iilttiilthilliiiiihill221111 ill *166166* SYSTEMS AND-
AERCSOLI ZI NG PHARMACEUTI CAL FORMULATI ONS 5 CRCSS REF ATED
ARPLI CATIONS This application is a continuation in paimﬂﬁmﬂﬁﬁm@%n and
clainms the benefit of U S. Provisional Patent Applic X /141, 793,
fited June 30, 1999 and 60/198,060, filed April' 18, 2000't%he conplete

di'scl osures of WhSMSTEVIRAND ME t f BACKGROUND
OF THE | NVENTI ON Thi s Pm‘ﬁgd@%?égfmﬁég)@?wﬁ@g; of drug
delivery, and in particular g @ éﬂaﬂ;g@ﬂgi cal formulations
to the lungs. More specifically, the invention relates to the
aerosolization of pharmaceutical fornulations using energy 15 created by
patient inhalation. Effective drug delivery to a patient is. a
crittcal.aspect of 'am@mmNCQWP&E@b{%AﬁHCiTﬁBﬁW of drug

on

delivery techni ques_have been proposed. For exanple, veni ent net hod
is the oral deliver $h5fappiiFsteon isapootingtioalin phs apslivdtivhend kleens tHEOWEYES »
oral del i ¥eUYs. ®a8,idiBn; ses _be undesirable_ in that many drugs are

degr aded '65/0& n-tﬁégﬁgeggq[n?véjp?lf%l&nuﬁﬁgt%ﬁsﬂgﬁ, kilsd Jgee aBsI®9Bedd Anot her

t echni que6d/3 98,060 utlehAptS 18000} ieMbonMe disSRAVA idh0 L his: approach is
| ow patient acceg{jance. Qt her. al ternati vee Tout eggg?lﬁécgn%r% %rtef‘"at_i on that
have beenJ5PBIEE PY #éeg@ee-t r ansderrnal , intranasal, intrarectal,

i ntrampgi nal and pul nonary delivery. O particular interest to the
invention are pul nonary delivery techniques 25 which rely on the

inhal ation of a phar maceutBAGKGROUNROFOPHEYN PRI eNt SO that the

N
active drug within the dispersion. can reach the distal (alveolar) regions
of the lung. A vari@8Syumtigereiatssigzaeralbntetps fietdsofdrug dekedty pafapiased to

di sperse ERRCE it d { .ons. r e le,,US. Patent Nos.
5, 785, 049192% 5, 740, %kcﬁfhgbﬁaa?’g‘é?%%ﬁﬁg@%ﬁg% orths fnene Marn speriBealion at ed
by ref er eiednvedtisnrelises exeptasylipmon of pHidRRL Al uIRNRE BRLILE UL | 2

a conpres S_to aerosolize a powder. O her types o aerosoli zati on -
systgrés i‘?{%‘%ﬁ gy%f‘mé”'(}%:ﬁt’éﬁ-typi cally have a drug that is stored in a

ITant), nebul i zgEs;vewh ize |iquids using c d_gas,
ey, 3) neo | EESiV A Be RPN boenl L UL ER ‘Sipe o af;gfsﬁggeisfu?aé

drug therapy, and a variety of drug delivery tcchniéués have been proposed. For

example, one convenient methbd is the oral delivery of pills, capsules, elixirs and the.likc.
However, oral delivery can in some cases be undesirable in that many drugs are degraded

20 m the digestive tract before they can be absorbed. Another technique is subcutaneous

injection. One disadvantage to this approach is low patient acceptance. Other alternative
routes of administration that have been proposed include transdermal, intranasal, |
intrarectal, intravaginal and pulmonary delivery.
| Of particular interest to the invention are pulmdnary.delivery techniques

25 which rely on the inhalation of a pharmaceutical formulation by the patient so that the
active drug within the dispersion can reach the distal (alveolar) regions of the lung. A
variety of aerosolization systems have been proposed to disperse pharmaceutical
formulations. For example, U.S. Patent Nos. 5,785,049 and 5,740,794, the disclosures of
which are herein 'm.corporated by reference, describe exemplary powder dispersion

30 devices which utilize a compressed gas to aerosolize a powder. Other types of
aerosolization systems include MDI’s (which typically have a drug that .is stored in a

propellant), nebulizers (which aerosolize liquids using compressed gas, usually air), and
the like.
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the like. 12 L1LLErrrrerrrrerrrrtyvhttitullbitllill! *coooo2* Another
technique which is of interest to the invention is the use of inspired
gases to disperse the pharmaceutical fornulation. In this way, the patient
is able to provide the energy needed to aerosolize the formul ation by the
patient's own i nh&mgthesechpiiue WiHsh el ipieaest R GdBYengoRdt HieiWa cand

| nhal at | RoRL L REORCAYor Sy RENARLZEMcD dbhliadh! BnAfwhhenPRLdARLS &1

i nspired ggses can be chal I'e ging 1 n several respects. For xanpl e, or
sone pharnmoeudtitcatndrgy neddetitonsrossizshthadommsdatiomby ihe prafiynteowresi rabl e to
limt the iphalation flowrate within certain limts. For exanple, . .

PCT/ USQ9/ 654D fpjsdgsurihiieh 2qrpsol @5eratign 4o qualation arheraper ﬁﬁ%oraé?q-ver y

of i nsul iyNii@hidAbeSe lpsﬁémtshﬁe?_ 4 ddst et beoﬁ{all%é'lﬂ%% s ARSRek . exanpl e,
copending U S. Patent Applica I /414, 384 descri bes

1on Serial No. 1070
pul nonar gxaepleyvier yome phamoprestivdi doendatomph sudhl svinngisi, gtmaapcee dssirabjprtovi ded

Compl ot e oL EF U BT OOK TR S0 Rt oS iarl. Rl SoPARSbated od by
" of or enci ;001 Foochahh 1GS: 1R diihbidd PALAS Ak AR, SR e 10838s | S

that the inspiration flowrate 'can drastic y vary between individuals.
For inst aecminus AkewnnthenexabdplEj gppedqding .anBaentsspylicetiod SéraliMali vi dual s

whi ch_wer red twice a week for four.week r odu flow rates rangi ng
1 ot Abou o R St SRRy ol o raicies pelE Haieh T ereeangs oh

vari abi | igeyyiaBy ahhgitiaf B&i&?fo!llb%v)éd%& Al R HY TN EL AR rdDstBediThiRer sed
within a” gas stream the ability to deaggl onerate a powdered formul ati on,

and/ or t reemphdtt displostres oé all sy amoEireistenices anglhatdin mcompaated batrefeyenceach t he
deep lung. 20 Hence, this invention.is related to techni ques r

fegul atng. the 11 chnbier sisrpet Qi BrRetnu B pses tidRe
di sper si ngsAraABRTITRCARY ¢ LPdrabialiyhaly Bitweb M irIMEduAS PESE instahi€e, B YR 8D 1 S
related to techniques to enhance the ability of a fornmulation to be

di spdpsedFigi &, hirandoryaamplerafain ipdivitiuadsawhizghpyeare ereasurad avise izoveektfor Evsance

the ability,t | te a powdered f | at | t h th
bbi1 ity oreeh Erobp Al B R et s dind BPRASER S e PRttt BT PR at IR E¥ricop
| ung. SUM¥RRY. GuchRErhNYiENHa ffEBtethie@BRH%' bfthebaMldasn &XEdPisperyedywithee and

met hods to provide breath 30 actuated, Tlow regul ated aerosol delivery of
phar maceugasstEam, tha abildy 4o geagglomdratej apasvdarethformuiatiopeand/ erethe jabikity pf the

respi rat of Y, ARSES rRh AT Do MeGua L&l i e 1G3g! | 2 @ pharmaceuti cal
20 Hence, this invention is related to techniques for regulating the flow of
inspired gases that may be utilized when dispersing a pharmaceutical formulation. In one
aspect, the invention is related to tcchniqu'es to enhance the ability of a formulation to be
dispersed within a gas stream produced by patient inhalation, to enhance the ability to
deagglomerate a pox;vdered formulation, and to enhance the ability of the aerosolized

25  formulation to adequately reach the deep lung.

SUMMARY OF THE INVENTION
The im)ention provides exemplary systems and methods to provide breath
30  actuated, flow regulated aerosol delivery of pharmaceuticals. In one aspect, the invention
utilizes the flow of respiratory gases produced by a patient to aerosolize a pharmaceutical
formulation. In another particular aspect of the invention, the invention is able to extract
a powdered pharmaceutical formulation from a receptacle, deagglomerate the formulation

and deliver the formulation to the lungs using a wide range of patient inhalation flow
2



formul ation. In another particular aspect of the invention, the invention
is able to extract a powdered pharmaceutical fornulation froma

receptacl e, deagglonerate the fornulation and deliver the forrmulation to
the lungs using a wi de range of patient inhalation flow 2 rates. According
t ¢ anot hwfesagpeotdingf totanethienespsti dithe devies dandesmichodsoas e=provdsded whi ch
provi de \?\McihCi ent delivery. qfw aﬁ?;:h,ar maceuti cal aerosol to the deep |ung.
Speci i ¢ S ORI EHE ThOehPROMAENCHAFO0htP PR SeFRIWE 1, 22, 32, 54
and 55. Accor di ngSpasificleapressicenefi tomninventien dah bevfoahd mesphs BLOIP, gamess my
initially be preventggidd @i png to, Lungs until a predetern ned
vacuumis pr odqcﬂed%gﬁr%: ﬁ%ew@%?&mk?‘c%&g& ﬁ’?‘g? '8 f ¥ yF&Ei}ﬁ'r%ﬁ ory
-eases | PrAWRIESIYN fipwingdpdiet luhps omd paredd:emingd venbeds rlasecrmmec; hetnabr upt
initiatiqp.o DI rat as flowis utilized to aerosolize a T

phar mceﬁ‘{gf‘éé{gi‘g}? Pr%lng%”l\ég% Y RIEHHNG O StihrRuBHb sHlAeAt D prespAtiaasr y gases
are' i ni tismhdodimprenenies: himRAbh boWsBlabhe, $0e1HNas;uhen, éér&s%fﬂ%l Lng to

i nhal e t hrough an %)en . nhout hpi ece at one end of the device. The

respirat ASULE AR FEMURERT. ASFRRSEH g/ lophis pittboddndm, refdicamotyatdsard mngsivaf t er
a predet i ned S Rrogduced - by the user.. T.-he flow of respiratory
gases i seI{th ija?’geﬁéﬁ?guﬁgﬁgﬁ' %H% %P ,ﬁ%é‘%ﬂ?% RN 5% a recept acl e
and to phewbpietret pharmhoibt fedbe.f Dhatdspitdron, stdurd thdaetih QW QEmlRSRL rat ory
gases to é&gggégi. ger&%ol . By ini tqi ally preventing respi ra‘_@_dr‘y gases from
flowing to the T UHGS*WHSPATTEHPET WRF UL iF BFduesd phthedise. cBee faowlofret hods of
the presestpitadteRb=0n WRIiRYH teay@r0e - thaksthe resulting ga
stream has ‘sufficient ener Sﬁ;%aexty}:%%}m?ﬂg}é% %%’E“ﬂ%‘é&ﬁ ica arc—'f‘%‘f‘%ngﬁ‘fi on
fromthe tPéé?éﬁfJe@cqnémmumvg ITerspeésion whisnfibofiowlof rasphioat ids GRHEE HBY
initally ,hbe prevented fromflowing to the lungs by placing a valve wthin
an airway leading to the 1lungs and opening the valve to permt the flow of
respiratory gases. H{scmmecmiyrjﬁcxtcﬁtihg%spirﬁbfé%ngisgpﬁohhﬁowﬁb\{ﬁtﬂasmﬂpse\[)ﬁ.q, when a
threshol d actuating vacuum caused by the attenpted i nRal ation~1s éxceeded.
In this vEFTRRRREP Qew}-gi‘ fRV17% 35 enEaods Hidhe presdrr iimgnyas pravider 2way tas

suf fi ci endns@REKAYh- Q5 8%Ld acts20d ; +ze the pharmaceutical formulation.
I n anot her enbod%&inerﬁ%%%%&isnventr%g%lg%(rag\r}fﬁ‘ef%tn KPS OF PRATT BRI ce
t hat conpiorselgtier fiomghnrpcdidini hgomresabatveay floanst résti Rty dAge SRGIHAR: to

couple a . rs acl e containi a pharmaceutical fornmulation to the airway.
The devi c& PR ﬁ‘ﬂ"&}}?etg tg‘gi}’é*ﬁg B Pl e wire VEBIS ¥criDryY lgadiag i them
fi oW ng tuhgtigid doBingilianaityelt8lpetmdl thd 1166 90 s BirAGHHBEENIALAGHH ! Bre®x 0BT,

by

At such a tinme, the valve opens to perm
invention, the valve is opened when a threshold acruating vacuum caused by the

attempted inhaiation is exceeded. In this way, when the vaive is opened, the resulﬁng gas -
stream nas suiicient energy to extract and asrosolize the pharmaceutical formulation.

In another embodiment, the invention provides an aerosolization device
that comprises a housing defining an airway, and a coupiing mechanism to couple a
receptacis containing a pharmaceutical formuiation to the airway. The device further
includes 2 vaive 1o prevent respiratorv gases from flowing through the airway until a
threshold acmating vacuum is exceedsd. At such a time, the vaive opens to permit
respiratory gases 10 flow through the airway and 1o exwract the pharmaceutical
formulation from the recepracie to form an asrosoi.

