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[57] ABSTRACT 

A disposable package, tape, and cassette are provided which 
makes it possible to hold and disperse therefrom liquid, 
?owable formulations including aqueous formulations 
(solutions or dispersions with particles less than 0.25 
microns in diameter) of a pharmaceutically active drug. in 
one embodiment formulation is packaged in individual 
dosage unit containers which containers are preferably inter 
connected. The package is designed to be integrated into a 
cassette which can be loaded into a dispersing device 
capable of individually opening dosage unit containers and 
aerosolizing the contents through a porous membrane, into 
a mouth piece on the cassette, for delivery to a patient. In 
addition to and alongside of each porous membrane, the 
package may include one or more openings through which 
air is forced in order to aid in avoiding the accumulation of 
aerosolized particles. The package may be con?gured so that 
the formulation is held in a container not positioned directly 
vertical to and below the porous membrane, thus making it 
necessary to channel formulation horizontally to the porous 
membrane and making it possible to include a vibrating 
mechanism directly below a chamber covered by the porous 
membrane. Release of aerosolized drug is breath actuated 
based on simultaneous measurements of inspiratory flow 
and volume so as to provide for repeatable dosing of drug to 
the patient. 

17 Claims, 17 Drawing Sheets 
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SYSTEMS FOR THE INTRAPULMONARY 
DELIVERY OF AEROSOLIZED AQUEOUS 

FORMULATIONS 

CROSS-REFERENCES 

This application is a continuation-in-part of our earlier 
?led U.S. application Ser. No. 08/166,972 ?led Dec. 14, 
1993 now U.S. Pat. No. 5,497,763, which is a continuation~ 
in-part of our earlier ?led U.S. application Ser. No. 08/065, 
660 ?led May 21, 1993, pending, both of which applications 
are incorporated herein by reference and to which applica 
tions we claim priority under 35 U.S.C. § 120. 

FIELD OF THE. INVENTION 

This invention relates generally to methods of drug deliv 
ery, containers and systems used in the intrapulmonary 
delivery of drugs. More speci?cally, the invention relates to 
a disposable package which includes one or more containers 
which containers may be loaded into a cassette which can be 
included in a device used for the controlled delivery of 
aerosolized ?owable, liquid formulations. 

BACKGROUND OF THE INVENTION 

The intrapulmonary delivery of pharmaceutically active 
drugs is accomplished by two distinct methodologies. In 
accordance with one method, a pharrnaceutically active drug 
is dispersed in a low boiling point propellant (a CFC or 
HFA) and loaded in a pressurized canister from which the 
drug/propellant formulation may be released by the use of a 
device generally known as a metered dose inhaler (MDI). 
Once released, the propellant evaporates and particles of the 
drug are inhaled by the patient. The other method involves 
the use of a nebulizer which creates a mist of ?ne particles 
from a solution or suspension of a drug which mist is inhaled 
by the patient. Both methods are hindered by signi?cant 
problems relating to patient compliance and dosing as 
described further below. 

Metered dose inhalers that are generally manually oper 
ated and some breath actuated devices have been proposed 
and produced. Breath actuated inhalers typically contain a 
pressurized propellant and provide a metered dose automati 
cally when the patient’s inspiratory effort either moves a 
mechanical lever or the detected ?ow rises above a preset 
threshold, as detected by a hot wire anemometer. See, for 
example, U.S. Pat. Nos. 3,187,748; 3,565,070; 3,814,297; 
3,826,413; 4,592,348; 4,648,393; 4,803,978; 4,896,832; and 
a product available from 3M Healthcare known as Aerosol 
Sheathed Actuator and Cap. 
A major problem with manual metered dose inhalers is 

that the patient frequently actuates the device at the incorrect 
point during the breathing cycle to obtain the bene?ts of the 
intended drug therapy or breathes at the wrong ?ow rate. 
Thus, patients may inspire too little medication, or take a 
second dose and receive too much medication. The problem 
is, therefore, the inability to administer precise dosages. 

