1 | NHALATI ON DEVI CE AND METHOD FOR DELI VERI NG VARI ABLE AMOUNTS OF

DI FFERENT COVPONENTS BACKGROUND OF THE | NVENTI ON The present invention is
directed to an inhal ation device capable of delivering nultiple materials
in progranmably varying anounts over tine. The present invention is also
directed to a nmethod for adm nisteringqprogrammably variable doses of

mul tiple inhalable materials. Inhalation devices provide a nmechani sm and
device for pulnonary delivery of certain pharmacol ogically active
materials. The use and effectiveness of such devices can be limted
because the devices cannot be configured to prevent interactive overdose
or to regulate the timng of the admnistration of doses of nultiple
pharmacol ogi cally active material in one device. Medicinal formnulation
requi renents can al so nake the use of inhalation devices for conbinationa
therapy difficult. Certain medicinal conpositions are nost advantageously
conpounded in water-based solutions, others in alcohol-based conpounds,
while others can be dry admi nistered. Currently inhalation devices can be
configured to dispense a single carrier. Thus current inhalation devices

admi ni stering CUHINHIALM@N@EV@@IAME)MEPH@@ FOR DEIVERING! ugs whi ch are
conpati ble with one another in a si n?:e carrier vehicle. This may limt

potential Iy usef ul VARIABID AMQEINTEhOF DHiFERENTSCOMRQBENEY e found only
limted application in prograns or strategies which are designed to wean
an individual from substances causing psychological or physical

dependence; i.e., nicotingacREKOORD esTREUNYENTION Significant efficacy

i n snmoki ng cessation prograns as the sno |ng cessation act|V|ty shoul d
address both the physical dependence on the addictive drug, i.e.
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delivering multiple materials in programmably varying amounts over time. The
present invention is also directed to a method for administering programmably
variable doses of multiple inhalable materials.

Inhalation devices provide a mechanism and device for pulmonary
delivery of certain pharmacologically active materials. The use and
effectiveness of such devices can be limited because the devices cannot be
configured to prevent interactive overdose or to regulate the timing of the
administration of doses of multiple pharmacologically active material in one
device.

Medicinal formulation requirements can also make the use of
inhalation devices for combinational therapy difficult. Certain medicinal
compositions are most advantageously compounded in water-based solutions,
others in alcohol-based compounds, while others can be dry administered.
Currently inhalation devices can be configured to dispense a single carrier.
Thus current inhalation devices administering current combinational therapies
must employ drugs which are compatible with one another in a single carrier
vehicle. This may limit potentially useful drug combinations.

Inhalation devices have found only limited application in programs
or strategies which are designed to wean an individual from substances causing

psychological or physical dependence; i.e., nicotine. Such devices could have



encountered with prior snoking cessation devices and products is the
tendency for the user to revert back to the original habit as the effect
of the delivered nicotine ranps down. Additionally such products do not
adequately address the psychosocial need of the user to repeatedly take a
dose froma nouth activated device whpch, if not addressed, can lead to
overdose or reversion to the original habit. Thus, a device which
addresses the physical and psychosoci al aspects o th _behavi?r to be
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having an information storage portion. The inhalation device also includes
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storage portion includes Information pertaining to quantities of the first
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enbodi nent; Fi g. 2Ais a representative qualitative plot of conponents

del i ver echabiitv €Thuis, med évicenwhich addressésthedphysical andqgrsychgsocialaaspedtodi nent ;
3 Fig. 2Bis a representative qualitative plot of conponents delivered over
time; Fi ghedbehavigrte pecsshedor eiminaied wauld behighly desirablei pl e doses of two
conponents delivered froman inhal ati on device according to an enbodi nent;
Fig. 4A is a graphic representation of one conponent of a three-

SUMMARY OF THE INVENTION

Disclosed is an inhalation device and a method for delivering
multiple inhalable materials in programmably varying amounts over time. The
inhalation device includes an inhalation chamber and control electronics having
an information storage portion. The inhalation device also includes first and
second microfluidic aerosol generators whose function is governed by the control
electronics. The first and second microfluidic aerosol generators are capable of
emitting droplets of first and second materials, respectively, into the inhalation
chamber. The information storage portion includes information pertaining to
quantities of the first and second materials to be emitted with each activation of
the inhalation device. The quantities of the first and second materials can vary

with respect to each other.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic representation of an inhalation device
according to an embodiment;

Fig. 2A is a representative qualitative plot of components delivered

over time from an inhalation device according to an embodiment;



conponent system adm nistered over tinme fromthe inhal ati on device
according to an enbodinent; Fig. 4B is a graphic representation of a
second conponent of a three-conponent system adm nistered over time from
the inhal ation device according to an enbodinment; Fig. 4Cis a graphic
representation of three conponents adginistered over tinme fromthe

I nhal ation device according to an enbodi nent; and Fig. 5 is a process

di agram of the sequence_ of operation of the. inhalation devic nd t hod
according to an enbd@i4RBHar APD%VBMWWWCWM&EQ%GHE
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droplets ot I pl e conponents for use in various inhalation therapy
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Fig. 5 is a process diagram of the sequence of operation of the

inhalation device and method according to an embodiment.

