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(57) ABSTRACT 

Dry poWder inhalers With integrated active energy patient 
assist dispersal systems are con?gured With control systems 
Which provide adjustable energy output responsive to the 
user’s inspiratory capabilities and/or the ?oWability of the 
dry poWder drug being administered. The multi-dose dry 
drug package includes a piezoelectric polymer substrate 
(such as PVDF) Which ?exes to deform and provide 
mechanical oscillation in a selected region of the package 
corresponding to the dry poWder drug dose in the exit ?oW 
path and is thus actively dispersed into the exit ?oW path of 
the inhaler during the user’s inspiratory activity. Control 
systems employ fuZZy logic models of the ?oWability of 
particular drug formulations (also being able to compensate 
or alloW for the particular type of excipient used) and/or 
adjust for the real-time measured inspiratory efforts of the 
user. Manufacturing process control systems can adjust 
certain parameters in response to a fuZZy logic model of the 
?oWability of the dry poWder and other conditions associ 
ated With the dry poWder drug being produced and/or 
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DRY POWDER INHALER DEVICES, MULTI-DOSE 
DRY POWDER DRUG PACKAGES, CONTROL 
SYSTEMS, AND ASSOCIATED METHODS 

RELATED APPLICATIONS 

[0001] This application is a divisional patent application 
Which claims the bene?t of the ?ling date of US. patent 
application Ser. No. 10/204,609, ?led Aug. 22, 2002, Which 
claims bene?t to PCT International Patent Application Serial 
No. PCT/US01/02262, ?led Jan. 24, 2001, Which claims 
priority to US. Provisional Patent Application Ser. No. 
60/188,543, ?led Mar. 10, 2000, the disclosures of Which are 
incorporated herein by reference in their entirety. 

TECHNICAL FIELD 

[0002] The present invention relates generally to drug 
delivery devices and more particularly to dose-regulated dry 
poWder inhalers. 

BACKGROUND ART 

[0003] Delivery of drugs as inhaled aerosols is Well 
knoWn. Indeed, asthma and other respiratory ailments have 
long been treated With inhaled aerosols. Presently, there is 
also an interest in expanding this administration concept to 
locally acting agents such as antimicrobials, protease inhibi 
tors, and nucleic acids/oligios as Well as systemic agents 
such as peptides like leuprolide and proteins such as insulin. 
For example, inhaler based delivery of antimicrobial agents 
such as antitubercular compounds, proteins such as insulin 
for diabetes therapy or other insulin-resistant related disor 
ders, peptides such as leuprolide acetate for treatment of 
prostate cancer and endometriosis and nucleic acids or 
ogligonucleotides for cystic ?brosis gene therapy. See eg 
Wolff et al., Generation of Aerosolized Drugs, J. Aerosol: 
Med. pp. 89-106 (1994). 

[0004] Generally described, there are three types of 
inhaler devices used to administer and deliver drug therapies 
via aerosol-based inhalation. The most common type used 
(typically associated With asthma treatments) is the pressur 
iZed metered dose inhaler (pMDI). This type of inhaler uses 
an oZone-depleting CFC propellant such as freon, Which is 
banned for most commercial applications, but Which pres 
ently has medical exemption. Alternatives to the pMDI 
devices are an important area of aerosol delivery research 
primarily because the number of non-CFC propellants is 
limited and reformulation is dif?cult. 

[0005] Inhalant drug aerosols can also be generated by the 
use of nebuliZers. Until recently, use of these nebuliZer-type 
devices Was typically limited to clinical sites and the home 
due primarily to their poWer requirements. In operation, 
nebuliZers deliver droplets in a siZe range that enables the 
drug to reach the periphery of the lung through the air 
passage of a patient. HoWever, because the droplets are very 
small (such as on the order of less than about 2.0 um), a 
relatively long treatment time is usually required to deliver 
a clinically signi?cant dose. 

