, (ARTRIDGE
| _—500
VALVE

ACTUATOR
810

GAS
‘ CANISTER

800

FiG. 8



Patent Application Publication  Oct. 10,2013 Sheet 9 of 29 US 2013/0267864 Al

AIR MEDICINE
INLET/EXHAUST CONTAINER

VALVE
ACTUATOR
810

GAS
CANISTER

———— 800

L/

flG. 9



Patent Application Publication  Oct. 10,2013 Sheet 10 0f29  US 2013/0267864 A1l

MEDICINE
FEED LINE

FiG. 10



Patent Application Publication  Oct. 10,2013 Sheet 11 0f29  US 2013/0267864 A1

VENTURI
310

T

MIXING DIFFUSER
CHAMBER 250
1100

A6 11



z
— /A\\ 050

P - '?"{

. \ o

N
DIFFUSER TINY AIR PASSAGE
250 APERTURES 1210

1200;

FIG. 12



Patent Application Publication  Oct. 10,2013 Sheet 13029  US 2013/0267864 A1l

MEDICATION FEED
LINE
320

MIXING
CHAMBER
1100




Patent Application Publication  Oct. 10,2013 Sheet 14 0of29  US 2013/0267864 A1l

N\

\\ (il
LULURNLRNALRARRRVARYAUURRRIRRRRAARARIARRARNY

LU TR IRRR R RE AT R A AT DR LY
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\‘\\\\\\E,\}\\\\\“

MEDICINE
FEED LINE
ENTERS
MIXING
CHAMBER

FiG. 14



Patent Application Publication  Oct. 10,2013 Sheet 15029  US 2013/0267864 Al




Patent Application Publication  Oct. 10,2013 Sheet 16 0f29  US 2013/0267864 A1l

MEDICINE
INLET/EXHAUST FEED LINE
P2[=R7T 320

FiG. 16



Patent Application Publication  Oct. 10,2013 Sheet 17 0f29  US 2013/0267864 A1

Fi6. 17



US 2013/0267864 A1

Oct. 10,2013 Sheet 18 of 29

Patent Application Publication

8l INVIND IV
INILLYd
MO A1V Ay
I
\ \;\\NJ
o
2 -
- T, 27
7/
7 i - Z 7 %
_ \ \ \
= e | I |
TIVHNI N 7 n
INALLYd Y =
yd 7
NN
AIONESTH INDIGIN —



Patent Application Publication  Oct. 10,2013 Sheet 19 0f29  US 2013/0267864 A1l

"’%‘&

77 AN\
%{&IIIMI 'hm \
W

FEED LINE
1

MEDICINE




US 2013/0267864 A1

Oct. 10,2013 Sheet 20 of 29

Patent Application Publication

1] 74

0g 4 NOILD3S
0z¢ T1Z20N ONV
682 08z NN $INIEWOD aInTd
NOIDIS  INDIGIW
SN/ MN vl @@ TINNVHD 05z
e > ~=<\e3 ¥ISNAI0
7p 1T . ' )04d 067
7 GOW  SSTTIMIM - 2 [e
a
cm\w Z y 08z
IIVINI \ @G, ¢ /
INIT 10Z 0€ee
AV oLe HIGNVH)
092 DAINIA ONIXIW
002 7 DIHLNOW
i
ﬁ §\
0LZ YINDY 0zt
INDIOIW L AN



Patent Application Publication  Oct. 10,2013 Sheet 21 0f29  US 2013/0267864 A1l

/ 204

ONE WAY REED
VALVE
MOUTHPIECE 20
260
290
260, 280a ) AT |
M__Ef = FOR AIR FLOW AR
| METERING ImIE(E
<Y, 0 j 300
280b—_{ X i
04 AIR FLOW SENSOR
L ~ MEASUREMENTS T0
\ \ m ™ WIRELESS MODULE )
29 \ \ | |
DIFFUSER FLUID/AIR me
250 FLUID COMBINER  CHANNEL REED VALVE
ANDNOZILE SECTION 9270
SE%ON 230

FI6.21



US 2013/0267864 A1

Oct. 10,2013 Sheet 22 of 29

Patent Application Publication

N —>
NIVLY A1V

1INl =>
NIVLYM) Y1V

14117

A z_ﬁma v
Eﬁs \ Tt ,_ >
2082
ININIA % J "
\ ﬂ..v
- _ L S— N ' T E VY
007 / NOIIIGIW GIZINEIN
1INANO) L EN
WOV NOLWDIOIW A m ./ >
aL \ 98¢ Nrvram v
L
SN\



US 2013/0267864 A1

Oct. 10,2013 Sheet 23 of 29

Patent Application Publication

\.,.k I

AN
ST
Y9~ |
L8
§0LYADY
7 WA
SdI)
N ===
oy NS /\v\\\\‘ﬂ
_ ITVA Q
09 TANNVID AVINI \
VA
TANNYH) AYOLVIdX3
— —
\‘\ =\ \/(
Dilgiion S _
4T )
4113 NO dNS o
i
317 43A0)
390l MW HENIVIND)
ATV EYE iy INDIGIW

£7 914

092
DIHINOW 7T
388Ny WIsN4Ia

\

0Ez
NOID)IS
TANNVID/AIV
ma<> aini
1SNYHXI/HINI
Uiy

gu\



Patent Application Publication  Oct. 10,2013 Sheet 24 0f29  US 2013/0267864 A1

FLEXIBLE TUBE
454 MOUEgIE(E
FLOW METER
450 486 484
i e
(OPTIONAL) — T VALVE
T0 MEDICINE ! 462
AND 489
GAS CANISTER - 476
o | ’ 474
4/80 478 EXPIRATORY
= 0 1 S )
= Y
o — . TOINSPIRATORY VALVE
2| processop [ TO EXPIRATORY VALVE
=L | WIRELESS 41
MODULE -~
450~ Sy ——1
wrsto 49 X464 /473 |__LI\452
CONNECT TO PROCESSOR HAS
NEBULIZER PFT PNEUMOTACHYGRAPH

FUNCTIONS

FI6. 24



Patent Application Publication  Oct. 10,2013 Sheet 25029  US 2013/0267864 A1l

R 560

Mitiea,,
wav VL g

QWERTYUIOP
ASDFGHJKL
ZXCVBNM

AV SPACE.? DEL




US 2013/0267864 A1

Oct. 10,2013 Sheet 26 of 29

Patent Application Publication

VIS
43T104INOD
INdNI

97 94
5% v0S
¥3TI0NINDD 1Nd1N0 gaa&%s%
J
A
it
A A A A
019 805 905
WOYdI oy WV
THVINIINT Y3LIW = — TINGOW
185~ mou 8IS SSTTAAIM
¥ITIONING)

ANV I)VIYIINT ¥4INASNVYL JUNSSTA

213 ‘SYILIHIYD

Woy4/oL \
09

8%

[AY
AV1dSIQ




Patent Application Publication  Oct. 10,2013 Sheet 27 0f29  US 2013/0267864 Al

/900 9'32 930
- j 901
N

906
M o f /
) \ /
MESH
960 ooy
RESERVIOR%\%\\\\N\ (ILLAVAY Z /f/
M

DT ATAM Y
T

~
—
N

=

FI6.27

~—

902



Patent Application Publication  Oct. 10,2013 Sheet 28 0f29  US 2013/0267864 A1

96

— 914

FiG. 28



US 2013/0267864 A1

Oct. 10,2013 Sheet 29 of 29

Patent Application Publication

06
/ ogze O0l6 40 gzq¢
\ \ Zhe 06
WAL oy wmé__s.-u.s_.._.- . MNN
__ _ .«z¢z2¢zzzazzézzzéz24%7 42%245 |
Aw NSRS

9206

Mo SN

ﬂ 9226 096 0v6

026



US 2013/0267864 A1l

NEBULIZER WITH INTRA-ORAL
VIBRATING MESH

RELATED APPLICATION(S)

[0001] This application is a continuation-in-part of U.S.
patent application Ser. No. 13/293,633 filed Nov. 10, 2011,
which is a continuation of Ser. No. 12/724,785 filed Mar. 16,
2010 (now U.S. Pat. No. 8,109,266), which is a continuation-
in-part of application Ser. No. 11/557,993, filed Nov. 9, 2006
(now U.S. Pat. No. 7,726,306), which is a continuation-in-
part of application Ser. No. 11/431,689, filed May 10, 2006
(now U.S. Pat. No. 7,712,466), which is a continuation-in-
part of application Ser. No. 10/783,442, filed Feb. 20, 2004,
the disclosures of which are hereby incorporated by reference
in their entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to the field of nebuliz-
ers, and more particularly, this invention relates to intra-oral
nebulizers.

BACKGROUND OF THE INVENTION

[0003] Commonly assigned U.S. patent application Ser.
Nos. 11/431,689 and 11/557,993 that issued as U.S. Pat. Nos.
7,712,466 and 7,726,306, the disclosures which are hereby
incorporated by reference in their entirety, disclose intra-oral
nebulizers where a venturi is in close proximity to or inside a
patient’s oral cavity. One or more medicine feed lines feed the
medicine to a location proximate to the venturi. Medicines
can be administered simultaneously or singularly to a patient.
Air pressure is applied to the venturi to aid in nebulization
through an air line or separate canister carried by the body of
the nebulizer. High lung-deposition deficiency is improved
because the venturi is located near or preferably inside the
oral cavity. The nebulizer may be simple to use because it
carries and uses a portable pressurized gas container. This
nebulizer may have multiple dose capabilities depending on
the size of the medicine reservoir.

[0004] Commonly assigned U.S. patent application Ser.
No. 12/724,685, now U.S. Pat. No. 8,109,266, the disclosure
which is incorporated by reference in its entirety, discloses
the nebulizer as described in the incorporated by reference
’466 and 306 patents having an incorporated flow meter
function. The air flow may be measured by the patient’s one
of at least inhaling and exhaling air through the nebulizer.
This air flow may be processed over time to determine a
respiratory function of the patient. For example, a processor
may be configured to process the measured air flow over time
to determine a neurological deficiency based on air flow mea-
surements derived from an involuntary reflex cough event.

[0005] Other improvements to the intra-oral nebulizer as

described in the incorporated by reference patents is desir-
able.

SUMMARY OF THE INVENTION

[0006] A nebulizer includes a main body that has a nebu-
lizer outlet and an air channel in communication with the
nebulizer outlet. The main body supports a medicine reservoir
and a mesh that engages the medicine reservoir and air chan-
nel and vibrates to atomize medicine from the medicine res-
ervoir into the air channel for discharge through the nebulizer
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outlet. The nebulizer outlet and mesh are configured to be
received within the oral cavity of the patient when the nebu-
lizer is in use.

