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Taught herein Is a disposable breath actuated dry powder drug inhalation device having a powderized drug storage chamber with
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powder flow to the patient.
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(57) Abstract: Taught herein 1s a disposable
breath actuated dry powder drug inhalation
device having a powderized drug storage
chamber with integral toroidal geometry and
air flow pathways for entraining and breaking
up powder aggregates prior to delivery to the
patient. The toroidal chamber 1s fluidly con-
nected by one or more air inlets directed in a
non-tangent mannet toward the powder to loft
and set up an irregular- rotational flow pat-
tern. Also, i fluid connection with the toroid-
al chamber 1s a centrally or near centrally loc-
ated air and powder outlet consisting of one
or more holes forming a grid in fluid connec-
tion with a channel providing a passageway
for powder tlow to the patient.
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DRY POWDER INHALATION DEVICE

This application claims priority of US provisional application humber 61/573,496 filed

on Sepiember 7, 2011.

COPYRIGHT NOTICE
A portion of the disclosure of this patent contalins material that is subject to copyright
protection. The copyright owner has no objection to the repraoduction by anyone of
the patent document or the patent disclosure as it appears in the Patent and

Trademark Office patent files or records, but otherwise reserves all copyright rights

whatsoever.

BACKGROUND OF THE INVENTION
Field of the Invention
[001] The present invention relates to a dry powder inhalation device for the
inhalation of pharmaceutical or nutraceutical compounds including excipients in dry
powder form. Mare particularly, it relates to a dry powder inhalation device having a

toroidal chamber for uniform partical size delivery to a patient.

Description of Related Art
[002] Pressurized metered dose inhalation devices (pMDI) are well-known for

delivering drugs to patients by way of their lungs. pMDIi‘s are comprised of a
pressurized propellant canister with a metering valve housed in a molded actuator
body with integral mouthpiece. This type of inhalation device presents drug delivery
challenges to patients, requiring significant force to actuate with inhalation and timing

coordination to effectively receive the drug. pMDI's containing suspended drug
SYPROO1-PCT MRS 9/7/2012 v.3
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formulations also have 10 be shaken properiy by the patient prior to actuaiing o
receive an effective gose of the drug. These relatively complicated devices also
reguire priming due to low grug content in intial doses and can reguire cleaning by
the patient. In some devices, an agditional spacer apparatus is prescribed aiong
with the pMH {0 compensate for the timing coorgination issue although the
downside for the patient has 1o pay for, clean, store and transport the puiky spacer
apparatus. Wnie many patients are experienced operating pMDEs or pMDUs with
spacers, new patients have 0 go througn the relatively significant learning curve o

operate these Jdevices properiy.

0031 Dry powder inhalation devices (B are also well-known tor delivering
powderized drug o the lungs. UF lechnologies are either active invoiving external
energy 1o break-up and aerosclize particies or, passive utilizing the palient's
inspiratory energy 1o entrain and qeliver the powaer {0 the lungs. Some LI
technoiogies integrate slectronics wnile others are fully mecnanical. The powder
drug slorage formats are normaily reservolr, individually pre-metered doses or
capsiuie pased systemns. Lrug formulations delivered by these devices invoive in
some devicaes innovative enginegered arug particles put in most devices deliver 3
conventional blend of sized active pharmacsutical ingredient(s) (AP} pius sizeo
lactose monohydrate used as a bulking agent {0 aig In the powder Hilling process angd
as g camrier particies {0 aid in delivery of the aclive pharmaceutical ingredient{s} (o
fhe patient. These AP - lactose monohydrate dDiends among others require a means

o preak-up aggregates formed by attractive forces holding them togsther.
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10041 Nebulizers are well known for delivering drugs in solution {o the lung. ¥While
these drug delivery systems are gffeclive for patients lacking the inhalation capabilily
Or coordgination o operate some hand held inhalation gevices, they are large
aguipment requinng an slectnical power SCUWee, Cleaning andg mamnenance.
Adminisiration of nebulizer drugs invoives significant time and effort; transporting,
setling up electricaily, lcading individual nebules, assembling the patient inlerface

mouthpiece and delivering doses 1o the patient.

10051 Inhalalion therapies currently being administered in institutional settings are
agither multicose oM, muili-ose DS or nebulizer all of which demand substantial
attention of heaith care provigers 0 agminisier, Al current options reguirg
substantial effort from the nurse or respiratory therapist o administer, track doses
and maintain {0 meet ihe needs of the patient. Current oplions available in the
institutional setting require the in-house pharmacy o dispense multi-dose devices
that in most devices contain an magpropnate numper of goses relative o ihe
patient's stay and disposal of unused doses wnen palients are released.
Additionally, multi-dose inhaiation devices reguiring repeated handing over muitipie
days in thaese setlings increase the chance of viral and bacternial fransmission from
person 1o device 1o person within the environment.  Thus, the compiexities
associated with the currently availabie inhaiation devices result in considerable cost

impact {0 ihe healthcare sysiem.

{006 Unil dose inhalation devices taught in the art typicsally invoive relatively
compiicated delivery systems that are relatively heavy, bulky, and costly o

manuiacture. in addilion, most passive dry powder inhalalion devices suffer from
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fiow rate dependence Issues in which arug geiivery may vary from iow {0 high fiow
rates. Some devices require substantiaily low prassure {0 be generated by the
patient o operate properly and receive the drug effectively. Generating significant
Iow pressure can pe dificult 1o achieve aspecially Tor young and elderly patients. in
many cases, the inhalalion device technoiogically taught in the art does not provide
adeguate fgedback features to inform the patient or heaith care provider if. 1}
nnalalion device s activaled and ready for use, 2) powdernized drug s avaiiabie for
inhalation, 3} powderized drug has been deliverad, or 4}, and Inhalation device has

peen used and 1S ready {0 be disposed of.

G007 In US 20127 0132204 (Lucking, st al}, there s gescriped an nhalation gevies
with a simple fiow-through powderized drug storage chambper, in this device, air
Hows fnrough the air gap present aiter the activation strip is removed from the rear of
the inhalation device. Alr filows N a non-specific fiow patlemn o antrain the
cowderized drug and deliver i straight through the nhalation device and to the
patient. The amount of air ang resistance of air flow entering the drug storage
champer is susceptible {0 sinK and flatness ireguiariies in the molded or iormed
componenis and compressive forces applied by the patient’'s hand while operating
the inhalation device. Powderized arug s not cleared from the powder storage
chambper with a controlled flow pattern leaving the polential for flow dead zones,
powder enirapment and drug delivery periormance varnabiiily especiaily acress 8
range of flow rates from low o nigh, 30 L/imin 10 80 L/imin for exampile. Therg s no
specifically designed means 1or deaggregaling powderizeo drug besides the flow

fransition from the powder siorage chamber o the fluidly connected channel.
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10087 A second embodiment 1S described with a circulating spherical bead powder
dispersion chamber separate and gownstream from the powder storage champer.
This embodiment involves more complication with moving beads acling as a
mechanical means o gnnd, and braak up powder aggregates as part of the
gispersion process. The separale chambpers and fiuidly connected channei cregte
relatively nigh surface area for powderized drug including the finer respirable
particles o altach and fail o emit from the mhalation gevice, The circulating peads
are driven by air fiow generated by the patient which can vary dramalically having an
affect on periormance with such inhaiation driven mechaniams. in agdition, these
types of meaechanisms require subsiantial low pressure 10 be generated py the patient

{0 actuale.