[0006] A third type of inhaler is a dry poWder inhaler 
(DPI), Which represents a promising alternative to PMDI 
devices for delivering drug aerosols. Typically, the DPIs are 
con?gures to deliver a poWdered drug or drug mixture Which 
includes an excipient and/ or other ingredients. Convention 
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ally, many DPIs have operated passively, relying on the 
inspiratory effort of the patient to dispense the drug provided 
by the poWder. Unfortunately, this passive operation can 
lead to poor dosing uniformity since inspiratory capabilities 
can vary from patient to patient (and sometimes even use to 
use by the same patient, particularly if the patient is under 
going an asthmatic attack or respiratory-type ailment Which 
tends to close the airWay). 

[0007] Generally described, knoWn single and multiple 
dose dry poWder DPI devices use either individual pre 
measured doses, such as capsules containing the drug, Which 
can be inserted into the device prior to dispensing. Altema 
tively, DPI devices can operate based on bulk poWder 
reservoirs Which are con?gured to administer successive 
quantities of the drug to the patient via a dispensing chamber 
Which dispenses the proper dose. See generally Prime et al., 
Review of Dry Powder Inhalers, 26 Adv. Drug Delivery 
Rev., pp. 51-58 (1997); and Hickey et al., A new millennium 
for inhaler technology, 21 Pharm. Tech., n. 6, pp. 116-125 
(1 997). 
[0008] In operation, particularly of DPI devices, it is 
desired that a uniform dispersion amount and desired physi 
cal form (such as a particulate siZe) of the dry poWder be 
dispersed into a patient’s airWay and directed to the desired 
deposit site. If the patient is unable to provide suf?cient 
respiratory effort, the extent of drug penetration, especially 
to the loWer portion of the airWay, may be impeded. This 
may result in premature deposit of the poWder in the 
patient’s mouth or throat. 

[0009] Further, a number of obstacles can desirably affect 
the performance of the DPI. For example, the small siZe of 
the inhalable particles in the dry poWder drug mixture can 
subject them to forces of agglomeration and/or cohesion 
(i.e., certain types of dry poWders are susceptible to agglom 
eration, Which is typically caused by particles of the drug 
adhering together), Which disadvantageously results in poor 
How and non-uniform dispersion. In addition, as noted 
above, many dry poWder formulations employ larger excipi 
ent particles to promote ?oW properties of the drug. HoW 
ever, separation of the drug from the excipient as Well as the 
presence of agglomeration can require additional inspiratory 
effort, Which again, can impact the stable dispersion of the 
poWder Within the airstream of the patient such that it 
reaches its preferred deposit/ destination site and reduces the 
amount of the drug Which is prematurely deposited else 
Where. 

[0010] Further, many dry poWder inhalers can retain a 
signi?cant amount of the drug Within the device, Which can 
be especially problematic over time. Typically, this problem 
requires that the device be cleansed to assure that it is in 
proper Working order. In addition, the hygroscopic nature of 
many of these dry poWder drugs may also require that the 
device be cleansed (and dried) at periodic intervals. 

[0011] Some inhalation devices have attempted to resolve 
problems attendant With conventional passive inhalers. For 
example, US. Pat. No. 5,655,523 proposes a dry poWder 
inhalation device Which has a deagglormeration/aerosoliZa 
tion plunger rod or biased hammer and solenoid and US. 
Pat. No. 3,948,264 proposes the use of a battery-poWered 
solenoid buZZer to vibrate the capsule to effectuate the 
release of the poWder contained therein. These devices 
propose to facilitate the release of the dry poWder by the use 
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of energy input independent of patient respiratory effort. 
However, there remains a need to provide improved, easy to 
use, cost effective, and reliable dry poWder inhalers. 

DISCLOSURE OF THE INVENTION 

[0012] It is therefore an object of the present invention to 
provide an improved dry poWder inhaler Which can disperse 
more uniform doses. 

[0013] It is another object of the present invention to 
provide a DPI system to actively facilitate the dispersion and 
release of dry poWder drug formulations during inhalation 
Which can increase the quantity of ?ne particle fraction 
particles dispersed or emitted from the device over conven 
tion DPI systems. 