DETAILED DESCRIPTION OF THE EMBODIMENT

Disclosed is an inhalation device which can programmably emit
small droplets of multiple components for use in various inhalation therapy
regimens. Such inhalation therapy regimens include, but are not limited to, the
administration of active drugs and adjuvants as part of medical therapy programs
for acute and/or chronic pulmonary diseases and conditions; the administration
of materials capable of pulmonary uptake useful in the treatment of acute and/or
chronic non-pulmonary conditions and diseases; and regimens and treatment
programs designed to decrease or eliminate psychological and/or physiological
dependence on compounds capable of pulmonary uptake or effect. Thusitis
contemplated that the inhalation device as disclosed can be used in areas which
include, but are not limited to, administration of various prescription and
nonprescription drugs useful in pulmonary therapy and/or other therapies

employing pulmonary uptake drugs and in various smoking cessation regimens.



second materials, respectively, into the inhalation chanber 12. One or nore
of the materials may be either be either pharmacol ogically active or

i nactive depending on factors which nmay include, but are not limted to,
the nature of the inhalation reginen, the point in tinme in the given
regimen at which the material is admpistered and the like. In the

I nhal ation device 10 of the present invention, the infornmation storage
portion 16 is configured to contain and/ or receive |nfornat|onaa$vern|ng
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occur after a desired number of activations of the inhalation device 10. Itis

contemplated that emitted quantities can vary from activation to activation or can
remain constant for a defined number of activations or for a defined interval
regardless of the number of activations depending upon various parameters
such as the particular application or the nature and composition of materials
administered.

The inhalation chamber 12 may be of any suitable configuration
which will permit the introduction of the desired materials and facilitate their
passage into the airway of the user. It is envisioned that the chamber may be
defined as a passage surrounded by a suitable housing (not shown). In such
configuration, it is envisioned that the housing can be adapted to be removably
inserted into the mouth of the user in the manner of a straw or the like.

Control electronics 14 may be any configuration of hardware and/or
software maintaining logic and circuitry capable of interactive function with the
microfluidic aerosol generators 18, 20 employed in the inhalation device 10. As
depicted in Fig. 1, it is contemplated that suitable control electronics 14 can be



32 and user interface 34. Information storage may occur in the information
storage portion 16. Pertinent information includes, but is not limted to,
data regardi ng dosing instructions, drug interactions, dosage interval and
the like. It is contenplated that such information nay be pre-programed
into the information storage portion prior to initial use or activation.
However, it is also considered within the purview of this invention that
the information storage portion, 16 ma nfjgured.to, receive,.command
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instructions may augment basic programming and dosing administration
information.

It is also contemplated that the information storage portion 16 may
be configured to receive information generated during the operation of the
inhalation device 10. Such information can include, but is not limited to, use
frequency, elapsed interval since last operation, amounts of various materials
administered (dose trend and/or total dose) and the like. The information
collected is that which would be relevant to calculation and control of subsequent
quantities of material produced by microfluidic aerosol generators 18, 20.

It is envisioned that information contained in the inhalation device
10 will be that which is indicative of control parameters. The information may be
contained in a manner or nature which is directly converted into appropriate
control signals. Thus, the information stored need not be directly readable from
the device.

The inhalation device 10 also includes first and second microfluidic
aerosol generators 18, 20. While first and second microfluidic aerosol

generators 18, 20 are specifically depicted and discussed, it is to be understood



generators desired or required to introduce various materials into the

I nhal ation chanber 12 and ultimately into the airway of the user. As
described herein, a first generator may introduce or emt a
pharmacol ogi cally active material. A second generator may introduce an
associated material which may be phargacol ogically active or inactive as
desired or required. The present invention contenplates the use of
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aerosol generators 18, 20 may be any type of fluidizable material which
can be sunagalbecorfigused toemitmaterialedhioh arersigaly dlassified @sial . 1t is
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material in appropriate pulmonary tissue. Suitable microfluidic aerosol

generators may incorporate control and structural features commonly associated
with ink jet printing devices. Such devices can include, but are not limited to,
piezoelectric devices, thermal fluid devices, and vibrating membrane devices
with piezoelectric actuators capable of dispensing material in aerosol form upon
receipt of an activation command.

