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(57) ABSTRACT

Aerosol delivery systems and methods for delivering an
agent to a patient are described herein. The present invention
includes embodiments comprising an insulated receptacle
connected to a body to hold a vial of an agent to be delivered
to a patient. The vial is located in an inverted position within
the receptacle and connected to the housing. One or more
reusable thermal packs can be located on the inner sides of
the receptacle, to maintain a selected temperature surround-
ing the vial. The agent is administered to a patient by placing
a prong into one of the patient’s orifices and then activating
an aerosol delivery system. Such systems comprise jet
aerosolization and pneumatic and ultrasonic nebulizers and
preferably are portable.
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SYSTEMS AND METHODS FOR AEROSOL
DELIVERY OF AGENTS

This is a national stage under 35 U.S.C. §371 of Interna-
tional Application No. PCT/US02/07973, filed Mar. 13,
2002, and claims the benefit of U.S. Provisional Patent
Application No. 60/276,539, filed Mar. 15, 2001.

FIELD OF THE INVENTION

This disclosure relates generally to the delivery of agents,
and more particularly, to systems and methods for delivery
of agents using portable aerosol devices.

BACKGROUND

Medicines and other agents have been administered with
needles and syringes for many years. Needles and syringes
have posed a variety of problems for patients and medical
personnel who administer agents to the patients, including
injection safety, needle stick injury, disposal problems,
transmission of blood borne diseases, and needle shortages
during mass vaccination campaigns. The replacement of
needles and syringes as the primary delivery vehicle for
agents has the potential for tremendous cost savings,
increased safety and reduction of biomedical wastes.

Currently there exist at least three methods for adminis-
tration of agents using pulmonary delivery devices, includ-
ing; nebulizers, metered dose inhalers, and dry powder
inhalers. Much of the equipment used for aerosol delivery is
cumbersome and has not been widely employed for many
treatment methods. Nebulizers are commonly used in hos-
pitals for the treatment of respiratory diseases. In practice, a
nebulizer uses compressed gases to convert a solution of the
agent into fine droplets. The droplets are administered to the
patient through an air stream that the patient breathes
inwardly through a mouthpiece or mask. As the patient
breathes, the agent is delivered to the patient’s lungs and
absorbed therein.

Typically, nebulizers rely upon an external compressed
gas source to convert a solution of the agent into fine
droplets. As a result of the need for an external source of
compressed gas, nebulizers tend to be bulky and difficult to
move. Further, the effectiveness of a nebulizer depends upon
proper inhalation by the patient, which can be difficult to
monitor and to teach to the patient.

Additionally, nebulizers fall short of an adequate design
because they fail to provide a consistent, uniform droplet
size. Instead, nebulizers produce a wide range of droplet
sizes, often with the droplet size being too large for lung
absorption. Thus, the patient either gets less of the agent than
is necessary or the nebulizer must administer more of the
agent than is necessary so that at least an effective amount
will be delivered to the patient. With such methods, the agent
is wasted and there is a risk that the patient will inhale too
much of the agent and be overdosed.

Currently used jet nebulizers function in the same general
way. Liquid is drawn up to an air nozzle by capillary forces
and/or the Bernoulli effect. At the nozzle, a high-speed air jet
shatters the liquid into droplets. Droplets blast against an
impactor to break them up further into smaller droplets. Like
most atomization processes, this droplet generation process
results in a size distribution. To obtain the desired small
aerosol droplets, baflles capture large droplets (which cannot
follow the airflow path well), leaving the fine aerosol in the
output stream of the nebulizer. The larger droplets recycle to
the liquid reservoir of the nebulizer.
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This nebulization process is inherently inefficient. Mea-
surements show that typical nebulizers only convert about
1% of the aspirated liquid to fine aerosol droplets. Thus,
liquid will normally be recycled well in excess of twenty
times before it reaches the desired size and is exhausted from
the nebulizer. The inefficiency of the jet nebulizer poses
problems to its use for aerosol vaccination. High velocity is
needed in the air jet to provide the energy required to break
the liquid into sufficiently small droplets, necessitating rela-
tively high air supply pressures in flow rates. Compressing
air to provide this supply requires significant power, either
human or electric.