10031 In US 6,280,507 {(Jahnsson, el al.), there is described an inhalation device
with a simpie powaer storage chamber separaie from the powder deaggregation
means which 1s located in the fluidly connected channel. Having these two design
elements separale creates signilicant device-drug contact surface area ang [he
potential for substantial drug hold-up due 1o finer more respirabie particies wilh i8ss
mass and momentum attaching o the coniact surfaces. In addition, ihe activation
Sirip 18 removed from the rear of the device, not providing mouthpiece obstruchion

and obvious indication 1o the patient that the device needs (0 be aclivated.

SBRIEF SUMMARY OF THE INVENTION
1318 There s a need 0 have a safer, more efficient, ang more ¢ost glfective oplion
tor delivering inhaiation therapies than 18 currently avaiiable. The present inveniion

futfiis thal need by providing a dry powder inhaiation device for the inhalation of &
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pre-melered amount of pharmaceutical or nutraceutical dry powders, including single
and muilipie active ingredient blends and excipients designed 0 address, bui not

mited {0, the atorementioned unmet neads whiie providing consistently sate anc

effective pulmonary drug delivery. bxamples of appiications for use are, but not
limited 0; meeting the needs of infrequent users, deiivery of vaccines, drug delivery
in institutional settings and drug delivery for bio-defense or any ofher applications

where delivery of a dry powder is necessary or desired.

1011} Some of the advantages of using the disclosed inhalalion device over the
other alternatives are; drug stapility by use of a prolective gverwrap 1or each
mdividual dose, easily par coded or pre-par codsed, intuilive, gasy 0 adminisier and
Use, minimai size and weight, efficient dose delivery, iow air fiow resisiance, simplea
consiruction, ow ¢ost 10 manufaciure, disposable, miniMmizes human Cross
contamination such as viral or pacterial, consisting of minimal materials reducing the
gnvironmental impact, reliable gperation without moving parts and mechanisms,
visual dose delivery indicator, visuai inhalation device readiness indicator, no
coordinalion required, ne ceaning reguired, no Mmamnienance reguired, dose
advancement is not reguired, electrical energy source s noi required, propeliant is
not required, capsuie angling is not reguired, dose counier 18 not reguired, muti-
dose deterrent 1s not required, mouthpiece cover is not required, 18 modular and
may be packaged as mullipie inhaiation devices, may be packaged as muilipie
inhalers each with different drug formuiations, one inhaiation gevice may contain two

toroidal chambers with two different grug formulations.
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10121 Accordingly, in one embodiment the present invention is a metered dose

inhaiation device for inhalation of a dry powder Dy a patient comprising:

a)

0}

a)

a body having an exterior and an interior,;

a ioroidai disaggregalion chamber in the intenor of the body having a
potiom porlion wherein the dry powaer IS seaied within at least a
portion of the toroidal chamber by a removanle partition wherein when
the partition 18 removed he dry powder s delivered (o the entire
toroidal chamber:

at least one air intake passage in fiuid communication with the exterior
of the pody and the interior of the toroidal chamber which directs iniet
atr toward the botlom of the oroal chamber al 8 non-tangeniial angie
when the partiion is removed; and

an exii passageway in fluid communication with the exierior of the bogy
and the interior of the toroidal chamber when the partilion 18 removed
such that upon the inhalation by the palient on the exit passageway, ar
1S drawn from the air intake passage o the toroidal chamber [0 he exit

such that dry powder is carmied cut the exit passageway o the patient.

(0131 Accordingly, n angther embodiment of the present invention, therg 18 8

melered dose inhalation device for inhalation of a dry powder by a patient comprising

a {oroidal disaggregation chamber.
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[13a] According to another embodiment of the present invention, there Is provided a
single-dose, disposable apparatus, comprising: a lower member defining a
disaggregation chamber containing a dry powder, the lower member including a
raised surface along a center axis of the disaggregation chamber; an upper member
coupled to the lower member to enclose the disaggregation chamber, the upper
member defining an intake channel and an exit channel, the intake channel fluidically
coupled to the disaggregation chamber via an intake opening, the exit channel
fluidically coupled to the disaggregation chamber via an exit opening, the exit
opening being along the center axis; and a partition disposed between the upper
member and the lower member, the partition retaining the dry powder within the
disaggregation chamber when the upper member and lower member are coupled
together and the partition is in a first position, the partition configured to be moved
from the first position to a second position, the partition covering the intake opening
and the exit opening to fluidically isolate the disaggregation chamber when the
partition is in the first position, the partition spaced apart from the intake opening ana

the exit opening when the partition is I1n the second position.

[13b] According to another embodiment of the present invention, there Is provided a
single-dose, disposable apparatus, comprising: a lower member defining a
disaggregation chamber containing a single dose of a dry powaer; ah upper member
coupled to the lower membér to enclose the disaggregation chamber and the dry
powder therein, the upper member defining an intake channel and an exit channel,
the intake channel fluidically coupled to the disaggregation chamber via an intake
opening, the exit channel fluidically coupled to the disaggregation chamber via an exit
opening; and a partition disposed between the upper member and the lower member,
the partition configured to be moved from a first position to a second position, a first
portion of the partition covering the intake opening and the exit opening to fluidically
isolate the disaggregation chamber containing the dry powder when the partition is in
the first position, a second portion of the partition disposed outside of the body and

obstructing a mouthpiece when the partition is in the first position, the first portion of

CA 2846899 2017-09-07
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the partition spaced apart from the intake opening and the exit opening when the

partition i1s in the second position.

[13¢] According to another embodiment of the present invention, there is provided
an apparatus, comprising. a lower member defining a disaggregation chamber
containing a dry powder, the lower member including a raised section extending from
an inner surface of the disaggregation chamber, the raised section configured to
guide a flow of the dry powder within the disaggregation chamber; an upper member
coupled to the lower member to enclose the disaggregation chamber; an intake
channel fluidically coupled to the disaggregation chamber via an intake opening; an
exit channel fluidically coupled to the disaggregation chamber via an exit opening;
and a partition disposed between the upper member and the lower member, the
partition retaining the dry powder within the disaggregation chamber when the upper
member and lower member are coupled together and the partition is in a first
position, the partition configured to be moved from the first position to a second
position, the partition covering the intake opening and the exit opening to fluidically
Isolate the disaggregation chamber when the partition is in the first position, the
partition spaced apart from the intake opening and the exit opening when the

partition is in the second position.

[13d] According to another embodiment of the present invention, there is provided a
single-dose, disposable apparatus, comprising: a lower member defining a
disaggregation chamber containing a dry powder; an upper member coupled to the
lower member to enclose the disaggregation chamber, the upper member defining an
Intake channel and an exit channel, the intake channel fluidically coupled to the
disaggregation chamber via an intake opening, the exit channel fluidically coupled to
the disaggregation chamber via an exit opening such that intake air is drawn through
the air intake channel to produce a flow of the dry powder within the disaggregation
chamber when a patient inhales through the exit channel via a mouthpiece; and

a partition disposed between the upper member and the lower member, the partition

retaining the dry powder within the disaggregation chamber when the upper member

CA 2846899 2018-12-24
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and lower member are coupled together and the partition is between the upper
member and lower member, the partition covering the intake opening to fluidically
isolate the disaggregation chamber when the partition is between the upper member
and lower member, a tab portion of the partition extending outside of the upper
member and the lower member and obstructing the mouthpiece when the partition is
disposed between the upper member and the lower member, the partition configured
to be removed from between the upper member and lower member to fluidically

couple the intake opening to the disaggregation chamber.