The materials dispensed by microfluidic aerosol generators 18, 20
may be any type of fluidizable material which can be suitably dispensed or
converted to aerosolized material. It is contemplated that liquids and fluidizable
solids such as powders can be employed. “Aerosol” as used herein is taken to
mean a gaseous suspension of liquid and/or solid particles.

The materials dispensed may be compounded or formulated into
any suitable carrier material. The carrier material of choice will be one which is
compatible with the particular active compound to be administered. Such
carriers include, but are not limited to, gases and liquids suitable for human

uptake and consumption. Liquids may include aqueous and/or organic



7 materials. It is contenplated that various materials conpounded or
formulated in different carriers can be adm ni stered using the device 10
as disclosed where nmaterials contained in different carriers are to be

di spensed. The associated mcrofluidic aerosol generators 18, 20 can be
suitably configured to acconplish effective adm nistration of the various
conpositions. By way of non-limting exanple, it is contenplated that
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that reservoirs 26, 28 which are depicted in Fig. 1 as separate entities may be
separate chambers in a single storage device.
The inhalation device 10 may also include a suitable actuator
which initiates ejection of droplets according to a suitable programmably variable
regimen. The actuator may be a suitable trigger operated by the user to initiate
dose dispensation or may be coupled with a suitable sensor or the like. As
depicted in Fig. 1, a sensor 30 is in electronic communication with the control
electronics 14 such that the occurrence of an externally originated event will
trigger the emission of a signal from the sensor 30 to be received and interpreted
by the control electronics 14. The externally originated event may be any of a
number of occurrences which are of interest or relevant to the operation of the
device. By way of nonlimiting example, the sensor 30 may be one which is
capable of detecting changes in air flow through the inhalation chamber 12
associated with the intake of air by the user. Such an externally originated event
detected by the sensor 30 could trigger the activation of the generators 18, 20 by
the suitable control electronics 14. It is also possible that the sensor 30 can be



detected by the sensor 30 could trigger the activation of the generators
18, 20 by the suitable control electronics 14. It is also possible that

t he sensor 30 can be 8 one which registers the intensity of such an

i nhal ati on event and permts adjustnment of the operation of the

m crofluidic aerosol generators 18, 20g accordingly. As seen in Fig. 1, a
sensor 30 is positioned proximate to the inhalation chanber 12. Initiation
of the inhalatjon eyent as detecte t he , sensor transla ed into a
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The inhalation device 10 may also include a suitable clock or
chronometer 32 in interactive communication with the control electronics 14 to
ascertain and measure values such as actual time, use interval, and use
frequency. The chronometer or clock 32 can facilitate tracking of the
administration of the administered material(s) so that proper administration
versus time is attained and maintained.
In certain applications, the inhalation device 10 may be equipped
with an interface 34 in electronic communication with the control electronics 14
and associated information storage portion 16. The interface 34 may permit the
user or the user’s physician or pharmacist to determine or set particular dosing
or administration parameters.
The term “pharmacologically active material” is used herein to
define materials which have a physiological and/or psychological effect on the
user upon inhalation and/or pulmonary uptake. Pharmacologically active

materials can include various regulated or controlled prescription drugs, as well



define materials which have a physiol ogi cal and/or psychol ogical effect on
the wuser upon inhalation and/or pul nonary uptake. Pharmacol ogically active
materials can include various regulated or controlled prescription drugs,
as well 9 as other nonprescription conpositions or conpounds including, but
not limted to, nutraceuticals, and tlBe |ike. Physiological effect may

I nclude, but is not limted to, any of a nunber of known effects which

occur in the human body. rapidly or. over tine fter t ake onpound
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respirat iygnahitdeticald BheitBBGike. Changes in heart rate, blood pressure,
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Such materials include compounds for which the pharmacological effect is not

currently known, proven or demonstrated. Such materials are traditionally

considered placebos or palliative in nature. Such materials may not have a

direct or measurable physical effect upon administration but will provide the user

with a measure of satiation or satisfaction upon receipt.