[0014] It is another object of the present invention to 
provide an economic, disposable blister package con?gura 
tion With active dispersion elements and multiple dry poW 
der doses positioned thereon to reduce the cleaning di?iculty 
and frequency of the inhaler. 

[0015] It is an additional object of the present invention to 
provide an integrated control system for an inhaler that can 
adjust the operation of the inhaler based on actively detected 
or predetermined parameters. 

[0016] It is yet another object of the present invention to 
provide control systems Which are con?gured to analyZe 
predetermined conditions and/ or parameters Which can 
dynamically adjust the operation of the inhaler during use. 

[0017] It is a further object of the present invention to 
provide logic-based control systems to determine and adjust 
the operation of devices and/or apparatus that employ and/or 
dispense dry poWder substances. 

[0018] These and other objects of the present invention are 
provided by methods, systems, and computer program prod 
ucts for administering and dispensing dry poWder based 
drug formulations via inhalers. Preferably, a multi-layer 
active drug package is con?gured to vibrate or oscillate in 
response to the application of an excitation voltage thereto. 
The multi-layer drug package is preferably a drug blister 
package con?gured to protect the drug from humidity prior 
to active dispersion of the dose. The multi-layer drug blister 
package employs a thin layer of pieZoelectric polymer 
material such as polyvinylidene ?uoride (“PVDF”) ?lm With 
electrical traces con?gured thereon to apply the electrical 
excitation voltage differential thereacross at the desired 
region of the package and oscillate the drug package about 
the drug blister region to actively assist and disperse the dry 
poWder dose into the air stream of a user during the 
inspiratory use. In addition, the inhaler can use a fuZZy logic 
based control system and one or more sensors to provide 
active control/feedback and dynamic adjustments to the 
dispersion control system based on sensed real-time condi 
tions (such as user air ?oW rate, temperature, humidity and 
the like) and/or predetermined conditions and parameters 
corresponding to the drug being delivered or the systemic 
target of same. 

[0019] As Will be appreciated by those of skill in the art, 
the present invention may be provided as one or combina 
tions of devices, methods, systems, or computer program 
products. 
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[0020] A ?rst aspect of the present invention is directed to 
a multi-dose dry poWder blister package. The package 
includes a platform body comprising a pieZoelectric material 
layer With opposing ?rst and second major surfaces. The ?rst 
major surface of the pieZoelectric material layer includes a 
?rst plurality of spatially separated metal traces disposed 
thereon. The ?rst plurality of metal traces are con?gured to 
include a transmission line and an active pad region. The 
second major surface of the pieZoelectric material includes 
a second plurality of spatially separated metal traces dis 
posed thereon. The second plurality of metal traces are 
con?gured to include a transmission line and an active pad 
region. Each of the second plurality of traces are positioned 
such that it is aligned With a corresponding one of the ?rst 
plurality of separated metal traces to de?ne a corresponding 
pair of opposing metal traces With an individually operable 
electrical excitation path therebetWeen. The package also 
includes a plurality of depressed Wells formed in the plat 
form body. The Wells are con?gured to hold a predetermined 
quantity of dry poWder pharmaceutical drug therein. Each of 
the depressed Wells is positioned on the platform body to 
substantially overlie a respective active pad region of one 
pair of corresponding ?rst and second metal traces. 

[0021] In a preferred embodiment, in operation, in 
response to application of an excitation voltage differential 
to a selected one of the individually operable electrical 
paths, the pieZoelectric material layer deforms at the active 
pad region to thereby actively disperse the dry poWder 
pharmaceutical drug from the depressed Well. The package 
can include one or more of a sealed releasable polymer cap 
positioned to overlie the plurality of depressed Wells and a 
non-reactive barrier positioned in each of the depressed 
Wells to de?ne a dry poWder drug contact surface therein. 

