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ABSTRACT

An improved nebulizer breathing system wherein a supplemental gas may be
introduced into the nebulizer head at a position after the liquéfied medication has:been. fractured
or nebulized, so that the introduction of the supplemental gas does not effect the rate at' which the
nebulized liquefied medication is applied to the user, and the mixture of gases to be administered
to:a-patient is added to the breathing system at a position removed from the:point at which the.
gas mixture is administered to the patient.
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Invention Title:

NEBULIZER BREATHING SYSTEM

The following statement is a full description of this

invention, including the best method of performing it known to

me/us:
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A

Field of the Invention

[001] This invention relates in general to an improved breathing system incorporating a
nebulizer and, in particular, to an improved bréathing system including a non-rebreathér mask, a
reservoir bag, a rescue valve and an improved nebulizer having an auxiliary gas port carriedby a
nebulizer head in a position removed from the riebulization chamber to introduce an auxiliary gas
into the nebulizer head, when desired, without éffecting the rate at which the breathing system

applies medication to the nebulizer user.

Background of the Invention

[002] Persons requiring treatment of certain kinds of respiratory conditions frequently need to

have medications delivered directly to the lungs: Nebulized or aerosolized solutions are the
preferred method of delivery of respiratory medication because the medicant is fragmented into

small particles that are more efﬁcienﬂysdePOSited:near sites of drug activity in the lungs.

[003] While nebulizers are well known to those skilled in the art, aerosolization of medications
in a nebulizer is:effected by putting a liquefied medication into a container or liquid reservoir and
introducing a pressurized flow of gas through an aérosol-nozzle carried within a nebulization

chamber which-is coupled to the liquefied medication contained in the liquid reservoir by a

liquid draw tube. As the pressurized high velocity gas flows through the aerosol nozzle, the

liquefied medication is drawn through the liquid draw or aspirator tube into the path of the high
velocity gas and is fractured thereby into a mist, becoming entrained with the gas flow out of the
nebulization chamber through the container and outtherefrom through an output port.

[004] In certain applications, nebulization t_hcra_py' can be enhanced through the use of an

-auxiliary gas to supplement the nebulizing or driving gas being introduced through the aerosol

nozzle. Such supplemental gases may be air, oxygen, helium or a combination of these two
gases, referred to as heliox, depending upon the particular driving gas being used. The use of
helium, an inert and metabolically stable gas which readily diffuses into swollen airways, or heli-
0X,.as-a supplement to the nebulizing gas is-also known, and these gasses:are frequently used to
drive the nebulized medication deeper into a user’s lungs to deliver medications to bypass

obstructed or restricted airways for a greater and more rapid effect from the medication..
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[005] One of the problems encountered when using supplemental gases, however, is that the
injection of the supplemental gas into the nebulizing gas or into the nebulizing chamber affects
the rate at which the liquefied medication passes out from the container through the aerosol
output port. Generally, the rate at which the liquefied medication is to be nebulized and
delivered to the user, is determined based upon, among other factors, the rate of flow and
density of the driving or nebulizing gas being introduced into the nebulization chamber. When
a supplemental gas is introduced into the nebulizing gas flow or into the nebulization chamber,
the total quantity of medication delivered through the nebulization chamber changes.
Accordingly, the predetermined rate at which the liquefied medication is discharged through the

aerosol output port varies from that at which it was initially set.

[006] Another problem encountered when a supplemental gas is introduced into a nebulizer
breathing system, is that the supplemental gas is introduced at a point in the system close to the
patient interface, such as a non-rebreathing (NRB) mask. The introduction of a supplemental
gas at such a position relative to the NRB mask frequently results in the application of a non
uniform gas mixture. If a patient does not take uniform breaths, or the patient’s breathing
pauses, the percentage of the supplemental gas being introduced increases, or spikes, resulting

in the patient inhaling a greater percentage of the supplemental gas with the next breath.