The inhalation device 10 of the present invention may be

configured such that an ejector such as first microfluidic aerosol generator 18

ejects a first material having primary pharmacological activity, i.e., a known or

desired physical effect. An additional microfluidic aerosol generator such as

generator 20 ejects a second material having secondary pharmacological

activity. The term “secondary pharmacological activity” as used herein is defined

as materials which, when administered, will elicit or will be perceived by the user

to elicit a physical dose response which is complimentary to the physiological

response elicited by the material having primary pharmacological activity. The

second material may provide a suitable or compatible dose response or may

have a palliative or placebo effect whereby the user is either distracted or

palliated by the administration of the second material.



to elicit a physical dose response which is conplinentary to the
physi ol ogi cal response elicited by the material having primry

phar macol ogi cal activity. The second nmaterial nmay provide a suitable or
conpati bl e dose response or may have a palliative or placebo effect
whereby the user is either distracted @0 palliated by the adm nistration
of the second material. 10 In one such non- Iiniting exanple of this, the

first materi al haV|n r macol ogqi effect |s terial such as
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distraction/satisfaction as the user proceeds with a weaning regimen.

The preprogrammed amount of a material having primary
pharmacological activity can be decreased or altered in response to any number
of factors which include but are not limited to elapsed time, use frequency, and a
preprogrammed protocol. Thus, the control electronics of the inhalation device
10 of the present embodiment can include appropriate logic to alter the amount
of the material having primary pharmacological activity in response to various
inputs. For example, the amount of a material having primary pharmacological
activity administered can be designed to decrease gradually over intervals of
weeks or months to implement a suitable weaning protocol. The amount of
material having primary pharmacological activity can also be temporarily
decreased in response to increased use frequency or demand to maintain the
weaning protocol.

It is also contemplated that the control electronics 14 and
associated information storage component 16 may include appropriate logic to

administer the material having primary pharmacological activity over a series of



weeks or nonths to inplenent a suitable weaning protocol. The anmount of

mat eri al having primry pharmacol ogi cal activity can al so be tenporarily
decreased in response to increased use frequency or demand to naintain the
weani ng protocol. It is also contenplated that the control electronics 14
and associated information storage conponent 16 nmay include appropriate
logic to admnister the material having primary pharmnmacol ogi cal activity

over a series, of 11 suitabl e _dosage infervals. Thuys.t.he terial may be
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tine interval . The tinme

it erval el dasdan e Hicprianc maleial Rupsame of dreatér fiartprio
doses despite actual decreasing amounts of the primary material or, at minimum,
provide the user with a limited degree of satisfaction. To achieve this, the first
and second components can be administered or emitted in a manner
independent of one another in a continuously changing ratio depending upon
any of a number of operational parameters. In Fig. 2, an exemplary dose curve
for a two-component administration system is depicted in which the amount of
the material having primary pharmacological activity is decreased over a given
time interval. The time interval may be any suitable period such as days, weeks,
or months depending upon the material administered. The decrease in quantity
of the material having primary pharmacological activity is accompanied by a
concomitant increase in the quantity of the second material having secondary or
substitutional pharmacological activity. It is also contemplated that a weaning
regimen can be implemented where the material having primary pharmacological
activity is decreased while the amount of any secondary materials is maintained
essentially constant. Such regimens would facilitate decrease in amounts of
primary material administered in situations where such volume reductions are

desired.



or nonths dependi ng upon the material adm ni stered. The decrease in
quantity of the material having primary pharnmacol ogi cal activity is
acconpani ed by a conconmitant increase in the quantity of the second
mat eri al having secondary or substitutional pharmacol ogical activity. It
Is al so contenplated that a weaning reginmen can be inplenented where the
mat eri al having primry pharmacol ogical activity is decreased while the

o mens. vl Facr 116 raBhELb e b6 TARY A B SR A eclRag <+ "
admi ni st eéc&mt'xeaﬁidélahhétaﬁamematmhwhg% AIRHHSL PSR UtidaPAdt 12

The materi al having secondary substitutional pharmacol ogical activity can
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one material having secondary or substitutional pharmacological activity. Such

material may be a nicotine analog having an acceptable side effects panel. The

material may be either synthetic or naturally occurring and can include at least

one of flavoring agents or compounds, fragrance compounds, bronchodilators,

adjuvants, and complimentary medicants. Examples of flavoring compounds

include, but are not limited to eucalyptus extract, mint, mint oil, menthol, vanilla,

and cocoa. Various materials function as bronchodilators which encourage

expansion of airways and facilitate nicotine intake. Various adjuvants which can

be successfully employed in combination with materials such as nicotine which

have primary pharmacological activity include various adjuvants which can

enhance the uptake or physiological effectiveness of materials such as nicotine.

Nonlimiting examples of such adjuvants include ammonium compounds and

materials such as levulinic acid.