[0007] In one example, the mesh is formed as a mesh plate
having multiple apertures through which medicine passes
from the medicine reservoir to be atomized into the air chan-
nel. The apertures are tapered and each aperture has a larger
cross-section on the medicine reservoir side and a smaller
cross-section at the air channel. The apertures are dimen-
sioned at the air channel to form atomized droplets of a
specific size range. An actuator is connected to the mesh plate
to vibrate the mesh plate in one example.

[0008] Inan example, a medicine receiver is configured to
receive medicine and a medicine feed line connects the medi-
cine receiver to the medicine reservoir to supply medicine to
the medicine receiver. The at least one medicine receiver in
one example includes a puncture tube for piercing a medicine
container received within the medicine receiver. It is possible
to include a plurality of medicine receivers, each having a
different shape and matched in shape to a particular shape of
a medicine container to be received therein. A canister sup-
port on the main body is configured to support a canister of
compressed air to provide air into the air channel. The nebu-
lizer outlet and air channel in one example are horizontally
oriented when the nebulizer is in use.

[0009] In another example, an air flow sensor is carried by
the main body and configured to measure air flow generated
by the patient’s one of at least inhaling and exhaling air. The
air flow sensor is positioned within the air channel in one
example. A processor may be connected to the air flow sensor
and configured to process the measured air flow over time to
determine a respiratory function of the patient. The processor
is configured to process measured air flow over time to deter-
mine a neurological deficiency in a patient based on air flow
measurements derived from an involuntary reflex cough. In
another example, a wireless module is carried by the main
body that receives and transmits data regarding measured air
flow. The air flow sensor in an example is configured to
measure one of at least air velocity and air pressure.

[0010] A method aspect is also set forth.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Other objects, features and advantages of the
present invention will become apparent from the detailed
description of the invention which follows, when considered
in light of the accompanying drawings in which:

[0012] FIG. 1 is an exploded view of a nebulizer kit of the
prior art.
[0013] FIG. 2 is a perspective view of an improved nebu-

lizer in accordance with one aspect of the invention.

[0014] FIG. 3 is a sectional view of the nebulizer of FIG. 2,
cut along the centerline of the longitudinal axis.

[0015] FIG. 4is a sectional view of the nebulizer of FIG. 2
showing a cut along the transverse axis at the air line.
[0016] FIG. 5is an exploded view of the nebulizer of FIG.
2 in accordance with one aspect of the invention.

[0017] FIG. 6isanassembled view of the nebulizer of FIG.
2 with a medicine vial in place for use.

[0018] FIG. 7 is a perspective view of a portion of the
nebulizer shown in FIG. 2, showing an air line connection.
[0019] FIG. 8 is an embodiment of a nebulizer that has a
pressurized gas canister connected to selectively activate the
venturi of the nebulizer.
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[0020] FIG. 9 is a view of the nebulizer of FIG. 8, showing
insertion of another type of medicine dispenser.

[0021] FIG. 10 is a perspective view of the open end of the
fluid/air channel section of the nebulizer, which interfaces
with a fluid combiner and nozzle section and the distal dif-
fuser end piece.

[0022] FIG. 11 shows a detailed side sectional view of the
venturi, the mixing chamber and a diffuser.

[0023] FIG. 12 shows a detailed perspective view of the
venturi, mixing chamber and diffuser shown in FIG. 11.
[0024] FIG.13 shows one form of fluid feed from the medi-
cine reservoir to the venturi and mixing chamber.

[0025] FIG. 14 shows an alternative form of fluid feed from
the medicine reservoir to the mixing chamber.

[0026] FIG. 15 shows an improved nebulizer in accordance
with one aspect of the invention, which utilizes four shape-
keyed medicine sources with individual medicine feeds to the
venturi and mixing chamber.

[0027] FIG. 16 shows an exemplary fluid/air channel sec-
tion of the nebulizer of FIG. 15.

[0028] FIG. 17 is a perspective view of an alternative
embodiment of a nebulizer in accordance with one aspect of
the invention.

[0029] FIG. 18 is a side sectional view of the alternative
embodiment of FIG. 17.

[0030] FIG. 19 is a side sectional view of the end of the
nebulizer of FIG. 17 that engages the patient’s mouth.
[0031] FIG.20is asectional view of the nebulizer similar to
that shown in FIG. 3 and showing an air flow sensor associ-
ated with the main body and a wireless module that includes
aprocessor and transceiver that can receive measured air flow
and wirelessly transmit data containing measured air flow to
a handheld processing device in accordance with a non-lim-
iting example.

[0032] FIG. 21 is a sectional view of the nebulizer such as
shown in FIG. 4 and showing the flow sensors that are
mounted within the air channel section of the nebulizer and in
this example showing in greater detail an air flow metering
valve positioned within the air flow channel at the outlet of the
nebulizer in accordance with a non-limiting example.
[0033] FIG. 22 is a cross-sectional view showing the mix-
ing end of a nebulizer that can be used to provide air curtains
and showing an air flow sensor mounted at the mixing end of
the nebulizer in accordance with a non-limiting example.
[0034] FIG. 23 is a perspective view of a nebulizer such as
shown in FIG. 9 and showing a separate flow meter device
removably attached to the main body and configured for use
by a patient after nebulizing.

[0035] FIG. 24 is a block diagram showing basic compo-
nents of the flow meter device that is removably attached to
the nebulizer main body as shown in FIG. 23 in accordance
with a non-limiting example.

[0036] FIG. 25 is a fragmentary plan view of a handheld
processing device that can be used in conjunction with the
nebulizers as shown in FIGS. 20-24 and wirelessly receive
data containing air flow measurements.

[0037] FIG. 26 is a block diagram showing basic compo-
nents of the handheld processing device shown in FIG. 25 that
can receive data from the nebulizer containing air flow mea-
surements.

[0038] FIG. 27 is a fragmentary, sectional view of a nebu-
lizer that includes a vibrating mesh that atomizes medicine
and is received within the intra-oral cavity when the nebulizer
is in use.
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[0039] FIG. 28 is a partial isometric view of another
embodiment of the nebulizer shown in FIG. 27, but showing
a gas canister for air supply.

[0040] FIG. 29 is another fragmentary, sectional view of the
nebulizer similar to that shown in FIG. 27 and showing an air
flow sensor, processor and wireless module incorporated into
the nebulizer to measure air flow data that is wirelessly trans-
mitted.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0041] The present invention will now be described more
fully hereinafter with reference to the accompanying draw-
ings, in which preferred embodiments of the invention are
shown. This invention may, however, be embodied in many
different forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodiments are
provided so that this disclosure will be thorough and com-
plete, and will fully convey the scope of the invention to those
skilled in the art. Like numbers refer to like elements through-
out.

[0042] Inhalation is a very old method of drug delivery. In
the twentieth century it became a mainstay of respiratory care
and was known as aerosol therapy. Use of inhaled epinephrine
for relief of asthma was reported as early as 1929, in England.
Dry powder inhalers have been utilized to administer penicil-
lin dust to treat respiratory infections. In 1956, the first
metered dosed inhaler was approved for clinical use.

[0043] The scientific basis for aerosol therapy developed
relatively late, following the 1974 Sugar Loaf conference on
the scientific basis of respiratory therapy.

[0044] A more complete history of the development of
aerosol therapy and the modern nebulizer is described in the
2004 Philip Kittredge Memorial Lecture entitled, “The Inha-
lation of Drugs: Advantages and Problems” by Joseph L. Rau,
printed in the March 2005 issue of Respiratory Care, Vol. 50,
No. 3.

[0045] The typically used modern nebulizer is delivered as
akit of seven plastic pieces, which are assembled prior to use
to provide for delivery of the medication to a patient via
inhalation. An exploded view of the seven pieces showing
their relationship for assembly is given in FIG. 1. There is a
mouthpiece 100 that is force fit onto one end of a T connector
110. Similarly, the other end of the T connector 110 is
attached to a flex tube 120, also by force fit. The parts are such
that the components can be assembled and disassembled with
a simple twisting action. Nevertheless, when engaged and
pressed together, the pieces form a substantially airtight seal.
The bottom part of the T connector 110 is connected to a cup
cover 130. That, too, is connected by pushing the cup cover
onto the bottom part of the T connector in such a way that the
airtight seal is formed. The cup cover 130 has a screen 135
that screens the material going into the T connector. There is
acup 150 for receiving the medicine to be nebulized. The cup
also has a venturi projecting through the bottom.

[0046] Inatypical use, a vial containing the medication for
administration through the nebulizer is opened and poured
into the cup 150 where it accumulates at the edges of the
rounded bottom of the cup. The venturi is surrounded by a
conical plastic piece through which it passes. The shape ofthe
conical piece of the medicine cup 150 matches substantially
the shape of the venturi cover 140. Once the medicine is
poured into the cup, the venturi cover 140 is placed over the
venturi and the filled medicine cup is screwed, using threaded
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portions on each piece, onto the cup cover 130. In this way, the
medicine is held in place ready for administration.

[0047] In use, the bottom of the airline feeding the venturi
in the medicine cup is attached to an air hose 160, to which is
applied to a source of air pressure thus activating air flow
through the venturi. By venturi action, the exhaust of the air
flow through the small opening of the venturi results in a
reduction in pressure on the downstream side of the air flow so
that the medicine from the medicine cup is fed under positive
pressure up in the interstices between the conical shape of the
medicine cup and the venturi cover and is exhausted then
through the screen 135 into the bottom of the T connector 110.
[0048] A patientisasked to inhale the aerosol mist provided
through the cup cover screen into the air flow channel
between the mouthpiece 100 and the flex tube 120. As a
patient takes the mouthpiece 100 in their mouth, and inhales,
air flows through the open end of the flex tube 120, through
the T connector 110, picking up the aerosol medication and
into the patients’ air passages through the mouthpiece 100.
[0049] Table 8 of the Respiratory Care article, referred to
above, page 381, lists the characteristics of an ideal aerosol
inhaler as follows:

TABLE 8

Dose reliability and reproducibility

High lung-deposition efficiency (target lung deposition
of 100% of nominal dose)

Production of the fine particles <5 pm diameter, with
correspondingly low mass median diameter

Simple to use and handle

Short treatment time

Small size and easy to carry

Multiple-dose capability

Resistance to bacterial contamination

Durable

Cost-effective

No drug released to ambient-air

Efficient (small particle size, high lung deposition)
for the specific drug being aerosolized

Liked by patients and health care personnel

[0050] The standard nebulizer shown in FIG. 1 fails to
achieve a number of these characteristics. Specifically, the
nebulizer of FIG. 1 wastes medication during exhalation.
Further, the particle size is often too large to reach the bottom
of the lungs where the medication may be most needed. There
is difficulty in estimating the dose of the drug being given to
apatientand thereis difficulty in reproducing that dose. There
is a possibility of contamination when opening the initially
sterile kit, poring medication into the cup, and assembling the
pieces for use by a patient. There is also considerable ineffi-
ciency in the medication delivery, with much of it being
deposited in the throat, rather than in the lungs.