Summary of the Invention

[006a] In a first aspect, the present invention provides a nebulizer breathing system
comprising:

a nebulizer having a nebulizer head adapted to be received on a receptacle adapted to
contain a liquid medicant to be nebulized;

said nebulizer head including a first chamber having a closed top, enclosing sides and
an open bottom adapted to receive for coupling thereto a receptacle adapted to contain a liquid
medicant to be dispensed at a predetermined rate of concentration;

said nebulizer head including a second nebulizing chamber carried within said first
chamber at a position spaced from said closed top and extending downwardly therefrom;

said nebulizing chamber having an open bottom adapted to pass entrained and
nebulized liquid medicant outwardly there through;

a nebulizing nozzle in fluid communication with said nebulizing chamber for creating a
nebulized aerosol from liquid medicant coupled thereto;

means for coupling a flow of nebulizing gas into said first chamber to said nebulizing

nozzle and through said second nebulizing chamber carried within said first chamber;

N:\Sydney\Cases\Patent\56000-56998\P56790.AU\Specis\P56790.AU Specification 2008-11-14.doc 18/11/08
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an aspirator tube having a first end positioned in fluid communication adjacent to said
nebulizing nozzle, and a second end positioned to be received into liquid medicant contained
within the receptacle;

an auxiliary gas inlet port for introducing a supplemental gas into, said first chamber
extending into said first chamber at a position removed from the interior of said nebulizing
chamber,

said first chamber having a discharge outlet spaced from said open bottom of said
nebulizing chamber and said auxiliary gas inlet port, for discharging liquid medicant entrained
in said nebulizing chamber and the supplemental gas introduced into said first chamber through
said auxiliary gas inlet port from said nebulizer and

a flexible tube coupled to said nebulizer discharge outlet and extending there from, said
flexible tube having a discharge outlet for connecting the entrained liquid medicant discharged
from said nebulizer discharge outlet to a patient interface;

said flexible tube extending a length sufficient to provide a substantially uniform

entrained liquid medicant discharge to the patient interface.

(006b] In one embodiment, the patient interface comprises a non-rebreathing mask for

receiving the entrained liquid medicant discharged from said flexible tube.

[006¢c] In a further embodiment, the non-breathing mask includes a valve which opens upon
inhalation and closes upon exhalation, and a valve which opens upon exhalation and closes

upon inhalation.

[006d] In another embodiment, the nebulizer breathing system includes a reservoir for
accumulating a quantity of entrained liquid medicant discharged from said flexible tube for

discharge to said non-rebreathing mask in response to a patient’s breathing.

[006€] In another embodiment, the nebulizer breathing system includes a normally closed
rescue valve which is opened in response to a patient over-breathing the quantity of the

entrained, liquid medicant discharged from said flexible tube to said non-rebreathing mask.

[006f] In another embodiment, the nebulizer breathing system includes a wye having a first
inlet connected to the outlet of said flexible tube, a second inlet and a discharge outlet;
a reservoir for accumulating a quantity of entrained liquid medicant discharged from

said flexible tube, said reservoir being connected to said second inlet of said wye; and

N:\Sydney\Cases\Patent\S6000-56999\P567 90. AU\Specis\P56790.AU Specification 2008-11-14.doc 18/11/08
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said non-rebreathing mask being connected to said discharge outlet of said wye.

[006g] In a further embodiment, the wye includes a normally closed rescue valve which is
opened in response to a patient over-breathing the quantity of entrained liquid medicant

discharged from said flexible tube to said non-rebreathing mask.

[006h] In one embodiment, the auxiliary gas inlet port and said discharge outlet are in opposed
positions relative to each other, and said nebulizing chamber carried within said first chamber

extends therebetween.

[0061] In one embodiment, the nebulizer breathing system further includes a receptacle for

containing liquid medicant to be dispensed through said discharge outlet.

[006)] In a further embodiment, the receptacle includes means for releasably connecting said

receptacle to said first chamber in sealing engagement therewith.

[006k] In one embodiment, the nebulizing chamber has in open top attached to the interior of
said first chamber at a position above said auxiliary gas inlet port and said nebulizing chamber
extends downwardly therefrom such that said open bottom of said nebulizing chamber is

positioned at a location removed from said auxiliary gas inlet port.

[006]] In one embodiment, the nebulizing nozzle is supported from said first chamber top
above said nebulizing chamber for entraining liquid medicant communicated thereto through

said aspirator tube.