[13e] According to another embodiment of the present invention, there is provided a
method of manufacturing an inhalation device, comprising: constructing a body, a
partition, an air intake passage, and an exit passageway by at least one of injection
molding, thermoforming, pressure forming, blow molding, cold forming, die cutting,
stamping, extruding, machining, drawing, casting, laminating, or glass blowing; and
Joining the body, the partition, the air intake passageway, and the exit passageway by
at least one of heat sealing, heat staking, ultrasonic welding, radio frequency welding,

snap fits, friction fits, press fits, adhesive, heat activated adhesive, or laser welding.

CA 2846899 2018-12-24
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BRIEF DESCRIPTION OF THE DRAWINGS
1014] Figure 1 1s an overvigw of the invention depicting g main elemenis such as
Dody, channel, air intake passages, air outliow passages, drug How and torgidal
chambaer.
10151 Figure £ presents a detalled view of ihe air infake passages, intermal air and
drug flow and function of the toroigal chamber.
10161 Figure 3 presentis the assembply of Ihe channel component {o the inhalation
device bady with the living hings in the open siale.
10171 Migure 4 presents the inhaiation device with the hiving hinge in the open siate
and drug Tilled into the toroidal chamber.
0181 Figure b presents the inhaialion device with the iving hinge i the open slale
and drug filled into the toroidal chamber and activation strip posilionad over the seai
or attachment area around the toroidal chamber.
{0191 Figure © presents the inhaiation device body being closed and the altached
activation sinp being foided wiin the drug containeg within the torgigal chamubper.

10207 Figure 7 presents the inhalation device with drug contained within the toroidal

champer, activation strip sealed and folded and perimetier of ihe device body seaied
or joined.

(0211 Figure 8 presents a different perspective view of Figure 7.

1042 Figure O presents a different perspeclive view of Figure 7.

10231 Figure 10 s an flustration of use of the inhaiation device including protective
QVEIWrap.

10441 Figurs 11 presents an example of a multi-gose embodiment with multipie

doses of the same drug avalabie for inhalation.
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10251 Figure 12 presents an example of a mulli-dose embodiment with different
drugs avaiable for inhalation.

{028 Figure 13 presents orthogonal views.,

047] Figure 14 presemnts a detaiied cross seclion of the toroigal chamber llustrating
Key fealures.

10281 Figure 15 is a cross section side view iusirating a serpentine inlet, drug
spiiage, inel air flow and bypass and outiet air flow,

10281 Higure 16 is a oross section side view liustraling an air inlet, inlet ar fiow and
pypass and outiet air flow.,

{0301 Figure 17 llustrates drug flow from the toroidal chamber, through the outlet
gnig - oreidal chamber interface and ihrough the channeat for exit o the patient.
10317 Figure 18 presents drug powder filling into inhalation devices by use of a
common ‘drum’ filling system.

10327 Figure 19 presents a front view of the inhalation device with one rigid body
memper and one conformaple, forced and attached during assembiy {0 reduce ihe
air gap between the two body members.

10337 Higure 20 presents an aiternate full toroidat chambper embodiment.

10347 Figure 21 presents orinogonal and sectional views of an aifernate full toroidal

chamber embodiment.

DETAILED DESCRIPTION OF THE INVENTION
10351 While this invention i3 susceptitbie (o embodiment in many different forms,
thers 1s shown in the drawings, and will herein be described in detal, specific
embodiments, with the understanding thal the present disciosure of such

ambodimenis is [0 De considerad as an exampie of ihe principles and not iniended o
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it the invention o the speciic embodiments shown and descriped. in the
gascription peiow, iike reference numerals arg used to describe the sams, simiar or
corresponding parts in the several views of the grawings. 1his detailed desonption
defines the meaning of the terms used herein and spectiically gescribes

embodgiments in order for those skiiied In the art 1o practice the invention.

DEFINITIONS

13367 he terms "about” and "assentially” mean 110 percent.

{0371 Thelerms "a” or "an’, as used nerein, are detfined as ong or as more than
one. The erm "plurality’, as used herein, 1s defingd as two or as more than two. The
term "another”, as used herein, is defined as at ieast a second or more. 1he terms
inciuding” and/or "having', as used herein, are defined as comprising {i.e., open
language}. The term "coupled”; as used herein, is defined as connecied, although

nol necessarily directly, and not necessartly mechanically,

10387 1he term "comprising 18 not intended to limit inventions (o only claiming the
present invention with such comprising language. Any invention using the term
cComprising could be separated inlo gne or more claims using “consisting or

‘consisiing of” claim language and 18 so intended.

10381 Reference throughout this qocument {0 "one embodiment”, "certain
ambodiments”, and "an esmpodiment” or simidar terms means hat a particular
feature, structure, or characteristic gescribed in connechion with the embodiment is

nciuded in at least one embodiment of (he present inveniion. Thus, (he appearances

10
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Of SUCh pnrases or in various places throughout this specificalion are not necessarily
all referring to the same embodiment. Furthermore, the particular features,
structures, or characleristics may pe combined in any suitabdle manner in one or

more ambodiments without imitation.

10401 The term "or as used herein is 10 be interpreted as an inclusive or meaning

any one of any compination. Tnerelorg, "A, B or U7 means any of (he following: "A;

B: G Aand B Aand G Band G A, B and O, An exception (o thig definition will
QCCUr Oy when a combinalion of elements, functions, steps or acts are in some way

innerently mutually exclusive.

1041] The drawings fealured in the figures are for the purpose of llustrating certain
convenient embodiments of the present invention, and are not {0 be considered as
mitation therelo. Term means’ preceding a present participie of an opearation
indicates a desired function for whienh there s one or more empodiments, /.e., one or
more methods, devices, or apparatuses for achieving the desired funchion ang that
one skiiied it e arl couid select from these or their eguivalent in view of fhe

disclosure hergin and use ¢f the term "means” is not intended o be limiting.

10427 As used hereinatier, the lerms "device”, "device of the present invention,”

‘present inhaigtion device,” "nhaler of "inhalation device”™ are synonyimous.

10431 As used hereinafier, the terms "Dody’, "case” and NoUSING,” are synonymous
and refer {0 the inhalalion device as a whole. The body has an exterior and an

interior portion.

11
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10441 As used herain the term "inhalation device” refers {0 a device where g palient
inhaies on the device (o draw a dry powader inlo the patient. Typicaily, this 1s dong o
draw a medicament into the fungs of the patient. In one embodiment, the device 1s

construcied for a singie use.

104587 For the purpose of this disclosure, the term 'deaggregation’ IS synonymoLis
with deagglomeralion and disaggregation gescrining the break-up of like or uniike

particles o form a more uniform suspension of the powder in a stream of air.

