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NEBULIZER APPARATUS AND METHOD

FIELD OF THE INVENTION

The present invention relates to a method and apparatus for generating
an aerosol for delivery to a patient. More particularly, the present invention
relates to a nebulizer configured to nebulize a fluid into an aerosol in
coordination with a patient’s breathing.

BACKGROUND

Medical nebulizers that nebulize a fluid into an aerosol for inhalation by
a patient are well-known devices commonly used for the treatment of certain
conditions and diseases. Nebulizers have applications for conscious,
spontaneously-breathing patients and for controlléd, ventilated patients.

In some nebulizers, a gas and a fluid are mixed together and directed
against a baffle or diverter. In some other nebulizers, interaction of the gas
and fluid is enhanced through impacting the gas and fluid against a diverter.
The term diverter, as used in this specification, includes any baffle or
impinger. As a resulit of either nebulization process described above, the fluid
is transformed into an aerosol, that is, the fluid is caused fo form small
particles that are suspended in the air and that have a particle size in a range
suitable for delivery to a targeted area of a patient’s respiratory tract. One
way to mix the gas and fluid together in a nebulizer is to pass a quickly
moving gas over a fluid orifice tip of a tube. The negative pressure created by
the flow of pressurized gas is a factor that contributes to drawing fluid out of
the fluid orifice into the stream of gas and nebulizing it.

Important considerations in the design of a nebulizer are the timing and
dosage regulation of the aerosolized fluid. In some nebulizer designs, a
continuous stream of pressurized gas entrains the fluid against the diverter to
constantly generate an aerosol until the fluid in a reservoir is depleted.
Continuous nebulization may result in a waste of aerosol during a patient’s
exhalation or during a delay between inhalation and exhalation. The amount
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of wasted aerosol may be difficult to quantify and sdme of the aerosol may be
lost to condensation on the nebulizer or mouthpiece during periods of non-
inhalation. Nebulizers implementing a timed or non-continuous nebulization
may adversely affect particle size and density as the nebulization is turned on
and off.

Effective and economical nebulizer therapy includes the ability to
quickly generate a large amount of aerosol within a predetermined patrticle
size range. An effective nebulizer preferably provides these features
synchronously with the inhalation of the patient. In order to actuate a
mechanical nebulizer, a patient’s inhalation effort must overcome certain
variables. Depending on the structural configuration of the nebulizer, these
variables may include one or more of the following: the volumetric flow rate of
the flowing gas; air leaks in the device; the force exerted by the flowing gas on
a moveable diverter; and the friction between moveable parts. The greater
the flow rate, air leaks and friction, the greater the inhalation effort required in
order to actuate the device. It is desirable that a nebulizer have adequate
sensitivity to quickly respond to an inhalation while not adversely restricting

the patient’s inhalation.

BRIEF SUMMARY

In order to address the deficiencies in the prior art and provide
improved performance, a nebulizer and method are provided. According to a
first aspect of the invention, a nebulizer is provided with a housing having an
ambient air inlet and a chamber for holding an aerosol. An air outlet
communicates with the chamber for permitting the aerosol to be withdrawn
from the chamber. A fluid outlet and a pressurized gas outlet are in
communication with the chamber where the pressurized gas outlet is located
adjacent to the fluid outlet. In one preferred embodiment, the fluid outlet is
preferably positioned at the opposite end of a nozzle cover from a fluid inlet,
wherein the fluid inlet is capable of fiuid communication with a reservoir. A
diverter is positioned in the chamber in a fixed position relative to the

pressurized gas orifice.
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At least one portion of the fluid orifice is adjustable between a
nebulizing position and a non-nebulizing position. As used in this
specification, the term “fluid orifice” means either the fluid inlet or the fluid
outlet and may be used interchangeably with these terms. The nebulizer may
have an actuator piston connected with at least a portion of a nozzle cover to
move all or part of the fluid orifice, or all or part of the fluid pathway between
the reservoir of fluid and the fluid orifice. Additionally, a relief piston
independently movable with respect to the actuator piston may be used to
alleviate inhalation effort after an initial period of inhalation. In one
embodiment, the fluid orifice is movable in response to a patient’s breathing.
In another embodiment, the fluid orifice is movable by moving a mechanical
actuator by hand. In yet further embodiments, the diverter may be movable
relative to the nebulizer housing, but fixedly positioned relative to either the
pressurized gas orifice or fluid orifice.

According to another aspect of the invention, a method of providing a

‘nebulized fluid to a patient includes providing a nebulizer having a diverter

fixedly positioned with respect to a pressurized gas outlet in a chamber, a fluid
reservoir in communication with the chamber, and an adjustable fluid pathway
movably positioned to communicate fluid in the fluid reservoir with a fluid
orifice in response to inhalation by the patient. Upon inhalation through an air
outlet connected to the chamber, a position of the fluid pathway is adjusted
with the force of the inhalation such that the fluid in the chamber is nebulized.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

Figure 1 is an elevational side view of a nebulizer according to one
embodiment of the present invention.

Figure 2 is an exploded top perspective view of the nebulizer of
Figure 1.

Figure 3 is an exploded bottom perspective view of the nebulizer of
Figure 1.

Figure 4 is a bottom perspective view of a nozzle cover suitable for use

in the nebulizer of Figure 1.
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Figure 5 is a cross-sectional view of the nozzle cover of Figure 4.

Figure 6 is a cross-sectional view of the nebulizer of Figures 1-3 in a
non-actuated position.

Figure 7 is a cross-sectional view of the nebulizer of Figure 6 in a fully
actuated position.

Figure 8 is a cross-sectional view of the nebulizer of Figure 1
illustrating air flow in a fully actuated position.

Figure 9 is a cross-sectional view of an alternative embodiment of a
diverter arrangement suitable for use with the nebulizer of Figure 1.

- Figure 10 is a cross-sectional view of a second alternative embodiment

of a diverter arrangement suitable for use with the nebulizer of Figure 1.

Figure 11 is a cross-sectional view of a third alternative embodiment of
a diverter arrangement suitable for use with the nebulizer of Figure 1.

Figure 12 is a partial cross-sectional view of an alternative embodiment
of the nebulizer of Figures 1-8 in an actuated position.

Figure 13 is a partial cross-sectional view of the nebulizer of Figure 12
in a non-actuated position.

Figure 14 is an exploded side elevational view of a second alternative
embodiment of the nebulizer of Figures 1-8.

Figure 15 is a partial cross-sectional view of the nebulizer of Figure 14
in an actuated position.

Figure 16 is a partial cross-sectional view of the nebulizer of
Figures 14-15 in a non-actuated position.

Figure 17 is a cross-sectional view of a third alternative embodiment of
the nebulizer of Figures 1-8 in a non-actuated position.

Figure 18 is a partial cross-sectional view of the nebulizer of Figure 17
in an actuated position.

Figure 19 is an alternative nozzle cover and vane assembly, in a non-
actuated position, for use in the nebulizer of Figures 17-18.

Figure 20 is an alternative nozzle cover and vane assembly, in an

actuated position, for use in the nebulizer of Figures 17-18.
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Figure 21 is an exploded view of a fourth alternative embodiment of the
nebulizer of Figures 1-8.

Figure 22 is a cross-sectional view of the nebulizer of Figure 21 in a
non-actuated position.

Figure 23 is a cross-sectional view of the nebulizer of Figure 21 in an
actuated position.