[0022] In a preferred embodiment, the multi-dose dry 
poWder blister package is con?gured to be received in a dry 
poWder inhaler. The dry poWder inhaler comprises a housing 
and a control system positioned therein, Wherein during 
operation, the housing is con?gured to be in ?uid commu 
nication With a user and de?ne a How exit path therefrom. 
The control system comprises a controller con?gured to 
engage With a selected one of the individually operable 
electrical paths. The control system also includes a battery 
having a ?rst voltage output operably associated With the 
controller and a transformer for increasing the ?rst voltage 
to a desired excitation voltage operably associated With the 
controller and the selected individually operable electrical 
path. The control system also includes an air?oW sensor 
positioned in the How exit path, and is preferably positioned 
upstream of the depressed Well in the How exit path (the Well 
is intermediate the sensor and the use). This positioning can 
reduce the deposition of drug particles on the sensor. In 
operation, the controller is con?gured to adjust the excita 
tion voltage corresponding to predetermined parameters 
associated With the dispersion of the dry poWder drug. 

[0023] In a preferred embodiment, the controller is pro 
grammed With a fuZZy logic system representing at least one 
of How characteristics of the dry poWder drug and the 
inspiratory capability of the user such that the excitation 
voltage transmitted to the selected electrical path is respon 
sive to the results of the fuZZy logic system. 

[0024] Similar to the ?rst aspect of the invention described 
above, another aspect of the invention is directed to a 
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disposable multi-dose dry powder package, With at least one 
integrated active element formed thereon. The dry poWder 
package comprises a piezoelectric polymer ?rm having a 
substantially planar pro?le and an upper and loWer surface. 
A ?rst metal trace pattern is positioned onto the upper 
surface. The ?rst metal trace pattern has a plurality of ?rst 
pad regions and a plurality of ?rst linear transmission lines. 
Each ?rst pad region is connected to a respective one of the 
?rst linear transmission lines. A second metal trace pattern 
is positioned onto the loWer surface. The second metal trace 
pattern has a plurality of second pad regions and a plurality 
of second linear transmission lines. Each second pad region 
is connected to a respective one second linear transmission 
line. The ?rst and second metal trace patterns are aligned 
across the pieZoelectric polymer material layer. The package 
also includes a plurality of individual quantities of dry 
poWder drug positioned to substantially overlie each of the 
?rst pad regions on said upper surface. A sealant layer is 
positioned to overlay each of the unitiZed quantities of the 
dry poWder drug to secure it in the disposable dry poWder 
package. 
[0025] In one embodiment, the pieZoelectric polymer ?lm 
is a thin ?lm PVDF, and a backing material layer can be 
positioned to overlie a substantial portion of the loWer 
surface of the PVDF. 

[0026] Another aspect of the present invention is a method 
of dispersing an inhalable quantity of a dry poWder phar 
maceutical drug into a patient’s airstream. The method 
includes the steps of positioning and holding a dry poWder 
inhaler such that tit is in ?uid communication With a user and 
ready to direct a quantity of dry poWder pharmaceutical drug 
into the air stream of a user during inhalation, Wherein the 
package holds at least one unitiZed quantity of dry poWder 
pharmaceutical drug in a receptacle portion of thereon, the 
receptacle portion including a pieZoelectric polymer mate 
rial layer. The method also includes the steps of repeatedly 
applying a voltage differential across the pieZoelectric poly 
mer ?lm in the region of the receptacle to deform the 
receptacle and expelling the dry poWder drug held in the 
receptacle portion of the package such that it is dispersed 
into the air stream of a user during the user’s inspiratory 
inhalation cycle. 
[0027] Preferably, the deforming step is carried out by 
?exing the pieZoelectric material in the region of the recep 
tacle portion. The applying step can be carried out by 
providing a voltage of about 100-200 volts peak to peak 
across the pieZoelectric layer. The voltage can be applied at 
various frequencies such as at a relatively loW frequency of 
betWeen about 3-60 HZ and/or a higher frequency of 
betWeen about 25 kHZ to about 2 MHZ. 