Fluid recycling in the nebulizer in the small amount of
vaccine required for each dose results in the inability to
operate on a dose-by-dose basis. Many doses need to be
present in the nebulizer in order for droplet coalescence on
the baffles in other surfaces to return liquid to the reservoir.
In addition, the repeated mechanical stress of atomization on
the vaccination particles in the liquid risks diminishing the
viability of the vaccine.

Further compounding the inherent problems found in
prior nebulizer design is the required duration of drug
administration. Typically, nebulizers require several minutes
of use to administer a proper drug dosage. Accordingly, the
patient is required to maintain the desired breathing tech-
nique throughout the application period. Even so, such
precision by the patient is seldom found in practice. There-
fore, such nebulizers are inefficient and impractical drug
delivery devices.

Another system for delivering an agent is a metered dose
inhaler (MDI). MDI represents the most widely used system
for pulmonary delivery of agents, especially pharmaceuti-
cals, and consists in part of a canister which holds the agent,
together with a propellant, typically a chlorofluorocarbon
(CFC). A patient may self-administer the agent by activating
the canister, thereby releasing a high velocity air stream
consisting of a mixture of air and the agent. As with the
nebulizers, MDI’s produce a wide range of droplet sizes;
however, only a small portion of the droplets produced are
absorbed by the patient.

Administration of the agent is effective only if the patient
coordinates inhalation with activation of the canister. Prob-
lems arise if the patient fails to coordinate inhalation with
the release of the agent by the canister. Specifically, the
agent can be deposited at the back of the throat, rather than
on the interior walls of the lungs, thereby causing the agent
to be ingested, digested and expelled from the patient rather
than being absorbed directly by the bloodstream or being
effective on site in the lungs. Although spacer devices have
been developed to overcome the difficulty of press-and-
breathe coordination, problems still exist with the inhalation
technique and compliance monitoring. Accordingly, MDI’s
have not proved to be an effective system of pulmonary
delivery.

Additionally, MDIs suffer from the reliance on a propel-
lant. Chlorofluorocarbons have long been the propellant of
choice, and these compounds have severe environmental
consequences. Thus, the use of chlorofluorocarbons are
being phased out. The replacement propellants may not be as
safe or effective for pulmonary delivery devices.

Still another method of pulmonary or inhalant delivery is
the dry powder inhaler (DPI), introduced to the marketplace
as a replacement for the MDI systems, particularly to
overcome the need for a chlorofluorocarbon propellants. A
DPI uses a portable canister that stores an agent in a dry
powder state. Patients can self-administer the agent by
inhaling small, dry particles. Unlike other methods of pul-
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monary delivery, agents used with DPI’s must be prepared
as a solid, must be able to tolerate storage in a solid phase,
and must be capable of complete dispersion at the point of
delivery. As a result, many agents are not compatible for use
with the DPI method of delivery. Accordingly, DPI’s may be
an ineffective method of delivery of agents.

Thus, a need exists for effective systems and methods for
administering an agent in an aerosol form, without a needle,
and in more accurate dosages. Further, a need exists for
portable delivery systems that provide an agent to patients in
a form that may be rapidly absorbed.

SUMMARY OF THE DISCLOSURE

The present disclosure comprises methods and systems
for delivery of agents that do not require use of needles to
gain entry into a biological system. More particularly, the
present disclosure comprises methods and systems of deliv-
ery of agents using portable devices comprising pneumatic,
ultrasonic or jet aerosol methods. For example, such systems
and methods can be used for delivering agents such as
pharmaceuticals, chemotherapeutics, immune agents, and
vaccines. Preferred embodiments of the present disclosure
overcome problems of other devices that rely on external air
sources or power supplies.