It is also contemplated that the secondary substitutional
pharmacological active material can include compounds which function as cough
suppressants, expectorants and/or throat soothers. It is to be understood that

the inhalation device 10 as disclosed can be configured to emit any number of



and cocoa. Various materials function as bronchodil ators whi ch encourage
expansi on of airways and facilitate nicotine intake. Various adjuvants

whi ch can be successfully enployed in conbination with materials such as
ni coti ne which have primary pharnmacol ogical activity include various

adj uvants which can enhance the uptakées3or physiological effectiveness of
materials such as nicotine. Nonlimting exanples of such adjuvants include
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wi th each successive activation according to any of a “variety of input
par anet ercontithelectiomica 4 omayieciude idformafion halsed @naa saitgble pnathemdticak - out
algorithm(s) which serves to determine quantities of the various materials to be
ejected with a given activation of the inhalation device 10. In this manner, the
quantities can be varied with each successive activation according to any of a
variety of input parameters.
The inhalation device 10 may include an appropriate lock-out
mechanism 15 or electronic architecture to prevent inappropriate emission of a
pharmacologically active material or materials. The lock-out mechanism 15
and/or architecture can be configured to prevent emission greater than the
maximum threshold dose at a given interval or intervals. It is also contemplated
that suitable lock-out mechanism 15 and/or architecture could be employed to
prevent disabling of or tampering with the inhalation device.
When the inhalation device 10 of the present invention is employed
as a smoking cessation device, it is contemplated that the control electronics 14
will be calibrated to deliver decreasing quantities of nicotine-containing material
over time until the user's psychopharmacological dependence on the material
has abated. Thus, on a macro-dosage administration level, it is contemplated
that the volume of nicotine-containing material administered and the volume of

an associated smoking cessation agent administered can follow a dose curve



mechani sm 15 or electronic architecture to prevent inappropriate em ssion
of a pharnmacologically active material or materials. The | ock-out
mechani sm 15 and/or architecture can be configured to prevent enission
greater than the nmaximumthreshold dose at a given interval or intervals.
It is also contenplated that suitabl e14 ock-out mechani sm 15 and/ or
architecture could be enployed to prevent disabling of or tanpering with
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desired GphhbRHdhE ST a given dose. In this way the user can receive a constant dose of

nicotine per inhalation for an interval of days or months as desired or required
with staged step down in dosage at defined intervals.

The control electronics 14 in combination with the microfluidic
aerosol generators 18, 20 can provide for the independent and continuously
changing administration curves for at least two different components from a
single device 10 where desired or required. When the device 10 is employed as
a smoking cessation device, it is contemplated that an aerosol generator such as
generator 18 can dispense a nicotine-containing fluid material from reservoir 26.
The amount or volume of nicotine-containing material present in reservoir 26
can be an amount sufficient to implement the smoking cessation regimen.
Alternately, it is contemplated that device 10 can be configured such that various
reservoirs and/or associated aerosol generators can be removed and replaced
as necessary.

When the inhalation device 10 as disclosed is employed as a
smoking cessation device, it is contemplated that reservoir 28 will contain a

suitable smoking cessation agent, for example, one of the materials or



w th staged step down in dosage at defined intervals. The control

el ectronics 14 in conbination with the mcrofluidic aerosol generators 18,
20 can provide for the independent and continuously changing

adm ni stration curves for at |least two different conponents froma single
device 10 where desired or required. Ween the device 10 is enployed as a
snoki ng cessation device, it is contenplated that an aerosol generator such
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administration of the nicoC%iSh%-containing material in any suitable manner or dose
pattern. Thus, a single dose of nicotine may be administered with a single
inhalation event if desired or required. Alternately, the desired dose of nicotine-
containing material may be metered over multiple rapid inhalation events to
mimic the experience a user would have in receiving nicotine through a
conventional cigar or cigarette.

As indicated by the graphs depicted in Fig. 2A and Fig. 2B, it may
be desirable for the dosage of the smoking cessation agent 38 to increase over
time as the dosage of nicotine-containing material 36 is decreased. While the
graphs depicted in Fig. 2A and Fig. 2B are simplifications of this pattern, it is
contemplated that there may be usage patterns of the device which will result in
different administration patterns of the usage or intake of primary nicotine-
containing material with respect to the substitutional smoking cessation material

It is also contemplated that short term adaptations in dose
administration can be implemented. In such situations the user may, in a given
circumstance, want to suddenly receive very frequent dosages from the
inhalation device 10. In order to provide the planned amount or dosage of

nicotine, the device will decrease or eliminate nicotine output as the prescribed



pattern. Thus, a single dose of nicotine may be adm nistered with a single
I nhal ation event if desired or required. Alternately, the desired dose of

ni cotine- containing material may be netered over nmultiple rapid inhalation
events to mmc the experience a user would have in receiving nicotine
through a conventional cigar or cigarete. As indicated by the graphs
depicted in Fig. 2A and Fig. 2B, it may be desirable for the dosage of the

snoki ng cessation nt 38 to increas ver ti s the dosage of
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containing material according to the associated smoking cessation program.