1046] As used herein a "toroidal disaggregation chamber’ refers to a chamber
naving a toroidal shape. In general, in one embodiment (hat s a orus shape bul any
general toroidal shape such as tapered sguared or the ike will work in the present
invention. 1 he chamber s positioned on the interior of the body of the device. Seaied
within the champer, in just a partifion of the chamber, IS 8 dry powder. The powder 1S
sealed n place by a removaple partition. The partition separates the rest of the
chamber from the dry powder such that when the partition 1s removed the dry

powaer |S exposed (o the entire {oroidal chamber.

0477 As used heramn the “removable partition” or "activation strip” 18 a device that
holds the dry powder within a porfion of the device such that when the parlilion is
removed the dry powder can move 1o the enlire inferior of (he {oroidai chambper. in
one embodiment the partiion has a {ab which can be pulled from the exierior of the
cody o remove the partition. The removabie partition or activation strip may pe

made of the following matenials: Meelabile aluminum ol siructure, ol structure,
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polyvmer Titm or polymer laminate, cellulose, celiuiose lamination, wax coated,

piodegradabie or compostable materials.

048] As used heremn the "air ntake passage’ refers o an air inlet N HUIG
communication {0 the air on the exierior of the device 1o the interior of the oroidal
disaggregation chamber. Air enfering the air intake passage is qelivered 0 the
toroidal chamber. In an embodiment, the inlel air 18 aimed at a non-tangential angie
tor exampie at an angie foward the boltom of the loroidal chamber. in the present
invention there 15 at ieast one and in another embodiment (here are two. in yet
another embodiment, there are two opposing air intake passages. in yel ancther

gmbogiment the passages are on the same side of the Body.

10491 As used herein an "exit passageway 1S a passage in fluid communicalion with
the exterior of the pody and the interior of the toroidal chamber such that upon the
innaiation by the patient on the exit passageway, air s drawn from ne air intake
passage o the forodal chamber 1o the exit such that dry powder is carried out the
axit passageway (o the patient. In one embodiment, the exil passageway widens as
it axits the device body. in another embodiment, it widens sufficiently for a patient {o
place their moulh on the exit for inhalation of the powder within the torgidal chambper.,

in one embodiment the exit passageway has air filow channeals.

(G501 For the purpose ¢f this disclosure, the term 'drug’ includes both

pharmaceuiical and nutraceulical compounds including any formuiations nciuding

excipients. All mentions ¢of 'drug’ reter 10 powderized drug.
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10511 For the purpose of this disclosure, the term 'towder 1S synonymous wilh
powderized drug and includes both pharmaceutical and nutraceutical compounds

ncluding any formuiations including excipients.

100621 pMibE IS a pressurized metered dose inhaler designed 1o deliver grugs by
metering doses from a propeiiant filled reservoir and aerosolizing doses by release

of the propsliant energy.

10537 DPH IS a dry powdger inhaler designed (o deliver powderized drugs o the iung
gither passively using only the patient's inspiratory effort or actively utiiizing an
external energy source along with the patient’'s inspiratory effort 1o digperse and

deagyregale powderized drug.

10541 1he disposable breath acluated dry powder drug inhalation device has a
powderized drug storage chamber integral 10 a toroigal chamber and air fiow
pathways for entraining and breaking up powder aggregates pnor o inhalation of the
powder by the patient. ihe toroidal chamber 13 fiLigly conneciaed by one or more air
inlete directed in a non-tangent manner toward the powder {o ot and set up an
rregular-rotational How patlern. Alsg in fivid connection with the torodal champer 1s
a centrally locaied awr and powder outiel consisting of one or more noles forming a
grid or hole in fluid connection with a channel providing a passageway for grug flow
{0 the patient. Upon actuation of the inhaiation device by breath induced low
pressure from the palient, iniel ar enters the torgidal champer causing powaer
aggregates with greater mass and cenirffugal force to circulate toward the ouler

walis Tor greater ime duration than smailer parlicies.  The first stage of impadct
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forces are applied {0 powder aggregates as they collide wilh each ¢other and the
walls of the toroidal chamber., Aoditionally, a second stage of forces are applied {0
powder aggregates as they flow through the intersecting irreguilar-rotational and non-
tangent nlet airstreams subjecting particies o air shear forees, velocity and
directional changes. he resulling powder 13 partially geaggregated and these
smalier particies with less mass and centrifugal force fiow 10 the chamber outiet
where additional third stage impact {orces are applied due 0 coibsions wiln the outiet
qQrid or hole siructure and particle bounce pelweaen the toroidal chamber - oullet grid
or hole interface (Minterface”™). In one embogiment, the chamber outiet is centrally
located. Deaggregated powderized arug then flows from the outlet gnid or hole

through the fluidly connecled channel 10 the patient.

13551 Now referning 1o the drawings, Figs 1 and 2 depict a8 perspective view of an
ambodiment of the present invention with Fig £ showing a more detailed perspeaclive
view. s embodiment in Fi1g 118 an inhaler with the removabie partition removed
115, This is the device in use since, with the partiion in place; the device is designed
for storage untit use. The inhaier 115 consistis of 3 pody which, In this embodiment,
consisis of an upper inhaler body 80 and a lower inhaler body 65, This inhaler has
an extenor with the mechanics gisposed on the ntenor of ihe device. In use, a
patient would place their mouth over the area where air exits the inhaler 115. This is
indicated by bypass air Tlow channels 20 and powderized drug and airfiow channe;
25 both of which deliver {0 the patient when the patient inhales. Upon inhalation, air
gnters the air intake passage 5 and travels downward at an angie in a non-iangsntial
manner 10 ang into the torgidal chamber 80 which 1S shown in [his figure as a ¢ircie,

a 30 view will be seen in ofher iigures. This embodiment has two air inlake
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passages 5 which are positioned on the {op 80 of inhaler 115, Alr swirls in the
toroidal chamber 60 and swirs dry powder {not shown in this view) Draaking up any
aggiomerates of power untii air and powder exit through outlet gnid 75 o create a
Huid communication of the drug andg air flow with exit passageway formed by
componenti 40. Aerosolized powger enters an area of exit passageway in 40
whergin there are mulliple passage channeis. Airflow reguiator openings 13 aliow air
flow resistance tWwning by sizing the openngs o reguiale how much air passes
througn channeis 20 and main channel 25 with delivering the powder exiting from
main channei 25. &izing of the powder exit 75 the holes providing entry of reguiator
fiow 15 getermines the air flow resistance ievel and thereifore, the inspiratory effort
required (o nspirationatly actuate the inhaler 115, The prelerred empodiment
includes a mechanical stop inlegrated into the inhalation device body providing a
siop point for insertion into the patient's mouth thereby providing indication {o the
patient that the appropriate gngagement depth has begen achieved 10 salely and

gtfectively operate the inhalation device by breath acluation.