An embodiment of the present disclosure provides meth-
ods and systems for administering one or more agents to
multiple patients (either human or non-human) in single
dosage applications or to an individual patient for multiple
administrations. For example, many patients can be immu-
nized with an inhaled vaccine composition using the present
disclosure without the need for needles or reloading of the
device with the composition. In other applications, the
composition may be administered to one individual. For
example, only a single vaccine or drug dose is administered
using aerosol administration methods of the present disclo-
sure while the remainder of the vaccine or drug remains
unaffected in the vial.

Preferred embodiments of the present disclosure insulate
the agent so that it is not adversely affected by outside
temperature during administration or storage. Furthermore,
the present disclosure comprises embodiments that allow
control of an air and agent mixture in order to insure that a
patient receives a predetermined dose of the agent. More-
over, the present disclosure comprises embodiments that
provide a portable power source that can be self-contained
within the device.

An embodiment of the present disclosure comprises the
following example. A preferred method comprises admin-
istration of a vaccine composition using the devices of the
present disclosure. For example, the device comprises an
insulated housing connected to a body defining a vial. The
vial is designed to contain a vaccine or drug composition.
The vial is located in an inverted position within the body
and connected to the housing. A cooling means, such as one
or more replaceable ice packs, can be located on the inner
sides of the insulated housing to reduce or maintain the
ambient temperature surrounding the vial. The vaccine com-
position is delivered to the recipient’s airway using pneu-
matic, ultrasonic or jet propulsion means and devices.

The present disclosure comprises systems and devices
comprising aerosol generation means and power sources,
and may further comprise fluid recycling of the composi-
tions to be delivered and positive pressure output Preferred
embodiments comprising pneumatic and ultrasonic means
generally employ aerosol generation means comprising
direct microdrilled surfaces, whereas jet aerosol embodi-
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ments preferably comprise air blast atomization. Power
sources employed by the present disclosure preferably com-
prise compressed air or electrical means.

Preferred methods of the present disclosure comprise
delivering agent compositions by placing a prong into one of
the patient’s nares and then activating the aerosol delivery
system. For example, when an external trigger is depressed,
the system converts the agent composition into numerous
droplets. Preferably, the droplet composition is mixed with
air and transported from the delivery system through a prong
into the patient’s naris.

In one aspect of the disclosure, a timer controls the droplet
formation of the agent composition. The timer can initiate a
signal for the droplet formation to cease, and a valve is
controlled to allow air to be released from the air reservoir.
If it is desired that another dose be administered, a second
dose can be delivered from the vial into a mixing chamber
upon depression of the external trigger.

In yet another aspect of the disclosure, preferred ultra-
sonic embodiments include an electronic drive powered by
rechargeable batteries. The batteries may be recharged by
means known to those skilled in the art, including the use of
a hand-cranked dynamo and/or an associated AC power
converter. The dynamo and associated AC power converter
can be separate or self-contained within the system.

Another aspect of the present disclosure comprises
embodiments wherein only one dose of the agent composi-
tion is mixed with air and delivered to the patient, thereby
protecting the remainder of the agent composition in the vial
from degradation due to any heat or other deleterious effects
produced during the delivery process.

Another aspect of this disclosure is the use of replaceable
or reusable form fitting cold packs rather than ordinary ice
to maintain the temperature of the agent composition while
it is stored in the vial.

Still yet another aspect of this disclosure is the use of a
prong for accurately directing the agent composition mixture
into the patient’s orifices, such as the mouth or the nares, for
administration to the patient for effective treatment.

Yet another aspect of preferred embodiments of the
present disclosure is the use of an anti-backflow valve to
prevent contamination of the system by configuring the
prong and valve so that a straight path from the prong outlet
through the valve does not exist.

Still another aspect of the present disclosure is the incor-
poration of a positive pressure air source within the delivery
system.

As the following description and accompanying drawings
make clear, these and other aspects or objects are achieved
by the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a side view of an embodiment of the
present disclosure.

FIG. 2 depicts a section view of an embodiment of the
delivery system comprising an ultrasonic system.

FIG. 3 shows a cutaway side view of another embodiment
of the present disclosure comprising a pneumatic system.