Figure 24 is a sectional view of the nebulizer of Figures 21-23.

Figure 25 is a lid and relief piston assembly suitable for use in the
nebulizer of Figure 21.

Figure 26 is an alternative lid and relief piston assembly for use in the
nebulizer of Figure 21.

Figure 27 is a cross-sectional view of a nebulizer illustrating a locking
lever.

Figure 28 is a sectional view of the nozzle and nozzle cover of Figure
23.

Figure 29 is a sectional view of the nozzle and nozzle cover of Figure
22.

Figure 30 is a cross-sectional view of an alternative embodiment of the
nebulizer of Figures 21-24 with a gas nozzle and nozzle cover arranged in
internal mixing configuration.

Figure 31 is a sectional view of the gas nozzle and nozzle cover in the
nebulizer of Figure 30 in an actuated position.

Figure 32 is a sectional view of the gas nozzle and nozzle cover in the

nebulizer of Figure 30 in a non-actuated position.

DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED
EMBODIMENTS

A preferred embodiment of a nebulizer 10 for nebulizing a fluid is
shown in Figures 1-3. As used in this specification, the term “fluid” includes,
without limitation, a fluid comprising a medicine, whether in the form of an
emulsion, suspension or solution, that can be nebulized into an aerosol. The

embodiment of Figures 1-3 comprises a lid 11 attached to a housing 13
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having a top portion 12, a cylindrical middle portion 14, and a bottom portion
16. An air outlet 18 extends from the cylindrical middle portion 14 of the
housing 13. The air outlet 18 communicates with air in the chamber 20,
defined by the inside of the cylindrical middle portion 14 of the housing, and is
suited to receive a mouthpiece. In a preferred embodiment, the component
parts of the housing may be formed of separate, multiple pieces of material
that are connected together by welding, adhesives, threading, connector tabs.
In an alternative embodiment the housing may be constructed of a single
piece of material formed by an injection molding process. The housing may
be constructed from a plastic material, such as polypropylene, polycarbonate
or a polycarbonate blend, or a metal material. Any number of types of plastic
or metal may be used to construct these parts of the nebulizer.

Referring to Figures 1-7, a pressurized gas inlet 22 extends into the
chamber 20 through the bottom portion 16 of the housing. The opening 24 of
the pressurized gas inlet 22 is designed to connect with a standard vinyl gas
hose. Inside the chamber 20, the pressurized gas inlet 22 forms a nozzle 26
that tapers down to a pressurized gas orifice 28 having a predetermined
diameter. In one preferred embodiment, the gas inlet 22 is coaxial with the
cylindrical middle portion 14 and extends through the bottom wall 30 of the
chamber 20.

A nozzle cover 32 is slideably mounted over the nozzle 26. As shown
in Figures 4-5, the nozzle cover 32 is preferably a tapered tubular member
having openings at either end. The nozzle cover 32 slides over the nozzle 26
of the pressurized gas inlet 22 to form at least one passageway 34 from an
opening located near the bottom of the nozzle cover 32 to the top of the
nozzle cover. In alternative embodiments, the passageway may be formed by
a spacing between the nozzle and nozzle cover, a groove 34 in the inner
circumference of the nozzle cover, a groove in the outside of the nozzle, or a
combination of grooves on the outside of the nozzle and inside of the nozzle
cover. A fluid outlet is positioned adjacent the pressurized gas outlet 28. In
one preferred embodiment, the fluid outlet 36 is an annular orifice defined by

a gap between the inner diameter of the tip of the nozzle cover and the outer
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diameter of the tip of the nozzle. The tip of the nozzle cover 32 may include
one or more stop pins 41 to limit the upward fravel of the nozzle cover 32.
Although a single annular orifice is shown, embodiments where the fluid

outlet has other shapes, or comprises more than one discrete orifice
positioned adjacent the pressurized gas orifice, are also contemplated. A fluid
inlet 35 is preferably positioned at the opposite end of the nozzle cover 32.

As shown in FIGS. 6-8, the fluid inlet is also an annular orifice and is defined
by a gap between the inner diameter of the bottom of the nozzle cover 32 and
the outer diameter of the base of the nozzle 26.

An embodiment is also contemplated with fluid pathways that are
completely enclosed within the thickness of the nozzle cover such as one or
more tunnels bored from, or molded in, the bottom of the nozzle cover extend
some or all of the distance up to the opening at the top of the nozzle cover.
Further, an alternative embodiment may consist of an array of one or more
discrete tubes connected in a ring around the pressurized gas outlet 28,
where each of the tubes provides a passageway from the fluid reservoir 80 to
a respective point adjacent the pressurized gas outlet 28.

In the embodiment of Figures 1-8, the entire nozzle cover 32 is
attached to, or integrally molded with, an actuator piston 38. In one
embodiment, the nozzle cover includes one or more integrally formed arms 40
that connect to the bottom portion 42 of the circumferential flange 44 of the
actuator piston 38. Any number of arms 40 may be utilized.

A diverter 46 is preferably attached to, or integrally molded with, the
inside of the nebulizer 10. As shown in Figure 3, a support beam 48 connects
the diverter 46 to an inner cylindrical flange 60 in the middle portion 14 of the
nebulizer. Preferably, the diverter 46 has a flat surface having a
predetermined area and is positioned at a fixed distance h4 from the gas
orifice 28. In one preferred embodiment, hy is approximately 0.75 millimeters
(mm) and the width of the diverter is approximately 4.5 mm. The surface is
also preferably aligned parallel to the surface of the tip of the nozzle 26 and
perpendicular to the flow of pressurized gas through the pressurized gas

orifice 28.
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Any of a number of configurations for fixing the position of the diverter
with respect to the pressurized gas orifice are contemplated. For example,
the cylindrical flange 160 may extend further into the chamber 120 so that the
diverter 146 and support arm 148 are attached or molded further from the
bottom of the cylindrical flange 160 as shown in the embodiment illustrated in
Figure 8. In Figure 9, an embodiment is shown where the diverter 246 is
attached to a support 248 directly connected to the wall of the middle portion
of the housing. A shorter cylindrical flange 260 provides clearance for the
support 248. Alternatively, as shown in Figure 10, the diverter 346 may be
attached or molded to the lid 311 of the nebulizer via an extension arm 348.
In other alternative embodiments, the diverter may be movable with respect to
the pressurized gas orifice or may be movable with the pressurized gas orifice
such that the pressurized gas orifice and diverter move together
independently of the fluid orifice. Another suitable diverter configuration is
disclosed in U.S. Patent No. 6,044,841, the entire disclosure of which is
incorporated herein by reference.

Referring again o Figures 1-8, the upper portion 12 of the housing 13
forms a cylindrical extension with an open proximal end 52 and a partially
closed distal end 54. The distal end 54 has an annular ledge 50 surrounding
an opening 58 into the chamber 20. The annular ledge 50 defines at least
one air inlet opening 56 and preferably eight air inlet openings distributed
along its circumference. Each air inlet opening 56 is located toward the outer
periphery of the distal end 54 of the upper portion 12 such that air outside of
the nebulizer is primarily directed against an actuator piston 38 covering the
air inlet opening 56 during the patient’s initial inhalation. Preferably, the
nebulizer is configured such that a gap exists between the air inlet opening
and the actuator piston yvhen the nebulizer is in a non-actuated state.