[0051] The description relative to FIGS. 2-19 set forth
much of the description in the above-identified and incorpo-
rated by reference 466, *406 and *266 patents, which are
incorporated over the nebulizer described relative to FIG. 1.
[0052] FIG. 2 is a perspective view of an improved nebu-
lizer in accordance with one aspect of the invention. The
nebulizer comprises a main body 200 which has a medicine
receiver 210. Extending from the main body is a fluid air
channel section 230. The fluid combiner and nozzle section
240 then mates the fluid air channel section 230 with the
diffuser 250 as described more hereinafter. A rubber mouth-
piece 260, the position of which can be adjusted, surrounds
the nebulizer. The medicine receiver 210 is shaped to corre-
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spond to the shape of a medication vial or other medication
container, which in this embodiment, can be punctured using
the medicine puncture tubes 220 which are hollow and which
permit the medication then to reach the venturi, discussed
more hereinafter, utilizing, in most embodiments, a gravity
feed, possibly supplemented with the venturi pressure differ-
ential.

[0053] FIG. 3 is a sectional view of the nebulizer of FIG. 2,
cut along the centerline of the longitudinal axis. Here one can
see the path of the air from the air line 300 as it goes toward
venturi 310. The medicine puncture tube 220 communicates
with the medicine feed line 320 allowing the medication to
flow from the medication reservoir into the medicine feed line
into the mixing chamber 330 where it can be atomized by
action of the venturi 310.

[0054] FIG. 4 is a sectional view of the nebulizer of FIG. 2
showing a cut along the transverse axis at the air line. This
view shows the upper half of the nebulizer of FIG. 2 and again
shows the air line 300 as it traverses the length of the nebulizer
up to the venturi.

[0055] FIG. 51s an exploded view of the nebulizer of FIG.
2 in accordance with one aspect of the invention. The nebu-
lizer, as discussed previously, comprises a main body 200. On
the main body is a medicine receiver 210 which is shaped to
allow the medicine cartridge 500 to fit into the receiver. As the
medicine cartridge 500 is inserted in the receiver, the medi-
cine puncture tubes 220 in the medicine receiver 210 will
puncture the medicine cartridge 500 allowing the medication
to flow into the nebulizer for atomization in the mixing cham-
ber, discussed hereinafter. The medicine puncture tubes 220
can either be a portion of a 22-gauge hollow needle which is
press fit into the main body or plastic cast into the main body
200. The far end of the needle communicates with a medicine
feed line discussed hereinafter. On either side of the main
body 200 are one way reed valves 270, or openings which
communicate with air passages in the fluid air channel section
230 to allow inhalation and exhalation by the patient. A fluid
air channel section 230 communicates with the main body in
such a way as to align with the air passages feeding the inlet
and exhaust to openings or one-way reed valves 270. In
addition, the fluid air channel section 230 communicates with
the air line which is feeding the air to the venturi and with the
medicine feed line or lines which bring medicine from the
medicine cartridge or reservoir 500. The fluid combiner and
nozzle section 240, interfaces between the fluid air channel
section 230 in the diffuser 250 as described more in detail
hereinafter.

[0056] FIG. 6is anassembled view of a nebulizer of FIG. 2
with the medicine vial in place for use.

[0057] FIG. 7 is a perspective view of a portion of the
nebulizer shown in FIG. 2, showing an air line connection.
[0058] FIG. 8 is an embodiment of a nebulizer that has a
pressurized gas canister connected to selectively activate the
venturi of the nebulizer. Replacing an air line, which requires
connection to a fixed source of air pressure, such as an oxygen
tank or an air tank, is a gas canister 800 which is totally
portable. The gas canister connects to the main body of the
nebulizer, preferably with a screw on type connection. The
passage from the exhaust of the gas canister to the venturi is
through a press on release off type of valve which can be
selectively activated, using the valve actuator 810 to provide
the appropriate level of gas pressure to the venturi for mixing
with the medication coming in from medication reservoir
500. In this particular embodiment the air inlet exhaust valves



US 2013/0267864 A1l

for inhalation and exhalation by the patient, instead of being
positioned on each side of the nebulizer, are positioned on the
top of the fluid air channel section 230.

[0059] FIG.9 is a view of the nebulizer of FIG. 8 showing
insertion of another type of medicine container. In this case,
the medicine container is shaped to be received by the medi-
cine receiver, previously discussed, in the form of a small
button, approximately the size of an antacid tablet, which
contains an individual dose of the medication to be utilized.
This permits a user to carry with him or her a number of such
individual dose containers, optionally packed in a roll, which
can be placed into the medicine receiver 210 to dispense the
unit dose of medication for the particular patient utilizing the
nebulizer. With the medicine in place, a patient can place the
distal end of the nebulizer in his mouth, sealing his lips around
the rubber mouthpiece 260 and synchronize inhalation with
the activation of the valve actuator 810 which then activates
the flow of gas from the pressurized gas container 800
through the venturi and the mixing chamber where the medi-
cine from the medicine container is atomized by the action of
the venturi and the diffuser plate as described more hereinaf-
ter.

[0060] FIG. 10 is a perspective view of the open end of the
fluid/air channel section of the nebulizer, which interfaces
with a fluid combiner and nozzle section and the distal dif-
fuser end piece. As one can see in FIG. 10, the venturi 310
protrudes slightly beyond the end of the main body 200 into a
mixing chamber to be shown hereinafter. Proximal to the
venturi 310 is a medicine feed line 320.

[0061] FIG. 11 shows a detailed side sectional view of the
venturi, the mixing chamber and a diffuser. The venturi 310
extends into the mixing chamber 1100. The flow of air from
the venturi is applied to a spherical diffuser element causing
the medication entering the mixing chamber as shown here-
inafter to be atomized by the action of the venturi flow.
[0062] FIG. 12 shows a detailed perspective view of the
venturi, mixing chamber and diffuser shown in FIG. 11. In
this sectional view, one can see a plurality of tiny apertures
1200 through which droplets atomized in the mixing chamber
by action of the venturi can pass, ensuring some maximum
size of the droplets into the area through which the patient
inhales and exhales. Since this is a cross section view, only
one air passage 1210 is shown. However, there is a corre-
sponding airflow aperture located symmetrically about the
cut line. The one-way valves 270 are constructed so that the
patient can inhale and exhale through one of the appropriate
air passages 1210.

[0063] FIG.13 shows one form of fluid feed from the medi-
cine reservoir to the venturi and mixing chamber. In this
particular embodiment, the medicine from the medicine feed
line, which in this embodiment runs parallel to the air line
feeding the venturi, ends at the fluid combiner and nozzle
section 240. That piece fits over the nozzle, but is designed to
allow flow of medication from the medicine feed line down
into the proximity of the end of the venturi, exhausting in
close proximity to the exhaust point of the venturi itself. The
venturi action is such that the high speed flow of the air as it
exits the venturi tip results in a considerably decreased pres-
sure vis a vis the surrounding air pressure, which allows a
partial vacuum to form which causes the medicine from the
medicine feed line to enter into the mixing chamber by virtue
of not only gravity feed, but of the pressure differential which
results from the venturi action. The turbulence of the venturi
feed interacting with the diffuser in close proximity with the
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medicine fed from the medicine feed line, results in atomiza-
tion of the medicine in the mixing chamber.

[0064] FIG. 14 shows an alternative form of fluid feed from
the medicine reservoir to the mixing chamber. In this case, the
medicine feed line enters the mixing chamber at a distance
somewhat removed from the tip of the venturi. Nevertheless,
the action of the venturi and the fuser in the mixing chamber
is sufficient to atomize the medication for delivery to the
patient.

[0065] FIG. 15 shows an improved nebulizer in accordance
with one aspect of the invention, which uses four shape-keyed
medicine sources with individual medicine feeds to the ven-
turi and mixing chamber. It is highly desirable to avoid a
situation in which a patient might be given the incorrect
medication. To insure the correct medicine is fed to the
patient, each of the medicine containers or reservoirs are
shaped having a unique shape that is specific for the medica-
tion to be administered. This provides a ready mechanism by
which medical personal can visually confirm the correct
medication being given to the patient. Each medication would
be keyed to a particular shape and the shapes would become
readily recognizable to medical personal resulting in fewer
errors in administration.

[0066] It is also the case, that sometimes a plurality of
medications would be administered simultaneously. In the
case shown in FIG. 15, up to four medications can be admin-
istered simultaneously to a patient in the appropriate dosages.
As noted above, each medicine container or reservoir can be
configured to contain a unit dose of medication, each shaped
according to its unique shape. As a result, the correct dosage
can be applied to the patient and the dosage is reproducible.
Three of the four medication feed lines are shown in F1G. 15,
the fourth one not being visible by virtue of the manner of the
depiction obscuring the fourth medicine feed line.

[0067] FIG. 16 shows an exemplary fluid air channel sec-
tion of the nebulizer of F1G. 15. In the view shown in FIG. 16,
there are four medicine feed lines, one from each of the
key-shaped medicine receivers. There are also two larger
ports which handle the inlet and exhaust from the patients
breathing. In the version shown, the inlet and exhaust pas-
sages, the larger holes, feed respective inlet and output ports
located behind the rubber mouthpiece shown in FIG. 16. The
location of the inlet and outlet exhaust ports can be relocated
as convenient without doing violence to the functioning of the
nebulizer. For example, it is in some embodiments preferred
to have the medicine feed lines located closer to the center line
of the longitudinal axis of the nebulizer and have the air
inlet/exhaust ports be located on either side of the four medi-
cine feed lines. The latter configuration would be more appro-
priate where the air inlet/exhaust valves 217 are located on the
side of the nebulizer, as shown, for example in FIG. 5,
whereas the configuration shown in FIG. 16 might be prefer-
able when the air inlet/exhaust ports are shown on the top of
the fluid air channel section 230 as shown in FIG. 8.