[0028] The method can also include the step of measuring 
the inspiratory air ?oW rate of a user and controlling the 
voltage applied during said applying step responsive to the 
user’s inspiratory ?oW rate obtained from said measuring 
step. The method can also include the step of forming the 
exit ?oW channel to provide or increase the turbulence of the 
air?oW, particularly proximate the Well. 
[0029] The user’s air ?oW rate can be established proxi 
mate to active dispensing of the dry poWder drug (near the 
start of the inhalation cycle), it can be established based on 
an average air ?oW rate measured during prior uses, or on air 
?oW rates obtained dynamically through the inhalation 
cycle. 
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[0030] The method can also include the step of de?ning a 
fuZZy logic function representing at least one predetermined 
condition. The at least one condition is associated With at 
least one of the con?gurations of the dry poWder inhaler, the 
inspiratory ability of a user, ?oWability of the formulation of 
the dry poWder pharmaceutical drug being administered, and 
respirable particle fraction data associated With the dry 
poWder formulation. The method can also include the steps 
of determining the degree of membership for the at least one 
condition to the de?ned fuZZy logic function and adjusting 
the excitation voltage applied during the applying step based 
on the de?ning and determining steps. 

[0031] Preferably, the fuZZy logic function controls the 
voltage output delivered during the applying step. The 
method can also include the steps of programming the dry 
poWder inhaler With a computer readable program code 
Which identi?es a range of operational excitation output 
pulses having associated frequencies, amplitudes, and signal 
patterns associated thereWith, and programming the dry 
poWder inhaler With computer readable code Which de?nes 
operational excitation output pulses suitable for predeter 
mined types of dry poWder drug formulations. The pre 
de?ned ranges can speed up the selection or analysis process 
of the controller by limiting the range of operation of the 
device by narroWing the excitation pulses selectable based 
on the identi?ed dry poWder drug being dispensed and/or for 
particular types of systemic delivery targets. 

[0032] An additional aspect of the present invention, simi 
lar to the method described above, is directed to a method of 
facilitating the dispersion of a dose of a dry poWder drug into 
an inhalation delivery path. The method includes the steps of 
positioning a quantity of dry poWder drug in a package 
having a pieZoelectric polymer material layer, the pieZoelec 
tric polymer material layer having a plurality of receptacle 
regions con?gured and siZed to hold the dry poWder drug (in 
unitiZed quantities) proximate thereto, the pieZoelectric 
polymer material layer con?gured With a plurality of selec 
tively excitable regions corresponding to the plurality of 
receptacle regions. The method also includes the step of 
selectively applying an excitation signal to at least one of the 
selectively excitable regions to rapidly ?ex the pieZoelectric 
polymer material layer thereat to deform at least one recep 
tacle region to thereby facilitate the dispersal of the dry 
poWder drug into the inhalation delivery path. 

[0033] Yet another aspect of the present invention is 
directed to a method of controlling a dry poWder inhaler. The 
method comprises the steps of providing a dry poWder 
inhaler having an active delivery system and an air ?oW 
sensor positioned in the exit ?oW path, measuring the air 
?oW rate associated With the inspiratory efforts of a user 
using dry poWder inhaler proximate to the desired admin 
istration of the dry poWder drug, and adjusting the energy 
directed to the active delivery system responsive to the 
measuring step to thereby facilitate increased dose disper 
sion uniformly corresponding to the capabilities of a use. 

[0034] An additional aspect of the present invention is a 
method of controlling the active delivery of a dry poWder 
drug in an inhaler con?gured With an active energy assisted 
drug dispersion system. The method comprises the steps of 
establishing a priori a ?oWability characterization of a 
plurality of dry poWder drug formulations. The air?oW rate 
of a user using the dry poWder inhaler is measured. A degree 
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of membership of the ?oWability of the drug to be dispersed 
is determined utilizing a ?rst fuzzy logic function. A degree 
of membership of the measured air?ow rate of the user With 
a second fuzzy logic function is determined. The excitation 
signal directed to the active energy system of the inhaler is 
controlled based on the determined degrees of membership. 