The opening 58 at the distal end 54 connects with a chimney, or
cylindrical flange 60, extending down into the upper portion of the chamber
20. The cylindrical flange 60 is preferably of a diameter suited to slideably
receive the cylindrical extension 62 of the actuator piston 38 that extends
downward into the chamber 20. The cylindrical extension 62 is positioned

H
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substantially coaxially within the cylindrical flange 60 and acts as a vertical
guide for the actuator piston 38. The open proximal end 52 of the upper
portion 12 of the housing 13 has a diameter suited to receive the lid 11. The
lid 11 may be threaded, snap-fit, friction-fit, molded or welded to the upper
portion 12 of the housing 13. The middle portion 14 of the housing 13 is
preferably manufactured of a clear plastic so that a caregiver can see the
actuator piston and determine if the nebulizer is actuated.

The interior of the upper portion 12 is suited to slideably receive the
actuator piston 38 and a relief piston 62, and to receive a biasing means 64
such as a plastic or metal spring. The actuator piston 38, as shown in
Figures 2-3 and 6-8, includes an outer annular rib 66 with an outer diameter
slightly less than the inner diameter of the upper portion 12 of the housing 13
to allow the actuator piston 38 to slide up and down within the upper portion
12. A center hole 68 is bounded by the cylindrical extension 62 that extends
both down into the chamber 20 through the opening 58 and, in the opposite
direction, a short distance into the upper portion 12. At least one air inlet 72 is
located in the actuator piston 38adjacent to the center hole 68 that allows
entrained air received from air inlets 56 in the housing to travel through the
actuator piston and against the underside of the relief piston 62. As described
in more detail below, the negative pressure created above the relief piston 62
during inhalation preferably creates a force sufficient to move the relief piston
62 away from the actuator piston and allows increased air flow to the patient
through openings 72 in the actuator piston 38. The actuator piston also
includes at least one arm 40 or other structure connecting the nozzle cover 32
or part thereof to the bottom portion of the actuator piston cylindrical extension
62. The arm can be attached (i.e. friction fit, welded or glued), or integrally
molded to the extension 62.

Referring to Figures 2-3, the relief piston 62 also has an annular shape
defining a central opening 74. An inner annular rib 46 extends upward from
an inner diameter of the relief piston 62 and an outer annular rib 78 extends
upward from an outer diameter of the relief piston. The central opening 74
has a diameter slightly larger than the portion of the cylindrical extension 62
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extending up from the actuator piston’s center hole 68. The outer diameter of
the relief piston 62 is slightly less than the inner diameter of the actuator
piston’s raised annular rib 38 to allow the relief piston to slideably move
between the ribs of the actuator piston. The outer diameter of the outer
annular rib on the relief piston is also less than the inner diameter of the lid
11. Although the embodiment of Figures 2-3 illustrates a relief piston, in
another embodiment the nebulizer includes only the actuator piston and not
the relief piston.

A biasing means 64, such as a plastic or metal spring, is positioned
adjacent the top of the relief piston 62. The biasing‘means 64 has a
predetermined spring force that is designed to hold the pistons 38, 62 down
during an absence of inhalation, but that will be overcome once sufficient
negative pressure is created by a patient’s inhalation effort. In a preferred
embodiment, one end of the biasing means 64 rests against the retainer lid 11
and the other end against relief piston 62 between the inner and outer annular
ribs 46, 78. Other biasing means, such as a flexible membrane or a set of
oppositely charged magnetic materials, may also be used. Additionally, the
biasing means may consist of exira weights added to the relief piston and
actuator piston, or the weighf of the relief and actuator pistons by themselves,
rather than a spring, so that gravity may be used to provide the necessary
biasing force keeping the pistons against the air inlets 56, 72 in a resting or
exhalation position.

The bottom portion 16 of the housing 3 is used as a fluid reservoir 80.
The fluid reservoir 80 preferably holds a fluid. In one embodiment, the fluid
may comprise medication used to alleviate respiratory ailments such as
asthma and chronic obstructive pulmonary disease. The fluid reservoir 80 is
bounded by a wall 30 that slopes down towards the bottom of the nozzle 26.
Gravity urges the fluid in the reservoir toward the passageway 34 defined by
the nozzle and nozzle cover. Both the cylindrical middle portion 14 of the
housing 13 and bottom portion 16 of the housing 13 are preferably

constructed from a transparent plastic to allow a caregiver to monitor
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medication levels in the nebulizer. When in a nebulizing position, the
passageway 34 guides the fluid from therfluid reservoir to the fluid outlet 36.

Various alternative fluid reservoirs can be used in the nebulizer 10. For
example, as is disclosed in U.S. Patent No. 5,823,179, the reservoir may be
formed of at least two portions: (1) an upper portion which is relatively
shallow and wide with a diameter approximately the same as that of the
chamber; and (2) a lower portion that is relatively narrow, but relatively deep.
In this embodiment, the lower portion of the reservoir is wider than the outer
diameter of the nozzle cover. This alternative embodiment can also be
modified to include a third intermediate portion located between the upper and
lower portions. The entire disclosure of U.S. Patent No. 5,823,179 is
incorporated herein by reference.

Referring to Figures 6-8, the operation of the nebulizer is described
below. In the non-actuating state shown in Figure 6, when a patient is
exhaling or no longer inhaling, the biasing means 64 pushes against the
inside of the lid 11 and down against the relief piston 62. The relief piston 62
presses against the actuator piston 38 which, in turn, keeps the nozzle cover
32 a distance hy away from the diverter and against the nozzle 26. Thus, the
fluid outlet 36 is positioned away from the pressurized gas orifice and,
therefore, there is insufficient negative pressure to draw up the fluid from the
reservoir through the passageways.

Pressurized gas is continuously introduced into the chamber via the
pressurized gas orifice 28 and is deflected radially outward from the gas
orifice in a 360° pattern by the deflector 46. In the non-actuated position, the
flow of gas fanning out over the annular fluid outlet is at a sufficient distance
ho from the annular fluid outlet that no nebulization takes place. Additionally,
the force of the biasing member against the relief and actuator pistons closes
the air inlets 72, 56 and keeps air and any nebulized substance in the
chamber 20 from escaping through the air inlets. In one embodiment, h; is
approximately 2.0 mm when h4, the fixed distance between diverter and

nozzle, is 0.75 mm. Other ratios of hy and hy may be utilized to take into
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account changes in parameters such as the viscosity of the fluid in the
reservoir and the velocity of the pressurized gas entering the chamber.

When a patient begins inhaling through the air outlet 18, the force of

_ the patient’s inhalation lowers the pressure in the chamber and creates a

negative pressure above the pistons causing both the actuator piston and
relief piston to simultaneously lift away from the annular wall of the upper
portion of the housing. The nozzle cover 32, rigidly attached to the actuator
piston through the cylindrical extension and arms, moves up the pressurized
gas nozzle until the fluid outlet reaches the low pressure zone created by the
continuous flow of gas diverted by the diverter. In order to maintain the fluid
outlet at the appropriate position during inhalation, upward movement of the
actuator piston is preferably limited by contact of the outer annular rib with the
edge of the lid 11. Alternatively, other points of contact may be used to limit
the maximum upward movement of the nozzle and actuator piston. For
example, the plurality of stops 41 on the upper edge of the nozzle cover 32
shown in Figures 4 and 5 may be arranged around the perimeter of the tip of
the nozzle cover so that motion of the nozzle cover is imited when these
stops contact the diverter.