[0068] FIG. 17 is a perspective view of an alternative
embodiment of a nebulizer in accordance with one aspect of
the invention. In this view, in the upper left hand portion of the
image is a medicine port for receiving a reservoir of medicine
for utilization with the inhaler. At the proximal end the circu-
lar area shown indicates the location of the rainfall chamber
as described more hereinafter. At the distal end, beyond the
medicine port, but not shown in this view is an air intake for
an air line feeding the venturi inside the nebulization rainfall
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chamber. The medicine for nebulizer can be filled directly
into the reservoir or the nebulizer can come preloaded with
the medicine.

[0069] FIG. 18 is a side sectional view of the alternative
embodiment of FIG. 17. In FIG. 18, the venturi air line is
shown at the left end of the illustration. On either side of the
venturi air line is a patient air intake port which allows air to
be taken in at that port and fed through the body of the
nebulizer as shown with the arrow indicating patient air flow
direction. The medicine reservoir is shown as well as the
patient inhale port for a patient to receive the medication. A
cap covers the medicine reservoir. The cap can be screwed on,
snapped on or otherwise locked on. The cap can be con-
structed so medicine can be injected into the reservoir through
the cap.

[0070] FIG. 19 is a side sectional view of the end of the
nebulizer that engages the patient’s mouth in accordance with
oneaspect of the invention, showing in more detail the rainfall
chamber and the venturi and medicine feed lines. In FI1G. 19,
one can see the venturi nozzle in approximately the center of
the illustration. Right beneath the venturi nozzle is a chamber
which s fed by a venturi air line, indicated at the lower portion
of the figure to the left of the venturi chamber. Parallel to the
venturi airline and located somewhat displaced above the
venturi air line is the medicine feed line. Medicine from the
reservoir flows through the medicine feed line and through a
relatively small opening just prior to the venturi in order to
dispense medication into the air flow of the venturi. The
venturi effect causes a reduction in pressure which causes the
medicine to flow from the reservoir through the medicine feed
line and into the venturi space where it is mixed with the air in
traditional venturi fashion. The medicine that is nebulized by
action of the venturi is expelled from the venturi port in an
upward direction toward the diffuser. The diffuser in this case,
is shown as textured. It is not necessary that it be textured but
texturing may facilitate the break up of the droplets from the
venturi into smaller sizes. As the droplets from the venturi
bounce off the diffuser and break up, the sizes may not be
totally uniform. The air pressure, the feed rate, the velocity
with which droplets impact the diffuser and other well known
factors can facilitate production of droplets of desired sizes.
In fact, droplets can be generated utilizing this arrangement in
sizes less than 0.1 microns. Nevertheless, larger droplets may
coalesce as they diffuse throughout the rainfall chamber
space. As droplets coalesce, they become larger and fall
toward the bottom of the chamber where medication that is
not utilized is gathered in a recycle sump. Medication found
in the recycle sump, is recycled through the recycle venturi
port to the proximity with the venturi intake to be reutilized.
In this manner, very little medication is wasted and the
amount of medication delivered to the patient can be tightly
controlled.

[0071] When the patient places his mouth on the patient
inhale port to the upper right of the image shown in FIG. 19,
air from the patient inhale air path will circulate over the
rainfall chamber and around the diffuser causing the extrac-
tion of droplets from the rainfall chamber for delivery to the
patient. Note that the patient inhale air path may go not only
over the rainfall chamber but around it to either side with the
actual sizing depending upon the need for the amount of air
flow to be delivered to the patient during administration of
medication.
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[0072] Returning again to Table B of the Respiratory Care
article, discussed above, one can see that the invention has
many of the characteristics of an ideal aerosol inhaler system
as described there.

[0073] Dose reliability and reproducibility is enhanced by
using unit dose medicine containers. High lung-deposition
efficiency is vastly improved over the prior art because the
venturi is located near or preferably inside the oral cavity.
Very fine particles can be produced in accordance with the
invention. The simplicity of use is enhanced by the use of a
portable pressurized gas container and value actuation
mechanism. The short treatment time is enhanced because the
assembly of a seven-piece kit is not required. All that is
required is that the medication be inserted into the medicine
receiver and the actuator valve for the pressurized gas con-
tainer is activated to deliver the medication. The nebulizer in
accordance with the invention is a smaller size and easier to
carry than the seven piece kit. The nebulizer of the invention
has multiple dose capabilities, depending on the size of the
medicine reservoir. The nebulizer of the invention is resistant
to bacterial contamination, because the medication vials do
not need to be opened and poured into an open cup as in the
prior art. Nevertheless, it is possible to configure the nebulizer
of the invention to utilize a cup that can be opened and to pour
the medication into the cup as has been done in the past by
simply making the medication reservoir with a screw off or
pressure fit 1id which will allow the medication to be put into
the cup as it has been done in the past with the seven piece
plastic kit. The nebulizer of the invention is durable and cost
effective. Much less of the medication is released to the
ambient air by virtue of the positioning of the venturi well
within the oral cavity.

[0074] FIG. 20 shows a nebulizer 204 that includes the
main body 200 having an air channel section 201 that is
formed by the air line intake 300 and fluid/air channel section
230 and related sections of the main body as illustrated and
including a mixing chamber 330 and venturi 310 positioned
to be placed within close proximity or within the patient’s oral
cavity in this non-limiting example and configured to receive
medicine and air and mix the medicine and air within the
mixing chamber and receive the air flow through the venturi
and cause the medicine entering the mixing chamber to be
atomized by the action of air flowing through the venturi. In
this embodiment, an air flow sensor 280 is associated with the
main body, and in this example at diffuser 250, and config-
ured to measure the air flow created by the patient’s one of at
least inhaling and exhaling air. In this example, the air flow
sensor 280 is positioned within the air channel section 330
and asillustrated at the exit side of the mixing chamber within
the diffuser such that air flow is measured when the patient is
atleast one of inhaling and exhaling air through the diffuser in
this example.

[0075] The air flow sensor 280 senses and measures the air
flow and sends a signal through communications signal lines
282 (shown in FIG. 21) back to a wireless module 284 posi-
tioned in the main body 200. The wireless module 284 in this
example includes a processor 286 and wireless transceiver
288 such that the signals from the air flow sensor 280 are
processed and in this example wirelessly transmitted through
an antenna 289 (which could be a conformal antenna posi-
tioned on the main body 200) to a handheld processing device
560 such as shown in FIG. 25 and with its processing capa-
bility illustrated in block diagram at F1G. 26. The outlet at the
diffuser onthe exit side ofthe mixing chamber in this example
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chamber includes an air flow metering valve 290 positioned
within the air flow channel and configured to adjust the resis-
tance to air flow to a predetermined level for respiratory
exercise training and incentive spirometry use. In this
example, the air flow metering valve 290 is formed as a baffle
or similar mechanism that can be adjusted to vary the amount
of air flow resistance. The adjustment can be indexed such
that any adjustment and air flow resistance can be predeter-
mined, for example, using a manual adjustment or servo drive
(actuator) for adjusting the valve. The air flow sensor 280 in
this non-limiting example is shown as a number of air flow
sensor members 2804, 2805, 280¢ adjacent the air flow meter-
ing valve 290. The sensors could be positioned in an example
on the air flow metering valve. The air flow metering valve
290 in an example includes a small drive mechanism such as
an actuator attached thereto, allowing adjustments to be made
based upon a signal such as from the processor 286 and
feedback signal from the air flow sensor to adjust and vary the
amount of resistance to air flow for respiratory exercise train-
ing and incentive spirometry use. The valve 290 can also in
one example be manually adjusted by a patient and include
settings to aid in adjustment as noted before.

[0076] Inanon-limiting example, the handheld processing
device 560 is configured to process the measured air flow over
time to determine a respiratory function of the patient. This
device 560 is also configured in another example to process
measured air flow over time to determine a neurological defi-
ciency in a patient based on air flow measurements derived
from an involuntary reflex cough. For example, the voluntary
cough and involuntary reflex cough test as disclosed in com-
monly assigned U.S. patent application Ser. No. 11/608,316
filed Dec. 8, 2006; and U.S. patent application Ser. No.
12/643,134 filed Dec. 21, 2009; and U.S. patent application
Ser. No. 11/550,125 filed Oct. 17, 2006; and U.S. patent
application Ser. No. 12/643,251 filed Dec. 21, 2009, all the
disclosures which are hereby incorporated by reference in
their entirety, set forth details of voluntary cough testing and
involuntary reflex cough testing in which the nebulizer as
described in the instant application can be used to aid in the
type of testing as set forth in those incorporated by reference
applications. Such testing is advantageously used to diagnose
stress urinary incontinence as a non-limiting example.

[0077] FIG. 22 shows a modified nebulizer such as the type
disclosed in commonly assigned U.S. patent application Ser.
No. 11/611,425 filed Dec. 16, 2006 as U.S. Patent Publication
No. 2007/0137648, the disclosure which is hereby incorpo-
rated by reference in its entirety. This application shows air
curtain inlets created by air curtain conduits 404 that are used
to supply a curtain of air above and below the nebulized
medicine and air passing through medication conduit 400 and
to enhance penetration of nebulized medicine into the airway
of the patient. The air flow sensor 280 is positioned at the exit
end of the nebulizer 204 as illustrated and in this example
includes the air flow metering valve 290 as illustrated and
incorporates a manual or automatic adjustment mechanism
such as an actuator as may be needed.

[0078] It should be understood that different types of air
flow sensors 280 can be used. It is possible to design the air
flow sensor 280 as a mass air flow sensor that converts the
amount of air drawn or expelled into and out of the nebulizer
into a voltage signal. Different types of mass air flow sensors
could be used such as a vane air flow meter, including using
any necessary MEMS technology or using a Karmen vortex
or a semiconductor based MAF sensor. It is possible to use a
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hot wire MAF sensor such as a thermistor, platinum hot wire
or other electronic control circuit to measure temperature of
incoming air, which is maintained at a constant temperature in
relation to the thermistor by an electronic control circuit. As
heat is lost, electronic control circuitry can compensate by
sending more current through the wire. This is only one
example. The wire typically will be kept cool enough such
that the temperature does not impact a patient. The hot wire
can be placed further into the diffuser and/or main body
within the air channel. It is also possible to use an Intake Air
Temperature (IAT) sensor.