FIGS. 4A and 4B are side and end views, respectively, of
a prong for a jet aerosol agent delivery system.

FIG. 4C is a section view taken generally along line
4C—4C in FIG. 4B and FIG. 4D is a section view taken
generally along line 4D—4D in FIG. 4A.

FIGS. 5A-5B illustrate top and side views of an embodi-
ment of the present disclosure comprising a pneumatic
aerosol generator.
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FIG. 5C is a cross-sectional view taken generally along
line 5C—5C in FIG. 5A.

FIG. 6 is an enlarged illustration of portions of an orifice
plate and actuator for use in a pneumatically activated
aerosol generator embodiment of the present disclosure as
shown in FIG. 5C.

FIG. 7 depicts a schematic diagram of alternative embodi-
ments of the present disclosure.

FIGS. 8A-8C illustrate components of an alternative
embodiment of the present disclosure for use in a large scale
or mass immunization procedure.

FIGS. 9A and 9B illustrate a sectional side view and end
view, respectively, of another embodiment of the present
disclosure.

FIG. 10 is an enlarged cross-sectional view of a prong and
aerosol generator used in the embodiment of FIG. 9A.

DETAILED DESCRIPTION OF EMBODIMENTS

The present disclosure is directed to methods and sys-
tems, including devices, for delivery of agents, preferably by
aerosol delivery. Preferred systems for such delivery com-
prise jet nebulizer systems, pneumatic and ultrasonic aerosol
generation systems. Preferred methods comprise adminis-
tration of agents for treatment of living organisms, such as
for methods of vaccination.

Use of the present system for agent delivery, such as for
vaccination purposes, provides many benefits. The present
system replaces the use of needles and syringes, and reduces
the costs of agent delivery. Additionally, the present system
allows for treatment of patients by less-trained staff, another
cost saving benefit, and also helps prevent the spread of
blood borne diseases by reused needles.

The aerosol delivery systems and methods of the present
system are capable of providing agents in a continuous
aerosol stream at a steady flow rate, may or may not need
electrical power, are portable, and have a replaceable prong.
For vaccination purposes, many of the embodiments may
keep up to 100 doses of vaccine at a selected temperature,
(for example around 9° C.) for up to 8 hours, and employ a
trigger mechanism to draw a selected dose from such storage
and deliver that dose. Additionally, the devices of the present
system can be used to deliver from 1 to 500 doses an hour,
preferably 1 to 250 doses an hour, and more preferably 1 to
100 doses per hour. The devices also provide a non-threat-
ening appearance to reduce fear of treatment in patients. It
is preferable that the systems and devices are easy to
disassemble and clean.

Preferred methods of the present disclosure comprise
delivery of agents such as vaccine compositions. The meth-
ods of the present disclosure comprise delivery of vaccine
compositions via aerosol administration. The present dis-
closure contemplates the use of any vaccine composition
that can be delivered via aerosol administration. Particularly
preferred vaccination compositions are those for measles,
mumps and rubella. Such compositions may comprise
measles vaccine, mumps vaccine, rubella vaccine and com-
binations and mixtures such as measles and mumps, rubella
and mumps, measles and rubella, and measles, mumps and
rubella. The vaccines further comprise pharmaceutical or
formulation components such as those known in the art,
including, but not limited to, diluents, compounding agents,
surfactants, and agents to maintain sterility.

Aerosol administration takes advantage of the benefits of
such administration. The respiratory system, including the
lungs, provides for a large surface area for absorption or
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adsorption of agents, and can be used for localized or
systemic treatment of the recipient.

Agents, as used herein, comprise agents that can be
administered to living organisms for an effect in the treated
organism. Such agents include live and killed organisms for
vaccination, immunogens, immune activators or suppres-
sors, chemotherapeutics, pharmaceuticals, nucleic acids,
insulin, hormones, antibodies and fragments thereof, recep-
tors, proteins, carbohydrates, fats, nutrients, anesthetics,
narcotics, and pain relievers.