In the nebulizing position (Figures 7 and 8) the low pressure zone
created over the annular fluid outlet by the gas fanning out against the
deflector and over the annular orifice, along with a capillary effect, draws the
fluid from the reservoir 80 through the passageways 34 and into the stream of
pressurized gas. The fluid is aerosolized and drawn out through the air
outlets 18 and a mouthpiece (not shown) into the patient’s respiratory system.
After the nebulizer has already initiated nebulization of the fluid, and while the
patient is continuing to inhale and increase the negative pressure in the
chamber, the relief piston will separate from the actuator piston thereby
allowing more ambient air to be entrained in the cylinder and chamber. As
illustrated in Figure 7, the edge 15 of the lid 11 limits motion of the actuator
piston 38, but the smaller diameter relief piston 62 is not restricted by contact
with the edge of the lid and will separate from the actuator piston after the
initial period of the patient’s inhalation.
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Although nebulization has already started as soon as the actuator
piston has lifted the nozzle cover to the appropriate spacing from the diverter,
continued inhalation causes the relief piston to separate from the actuator
piston. Separation of the relief piston from the actuator piston uncovers
additional air inlets in the actuator piston and has the effect of increasing air
flow into the nebulizer and reducing the resistance to inhalation. Figure 8
illustrates the flow path 71 of ambient air from outside the nebulizer through
the inlets 56 in the housing 13 and inlet 72 in the actuator piston 38. Ambient
air continues down the central portion of the nebulizer through the cylindrical
flange 60 and cylindrical extension 62 where nebulized fluid is gathered and
drawn through the air outlet 18. In alternative embodiments, the upper portion
12 of the housing may include internal protrusions or a flange positioned to
stop upward movement of the actuator piston and maintain a proper spacing
between the annular orifice and the diverter during nebulization. An
advantage of the fixed diverter embodiment shown in Figures 1-8 is that the
inhalation effort necessary to actuate the nebulizer is substantially unaffected
by the force of the pressurized gas impacting on the diverter.

Upon exhalation, the negative pressure in the chamber is replaced with
a positive pressure such that the force of the biasing member against the
relief and actuator pistons closes the air inlets and again moves the nozzle
cover away from the low pressure zone generated by the pressurized gas
inlet and diverter. Continued exhalation directs exhaled air through a relief
valve on the mouthpiece (not shown) connected to the air outlet to direct
exhalation away from the nebulizer. Any of a number of commonly available
relief valves may be used with the presently preferred embodiment. A
suitable mouthpiece and relief valve are illustrated in U.S. Patent No.
6,044,841, the entire specification of which is incorporated herein by
reference.

Although preferably operated by breath actuation, the nebulizer 10 may
also be manually actuated. As shown in the embédiment of Figure 11, the
nebulizer 310 may include a manual actuating member 301 connected with,
integral to, or capable of contact with the actuator piston 338 and extending
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out of the upper portion 312 of the housing 313 through an air inlet 356 or
other opening. In Figure 11, the manual actuating member 301 is integrally
formed with the actuator piston 338. The actuating member 301 permits a
caregiver or patient to move the actuator piston by hand, and thus move the

nozzle cover, so that the nebulizer initiates nebulization. Although the

‘manually actuable nebulizer 310 is illustrated with a diverter that is integrally

formed with the lid, any of the other diverter or nozzle configurations disclosed
herein, or their equivalents, may be used.

An alternative embodiment of a nebulizer 410 is illustrated in
Figures 12 and 13. Here, the nozzle cover consists of two portions. A first
portion 432A is fixed at the top of the gas nozzle 426 so that the pressurized
gas inlet 428, diverter 446 and annular orifice of the fluid outlet 436 are all
fixedly positioned with respect to one another at a spacing suitable for
nebulization. The second portion 432B is attached to the actuator piston with
arms 440 and is moveable a predetermined distance up and down the axis of
the gas nozzle so that the annular orifice of the fluid inlet 435 moves with the
actuator piston. As with the nozzle cover of the embodiment in Figures 1-8,
one or more fluid pathways are defined by spacing between the gas nozzle
and nozzle cover, grooves in the nozzle cover, grooves in the gas nozzle, or a
combination of these options.

In the non-actuating position, the second portion 432B is separate from
the first portion 432A such that a gap 433 of a predetermined distance exists
between the two portions as shown in Figure 12. As a result of the gap, the
first portion 432A of the nozzle cover does not contact the fluid reservoir and
there is no continuous fluid pathway between the fluid orifices, in other words
no pathway from the reservoir and fluid inlet 435 to the fluid outlet 436, so that
no fluid may reach the fluid outlet. In the actuating position, the second
portion is moved up until it mates or abuts with the first portion as shown in
Figure 13. The two portions 432A, 432B cooperate to form at least one
continuous fluid pathway between the fluid outlet and the reservoir. The
continuous fluid pathway permits the negative pressure over the fluid outlet to

draw fluid from the reservoir and initiate nebulization. Similar to the
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embodiment of Figures 1-8, the embodiment of Figures 12-13 may utilize both
the actuator and relief pistons, or it may only include the actuator piston.

Another alternative embodiment of the nebulizer is illustrated in
Figures 14-16. In this embodiment, the nozzle cover has a fixed first portion
532A and a movable second portion 532B. The first portion 532A is fixed at
the top of the gas nozzle 526 so that the pressurized gas inlet 528, diverter
546 and annular fluid outlet 536 are all fixedly positioned with respect to one
another at a spacing suitable for nebulization. Preferably, the diverter 546 is
connected with, or integrally formed with a portion of the housing 513 or a
chimney insert 501 connected with the housing 513.

Unlike the embodiment of Figures 12 and 13, the nebulizer 510 is in
the actuated position when the two portions 532A, 532B are separated.
Preferably, the first portion 532A extends down into the reservoir and defines
at least one fluid pathway to the annular orifice. The second portion 532B
defines a collar for blocking the fluid inlet 535 at the first portion 532A. In one
embodiment, the fluid inlet 535 may be an annular orifice defined by the
space between the first portion and the gas nozzle 526. In another
embodiment, the fluid inlet 535 may be one or more separate fluid openings
that are part of, or connected to, the base of the first portion 532A.

Preferably, the second portion is movable between a first position where any
fluid pathway is substantially shut off and a second position where the fluid
inlet is open and the fluid pathway is open. When the nebulizer is in the non-
actuated state (Figure 15), the second portion abuts, or mates with, the first
portion. In the éctuatedw position (Figure 16), the second portion 532B is
separated from the first portion 532A and nebulization can occur.

In order to achieve the separation of the first and second portions
532A, 532B, movement of the actuator 538 and relief 562 pistons should be
opposite that of the actuator and relief pistons illustrated in the embodiment of
Figures 1-8. Specifically, the pistons should move from the top of the
nebulizer toward the bottom during inhalation so that the second portion of the
nozzle cover will move down and away from the first portion. As shown in
Figures 14-16, the nebulizer 510 has the relief piston 562 coaxially positioned
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around a portion of the actuator piston 538. A biasing member 564 holds the
actuator and relief pistons 538, 562 against the lid 511 so that the air inlets
556 in the lid 511 are covered by the pistons. The lid 511 mates with the
chimney insert 501 connected to the housing 513, and the upper portion of
the chimney insert 501 provides a ledge that limits the downward movement
of the actuator piston 538 after a patient begins to inhale and actuates the
nebulizer (see Figure 16). Thus, when the patient inhales through the mouth
piece 561, a negative pressure pulls both the actuator and relief pistons down
and moves the second portion of the nozzle cover 532B to permit fluid to
reach both fluid orifices (i.e. the fluid inlet 535 and the fluid outlet 536).