[0079] Another possible air flow sensor is a vane air flow
meter that includes basic measuring and compensation plates
and other potentiometer circuits. In another example, the air
flow sensor uses a “cold wire” system where an inductance of
a tiny sensor changes with the air mass flow over that sensor
as part of an oscillator circuit whose oscillation frequency
changes with sensor inductance. In another example, the flow
sensor is an electronic membrane placed in the air stream that
has a thin film temperature sensor such as printed on an
upstream side and another on the downstream side and a
heater in the center of the membrane that maintains a constant
temperature similar to the hot-wire. Any air flow causes the
membrane to cool differently at the upstream side from the
downstream side and this difference indicates the mass air
flow. MEMS technology can be used such as MEMS sensors.
In this type of sensor, a MEMS sensor has a silicon structure
and sometimes combined with analog amplification on a
microchip. It includes an analog-to-digital converter ona chip
in another example and can be fused with analog amplifica-
tion and the analog-to-digital converters and digital intelli-
gence for linearization and temperature compensation. The
MEMS testing in one example is used for an actuator to
control the valve 290.

[0080] It should be understood that although the air flow
sensor is shown located at the discharge end of the nebulizer
at the diffuser on the exit side of the mixing chamber, other
locations and positions for the air flow sensor or number of air
flow sensor members are possible as well as the valve 290.
[0081] Itshouldalso be understood that the nebulizer using
the waterfall chamber as shown in FIGS. 17-19 also in an
example has the flow meter function as described and
includes the air flow sensor and wireless module as illustrated
in FIGS. 20 and 21 and can be positioned in different loca-
tions within that device. The air flow sensor can be located at
the discharge end on the exit side of the rainfall chamber or
other locations in which the air flow can be measured. The
valve 290 is also included in another embodiment and
includes an actuator in yet another embodiment.

[0082] Air flow can be measured in pounds per second
(Ibs./sec.) and operate for pulmonary function testing calcu-
lations and incentive spirometry use. The nebulizer in this
example can work as a differential pressure transducer and
connect to a pneumotachygraph (or have a self-contained
chip with such function) to record the velocity of respired air.
It is possible to process associated data as air flow, air pres-
sure, air resistance, and other Pulmonary Function Testing
(PFT) results for respired air and data results from voluntary
cough (VC) and involuntary reflex cough testing (iRCT). The
pulmonary function testing can use spirometry to assess the
integrated mechanical function of the lungs, chest wall and
respiratory muscles and measure the total volume of air
exhaled from a full lung for total lung capacity and empty
lungs as residual volume. The Forced Vital Capacity (FVC)
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can be measured and a forceful exhalation (FEU can be
repeated. Spirometry can be used to establish baseline lung
function, evaluate dyspnia, detect pulmonary disease and
monitor effects of therapies used to treat respiratory disease
and evaluate respiratory impairment and evaluate the opera-
tive risk and perform surveillance for occupational-related
lung disease. Pulmonary function testing can be used to deter-
mine how much air volume is moved in and out of the lungs
and how fast the air in the lungs is moved in and out. This
testing can determine the stiffness of the lungs and chest wall
for compliance. The flow meter function using the air flow
sensor and the associated air flow metering valve together
with any processing capability can be used for Inspiratory
Muscle Training (IMT) to provide consistent and specific
pressures for inspiratory muscle strength and endurance
training. The adjustable valve or other adjustable mechanism
can ensure consistent resistance and be adjustable such as
manually or through microprocessor control for specific pres-
sure settings. It is possible to use the same nebulizer for
exercise treatments and therapy and spirometer treatments.
Thehandheld processing device 560 captures the data and can
be marketed together with the nebulizer and any necessary
catheters for reflex cough testing as a kit. The pneumotachy-
graph function can be placed in a single chip within the
nebulizer or as a separate flow meter device explained below
relative to FIGS. 24 and 25 and connected to the nebulizer.
Data containing air flow measurement results can be wire-
lessly transmitted to the handheld processing device or other
processor.

[0083] The nebulizer also operates in a non-limiting
example as a differential pressure transducer. If the nebulizer
is to measure voluntary cough or the involuntary reflex cough,
an air channel can be connected to the medicine and gas
canister (for tartaric acid in one example) and measure the
voluntary cough and involuntary reflex cough for in-phase
duration from the time from onset to peak and expulsive phase
and in-phase volume such as the duration of the glottic clo-
sure as explained in greater detail below. It is also possible to
measure in-phase peak flow and the expulsive phase peak
flow using such device.

[0084] FIGS. 23 and 24 show an embodiment of the nebu-
lizer such as shown in FIG. 9 at 204 in which the air flow
sensor that is associated with the main body 200 and config-
ured to measure the air flow created by the patient’s one of at
least inhaling and exhaling air is formed as a separate flow
meter device illustrated generally at 450 and which is remov-
ably attached to the main body and configured for use by a
patient after nebulizing. For example, the nebulizer as shown
in FIGS. 2-19 could have the separate flow meter device 450
attached by snap-on clips 452 or other means as shown in the
exampleof FIG. 23. This flow meter device 430 can be readily
attached and detached from the nebulizer. In one non-limiting
example, the patient attaches the flow meter onto the nebu-
lizer after initially using the nebulizer for nebulizing the
mediation for intake. In another example, this flow meter
device 450 could be integrally formed with the nebulizer at
the back of its main body. As illustrated, the flow meter device
has a similar configuration and dimension as the main body
except it is slightly shorter and includes snap-on clips 452 to
allow it to be snapped on and off. The device includes a
flexible tube 456 with a mouthpiece 458. The expiratory
channel valve 460 and intake channel valve 462 are shown at
the side and the antenna 464 that could be a conformal
antenna as partially shown. Although snap-on clips are illus-
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trated, other attachment and fastening mechanisms could be
used such as a tongue and groove attachment mechanism or a
slide mechanism in which the separate flow meter device 450
slides onto the back of the main body of the nebulizer.

[0085] FIG. 24 is a block diagram showing basic compo-
nents of the separate flow meter device 450 that is attached
onto the main body using the clips 452 or other attachment
mechanism. As illustrated, the device includes a processor
470 that is connected to a wireless module 472 that includes
a wireless transceiver 473 in this example that sends data as
wireless communications signals to the handheld processing
device 560 such as shown in FIG. 25 and explained above for
measuring and processing the various respiratory functions
and processing the associated data, including air flow, air
pressure, air resistance, Pulmonary Function Testing (PFT)
results for respired air and data including results from volun-
tary cough testing (VCT) and involuntary reflex cough testing
(iRCT). The antenna 464 as illustrated could be a conformal
antenna. The flexible tube 456 with the mouthpiece 458 is
shown and is attached to the flow meter 450. One or more
valves are positioned in one or more air channels as part of the
flow meter and connected to the flexible tube. In one example
as illustrated, a central control valve 474 controls overall flow
to and from inspiratory and expiratory channels 476, 478
providing overall control of intake and exhaust of respired air
as illustrated. This valve in this example is controlled by the
processor. It can operate similar to the valve 290 for pulmo-
nary testing and exercise. Air flow sensors 480 can be posi-
tioned in various channels for measuring flow, pressure and
velocity of air while allowing the device to perform pulmo-
nary function testing. An air flow sensor 480 could be located
in the single inhale and exhale channel 482 connecting to the
flexible tube or in the other inspiratory or expiratory air flow
channels 476, 478. Different valves 460, 462 can be used as
known to those in the art and the device is not limited to any
one type. The device can operate as a differential pressure
transducer in a non-limiting example and measure voluntary
cough or reflex cough.

[0086] The flexible tube 456 could be removably attached
to the body 484 of the flow meter device 450 in another
example through an appropriate tube fitting 486 that allows
the tube to be readily attached or removed as necessary. In
operation, a patient could self-medicate using the nebulizer,
turn the nebulizer function off and snap-on the flow meter (or
flexible tube or other breathing tube if the flow meter is
built-in) or already attached to the main body. The flow meter
device sends test result data via the wireless module 472 and
the flow and volume of air is measured and transmitted by the
processor such as thehandheld device 560. The processor 470
can also process data for respiratory function depending on
the type of processor and programming. The data from the
processing can be displayed on the display 490, which can
display data about air resistance and pulmonary function and
exercise in an example. Different air flow sensors can be used
such as described above and the device is not limited to any
one sensor. Also, a contact 491 can receive electrical signals
from any sensor 280 such as shown in FIG. 20 if there is
another contact on the nebulizer body and transmit them to
the processor 470.

[0087] A patient (or clinician or physician) can perform a
medical treatment with the nebulizer. It is then possible to
operate the flow meter after nebulization to determine if the
patient has improved due to the use and administration of the
drug such as the tartaric acid. It is possible to measure and
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graph results through an air flow sensor as part of the flow
meter device and transfer data to thehandheld device (or other
processing device) and measure flow and pressure over time.
The adjustment 492 can be used to adjust air flow for spirom-
etry such that the processor adjusts the valve 474 or other
valves in this example. It is possible to adjust valves 460 and
462 to vary the resistance such that the intake and/or expira-
tory pressure is varied.

[0088] FIG. 25 is an illustration of an exemplary handheld
processing device 560. Although a handheld device is
described, any type of processing device may be used. More
particularly, it should be understood that this handheld pro-
cessing device 560 can be used by a nurse practitioner or
doctor and receive input as wireless signals for flow meter
testing as described above. Also, this handheld processing
device 560 can incorporate the circuit and functions as dis-
closed in the copending and commonly assigned *316, >134,
*125 and *251 applications that are incorporated by reference
in their entirety and identified above. Catheters and other
inputs can be connected to this handheld processing device
560 as explained in the above-identified and incorporated by
reference patent applications.

[0089] FIG. 26 is a block diagram that illustrates a com-
puter system 500 for the handheld processing device 560.
Computer system 500 includes a bus 502 or other communi-
cation mechanism for communicating information, and a pro-
cessor 504 coupled with bus 502 for processing information.
Computer system 500 also includes a main memory 506, such
as arandom access memory (RAM) or other dynamic storage
device, coupled to bus 502 for storing information and
instructions to be executed by processor 504. Main memory
506 also may be used for storing temporary variables or other
intermediate information during execution of instructions to
be executed by processor 504. Computer system 500 further
includes a read only memory (ROM) 508 or other static
storage device coupled to bus 502 for storing static informa-
tion and instructions for processor 504.