[006m] In one embodiment, the nebulizing chamber extends downwardly within said first
chamber such that said open bottom of said nebulizing chamber is positioned at a location

below said auxiliary gas inlet port and below said first chamber discharge outlet.
[006n] In one embodiment, the means for coupling a flow of nebulizing gas into said first

chamber comprises an adapter for releasably coupling a source of driving gas to said nebulizing

nozzle.

[0060] In one embodiment, the auxiliary gas inlet port includes means for selectively closing

said auxiliary gas inlet port when not in use.

N:ASydney\Cases\Patent\56000-56993\P56790. AUNSpecis\P56790.AU Specification 2008-11-14.doc 18/11/08
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[007] The present invention is directed to overcoming one or more of the problems or
disadvantages associated with the relevant technology. As will be more readily understood and
fully appreciated from the following detailed description of a preferred embodiment of the
present invention, the invention is embodied man improved nebulizer breathing system wherein
a supplemental gas may be introduced into the nebulizer head at a position after the liquefied
medication has been fractured or nebulized, so that the introduction of the supplemental gas
does not effect the rate at which the nebulized liquefied medication is applied to the user, and
the mixture of gases to be administered to a patient is added to the breathing system at a

position removed from the point at which the gas mixture is administered to the patient.

Description of the Drawings

[008] It will hereinafter be convenient to describe an embodiment of the invention with
reference to the accompanying drawings. It is to be understood that the particularity of these
drawings and the related description does not supersede the preceding broad description of the

nvention.

Fig. 1 illustrates an exploded view of the unproved nebulizer breathing system of the
invention; and
Fig. 2 is an elevational view of a component of the invention with portions broken away

to better illustrate the internal construction thereof.

Detailed Description of a Preferred Embodiment

[009] Referring now to the drawings, there is illustrated in Fig. 1 a preferred embodiment of the
improved nebulizer breathing system 1000 which includes a nebulizer 100, a flexible tubing
200 connecting & first inlet end to the output port of the nebulizer and at a second outlet end to
the remainder of the breathing system, a wye 300 connected at a first input branch to the outlet
end of the flexible tubing and having a second input branch and a discharge outlet a flexible
reservoir bag 400 having an outlet connected to the second input branch of the wye, a NRB
mask 500 having an inlet connected to the discharge outlet of the wye, and a rescue valve 600
carried by the wye to permit a patient to inhale through the mask in the event the patient is

beginning to draw a negative pressure or vacuum.

N:\Sydney\Cases\Patent\56000-56999\P56790. AU\Specis\P56790.AU Specification 2008-11-14.doc 16/11/08
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[0010] The nebuliser 100, illustrated in detail in Fig. 2, is preferably molded from translucent
plastic and includes a nebulizer head 10 which is adapted to be received on a liquid container or
receptacle 20. To this end, the lowermost portion of the nebulizer head 10 is open and formed
with an internal thread 11 which is sized to receive a complementaryexternaithread21 formed
on the top or neck portion of the liquid receptacle 20 for forming a liquid tight seal.

[0011] The nebulising head 10 has a closed circular-shaped top 12 and a depending skirt 13

fanning a generally cylindrical shape with an open bottom 14 adapted to receive the liquid

N:\Sydney\Cases\Paten\56000- P56790 AU\Specis\P56790.AU Specification 2008-11-14.doc 18/11/08
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container 20. A nebulization chamber 30 is formed inside the nebulization head 10 and spaced
downwardly from the top 12. The nebulization chamber 30 extends downwardly from a point of
attachment 31 on the inner wall 13a of the skirt 13 towards the open end 14 of the nebulizer
head, forming a chamber in which the liquid contained in the liquid container 20 is entrained in a
driving or nebulizing gas introduced through the top 12 of the nebulizer head 10 into the

nebulization chamber 30,

[0012] The top 12 of the nebulizer head 10 supports an adapter 15 by which a suitable source of
driving or nebulizing gas is connected, such as by a flow meter or tubing, 15b, for introduction
into the.nebulizing chamber 30. A conventional nebulizing nozzle 16 is supported within-the
nebulizing chamber 30 beneath the top 12, and is coupled to a passageway 154 formed through
the adapter 15 by which the driving or nebulizing gas is introduced into the nebulizing chamber