10567 g 2 shows [his airflow/drug Tlow in a8 close up perspective view of he inhaler
115. Because bigger aggregated particies will {end {o flow around the outer
circumierence £00 of the torodal chamber 60, they are subjectsg (O impact iorees
and break up before flowing o the ocutlet grid 75. As shown in Figure £, the toroidal
chamber ol is designed 1o ytilize the centrifugal force of irregular-rotationatly flowing
powder aggregates with relatively large mass o parlially break-up by impacting each
other and the walls of the torgidal cnamber yielding finer particies with reduced mass
and centrifugal force. Additionally, a second stage of forces are applied 1o powder

aggregates as they flow 200 through the intersecting irregular-rofationai and non-
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tangent inlet airsireams 10 subjecting particles 1o air shear forces, velocity changes,
dirgctional changes, and particie-to-particle collisions. Smalier drug aggregates or
particles with requced mass and centrifugal force may then flow to the torodal
chamber gutiet grid or hole interface 73, As particies begin o get smailer due o the
forces inside the loroidal chambper ol thay move cioser and closer towarg the outlet
grid 75 near the center of the {oroidal chambper 60 4l they extit the gnd 75 and enter

the arliow pathway 25 in the exit passageway of component 40.

10571 Higs 3 through 9 depict a perspective view of the construction of an inhaler
with the activation strip 458, Fig 3 depicts the inhaler body molded from a singie piece
of material the exterior of the body top 6 ang extenor bollom 85 are shown in his
view. 1nhe toroidal shape of the toroidal chamber 6 can clearly be seen in this view,

The exit passageway component 40 1s mounted on the exterior of upper sige 80

creating the pypass channeis 30 and drug/air channel 35. The bypass air holes 45
are shown in this view. The upper 80 and lower 85 body are joined by a hiving hings
70, a molged sirip, such that the upper 80 and lower 65 portions of the bogy are

molded as one piece.

(0581 Mg 4 shows the internior surface of upper body 80 and lower body 85, Clear in
this view i1s the interior surface of the torowdal chambper 60 showing powder 85 in the
chamber ol. Because the removabie partition is not added, the powder merely sifs in
the pottom of chamber 60. An attachment area 90 for the partition s shown which

can inciude an adhesive material for aghering a partition.
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105971 In Fig O a partifion 85 is placed on the interior surface of body portions 80 and
5 covering entirely oroigal champer 80 from delivering powder 1o the flow pathway of
the inhaler. Fig b shows the folding 100 of the upper pody 80 10 meet the lower body
&5 folding the removable partition. In Tigure 7 an embodiment of the present

invention inhaler is compietaly constructed and noted as inhaier 110 in the following

figures.

G607 Fig 8 depicis a perspeciive view of the same inhaler 110 as shown in fig 7

nowevear, from a different view which alows a view of the exit passageway of the

inhaier 1140, Fig 9 shows a bottom perspective view of inhaler 110.

1061 Fig 10 18 a perspechive series of views of opening, removal of the pariition and
use of inhaler 110 In a singie use empbodiment. An embodiment of ihe present
inhalation device 110 as shown in Fig 10 is protecied from contamination, ullraviolat
Hgnt, oxygen, if required, and water vapor ingress by a surrounaing proteclive

overwrap 103 such as, but not limited {0, aluminum foill laminates joined 1© contamn

the inhaiation device as individually packaged or joined in a sirip, sheet, or roll form
With ingividually remgovabie inhaiation devices Dy shearing or pulling apar 1or as-
needed access o inhalation devices from a multi-dose package. In addition, either
of the aforementioned proteciive overwrap packaging configurations providing
printable area for color coding and bar coding for scanning into electronic charting

sysiems and providing general information {0 patients and administrators.
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10621 As shown in Figure 10, the preferred embodiment requires, but is not imited
o, a minimal number of sleps as disclosed beiow o adminisiar or self administer the
dry powderized drug.

 open the proteciive overwrap 105 packaging

» pull the activation sirip 85 by the end and remove it

¢ have the Patient inhale 125 the powderized drug

 dispose 133 of the inhalation device and protective overwrap

(0631 This embogiment of the inhalation device may pe disposead of after use 1o help
faciiitaie clean environments of use or agminstration by reducing the ¢chance of
person o device (o person transmission of hazardous matter such as viruses and

hactena.

3641 As shown in Figure 10, palient fesdback inhalation device stalus ndicalors
include the obstruction of the mouihpiece by the activalion sirp because of ils length
in the assembled state 110, providing indication {0 the patient that aclivation strip 85
removal s reguired pnor 1o inhaling 125 the powderized drug. The ngicators also
inciude the use of transparent malenais for the inhaiation device body or powder
sigrage chambper providing visinilily of the drug before and after use Tor confirmation
of drug delivery by visual inspection 130, In Figure 10, 105 depicts the protective
gverwrap, 110 shows the device removed from the protective overwrap, 115 gepicts
the inhalalion device with the activalion sirip 95 removed and drug ready for
inhalation, 125 arrow iHusirates breath actuation by the patient 125 and 135

represents disposal of the used inhalation device.
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1063 An additional embodiment is 2 muiti-dose strip as shown in Figure 11
comprised of inhalalion devices integrated and packaged as one with each toroidal

champer containing the same powderized drug formulation 140 drug "A”.

13661 An additiona! embodiment 1s a mulli-dose strip as shown in Figure 12
comprised of inhaiation devices infegrated and packaged as one. One side of the
nnaialion device may contain powderized drug "B" 145 and the other side

powdenized drug "GN 150 as well as additional drugs.

{G07T An aaditional embodiment inciudses muitipie inhalation wroidal chambers
Hugly joined o one powder exil passageway and patient inlerface mouthpecs.

Each toroidal chamber may contain different powderized drugs.

10681 Fig 13 depicis a series of orthogonal views of inhaier 114,

10687 Fig. 14 depicts a series of views of embodiments including an aclivation strip
95 designed o retain and protect the powderized arug in the torgidal chamber by
closing off a region of the champer {and in some embodiments the entire chamber).
Removai of ine activation sirip 85 "activates” the inhalation device exposing and
HUgly connecting powdgernzed drug 85 residing in the toroidal chamber 60 1o one or
more iniet airways 55 and outlet grid or hole /5. 1his prepares ihe nhalalion davice
115 for dose delivery 1o the patlient when low pressure breath actuation {inhalation)
gccurs. the activation strip 85 may be removable from the inhalation device and
disposed of separately. The aforementioned design is useful due 1o its simplicity and

intuitiveness for the user. An ailternate embodiment may inciude a shifting aclivation
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strip. In this embodiment, shifting or moving the activation sirip from one posiion o
another aclivates the inhalation device 115 while remaining retained within {he
nhalation device 115, The aclivation strip may be assembied or joined, but not
mited, o the foliowing methods,; heat sealing, caplured in place mechamcally,
adhesive, peelable adnesive, friction fit, press fit, snap fit, laser welded, radio
frequency or ultrasonic welding. it may be assembied or joined to the inhalation
device with or without folds. Foiding 100 the acltivation stnip 85 slong with the inhaler
COQY during assembly as shown in Figure 6 resulls in a pesiable attachment {0
facilitale activation by shearing he peeiable bondg area YU Figure 5 belween the
activation strip and inhaiation device body. The activation strip 85 may provide
printabie ares for color coding and Dar coting for scanning inlo slectronic charting

systems and providing general information to patients and agministrators.