Additional inhalation draws the relief piston 562 away from the actuator
piston 538 so that air from the inlets 556 can also flow through openings 572
in the actuator piston and relieves the inhalation effort. Upon exhalation, the
biasing member force returns the pistons 538, 562 to a non-nebulizing
position and exhaled air is directed through a one-way valve 563 in the
mouthpiece 561. This embodiment of the nebulizer may also be manually
actuated by pressing down on a manual actuator 557 extending through a
central opening 559 in the lid 511. One suitable nebulizer piston configuration
is illustrated in U.S. Patent 6,044,841, the entire disclosure of which is
incorporated herein by reference. In similar fashion, the downward moving
piston configuration may be used with a nozzle cover that is suspended
above, or against, the diverter so that inhalation effort would move the
actuator piston and attached nozzle cover down to complete the fluid pathway
and place the fluid orifice in the low pressure zone created by the continuous
flow of pressurized gas against the diverter. All or a portion of the nozzle
cover may be connected with the actuator piston in this downward piston
motion alternative embodiment.

Another alternative embodiment of the nebulizer is illustrated in
Figures 17 and 18. In this embodiment, the nebulizer 610 has a housing with
a horizontal section 612 and a vertical section 614. The horizontal section
has an air inlet 616 for receiving a supply of air and an air outlet 618 where a

patient inhales nebulized fluid. The vertical section 614 defines a fluid
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reservoir 620 for holding the fluid. A pressurized gas inlet 622 extends into
the chamber 624 through the bottom portion of the vertical section 614.
Inside the chamber 624, the pressurized gas inlet 622 forms a nozzle 626 that
tapers down to a pressurized gas orifice 628 positioned opposite a diverter
646. The diverter 646 is preferably fixedly positioned by support arms 647 to
the housing and maintained at a fixed distance from the gas orifice. As
shown, the diverter is attached to a fixed portion 632A of the nozzle cover.
The fixed portion 632A of the nozzle cover is attached to the vertical section
614 by one or more nozzle cover supports 633. The fixed portion of the
nozzle cover defines a fluid inlet 635, which may comprise one or more
openings near the bottom of the reservoir 620, and defines a fluid outlet 636,
which may be an annular orifice, with the tip of the pressurized gas nozzle
626.

As illustrated in Figure 17, a movable portion 632B of the nozzle cover
is connected by arms 640 to a vane 638 pivotally attached with an axle 642
mounted in a bracket on the horizontal section 612 of the nebulizer 610. A
biasing member, such as a torsion spring 644 positioned on the axle 642,
urges the movable portion 632B of the nozzle cover away from the
pressurized gas nozzle 626 so that, at rest or during exhalation, there is a gap
648 that prevents fluid from reaching the fluid outlet 636. Accordingly, as
illustrated in Figure 16, no nebulization takes place during exhalation when
the movable portion of the nozzie cover is held away from the fixed portion
and the pressurized gas nozzle. When a patient inhales at the outlet 618, the
flow of air through the horizontal section 612 draws the vane toward the air
outlet 618. The movable portion 632B of the nozzle cover pivots with the
vane 638 and covers the gap 648 so that a complete fluid path is formed
between the fluid orifices from the fluid inlet 635 at the reservoir 620 to the
fluid outlet 636 as shown in Figure 17. As explained above for the other
embodiments, the continuous flow of pressurized gas from the pressurized
gas orifice against the fixed diverter 646 creates a low pressure region above

the fluid outlet so that fluid is drawn up along the fluid pathway, or pathways,
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between the nozzle cover and nozzle. This fluid is then nebulized in the
preséurized gas flow.

lustrated in Figures 19 and 20 is an alternative embodiment of the
vane and nozzle cover assembly for use with the housing having the
horizontal 612 and vertical 614 sections as shown in Figures 17 and 18. The
nozzle cover 650 is movably mounted relative to the gas nozzle 652. The gas
nozzle is preferably attached to the vertical section 614 of the nebulizer. A
pair of arms 654 attached to the nozzle cover 650 are linked to rocker arms
656 at linkage points 658. The rocker arms 656 are attached to an axle 660
that pivots about its axis in response to movement of a vane 662. The vane
662 is also attached to the axle 660. The axle 660 is preferably rotatably
mounted in the wall of the vertical or horizontal section of the nebulizer.

Figure 19 shows the vane 662 and nozzle cover 650 in a non-actuated
position. In the non-actuated position, the nozzle cover 650 is held down
against the gas nozzle 652 such that the fluid outlet 664 is positioned away
from the low pressure region created by the flow of pressurized gas from the
pressurized gas orifice 666 against the diverter 668. The diverter 668 is
preferably attached to a support 670 that is fixedly attached to the housing of
the nebulizer. Alternatively, and/or additionally, the nozzlie cover 650 may be
configured to sufficiently close off the fluid inlet 667 so that substantially no
fluid may flow into the fluid passage or passages (not shown) between the
fluid orifices (inlet 667 and outlet 664) when the nebulizer is in the non-
actuated position. The weight of the nozzle cover 650, or the biasing force
applied by a biasing member such as a spring, may keep the nozzle cover in
the non-actuated position at rest and during exhalation.

Referring to Figure 20, when a patient inhales through the nebulizer,
the flow of inhaled air causes the vane to move. The vane moves by pivoting
about the axis of the axle. The movement of the axle causes the rocker arms
to lift up the nozzle cover via the linkage points 658 and arms 654. The
movement of the nozzle cover moves the location of the fluid outlet 664 to a

desired position relative to the diverter 668 such that fluid may be drawn up

‘through the fluid inlet 667 from the fluid reservoir along the one or more fluid
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pathways. Various types of stops (not shown) may be used to limit the
movement of the nozzle cover after it reaches the actuating position. For
example, as discussed previously, protrusions may be fabricated, or attached,
to the top of the nozzle cover keep the proper spacing between the nozzle
cover and diverter during actuation. Alternatively, one or more stops may be
fabricated, or attached, to the interior of the nebulizer such that the vane 662
cannot pivot about the axle any farther than the optimum actuation position.

In alternative embodiments, the vane 638, 662 may be constructed of a
flexible material that is configured to flex with a patients inhalation and
exhalation rather than pivoting about a point. Also, different portions of the
nozzle and/or nozzle cover may be movably mounted to swing with the vane
and form the fluid pathway or a fluid orifice during inhalation. Further, a
movable collar may be used to block the fluid inlet 667 or outlet 664 in another
alternative configuration capable of actuating the nebulizer in coordination
with a patient’s breathing.

In the embodiment of Figures 21-27, a nebulizer 710 is shown with a
relief piston 762 separately mounted to the lid 711 and the actuator piston
slidably movable between the lid 711 and the inner cylindrical flange 760 in
the central portion 714 of the housing. A diverter 746 is connected to the
lower portion of the inner cylindrical flange 760 and maintained at a fixed
distance from the pressurized gas orifice 728 on the pressurized gas inlet
726. A nozzle cover 732 is attached to the actuator piston 738 by arms 740
integrally formed with the nozzle cover. A bottom portion 716 of the nebulizer
710 defines a fluid reservoir 780 for holding a fluid to be nebulized. As shown
in Figures 21-23, the bottom portion 716 may be threadably attached to the
middle portion 714 of the nebulizer.