30.- The nebul'izing“nozzle 16 communicates with:a suitable orifice at an upper terminal end of

an aspirator tube-17 which extends downwardly into the liquid medicant contained in the liquid
receptacle 20. In this manner, when a source of driving or nebulizing gas is coupled to the
ada}_it.er 15, and introduced to thenebulizing nozzle 16, the liquid medicant contained within the
receptacle 20 will be entrained in the driving or nebulizing gas and discharged out from the.
nebulizer chamber 30. The entrained aerosol so formed will then pass through the nebulizing
head 10 to be discharged from the nebulizer 100 through a nebulized aerosol discharge outlet.18,
formed through the sidéwall 13, and into the flexible tubing 200.

[0013] To provide for the introduction of a supplemental gas into the nebulizer 100, an auxiliary
gasiinlet port 19 is.formed in the side wall 13 ata point preferably opposite'to the nebulized
aerosol discharge outlet 18. The auxiliary gas inlét port 19 is coupled to-a suitable source:.of
supplémental gas, such as oxygen, helium or heliox, by tubing 19b and the inlet port extends
into the nebulizing head 10, but not into the nebulizer chamber 30. In this manner the
supplemental gas introduced through inlet port 19-Will not affect the rate at which the aerosolized
medicant is delivered from port 18. As heretofore described, when a suppleniental gas is
introduced into the driving or nebulizing gas, or the nebulizing chamber 30, the supplemental gas
so introduced effects the:uniformity of the administration of the medication. When a.

supplemental gas is so introduced, the rate of medication application increases with the increased

4
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length, to create a mixture that when inhaled by the user will be:more-uniform, than systems

‘connected to or substantially adjacent to.the NRB mask 500, or connected to or substantially

gas flow. By introducing the supplemental gas through therauxiliarY'g'aS'fi’nlét'pdrt 19, the

supplemental gas does, not change the rate at which medication exiting the-nebulizer through port
18:is applied to: the nebulizer user. When a source.of supplemental gas is not being introduced

through auxiliary gas inlet port 19, a conventional cap, not:shown, may be placed over the

external opening thereto.

[0014] When the medication containing gas mixture exits the nebulizer 100 through the

discharge or output port 18, the gas passes into the first inlet end 201 of the flexible tubing 200.

The flexible tubing is preferably a collapsible type:of flexible tubing such as that commercially

.available and sold under the tradémark “POPPLE". The second:outlét end 202 of the flexible
tubing 200 is connected to a first input branch 301 of a wye connector 300 to space the output of

the gas mixture from the nebulizer 100 a distance away from the inlet to a. NRB mask 500

through which'a patient breathes the medicant-containing mixture. Preferably, the flexible

tubing 200 is-at least approximately 18 inches in length, and can be approximately 72 inches in
wherein a supplemental gas is-administered to the user by meéns of a supplemental gas source:

adjacent the wye connector 300.

[0015] A flexible bag reservoir 400 is connected in fluid communication to a second. inpuit

‘branch.302 of the wye conriector 300, and functions as an accumulator which holds enough of
‘the.incoming gas mixture to compensate for the patient’s next breath in the évent of over-

‘breathing, as is known to those skilled in the respiratory care art.

[0016] The NRB mask 500 is sized to fit to the patient’s face, and encompass the nose and

mouth thereof, Such masks, or the equivalents thereof, are available in diffefent sizes to

‘accomrnodate patients from pediatric through adults. The mask 500 has an inlet 501 connected
to.a discharge outlet 303 of thé wye 300. Conventional one-way inhalation 502 and one-way

-exhalation valves 503, one of which is shown, are carried in thé NRB mask. ‘The inhalation.

valve 502 is open during patient inhalation, and closes during patient exhalation. However,

during periods of patient inactivity, the inhalation valve 501 may stay open because of the:

_positive pressure coupled thereto by the nebulizer 100. The valve, however, prevents exhaled

5



2005201912 05 May 2005

b

breath from traveling back into the wye 300. The exhalation valves 503 open during exhalatiou,
and close during inhalation. In this manner, the expiratory air discharged by a patient is

exhausted to atmosphere, and does not go back inito the brea_tiﬁng system.