10701 As shown in Fig 14, the embogiment inciudes an integrated toroida;

powdertzed drug storage and deaggregation chamber 60 designed to retain and
profect the powder 85 during storage and provide the means {0 deaggregate the
powder during the breath actuation event., The foroidal chamber ol gesign is an

improvement over the prior art due to s reguced powder-inhaiation device contadt

surface area, reducing powder holg-up (losses) in the device, controlied and efficient

alr and drug path and simpiified construction. integration of the powder siorage
chamber and deaggregation chamber into one simplifies inhalation device dgesign
and reduces powder 1o inhalation device contact surface area resuiting in regueed
powder losses and therefore improved drug delivery periormance. The torodal
chamber consists of an outside wali 265, Inside wail 200, outlet grid or hole 75

interface region which s the air gap between 75 and 155, botlom and top surfaces.
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10711 In Figure 14 the toroidal chamber geomelry includes a raised central axis
located region 270 that guides drug particle flow 10 the chamber outiet grid or hole 75
eliminating an air tow dead zone at the boltom of the champer where powder 85
would normailly collect and fail o be deliverad {o the palient. The fiow patiemn within
the toroidal chamber 60 is irreguiar and not a truly circular path due o the
intersecting non-tangent inlet air streams 10 disrupling circuiar fliow and modifying

the flow path into an rreguiar-rotationat patn.

10721 The following is applicable o both toroidal and full torus chambers; for the
purpose of lustration in this disciosure, the {oroidal chambper including inner
(exampie 200, Fig 14} and outer surtaces (e.g. 205, Fig 14} 18 shown 488 varous
circular toroigal geometnies however empodimenis are not imited {0 circular.

Additional geometries may de used such as polygonal, polygonal with ragiused

corners, oval, eilliptical or wreguiar or any combination thergof appiiad {0 inner and

guter surtaces of the toroidal chamber.

0737 inlel air 10 may be guided through channel{s}) 55, 120 as shown in Hig 13

with redirected pathway(s} crealing a hoiding area(s) 120 for powder in the eveni,

after activation the inhalaltion device is tilled (0 the extent drug powder 85 spiiis o

any of the air inlets prior o breath actuation of the inhalation device. The redirected

pathway(s) as shown in Figure 15 prevent powder i03s when the inhalalion device i3
tilled and relains powder in the holding area{s) 120 for entrainment and flow o the

patient guring the preath actuation.
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10741 In Fig 16 upon inhalation, inlet air 10 rushes into the toroidal chamber 60
lofting and flowing the powderized arug 85. The non-tangent iniet air fliow paths 10
ntersecting the Huigly connecled torgidai chamber 8l creates relatively high air low
velocily regions, redirecting the circulating powdernzed drug 85 into an irregular-
rotational fiow pattern. This intersection of the air fiow paths provide air shear forces,
velocity and directional changes to flowing pariicles further deaggregating the
powdserized drug 85, Iniet aw may be guided through channeis 55 with the geometry
gesigned to direct How non-tangentially toward the powder or eisewhers {0 achieve

the desired drug delivery performance.

G757 Figure 17 depicts where ihe powder is subjected to adaitional third slage
impact forces as the drug aggregates 205 impacls the ngid surfaces in this ar gap

region and bounce between the inferface surtaces.

(076] in Fig 17 the empbodiment includes an outlet gnd or nole 75 fluidly infersecting
the torgigal chamber 60 near ifs center axis providing an opening or openings for
Howing powderized drug 205, 105 1o exit the torcidal chamber 60 and fiow hrough
the fiuidly connected channel 35 to the patien. The outlet grigd 75 may consist of
round hotes or any of the foliowing polygonal, ragiused polygonal, oval, eiliptical,
ribbed, stepped, convex, concave, tapered hoies, vents, staggered layout, linear
layoul, radial layoui, radial openings, 8 mesh, a sereen, irreguiar and any
combpination or reasonable varianis thereof. The outlet grid 75 may be supstiiuteo
with a single hole 75 sized andg iocaled o Taciitate outiet flow of drug powders with
How properties, pariicle size and cohesivengss for optimizing drug delivery

performance. The singie oullet hole 75 may be round, polygonsal, radiused
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polygonal, ridhed, stepped, convex, concave, oval, elliplical, tapered, irregular and
any reasonabie vanant thereof. The outiet fiow area ig the air and powder flow
throttie point of the drug flow passageway in the innalation device. A design feature
s the adjusiment of the outiet flow area that determings the air volume, air How
velooity, drug powder impact forces andg duration of air flow through the toroidal
champer 60. The outiet flow area s equal 10 the sum of the area ot all hoies in the
grid or the singuiar hoig grea.  As shown i Fig 17, the oullet gnd structure 75
inciuding sohid partiions or ribbing between and around the outlet gnd openings,
impart impact forces on he powderized drug as rotationally flowing powder
aggregates 205, 165 are forced through the stationary grid. Adaditionally, the singuiar
outiet hiole 75 transibion mparts impact forces on the powderized drug as rolationally
Howing grug aggregates 205 impadct the top surface of the chamber prior (o exibing 1o

the fiuidly connecied channel.

077 As shown in Fig 17, an embodiment includes an outlet gnid or hole - toroidal
chamber interface air gap region formed between surfaces 75, 155 and consisting of
an outiet gnid or nole /5 and a raised toroidal chambper section 270 with internal
surface 155, The air gap formed by this inlerface defines a region where powderized
grug is forced o flow through path 165 dunng the breath actuation svent due to the
low pressure differential generated by the patient. Flowing drug parlicles 165 irying
{0 exit are of various pariicie size with differing gegrees of aggregation. 1he smaiier
particies are able o redirect and fiow through the outiet opening{s} of 75 whiie the
larger particles with greater mass and momentum impact the solid grid struciure of
75 ang the surface around the opening. This impact imparis forces on ihe

aggregated drug pariicies o break them up Mo smaler more respirabie drug
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particies. The impacting particies are free o bounce pack and forth (path 163} inthe
air gap region petween {ne outiel grid or hole 75 and the raised seclion of {he
toroidal chamber 155, The particie bounce effect (path 185) applies agdiional
impacis o the aggregated particies prior 10 exiting to the fluidly connected channel
38 ang flowing 1o the patienl. The geometry of the outlet grid or noie - {oroidal
champer interface 75, 155 may consist of many vanants. The embogiments are not
mited o specihic interface geometnes bul soms exampies mciuds: point, doms,
nemispherical, fiat, cone, convex, concave, cylindrical, rreguiar, conig, stepped and

irregular shapes including any combination thereof.

078 In Mg 18, the iving hinge 70 localion on the tront or rear surfaces of the
inhaiation device creales a narrow profile while in the open state for efficientiy Tilling
powderized drug into multiple nhalation devices at one time. kach rotation 180 of 8
powder Tiiing system's ‘arum’ 175 with multiple dosing bores 170 may fill a greater
number of iInhalation devices 185 per cycie as compared o innaiation devices with &
ving hinge on a side surface. Due 10 the living hinge feature 70, additional
manuiacturing efficiencies may be achieved such as reduced; tooling, handiing.
automation eguipment and supply chain managemsnt. Fig 18, 180 depicts drug

powder fHling nto the empty inhalation devices in the fiat state 185 and 195 gepicts

inear ndexing of inhalalion devices 185 between fHling cycles. An allermnate
embodiment may be constructed withoul the iving hinge 70 as disciosed above.