In operation, the nebulizer 710 is in a non-actuated state when at rest
(Figure 23) or during a patient’s exhalation, and in an actuated state during a
patient’s inhalation (Figure 21). Referring to Figures 22 and 24, when a
patient inhales through the mouthpiece 761 and draws air from the chamber
720, ambient air is pulled through the air inlets 756 in the middie portion 714
of the housing and into a chamber 772 between the outside surface 768 of the
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actuator piston 738 and the inside surface 770 of the middle portion 714 of the
housing. The ambient air is then drawn up over the lip 766 of the actuator
piston, down between the inner surface 778 of the actuator piston and the
inner extension 746 of the lid 711, and into the chamber 720 as shown by flow
arrows 771. As best shown in Figure 23, this air flow raises the actuator
piston 738 up and moves the nozzle cover 732 up so that the fluid outlet 736
is raised to a nebulizing position and the fluid pathways 734 defined between
the nozzle cover 732 and the pressurized gas nozzle 726, or the fluid inlet
735, are not interrupted. Once the nozzle cover has moved to the actuated
position, shown in Figure. 23, the fluid in the fluid reservoir 780 is drawn into
the fluid inlet 735, up the fluid pathway and out the fluid outlet 736, entrained
against the fixed diverter 746 and aerosolized. As inhalation continues to
increase the negative pressure in the chamber, the relief piston 762 will begin
to open and allow more ambient air in through openings 763 in the lid.

Upon exhalation, the relief piston 762 will shut the openings in the lid to
restore the original pressure in the housing. The actuator piston 738 will
lower to its rest position and move the fluid outlet away from the low pressure
zone created by the pressurized gas impacting the fixed diverter 746. Any air
exhaled by the patient will preferably pass through a one-way valve 763 on
the mouthpiece 761 and not enter the air outlet 718 of the nebulizer. Although
the air inlets 756 are shown underneath the periphery of the middle portion
714 in Figures 21 and 24, the air inlets can be located in any position that will
expose the outside surface 768 of the actuator piston 738 to ambient air.
Additionally, in order to increase the performance of the nebulizer in low
pressure/low flow situations, the area of the outside surface 768 exposed to
ambient air may be increased.

In one preferred embodiment, if the continuous pressurized gas flow
into the chamber 720 from the pressurized gas inlet 728 is at a rate of 8
Liters/minute (L/min), the actuator piston 738 will respond to the inhalation
once the inhalation rate exceeds the 8 L/min and generates a negative
pressure in the range of 0.5 to 1.0 centimeters H,O. Nebulization should

begin once the initial inhalation has moved the actuator piston up into the
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actuation position. The force initially keeping the actuator piston in the non-
actuated state may be the weight of the actuator piston or may be supplied by
any of a number of biasing members. As the patient continues inhaling and
the negative pressure increases to approximately 1.0 centimeters H,0, the
relief piston 762 opens. The relief piston is preferably configured to increase
the amount of additional ambient air provided to the chamber as the patient’s
inhalation increases to keep the negative pressure from rising to a poinf that
makes inhalation difficult for the patient. '

As best shown in Figures 28 and 29, The pressurized gas nozzle 726
and nozzle cover are shaped such that movement of the nozzle cover 732
from an actuated position (Figure 28) to a non-actuated position (Figure 29)
both moves the fluid outlet away from the low pressure zone created by the
gas flow diverted by the fixed diverter 746 and quickly cuts off the fluid
pathways 734. When the nebulizer is actuated, a supply of fluid is steadily
drawn up the fluid pathways 734 and provided at the fluid outlet. In order to
avoid rapidly forcing excess fluid remaining in the fluid pathway out of the fluid
outlet when the nozzle cover is moved to the non-actuated position, the upper
portion of the nozzle 726 is fabricated with a cut-off region that cooperates
with the inner diameter of the upper end of the nozzle cover to quickly cut off
the fluid pathways. The cut-off region may simply be an area 797 of '
increased diameter close to the tip of the nozzle that fits tightly against the
nozzle cover. In this manner, only a limited amount of fluid remaining in the
extreme upper section 798 of the fluid pathway 734 will be displaced.

Referring to Figure 25, the relief piston 762 preferably consists of a
flexible material 790 covering the openings 763 in the lid 711. The flexible
material, which may be constructed from plastic, metal or other suitably
flexible substance, is captured by a central post 792 integral with the lid and
pre-loaded against a ridge 791 so that the relief piston will not open until a
desired negative pressure is reached in the chamber of the nebulizer.
Another embodiment of the relief piston 793 is illustrated in Figure 26. In this
embodiment, the relief piston 793 consists of a rigid valve 794 biased against
the ridge 791 to cover the openings 763 in the lid 711. A biasing member
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795, such as a metal leaf spring, pre-loads the rigid valve against the ridge
791. The rigid valve may be made of any rigid material, such as
polypropylene. In operation, the rigid valve 794 slides up and down the post
796 extending from the lid 711. The biasing member 795 may be mounted on
the post 796 using any of a number of techniques, including friction fit, heat
staking and so on.

The embodiments of Figures 21-27 include some additional features
for improving the flexibility and performance of the nebulizer. For example,
referring to Figures 21 and 23, an embodiment of the reservoir 780 is
illustrated where the interior of the sloped lower wall 730 defining the reservoir
is lined with a plurality of vertical ribs 788. The ribs 788 may cover all, or a
portion, of the inside of the lower wall 730 and preferably extend up to the top
of the lower portion 716 of the housing. Occasionally, fluid that is to be
nebulized will collect on the wall of the reservoir due to condensation effects
and from larger nebulized particles impacting against the wall. This fluid will
typically only drop back into the main pool of fluid in the reservoir when the
particles bécome large enough so that the force of gravity can overcome the
surface tension keeping them stuck to the walls. The ribs 788 define
corrésponding vertical grooves or channels 789 that can assist in allowing
droplets to more rapidly return to the pool of fluid in the reservoir. The sharp
angle of the ribs preferably keep droplets from forming on the tips of the ribs
so that there is less area for droplets to attach. The ribs 788 may help to
direct the droplets into the channels 789 where the droplets may accumulate
more quickly and fall back into the reservoir. Although the ribs disclosed in
Figures 21-27 are shown as triangular in cross-section, other fib shapes such
as semicircles, rectangles and other shapes, may be fabricated. Additionally,
a variety of differently shaped ribs and channels may be combined.

Another aspect of the nebulizer shown in Figures 21-27 is the
continuous nebulization selection lever 782. The lever 782 is rotatably
mounted in a chamber 786 on the middle portion 714 of the housing. The
lever includes a threaded portion 784 positioned to engage the upper lip 766
of the actuator piston 738. The lever 782 may be manually rotated to allow
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the nebulizer 710 to operate in a breath actuated mode or a continuous
nebulization mode. In the breath-actuated mode, the threaded portion 784 of
the lever 782 does not contact the upper lip 766 of the actuator piston 738 so
that the actuator piston may freely operate in the manner previously
described. As shown in Figure 27, when the lever is rotated to put the
nebulizer in continuous nebulization mode, the threaded portion 784 holds the
actuator piston by the upper lip 766 so that the actuator piston, and attached
nozzle cover, are in the actuated position and continuously nebulize any fluid
in the reservoir. Although a horizontally rotatable lever 782 is shown, other
two position switches or mechanisms, may be used.