The variation between nicotine-containing material and associated
smoking cessation agents ejected is governed by the control electronics 14. The
control electronics 14 can include logic to vary the quantities of nicotine-
containing material and the associated smoking cessation agent administered in
response to at least one factor such as the programmed dispensing regimen,
elapsed time and use frequency.

Where the inhalation device 10 as disclosed is employed as a
smoking cessation device, it is contemplated that the smoking cessation agent
can be a material or combination of various materials which will function to
satiate or minimize the user’s need for nicotine between prescribed doses. Such
smoking cessation agents can include at least one of flavoring compounds,
fragrance compounds, bronchodilators, adjuvants and complimentary medicants
such as those previously enumerated. It is to be understood that the smoking
cessation agent can be a composition which includes one or more of the

aforementioned materials.



vol unetrically and psychol ogically, the user has the perception of

receiving an inhaled dose. After a prescribed anount of tinme, such as the
normal tinme between doses, the user can then receive an additional dose of
ni cotine- containing material according to the associ ated snoking cessation
program The variation between nicotiné?zcontaining material and associ ated
snoki ng cessation agents ejected is governed by the control electronics 14.

The control electronic 4 can i.ncluyde l.ogic to vary the quantit.ies of
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inhaled every twelve hours. A nonlimiting example of such material would be
ipotropium bromide.
In asthma treatment regimens, it is also contemplated that various
short-acting asthma drugs may be necessary to provide fast treatment for acute
symptoms. The graphic representation depicted in Fig. 4B illustrates a
hypothetical administration pattern for a rapid-acting component B of which
albuterol sulfate is a nonlimiting example. Materials such as albuterol sulfate are
intended for quick relief of acute symptoms. If taken more than a certain number
of hours apart, a full dose of component B is appropriate. However, if taken
twice over a very short interval, reduced doses of component B are required to
prevent overdosing. In the inhalation device 10 of the present invention, the
quantity of component B emitted from an associated aerosol generator is
reduced to prevent overdosing as indicated in Fig. 4B. Dosage reduction can
also be controlled and executed to address and avoid inappropriate drug
interactions as may occur when multiple drugs interact synergistically to provide

an enhanced effect. It is contemplated that dosage reduction and control is



susceptible to pul nonary absorption. By way of hypothetical exanple, Figs.
4A and B illustrate the adm nistration pattern for conponents A and B, a

| ong-acting asthma drug and a short-acting asthma drug. Conponent A may
have an ideal reginen such as graphically depicted in Fig. 4A in which
material is ideally inhaled every twelye hours. A nonlimting exanple of
such material would be ipotropiumbromde. In asthma treatnent reginens,
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user taking doses at various times as mdica%d by non-uniform intervals 1, 2, 3,
4 and 5.

Initially, the user receives the default dose for the long-acting drug,
component A. In the hypothetical progression set forth in Fig. 4C, when the time
comes for the next administration of component A at interval 2, the user is
experiencing bronchial difficulty and elects to take component B as well.
Because components A and B are appropriate for contemporaneous
administration and component B has not been taken recently, the user receives
a full dose of both components A and B. Alternately, where materials are not
appropriate for full dose administration, the amount of one component taken
may be reduced when a second component is administered. Such dosage
adjustment and reduction would be governed by information contained in the
control electronics 14 and associated memory portion 16.

In the hypothetical dose sequence set forth in Fig. 4C, the user is
still experiencing symptoms at interval 3. However, the elapsed time since prior
dosage is sufficiently short that a full dose of component A or component B could
cause a systemic overdose. Thus, the control electronics 14 provides for

operation of the associated microfluidic aerosol generators 18, 20 in a manner



The inhal ati on device provides two options: The adm nistration reginmen for
conpound A is maintained and permtted. Additionally the user may opt for
an additional short termdosing for acute synptons as indicated by the
addition of conponent B. As illustrated in Fig. 4C, the exenplary

adm ni stration depicts a user taking eoses at various tines as indicated
by non-uniformintervals 1, 2, 3, 4 and 5. Initially, the user receives

the default dose for the long-acting drug, t A Inth
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the user e suwlalla eemral pgorihms. Interval §is included to demoristrate an interva

at which the user no longer experiences symptoms and receives the regular
regimen dose of component A.