The inhalation device may be comprised of components progduced and assembied as
ngividual Body components; the segparate upper body component 80 and separale

lower Dogy component 5.
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10797 As shown in Fig 19, this embodiment includes a means for ensuring air gap
closure or minimization petween the inhalation device ooay halves by producing one
side convex 240 and the opposile side 245 flat or of a gifferent convex or concave
radius. During assembly, the two bogy haiveas are forced 250 together and joinad
along the perimeter area 255 conforming the two body halves 65 and 80 {0 each
other {0 reduce the air gap(s) in between due 0 component dimensional
rregulanties such as sink and warp. The built-in foree bigsing the two inhalation
device boady halves 85 and 80 0 each other in the assemiled state aiso acts ©
retain the activation strip 95 and ciose the aclivation strip gap after activation thereby

preventing air leakage and powaer 1oss in the gap.

10887 As shown In Figs 20 and 21, an alternate embodiment 160 may include an
integrated full torus powderized drug storage and deaggregation chamber 215
designed (o retain and protect the powder 85 during storage and provide the means
o deaggregalie the powder prior (o delivery 1o the patient. Integration of the powder
siorage chamber ang Qeaggregation chamber inlo one simpliifies nhaiation device
design and reduces drug powder 0 inhalation device contact surtace area resulling
N reduced drug powder losses and therefore improved drug delivery periormancs.

The full toroidal chamber consisis of a tull orodal shape with outside wall, nside

wall, gutiel grid or hole 245 interface region, bottom surface, top surface ang
intersecting channel. the full toroidat chambper 215 1S designed 1o ulllize the
centrifugal force of iregular-rotationally fowing powder aggregates 200 with
retatively large mass (o partially preak-up by impaching sach other and the walls of
the full loroidal chamber yvielding Tiner particies 205 with reduced mass and

centrifugal force. Additionaily, a second stage of forces are applied 1o powder

26



CA 02846899 2014-02-26
WO 2013/036881 PCT/US2012/0543235

agaregates 200 as they fiow In a rotational path and impacdi the protruding channed
210 subjecting particies (o impact forces, velocity changes and directional changes.

smalier powder aggregates with reduced mass 205 and centrifugal force may then

How to the toroidal chamber outiet grid or hole interface 225 where they are
subjecied o agaitional thirg stage impact forces as tne aggregaies impact ngio
surfaces in this interface 225 region and bounce between the interface surfaces. in
addition, the full torus chamber geometlry 215 inciudes raised ceniral axis or naar
central axis located regions that guige particie fiow (o the chamber outiel grid or hole
225 eliminating the air flow dead zones at the top and boftom of the chamber where
drug powder 85 would normaily collect and fai {0 pe delivered to the patieni. The
How pattern within the full forus chamber 215 1§ rregular and not a gircular path dus
e the intersecting channel gisrupting circuiar flow ang modifying he flow path inio an
rreguiar path. One or more air inlels 55 may be used fiuidly connected and
intersecting the full toroidal champer 213 either tangentiaily or non-tangentially. in
Figs £0 and 21, 220 and 230 arg nhaiation device body componeanis and 235 is the
channel outiet fluidly connectad through channel component 214 o the outlel hole or

grid 245.

0811 The mhaiation device may be made from the {oliowing matenals for exampis
including injection moided polymers, anti-static polymers, thermotormed or pressure
formed poiymers, celluiose {(paper) or partial celiviose laminated material, wax
coated laminates, bicdegradable, compostable, elastomers, silicone, aluminum Toiis
ncluding lamiinations, metatic hot or cold formed, giass, ceramic and composiis

materiais or any combination thereof.
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10627  1he inhalation device componenis mavbe produced by {he following
manufacturing methods: injection molding, thermoforming, pressure forming, dlow
molding, cold forming, die cutting, stamping, extruding, machining, drawing, casting,

laminating, giass biowing.

10831 The inhalation device components may De joined by the foliowing methods:
neat sealing, heal staking, ultrasonic welding, radis frequency welding, snap fils,
friction fits, press fitg, adhesive, heal aclivated aghesive and aser welding or any

gombination thereof,

(0841 The oullet grid or hole region may be made from the following malenals:
polymers, anii-static polymers, metal, metai mesh or screen, elasiomers, sHicone,
celluiose, glass, ceramic, wax coalted laminations, aluminum inciuding folls and 1ol

laminations, biodegradabie and composiable or any combpination thereot.

13857 The embodiments reside as weli alone or in sub-combinations of the objects,
aspecis, elements, features, advaniages, indicators, meihods and steps shown and

gascribed.

10861 it is an object of all embodiments (o provide an improved disposabile dry

powder inhalalion device 1or pulmonary inhalation of pharmaceutical or nuiraceutical

dry powders inciuding excipients.
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10871 The embodiment or embodiments inciuding any sub-combinations of the
gbjects, aspects, eiements, features, advantages, ingdicalors, methods and steps

may de used in any type of patient In any satting for any therapy in any orentation,

13881 The embodiment or embodiments inciuding any sub-combinations of the
opjects, aspects, elements, features, advantages, indicators, methods and steps
may be used in a8 mulli-dose innaialion device with a separate index-apie drug stnp

or cariridge or replaceable grug biisier or capsuile.

{088] The embodiment or embodiments inciuding any sub-combinations of the
oljects, aspeacls, slaments, features, advaniages, ndicalors, methods and steps

may be used in a nasal drug gelivery device.

080T The embodiments including any sub-compinations of the objects, aspects,
glements, teatures, indicators, advantages, methods describes the mnalation gevice
and method for puimonary inhalation of pharmaceutical or nutraceutical ary powders

ncluding excipients.

0911 The embodiments are not limited 0 the speaciiics mentioned as many other
objects, aspects, elements, fealures, advantages, methods and steps and

combinations may o used. he embodgiments are oniy limited only by ihe claims.
Additional information describing the embodiments are stated in other sections of

this disclosure.
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10921 I should be understood hat the embodiments also resides in sub-
compinations of the objects, aspecis, components, features, ingicators, methods,

materiais and steps described.

13931 Those skilled in the art o which the present invention perlains may make
modifications resulting in ofher embodiments employing principles of the present
nvention without departing from s spirtl or characternstics, particularty upon
considernng the ioregoing teachings. Accordingly, the described embodiments are {0
pe considered in all respects only as #Hustrative, and not restrictive, and the scope of
the present invention is, therefore, indicated by the appendead claims rather than by
the foregoing descriplion or drawings. Consegquently, while the present invention has
peen gescribaed with reference o particular embodiments, modifications of struciure,
seguence, materials and the ke appareni {0 those skiiled 1 the ari stifi Tall within the

scope of the invention as claimed by the appiicant.
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CLAIMS:

1. A single-dose, disposable apparatus, comprising:

a lower member defining a disaggregation chamber containing a dry powder, the
lower member including a raised surface along a center axis of the disaggregation
chamber;

an upper member coupled to the lower member to enclose the disaggregation
chamber, the upper member defining an intake channel and an exit channel, the intake
channel fluidically coupled to the disaggregation chamber via an intake opening, the exit
channel fluidically coupled to the disaggregation chamber via an exit opening, the exit
opening being along the center axis; and

a partition disposed between the upper member and the lower member, the
partition retaining the dry powder within the disaggregation chamber when the upper
member and lower member are coupled together and the partition is in a first position,
the partition configured to be moved from the first position to a second position, the
partition covering the intake opening and the exit opening to fluidically isolate the
disaggregation chamber when the partition is in the first position, the partition spaced
apart from the intake opening and the exit opening when the partition is in the second

position.