~ Another embodiment of a breath-actuated nebulizer 800 is illustrated in
Figures 30-32. The nebulizer 800 of Figures 30-32 is substantially similar to
the embodiment illustrated in Figures 21-24 with the exception of the gas
nozzle 826 and nozzle cover 832 configuration. The nozzle cover 832 defines
an exit port 836 aligned with the pressurized gas orifice 828 in the nozzle 826.
The diameter of the exit port 836 is preferably smaller than the outer diameter
of the top portion 827 of the nozzle 826. In the actuated position, as shown in
Figure 31, the actuator piston 838 (Figure 30) lifts the nozzle cover 832 so
that a gap 829 is maintained between the top portion 827 of the nozzle 826
and the underside 830 of the top of the nozzle cover 832. The pressurized
gas that is continuously fed through the nozzle 826 can then draw fluid from
the reservoir 880 through the fluid pathway 834. The gas and fluid interact in
the gap 829 and form an aerosol before exiting the exit port 836 in the nozzle
cover 832. The aerosol then exits through the exit port where it is entrained
against a diverter 846 to diverter out larger particles in the aerosol flow that
was created in the gap 829 underneath the nozzle cover. Preferably, the
diverter 846 is fixedly positioned in the nebulizer 800. In alternative
embodiments, the diverter may be attached to the nozzle cover so as to
maintain a constant distance between the exit port and the diverter, or the
diverter may be movable independently of the movable nozzle cover.

During exhalation, or at rest, the actuator piston 838 lowers the nozzle

cover 832 until the underside 830 of the top of the nozzle cover 832 rests
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against the top portion 827 of the nozzle 826. Although pressurized gas may
still flow freely, the fluid pathway 834 is blocked off and fluid cannot be drawn
from the reservoir 880. Thus, the gas nozzle 826 and nozzle cover 832 in
Figures 30-32 are arranged in an internal mixing configuration such that the
pressurized gas flow interacts with the fluid from the fluid pathway, or
pathways, prior to leaving the exit port 836 in the nozzle cover 832. In
contrast, the embodiment of Figures 21-24 illustrates an external mixing
arrangement where the gas and fluid only interact outside of the nozzle and
nozzle cover configuration and utilize a diverter to enhance the interaction
between the gas and the fluid to promote formation of an aerosol.
Additionally, or alternatively, the fluid inlet 835 at the base of the nozzle cover
may be used to control fluid flow to the top of the nozzle in coordination with a
patient’s breathing. As discussed in the previous embodiments, the nozzle
cover 832 movement can be used to press the fluid inlet 835 against the
reservoir 880 wall or to move a collar that blocks off the fluid inlet 835.

The invention may be embodied in other forms than those specifically
disclosed herein without departing from its spirit or essential characteristics.
The described embodiments are to be considered in all respects only as
illustrative and not restrictive, and the scope of the invention is intended to be
commensurate with the appended claims.
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WE CLAIM:

1. A nebulizer comprising:

a housing having an ambient air inlet and a chamber for holding
an aerosol;

an air outlet communicating with the chamber for permitting the
aerosol to be withdrawn from the chamber;

a pressurized gas inlet adjacent a fluid orifice, the pressurized
gas inlet in communication with the chamber;

a diverter positioned in the chamber in a fixed position relative to
the pressurized gas inlet; and,

wherein at least one portion of the fluid orifice is adjustable

between a nebulizing position and a non-nebulizing position.

2. The apparatus of claim 1, wherein at least one portion of the

fluid orifice is adjustable in response to a patient’s breathing.

3. The apparatus of claim 1, wherein at least one portion of the
fluid orifice manually adjustable by an actuator positioned on an exterior

portion of the housing.

4. The apparatus of claim 2 further comprising an actuator piston
connected with a pressurized gas inlet cover defining a portioh of the fluid
orifice and positioned in the housing, the actuator piston responsive to an
initial period of inhalation through the air outlet to adjust the fluid orifice to the

nebulizing position.

5. The apparatus of claim 4 further comprising a relief piston
located in the housing, the relief piston movable separately from the actuator
piston and responsive to additional negative pressure in the chamber, after an
initial period of inhalation, to allow increased air flow from the air inlet into the
chamber, whereby the effort necessary for a patient inhaling through the air

outlet is reduced.
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6. The apparatus of claim 1, wherein the diverter is connected with
a wall of the housing.

7. The apparatus of claim 1, wherein the diverter is integrally
molded with the housing.

8. The apparatus of claim 1, wherein the fluid orifice comprises an
opening defined by an outer diameter of the pressurized gas inlet and an

inner diameter of an end of a pressurized gas inlet cover.

0. The apparatus of claim 8, wherein the pressurized gas inlet
comprises a cone-shaped nozzle and the pressurized gas inlet cover
comprises a cone-shaped sleeve coaxially positioned around the cone-
shaped nozzle.

10.  The apparatus of claim 1, wherein the at least a portion of the
fluid orifice comprises an entire fluid orifice.

11.  The apparatus of claim 1, wherein the at least on portion of the
fluid orifice is connected with a vane pivotally adjustable between a nebulizing

and a non-nebulizing position.

12. The apparatus of claim 1, wherein the fluid orifice is in

communication with a fluid reservoir positioned inside the nebulizer.

13. A breath actuated nebulizer for providing an aerosol to an

inhaling patient, the nebulizer comprising:

a housing having an air inlet and a chamber for holding the
aerosol;

an air outlet communicating with the chamber for permitting the
aerosol to be withdrawn from the chamber;

a pressurized gas inlet located in the chamber;

a fluid orifice located in the chamber adjacent the pressurized
gas inlet, the fluid orifice in communication with a fluid pathway; and
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wherein at least a portion of the fluid pathway is adjustable in
response to a patient’s breathing between a nebulizing position, wherein a
flow of fluid from a fluid reservoir to the fluid orifice is uninterrupted, and a
non-nebulizing position wherein the flow of fluid from the fluid reservoir to the

fluid orifice is interrupted.

14.  The apparatus of claim 13, wherein the air inlet is configured to

receive a supply of air from an air supply system.

15.  The apparatus of claim 13, wherein the air inlet is configured to
receive ambient air from outside the container.

16.  The apparatus of claim 13, wherein the fluid orifice comprises an
opening defined by an outer diameter of the pressurized gas inlet and an

inner diameter of an end of a pressurized gas inlet cover.

17.  The apparatus of claim 15, wherein the fluid pathway comprises
at least one channel defined by a recessed longitudinal groove in at least one
of the outer diameter of the pressurized gas inlet and the inner diameter of the

pressurized gas inlet cover.

18.  The apparatus of claim 15, wherein the pressurized gas inlet
comprises a nozzle and the pressurized gas inlet cover comprises a nozzle
cover coaxially positioned around the nozzle, wherein at least a portion of the

nozzle cover is movable with respect to the nozzle.

19.  The apparatus of claim 15 further comprising an actuator piston
movably positioned adjacent the air inlet and connected with the at least a
portion of the nozzle cover, wherein the actuator piston and the at least a
portion of the nozzle cover are movable in response to inhalation at the air

outlet.