FIGS. 1 and 2 show two views of an embodiment of an
ultrasonic delivery system which uses direct droplet genera-
tion, such as using a piezoelectric-driven actuator to eject
droplets. The hand-held device can be operated by various
power systems, including a wind-up power supply such as a
muscle recharged battery used in portable radios, to operate
the ultrasound electronics. Standard electrical supplies can
also be used, including batteries, AC power sources, DC
power sources, or solar power. Such systems may also
comprise a bayonet-mounted cold pack and a disposable
prong that prevents contamination by backflow.

In operation, to provide a positive-air supply, the user
squeezes a handle in the grip of the device prior to admin-
istering each dose to fill the air reservoir. On triggering of a
dose, air is delivered along with the acrosolized agent via the
prong, into the treated organism or patient. The air dose
helps transport the agent into the respiratory tract of the
treated organism or patient. It also enables sealing of the
device at the base of the prong reducing the risk for
unintended release of aerosol if the prong valve is closed,
since openings for entrained air are not required. The air
dose deliverable by this system preferably will be relatively
small, from 50 to 200 cc, more preferably 100 cc, to make
the grip-actuated charging pump feasible. If a larger air dose
is required, a more substantial air supply can be used with
the present system.

FIGS. 3, 5A-5C and 6 illustrate the design of a hand-held
aerosol delivery device comprising a pneumatic aerosol
generator and components thereof. A plate drilled with many
small orifices ejects the droplets on each stroke of a piston
actuator. FIG. 6 shows a more detailed example of an
operating portion of such a system. A compressed air source
powers a pneumatic oscillator to drive the actuator. Exhaust
air from the oscillator carries the aerosol away and provides
a positive-pressure output stream. A bayonet-mounted cold
pack contains the agent and helps to maintain it at a low
temperature during administration of multiple doses. The
device delivers a dose of agent upon each pull of a trigger.
A disposable prong with an integral anti-backflow valve
prevents contamination due to sneezes or other events by the
treated organism.

FIGS. 5A-5C show an embodiment of a pneumatic aero-
sol generator. The generator comprises a pneumatic oscil-
lator, a microdrilled orifice plate for direct droplet genera-
tion and flow passages for the agent, air and output stream.
Air from storage tanks or a compressor enters the oscillator.
The area and spring rate of a poppet valve, or piston, in the
system are balanced so that the valve behaves unstably,
shuttling back and forth, or reciprocating, from a closed to
an open position. The valve stem strikes a piston, or actuator,
to provide the pressure pulse needed to eject droplets from
the orifice plate. Exhaust air from the poppet valve is ducted
to entrain the aerosol droplets and carry them out under
positive pressure to the prong.

The prong of the present device preferably is disposable
and intended to fit easily into the orifices of the treated
organism, such as the mouth or naris of the treated organism,
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to introduce the aerosol and to prevent contamination of the
aerosol generator by sneezing or other forceful exhalation by
the treated organism.

FIGS. 4-4D show a preferred embodiment of a prong
incorporating an anti-backflow valve. An inverted cone
provides the moving valve element. Flexible supports, or
biasing members, shown here as leaf springs, suspend the
element within the valve body, holding it in the open
position during normal flow and allowing it to seat to halt
backflow. Varying the width and thickness of the supports
controls the sensitivity of the valve. The base line support
design automatically returns the valve to the normally open
position when backflow ceases, but the present system
contemplates other design modifications so that the valve
could remain in the closed position until reset.

Multiple barriers to backflow contamination are provided
by the present disclosure. One of these comprises the
moving valve. Other barriers to contamination include the
length of the forward portion of the prong, which provides
a clean buffer of air against contaminants that could leak
around the valve while it is closing. During normal flow,
clean air and aerosol flow through the prong and fill it up
until the start of backflow. It is the clean air and aerosol in
a prong body that rush backward to close the valve as
contaminated flow begins to enter at the exit of the prong,
preventing contamination during valve closure. Addition-
ally, the prong body and valve elements are shaped so that
a straight path from the exit of the prong through the valve
does not exist. This prevents contamination by a forceful
ejection of a high-speed droplet from the treated organism
into the prong. The angled tip of the prong provides one
barrier and the design of the valve provides another. Fine
aerosols that travel with the air stream can negotiate these
paths, but larger high-speed ejection droplets will be cap-
tured by the walls and will not reach the aerosol generator.