A vanety of threshold vaives may be empioyed 10 prevent gases from
flowing through the airway as will be discusssd in detail beiow. For example, the vaive
may comprise an occlusion member having an opening, and a pull through member that is
pulled througn the opening when the threshoid actuaring vacuum is producesd. As one

. specific example, the occiusion member may comprise an slastically compiiant
; 3 I



respiratory gases to flow through the airway and to extract the
pharmaceutical fornulation fromthe receptacle to forman aerosol. A
variety of threshold valves nmay be enpl oyed to prevent gases from -flow ng

t hrough the.airway. as will be discussed in detal | ow._ Far .exanpl.e, the
va ve o ey meRig: e R Rt ool GRERETEER KPR bR DBen Ry G A A
through memdednetwigdn the thresHd18dat i HehbddeacaReBl Nth ¥hieiertabgect,theshol d
actuati ng vacuumis produced. As one specific exanple, the occlusion

nmenber sbolfprdteasingryaetustdiclag v3ive omipl tharmnss Gasmbba a0 cank2Q treabsur $0

t hrough nmenber may conprise a ball that is jpulled.thr Lhe. mbr ane
P o e R R e e

t hr eshol gbcagthatiat i ¢hiy 3@ 4 Uike Ofalde@ay abwenidatly betrignufadiged lomwaiote 20 cm
H20 to about 60 cm H20. In one particular aspect, the valve is configured
to be dixpgee@dlewi thin the 5 receptacle. In this way, the valve may

conveni ently be manylAciiL e, l@0G, Mt LNl NeverfiBE SROAEL e LRE ORI
anot her aspect, thé i nvention provides’ devices and methods or regulating
the fl owf@freg@iahd teQlow GALRHirk@rP et e paitki dneRienahirfidwyindépradpardent of
the breathing rate of the user. In another aspect, the system.includes a
regul at i 8¢ Woathing raty afghe vspnl by anothes aspesy the SYSEXP IrGudis\E iggdlation sistamyh t he.
air a r Vi he o T. q i | f egul ation
W th het# ﬁe e}saE%fhé%{voa 3€%§ 15%@&’ ﬁ%gg (IE)}S 9 H%h H%raese téﬁ%yie%nmta%cnﬂf%\gﬁ ts in

devi ces apehdietTHRASnihatRer S w dedulattdnywith &ie thredhelidivabiei aceording Wehé veri ng
the aerosolized fornulation to the deep lung. In still another aspect, the
devi ces RFf§eHenMeripngesulisanidsyicas perhmeEiPds ifor aerospb delkery tehamsretfesdys mat or y
gases to ;. h LS t al te for a certain tine. For
exanpl e, dtgﬂggil%o%lve?Eaﬁoégl%é%éépg%oﬁéﬁg{eoﬁggrla e that is |less than about 15
liters per mnute hatill:adother@spdat,tthedédogeant methadxafith®irventd@cmad lindt about
5 seconds, corresponding to a volune in the range from about 125 ni 1‘%0
about? 1. #ie flowpdgeaparaiosy gasesitp@ ratedhptialess than 2L&Ham Rifei9n 8 CPrapfige. j forpmy

i ncrease _ I .

phar mace&? ?@gﬁ%r%»?g%{?%a Vél lgh gﬁggor ‘IE)PE? %%{%I& lns\qg ﬁgg%g%%ﬁ{tdgglt%rgbg%?gﬁt%ed
gener al | Yor atiRETin Applanga frioanatbdaut 0BCcbnGto £Ru0868ehnds, doedspdndatg ®,a- 1999 and
in copending U, S.

| jcati Seri al . 09/414,384, | i ly. .
i ncor por Fo8FNHA ?’éf’é‘\?pgg %g alblg_gtapre“ thIEI%P\étc]héﬁ u&"%‘%?m‘&éﬂe o limt
or regul aatd@aﬁtﬁgec;uls ‘?x‘{"tl{\,%}l it r{ﬁ%ﬁﬁk?@é@&%t&ﬁﬁeﬁoaﬁﬂébiﬁmg acth REARACKS dXRMinde

provided tot user excesslve .
20  pharmaceutical formulations via absorption in the deep lung as described generally in

PCT Application No. PCT/U.S. 99/04654, filed March 3, 1999 and in copending U.S.
Application Serial No. 09/414,384, previously incorporated by reference.
A variety of techniques may be employed to limit or regulate the flow of
respirafory gases. For example, feedback may be provided to the user when an excessive
25 flowrateis prbduced to permit a user to adjust their inhalation rate. Examples of
feedback which may be providcd include audio feedback, including a whistle, visual
feedback, such as indicator ligh'ts or a level meter, tactile feedback, such as vibration, and -
the like. As another alternative, the flow of respiratory gases may be controlled by |
regulating the size of an airway leading to the lungs. For example, an elastically
30 compliant valve may be used to provide flow resistance based upon the flow rate through
the device and limit the flow to a certain rate.
In one aspect, the device further includes a regulation system to regulate
the flow of respiratory gases through the airway to a certain rate. For example, the

regulation system may be configured to limit the flow to a rate that is less than about 15
4



25 flowrate is produced to permt a user to adjust their inhalation rate.
Exanpl es of feedback which nay be provided include audi o feedback,

i acl uding a whistle, visual feedback, such as indicator lights or a |evel
neter, tagtid eerfeedtb%ck such as vibration, and the like. As another

alt ernative. HThEFIEWPD? ST LR §rd gade sisrasd peumentr wideedobfowr egul at i ng
the size ebultorahfayway d ' t r.exanple, an elastically 30
conpl i ant _val ve _na%be nﬁfg%&?tg rg%‘%)l%? &éyp]%gvvf r §?S§P aar?gga%égtgcfsﬁﬁgh)ct he flow
rate throtigHssedhia Céé%li edowind ot exartiplehiaefflowrdgalatoragit @inpritevaltdhHang

aspect, t L rther includes a regul ation systemto regulate the
f1 ow of r@éﬂ?é’% %?{/%5@%? ?IEWSB@ﬁuC?h%S HiFHhENSteBen that limitsthe Spw, toRgrertain

exanplse, tarewhileglub atdventisy Sb&hARY o sGR M 1 Qlis£ it i e, f ow to a
rate that i Itgss t han am@ht 15 4 I??%ss ggfgﬁrgnhﬁgtuté:ﬁfa(;}ramae r@gﬁ%\‘fena”ti me or a
certain i‘?f'é%‘f‘*‘r & ResTtErghe Row afiabtthrongh thowvalve doubpinet o mydpﬁpi@delmlgﬁpd to

regul ate t{hedel es Lo a certain rate as will be discussed in
detail bel OV\?JC o%g‘fﬁégn%?%s?blffPivea?IFFBW‘r“é‘BﬂEg}Ef‘o?ﬂ Ip Hrpriagcamingegasesl t hat i s

const r uct extuofh messetelsteiciehe RN allsSHGArdsad Gt Fio S NGk Limts
the flowto.a certain 5 rate V\,hi-‘hlie al so perlevogﬁ{ri tr?g}c??%%)v&mgt%eﬁ%%% “te

di rect i orOT &SRR PrPxidieg/a higher tasistanck for cempleat repiemnid & fidve Ehow Of air

t hrough t i e to an appli vacuum _ and one or nore

col | Z‘??g b%}%"\ﬁ% f‘/@hsanuvrgrl‘g%ﬁ%?ﬁ& Pﬁar%é &t Fgg?éﬁijﬂﬂwtmﬁs Qrsr the Hlopiteteckesethes

vacuum pressma thevelve dicaessd thet Wahir pat oM@ EHo&ACHe ALNEL mutSlse %oﬁ@%ﬂ‘%i n?
ete

or closin Lh orifice area and grow ding a higher resistance or

resi st anc® t' ¥ 8- For Providisaths dowirsth witha sestaimesizey enepfl e o€l ghdes ahpagial | el

f1 ow pat hye @age co too great, the valve closes so that
LSk bl 4 AHBY 3 PRSI

all air passing throu evi ce r%%\‘ss t hrough the other flow path.
By providing this fIomopedripaidularassest [tk Redilfn skhemf ses through
t he gevi cf% é%é—be Fep,t bel ow t he thl(rjf_zhol d grﬁjate. SPn %‘ﬁ%%ﬁ%%%‘g%?ecm ar :
aspect, tHEIGEE MEIRYHMIY Brufdsinforraton; anethe rats of Sewhrtke rapiratoisgades

provi de ipdrQ&kERbie0 f of the respiratory gases. For
exanpl e, t he feggbglg%@%%déﬁgﬁ?%%&n%@l %%?rf’ggseaa 58’? Fhat iy comynynication

comuni cavit e anvydndep fadicsa y vetistling Qduie® svhan Meimsidiineh SXRsteyhen t he
maxi num f | ow t:i%i s .exceeded. I n another alternative, the regulation
syst em mayc Eé%'ar' anotheraltemnative othe regsdption systamomay wbinptibea sésmictizh t he
ai rway. GasaHaRiseMol Ymi . LGH1 chani sm 20. he adj uystable to
vary the rate of f1oW 0 sr‘%i%f%!g% E)‘J?‘g‘g'gg%“é’%?‘ﬁf’%%gﬁyﬁeﬁ@-cgf’?\ﬁfﬁgmﬂiﬁ@ may

rest POct i radjwsedtdntesvaryeye fae: efflais b tespiratiry lpise thratOiR G SRl YmeSuch as by
the use of . . ) )
_ testriction mechanism may be adjusted manually or automatically, such as by the use of

- an elastically compliant material.

Optiqnal’ly, an electronically governed, closed-loop control system may be

provided to adjust the restriction mechanism. In one aspect, the control system is

[N
W

configured to limit the flow to a certain rate for a certain time or a certain inspired volume
and then to sense and adjust the restriction mechanism to permit an increased flow of |
respiratory gaées through the airway. In this manner, the flow rate of respiratory gases
may be regulated to limit the flow to a certain rate for a certain time to facilitate proper
delivery of the pharmaceutical formulation to the lungs. The control system may then be
30 employed to adjuét the restriction mechanism so that the user can comfortably fill their
lungs with respiratory gases to deliver the pharmaceutical formulation to the deep lung.
Use of the regulation system and control system according to the present invention is

advantageous in that the device may be used with numerous users that have different
5



an elastically conpliant material. Optionally, an electronically governed,
cl.osed-1 oop control systemmay be provided to adjust the restriction
mechani sm I n one aspect, the control systemis 25 configured to limt the
flowto. e nrate for a.certain tine or a certain inspired volunme and
t ren tomzlé‘%é‘(?n? Y T Su S R 97 BST Fietiates R ARMAISAPLAIRE 2asss Sartatiks eased

flrow of pharasRER RO FHRASES: it 'BF@HQI@ cfeﬂ@er@!i'i Juhgt. this manner, the flow
rate: }f:> respiratory gases bé regul at toTimt the flowto a certain

rate for a certai rddonding ¢o frthdrigspta oﬁﬂmpemntnbal afvertlye Gbwifae has been

phar mac oryul ation to . the lun The control systemmaythen be 30
enpl oyeﬁnf t)e%?af &S’tacf“ﬁ%é TR OEF%OIrngﬂaﬁll ersage QfiBe guury drgy be
confort atryaskh kd ptoedel for bl g4k 4 ho{'«\ﬁrﬁﬁ' r'lqﬁéjfn)é %@%@cfsorﬁrﬂhs%%h' jiod) ex

pharmaceutical fornulation to the deep I ung. e regul at ﬁ System
and contbb’tﬂpvsb,mgtaamhacswd}’ trgva mctthe)%naksenﬁwlcrmvlanhnsmy the m&varﬂyageous in

t hat the_dev th t h ff t 5
nnal at CBTOPTONY PP et il Fuaiia b Pt e IS8 BRES Wapi ot or y
gases S@edphdtory fg@vsl%ﬂércgﬁ?%gﬁrfa%aiﬁﬁxwl i%IThQBtlbé irth ?r&e#égrlqg!" vered to the

| ungs. Accordi hg to anot her aspect of the Invention the flow rate
has been |inited lhon allsenaties aspedt, dhouventafn maympm:laﬂhyhaﬂmd avnalrigtyeof t he

si ze, of he. ir be 5.incre dto an i reasedflow
7ot 50 Tl AR B R See g e PES e ieling SRTEHRIE & r vy
travel i regnmrmt bPBAY bEfnit b2 sl & oG AP eI TRYes a&%gé aid gfthy 1 nhal e
W t hout substantial resistance in order to fi t he user" ungs wth

respir aﬁ?@@@ﬁsga%@ o intagrasors mayflaxe n&@emwﬂnoﬁingnn&mbers thdt mbavet Yagedleep
-lung. In ernative aspec the i ntion ti.an utilize a
variety ° e i’B %f??ﬁ’ é‘HPg%ekb’&‘s dtcﬁmﬁe s ‘é(ﬁy’l‘ﬁ é‘&l“f‘f&fﬁg‘l‘léﬁe@ t hr ough

t he i nhalodirh®RadlsehGehAbd, e Rer®eF ha Ho IR ikt tB'o motﬂefga tchtaﬂﬁeluser to
confortably fill their lungs at the end of the protess. Suc

i nt &gr attePsrmyndseased greflow. Emmptmmfﬁgwmtﬁgezterstthatmambeumgd on the
volume of _flo h.the ce. hIS may, e initi
(regul atdg%f) ‘%Ydf‘g L{ﬂ’% oY) ad %CWH&%@ RERFLte %Cﬁﬂvé‘ﬂs’ﬁﬂs%%fient to

e g

open aniefigivs Sden gb@g@gblela‘}rtmpwﬁtm t..increased gas flow Exanples of flow
integrators that may be used are di scussed in detail bel ow and incl ude

nmovabl e pistons, cloe phamcﬂamlsfmmugaalsnffwd usedmtkbéxlelsgawsmmﬁ meethddsedd hol e,
and ther_h' k(raST 1[{) a.rnnceu,?,e f forrrulﬁ % us(g‘?w;h the f) stems and
met hods BF PR BrEORMma vt IigE HEg™ OB & OPHARRELT P Ful ation. In
one 29sp&fkthell, thBPharmaceutical formulation comprises a powdered medicament. The flow of
respiratory gases is used to deagglomerate the powder once extracted from the receptacle.
- Optionally, various structures may be placed into the airway to assist in the

deagglomeration process.

In still yet another embodiment, the invention provides a receptacle that

(88 ]
w

comprises a receptacle body defining a cavity that is enclosed by a penetrable access lid.
The receptacle further includes a threshold valve that is coupled to the receptacle body.
In one aspect, the threshold valve is configured to open when experiencing a vacuum of at
least about 40 cm H;0.

According to another aspect, the invention may also utilize a variety of
30  techniques to ensure that the user properly positions their mouth over the mouthpiece
during use of an aerosolization device. For example, a lip guard may be included on the
mouthpiece to permit the user to place their lips adjacent the lip guard. As another
example, the mouthpiece may include bite or other landmarks. Alternatively, one or more

holes may be provided in the side of the mouthpiece. These holes must be covered by the
6



20 net hod, the pharmaceutical formnulation conprises a powdered nedi canent.
The flow of respiratory gases is used to deaggl onerate the powder once
extracted fromthe receptacle. Optionally, various structures my be

pl aced iw)g-mt redmag rway tao ggsi st in the deagbgl oneration process. In still
yet anot her ~enbod i nent 2CHe FTV ERUUTh I PP RVRIEEES deviet ept adirther ReamplpShe

conpr i semaathmeanharhs, Lodycudel:bRingical &%‘ﬂlé.yTﬂJ‘@i‘iin}iéaégBﬁlo%frﬁgstt% a

:penetrabl e access lid. The receptacle further includes a reshol d val ve
that is EBRSFEHY thr Ratient eoepthaclceddrddya vheuwmeuffisipecto achbee tHereshoksbyal ve
is configyred to open when experiencing a vacuumof at [|east about 40 cm
H20. Accordi ng to anot her aspect, the invention may also utilize a variety

of 30 techni ques Theensid enthabedDer uSeieREORAERNOPAT] b AR I ARYL N
over the rmu%hp,l_ece during use of an aerosolization device. For exanple, a

li p guar P8y OKenary ekilide dghomt ithdewmd tahpiavdees andpdetatietl deberipnioarnhdto pl ace
their |ipsi@adjacent the |ip guard. As another exanple, the nouthpiece nay
include bite or other |andmarks. Alternatively, one or nore holes may be

provided in the side of BRIEF MBICJRIPFTON dhese: b £¢/ st be covered by the
6 lips in order to greate a sufficient vacuumto operate the device. As a

further exanple, tHag hisdgpphedustmatingthe @verage insplraviert Bewlrhiefoi tal profil e.

The e i ptdic@baRen be .covered by.the patient's nouth in order for
a vacuum SufTi o) g%%t“%ge Bedo agwt”ﬁeeaﬁvée\??g%y{obuﬁ’ggk%r eated. 5 These and other

aspects of the pred®pt2 isnveagh QRsvitdg te re@astidn/oAPPALEAY ﬂsPirat?thﬂ@sL
ordinary skill in the art in view of the drawi ngs and detailed. description
that fof'B6R¥CT HWRF RECOHHSERP F|LOFenEPNTHE DRAWNGS Fig. 1 is a graph

illustrating the augpage, i L Eatd owrate for .17 10 individuals that
were neasured twice & mgseig?agb i oshr?lﬁn (Lékkcsr.CgHagfm 9T pRother falsRL's INSPIEATOR | ng

t he reguflawi mre oferainpedccemntinstoiths piveatiben fl ow rate over tinme according to
the invention. Fig...3.. js a graph illustrating the regulation of another

pati &ht's i nspirat i'0& ¢ BRGRPSRALE Howofianssysemshat may boutibizeditnestmastan. 15

Fig. 4 [ i b tilized t t t
phar macen ol o B e rord Ade RURERD de o By e et B 6 i a1 on

and to Pplace the formulation within the flow of respiratory gases to form an aerosol according to

the invention.