[0035] Another aspect of the present invention is directed 
to a method of fabricating a disposable multi-dose dry 
poWder package Which has at least one (and preferably a 
plurality of individually activatable elements) integrated 
active element formed thereon. The method comprises the 
steps of forming a package With at least one piezoelectric 
polymer ?lm layer into a desired geometric shape With an 
upper and loWer surface, dispensing a quantity of dry 
poWder drug to substantially overlie a plurality of spatially 
separate selected upper surface regions of the piezoelectric 
polymer ?lm layer, and sealing the dispensed dry poWder 
drug to secure it against the dry poWder package. 

[0036] The method can also include the steps of forming 
a ?rst metal trace pattern on the upper surface, the ?rst metal 
trace pattern having a plurality of pad regions, and a 
plurality of linear transmission lines, a respective one con 
nected to each of said pad regions; and forming a second 
metal trace pattern onto the loWer surface, the second metal 
trace pattern having a plurality of pad regions, and a 
plurality of linear transmission lines, a respective one con 
nected to each of said pad regions. 

[0037] In addition, the method can include forming tWo 
piezoelectric polymer ?lm layers, the layers separated by an 
intermediately positioned pliable core, all of Which are 
concurrently deformable by the application of voltage there 
across. 

[0038] The present invention can also employ a ba?le or 
irregular shaped Walls in the entrainment tube (exit ?oW 
channel) of the inhaler to facilitate turbulent air How to 
increase the fraction of the poWder emitted or dispersed 
from the device to the user. 

[0039] Yet an additional aspect of the present invention is 
a computer program product for directing the operation of a 
dry poWder inhaler to actively facilitate the dispersion of a 
dry poWder drug into the exit ?oW path of the inhaler and 
into the inhalation ?oW path of the user. The computer 
program product comprises a computer readable storage 
medium having computer readable program code embodied 
in the medium, the computer-readable program code com 
prising computer readable program code Which controls an 
excitation pulse transmitted to an active delivery mechanism 
in a dry poWder drug inhaler con?gured With an active 
energy assisted drug dispersion system. The computer read 
able program code also comprises computer readable pro 
gram code Which de?nes a fuzzy logic analysis model to 
control the amount of energy delivered to the active energy 
system and computer readable code Which determines the 
degree of membership of a dry poWder drug to be admin 
istered to a ?rst fuzzy logic function associated With the 
?oWability of the dry poWder drug. The computer readable 
program code also includes computer readable code Which 
adjusts at least one of the type, frequency, or size of the 
excitation signal directed to the active energy system of the 
inhaler based, at least partially, on the determined degree of 
membership to the ?rst fuzzy logic function. 

[0040] In a preferred embodiment, the computer program 
product also includes computer readable program code 
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Which measures the air?oW rate of a user’s inspiratory 
efforts proximate to active dispersion of the dry poWder drug 
into the exit ?oW path of the inhaler, and also includes 
computer readable program code Which de?nes the fuzzy 
logic analysis model to adjust the excitation signal delivered 
to the active energy system includes computer readable code 
means for analyzing the user’s measured air?oW rate. 

[0041] The computer program product can also include 
computer readable program code Which considers one or 
more of the type of excipient used in the dry poWder 
formulation, the cohesiveness of the dry poWder drug, the 
geometry of the inhaler, and the systemic delivery target in 
determining the excitation pulse to be transmitted. 

[0042] Advantageously, the present invention may pro 
vide more reliable and uniform inspiratory delivery of dry 
poWder drug treatments With improved operational charac 
teristics. The DPI, the PVDF blister package, and the fuzzy 
logic control system of the instant invention can provide one 
or more of the folloWing advantages over conventional 
DPIs: reproducible dosing, emission of a high percentage of 
particles in a respirable size range, reduced opportunity for 
accidental multiple dosing, ease of operation, protection of 
the drug poWder mixture from humidity, and reduced cleans 
ing requirements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0043] FIG. 1 is a perspective vieW of a DPI according to 
the present invention. 