Such a pneumatic system has several advantages. No
recycling of fluid occurs during aerosolization and elimi-
nates the need for a large fluid inventory or multiple expo-
sures of the agent to mechanical stress. The positive-pres-
sure output stream provides forced flow of aerosol that
minimizes the need for cooperation of the patient for con-
trolled inhalation. In a preferred embodiment, the device is
compact and does not need electricity for operation. Com-
pressed air provides the power to operate the system.

The compressed air can be provided in any means known
to those skilled in the art. For example, a pneumatic system
may use the modular air supply shown in FIG. 8C. For
maximum mobility, compressed air can be stored in one or
two backpack mounted tanks. The person providing treat-
ment can then use the hand-held delivery system while on
the move with only a single slim air hose connected to the
backpack. In stationary use, the hand-held unit can be
connected to a compressor or an air supply such as those
delivered through wall units in hospital settings.

FIGS. 8A-8C show an embodiment of a jet nebulizer
comprising two main parts, a backpack mounting the air
supply system comprising air tanks, regulator and other
fittings, and a cold box containing the nebulizer, agent, and
dose controls. A simple air hose connects the two pieces of
the system. To administer a dose, the user presses a plunger
on the top of the cold box. The nebulizer chamber is
periodically refilled by pressing a second plunger.

Refrigeration means are included in the present system,
which extend the period of time between removal of agent
vials from their cold storage container and loss of potency
due to elevated temperature. Any means of providing refrig-
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eration on coolant to the agent is contemplated by the
present disclosure and cold packs are a preferred means.

The present disclosure also comprises dosage control.
Dosage control is provided preferably by a single-handed,
single-stroke trigger that actuates a dosage delivery system
that dispenses a timed dose of agent. Dosage control may be
effected by means of an electronic timing circuit or a
pneumatic timer and an adjustable needle valve. The pneu-
matic timer is activated with a spring-loaded plunger, which
upon compression, expels the air in the plunger shaft
through a check valve. The spring causes the plunger to
retract slightly, forming a vacuum in the plunger shaft,
which is connected to one side of a diaphragm of a vacuum-
controlled pneumatic relay. The vacuum on one side of the
pneumatic relay engages a valve that allows air to pass from
the air supply to the nebulizer or aerosol generator. Attached
to the plunger shaft is a needle valve that allows flow to
bleed back into the shaft to gradually relieve the vacuum and
close the air valve controlled by the pneumatic relay. The
bleed rate and plunger spring constantly control the rate at
which the vacuum is relieved, which in turn determines the
dosage time.

FIG. 7 depicts various combinations of the components of
the present disclosure. Such embodiments and various other
combinations are contemplated by the present disclosure.
Such embodiments can be used as mobile aerosol vaccina-
tion systems or systems for delivery of agents.

Preferred embodiments are further disclosed in the fol-
lowing descriptions. FIG. 1 depicts an embodiment of an
aerosol delivery system 8. The aerosol delivery system 8
includes a body, or housing, 10 and an insulated cooling
receptacle 12. The receptacle 12 is connected to the body 10,
with contact by the exterior surface 14 of the body 10 to the
receptacle 12. The insulated receptacle 12 may be connected
to the body 10 with snap fittings, adhesives, or any other
detachable connection that is known by one of ordinary skill
in the art. The insulated receptacle 12 may consist of any
lightweight, durable material including, but not limited to,
plastic, metal, composite, or a wood product.

The body 10 comprises a handle body 16 for a user to grip
or to hold the aerosol delivery system 8 with one or two
hands. A pump handle 18 connects to the body, and functions
as a pump as one means for pressurizing the aerosol delivery
system 8. The body 10 may be designed into other shapes for
gripping or holding the aerosol delivery system 8 with one
or two hands. The pump handle 18 also can be designed into
other shapes for manually pressurizing the aerosol delivery
system 8.