Fig. 5 is a perspective view of an aerosolization device according to the

20 - invention.
Fig. 6 is a partial cutaway view of the aerosolization device of Fig. 5
- shown in an open or loading position.

Fig. 7 illustrates the aerosolization device of Fig. 6 in a closed or operating
position according to the invention.

25 -_ Fig. 8 illustrates the aerosolization device of Fig. 6 when inserting a
receptacle according to the invention.

Fig. 9 illustrates the aerosolization device of Fig. 8 when the receptacle has
been inserted, when the device has been moved to the closed or operating position, and
when respiratory gases are flowed through the device.

30 _ Fig. 10 is a partial cutaway perspective view of a receptacle’and a
convergent nozzle through which a pharmaceutical formulation may be extracted

according to the invention.



pl ace the forrmulation wthin the flow of respiratory gases to form an
aerosol according to the invention. Fig. 5 is a perspective view of an
aerosol i zation device according to the 20 invention. Fig. 6 is a partial.
cutaway view of the aer; |i L {.C [0 R I pen or

| dadi ng position. |T-I?—’rz}% @aﬁfaltetzjsztglf'g “égﬁ\tékeﬁacgoggloeﬁrgf'i %ﬂ%@vﬂhggg%ﬁgﬁ g. 61in
a-cl osedeiag nopeddhtthg awpQStdrh @rbceanérd dfhe Gedebercienvemntreasd th2btdoPilo®
illustrates the aerosolization device of Fig. 6 when inserting a

r ecept aef ESBEREPUEIES HEOUHhE ROEHE iaewmmi%g?%@e IVFUYY at es t he

aerosolization dew:ge ~of .Fi . sLb&; t. insert ed,
when t he device h?slg'bg‘e‘frsl ar%ﬁgeerﬁﬁg%wa?%etsgﬁg{snggggF %gégg?g%?%%g%;ﬁgﬁ%n, and

whens r espitératharinegasseiscas esdulaveet fidw ofigdspidierdguies chrodgh Hegystdfh i s a
partial cutaway perspective view of a receptacle' and a convergent nozzle
t hr ough 26FATEREL0 FHaPNERIES i cal’ fornul ation may be extracted according to
the invention. 7 HRig.<l1 . L at t.he: ' ig. 10,
with the nozzle baéf'nb}lrj?l?vslecgé@%é t’hg(?ssas\?\g?/g%?g%“gs{)%t fégﬁ]sdgﬁéﬁor%}?%gf

r ecept adlzeinga fiowe reasaidnsysteat © refulbieahe flofv sfasppiradryrapsgabmagh icough t he
nozzl e according to the invention. Fig. 12 is a schematic, cross-sectional
si de vi éRFEPIZMICRSY S B 4°5 AR LO tgeéfy@g%ﬁ?-havi'ng a spring to regul ate the

{1 ool respir at or yig0psaRkIEOUED LBEI MR 8F% nBEAOkGE Bk (iR diifojagnt i on.

Fig. 13 is a schemn , Cross-sectional view of an aerosoli I'on system
havi ng aiehfglomeexe b ghararacsytitaé fortronlateqdcavelindhe the aweofionespi rat ory Erases
t hrough the aerorsTg,I i zat ion systemaccording to.the inventiop. 10 Fig. 14
i|lustrates one enb@dt it PGFPESING YA ‘Pféﬁe’ﬁ)ﬁ‘iﬂlﬁ‘énﬁe?‘#s?‘o%f’é%?o 1gation

deaggl omgc%ﬂ\%t@ﬁgﬁ%mmf ormul ation according to the invention. Fig.

15 is a perspecti view of one enbodi nent of an aerosolization device
according to the iRigeh6 isonperbpagtiva Fidvsobapeheperiddimeent afianatrogniization
enbogi menpt ., of an aerosoljzation 15 device according to the invention.

1 evice according to the tnvention. '

Fig. 16A illustrates a cover of the aerosolization device of Fig. 16.

Fig. 17 is a perspective view of still another embodiment of an
aerosolization device according to the invention illustrating the use of a flow rate
feedback device. _

20 Fig. 18 illustrates still yet another embodiment of an aerosolization device
according to the invention.

Fig. 19 illustrates one particular embodiment of an aerosolization device

according the invention.

Fig. 19A illustrates a disk having multiple receptacles that may be inserted

[RS]
i

into the aerosolization device of Fig. 19.

Fig. 198 illustrates a front end of the aerosolization device of Fig. 19.

Fig. 20 illustrates another embodiment of an aerosolization device
according the invention.

Fig. 20A illustrates the aerosolization device of Fig. 20 showing a lid
30  moved to an open position.

Fig. 21 is a perspective view of yet another embodiment of an
aerosolization device according to the invention.

| Fig. 22 illustrates one particular embodiment of an aerosolization device

according the invention capable of holding multipie drug packets.
8



Fig. 16A illustrates a cover of the aerosolization device of Fig. 16. Fig.
17 is a perspective view of still another enbodi nent of an aerosolization
device according to the invention illustrating the use of a flowrate
f eedback device. 20.Fi gﬁAlﬁ illustrates still yet another enbodi ment of an
aer osol i zati on devitTé ZaCiOMTIAT 4 9R e YhvEhiioreromligatianddvitasifia?®s one
particul ar enbodi mept,. of ; | %R d- QR {,Ce cor di t he ‘i.nventi on.
Fig. 19A illustrates a %llg[k&%ﬁ%\gns,% w:%iqgfgﬁ}ﬁggérﬁtbgg &5 ﬂ%[aeﬁgﬁpl%non
i nsert ed deyBeapt@dingehagreatbizat i on device of Fig. 19. Fig. 19B
illustrates a frontF.en ﬂ[gf. .the aerosolization device of Fig. 19. Fig. 20
i |1 ustrates anot her ®nbodi-HEHRIGHR BRUERIESE 6PYF A itsmacarspligationadsyinediing t he
i nvenfi orkigFi3g. 20A illustrates the aerosolization device of Fig. 20
showing a lid 30 npved to an open position. Fig. 21 is a perspective view
of yet another enbolignehtllustrates 2 sty obrkematleothatievi be udticar Withig the t he
i nventi o%{dg'bgz%?o%&e%c%sgfr%%;ﬁ one particul ar enbodi nent of an

cordin

aerosol i zat1 on devi ce ac g the invention capabl e of hoIding mul tiple
drug packets. 8 Fi gFig22#ilidskrdeeksati @8oeChltdindVe dS6MLLN Jf 959\ d.zati on
device of Fig. 22. Fig. 23 illustrates yet andct her d\gdflt ero%g'ﬁiaggosg%&ﬁpnent
of an aerd§¥6FiasearAEmg today inventiersor di ng the i nvention. Fig. 23A illustrates
a nmoyghpi ece cover gf aerosolization devi.ce of 5 Fig. 23. Fig. 24
illustrates a stri pPIG‘f 5?@&‘?%?%?&08%‘3?‘??83%9 Oban BETPFYIZAHOMAE HiFhagoReding
aer osol i zatheoinveteiince of Fig. 23. Fig. 25 illustrates still another
alternative enbodi nent _of an aerosolization device according to the
invention. 10 Fig. Pe 2V iussshgmatic dirgramiobditnmesitoldf alan aaerrdinglt et i on
device aggaui,ngd to the invention. Fig. 27 is a schematic diagramof a
t hreshol d valve according to the

Fig. 28 is a ball and membrane threshold valve according to the invention.

15 Fig. 29 is an umbrella type threshold valve according to the invention.
Fig. 30 schematically illustrates one embodiment of a threshold vaive
according to the invention. o ‘
Figs.31A and 3 1B illustrate a flapper type threshold valvc'according to
the invention.
20 : Fig. 32 illustrates a spindle type threshold valve according to the
invention.
Fig. 33 illustrates another spindle type threshold valve according to the
invention.

Figs. 34A and 34B illustrate an umbrella type threshold valve according to

25  the invention.
Fig. 35 illustrates a ball and magnet type threshold valve according to the
invention. .
Figs. 36A and 36B illustrate a bistable dome type threshold valve
according to the invention.
30 Figs. 37A and 37B illustrate a mechanical pressure switch type threshold
valve according to the invention.

Fig. 38 illustrates a frangible membrane type of threshold valve according

to the invention.



invention. Fig. 28 is a ball and nmenbrane threshold val ve according to the
invention. 15 Fig. 29 is an unbrella type threshold val ve according to the
i avention. Fig. 30 schematically. illustrates one enbodi nent of a

t hreshol d val ve or di to the inventjon 31A and |Justrate a
fl-apper type thres hg é/gﬁ'\fga%%?@Fnﬁ’“ﬁb"‘mﬁaﬁ@%ﬁ‘b‘éﬁf’“ﬁﬁ W%éﬁ é‘."{d:’»‘?tl"e
| Ml ust r atgso@isPiondt %VEM@@nthreshol d val ve according to the invention.

Fig. 33 illustrates another spindle type threshold val ve according to the
invention. Figs. 34AigaA@ ilBaBatdslasiithreigatypmreshbhl varpeacdordissdd theval ve
according to .25 the invention. Fig. 35 illustrates a ball and magnet type

t hr eshol dWEHE according to the invention. Figs. 36A and 36B illustrate a
bi st akl e dome type €y ashol depedl¥R dif&aer Hafbw fedulfol MEBRdiheRo th30 Fi gs.

37A and 37B illustrate a mechan i cal pressure: switch type threshold valve
accor di nginventiathe i nvention. Fig. 38 ill ust rat es a frangi bl e menbr ane type
of threshold valve accoy.dj e |nvent Skt

anot her nechani cal g EUll’@gg Bc‘hu?ti}ap%atsﬂ? Eﬁ%ﬁ dﬂ?/%??}%u?rgtgf:é%c% 5m§ 25t he

i nventi onjnvEhton. 40 il lustrates a pull through type threshold val ve
according to the invention. 5 Fig. 41 is a schematic diagramof a flow

regul ator accordi ngFi 4t3h5UStr3rﬁ¢ﬁemb41bﬁ’Pe ﬁog\sremlzmr@ﬁéor@m 10 tha da veatien.g
shut t type flowr t|o
il ust ates a bal | ?gﬁeg%‘?‘c?%%r e&u‘;ﬂ lg?teg Q?‘Hs b@je %ullir?t\?g% cl%g%mg i‘bthﬁi gs

44A and 44Rehiibpstrate a bell ows type flow regul at or according to the

Fig. 45 illustrates a cone type flow regulator according to the invention.

Fig. 46 illustrates another embodiment of a flow regulator according to the

invention.
15 Fig. 47 illustrates a foam type flow regulator according to the invention.
Fig. 48 illustrates an umbrella type flow regulator according to the
‘invetion. . |
Fig. 49 illustrates a liquid reservoir flow regulator according to the
invention.
20 Fig. 50 illustrate-s another embodiment of a flow regulator according to the
invention.
Fig. 51 illustrates a spindle type flow regulator according to the invention.
Fig. 52 illustrates an expandable cone type flow regulator according to the
invention.
25 Figs. S3A and 53B illustrate an iris type flow regulator according to the
invention. _
Fig. 54 illustrates a paddie wheel type flow regulator according to the
invention.

Figs. SSA and 55B illustrate a flap type flow regulator according to the
30  invention.
Figs. 56A and 56B illustrate an elastomeric duck bill type flow regulator
according to the invention.
Figs. 57-59 illustrate alternative elastomeric duck bill type flow regulators

according to the invention.
10



invention. Fig. 45 illustrates a cone type flow regulator according to the

invention. Fig. 46 illustrates another enbodi nent of a flow regul ator
aecording to the invention. 15 Fig. 47 illustrates a foamtype fl ow
regul ator according to the invention. Fig. 48 illustrates an unbrella type

fl-ow regul at or accorfdg-fy schemhecally ifugrarésonflowitigroudd titlel st ira¢@stoa | i qui d

reservoir £l ow,Leg ccording to the invention. 20 Fig. 50
illustrat gs Oano%heweeng%n f%rrrlént of a flow regul ator according to the

invention. Fig. 51 iHifUsitdcatestialBaillogResypewltompk agul Rtdragcsesding to
the invention. Fig. 52 illustrates an expandabl'e cone type flow regul ator
accor di ngtct CRE0Rvent i on. 25 Figs. 53A and 53B illustrate an iris type

fl ow regul at or accorginhg-ho i Lo .Fig. 54 illustrates a paddle
wheel fype f1 ow reguPﬁ #%Fkaaélgdgh?g irllg‘l\gﬁ%gtaﬁgow Fﬁg‘g‘?ﬁ ?%‘ﬁtl.l“ PG LoVSBIREIEef 558

i |1 ustrat ecardingpo thepevédtma. r equl at or according to the 30 invention. Figs.
56A and 56B il | ust ra:t.e qa,n_ el astoneric duck bill type flow regul ator
according to the invét§ ohlustratgsan spatigr fypedloy iteeralor ecqvading éo tieast oner i ¢
duck bill idyB8ok! OW regul ators according to the invention. . 10 Fig. 60
schematically illustrates a flow through type flow integrator according to
the invention. Fig. B4 Gchemenicidw yfi bim&ftlﬂ&@@w&x&b@%ﬂﬁfﬁ%%@. flow

i nt eg[ tor according. t _.Hhe invention. Figs. 62A and, 62B illustrate a
flow through shuttl & 8ypellFiEtes apedilardee! thatcaribaysadontthel pwimtagiamm of Fi g.
63 illustrad gs. an inpeller type flow integrator according to the

Figs. 66A and 66B illustrate a shuttle type flow integrator according to the

invention.

Fi

Q

g. 67 illustrates a brake timer flow iritegrator according to the invention.

Q

15 Fig. 68 illustrates a brake and a wheel of the flow integrator of Fig. 67.
_. Fig. 69 schematically illustrates an aerosolization system having various
ccmpbh'eﬁ'fs '-'a'f'ra""x'l‘gcd in series according to the invention.
Fig. 70 schematically illustrates an aerosolization system having a parallel
flow-by type flow 'mtégrator according to the invention. |
20 Fig. 71 schematically illustrates an aerosolization systém having a parallel
flow through type flow integrator according to the invention.
Fig. 72 is a front perspective view of one embodiment of an aerosolization
device according. to the invention.
Fig. 73 illustrates the device of Fig. 72 in a loading position.
25 Fig. 74 is a rear perspective view of the device of Fig. 72.
Fig. 75 1s a cross sectional view of the device of Fig. 73.
Fig. 76 is a cross sectional view of the device of Fig. 72.
Fig. 77 is a cross sectional side view of the device of Fig. 72.

Fig. 78 illustrates the device of Fig. 72 when in the loading position.

© gQ

30 _ Fig. 79 is a front perspective view of another embodiment of an
aérosolization device according to the invention.
Fig. 80 illustrates the device of Fig. 79 in a Io'adin.g position.