[0017] In order to énsure that a patient does not draw a negative pressure in the system in the
event:the patient is over-breathing, a conventional rescue valve:600 is.inco_rPQrated into the wye
300. The rescue valve 600 is a one-way inhalafion valve which is normalfy closed, but wheri a
patient over-breathes the nebulizer system, the rescue valve 600 will open permitting the patient
to breathe ambjent air through the rescue valve, and preventing the patient. from drawing a

'n@g‘aﬁve pressure or vacuum. When the patient is normally breathing, and:does not over breath

the system, the réscue valve 600 will remain closed.

[0018] While this invention has been described in.the specifi¢ation and illustrated in the
drawings wi'th’vréferén'ce to a preferred embodiment, the structure of whichflilg_s;-_been disclosed
herein, it will be understood by those skilled in the art to which this invention pertains that
various-changes may be made and equivalents may be substituted for elements of the invention
without departing from the scope.of the claims. Therefore, it is intended that the invention hot
be limited to the particular embodiment disclosed in the specification and shown in the drawings
as.the best mode presently known by the inventors for carrying out this invention, nor confined
to thé details set,'fprﬂx,_ but that the invention will:include all embodiments; modifications and

changes as may-come within the scope of the following clainis:

[0019] In the claims which follow and in the preceding description of the invention,
except where the context requires otherwise due to express language or necessary
implication, the word “comprise” or variations such as “comprises” or “comprising”
is used in an inclusive sense, i.c. to specify the presence of the stated features but not
to preclude the presence or addition of further features in various embodiments of

the invention.

[0020] Itis to be understood that, if any prior art publication is referred to herein,
such reference does not constitute an admission that the publication forms a part of

the common general knowledge in the art, in Australia or any other country.
6
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A nebulizer breathing system comprising:

a nebulizer having a nebulizer head adapted to be received on a receptacle adapted to
contain a liquid medicant to be nebulized;

said nebulizer head including a first chamber having a closed top, enclosing sides and
an open bottom adapted to receive for coupling thereto a receptacle adapted to contain a liquid
medicant to be dispensed at a predetermined rate of concentration;

said nebulizer head including a second nebulizing chamber carried within said first
chamber at a position spaced from said closed top and extending downwardly therefrom;

said nebulizing chamber having an open bottom adapted to pass entrained and
nebulized liquid medicant outwardly there through;

a nebulizing nozzle in fluid communication with said nebulizing chamber for creating a
nebulized aerosol from liquid medicant coupled thereto;

means for coupling a flow of nebulizing gas into said first chamber to said nebulizing
nozzle and through said second nebulizing chamber carried within said first chamber;

an aspirator tube having a first end positioned in fluid communication adjacent to said
nebulizing nozzle, and a second end positioned to be received into liquid medicant contained
within the receptacle;

an auxiliary gas inlet port for introducing a supplemental gas into, said first chamber
extending into said first chamber at a position removed from the interior of said nebulizing
chamber,

said first chamber having a discharge outlet spaced from said open bottom of said
nebulizing chamber and said auxiliary gas inlet port, for discharging liquid medicant entrained
in said nebulizing chamber and the supplemental gas introduced into said first chamber through
said auxihary gas inlet port from said nebulizer and

a flexible tube coupled to said nebulizer discharge outlet and extending there from, said
flexible tube having a discharge outlet for connecting the entrained liquid medicant discharged
from said nebulizer discharge outlet to a patient interface;

said flexible tube extending a length sufficient to provide a substantially uniform

entrained liquid medicant discharge to the patient interface.
2. The nebulizer breathing system of Claim 1 wherein said patient interface comprises a
non-rebreathing mask for receiving the entrained liquid medicant discharged from said flexible

tube.

N:\Sydney\Cases\Patent\56000-56993\P56790 AU\Specis\PS6790.AU Specification 2008-11-14.doc 18/11/08
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3. The nebulizer breathing system of Claim 2 wherein said non-rebreathing mask
includes a valve which opens upon inhalation and closes upon exhalation, and a valve which

opens upon exhalation and closes upon inhalation.