[0044] FIG. 2 is a top vieW of a dry poWder blister 
package that is insertable into the DPI of FIG. 1 according 
to the present invention. 

[0045] FIG. 3A is a partial section vieW taken across line 
3A-3A in FIG. 2. 

[0046] FIG. 3B is a schematic diagram of an individually 
selectable electrical excitation path con?gured on a dry 
poWder blister package With a single piezoelectric substrate 
layer according to the present invention. 

[0047] FIG. 3C is a schematic diagram of an alternate 
embodiment of an individually selectable electric excitation 
path on a dry poWder drug package With multiple piezo 
electric substrate layers according to the present invention. 

[0048] FIG. 3D is a schematic diagram of yet another 
embodiment of an individually selectable electrical excita 
tion path drug package With multiple piezoelectric substrate 
layers according to the present invention. 

[0049] FIG. 4 is a perspective vieW of an alternate 
embodiment of a DPI according to the present invention. 

[0050] FIGS. 5A-5C are top vieWs of alternate embodi 
ments of linear platform multi-dose blister packages accord 
ing to the present invention. 

[0051] FIGS. 6A and 6B are top vieWs of alternate 
embodiments of circular platform blister packages accord 
ing to the present invention. 

[0052] FIGS. 7A and 7B are side perspective vieWs of 
endless linear platform blister packages according to addi 
tional embodiments of the present invention. 

[0053] FIGS. 8A, 8B, and 8C are cutaWay vieWs of 
alternative DPI embodiments con?gured to receive end 
lessly con?gured blister packages such as those shoWn in 
FIGS. 7A and 7B therein. 
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[0054] FIG. 9 is a graph illustrating an exemplary exci 
tation signal having adjustable frequency and/or amplitude 
according to the present invention. 

[0055] FIGS. 10A-10C are perspective vieWs of alternate 
embodiments of DPI inhalers con?gured to enclose a blister 
package such as those shoWn in FIGS. 2, 6A, and 6B 
therein. 

[0056] FIG. 11A is a side cutaWay vieW of a DPI illus 
trating an integrated control system according to the present 
invention. 

[0057] FIG. 11B is a side cutaWay vieW of the DPI shoWn 
in FIG. 11A With the blister package raised to be positioned 
in the inhaler airstream exit passage so that the dry poWder 
drug is actively dispersed into the inspiratory air path and 
directed out of the inhaler. 

[0058] FIG. 11C is a top vieW of an alternate embodiment 
of a circular platform blister package according to the 
present invention shoWing seals positioned around the 
perimeter of the drug Wells. 

[0059] FIG. 12 is a block diagram of a control system for 
a DPI according to the present invention. 

[0060] FIG. 13 is a block diagram of a method of con 
trolling the dispersion of a dry poWder drug according to the 
present invention. 

[0061] FIG. 14 is a block diagram of a method for 
controlling the operation of a DPI according to the present 
invention. 

[0062] FIG. 15 is a schematic diagram of a fuZZy infer 
ence system for determining the degree of membership of 
selected fuZZy membership functions and adjusting the 
operation of a DPI according to the present invention. 

[0063] FIG. 16 is a graph of a fuZZy membership function 
for air?oW rate modeling air?oW rate as loW, medium, and 
high according to the present invention. 

[0064] FIG. 17 is a graph of a fuZZy membership function 
for poWder ?oWability modeling poWder ?oWability of the 
formulation as poor, good, or otherWise, according to the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0065] The present invention noW Will be described more 
fully hereinafter With reference to the accompanying draW 
ings, in Which preferred embodiments of the invention are 
shoWn. This invention may, hoWever, be embodied in many 
different forms and should not be construed as limited to the 
embodiments set forth herein; rather, these embodiments are 
provided so that this disclosure Will be thorough and com 
plete, and Will fully convey the scope of the invention to 
those skilled in the art. Like numbers refer to like elements 
throughout. In the ?gures, components, layers, or regions 
may be exaggerated for clarity. 