Fig. 81 is a cross sectional view of the device of Fig. 79.
11



invention. Fig. 64 is an end view of a camof the flow integrator of Fig.
63. 10 Fig. 65 illustrates a paddle wheel that may be used in the flow

i ntegrator of Fig. 63. Figs. 66A and 66B illustrate a shuttle type flow

i ntegrator accordimg ¢0;fB€atet pLentiQ LOR2 Qfed LASIr rLake tinmer
fl-ow i nt egr at or aclelcr:lgrEtélzi)lrllltéllgt?aot %Elee;i@r\{ill(gn%fifgﬁgg %éeﬂF%ﬁ%gﬂaﬁf?ﬁ@tﬂggﬁ géna br ake
and a wleetedob pehmitfahonereased dioat of aiofhrBugh tie7devicEi g. 69 schematical |y
illustrates an aergso Jjzati.on ‘S}dletfetg] gav.i n% %ari us conponents arranged in
series according to%tfreSidNEhYiesnot e §eVise Ot efthtical Iy illustrates an
aerosol i zati on sysgienhav AghtehePdedlilEiew ML EYREH QWoF Bt egr at or
according to the invention. 20 Filg. 71 schematically illustrates an

aer o050l iagespbrrtopsiesiveRavirdpegophe alvertion.f | ow t hrough type fl ow i ntegrator
according to the il_ngegl ilfn' Fi %l 72.1s .fr@pt Eers ectjve vjew of one
enbodi ment of an agPoSOIPERIEYMC YevicY Hecht UPHy bR RRSRSEIRG: on. Fig. 73
i1lustrates the demioCes fa &b selRohdl el BREAIMERASIAF QR4 25 Fig. 74 is a
rear perspective view of the device of Fig. 72. Fig." 75 is a cross
sectional view of Fige8U&d de viewpfthe A8vice B §ig.B6. is a cross sectional view
of the device of gf:% 2. Fiﬁg{. 77 is a cross sectional side view of the
device: of Fig. 72.° F?%?s-aféo' | RERSF Y Y PHEY EATRdReR Q) 2 OURRIERS | n t he

| oadd Ng apeSdid O the B¥efigh. 79 is a front perspective view of another

enbodi ment of an aerosolization device according to the invention. Fig. 80
il lustrates the deWige8 &fa filgvienoof an atdruatiienyoywbpiets amwordifg e i1 is a
Cross sq_ﬁg%ﬁ{é%l view of the device of Fig. 79. 11 Fig. 82 illustrates the
device o I'g. "~ 82 when anot her flow path has been opened to pernmt an

i ncreased flow of air through theslemhgeioRkkg. 83 is a side viewof the
device of Fig. 81. Fig. 84 is a front perspective view of another

embodi nent of AgiiveRgary’ @s described darade rctwiea co @gditndrugocdripotindy ent i on.

15> composition of matter or mixture thereof which provides some pharmacologic, often
beneficial, effect. This includes foods, food supplements, nutrients, drugs, vaccines,
vitamins, and other beréficial’agents. As used herein, the terms further include any .
physiologically or pharmacologically active substance that produces a localized or
systemic effect in a patient. The active agent that can be delivered includes antibiotics,

20 antuviral agents, anepileptics, analgesics, anti-inﬂammafory agents and bronchodilators,
and viruses and may be inorganic and organic compounds, including, without limitation,
drugs which act on the peripheral nerves, adrenergic receptors, cholinergic receptors, the
skeletal muscles, the cardiovascular system, smooth muscles, the blood circulatory

system, synaptic sites, neuroeffector junctional sites, endocrine and hormone systems, the

)
wn

immunological system, the reproductive system, the skeletal system, autacoid systems,
the alimentary and excretory systems, the histamine system and the central nervous
system. Suitable agents may be selected from, for example, polysaccharides, steroids,
hypnotics and sedatives, psychic energizers, tranquilizers, anticonvulsants, muscle
relaxants, antiparkinson agents, analgesics, anti-inflammatories, muscle contractants,

30 antimicrobials, antimalarials, hormonal agents including contraceptives,
sympathomimetics, polypeptides, and proteins capaBlc of eliciting physiological effects,
diuretics, lipid regulating agents, antiandrogenic agents, antiparasitics, neoplastics,
antineoplastics, hypoglycemics, nutritional agents and supplements, growth supplements,

fats, antienteritis agents, electrolytes, vaccines and diagnostic agents.
12



Fig. 8 illustrates the device of Fig. 84 when in a |l oading position. Fig.
86 is a cross sectional view of the device of Fig. 84. Fig. 87 is a side
view of the device of Fig. 86. Fig. 88 is a front perspective view-of one
enbodi nrent of a no i i.ng, 1t 0.tk Lnvention..Fig. 89 is a
si-de view of an al fq;e(?r%gﬁig\%agr}gﬁ%?{esgjéggé%g? ?ﬁb’éﬁbontlﬁ%mgf rk?\‘?te% iDSE.

DEFI NI T11@nSed tongsile calg@ntih, aytidescietin€BP D@ rRcw: VIT] Baes: BO Rglte, drug,
conmpound, _15 con%)isi tion of matter or m xture thereof which provides sone

phar mac oI 8H e U 8FPOTBENBERECEYLS COfCHImIHINg fapfer (fd€ST sérbe; 1 f ood
suppl enegroeindde ifHiBRGS elcHioHES ’qra}fﬁ%y'f‘;ﬁﬁmcro)%ﬁé@ro?%grs%ﬂgﬂ?t&ngggfagt&rl

beneficial . agents. As used herein, the ter u inc

physi‘ol ogF¥&ISEy, gjpwpfhhcprrmﬁml blghmagfwmmmensﬁb@mrgewtmmﬁrwneﬁﬂ%ﬁng o

| ocal i ze [ j¢c effect in a patient. The active agent that can be
del i ver ﬁfﬁlﬁ@ﬁfﬂé@?@?‘mw ﬁ%‘% ,m%“g?& Wli%hbhlepagé AMWHEaBIerEspmn dsha,

anal gesi Serfaabi betaNinkarored gizﬁnﬁgﬁl&;&e&&mhh%g?ﬁgiﬂo%%émeag&% Wirindges and
may be inargani c and organrc conpounds, including, wthout Ti l}a I-on,
drugs Whﬂé‘ﬁfggét S@Ratpsetipeomptestain anatogssnclading netrentie) easepieatia analdg) i ner gi c

recept org,: tihe.. | et al _nus ,.th rdi ovascul ar system snooth.
nusc Fes , Pot“ﬁ%ép gﬁl%lo ga %(I:lig re Hpa?eo&f?@y g’(sgﬁf‘ﬁgﬂ?‘ r%?)‘f’?‘cé%tf’f’ é%s,“allﬁgﬂP’é‘ef’Fé&Uéfm'
j uncltdi onakecapior Snta@BEEG frtBeiAind 3 h&&éﬂ%ﬁ:‘ﬂ%&%m&l@.mf!cg%tfag%&oﬁ?'heSYSt em

t he reproductive system the skel etal system autacdi d
al i ment aftymeAbng fastast - SEy.sreensgromib finter, amiathyrsiy Sbanmvan® THe toendsial

ner vous Lt.abl e nts he sel.ected fro for exanple, .

pol ysacc?m@{i?g’g@’”??é’%héﬁé%: gl%ﬁ@’gﬁﬁg?%?sﬁn{fsgléﬁ%&yi SyBeyta _é;’%ﬁ?’_@‘t&ﬁ’é{r gyssier s,
tranqui | fis@sis, traastnegoRHS (S AlhR: (OFSR) ?ener, Ak APoRucl&RE gﬁﬁ&é&?,ﬂspn agents,
anal gesics, anti-inflammtories, nuscle contractants, 30 antim crobials,

ant i mal aP3s4rEiddmemperniliwgesressingpratein (BP0 anti-EdEBtantiesdy, istyripaltindni net i cs,

| t] - i ns.. le. of eljcit] i ical effects, -
Gy Bt § ckeEon DL £ SRR e Rl BBl IR, Sliarroseresel 1 s,
neopl ast sulfate, battohirenpbRsdibespiodiyd) @0AMERGIdhE acftiinidel b@abnRYSRLBnART

suppl ements, growth supgl ements, fats, antienteritis agents, el ecttol ytes,
vacci nes'PRHEP PR PRoRidee Nynisplide. Iiticssesad pmelyafsodivm, vegigminestartsaté and i n

DR R el 0 e B Rl 9 e
nucleic acids, present as bare nucleic acid molecules, viral vectors, associated viral
20 particles, nucleic acids associated or incorporated within lipids or a lipid-containing
material, plasmid DNA or RNA or other.nucleic acid construction of a type suitable for
- transfection or transformétion.of cells, particularly cells of the alveolar regions of the -

lungs. The active agents may be in various forms, such as soluble and insoluble charged

or uncharged molecules, components of molecular complexes or pharmacologically

25 acceptable salts. The active agents may be naturally occurring molecules or they may be
recombinantly produced, or they may be analogs of the naturally occurring or
recombinantly produced active agents with one or more amino acids added or deleted.
Further, the active agent fnay comprise live attenuated or killed viruses suitable for use as
vaccines.

30 “Mass median diameter” or “MMD” is a measure of mean particle size,

since the powders of the invention are generally polydisperse (i.e., consist of a range of

particle sizes). MMD values as reported herein are determined by centrifugal
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cerezyne, cyclosporine, granul ocyte colony stinulating factor (GCSF),
al.pha-1 proteinase inhibitor, elcatonin, granul ocyte nmacrophage col ony
stinmulating factor 5 (GMCSF), growh hornone, human grow h hornone (HGH),
growt h hornone rel easi ng hor none - ' L Qw: ecubagsaeight
hepari n SEERAF ?“c?”ntagﬁ? Y phE" OQ?P?%%?%?%%%A@? gm{%%ﬁ%% 670N gamg,

i nter| eukiRudnglidBigakzdingizBor mone rel easi ng hornmone  (LHRH)
somatostatin, Somatostatin anal ogs including octreotide, vaso restst'hg
fact or,

b

anal og, follicle §Masumadiangerrshmames daGI" ORs L' g @ TRFaswcH
insulintropin, i.nterleukin 10.1 r. p Y r | fesdps
interl el c-i}ﬁfi,anf‘lﬁtm FI% Gk RS E‘,edr?é%?cg%hzgéa?éﬁ ny Ic?hmrrﬁlgggidﬁgy?aﬁsgpbe

(M CSF) , algdry ol B8 Wolvdb At terms patatdningi tethidivrand i @Eldiametayofosiin  al pha
1, IIb/IllTa inhibitor, alpha-I antitrypsin, resi)i ratory sg/nc it almvi rus
ant i bodydensytgspherefiapingsha samne pEHRBOIARY SERATAHIN EETE) %ﬁ@;. €
deoxyri bonugl ease {Dnase i Gl el [ ' BN
(BP1 ) oo T DA, S e T L 15T Basny ord P e AL
pent am diaReists BEfRIQ N D adfbtitterthd mdbdiat e, meditapf teaeeniyhamsupdrhatie,size -
becl omet hasone, di propi onate, triancjnol gne, acet onj de, budesoni de acet oni de,
i prat r opidiseribitiom efean aerqsalizes pederidetmieesty PasF2qE BHEFY s odi um

ergoL@m' ne tartrate and the anal ogues, agonists and antagonists of the
above. Active ‘agents may further conprise nucleic acids, present as bare
nucl ei ¢ aci d nol ecul GESCRIPATONEOFITHE SPEUFIGEMBODIMEN DS par ti cl es,

nucl ei ¢ aci ds associ ated or incorporated w éhi | J p%i ds or, a . .

| i pi d-containing mhRREIVERTIOHPERYHISS dYTHRIAS 47 mﬁ*%ﬂs B‘tfrst?-éraﬁﬁﬁ%‘ﬁfé?té?‘h%’? d

const ructlolloffe Aol Sk AR AL Bons LIAOULALY QR QIbIRNSHREPRIIRAI QY
cells, particurarfy celTs o e alveol ar regi.ons of the “lungs. The active

agent s Maypdtieni. MTvaphaetacdnicabiorsutdtioas tenimayl e anakolinsbingbide pomaderrdd  or
unchar ged mol ecul es, conponents of nol ecul gﬁggl exes or El{l??r macgl ogically

25 adéeptratiieamentsdIquiheoldens/ e sHERATE L e TR BE AT I ecul es
or they may pber,J c?eé/%gg'o@rﬁ%i}%r%%&ﬁ ﬁﬁgn n?Ja' BR¥4 FEYsikge AP alRGSOf The

nat ural | y=6ccurrin Inantly produced active agents with one or
nor e am redndifistatiaskded or del eted. . Further, the active agent may conprise

live attenuated or killed viryses suitable for.use as _vacecin "Mass
medi an di amet er” orhwembi‘mﬁ%ﬁ?%ﬁw LR IBREY BRI p§?°§ué:,‘:&%¥it‘%%e t he
powders o i | Erﬁﬁ}%ﬁ AeBQLAl FoSRREISS frbm: recEftBdlesto of a
range of aﬁggf}scﬁeﬁg%éz@é)e% ?/?F’%jgg gs reported hereﬁnn nge determ ned by

cent riff ugédagkBorsadisthe pRirtrens utidal Fotgiiatanyandudehiser the phammasshycadnpl oyed
t echni ques can be used for

formulation to the patient’s lungs. One particular advantage of the invention is the ability
© to perform such functions independent of the patient’s natural inhalation flow rate.
 Hence, in one aspeét of the invention, the inhaled respiratory gases are controlled.so that
they remain within an acceptable range of flow rates to adequately deliver the
25  pharmaceutical formulation to the lungs. |
" In another aspect, the invention is configured to regulate the flow of
inspired gases so that the gases have sufficient energy to extract the pharmaceutical
formulation from a receptacle, deagglomerate the formulation, and deliver it to the
patient’s lungs. In some cases, the invention is further configured to maintain the
30 inhalation flow rate below a maximum level for at least a certain time or inhaled volume
when initially delivering the drug. In this way, the aerosolized-formulation will flow at
an acceptable flow rate to enhance its ability to traverse the patient’s airway and enter
into the lungs. After initial delivery of the pharmaceutical formulation to the lungs, some

embodiments of the invention may be configured to permit the patient to breath at a
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measuring nmean particle size. "Mass nedi an aerodynam c di aneter” or ' MVAD'
is a neasure of the aerodynam c size of a dispersed particle. The
aerodynam c "di anmeter is used to describe 5 an aerosol i zed powder in terns
of its sebbhkngs M w aRe, e, di a unit density sphere

havi ng the sane g%?t ing vel oc??;?ﬁ gé%g?a ?F"S ot rerﬁpd%fgrytg?éespﬁ%ttioé{lgh“‘rhe
aerodynarﬁebV@‘%m&mannmabéaaaﬂatpmrtbmé &e@h&pg density and physical size
of a particle. ngsedh Drefestothe m dpoi nt or nedi an of

t he aerodynanic par ?8?”85 LA HHRo P TEM 3 Pnathedinot presapipyariegases

det er ni nedefyattRs6REES Ism%k Ofergy &b DESCRIER PEGLEL G EMBODI MENTS
The invention provides systens zin% nmet hods Eg%%f&-g%tﬁl sq?té?l?gﬂmo

aer 0sol i zfé‘ffpﬁ%féﬁ nﬁ‘éénﬁ’—mmat ﬂ@rrmwor&rgssmmongum h@ffifcls@l\bn&%y,eﬁ@lnrvéﬁ@éd gases

pr oduced har maceut i cal nul ati ons that nmay be
aer osol i an%y N %oéél W o i%énﬁétﬁi%é?'ﬁﬁﬁﬁé’m PYLRoSBT PAtieahS lmgs when

suspensi ahs pateid att&tﬁoﬂsltke:aha@éﬁdABﬁ)Stlyﬂﬁé W8 rAeh i Sna  A0Ebe nd; tt g' ces of
the present invention be used for single or “multi 5 adnT AL ST i ons.