[0090] Computer system 500 may be coupled via bus 502 to
a display 512, such as a LCD, or TFT matrix, for displaying
information to a computer user. An input device 514, for
example buttons and/or keyboard, is coupled to bus 502 for
communicating information and command selections to pro-
cessor 504. Another type of user input device is cursor con-
trol, such as a mouse, a trackball, or cursor direction keys for
communicating direction information and command selec-
tions to processor 504 and for controlling cursor movement
on display 512. This input device typically has two degrees of
freedom in two axes, a first axis (e.g., x) and a second axis
(e.g.,v), that allows the device to specify positions in a plane.
[0091] Computer system 500 operates in response to pro-
cessor 504 executing one or more sequences of instruction.
Execution of the sequences of instructions causes processor
504 to perform the process steps described herein. In alterna-
tive embodiments. hard-wired circuitry may be used in place
of or in combination with software instructions to implement
the invention. Thus, embodiments of the invention are not
limited to any specific combination of hardware circuitry and
software.

[0092] The term “computer-readable medium” as used
herein refers to any medium that participates in providing
instructions to processor 504 for execution. Such a medium
may take many forms, including but not limited to, non-
volatile media, volatile media, and transmission media. Non-
volatile media includes, for example, optical or magnetic
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disks. Volatile media includes dynamic memory, such as main
memory 506. Transmission media includes coaxial cables,
copper wire and fiber optics, including the wires that com-
prise bus 502. Transmission media can also take the form of
acoustic or light waves, such as those generated during radio
wave and infrared data communications.

[0093] Common forms of computer-readable media
include, for example, a floppy disk, a flexible disk, hard disk,
magnetic tape, or any other magnetic medium, a CD-ROM,
any other optical medium, a RAM, a PROM, and EPROM, a
FLASH-EPROM, any other memory chip or cartridge, a car-
rier wave as described hereinafter, or any other medium from
which a computer can read.

[0094] Various forms of computer readable media may be
involved in carrying one or more sequences of one or more
instructions to processor 504 for execution. For example, the
instructions may initially be carried on a magnetic disk of a
remote computer. The remote computer can load the instruc-
tions into its dynamic memory and send the instructions over
a telephone line using a modem. A modem local to computer
system 500 can receive the data on the telephone line and use
an infrared transmitter to convert the data to an infrared sig-
nal. An infrared detector can receive the data carried in the
infrared signal and appropriate circuitry can place the data on
bus 502. Bus 502 carries the data to main memory 506, from
which processor 504 retrieves and executes the instructions.
The instructions received by main memory 506 may option-
ally be stored on storage device 510 either before or after
execution by processor 504.

[0095] The handheld device 560 preferably uses wireless
technology that could include infrared (IR), Bluetooth, or
RFID technology for communicating with the wireless trans-
ceiver in the wireless module of the flow meter or part of the
nebulizer. The handheld processing device 560 includes a
wireless module 580 that works in conjunction with the pres-
sure transducer interface and controller 518 and the respira-
tory air flow sensor (flow meter) interface 581 and sends and
receives readings through the antenna 582 or other system
that could be used. The wireless module 580 could be located
at different locations.

[0096] FIGS. 27-29 are views of another embodiment of
the nebulizer that includes a mesh that engages a medicine
reservoir and air channel and vibrates to atomize medicine
from the medicine reservoir into the air channel for discharge
through the nebulizer outlet. This mesh may work in conjunc-
tion with a venturi or without a venturi, but in this particular
example, the nebulizer outlet and mesh are configured to be
received within the oral cavity of the patient when the nebu-
lizer is in use with the mesh design. A venturi is not specifi-
cally required for atomization. It is possible, however, to use
a venturi to supplement atomization.

[0097] The nebulizer 900 includes the main body 901 and
nebulizer outlet 902 and a diffuser 904 and mouthpiece 906.
An air channel 910 is in communication with the nebulizer
outlet902, which in this example of FIGS. 27 and 29 connects
to an airline intake 912 at the rear of the main body 901. The
example of FIG. 28, however, includes a gas canister 914 to
supply air that is metered so that the proper amount of air will
be supplied into the air channel and ultimately into the lungs
of auser. As shown in FIG. 28, a valve actuator 916 similar to
the embodiment of FIGS. 8-9 is included to meter the amount
of air or other gas from the gas canister 914 that is passed
through the air channel 910 to be mixed with medicine deliv-
ered from the medicine reservoir 920 and atomized by the
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mesh 922 that engages the medicine reservoir 920 and air
channel 910 and vibrates the atomized medicine from the
medicine reservoir into the air channel for discharge through
the nebulizer outlet 902. In this example, the nebulizer outlet
902 and mesh 922 are configured to be received within the
oral cavity of the patient when the nebulizer is in use. The
medicine reservoir 920 is small enough in this embodiment
such that at the minimum a portion of the reservoir containing
the medicine is also configured to be received within the oral
cavity of the patient when the nebulizer is in use. The medi-
cine reservoir 920, however, could be large and extend
through the main body 901 as long as it engages the mesh 922
to atomize the medicine.

[0098] FIG. 27 shows the medicine receiver 930 and a
medicine puncture tube 932. A large or small medicine con-
tainer may be received and in FIG. 28, a small medicine
container 934 is received in thereceiver 930 and punctured by
the puncture tube 932. Once punctured, medicine flows from
the medicine receiver 930 through medicine feed lines 934 as
shown in FIG. 27 to the medicine reservoir 920. This embodi-
ment also includes air inlet/exhaust valves 936 and 938 (FIG.
28) that may work in conjunction with the air channel and
nebulizer as described above. The embodiment of FIG. 29
shows an air flow sensor 940 and air flow metering valve 942
that may be used similar as described with reference to the
nebulizer in FI1G. 20. As described before, the air flow sensor
940 senses and measures the air flow and sends a signal
through communication signal lines back to a wireless mod-
ule 944 positioned in the main body 900. The wireless module
944 in this example includes a processor 946 and a wireless
transceiver 948 such that the signals from the air flow sensor
940 are processed, and in this example, wirelessly transmitted
through an antenna 950, which could be a conformal antenna.
Signals may be received at the handheld processing device
560, such as shown in FIG. 25 with its processing capability
illustrated in block diagram at F1G. 26.

[0099] It should be understood that the handheld process-
ing device, in accordance with a non-limiting example, could
be an advanced handheld processing device such as described
in U.S. patent application Ser. No. 12/878,316 filed on Sep. 9,
2010, the disclosure which is hereby incorporated by refer-
ence in its entirety, and showing various advanced circuits
and functions for EMG, pressure and other inputs.

[0100] The mesh 922 in one example is formed as a mesh
plate 922a such as extending laterally across the nebulizer
diffuser 904 as shown in FIG. 28 and having multiple aper-
tures 92256 shown schematically in FIG. 29 through which
medicine passes from the medicine reservoir to be atomized
into the air channel 910. The apertures 9225 are tapered and
each aperture has a larger cross-section on the medicine res-
ervoir side and a smaller cross-section at the air channel side.
The apertures 9225 are dimensioned at the air channel 910 to
form atomized droplets of a specific size range. An actuator
960 is connected to the mesh plate 9224 to vibrate the mesh
plate.

[0101] In one example, up to 1,000 tapered apertures 9225
as holes may be included in the mesh plate 922a. Depending
on the size of the nebulizer, the mesh plate 922a¢ may include
thousands of tapered apertures 9225 as holes with diameters
averaging about 3 microns and varying from 1-10 microns in
a non-limiting example. The medicine reservoir 920 may
contain about 0.3 mL medicine fill volume as a non-limiting
example. Larger and smaller medicine volumes may be used,
of course, depending on design. The deformation or vibration
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of the mesh plate 922a pushes the liquid medicine through the
mesh 922. The actuator 960 that is connected to the mesh
plate 922a vibrates the mesh plate. The actuator 960 may be
formed as a piezo element that is in contact with the mesh 922
and produces vibration around the mesh and the liquid medi-
cine or drug in direct contact with the mesh via the reservoir
920. The mesh plate 922a is shown as substantially rectan-
gular in FIG. 28, but in another example, it may be formed as
a circular mesh plate and the piezo element would be annular
shaped around the mesh plate. The mesh plate 922a deforms
into the liquid or medicine side, thus pumping and loading the
tapered apertures 9225 with the medicine. The deformation
on the other side at the reservoir ejects droplets through the
apertures in the air channel 910 to be inhaled by the patient. In
one example, the mesh plate 9224 vibrates at 100 kHz. Small
batteries can operate the piezo or other actuator. A vibrating
mesh plate has been described, it should be understood that a
vibrating horn may also be used. Although 1,000 apertures
922b as holes have been described, it is possible to use an even
greater aperture, such as up to 7,000 laser drilled holes.

[0102] As described before, the example shown in FIGS.
27-29 also include at least one medicine receiver 930 config-
ured to receive medicine from a medicine container 934 as
shown in FIG. 28, which travels via the medicine feed line
934 connecting the medicine receiver 930 to the medicine
reservoir 920 to supply medicine to the medicine reservoir. A
plurality of medicine receivers may be received as shown in
FIG. 15, each having a different shape and matched in shape
to a particular shape of a medicine container to be received
therein. It should be understood that the nebulizer outlet 902
and air channel 910 in these examples are horizontally ori-
ented when the nebulizer is in use. It is also possible to use
static mesh nebulizers in which a force may be applied under
liquid medicine to push it through a static mesh.

[0103] The mesh 922 placed intra-orally allows efficient
medicine and/or drug delivery. The amount of medicine or
drug inhaled is dependent on a patient’s breathing pattern. In
one example, the duty cycle of a patient’s breathing system is
about 40:60, referring to a single respiratory cycle in which
about 40% of that single respiratory cycle is inspiration and
60% is expiration. As a result, 60% of the drug could be
wasted. The use ofthe intra-oral nebulizer, in accordance with
a non-limiting example, will waste less medicine.

[0104] Itispossible to use the air flow metering function as
described relative to FIG. 29 to monitor the breathing pattern
by detecting pressure changes during inspiration and expira-
tion. In conjunction with the canister design shown in FIG.
28, it is possible to determine when a pulse of drug delivery
and compressed gas should be delivered during the first part
of the inspiration. The air flow sensor 940 will monitor mul-
tiple breaths and adapt the nebulizer 900 to the respiratory and
expiratory pattern in one example. It is possible to design the
mesh plate 922a and its number of apertures 9226 and their
configuration for delivery of specific drug formulations and
control the output rate and other variables of drug delivery.
Since the air flow measurements may be processed and then
wirelessly delivered to another location for further processing
and/or data handling, it is possible to receive data back into
the nebulizer and adjust the amount of gas or air from the
canister automatically. It is also possible to adjust the nebu-
lizer using the valve actuator 916 for manual adjustment.
Medicine dosages can vary, but can be as low as 0.5 mcg to as
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high as 10.0 mcg or could be metered for a more specific
amount such as about 2.5 mcg or 5.0 meg as a non-limiting
example.