Another problem with metered dose inhalers is that the 
devices include low boiling point propellants such as halo 
hydrocarbons and halocarbons which have adverse environ 
mental e?ects. Further, other low boiling point propellants 
are not desirable in that they may have adverse medical 
effects on patients. 

A problem with breath activated drug delivery is that the 
dose is triggered on crossing a ?xed threshold inspiratory 
effort. Thus, an inspiration effort may be su?icient to release 
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a metered dose, but the inspiratory flow following the 
release may not be su?icient to cause the aerosol medication 
to pass into the desired portion of the patient’s airways. 
Another problem exists with patients whose inspiratory 
effort is not su?icient to rise above the threshold to trigger 
the release valve at all. Yet another problem is that the 
particle size can vary greatly and larger particles carmot 
enter the smaller lung passages and therefore are not deliv 
ered to the same degree arid/or rate as are smaller particles. 
Any of these problems can make it di?icult or impossible to 
monitor the delivery of a precise dosage of medication to a 
patient. 

Attempts have been made to solve the patient inspiration 
synchronization problem. U.S. Pat. No. 4,484,577 refers to 
using a bidirectional reed Whistle to indicate to the patient 
the maximum rate of inhalation for desired delivery of the 
drug and ?ow restrictor to prevent the patient from inhaling 
too rapidly. U.S. Pat. No. 3,991,304 refers to using biofeed 
back techniques to train the patient to adopt a desired 
breathing pattern. U.S. Pat. No. 4,677,975 refers to using 
audible signals and preselected time delays gated on the 
detection of inspiratory ?ow to indicate to the patient when 
to inhale and exhale, and delivering inhalable material a 
selected time after the detected onset of flow. However, 
these devices also suffer from improper operation by 
patients who are not properly trained or do not conform their 
breathing to the instructed breathing pattern and whose 
inspiratory ?ow does not provide adequate delivery of the 
medication. Such problems make reproducible delivery of 
predetermined dosages virtually impossible. 

Studies in Byron (ed), Respiratory Drug Delivery, CRC 
Press, Inc. (1990); Newman et al., Thorax, 1981, 36:52— 55; 
Newman et al., Thorax, 1980, 35:234; Newman et al., Eur. 
J. Respir: Dis., 1981, 62:3—2l; and Newman et al., Am. Rev. 
Respir. Dis., 1981, 124:3 l7—320 indicate that during a single 
breath of an aerosol compound, only about ten percent of the 
total aerosol material presented is deposited into the lungs 
and that the location of deposition in the lung depends upon 
(1) breath parameters such as volume of inspiration, inspira 
tory ?ow rate, inspiratory pause prior to expiration, the lung 
volume at the time the bolus of medication is administered, 
and expiratory ?ow rate, (2) the size, shape and density of 
the aerosol particles (i.e., the medicinal compound, any 
carrier, and propellant), and (3) the physiological character 
istics of the patient. Present devices and methods cannot 
eliminate these variables and as such cannot control dosage 
administration. 

A problem with existing metered dose inhalers, whether 
or not breath actuated, is that they are factory preset to 
deliver a ?xed dose at a given particle size distribution. Such 
devices are not capable of reducing the dose to re?ect 
improvement in the patient’s condition, or selecting a maxi 
mum desired respirable fraction of the aerosol mist that is 
suitable for a desired location of delivery of the medication 
in the particular patient. 

Devices for controlling particle size of an aerosol are 
known. U.S. Pat. No. 4,790,305 refers to controlling the 
particle size of a metered dose of aerosol for delivery to the 
walls of small bronchi and bronchioles by ?lling a ?rst 
chamber with medication and a second chamber with air 
such that all of the air is inhaled prior to the inhaling 
medication, and using ?ow control ori?ces to control the 
?ow rate. U.S. Pat. No. 4,926,852 refers to metering a dose 
of medication into a ?ow-through chamber that has ori?ces 
to limit the How rate to control particle size. U.S. Pat. No. 
4,677,975 refers to a nebulizer device that uses baf?es to 
remove from any aerosol particles above a selected size. 
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