In sone Wérﬂaélemt%]élnﬁ @wr@fﬂueébqidrvacmry hgabesn q:aamédc@l/ dyrupthe patient
is enplo e har maceuti.cal, l.ation froma receptacle, to
20 deaggl%g?rfg%tg?%ﬁ% h%% ﬁgrerrﬁgtaatﬁf“f 3PS Py meéltsiug-ﬁlmaﬁﬂvadé‘ilm\]ﬂéﬁ begreapplied by

phar rficeubé gsdr, £ mlzmx,leaﬁ high ri® of A8 wiiaht@BYedtol 1BURIe ﬂ@?zs%ﬂ%&h‘% r advant age
of the i nvgptl on is the ability to performsuch functions independent of
the pati eHIUECHANEY Prmyrata @ﬁompbﬁh susha. pro¢ksndeby phacimge rastpetidn,of t he

i nventio ¥%n e controlled so that they
renain W'V{al\feggé%ﬂgf;%lgglfgg%g&%%r}{gé of 17 a%en{ afBYar e a’é?é(&%ff:%ﬁlﬁ?t%lg"‘\?"e? t he

25 phar névEnEhtahgfior patleat’s dings viehehd patne akdinpRb 'ﬁﬁfal@%%stn’&:ﬁ@n 0
i nvention 85 conflg#ed to regulate the flow of inspired gases so that the

gases ha\yé YEUPEY HieB e Tapidivgirmoyee o Pwdﬁ%eemrmaemw gases tof Downtd did on
froma reeent atdRe, éjﬁz?c%lt rb@tlﬁst{['.lla&dftB habh A gﬁ% tver it Lo the

patient's lungs. In sone e |nve i DR ?JaTEI D

mai nt ai n OVAEORE.- |'lﬁ1¢athactshmhd actuating ss@uheinawba cﬁﬁﬁbﬂﬂéﬁﬂsh&%@ht ﬁt%ll%odnﬁ:@ﬂ a
certain tlﬁecmme nhal. e%}vol me when initially del i veri ng the drug. In this
way, the  aerosolffyed f‘ﬁ% ot WF‘FereﬁasesaﬁeSﬂ‘é‘éﬁﬁbﬂ@wmdw rate to

enhance ipafiebs lunky, PRErERYCHS kiR IPFdEH 1sSn Bd ¥ ﬁ“%h A &fﬂt he .
I

| ungs. After ini tral deli very of the pharnaceutica
| ungs, sdé@Bbout 60 cm Hs0 so that the resulting gas stream will have sufficient energy to extract

20  and deagglomerate the pharmaceutical formulation. Most preferably, the threshold
vacuum is at least 40 cm H,0. -
A variety of threshold valves may also be employed to prevent respiratory
gases from reaching the patient’s lungs until a threshold inhalation vacuum is obtained.

For example, the threshold valve may comprise an elastically compliant valve such as a

(18]
h

flexible membrane that is disposed across the airway and is configured to flex when the
threshold vacuum is met or exceeded. Alternatively, the threshold va.lve may comprise a
scored membrane that is configured to tear or burst once the threshold vacuum is met or
exceeded. As another example, the threshold valve may comprise an elastomer
membrane having an opening. A ball is pulled through the opening once the threshold
30 pressure has been met or exceeded. Other types of threshold valves include bi-stable .
mechanisms, diaphragms, and the like.

In one particular aspect of the invention, the threshold valve may be
incorporated into a receptacle that also holds the pharmaceutical formulation. In this

way, each time a new receptacle is inserted into an aerosolization device, the device is
15



enbodi nents of the invention nmay be configured to permt the patient to
br.eath at a 14 normal inspiration flowrate to fill the patient's |ungs
w-th respiratory gases and to further deliver the pharnmaceuti cal

formul atj.onqt Owife: S8 LUt VJOe.amespFaﬁ@utah@_ débﬁ{tﬂ%ﬁ_@k{tvlh@@khdc or mul ati on,
the flow of respiratory gases preferably contains sufficient energy to
extract thieshgHarheceniprsat a formhrket thehisfooodgrtes t3 tgae eepurakafier tiey ensure
that the respiratory.gases contain sufficient energy, the invention may be
confi gur%sg‘gdﬁ@é%‘ﬁt‘gp‘ééﬁf ?’%fteb%?‘ gases fromflowing to the patient's |ungs
when the patient aermptSstiticédyhabas ardllidplelivo fibheo tiasiphgAtior flogasrs nay
then be permtted to flowto the patient's lungs after a threshold vacuum
has BeenofitbactseitataBy sasss (intsoyneraseh) mayrpedie beicenrofedraspguiaied sy thatdhs only

when sufficient vacuum has.bee Dy . I tively high
rate of ﬁ%@vg? S REVENS atxémburnorﬁlosggit% ﬁe gasd egi??rte/raa?n%%? am%ﬁ?ﬁ %:% ent energy.
One way fRmaGERRNRbitshiuaHE T dpipAl0G Gsesfidws rhye dfiraspingra gaes tiaydtel regulatadaove,
or other bl ocking nechani smﬁ‘iiD n the fpat ient's airway to prevent respiratory
gases fpolpsetrarabayt 1 hbteparer apinus Ipyagasiidhe FHge FRm ahrut 81t KPR oo
inhale. The restrigt] val v ; [ F&0Q 95 gpaped to
perm t I’é%(b['}tlj asf% bé%a%ggogrgcssg{)%d%{géowsi gﬁ%{ﬁg 1El> Erl]%gg r%%c‘e, agglgtti enrgp‘may be

I nst raIct gebultQ .33 hadogperiitithe gerbivliesh Greastiaratd mgs thacughthe patiowsraionay. The

t hreshol d actuati nngacuum may be confi gured :T‘uch tc{1at_ it owill Q{x duce
suffi gdi Fmdgwfr o lf%s' s SKEPAE: gfagr:ft%é}m \pieate gﬁ&é%n‘fﬁgw ‘%;- I’d
are-. owed, t 0 . : r.&f-et Yxi fiohs gsbo
vacuum i §°PR PE tﬁeer{t% g%eeg?irtg%l g%g%af[ug%atgmﬁz%? %o a;!{)glﬁ_t 80" cm 20 so that the
resul ting gas streafarWrtdthdtavet aathifdllyi eeitherbergthetmadmumadesirdd fwdrate,
deaggl onerat e the pharmaceuti cal _forﬁrj‘gl ation. Nbst prefer aﬁela%l t he
t hr eshol @t VHERHAR PoVides fardBe slapingoiHbe tow mt? Spgng e tme¥hdt theval ves my

| | Ay fESp] " ot
al s0,be euplgrec AAaRL.EKR LIS RLIVALAY ® oRRES, MHAT HRAEMNEAGrificnRt kent ' s

| ungs™ un ation vacuumis obtained. For "exanple, the

t hr eshol GFigd. vt timyg Tptilepatentdninhhisg casingy respmgbiyagasestalfioa tutdhie patieat’ 95

fl exi ble menbrane that i %gdi spased %&E’OSS t he ai r\/valxt a@d is .\%%rép‘i_ig_u_red to

flex whenigfe Attfpedpdpe lpacatits FellAROVE A SEREBRHSY ™R LSRRI TVEM the

t hreshol %e\;@mgﬁéﬁ%{ﬁ&ﬂm&lrﬁ&u@ thS PREBHCBBIDA Ioendiiain frém el@Nfecgptacid 450 t ear
e

or burst once t reshold vacuumis net or exceeded. As another exanple,
t he t hr esfrevidusigldescrivey. Elenps,iagbreaiold vatvecrreathereiy prsseniion HechaRivpERYng. A

ball is pulled through e openi ce.the threshol d Q_p; been
ball e e Lhroual. Lie, ceeni e ohce e B ol IR PRESHY S
been regulated to be below a Qperivery flow rate. The flow rate is maintained below the
. Qoewrvery rate from time T, to time T3, where the aerosolized formulation is being
delivered to the patient’s lungs. After time T3, the regulation of the gas flow is ceased

and the patient is permitted to inhale at their regular flow rate to fill their lungs with

(18]
W

respiratory gases that serve to further deliver the pharmaceutical formulation to the deep
lung. .

Fig. 3 graphically illustrates an example of where the patient has a natural
inhalation flow rate that is below QbeLivery. As shown in Fig. 3, by preventing the flow
of respiratory gases during patient inhalation, and then abruptly permitting the flow of
30  respiratory gases, the starting flow rate at time T, is at Qsrazr- In this way, sufficient
energy is provided to extract the formulation from the receptacle. After the patient
continues to inhale, the flow rate rapidly falls below the QpeLivery flow rate because the

patient’s natural inhalation flow rate is less than the Qpepivsry flow rate. Hence, after
16



mechani sns, di aphragns, and the like. In one particul ar aspect of the
invention, the threshold valve nay be incorporated into a receptacle that
also hol ds the pharmaceutical forrmulation. In this way, each tinme a new
recept acltgni§ Lnesert.tpeﬁ i.nt 0 an aerosol,i zati on gevi ce, the device is 15
provi ded Wt b &HERE Féfg}?gﬂtiﬂ’ W EALC FRFSOGINCSA (G Pe iRSatgd: AkRset ageous when
the threshelthyalk\vatieBhhsesaca IBARLGRE hat is configured to tear or
burst after the threshold vacuumis net or exceeded. Once the respiratory

gases are allowed t% VRreW afschdmesd apdgschrtifeesfiawbe atayidedab reddate élspi r at ory
gases (i CASE S 0 e controlled or requlated sg that the
gases doqﬂ%ét?&g]fceeﬁ%e%%le ﬁ\gjl%g?‘#‘B\/(\%Eé?’and%?Wﬁ@te&éqr?VggﬁbtP t%"eﬁ' As one

phar maceutamale, tHeqratishainapbe peovifel WHRYS rioly Bipeabf edbhik th lLeMh % &l Bt
respiratory ?ases may  be rggu‘l ated to _be |l ess than about 15 liters per

mnute foPSEITFAY Mathehalafge floroicadutingas. e ex eengsolizationldevite Fayeeonds,
correspongj an I ' he range.fraom about, 125 nL to 10
;L%bf},ge& Qi dvﬂ{gﬁ% Ex%t YR TS Sl Solnd When %%Rﬁaéé Rii8ifgh t he

about 1. to perm aer osol i ze

patient’ sexaegdadlye QaneheRRIONW fatd, Q?ﬂ)bﬁtylpﬁﬂgﬁfeeﬁﬁﬁckeﬂﬁ%hﬁbe ABLPIENERHS! Y
illustrated i?eéﬁgnnect ion with Fig. 1 one patients have a natural

. 7 S - «

i nhal at i off® Yk taskicelsadbagk qrsiitopr fasdkadiuAnd Faviileat @ptidraily by eanttindles
t hat pat uhad Ly Rk e I; ' | ow, rate,. i nvention
provi des- ?}(')r ?%e&%}ag\‘;\nﬁgg\ﬁg}&?ﬁlg ?i o%vmgglgrgd% t}fg?on%hetlﬁg Wﬁﬁ%‘%ﬁﬂiﬁﬁe 15
aer osol i zaebstdsorthaathieorset malpdiniwl tHelr intel @b 4 atdoenforagis levEdi S i S
illustrated graphically in Fig. 2. At . tinme Ti, the patient is inhaling
causi ng respirat ory‘géj gler examinley thoPatat sanhapionsflovuaggnaype regniateriby t he
flow rat erektsicied br RN Ahd ' & e Lin A Wi gh-is. . desirable
for initi §| I § e°xtrr acting t hté@sr;?&lg{bgn\éc?ge%\tyibggF %%I E—ng %‘%@8’&1&7% ﬁléelpgggpt acle
as previan¥yymeebe vibedto ddarobtheaateof dkivwob flingpirsdgaies. oOThe mahh&ve fpr event i on

not be, needed,for .such breathers. Shortly after time Tl is

nechan sngegplé .20 _

time T 2, PATPRE OF 0BT BrRakAemipuiamatad, Aratiamatsd p Eonerampla tipEsar VERY
fl ow rat e;maJR@nHAIRM | f t | : te fr tinme
T2 o, i e pfabildbdaiind 8258 0 AR R PIY A WErichbl Mgy chbelY |

t he pati et ¥eplifigy. Adteraativeinthergze ohberaénydyanipbe adjusied bgses drl the i S

Cori11 Chdeh PR Bednetdt e hfisinaen o' 8 anditener ol i ver
the phar na@eifld, aalauiophatbd $fstah Wit ddeCrdeSR fldw Bshsofs Hay Be BIARNAGE! | Y
illustrates an exanple of where the patient has a natur af .
20 regulate the size of the airway to regulate the flow of respiratory gases.
One particular advantage of restricting the flow of respiratory gases to
control the inhalation flow rate is that a relatively high pressure drop may be created.
Because power is generally proportional to both the pressure drop and flow rate, the flow
rate may be kept low while still providing sufficient energy to aerosolize the formulation
25  and to deliver the formulation to the patient’s lungs. _
As another alternative, the flow of respiratory gases may be regulated by
placing an orifice or other restriction member into the patient’s ai’.rway. that is made for
use with a specific patient. In this way, an aerosolization device may be tailored to a
specific pétient simply by utilizing an orifice sized according to the patient’s natural
30 inhalation flow rate. |
Devices according to the present invention may comprise series or parallel
flowpaths. In either case, it may be desirable to maintain a constant, predetermined flow
rate across a large patient population. For series constructs, as depicted in Figure 4, it is

preferred that the flow resistance/vacuum relationship is substantially linear. For parallel
17



inhal ation flow rate that is bel ow QDELI VERY As shown in Fig. 3, by
preventing the flow of respiratory gases during patient inhalation, and
then abruptly permtting the flow of 30 respiratory gases t he starting
flowrate at tine Ti, is_at QSTART. in.t

Wa%r’ L{f rvxg #l}at %@
provi dedoRETER Péé‘t’o‘t’%é‘F’(ﬂ“ﬁ%l’%f‘?raﬁa’f"‘rpbern“t‘ﬁgmrx 88% SR A Per t e patr ent
Cont 1 g, 1 dophal B LRGELAN f B8 raighy Tl I's bel ow the GOELI VERY flow

rate because the patient’'s hatural” inhalation flowrate is less than the
QDELI VERY f| ow r at Reftiemgaovafd B 4.6 wistesm I9 wltm@c;gépn%tor@rpﬁrfar ation flow

rate does not need to he requl ated, there iient to
i nhal e <ECWht BPYVARTSE ‘T‘%‘Sgﬁ‘m“’}&%}’&r’ iaé?%fog es%ﬁ‘ésrr?eéaggg [{t %&es may be

provisded .t 9 i&GU ALEwWiINEe dbybakatl Epfiehl 1O ondiiRet 0 thresied oxive heé tEDRhd WERY
flowrate Tromtine T7 to tine T3. As one 5 exanple, thefg?ﬁ kP@tva 2/ be

pr ovi dedbardrifigusrd toupenyyes the vhawdbudtein él%tWPWPﬁé‘f%?