FIG. 2 shows a cutaway interior view of the ultrasonic
aerosol delivery system 8 shown in FIG. 1. The insulated
receptacle 12 contains thermal packs, also referred to herein
as coolant or ice packs, 20 that can connect to the interior
walls of the receptacle 12. The ice packs 20 are replaceable
in the receptacle and can be reusable or disposable. The
design of the ice packs 20 may include various rigid or
flexible exterior surfaces for molding the ice packs 20 into
a conforming shape to provide an internal chamber for
receiving and holding a vial. Further, the ice packs 20 may
include an external or internal continuous member that is
cylindrical in form or it may include numerous external or
internal members oriented to provide a relatively high
surface area for the ice pack 20. Located between the ice
packs 20 is the vial chamber 22. The vial chamber 22 can be
cylindrically-shaped, but may be formed in other shapes in
order to fit closely with the shape of a vaccine or drug vial
24.
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A vial 24 is located in an inverted position within the
receptacle 12, when the receptacle 12 is connected to the
body 10. The vial can contain an agent or vaccine to be
administered to a patient. The vial 24 is held in place by
contact with the interior surface of the ice packs 20. Addi-
tionally, the vial 24 is held in place by a vent probe 26 and
an agent probe 28. The agent probe 28 is a small cylindrical
tube with a pointed end 30 that is used to puncture a rubber
cap 32 incorporated or connected to the vial 24. Alterna-
tively, the agent probe 28 can include other shaped tubes,
including rectangular or square, that can puncture the rubber
cap 32 of the vial 24.

For example, the vial 24 can be used to store a reconsti-
tuted measles vaccine. The ice packs 20 can be used to
maintain the reconstituted measles vaccine at a constant
temperature so that the vaccine is not adversely affected by
ambient or external temperature.

The vent probe 26 can be connected to the agent probe 28
where the agent probe 28 enters the insulated receptacle 12.
The vent probe 26 typically is longer, but of a similar shape
as the agent probe 28. The vent probe 26 can be a hollow
cylinder that connects with the hollow portion of the agent
probe 28. The vent probe 26 is operable to allow air to be
drawn from outside of the vial 24 to replace the volume of
an agent or vaccine that is dispensed from the vial 24 via the
vaccine probe 28.

The aerosol delivery system 8 includes an ultrasonic
nebulizer 36 that contains a plate member or screen with
numerous small holes, or orifices, with an approximate
opening size of 4 to 10 microns, and more preferably 6 to 8
microns. The nebulizer may comprise a piezoelectric actua-
tor operatively coupled to a power source. The agent probe
28 can be connected to the ultrasonic nebulizer 36 via a
section of flexible tubing 38 to carry a quantity of agent from
vial 24 to nebulizer 36. In operation, a user depresses a
trigger and timer switch 40 connected to the ultrasonic
nebulizer 36. In doing so, a signal is sent from the switch 40
to nebulizer drive electronics, or circuit, 42 connected to the
ultrasonic nebulizer 36, wherein the signal can be processed.
In turn, the nebulizer drive electronics 42 relays a signal to
the ultrasonic nebulizer 36 to begin operation. The ultrasonic
nebulizer 36 converts an agent drawn from vial 24 via the
agent probe 28 into droplets of a very small size (preferably
in a range of from 5 to 10 microns). Other types of
nebulizers or devices that disperse an agent into a droplets
of a very small size also can be used.

The aerosol delivery system 8 also includes an air control
valve 44, an air reservoir 46, a mixing chamber 48, and an
anti-backflow valve 50. Depression of the switch 40 opens
the valve 44 which allows air stored within the air reservoir
46 to be released into the associated mixing chamber 48. The
air that is expelled from the air reservoir 46 mixes with the
nebulized agent in the mixing chamber 48, and opens the
anti-backflow valve 50. The air and agent mixture then is
free to flow past valve 50 and through a prong 54 into the
naris of the patient.