20. The apparatus of claim 19 further comprising a relief piston
positioned adjacent the actuator piston and independently movable with



10

15

20

25

WO 02/074370 PCT/IB02/00744

28

respect to the actuator piston in response to a continued inhalation to uncover

* additional openings in the nebulizer and thereby reduce inhalation effort.

21.  The apparatus of claim 13 further comprising a diverter
positioned in the chamber to divert a flow of gas from the pressurized gas
outlet.

22.  The apparatus of claim 13, wherein the diverter is stationary.

23. A breath actuated nebulizer for generating an aerosol for
delivery to a patient, the nebulizer comprising:

a housing having an air inlet and a chamber for holding the
aerosol;

an air outlet communicating with the chamber for permitting the
aerosol to be withdrawn from the chamber;

a pressurized gas inlet located in the chamber;

a pressurized gas inlet cover comprising a fixed portion and a
movable portion, the pressurized gas inlet cover positioned substantially
coaxially about the pressurized gas inlet, wherein a fixed fluid orifice is
defined by an inner diameter of an end of the fixed portion and an outer
diameter of the pressurized gas inlet;

a diverter positioned in the chamber in a fixed position relative to
the pressurized gas inlet and fixed fluid orifice, wherein pressurized gas from
the pressurized gas inlet is diverted over the fluid orifice; and

wherein the movable portion of the pressurized gas inlet cover
moves in response to a patient’s breathing between a nebulizing position,
where the fluid reservoir is in communication with the fluid orifice, and a non-
nebulizing position, wherein the fluid reservoir is not in communication with
the fluid orifice.

24.  The apparatus of claim 23, wherein the fixed portion of the
pressurized gas inlet cover and the pressurized gas inlet define an first portion
of a fluid pathway between the fluid orifice and the fluid reservoir.
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25.  The apparatus of claim 24, wherein the movable portion of the
pressurized gas inlet cover and the pressurized gas inlet define a second
portion of the fluid pathway between the fluid orifice and the fluid reservoir

when the movable portion is in the nebulizing position.

26.  The apparatus of claim 24, wherein the moveable lower portion
is coaxially movable with respect to the pressurized gas inlet between the

nebulizing position and non-nebulizing position.

27.  The apparatus of claim 24, wherein the movable portion is
connected with a vane by a pivot arm and is pivotally movable between the
nebulizing and non-nebulizing positions.

28.  The apparatus of claim 24, wherein the fixed upper portion and
the pressurized gas inlet define a fluid pathway between the fluid orifice and
the fluid reservoir, and the lower portion of the pressurized gas inlet cover is
movable to a nebulizing position, wherein the movable portion is spaced away
from the fixed portion, and a non-nebulizing position, wherein the movable

portion blocks the fluid pathway in the fixed portion.

29. A method of providing a patient with an aerosol flow of fluid

comprising:

providing a nebulizer having an air inlet for receiving air and an
outlet for delivering the aerosol to the patient, a chamber in communication
with the outlet, a diverter fixedly mounted in the chamber, and a movable fluid
orifice responsive to movement of an actuator piston;

inhaling air from the chamber through the outlet;

moving the actuator piston so that the fluid orifice moves from
an initial position to a predetermined distance from a pressurized gas inlet in
the chamber;

creating a negative pressure over a fluid orifice by injecting
pressurized gas into the chamber and deflecting the gas against the diverter;

and
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drawing medication through the fluid orifice with the negative
pressure.

30.  The method of claim 29, wherein the nebulizer further comprises
a relief piston mounted in the nebulizer and independently movable with
respect to the actuator piston, and wherein the method further comprises
moving the relief piston independently of the actuator piston to permit greater
air flow through the chamber after the fluid orifice moves to the predetermined

distance from the pressurized gas inlet.

31.  The method of claim 29, wherein the fluid orifice is an opening
defined by an outer circumference of the pressurized gas inlet and an inner
circumference of an end of a coaxially positioned pressurized gas inlet cover
connected with the actuator piston, and wheréin moving the actuator piston
comprises moving the pressurized gas inlet cover relative to the pressurized
gas iniet such that the fluid orifice moves to the predetermined position.

32. The method of claim 29, wherein moving the actuator piston
comprises a manually moving a portion of the actuator piston extending
outside of a housing of the nebulizer.

33.  The method of claim 29, wherein moving the actuator piston
comprises moving the actuator piston in response to the breathing of the

patient.

34. A method of generating an aerosol of a fluid comprising:
providing a nebulizer having a diverter fixedly positioned with
respect to a pressurized gas inlet in a chamber, a fluid reservoir in
communication with the chamber, and an adjustable fluid pathway movably
positioned to communicate fluid in the fluid reservoir with a fluid orifice in
response to inhalation by the patient;
inhaling through an air outlet connected to the chamber in the

nebulizer; and
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adjusting a position of the fluid pathway with the force of the

inhalation and beginning to aerosolize a fluid in the chamber.

35. The method of claim 34, wherein adjusting a position of the fluid
pathway comprises forming a continuous passage from the fluid reservoir to

the fluid orifice.

36. The method of claim 35, wherein the fluid pathway comprises a
first portion fixedly positioned in the chamber and a second portion movably
positionable relative to the first portion, and wherein forming a continuous
passage comprises aligning the second portion with the first portion in
response to inhalation of the patient.

37. The method of claim 36 further comprising displacing the
second portion from the first portion in response to an exhalation by the

patient.

38. A nebulizer comprising:

a housing having an ambient air inlet and a chamber for holding
an aerosol;

an air outlet communicating with the chamber for permitting the
aerosol to be withdrawn from the chamber; A

a fluid orifice movably connected with an actuator piston, the
actuator piston positioned over the ambient air inlet and movable in response
to an inhalation at the air outlet;

a pressurized gas inlet adjacent the fluid orifice, the pressurized
gas inlet in communication with the chamber;

a diverter positioned in the chamber in a fixed position relative to
the pressurized gas inlet; and,

wherein the fluid orifice is adjustable by the actuator piston
between a nebulizing position and a non-nebulizing position in response to a

patient’s breathing.
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39. A breath actuated nebulizer for providing an aerosol to an
inhaling patient, the nebulizer comprising:

a housing having an air inlet and a chamber for holding the
aerosol;

an air outlet communicating with the chamber for permitting the
aerosol to be withdrawn from the chamber;

a pressurized gas inlet located in the chamber adjacent to a gas
diverter, wherein the gas diverter is maintained at a fixed distance from the
pressurized gas inlet; and

A fluid supply means for providing a supply of fluid from a reservoir
to a position adjacent the pressurized gas inlet during a period of inhalation,
and for restricting the supply of fluid to the position adjacent the pressurized
gas inlet during an absence of inhalation, wherein at least a portion of the
supply of fluid is nebulized during the period of inhalation.

40. A breath actuated nebulizer for providing an aerosol to an

inhaling patient, the nebulizer comprising: |

a housing having an air inlet and a chamber for holding the
aerosol;

an air outlet communicating with the chamber for permitting the
aerosol to be withdrawn from the chamber;

a pressurized gas inlet located in the chamber,

a fluid orifice located in the chamber adjacent the pressurized

gas inlet, the fluid orifice in communication with a fluid pathway; and

means for adjusting at least a portion of the fluid pathway in response
to a patient’s breathing between a nebulizing position, wherein a flow of fluid
from a fluid reservoir to the fluid orifice is uninterrupted, and a non-nebulizing
position wherein the flow of fiuid from the fluid reservoir to the fluid orifice is

interrupted.
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