[0105] The mesh plate 922a can be formed of different
metallic or similar materials and in one example is formed
from stainless steel. The nebulizer may operate off of four (4)
AA batteries as an example. It can deliver a high percentage
of delivery dose within the respirable range at a high output
rate, such as 0.5 to 1.0 ml/minute. Many of the nebulizer
components can be formed from plastic materials to form a
compact and lightweight device. The nebulizer may also be
used for physiological testing in order to invoke the involun-
tary reflex cough.

[0106] There now follows a general description of physiol-
ogy for the involuntary reflex cough test (iRCT), which acti-
vates the Nucleus Ambiguus. The nebulizer with the flow
sensing function is adapted for measuring both voluntary
cough and involuntary reflex cough, such as explained in the
incorporated by reference patent applications. The iRCT
selectively activates the Medial Motor Cell Column (MMCC)
of the spinal cord rather than the (Lateral) LMCC to fire
muscles embryologically predetermined to be involuntary
cough activated muscles in the pelvis. In the past, urologists
did not selectively activate MMCC without overtly activating
the LMCC. Magnetic stimulation or electrical spinal cord
stimulation activate both cell columns and thus it is not pos-
sible to sort out pathology with these. Magnetic stimulation or
other approaches from CNS activation set off both columns.
[0107] The pelvic muscles that typically are activated with
MMCC cough activation include the lumbar-sacral L5/S1
paraspinal axial musculature, which facilitates inpatient con-
tinence screening. An example is through MMCC iRCT
muscle activation, obtaining L5/S1 paraspinal firing but not
L5/S1 lateral gastrocnemius activation because the gastroc
muscles are limb muscles activated primarily through the
LMCC.

[0108] The L-S paraspinals are easier to access with a large
pad placed above the sacrum on the midline that contains
active, reference and ground combined. It is not important to
determine lateralization of the activity like needle EMG for
radiculopathy, but only if activation occurs reflexively where
the onset latency is under the pressure activation of the abdo-
men such as the Levator Ani. This is a poor muscle for these
purposes because people train it to activate and set their pelvis
if the person senses any intra-abdominal pressure elevation.
Also, it is difficult to get pads to stick to that area with hair,
perspiration, fungal infections or bowel/bladder incontinence
present, and other factors.

[0109] Some examples have been developed and studied,
including a normal CNS patient with Lumax bladder and
bowel catheters and pads at L5/S1 paraspinals and a separate
EMG machine and electrodes at the pelvic floor in a standard
3:00 and 9:00 o’clock set-up to demonstrate simultaneous
involuntary activation with iRCT. This sets off the pelvic floor
muscles. Thus, normal airway protection data is obtained and
normal CNS data to L1 (where spinal cord ends). The set-up
includes a complete T12 that cannot void and needs intermit-
tent catheterization with the same set up, thus demonstrating
data for normal airway but no L5/S1 EMG activation by
MMCC with all the other data necessary to prove an unsafe
bladder by the algorithm. A quadriplegic can demonstrate
abnormal airway protection and abnormal EMG activation at
both paraspinal and pelvic floor muscles with unsafe bladder
measurements that follow the algorithm.
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[0110] TItshould be understood that iRCT is an involuntary
maneuver that activates embryologically predetermined
muscles for airway protection and continence that travel pri-
marily through the MMCC in the spinal cord. Different vari-
eties of lesions are captured and determined with summated
interval data approach for general screening purposes.

[0111] Itis known that the laryngeal cough reflex (LCR) is
a strong brainstem-mediated reflex that protects the upper
airway by preventing aspiration, or the entrance of secretions,
food, and/or fluid into the airway below the level of the true
vocal cords (rima glottidis), through elicitation of an invol-
untary cough. The LCR is activated through the stimulation of
cough receptors in the vestibule of the larynx. One way this is
achieved is through the inhalation of chemostimulants, such
as tartaric acid. Studies have shown that if the LCR is intact,
the subject will involuntarily cough (normal LCR) upon
inhaling a solution containing TA.

[0112] Inone non-limiting example, the iRCT involves the
inhalation of a nebulized 20% normal saline solution of L-TA
(Tartaric Acid). Subjects are asked to perform 1 to 3 effective,
full inhalations (about 15-20 second exposure by mouth for
tidal breathing wearing a nose clip) from a standard jet nebu-
lizer with at least 50 psi from an oxygen wall unit or tank that
produces an average droplet diameter of 1 to 2 microns or
less. The nebulizer output is 0.58 mI/min. The initiation of an
involuntary cough reflex after any one ofthe inhalations is the
end point of the procedure.

[0113] Nebulized TA is a chemical tussive that stimulates
irritant receptors in the mucosa of the laryngeal aditus. Mild
irritation of these receptors results in nerve impulses being
conveyed by the internal branch of the superior laryngeal
nerve (ibSLN) to bulbar centers of the brainstem. This nerve
constitutes the afferent sensory component of the LCR arc.
The efferent component of the LCR is mediated through the
vagus, phrenic, intercostals and thoracoabdominal nerves.

[0114] Inhaled TA is selective in stimulating rapidly adapt-
ing (“irritant”) receptors (RARs), in the supraglottic region.
In humans, bilateral anesthesia of the ibSLN abolishes TA-
induced cough and permits tidal breathing of the nebulized
vapor without coughing, supporting the idea that the RARs
are responsible for TA-induced cough.

[0115] Thephysiological response from inhalation of TA in
a normal subject is abrupt, forceful coughing of short dura-
tion. Using a 20% solution of inhaled nebulized TA is a safe,
reliable way to assess the sensation in the supraglottic laryn-
geal region and subsequently the neurologic circuitry of the
LCR. In addition, the ability of the iRCT to predict the integ-
rity of the protective LCR in subjects with stroke has been
studied.

[0116] A 20% solution of TA as an aerosol causes cough by
stimulating sensory nerves in and under the laryngeal epithe-
lium. These nerves have been identified histologically, and
the reflexes they cause have been identified. The sensory
nerves can be stimulated by both non-isosmolar and acid
solutions. Tartaric acid may act in both ways, but the balance
between them is uncertain.

[0117] The nerves are stimulated by the opening of mem-
brane channels in the nerve terminals. More than 20 catego-
ries of channels have now been identified, the opening of
which will allow calcium flow into the nerve (and also
sodium, with exit of potassium), with the result that an action
potential is set up, which travels to the brainstem in the central
nervous system (CNS), and reflexively induces cough.
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[0118] Several different types of sensory nerve ending in
the larynx have been identified that may mediate cough and
other defensive reflexes. They have been extensively studied,
mainly in experimental animals by recording the action
potentials in their nerve fibers. The probable candidates for
cough are the RARs or ‘irritant’ receptors. These are highly
sensitive to mechanical stimuli, to hyperosmolar solutions,
and to acids.

[0119] Once stimulated, the sensory nerves will induce a
variety of defensive reflexes, which protect the lungs from
invasion of harmful material. These include cough (an inspi-
ration, followed by a forced expiration against a closed glot-
tis, followed by opening of the glottis with an expiratory
blast); the laryngeal cough expiratory reflex (LCER, a pow-
erful expiratory effort with the glottis open); and the glottal
closure reflex. In some instances a reflex apnea can be pro-
duced. The balance of these reflexes may depend on the
nature and the strength of the stimulus. In the case of TA, the
LCER seems to be dominant, possibly followed by glottal
closure, and the pathophysiological advantage of this
response in preventing aspiration is obvious.

[0120] There now follows an analysis and test results in
greater detail that explain the advantageous use of the invol-
untary reflex cough test (iRCT) for investigating and diag-
nosing not only SUI, but also physiological abnormalities
such as neurologic deficiencies. The nebulizer as described
can be used in conjunction with testing. It should be under-
stood that there are differences between normal and neuro-
logical patients.

[0121] The EMG from the parineal muscles respond almost
simultaneously to the onset of the voluntary cough because
the patient does not want to leak. With the involuntary reflex
cough test, on the other hand, the fast fibers that are set off
reach the abdominal muscles quickly, such as in 17 millisec-
onds as an example. The patient is not able to set their pelvis.
In some of the graphs reflecting urodynamic testing as will be
described, it is evident that the onset of the EMG activity does
not happen at the same time the pressure rises. Some people
that have neuropathy, for example, spinal stenosis or nerve
injury (even if it is mild), have a situation that prevents the
reflexes from closing before the pressure has changed to push
on the bladder. It is not possible to obtain this diagnostic tool
methodology unless the involuntary cough reflex test is
accomplished. When the involuntary reflex cough test is
accomplished, it is possible to demonstrate a latency delay
and show that the pathophysiology is a neuropathic problem
rather than a structural problem. It is possible to separate the
pathophysiology using the involuntary reflex cough test and
methodology as described.

[0122] Inoneexample, a female patient could have a weak
spinal cord and her physiology is normal. This patient may
not leak during the test, but the patient cannot protect her
airway. Thus, using the methodology apparatus and system
associated with the involuntary reflex cough test, in accor-
dance with non-limiting examples, it is possible not only to
diagnose an unprotected airway, but also to diagnose normal
bladder physiology, including the neurophysiology to the
patient’s sphincter closure process. This is advantageous
because it is then possible to determine when someone cannot
protect their airway, even though they may have a normal
bladder. Conversely, there are patients with a normal airway,
but cannot control their bladder. This process and system as
described is able to make that diagnosis and thus the invol-
untary reflex cough test is an advantageous medical diagnos-
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tic tool. For example, it is possible to have a patient with a
poorly functioning bladder and normal airway and use of the
test allows a doctor to find lower urinary tract symptoms and
neuropathology. It becomes possible to diagnose a level of
lesion in a patient with a full comprehensive neurologic
examination using the involuntary reflex cough test, method-
ology and apparatus as described.