[0066] Generally described, the present invention is 
directed to dry poWder inhalers With integrated, active 
energy, patient-assisted dispersal systems Which are con?g 
ured With control systems that provide adjustable energy 
output to the active dispersal element responsive to a user’s 
inspiratory capabilities and/or the ?oWability of the dry 
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poWder drug being administered. The inhalers can be used 
for nasal and/or oral (mouth) respiratory delivery. Prefer 
ably, the inhalable dry poWder dose is packaged in a 
multi-dose dry poWder drug package Which includes a 
pieZoelectric polymer substrate (such as PVDF) that ?exes 
to deform rapidly and provide mechanical oscillation in an 
individually selectable signal path on the package. The 
signal path directs the signal to the region of the drug 
receptacle or Well to cause the Well to oscillate in coopera 
tion With a user’s inspiratory effort, and, thus, actively direct 
the dry poWder out of the Well and up into the exit ?oW path. 
As a result, the poWder is actively dispersed into the exit 
?oW path of the inhaler during the user’s inspiratory activity. 
The dry poWder inhaler can also employ control systems 
With fuZZy logic models of the ?oWability of particular drug 
formulations (Which may also be able to compensate or 
alloW for the particular type of excipient or other additive 
used) and systems Which can adjust for the real-time mea 
sured inspiratory elfort’s of the user. 

[0067] Referring noW to FIG. 1, one embodiment of a DPI 
10 con?gured to receive and orally dispense the inhalable 
dry poWder from a multi-dose dry poWder drug package 20 
is illustrated. Examples of suitable dry poWder drug pack 
ages 20 are also shoWn in FIGS. 2 and 3A. As shoWn, the 
multi-dose dry poWder drug package 20 includes a platform 
body 20b With integrated active elements formed by corre 
sponding upper and loWer metal trace patterns 22u, 22b, 
Which are disposed on a pieZoelectric substrate material 
layer 28. The platform body 20b includes a ?rst metal trace 
pattern 22u on the upper surface 21u of the platform body 
20b. As shoWn, the ?rst metal trace pattern 22u includes a 
plurality of spaced-apart pads 25u and a corresponding 
transmission line 26u connected to and extending aWay from 
each of the active pads 25u. The bottom of the platform body 
21b includes a second metal trace pattern 22b (FIG. 3A). 
Preferably, the second metal trace pattern 22b is substan 
tially the same as the ?rst 22u and symmetrically arranged 
such that the patterns are aligned the ?rst over the second 
With the pieZoelectric substrate layer 28 in betWeen. 

[0068] Referring noW to FIGS. 1 and 2, a plurality of 
unitiZed or individual doses of a dry poWder formulation 
mixture 30 are arranged on the platform body 20b such that 
each dose resides against and substantially overlies a respec 
tive active contact pad 25u. For clarity, it Will be understood 
that, according to the present invention, protective ?lms, 
moisture protective barriers, drug protective barriers or 
coatings may also be positioned over the substrate layer 28, 
the traces 22u, 22b, or other portions of the platform body 
20b. Preferably, if applied proximate the active oscillation 
region/Wells 40, they are applied so as to be substantially 
transparent to the operation of the active elements. Prefer 
ably, as shoWn in FIG. 3A, an inert or nonreactive barrier 35 
is disposed over at least the upper pads 25u to protect the 
purity and stability of the dry poWder drug from potential 
contamination of or interaction With the dry poWder drug 
Which contacts and resides on this surface. In a preferred 
embodiment, the inert or non-reactive barrier 35 is a thin 
polymer cover or coating material Which is applied onto the 
upper surface of the platform body 20b such that, in opera 
tion, it is substantially concurrently responsive to the defor 
mation of the pieZoelectric substrate layer 28. 

[0069] Referring again to FIG. 3A, it is also preferred that 
the ?rst and second metal trace patterns 22u, 22b are each in 
