Thus, the present invention is directed to an inhalation therapy
method which comprises the steps of delivering a first dose of an inhalable
composition programmably emitted from a microfluidic aerosol generator into the
airway of a user. The first dose of the inhalable composition comprises initial
quantities of first and second pharmacologically active materials. The inhalation
therapy method further includes a step in which a second dose of inhalable
composition is delivered into the airway of a user after being programmably
emitted from the microfluidic pump device. The second dose of inhalable
composition comprises second quantities of the first and second
pharmacologically active materials in which at least one component of the
second dose can vary from the respective initial quantity. The quantities of the
first and second materials are programmably emitted by the microfluidic aerosol
generator as governed by information contained in suitable control electronics
associated with the generator. Similarly, the present invention also
contemplates a smoking cessation method which includes the steps of delivering



regul arly schedul ed dosage of conmponent A. At Interval 4, the user is stil
experienci ng pul nonary synptons. Adm nistration of conponent B is
permtted. At this point, the interval since the |ast dose of conponent B
is long enough to permt full dosage of conponent B. However, the quantity
of conponent A admi nistered is reduced2do an internedi ate dosage based upon
data contained in the | ookup table or calculated fromsuitable control
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generator as governed by information contained in suitable control
el ect r oni axnpasd(s) and thevsirokingecegsationiagent(s) vares frgm thadgeppesivat
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Basic operation sequence is depicted at Fig. 5 in which a first
activation of the device is initiated 110 and prompts the query of the control
electronics at 112 regarding the initial dose to be dispensed. A dosage command
is derived at 114 from control electronics and data contained in storage portion
at which results in a signal to activate emitters 116 causing the emission of the
quantity of materials designated. The dose composition and time of dose
administration is recorded at 118 for future reference and review. A second
activation is initiated at 120 which prompts a query regarding composition of the
second dose at 122. The query regarding second dose composition includes
analysis of information regarding dosage as well as integration of information
recorded regarding initial dose composition and time stored in the appropriate
memory portion of the control electronics. When the appropriate dose is
determined at 124, the generators are activated at 126 and the second dose
composition and time is recorded at 128. Subsequent activations can be
initiated as indicated at 130 with suitable queries 132 of the stored information
including previous records of dose composition and the timing of various dose

administrations. A subsequent dosage command can be derived at 134 and



i nvention, a second dose of inhalable conposition is delivered into the
airway of the user and is emtted froma mcrofluidic aerosol generator.
The second dose conprises an anount of the nicotine-containing conmpound
and an anount of the snoking cessation material in which at |east one of
t he nicotine-containing conpound(s) afd the snoking cessation agent(s)
varies fromthe respective initial quantity emtted. In the snoking
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oper at i ontjrgequence is depicted at Fig. 5 in which a first activation of
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124, the generators are activated at 126 and the second dose conposition
and tinme is recorded at 128. Subsequent activations can be initiated as
indicated at 130 with suitable queries 132 of the stored information

i ncl udi ng previous records of dose conposition and the timng of various
dose adm nistrations. A subsequent dosage conmand can be derived at 134
and 21 generators can be activated at 136. Thus, dosages can be
programmably emtted and vari ed based upon appropriate protocol, use
frequency, and el apsed tine.



Whil e the invention has been described in connection with what is
presently considered to be the nost practical and preferred enbodi nent, it
is to be understood that the invention is not Iimted to the disclosed
enbodi ments but, on the contrary, is intended to cover various

nodi fications and equi val ent arrangenests included within the spirit and
scope of the appended clains, which scope is to be accorded the broadest
interpretation so as to enconpass all such nodifications and equi val ent
structures as permtted under the law. 22 1. An inhal ation device (10)

conprising: an inh idhiatiobhdsvisy (103 2bmpeigig: ol el ectronics (14) having an
informati on storage portion (16); and first and second m crofl uidic aerosol
generators (18, 20)argiohalatien chanbesd!@bntrol el ectronics, the first and

Groplets (22, 24y Gonet BRRfRSIRE ARG 2ftinPlhafiBRE B0 pollD (1970 |

I nhal ati gyhgchanber (12), wherein at |east one material is

pharmacol ogi cally active; wherein the infornmation storg_]%ggﬁ rtion (,16)
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pharmacologically active materials are variable with respect to each other.

2. The inhalation device of claim 1 wherein the first material has
primary pharmacological activity and a second pharmacologically active

material has substitutional pharmacological activity.