sel f=regulate their inhalati oan ok tion
devi ce rrgi e’f}%"“eB?b\ﬂ eio gl ?tlh &h%ﬁt ﬁ(%tnh %r%%t%é%gat i sta'? ?Pt%ﬁso%ﬁ when
the patignd’ 81 @UpleAlt lineX&ae deduliddNslsieWERYHak eaguiatsethe (ﬂolwemf types of

feedback fhat rmay be utilized include vi sual f eedback, tacb‘g Bﬁidgack
audi toryrdsraedbabcgaseaﬁdovﬂesysrtm 1OQﬁtS|Q§1ﬁ§|XPVP leq regaation) syatemy Ray

d t t h
bl apkba a8t ifon TR il Mab Meofhr R R Sl R BB BOBTLAS 1Ol e
level . Agh2n0tkRetlatx@em sy of ﬂ@pr@:ﬁbrﬁgﬁse§tﬂr<ﬁ@| liatel i Corovenieatly, regylation

regul ated by~ restrlctlng or inpeding the respiratory gases be| |nhaled
For exanpysssmtlfensy inslusfe atcmtwéisrm%%@ b’éts\}g? feshqt é 36 “ate of

Ser - qut GHATS 5T AT S EDH Tehly Besten STRNALL Byt

e user nmay manual |y adj ust
the si ze @fngtah@nedoleBYF &t exahite gas ﬂewtsrensrtrs onyibe disposed rrvmtem)%m rol the

rate..of flow Alternativel the size of the rwa ust.ed based
on the papledto &e@mtrOHﬁraméth%thaéé‘Gﬂf@Qa’ hre %ﬁ?aygaaa%rﬂt eh the
her ei naftertéwsggsmo His ngQJxQ&ton grg trgge?xﬁa%& SHRIAA ISy SbRFAIMhE He RBE DT

nore flow's e provid regul ate thHe size of the alrvvayto
regul at e redifictidOvE mfxc f@sptthatglr yeggatios sy 18ds shawm ap t&'dvmﬁrag@t%ﬁlc 12,

are i< tinmil e pepariove erigHanrb bstis T Srgroniee b ahe R, Loner
ot o my Bet AR o e Bt %%%.’ﬁ?%*?ﬁﬁf?‘é‘?%‘?a?ﬁ?fg‘f o aerosl i zo
the fxor mul ati on 25 émgutaaodeystmrl 8tik eodmedital raténsacle 62 biva lingt 30 Exigng ungs.
receptacle 12 is a line 22 that is in communication with a deagglomeration mechanism 24.
In this way, powder extracted from receptacle 12 may be deagglomerated before leaving
system 10 and passing into the patient’s lungs. Exiting deagglomeration mechanism 24_ 1s
a line 26 that may be coupled to a mouthpiece (not shown) from which the patient
25  inhales. Hence, with system 10, a patient may reccivé a dose of an aerosolized
| medicament by inhaling from the mouthpiece until the patient produces a vacuum
sufficient to open threshold valve 14. When threshold 14 opens, the powdered
medicament is extracted from receptacle 12 and passes through deagglomeration
mechanism 24. At the same time, regulation system 18 controls the flow of respiratory
30  gases within an acceptable rate so that the aerosolized medicament may properly pass into
the patient’s lungs. After a certain amount of time, the regulation system 18 may be
configured to cease operating so that the patient may inhale at a comfortable rate to fill

the lungs with respiratory gases and to move the delivered medicament to the deep lung.
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As another alternative, the flow of respiratory gases may be regul ated by
pl-acing an orifice or other restriction nenber into the patient's airway
that is'nade for use with a specific patient. In this way, an
aerosolization device may be tailored to a specific patient sinply by

util'i zing an orifi cRekized nawaordi.fyat exdiiglapadhBoiinkennat 4 Akos3Qzd:dRal ati on
flow rate, Devjces according to the present invention may conprise series
or par al 1BV 35 paRneescrinedi Pruice hsemprisesiagersealiteailingbirad hoesinght ai n a
const ant ,papiede ohed Hl r.akeraqk; Lient. nopul-ati For
series cohnst r:’uc.ltn gh{ﬂgg% débzi %\t,xélé e??\ Ell%g%@%‘?g?u@&?gd%gﬁe&éwgg‘%’hatal}%‘r:keg flow
r esi st ancetivadeiing & doat pahdbi pspisatenylmt andsi delstybdd inegeaterdtailtareihifedr. 17
const r.uct as. shown.in, Fi $ure 70.for exanple, it_is preferable to provide
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16. Conveinteedduise 28. eQatridt 4aMnaysiheh 88 mbYe 8BY a LU AR 0BeraiRY pREricYAl8HWhhat
adjusts the restriction nmechanism The control s%stem may  be either
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For exanplg th NSQLsS ) iLsposed in system 10 a 15 coupl ed
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t hrough tiheludsystazher dgening Shihat ispositionéd Bdlowthe EeRineld @bs PN RsushP! oyed
to control the degree of restriction of line 1.6.. Although regulation

system ;83q's shown upstr eam_o_f_ recept acle 12, it will be appreciated that
Goomstream of 1 oceptaci 35 g URer Paars oot hr SCRSH A Spt s,
Regul at i onceppatieft hiayi be teeptdihtd deviect Redeptakle DY cmpifs a2bseplatid boty
rochant smieBRving A SpmBes, ) Chafda Prestera bl etohs Re BerRuie e T iog e, |
deagglooner &deBthREEQIP54 &BUnBGured so that the portion above chamber 58 is penetrable by
tabs 52 as described in greater detail hereinafter. Disposed in receptacle body 56 is a
threshold valve 60 that comprises a membrane that is configured to rupture or tear at a
specified threshold vacuum.
Receptacle 54 is inserted into device 28 so that threshold valve 60 is
25  aligned with opening 36. Also, chamber 58 rests within opening 50. Once receptacle 54
is inserted onto carrier 44, carrier 44 is moved to the ci_osed or operating position as
illustrated in Fig. 9. When in the closed position, threshold valve 60 is aligned with
opening 34. Further, tabs 52 penetrate body 56 over chamber 58 and peel back the lid to
provide a pair of openings that provide access to the powder contained within chamber
30 58. Once carrier 44 is moved to the closed position, a user may place his mouth over
mouthpiece 32 and attempt to inhale. The flow of respiratory gases through device 28 is
prevented until the user creates sufficient vacuum to open threshold valve 60. At this

point, respiratory gases are abruptly permitted to flow through opening 34, through
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system 10 and passing into the patient's |lungs. Exiting deaggl orneration
mechanism?24 is a line 26 that may be coupled to a nout hpi ece (not shown)
from which the patient 25 inhales. Hence, with system 10, a patient may
recei ve a dose of an aerosolized - nedicanent by inhaling fromthe
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20  chamber 64. For example, a variety of biasing mechanisms may be included to control
the relative movement between receptacle 62 and penetrating tube 66. Agtomated
. mechanisms, such as solenoids, pistons, and the like may also be employed. Further,
various manual techniques may also be used, including utilization of the user’s hands or

fingers.
One feature of penetrating tube 66 is that it forms a convergent nozzie that

[}
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serves as a deagglomerator for the power contained within chamber 64. More
specifically, as the patient inhales to extract the powder from chamber 64, the convergent
flow path created by penetrating tube 66 tends to deagglomerate the powder to facilitate
its aerosolization and deposition within the lung.

30 Referrin.g now to Fig. 12, an embodiment of an aerosolization device 70
will be described to illustrate one technique for regulating the flow of respiratory gases
throuéh the device. For convenience of illustration, only a portion of device 70 is
illustrated, it being appreciated that other components may be utilized to complete the

device. Aerosolization device 70 comprises a housing 72 and a receptacie carrier 74.
20



tabs 52 as described in greater detail hereinafter. Di sposed in receptacle
body 56 is a threshold valve 60 that conprises a nenbrane that is
configured to rupture or tear at a specified threshold vacuum Receptacle
54 is inserted into device 28 so that threshold valve 60 is 25 aligned with
openi ng 3Becemitanie cahantema§ereesfigunsidithiba mopyeble melabo: tc@:m:eunﬂe’@efpt acle 54
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aeros%l zation device, such 5 as deV| ce 28, will be described. Shown in
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20 chamber 78 will not completely be drawn against penetrating tube 84. :
Referring now to Fig. 13, an aerosolization device 90 will be described.
Device 90 may be constructed from elements similar to that previously described in
connection with aerosolization device 70. Hence, for convenience of discussion, s'ﬁnilar

elements used for aerosolization device 90 will be referred to with the same reference

19
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numerals used to describe device 70 and will not be described further. Aerosolization
device 90 differs from aerosolization device 70 in that it employs an‘clectronic controller
92 to control the distance between penetrating tube 84 and the bottom end of chamber 78.
Controller 92 is electronically coupled to a solenoid 94 that may be extended or retracted
to control the spacing between penetrating tube 84 and chamber 78. Optionally, a flow
30 control sensor 96 may be disposed anywhere within the airway of device 90 to sense the
rate of flow through the device. When controller 92 receives a signal from sensor 96, it
may send a signal to solenoid 94 to adjust the spacing to thereby regulate the flow rate.
One advantage of using eontroller 92 is that it may also include a timing circuit so that -

solenoid 94 may be fully extended after a certain amount of time. In this way, once the
21



be enpl oyed to control the distance between distal end 68 and the bottom
end of 20 chanber 64. For exanple, a variety of biasing nechanisns may be
included to control the relative novenent between receptacle 62 and

penetrating tube 66. Autopated an|§n$, such n0| i stons, and
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the gas flow through the device. In sone
20  respiratory gases to the patient’s lungs in a manner similar to that described with previous

embodiments. Further, it will be appreciated that the components of the various devices
of Figs. 15-26 may be shared, substituted and/or interchanged with each other.
First referring to Fig. 15, one embodiment of an aerosolization device 106
will be described. Device 106 comprises a housing 108 having a lid 110. Lid 110 is
25 | movable to an open position to receive a sheet 112 of receptacles 114. Lid 110 includes
various buttons 116 that may be pressed to puncture an associated receptacle 114 prior to
inhalation. Conveniently, lid 110 includes a window 118 to indicate that sheet 112 is
loaded and may also show a date and type of medication printed on sheet 112. Housing
108 further includes a mouthpiece 120 and a slidable cover 122 that may be slid over
30 mouthpiece 120 when not in use. | '
When a patient is ready to receive a treatment, the patient slides cover 122
to expose mouthpiece 120. One of buttons 116 is then pressed and the user inhales while
their mouth is over mouthpiece 120. Once all of buttons 116 have been pressed, sheet

112 may be replaced with a2 new sheet of receptacles.
22



cases, it may be desirable to select the spring constant of spring 86 based
on the average inhalation flow rate produced by the patient. |In.this way,
device 70 may be tailored to a particular patient. Device 70 further

includes a pin 88 tihgt ; gaintal ing _betwsen the bottom of chanber
78 and penetrating t%bé 84 t%{egagggﬁéﬁlﬁﬁgéoggléﬁgé%?r%hattI‘ﬁog’p\ﬁﬁ?ﬁa?ﬁ’ecﬁgﬁber
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various for holding extra receptacies 148.
o Fig. 18 illustrates a device 156 comprising a housing 158 havinga -
mouthpiece 160 and a lid 162. A hinge 164 is employed to pivotally couple lid 162 to

housing 158. Lid 162 is movable between an open position and a closed position. When
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in the open position, a receptacle 166 may be loaded into housing 158. Lid 162 is then
closed, with receptacle 166 being visible through a window 168. Lid 162 includes a press
button 170 which is pushed to pierce receptacle 166 prior to use.

‘ Fig. 19 illustrates an aerosolization device 172 comprising a housing 174
and a door 176 that is coupled to housing 174 by a hinge 178. Insertable into device 172
30 i1sadisk 180 having multiple receptacles 182 as illustrated in Fig. 19A. Conveniently,
each of the receptacles may be numbered as illustrated in Fig. 19A. Door 176 includes a
dial 184 that is rotatable to rotate disk 180 within device 172. Door 176 also includes a
window 186 to view the receptacle that has besn pterced by rotating dial 184. When

ready to receive a treatment, the user places their mouth over a nose 187 of device 172
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ot her tubul ar structures may be provided with various arrangenents of
di.-recti on changes and/or constrictions to facilitate deaggl oneration of
t he powder. 15 Referring now to Figs. 15-26, various enbodi nents of
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Ut her  IMIOIERSI0R HOURTTEF S tee S8 HRF 20 WIS A0b RUTEREE VIR B8t aci o
L0 ol R A M e bt et
of usges fipeludbea t@yidoer 216 and an extendable mouthpiece 218 (shown in phantom line). |
When cocking device 214 is cocked to pierce receptacie 212, trap door 216 is also opened
and mouthpiece 218 is extended. |
Referring now to Fig. 22, another aerosolization device 220 will be
described. Device 220 comprises a housing 222 and a clip 224 that may be coupled to
25 housing 222. As best shown in Fig. 224, clip 224 includes a storage region 226 and a
waste region 228. Storage region 226 includes multiple receptacles 230 that may be .
loaded into housing 222 as described hereinafter. Once a receptacle has been used, it is
ejected into waste region 228. Conveniently, a removable seal 232 may be disposed over
'storage region 226. Use of clip 224 is advantageous in that replacement clips, having a
30  fresh supply of receptacles, may easily be coupled to housing 222, making device 220 a
multi-use device.
As best shown in Fig. 22, housing device 220 further includes a rotatable
dial 234 that is rotated to advance one of the receptacles 230 from storage region 226 and

into housing 222. When placed within housing 222, receptacle 230 is pierced. Further,
24



10 Fig. 17 illustrates an aerosolization device 140 ,conprising a housing
142 having a nouthpiece 144 and a lid 146. Lid 146 is novabl e between an
open position and a closed position as iIIustrated in phantom | ine. Wen
lid 146 i ed, £cent.ael81.148; l, q 142. \Wen
lid 146 P?uc ggéalm$%%§%ﬁ§5 € Ilg%lgsgﬁéfggﬁg“&% ﬁ%%%égfggﬂﬁggrg% y for
oper at i o\ tefinsrve hioatipiare dovelr A3Wisraypleded toeside 220 &eilis Ibmwietioortb0
containlgggﬁ ball 152. The regi on behind wi ndow 150 nmay be placed in
communi ¢ #%%-th the airflow path, thereby causing ball 152 to ane

W thin the region p.depenoing.on iz'@etk[eaés@r ano + Q0 GLESPA {oaaid%%{c

through device 140. Convenientiy; fus and m'nus signs nmay be use to
provi de t;heccpaitd reaxt ramepﬂacbel Slaler TZéSad;hauiovedl amchélermtxem iahaltd @eetrduotivgthet he
devi ce. this wa atie ust . their, inhalatjon rate sed 20
on ' the vk re e ehoh BRaArg iRy FLB B Aet frenhs St adEe
conpart meidRg a rfled&leQ'd?Q 24t iE ok CRNE A6k BE IS usdd chﬁl@cw kd Hé&;@ata@s a
device 156 conprising a “housing 158 having a routhpi ece 160 and a [id 162.