The prong 54 may be of a rigid or flexible design and
constructed from plastic, rubber, or other suitable material.
Additionally the prong may be made of paper, with or
without coating for low cost, easy disposability (as by
burning), and can absorb some nasal secretions to prevent
contamination. A prong can be sized in various configura-
tions to fit into a patient’s naris or as an oral prong for the
mouth. The prong 54 is typically located after the mixing
chamber 48 and can be removed from the aerosol delivery
system 8 for replacement or disposal. Note that other types
of propellants can be used, and that air is an example of a
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compressed gas that can be used to mix with the nebulized
agent for delivery to a patient.

FIGS. 4A—4D depict various views of a prong 54 for use
with an aerosol delivery system 8. The prong 54 includes an
inlet channel 58, an anti-backflow valve 50, and a prong
outlet 60. The anti-backflow valve 50 is located within the
prong 54 and prohibits external or ambient air from flowing
back into the system 8. Valve 50 includes a plurality of
flexible supports, or leaf springs, 64, a valve seat, or body,
66, and conical moving valve member 68 mounted on one
set of ends of supports 64. The leaf springs, or supports, 64
function to maintain the anti-backflow valve 68 in a nor-
mally open position, which allows an aerosol output stream
to flow through the prong 54 and through the valve 50. After
the aerosol output stream flow passes through the valve 50
and prong outlet 60, leaf springs 64 may compress and allow
the moving valve 68 to seat securely against the valve body
66. The leaf springs 64 return to their starting position once
air has ceased to travel into the prong exit 60. Further, the
valve body 66 and the moving valve member 68 are sized so
that the flow area through the major portion of the length of
prong 54 remains larger than the flow area at the prong exit
60. This ensures that the anti-backflow valve 50 does not
impede the flow and reduce output from the prong 54.
Additionally, the prong 54 can be shaped so that a straight-
line path from the prong outlet 60 through the valve 50 does
not exist. The prong outlet 60 can be angled to provide a
physical barrier to a straight-line flow path through the
prong 54, and the design of the anti-backflow valve 50 can
provide another such physical barrier.

The pneumatic trigger and timer switch 40 can be
equipped with an internal timer that determines the desired
time of application. For example, this may be approximately
30 seconds from the start of administration of the agent.
When approximately 30 seconds has elapsed, a signal is sent
from the pneumatic trigger and timer switch 40 to the
nebulizer drive electronics 42. The switch 40 then closes,
preventing air from leaving the air reservoir 46. The anti-
backflow valve 50 returns to the closed position upon a
reverse flow of air into the mixing chamber 44. The dose
timing provided by the trigger and timer switch and the drive
electronics may provide for variable timing of dose, includ-
ing separate periods of pre-dose air flow, dose nebulization,
and post-dose flushing of the prong.

Once a dose of the drug or vaccine has been administered,
the air reservoir 46 is recharged using an air reservoir
charging pump 72 operatively connected to pump handle 18.
The air reservoir charging pump 72 is located within the
housing 10 and connected to the air reservoir 46. Specifi-
cally, the air reservoir 46 is recharged by manually and
repeatedly applying pressure to a charging pump handle 18
connected to the housing 10 via a pin 74.

Power used to operate the nebulizer 36 can be supplied by
arechargeable battery pack 78. The battery pack is contained
within the housing 10 and is electrically connected to the
pneumatic trigger and timer switch 40 and an AC power
converter 80. The battery pack 78 can be recharged in
several ways. First, a hand-crank dynamo 84, located at the
bottom portion of the body 10, can be used to recharge
battery pack 78. Second, the battery pack 78 may be
recharged through the use of an AC power jack 86 in
cooperation with an external power supply (not shown) and
the AC power converter 80.

FIG. 3 depicts an alternate embodiment, which includes a
pneumatic aerosol generator delivery system or device. The
embodiment shown in FIG. 3 somewhat resembles the
embodiment detailed previously and shown in FIGS. 1 and