[0123] As will be described in detail later, the various com-
ponents such as the nebulizer, one or more catheters, any pads
for the paraspinal muscles when EMG is used, and drug as
part of the nebulizer are inserted in a kit for use at the clinic,
hospital or setting. Those components can be discarded after
use. The handheld device, of course, will be used again. Use
of the kit provides a clinician, doctor or other medical pro-
fessional the readily available diagnostic tool to determine if
a patient has a questionable airway and determine bladder
physiology at the same time, all with the use of the one kit.
[0124] A kit that is marketed for the iRCT diagnostic tool
could include the nebulizer and its drug as TA in one example
and one or more pads for the electrodes at the paraspinal and
use with EMG. The pad may only be necessary for stress
incontinence determinations. A catheter is included in
another kit example for use in measuring airway and intra-
abdominal pressure. In one non-limiting example, a pad can
be placed on a catheter to determine urine leakage and aid in
determining stress incontinence. Pressure data is sent to the
handheld device in some examples. Obtaining any EMG val-
ues from the paraspinal in conjunction with the urology
analysis is advantageous. It is possible in one example to
measure pressure from a bladder catheter and determine at the
same time EMG signals using the EMG electrodes at the
L5/S1 in conjunction with the measured involuntary reflex
cough test and urology catheter sensing. This is advantageous
compared to placing electrodes at the perineal muscles on
each side of the sphincter.

[0125] It has been found that EMG signals obtained from
the perineal muscles have EMG activity from the non-invol-
untary muscles, i.e., the voluntary muscles blacking out and
making analysis difficult because of the signal interference.
When the electrodes are placed at the back at the L5/S1
junction, on the other hand, there is nothing else but the
paraspinal muscles. It is bone below on each side at the L5/S1
junction. The electrical impulses can be obtained that deter-
mine the number of cough impulses coming down through the
patient. This is accomplished even if a person has much
adipose. The electrode pad used at the L5/S1 junction, in one
non-limiting example, typically has an active reference and
ground. A pad holds this active reference and ground and the
leads as the active reference and ground are plugged into the
handheld device (or wireless sensing device in another
example) and transmit data to the processor. At least one
catheter is also plugged into the handheld device (or wireless
sensing device) and measures bladder pressures. A rectal
catheter can also be used in some examples. The processor
receives EMG signals and determines when the cough event
is over.

[0126] The involuntary coughs are not hidden by interfer-
ence when measured from the lower back at the paraspinals as
described. This allows a clinician to determine coughs from
the bladder when the EMG located at the L5/S1. In one
aspect, the area under curve and the average pressure is deter-
mined for the cough event corresponding to the involuntary
reflex cough test. When this involuntary component of the
cough ends, in one example, it becomes silent EMG activity
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for a period of time. The pressures are at baseline for a period
of time, which corresponds in one exaniple to an inhalation.
The involuntary component is over.

[0127] Sometimes with the involuntary reflex cough test,
the cough occurs six times without breathing, but when the
patient stops to breathe, the event is over. Using the program-
ming applied with the processor in the handheld device, it is
possible to calculate the variables inside the wave as to the
involuntary cough and determine airway protection capabil-
ity. Thus, it is possible to determine and measure cough by
defining through appropriate data processing the involuntary
cough event compared to the whole cough epoch. For
example, a patient could cough ten times, but only the first
four are part of the involuntary cough event. The coughs after
that event are not part of the epoch.

[0128] The programming includes algorithm branches
resulting in a conclusion of unsafe bladder based on the data
analysis. It is possible to calculate from the waveforms infor-
mation necessary for assessing airway protection ability. It
should be understood that taking the EMG from the L.5/S1 is
also a better situation for the doctor or clinician, and the
patient, since it is more acceptable in a hospital, outpatient or
inpatient setting. The doctor or clinician does not have to bend
down or stoop and look near the crotch area and place pads
since the EMG can now be taken from the paraspinals. Also,
the placement of pads and electrodes at the paraspinals is
advantageous when patients are standing. If pads are placed at
the perineal area, sweat and other problems could cause those
pads to become loose and good signals may not be obtained.
Also, it should be understood that the perineal nuscles do not
fire involuntarily. The sphincter may fire involuntarily, but
that would create more noise as noted before. Electrodes are
not placed at the vagina, but are placed at the paraspinal area
instead.

[0129] This information obtained from iRct and the EMG
taken at the paraspinals allows the doctor or clinician to
obtain data leading directly to a diagnosis. For example, some
patients that have urinary stress incontinence may have a
normal airway in this analysis. It has been found by experi-
mentation that the normal airway is about 50 centimeters
water average intra-abdominal pressure. It should be under-
stood that the vesicular pressure (bladder pressure) can track
intra-abdominal pressure and terms are often similar and used
together. “Bladder” or intravesicular pressure is often used to
determine and equate with intra-abdominal pressure. The two
are sometimes used interchangeably. Stress urinary inconti-
nence and/or bladder physiology can be diagnosed. The sys-
tem and method as described leads directly to diagnosis. Fifty
centimeters average intra-abdominal pressure over time has
been found to correspond to an involuntary reflex cough test
normal airway. Thus, the standard deviations or other per-
centages from that value are used in one non-limiting
example to determine an abnormal airway. In a conducted
study, the actual value is determined to be about 50.6 centi-
meters water as compared to voluntary cough values of about
48 centimeters of water. In an outpatient setting, it is possible
to have the nebulizer (and drug) and only a pad and test SUI.
Inhospitalized patients or inpatient settings, this combination
is used to measure airway and bladder physiology and the test
combination includes a catheter.

[0130] It should be understood that the involuntary cough
reflex test (IRCT) gives a higher pressure average than
obtained using a voluntary cough test. The involuntary cough
reflex test is thus a valuable medical diagnostic tool. In one
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example, four variables are significant in this analysis. These
variables include: (1) duration of the event; (2) average intra-
abdominal pressure of the event; (3) peak intra-abdominal
pressure (max) of the event; and (4) area under the curve.
Using these four variables, it is possible to process the
received data and obtain a specific diagnosis that could not
otherwise be obtained without the use of the involuntary
reflex cough test. Individual deficits in a specific variable or
combination of variables are used to characterize specific
diseases and problems and useful as a medical diagnostic
tool.

[0131] Many modifications and other embodiments of the
invention will come to the mind of one skilled in the art having
the benefit of the teachings presented in the foregoing
descriptions and the associated drawings. Therefore, it is
understood that the invention is not to be limited to the spe-
cific embodiments disclosed, and that modifications and
embodiments are intended to be included within the scope of
the appended claims.

That which is claimed is:

1. A nebulizer comprising:

a main body comprising,

a nebulizer outlet;

an air channel in communication with the nebulizer out-
let;

a medicine reservoir; and

amesh that engages the medicine reservoir and air chan-
nel and vibrates to atomize medicine from the medi-
cine reservoir into the air channel for discharge
through the nebulizer outlet;

wherein said nebulizer outlet and mesh are configured to be

received within the oral cavity of the patient when the
nebulizer is in use.

2. The nebulizer according to claim 1 wherein said mesh
comprises a mesh plate having multiple apertures through
which medicine passes from the medicine reservoir to be
atomized into the air channel.

3. The nebulizer according to claim 2 wherein said aper-
tures are tapered and each aperture has a larger cross-section
on the medicine reservoir side and a smaller cross-section at
the air channel.

4. The nebulizer according to claim 3 wherein said aper-
tures are dimensioned at the air channel to form atomized
droplets of a specific size range.

5. The nebulizer according to claim 2 comprising an actua-
tor connected to the mesh plate to vibrate the mesh plate.

6. The nebulizer according to claim 1 comprising at least
one medicine receiver configured to receive medicine, and a
medicine feed line connecting the medicine receiver to the
medicine reservoir to supply medicine to the medicine reser-
Vvoir.

7. The nebulizer according to claim 6 wherein the at least
one medicine receiver comprises a puncture tube for piercing
a medicine container received within the medicine receiver.

8. The nebulizer according to claim 1 comprising a plural-
ity of medicine receivers, each having a different shape and
matched in shape to a particular shape ofa medicine container
to be received therein.

9. The nebulizer according to claim 1 comprising a canister
support on the main body and configured to support a canister
of compressed air to provide air into the air channel.

10. The nebulizer according to claim 1 wherein said nebu-
lizer outlet and air channel are horizontally oriented when the
nebulizer is in use.
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11. A nebulizer comprising:
amain body comprising,
a nebulizer outlet;
an air channel in communication with the nebulizer out-
let;
a medicine reservoir;
amesh that engages the medicine reservoir and air chan-
nel and vibrates to atomize medicine from the medi-
cine reservoir into the air channel for discharge
through the nebulizer outlet;
wherein said nebulizer outlet and mesh are configured to be
received within the oral cavity of the patient when the
nebulizer is in use; and

an air flow sensor carried by the main body and configured

to measure air flow generated by a patient’s one of at
least inhaling and exhaling air.

12. The nebulizer according to claim 11 wherein said air
flow sensor is positioned within the air channel.

13. The nebulizer according to claim 11 and comprising a
processor connected to the air flow sensor and configured to
process the measured air flow over time to determine a res-
piratory function of the patient.

14. The nebulizer according to claim 13 wherein said pro-
cessor is configured to process measured air flow over time to
determine a neurological deficiency in a patient based on air
flow measurements derived from an involuntary reflex cough.

15. The nebulizer according to claim 11 comprising a wire-
less module carried by the main body that receives and trans-
mits data regarding measured air flow.

16. The nebulizer according to claim 11 wherein said air
flow sensor is configured to measure one of at least air veloc-
ity and air pressure.
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17. The nebulizer according to claim 11 wherein said nebu-
lizer outlet and air channel are horizontally oriented when the
nebulizer is in use.

18. The nebulizer according to claim 11 wherein said mesh
comprises a mesh plate having multiple apertures through
which medicine passes from the medicine reservoir to be
atomized into the air channel.

19. A method of administering a medicine to a patient using
a nebulizer having a main body comprising, a nebulizer out-
let, an air channel in communication with the nebulizer outlet,
a medicine reservoir, and a mesh engaging the medicine res-
ervoir and air channel;

receiving the nebulizer outlet and mesh within the oral

cavity of the patient;

vibrating the mesh to atomize medicine from the medicine

reservoir into the air channel; and

discharging atomized medicine through the nebulizer out-

let.

20. The method according to claim 19 comprising measur-
ing air flow through the air channel during one of least inhal-
ing and exhaling of air.

21. The method according to claim 20 comprising process-
ing the measured air flow over time to determine a respiratory
fanction of the patient.

22. The method according to claim 19 orienting horizon-
tally the nebulizer outlet and air channel when the nebulizer is
in use.

23. The method according to claim 19 comprising passing
medicine through a mesh plate having multiple apertures to
atomize the medicine into the air channel.
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