A hi nge 18% wastemgieoyaif awl giwmuasym&l@updcepﬂacld Yéeent @l regeptsiinghaheethi d
162 is anag ﬁp}ﬁ}meen an 05|t10n and a closed position. Wen 25 in
i

the open po 413 TEmRY i%w%§ ! a‘f%%d"éa 'Ynto housing 158. Lid 162

is then closed, W iy DeGRREAE 1RGO BELRD VAR 2 0t ddnRi#Eiheta MbREW LS.
Lid 162 includes a press button 170 which is pushed to pierce receptacle

166 pri orandoe lig@+4 ng»tallyg:quplaqistpMmg a2 aér Bswivadigtmounthpiesd cavet 246 is

hinge. 180 PRRARATShs 45 R 2l FBYe 74 Bofhalsd hReRo e\ et abmul ¢ pl o

recept acl ggieh82D8sicé bhoi st Joati@drddtofotd a 9. 24QQTertpe ds)2506a8 sho¥n inHEg.
receptacles may be nunbered as illustrated in Flg 19A. Door 176 includes a

di al 184 #hatOncs sirin at&isl veithis hoysiag24d %Rh@elﬁ-vmw]bﬁmwﬁ teindizte heor 176
al so jisncl %&gﬁ%d?%cf%@)\%glﬁ’a&%o éé’p A tﬁ%erv%%{?r Pt SbE '&!"é‘&tegé%% th;‘r’é}c?D{h%r ced by

rotatlng rea O recelrve a aces

their mouidiedstbreceptads eoqgaznﬂiy,dﬁae 282 A2 bz?coaplddb@ghmmhg mmlitaaevxcér b0
patient’'s inhalation opens a |id 188 to permt the aerosolized _formlation

to enter mhat F‘I’-?é’“ﬁéi?’i“érﬁ’% MOVE Ry e avarqpé@é‘-i RFECRIFIE Rl iERslS MO 2- (R ItRser
sinply di gaa sfojlﬁélluﬁé)a RJ?.[ stﬂ:e%té} thit 889&-'5 Gn'WhSh éxén‘ﬁ'\s’r(cgﬂge u%@;%&ﬂcs

devi ce 17 rea oper at1 on. errln now t o
alternati xmemsm;fd mmmm udﬁ\l(atm floh® Gatev 1rhe b&rckmmﬂpgdmﬁb\ut aaloh}

conp r'_?i OS ©s ﬂgwhr(z)x?eslimrtlg wjﬁ?sﬁle%%% caealseisdprg'giirggh ? Efvhiisstlir?go éj o%ln?ifj
Fig. 25 illustrates an aerosolization device 256 comprising a housing 258
‘and a mouthpiece cover 260 that is tethered to housing 258. Cover 260 is removed prior
to use. Housing 258 further includes a slot 262 that extends through housing 258. In this
way, a continuous strip 264 of receptacles 266 may be fed through slot 262.

25  Altematively, strip 264 may be separated into segments so that an individual receptacle
may be fed into slot 262. Housing 2.58 includes a button 268 that may be depressed to
pierce the loaded receptacie.

When the patient begins to inhale, their flow rate is monitored by a gas
gauge 270. In this way, the user is provided with visual feedback to assist them in

30  inhaling at the proper flow rate. Optionally, housing 258 may include a clip 272 to permit
device 258 to be carried on the pocket like a pen.

Fig. 26 illustrates an asrosolization device 274 comprising a housing 276

having a mouthpiece 278 and a rotatable body 280 that is rotatable relative to housing

276. Device 274 is configured to receive a receptacle pack 282 at a back end of device
25



to housing 192 by a hinge 196. Device 190 further includes a nouthpiece 198
t hrough which the patient inhales. As shown in Fig. 20A, device 190 is in
an open position where a receptacle 200 is placed in a | oaded position.
Lid 194 may then be closed to the 10 position illustrated in Fig. .20. Lid
194 i ncl 3dés Recentea)s Phelt 2 ohingdgies mHAHPIF Seq5PRELS o 8 ghat phasy E%P‘F’&EEM%BI e 200
so that the pharnacgutical for i ] ; 44l ahs e
Tl udes A0 Hor 20 R oL B A TR r R e et 1 e ey 204
toward hufit W appeRified efat btheopesmtiren ma¥ive cusdoyederclbbyg sguarostiaphdl e from
nout hpi ece 198 to aerosolize the pharmaceutical formulation. Preferably,
the user Whtfal es until timer 204 15 expires. As shown in Fig. 20A lid 194
may include multipl a3 i T odrtesitiafd aGiceattidi thiamsle oagepbac! es
200. Igi g. 21 illust ;&gt%eg&égﬁgﬂée&%g%lz?gzstl%lgénm?elgi{dcﬂgé% conpri sing g housi ng
208 havi fgated & givaRdordosf the egieptantys o aecrgaigang postion winergiteerepeasians her

i ncludes a cocking device 214 t i.s,cocked, t use re tacle 212 to be
pi erced. DEEEe CPOBEHER LN ”?‘Ggitz?gl%ﬁ‘é‘?sé PHRisT gég?o g‘f%{aé(ﬁf@g%?ﬁn ot éndabl e
nout hpi ec _ ' LM hd | hesx ceaokd Mew o] lesusidkd TieSs cocked
to pier ceg%xéc%%p{fg%g&ﬂ% th?% gfggﬂrﬁgﬁl? ?ts al so opened and nout hpi ece 218
i s ext endeshfigReéeroriihptaimvprboidBite u@? withfotdiack se thes Shayzaey ahiugdisice 220
will be described. Device 220 conprises a housing 222 and a clip 224 that
may bE) codfflEoRdIOVORI®E housing 222. As best shown in Fig. 22A, clip 224
includes a storage regi@nyv22hy apthrasholsdfes RS BauARo phéwdnage flegbdn 226
includes multiple receptacles” 230 that may be | oaded into housing 222 as
descri bed chesseo tiaf gasient’ Ohoes antibthepatientdahpedyeeha sufEigient vagum pieded &y i nto

waste regi on 228. Conveniently, remvabl e seal j over
storage r&§iTaT BOROWERSTYR g %/eﬁef%i?fergu%b\/fg‘r’\ sargé%égélgrrlil g‘??or Sﬁggéﬁngnt
clips, hayfdofoals fififishe $4RARNY pRIduEt&LBPha phfient HEs 6PSideyddite Gotgiloddl t 0

housi ng 22:2, naking device 220 a nult’i-use device. As best shown in Fig.
22, hobisi ngtuwtug pes2Re of the Yedve.i ABEUde yalye opens, apnunaldloy rSBIRNCRL | s

tated t d f th t acl 2 ' d
|t o housiRiGMEEREY WRGIEH DB BEdTh RBuSIe o a0 pE cah e egER ©38 an
pi erced. @dﬁﬁgﬁmmgﬂ,pgggﬁj ng 222 includes a counter 236 to display how

many receptacles remain unpierced. A tethered ITDI#'[ hp{ ece cov3ebr h23.8 i S
coupl ed to housing 23Bowndn Fig. R&moy adheptipflageam of a valve system 300 having a

threshold valve 302 that may be configured to crack at a pressure in the range from about

20 20 cm H,O to about 60 cm H,0, and more preferably at least about 50 cm H;0, to allow
gas flow through the aerosolization device in the direction indicated by the arrows. In
this way, a relatively high flow rate may be achieved for a short duration at the beginning
of inhalation to allow the powder to be dispersed from the receptacle.
Optionally, systemn 300 may include a check valve 304 to prevent the user
25  from blowing through the device. Such a check valve may be incorporated anywhere in
the aerosolization device, and for convéniencc may bé integrated with the threshold valve.
System 300 may be configured to have little resistance to the flow of gases once valve
302 is opened. In some cases, system 300 may be configured to have a reset feature to
reset valve 302, if needed. In some cases, system 300 may be configured to have an
30  adjustment mechanism to permit the adjustment of the threshold actuating pressure,
lowering of any reset vacuum'level, and/or raising of back flow ;esistance pressure.
One type of threshold valve that may be used is a silicone rubber valve that
is tailored to provide flow onset at the desired threshold pressure and to provide reverse

flow inhibition. Such a valve is also self resetting, requiring no mechanical resistance.
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i nhal ati on. Hence, to use device 220, the user sinply rotates dial 234 to
advance and 5 pierce the next receptacle. Cover 238 is renpved and the
patient inhales to aerosolize the pharmaceutical fornulation and deposit

the fornmukaihons ¥ M}*n atl\n% aP@‘Els%%ﬁé i, Y982 MER | QF ggtg%t l{ggsr é?g?t&gt dosage,

diral 234 is again di al ed causi ng the use re eptac into

wast e regp@ﬁ3 228 13,21113 aﬁﬁ/anlﬁm@:arigmﬁ@?/r eaepliae] ad ey &l khd @sentacl es
have been cl gﬁ% bs renoved and pl aced with a repI acenent clip. 10
Fig. 23 i \SC f‘r‘fﬁi 85w S51 PAPTPORRIERDY EdeB0e-conpri si ng a housi ng 242

and a lid 244 pivot @ﬂ@hp@@:@\@fhh?t Qyéfﬂgesgxé?c& Aésetﬂgtvxgg%ge ﬂ@éﬁ%o%pg{ &€

cover 246 is also provided (see al Cover I's réenoved prior
to inhal atiteAn byostieatipatdeeint arebivstcae @0 igs. 20#6i Ghoen id Bichds ¢ apatrip 248
248 is vvlthl n housi ng

542, a0l PiRTS S Rab Ao ol Sl el ebenausesoath B ruepin B anpar | <
to be pi ergediletSl Qdex 3153’15??% 31me@u<91easd&pé’1§§§rﬁgn£ %&H&F&%&J}%osﬁ %&83 dg

receptacle. Qptionally, slide 252 may be coupled to plu evi ce
240 so t FenianRs hepsinBBAg and Sanpveniral @ptdmava@ﬁr dpbalhd BB rseeﬂpd atthin al ong

with slid SO, i a whi st | 54 that produces an
audi bl e s?‘ggéﬁ V\% cflﬁ‘ coﬂégﬁrﬁ?ﬁ‘ﬁ% 83116$ﬁ“%§<g§’e§?“&g A Gn‘ﬁﬁ?”rﬁjﬁ'} R§El at i on
f1ow t@t evadien 4SedateYy SHeRkyad HdEindhadiosl QHET |

whi stl e 254 ceases aLpro umeng aawhl st F% sgunm{\@ nge %‘gpy\%g%t?ersgﬁfe&sug}én

aer osol i z@THHRFEY ‘e éaszﬁﬁwdenmlgﬁdlguaummsmg 5By pading thmuthphsagescover

260 that kksyt 0, housi ng. 258, ver, 260 | to use.
Housi ng 2§80f§rPFﬁ n‘?&ul}_(é ages o %o‘?laﬁ S UpgeiP Pé&%ﬁi’ﬁégq%ﬁgﬁg’ﬁkﬁeﬁef e9ig.
In this weynbranecint inrdteerSioTtdet fheXbdveofor hRSERE A&l €s 266 may be fed thr ough
slot 262. 25 Alternatively, strip 264 may be separated into segnents so

that an individual rFfégefti Ftéatemurﬁéreﬂl@@uﬂlmtglhmlm4 Féaled 327 258

i ncl t h
Irggegggil 2?,1;} Eeérg\%t g%&%n@%% ‘%%?o i Ain a?rﬁ ﬁlé?‘:‘pcq%lnbwe%‘t“@gﬁe 2oni t or ed

by a gas nymige327.0HolisingBR6 aWa)incitbe tbL333 whivhtk ke apiat Movimeial off eedback
to assist themin 30 inhali nghat t he ro er flowrate. Optionally, housing

258 may i HE1PGHE Beppsny Huntil °p‘é?°ﬁf”f°" é‘\ﬂ“@%’“%@aﬁbmbe Atapel etimgnumbeella
ket | t d 274.
pocke | @ntheP 880 AELS: to%@f's‘| dbusss al 83 mgpq{aﬂgn%é'hﬁg t’%gcs evt.cﬁlpgnggtgg 280

conprising a housing 276 aving a nDut and ‘a“tota
“that is r m apwtsh:@ugblogemmgs 33 ooy 3227& reBeMba 838 thyi e el td pihed to

recei X§ 2 um Sptr%grln er 3 COkbazcﬁzpagtttags .’?%ancintg ag];th%?\élsece
Fig. 30 illustrates a threshold valve 338 comprising a tubular housing 340
across which a valve member 342 is pivotally disposed. A biasing member 344 biases
valve member 342 against a tab 346. In this way, gases are permitted to flow through
housing 340 once a sufficient vacuum is created to overcome the biasing force and
25  thereby permit valve member 342 to open as shown in phantom line.
Fig. 31A illustrates a flapper valve 348 that may be used ina tubula:
housing. Valve 348 comprises two valve members 350 that are pivotally coupled to a
shaft 352. A spring (not shown) biases members 350 m the position shown in Fig. 31A.
When a sufficient vacuum force is provided, the spring force is overcome and members
30 350 move to the open position shown in Fig. 31B to permit to flow of gases.
Fig. 32 illustrates a spindle type valve 354 that comprises a tubular
housing 356 having a spindle 358 that is held between tabs 360 and 361. Pass through
channel 362 are arranged such that gases are permitted to flow through channels 362 and

around spindle 358 when the vacuum created by the user moves the spindle to tabs 361.
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25 274. Recept acl e pack 282 includes nultiple receptacles 284 that may be
pi.erced when ready for use. Although receptacle pack 282 is shown as bei ng
cylindri caI in geometry, it wll be appreciated that other geonetries nmay
be enpl nel Lar 8l and HOESHo F5EMES bk $6ARE aslRdpRcdn 282 'S
inserte mh e%‘.%gfe‘:@ %Sg)u?ﬁﬁp l%rcl)dy 280g rgt at.ed togﬂadvance one of
t he recea&aeglmtmsaald%gﬁgb@g:ﬂamdpmmme the receptacle is pierced.

Conveni ently, housi_ng. 276 |nclude ter dis enalnlng
nunber of receptacFés. 3I1¥U5’(“f?é°5|tf§t° t’5pl|n é%%vgteggd’ 8?(‘855‘?%95‘% ‘o rate,

housi ng 2 W f {8 ihen HSREnYBEH b eedirrck so
t hat thetﬁw%giﬁ%ftﬁ%{&?ﬁ g Qfg i allﬁgl'?ﬁgg 1?\Fﬁ((-g)%/!vd)rate AW degf/arl ety of

t hr eshol ghijuedny e®preey, bemwedextamttpgelwsﬂtJWtdfgaﬁS(ﬁwoegh hgages 366 W@“Gatl ent's
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the powd&Hf: 1Ft°6FnW%’é‘W€%*e‘?§F%@F@°§EEH%P%}§§ r$f8’§1 e coﬁ gt%%gfgo Pievent
any f|0\j\§l % ﬁ?&:‘?ﬁ ktbp BBE. Yx@&lﬂélwla?rgadé&@épbﬁnfttb@tcpﬁbmﬁtougaetosastﬁg
exceeds t res actuating pressure of the valve. After the valve
opens, nBGbnmal flow resistance is provided by the valve. Once the flow
stops, the valve .be C fi ure et 1.0l i

position. Shown in 4‘%? Ef 53‘?5%&?18% £¥| éﬁrzé‘ﬁmﬁ&p;n% {%g&b?%thg%%ﬁo

havi 19 a 37k ALESBA & g@h\é% 302 nbhatan m¥rthse ﬁﬁefdllglmﬁﬁlbdr@ 7®rk&@k1gai ball PEGeSSUr &
in the range frém ag 20 20 cm H20O to about 60 cm H20,, and_ npre

pref er abI&allaiSOIs:ea\sds talscnnre B mber B@&)to suppart3aw vhes af\rafswwﬁéa rEtD the

aerosolizatio Vi ce d| r n_i_ndi cat 1 S
way, a répéhivef Vﬁ? LEI rrﬁ‘f‘@ e cg% eveg) %%r Vgﬁes {frn a??%%mat

the begi nbbpguc& vy ﬂ'ﬂa.lxs%t i Wheh Gy & %E@@oﬁ@&ﬂ@asés@&ﬁﬁd‘bﬁ@l@bp@dngsrm t he
receptacle. Optionally, system 300 may include a check val ve 38 %{g pr event
the user in2BpgaroAYbhostiovgL. tMpmbghﬂ&@aMémfesét tOShEIHO%EU%éE‘RW%H‘ &

i ncorporated a <\E/]mere in the aerosolization device, and for conveni ence
may B HH‘Ié’érI%E’% Wi ¥¥ the threshol d valve. System 300 may be confi gured
to have little resi shangesHo®d V410e flagbeaf viasdsigrdeo uhtmete @BRedmsopppened.