2. The single-dose, disposable apparatus of claim 1, wherein the raised surface of

the lower member and a bottom surface of the upper member define an air gap through

which the dry powder flows when a patient inhales through the exit channel.

3. The single-dose, disposable apparatus of claim 2, wherein the raised surface of
the lower member is positioned such that a portion of the dry powder impacts against

the raised surface before entering the exit opening.

4. The single-dose, disposable apparatus of claim 1, wherein the partition includes

a tab portion disposed outside of the upper member and the lower member when the
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partition is disposed between the upper member and the lower member, the partition

configured to be moved from the first position to the second position via the tab portion.

5. The single-dose, disposable apparatus of claim 1, wherein a tab portion of the
partition extends outside of the upper member and the lower member and obstructs a
mouthpiece when the partition is disposed between the upper member and the lower
member, the partition being removed from between the upper member and lower

member by the tab portion when moved to the second position.

6. The single-dose, disposable apparatus of claim 1, wherein the partition is
configured to be removed from between the upper member and lower member when

moved to the second position.

/. The single-dose, disposable apparatus of claim 6, wherein the lower member

Includes an attachment area to which the partition is coupled.

8. The single-dose, disposable apparatus of claim 1, wherein the exit opening Is an

opening from a plurality of openings forming an exit grid.

9. The single-dose, disposable apparatus of claim 1, wherein the disaggregation
chamber has a toroidal shape.

10.  The single-dose, disposable apparatus of claim 1. wherein the raised surface of

the lower member forms a planar shape.

11.  The single-dose, disposable apparatus of claim 1, wherein the raised surface of

the lower member forms any one of a hemispherical shape, a conical shape, or a

convex shape.
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12. A single-dose, disposable apparatus, comprising:
a lower member defining a disaggregation chamber containing a single dose of a

dry powder:;

an upper member coupled to the lower member to enclose the disaggregation
chamber and the dry powder therein, the upper member defining an intake channel and
an exit channel, the intake channel fluidically coupled to the disaggregation chamber via
an intake opening, the exit channel fluidically coupled to the disaggregation chamber via
an exit opening; and

a partition disposed between the upper member and the lower member, the
partition configured to be moved from a first position to a second position, a first portion
of the partition covering the intake opening and the exit opening to fluidically isolate the
disaggregation chamber containing the dry powder when the partition is in the first
position, a second portion of the partition disposed outside of the body and obstructing a
mouthpiece when the partition is in the first position, the first portion of the partition
spaced apart from the intake opening and the exit opening when the partition is in the

second position.

13.  The single-dose, disposable apparatus of claim 12, wherein the second portion of
the partition is a tab portion, the tab portion including printed instructions, the partition
configured to be moved from the first position to the second position via the tab portion.
14.  The single-dose, disposable apparatus of claim 12, wherein the partition is

configured to be removed from between the upper member and lower member when

moved to the second position.

15.  The single-dose, disposable apparatus of claim 12, wherein the lower member

Includes an attachment area to which the first portion of the partition is coupled.

16.  The single-dose, disposable apparatus of claim 12, wherein:
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the lower member includes a raised surface against which a portion of the dry
powder Impacts before entering the exit opening, the raised surface along a center axis

of the disaggregation chamber; and

the exit opening being along the center axis of the disaggregation chamber.

17.  An apparatus, comprising:

a lower member defining a disaggregation chamber containing a dry powder, the
lower member including a raised section extending from an inner surface of the
disaggregation chamber, the raised section configured to guide a flow of the dry powder
within the disaggregation chamber;

an upper member coupled to the lower member to enclose the disaggregation
chamber;

an intake channel fluidically coupled to the disaggregation chamber via an intake
opening;

an exit channel fluidically coupled to the disaggregation chamber via an exit
opening; and

a partition disposed between the upper member and the lower member, the
partition retaining the dry powder within the disaggregation chamber when the upper
member and lower member are coupled together and the partition is in a first position,
the partition configured to be moved from the first position to a second position, the

partition covering the intake opening and the exit opening to fluidically isolate the

disaggregation chamber when the partition is in the first position, the partition spaced

apart from the intake opening and the exit opening when the partition is in the second

position.

18.  The single-dose, disposable apparatus of claim 17, wherein the lower member
defines a portion of the exit channel.

19.  The single-dose, disposable apparatus of claim 17. wherein:
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intake air is drawn through the air intake channel to produce the flow of the dry

powder within the disaggregation chamber when a patient inhales through the exit

channel; and
the intake channel is configured to aim the intake air entering the disaggregation

chamber.

20. The single-dose, disposable apparatus of claim 17, wherein the raised section of
the lower member is positioned such that a portion of the dry powder impacts against

the raised section before entering the exit opening.

21.  The single-dose, disposable apparatus of claim 20, wherein the raised section of
the lower member and a bottom surface of the upper member define an air gap through

which the dry powder flows when a patient inhales through the exit channel.

22.  The single-dose, disposable apparatus of claim 20, wherein the raised section of
the lower member forms any one of a planar shape, a hemispherical shape, a conical

shape, or a convex shape.

23.  The single-dose, disposable apparatus of claim 17, wherein a tab portion of the
partition extends outside of the upper member and the lower member and obstructs a

mouthpiece when the partition is disposed between the upper member and the lower

member, the partition being removed from between the upper member and lower

member by the tab portion when moved to the second position.

24. A single-dose, disposable apparatus, comprising:

a lower member defining a disaggregation chamber containing a dry powder;

an upper member coupled to the lower member to enclose the disaggregation
chamber, the upper member defining an intake channel and an exit channel, the intake
channel fluidically coupled to the disaggregation chamber via an intake opening, the exit

channel fluidically coupled to the disaggregation chamber via an exit opening such that
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intake air i1s drawn through the air intake channel to produce a flow of the dry powder

within the disaggregation chamber when a patient inhales through the exit channel via a

mouthpiece; and
a partition disposed between the upper member and the lower member, the

partition retaining the dry powder within the disaggregation chamber when the upper
member and lower member are coupled together and the partition is between the upper
member and lower member, the partition covering the intake opening to fluidically
Isolate the disaggregation chamber when the partition is between the upper member
and lower member, a tab portion of the partition extending outside of the upper member
and the lower member and obstructing the mouthpiece when the partition is disposed
between the upper member and the lower member, the partition configured to be
removed from between the upper member and lower member to fluidically couple the

Intake opening to the disaggregation chamber.

25. The single-dose, disposable apparatus of claim 24, wherein the lower member
Includes a raised section extending from an inner surface of the disaggregation
chamber, the raised section configured to guide the flow of the dry powder within the

disaggregation chamber.

26.  The single-dose, disposable apparatus of claim 25, wherein the raised section of

the lower member is positioned such that a portion of the dry powder impacts against

the raised section before entering the exit opening.

27. The single-dose, disposable apparatus of claim 25, wherein the raised section of
the lower member and a bottom surface of the upper member define an air gap through

which the dry powder flows when a patient inhales through the exit channel.
28.  The single-dose, disposable apparatus of claim 25, wherein the raised section of

the lower member forms any one of a planar shape, a hemispherical shape, a conical

shape, or a convex shape.

CA 2846899 2018-12-24
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