4. The nebulizer breathing system of Claim 2 further including a reservoir for
accumulating a quantity of entrained liquid medicant discharged from said flexible tube for

discharge to said non-rebreathing mask in response to a patient’s breathing.

5. The nebulizer breathing system of Claim 2 further including a normally closed rescue
valve which is opened in response to a patient over-breathing the quantity of the entrained,

liquid medicant discharged from said flexible tube to said non-rebreathing mask.

6. The nebulizer breathing system of Claim.2 further including:

a wye having a first inlet connected to the outlet of said flexible tube, a second inlet and
a discharge outlet;

a reservoir for accumulating a quantity of entrained liquid medicant discharged from
said flexible tube, said reservoir being connected to said second inlet of said wye; and

said non-rebreathing mask being connected to said discharge outlet of said wye.

7. The nebulizer breathing system of Claim 6 wherein said wye further includes a
normally closed rescue valve which is opened in response to a patient over-breathing the
quantity of entrained liquid medicant discharged from said flexible tube to said non-rebreathing

mask.
8. The nebulizer breathing system of Claim 1 wherein said auxiliary gas inlet port and
said discharge outlet are in opposed positions relative to each other, and said nebulizing

chamber carried within said first chamber extends therebetween.

9. The nebulizer breathing system of Claim 1 further including a receptacle for

containing liquid medicant to be dispensed through said discharge outlet.

10. The nebulizer breathing system of Claim 9 wherein said receptacle includes means

for releasibly connecting said receptacle to said first chamber in sealing engagement therewith.

N:\Sydney\Cases\Patent\56000-56999\P56790.AU\Specis\P56790.AU Specification 2008-11-14.doc 18/11/08
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11. The nebulizer breathing system of Claim 1 wherein said nebulizing chamber has in i
open top attached to the interior of said first chamber at a position above said auxiliary gas inlet
port and said nebulizing chamber extends downwardly therefrom such that said open bottom of

said nebulizing chamber is positioned at a location removed from satd auxiliary gas inlet port.

12. The nebulizer breathing system of Claim 1 wherein said nebulizing nozzle is

supported from said first chamber top above said nebulizing chamber for entraining liquid

medicant communicated thereto through said aspirator tube.

13. The nebulizer breathing system of Claim 1 wherein said nebulizing chamber
extends downwardly within said first chamber such that said open bottom of said nebulizing
chamber is positioned at a location below said auxiliary gas inlet port and below said first

chamber discharge outlet.

14. The nebulizer breathing system of Claim 1 wherein said means for coupling a flow
of nebulizing gas into said first chamber comprises an adapter for releasably coupling a source

of dnving gas to said nebulizing nozzle.

15. The nebulizer breathing system of Claim 1 wherein said auxiliary gas inlet port

includes means for selectively closing said auxiliary gas inlet port when not in use.

16. A method of delivering a liquid medicant entrained in a selected mixture of gases in
a substantially uniform manner, comprising:

passing a flow of driving gas into an nebulizer chamber of a nebulizer for fracturing
medicant contained therein and creating a medicant aerosol in said nebulizer chamber;

introducing a supplemental gas into said nebulizer at a location removed from said
nebulizer chamber thereby mixing said supplemental gas with said medicant aerosol from said
nebulizer chamber, without effecting the rate at which medicant is delivered from said
nebulizing chamber to a nebulizer user,

discharging said mixture of said medicant aerosol nebulized by safe driving gas in said
nebulizer chamber, and said supplemental gas, from said nebulizer into a flexible tube; and

passing said aerosolized medicant mixture through said flexible tube to a breathing
mask for a distance sufficient to maintain a substantially uniform mixture of aerosolized

medicant at said breathing mask.

N:\Sydney\Cases\Patent\56000-56999\P56790.AU\Specis\P56790.AU Specification 2008-11-14.doc 18/11/08
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17. A nebulizer breathing system, substantially as herein described with reference to the

accompanying drawings.

N:\Sydney\Cases\Patent\56000-56999\P567 90.AU\Specis\P56790.AU Specification 2008-11-14.doc 18/11/08
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