3. The inhalation device of claim 2 wherein the amount of the
material having primary pharmacological activity is decreased in response to at
least one of lapsed time, use frequency and a programmed weaning protocol,
and wherein the amount of the material having substitutional activity is delivered
in an amount complimentary to the amount of the material having primary

pharmacological activity delivered.

4, The inhalation device of claim 1, 2, or 3 wherein information for
quantities of the first and second materials to be emitted includes at least one of
total dosage, programmed dispersing regimen, amounts of respective quantities

dispensed, interval since last dispensation, and use frequency.



4. The inhalation device of claiml1, 2, or 3 wherein information for
quantities of the first and second materials to be emtted includes at

| east one of total dosage, programmed di spersing reginmen, anmounts of
respective quantities dispensed, interval since |ast dispensation, and use
frequency. 23 5. The inhal ation devicezof claim1, 2, 3, or 4 wherein the

I nformation storage portion (16) of the control electronics (14) includes
at | east one of a | ook-up table, specifying uantithes,of th? first and
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or 5 wherein the first “~and second mcrofluidic aerosol generators (18, 20)
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device, the sensor capable of emtting at |east one signal received by the
control electronics (114). 8. The inhal ation device (10) of claim1, 2, 3,

4, 5 6, or 7gonf iﬁ\%ﬂa|a%n6deiﬁea<c1p§§feﬁaﬁﬁt1i 20 308YDEE HEREiRthe fist] east

one microfluidi'c aerosol generator I's configure eliver
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aerosol generator (20) is confjgured to, deliver quanti.ties of an

associ at edeclipndenices £ashimicrofyie drop giec 9%?1'9}‘% ISPERSERR’ (12); and
wherein the | E‘aftﬁd FBjtb4) storage portion (16) includes information for
quantities of the nicotine-containing material and the associ ated snoki ng

cessation agent to be delivered on a given activation of the device (10),
the quantiti varyin | th respec o.each r, 9. | nhal ati on
device. (10) ofcl ai tHamngiaten GRG0 S BRIN G213 1, 3;r € Wit

comprising a sensor (30) capable of detecting at least one externally originated

event actionable on the device, the sensor capable of emitting at least one

signal received by the control electronics (114).

8. The inhalation device (10) of claim 1, 2, 3, 4, 5, 6, or 7 configured
as a smoking cessation device wherein at least one microfluidic aerosol
generator (18) is configured to deliver quantities of a nicotine-containing
material and at least one microfluidic aerosol generator (20) is configured to
deliver quantities of an associated smoking cessation agent into the inhalation
passage (12); and

wherein the information storage portion (16) includes information
for quantities of the nicotine-containing material and the associated smoking
cessation agent to be delivered on a given activation of the device (10), the

quantities varying with respect to each other.

9. The inhalation device (10) of claim 1, 2, 3, 4, 5, 6, 7, or 8 further
comprising a reservoir (26, 28) in fluid communication with the first and second

microfluidic aerosol generators (18, 20).



conprising a reservoir (26, 28) in fluid communication with the first and
second mcrofluidic aerosol generators (18, 20). 24 10. The inhal ation
device (10) of claim8 or 9 wherein the control electronics operate on the
first and second m crofluidic aerosol generators (18, 20) to adm nister
total dose of nicotine-containing mategi al over a defined interval and a
vari abl e anount of associ ated snoki ng cessation agent, the anount of
associ at ed snoki ng cessation %gfnt adm ni stered deternined b | east one
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droplets of first, second and third materials, respectively, into the inhalation
chamber, wherein at least one material is pharmacologically active;

wherein the information storage portion includes information for
quantities of the first, second, and third materials to be emitted upon activation
of the inhalation device, the quantities of the first and second materials vary and

the quantity of the third material emitted is regulated over time.

13. The inhalation device of claim 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, or 12
further comprising an interface (34), the interface actionable on the control
electronics (14) to adjust emission of at least one of the pharmacologically

active materials.

14.  An inhalation therapy method comprising the steps of:
delivering (110, 112, 114, 116) a first does of an inhalable
composition from programmably controlled microfluidic aerosol generator into

the airway of a user, the first dose of the inhalable composition comprising an
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15.  The inhalation therapy method of claim 13 or 14 wherein
composition of the second dose is regulated by at least one of total dosage,
amounts of respective quantities dispensed, interval since last dispensation,

and usage frequency.

16.  The inhalation method of claim 13, 14, or 15 further comprising
the step of delivering (130, 132, 134, 136) additional doses into the airway of
the user, wherein quantities of at least one component are varied by at least
one of total dosage, amounts of respective quantities dispensed, interval since

last dispensation, and usage frequency.