In sone cases, system 300 may be confi gured to havﬂfe__% resﬁ%éﬁeature to
reset valand Qoed poitipas dawd UpAn @qiredsterEuged THRLIREGS FSHEMBlr ed to
have an r t febirgagihol d
actuati nép g%gﬁursge {éslacr}ﬁv\feérl Qh%g;v%%gﬁ%oﬂl tstﬁ\%:acﬁﬂi%%&gg%ag&%ﬁfsrg?ng of
back fl OV\BSSESAEbQﬂ%s@d @Bl ousing 386 is a magnet . 390 and an elastomeric gasket 392

20  having a central opening 394 that is smaller in diameter than bell 388. In th1ls way,

magnet 390 holds ball 388 across opening 394 to prevent the flow of gases through
housing 386. When the user provides a sufficient vacuum, ball 388 is moved against a
stop 396 as shown in phantom line. Gases are then free to flow through opening 394 and
around ball 388. The magnetic field is designed to be strong enough such that the ball is
25  reset to obstruct airflow when the user stops the inhalation.
Fig. 36A illustrates a threshold valve 398 comprising a tubular housing
400 having a restriction 402 with a central orifice 404. A bistable dome 406 is coupled to -
a support 407 and is diéposed ecross the interior of housing 400 to cover orifice 404 when
in the position shown in Fig. 36A. When a user provides a sufficient vacuum, dome 406
30 performs a bistable function to move to the position shown in Fig. 36B. In this way,
gases may flow through orifice 404 and then through openings 408 in support 407 as
shown by the arrows. .
Fig. 37A illustrates a threshold valve 410 that comprises a tubular housing

412 having a flexible bladder 414 that is sealed to housing 412. When the pressure is
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One type of threshold valve that may be used is a silicone rubber valve
that is tailored to provide flow onset at the desired threshold pressure
and to provide reverse flow inhibition. Such a valve is also self
resetting, requiring no nmechanical resistance. 26 Exanpl es_of such valves
are descrisey grtreslnld preariprebladis 4 Idaneaintaingshe shapeshiown & Figs 7083 e tiks

5,213, 236, dggb% 185 g’te%%lt’eg?fr?dm%aéls%? t%frl(?liga 0 42 134? g%'eg%_y fg_r)gg% ﬁg@ﬂ%; €
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configured to be pul lLed_through opening 316 when a sufficient 10 vacuumis
created by the user g'éhéu\h‘r"t’iaﬁespang’ﬁisgﬁﬁ Yahe 426 feamising BtausEE8eung tbugh
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anot h

r.use. Fig. 29_ilLystrates an u ella puyll through valve :324. Valve
324 %@ conpri ses aF%agilﬁﬁt@%s %%?sﬁg{da"% r?%ﬁﬁ&aégla@?%%ti ng
an unbr el | gnd MRV MIAR: 4k@5§}omﬂ1>38&§@ém Hoghydes {aks ééﬁb%%ﬂ:ﬂeﬁt@e nt
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330 back pagtheldls SR3 4BRiiPEoufle @Ot RRIMBISR 43%itkht iPRe(H Mithith h*h&Bibé 436.

threshol d val ve 338 conprising a tubular housing 340 across which a valve

nmenberl342ChampesHitais iy cehaposation Avili tsiimtgri nsigg 42Bibysepassagal4dd. denber

342 i .a tab 346. la this wa ses _ar rmtied ta fl ow thraugh
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line. Fig. 31Aillustrates a flapper valve 348 that may~be tséd T1 a
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20 Fig. 40 illustrates a pull through type threshold valve 444 that comprises a
housing 446 and a valve member 448 that is disposed within housing 446. A stop 450
holds valve member 448 in place until a threshold pressure is produced by the patient. At
such a time, valve member 448 collapses as shown in phantom line to permit valve
member 448 to pass beyond stop 450.

25 A variety of flow regulators may be used to limit the flow of gases through
the aerosolization device and into the user’s 1ung$ after the powder has been extracted
from the receptacle and aerosolized. Such flow regulators are provided to limit the flow
rate through the device for a specified time to insure that the flow rate is slow enough for
the aerosd to travel through the éirways and past the anatomical dead vdlume.

30 Fig. 41 schematically illustrates one embodiment of a flow regulator 460.
Regulator 460 may be configured to limit the flow of gases to be less than about 15
L/inin, and more preferably less than about 10 L/min. Regulator 460 may be configured

such that the resistance to the flow is small at low vacuum and increases with the vacuum

generated by the user. Conveniently, regulator 460 may be placed in a flow path that is
29



Wien a sufficient vacuumforce is 'provi ded, the spri 'ng force is overcone
and nmenbers 30 350 nove to the open position shown in Fig. 31B to permt to

fl-ow of gases. Fig. 32 illustrat es a spi ndl e type valve 354 that conprises
a tubul ar h 8 e 360
and 361. Isa%gl[stlﬁ? g%geﬁgptag C%g ar oe‘g?e?ar%g hséﬁgﬁg Jﬁ‘a ga naaE?lga%v

perm tted ptevidid @mystehﬁ @eu;gshanﬂaaa rm)lwsR&ﬁ& \ands fanostsht Spl (et 8,858/ wlaedarthe
vacuum created by the user noves the spindle to tagqﬂ%l 27 The f.rictional

force bet weh PeprHie(Ead) ypde ﬁ&d§?‘ﬁfén%6 hayessetarls oy Path eAUFTGHEHY: t he
desired t %ﬁgpﬁ'cgn{r&ﬁ&g?%[\gggggf%gd Irpse%glev&h%e\f% ?é%cle':' 19-sush alchdI$d 8l&%n

anot her spin type v conprising a “"housi ng 366 having a
stop 368. résistphded ma3R@ry Sodi pasastanid &f the hepepianly 366 psth wsta Dreymstanse

adj acent sto t here By ting the flow of gases through housing
366. \Wen &° Eﬁ‘gﬁ%ﬂ@ﬂfﬂw&@un@m been produced by the patient, spindle 370
slides w thin housing, A8Y afd PNtk e3P floWrelglliafordalyat rEASESuRKE
permtted to fl ow throov‘%gﬁ’hp{%gl ng §66 Fi 9%34A i IO urs:gPat es a threshold

val ve 372 mhatoscknzuplonsiemcas tauteglibate mmmgﬁeameiﬁabpmh ey bees oppued: @IG

t hat hol ds an Ie nbr el | rrenbe 7 avin 380,, Bal | 80
serves to S% E'e ‘ng'?tgatﬁ)a Bb’&?lc’f‘ é’\#‘pég\ykcﬁhaimspg ped hqusing %EY} %he

user. s SMM@Aﬂoﬁlcam%%smﬂi}ﬁmm@g h%ﬁg@ﬁk@éﬁ%dlm% EN&{Hle Witih &

sufficient vacuum is produced by the user. Wen in the everted }pOSItI on,
gases f| ovhausingi. dpearumpeprid@ 2 72itiasseppuastle 463 & the poistiom. showmbiaig 78 Ay be

t toth t h Fig,, 34A 15 th Th
L hr eshol d 98 paeyA D dRgodaRgBink 264 eares Shtar A58 sRies aatit BResite gRg o
cl osed posidheRss Q%%edwg%e FosRI AL RIHaRed 46BINetHi ¢ whiyethd fidw engistimfred

example, Fig. 35 | FTustrates a threshol d val ve 384 conprising a hou5|ng
386 that hwl aj@craustaeaal Ifitlag flow38®. is mwcc@sssmsbml #h6 aloseriay syprbesd

magnet. 390_and a 20 ha

ot 1S et eS f 2 AT B TR S8R e Sy Mriﬂfé?%%ﬁh%ﬁ?ds
bal | 388 ags®estherRRidpitod.0 prevent the flow of gases thr ough housi ng
386. When the user provides a sufficient vacuum ball 388 is noved agai nst

a stop 396 as s hown Fig: 4gHHnsterted 3 Rew regdlawr 476 thai aisoripgladena #FBW@%Y@ME{h
e AT TR e T A
user st ops RleBglatdrdab abmhises a housmg 478 having a tapered flow channel 480 and a
20 membrané 482 that serves as a threshold valve in a manner similar to that previously
described. In Fig. 43, a ball 484 has passed through membrane 482 and is forced against
a spring 486 by the vacuum produced by the user. As the vacuum increases, spring 486
compresses as ball 484 moves further into channel 480 as shown in phantom line. Asa
result, the flow path is restricted, thereby limiting the flow of gases. The spring constant
25  of spring 486 may be adjusted to provide the desired flow control features.

Figs. 44A and 44B illustrate a flow regulator 488 comprising a tubular
housing 490 into which a bellows 492 is disposed. Bellows 492 may be constructed of an
elastomer that is configured to compress when the flow through housing 490 increases as
shown in Fig. 44A. As bellows 492 compresses, a flow path 494 through the bellows

30  decreases to limit the flow rate.

Fig. 45 ililustrates a flow regulator 496 comprising a tubular housing 498
into which a cone member 500 having orifices 501 is slidably disposed. A restriction
member 502 having a flow channel 504 is also held within housing 498. A spring 506 is

disposed between cone member 500 and restriction member 502. As the flow rate
30



Fi g.' 36A illustrates a threshold val ve 398 conprising a tubul ar housing
4Q0 having a restriction 402 with a central orifice 404. A bistable done
406 i's coupled to a support 407 and i s di sposed across the interior of
housi ng 400.1.9 ] htice . 40: en__in the jtion shown.in Fig. 36A
Wien a user pr Oo\([;f}}’ éémg& ?B#’“f"?‘é’ime“ﬁé &\%’]/g%:cﬁ%‘rsrfs’38%E§€%C%{Bprﬁésre1s&?ﬁ§°%e bi st abl e

function tembenE0d molEefup®si intflows RRxhel BOK tBere86 Bmith tRifloWBY gasegases may
flow through orifice 404 and then through openi ngs 408 in support 407 as

shown by BRMOONEE 498g. 37A illustrates a threshold valve 410 that
' i t ubul i I f J bl add 414 that is .
conprises a tubular fg?qa'ﬁﬁl%tra 2 fﬂﬂiyl‘eﬂzgllaqor %(%fhgl fieoglverg;ef %:‘r\ébugg%ﬂk&ug%;:ur e,

seal ed to housing 4 en the pressure I's e S
bl addér 41X heniing aichsed bl Stiapel fidvouharinelsH g thatiAmityatdits oMo Boldhd 416

IS prevent from passi ng through bladder 414, thereby preventing the flow
of gases t ﬁfgﬁw&%?’ﬁﬂgﬁi%gé}vﬁg%’ Bepngls a1 nACBRAGALE Rtasenheusing t he
interior softothatidess dbédmSiA fibals. whel ' r racyum.that is
greater in magnitude §5hjot han E%%gtét hresﬁo%gv %Eéeisngggraéeg %q‘g%?gzroaeﬁ%gnoa&gs to
t he posi t neMeshwwing i ORioghe 8FB af Fig. @ér Mhtso gases fiber chhanels Bt u@efifidgidng

412. Fig. 8 ill tes a threshold val ve 420 conprising a tubular
housi ng 4th°lhsér\lﬁ ﬁgé é?alllrpﬁﬁl& 85 -aphr agm 424. Di aphragm 424 is-configured

to rumgure when a tHy eFholdrayAGUEY basifise r(};‘gﬁ% %OSHR}P;%%@ %Q%%ﬂou@%gshom

in phantomline. 10 Flg. 39ill ustrates a t conpri®sing a
t ubul ar hétshaung 2gomaanmant/Rtbatriefiled vAtamopentcall fyam 606! &tle bpehoelsi Ng
ases thyough i ng. 428 when

428. Val v r. 430 prevents . the flow aof ou

ina cl osgoéﬁﬁlg;sa%ﬂagﬁe_sggﬁs%ﬁﬁg?lﬁm? .A%.O?_ 2 .ttgﬁuﬁrgéo‘ﬁl‘%ﬂlgﬁ%ﬁvzby\}’éll\ge‘hﬁenber
430 from speRdngcuthith compRESHRFbn WAE UoMBUiS: HE BEEEdowbhahhgs user . Stop
432 is coupled to a_nenbrane 434 that is held wthin a chanber 436. 15

Chanber 436 is in c&mgnfdiilastiagss.a faw regubasor il & thiabeomprises asumgaridfismg a

assage 4 - LR n_a sufficient uym has been produced, sto
i3 | riine ¢ ka2 MORR SRRl ssE s ¢ 3 CHE MR e BT BT P36 S vent |
440 may beelgbesugsstt 532 ped Hinits 2hd 16W throbbRWobdlh® 5581 20BRV et WIS LIRTDT ane
434 noves upward. Al so, a spring 442 may be provided to nové val ve' nenber
430 to thBeBIPER> RTINS VaRible BEadpangEp similarsp shay depoibed én carmertionuwithat es a
ull thro yve 4 tsconpri'ses ‘a housing 446 and a
\F;al ve rr\::nggé*}s}rgl i%g?%gégﬁg%lgsf%%é\éga?/ﬁ@ﬁ%%%&%%g 446. A stop 4%0' hol ds

val ve menber 448 i n Rg.aoelludtiatds aA1dva E @aig! I8 SphascuiRist Sa R6QANE 580 RYvihBe

pat | e:%[ ' ':\rtl inlet tube 542 and an outlet tube 544. Disposed within housing 540 is a liquid 546. As
gases flow through housing 540, the gases bubble. through liquid 546 which regulates the
. flow of the gases through housing 540. - -
Fig. 50 illustrates a flow regulator 548 that comprises a tubular housing
550 having a necked region 552. A shuttle 554 is held within housing 550 and is forced
25 . into necked region 552 as the vacuum force increases. The force required to move the
shuttle 554 is controlled by a spring. 556. In this way, as the vacuum force increases, the
flow path is restricted to limit the flow rate through housing 550.
Fig. 51 illustrates a flow regulator 556 that comprises a tubular housing
558 having a spindle 560 that is slidable within housing 558. A spring 562 biases spindle
30 560 to the right as shown in Fig. 51 so that a flow path 564 of spindle 560-is aligned with
flow paths 566 in housing 558. Hence, in the position shown in Fig. 51, gases may flow
through houshg 558 by passing through flow paths 564 and a flow path 568 in spindle
560. However, as the vacuum force increases, spindle 560 moves to the left to restrict

flow paths 566, thereby limiting the flow of gases through housing 558.
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such a tine, valve menber 448 col | apses as shown in phantomline to pernmit
val ve nenber 448 to pass beyond stop 450. 25 A variety of flow regulators
may be used to limt the flow of gases through the aerosolization device

dinto th 'S | fter th b tracted fromth
ecoptacl e and. aerdSot] SRS RAOT AN PLDLA AL SFEPME DBOIHEauE FTi 1t he

fl-ow rai@nt bk QUelhddRe: daNisoe. (neS73R8GLEESLh bhifi® 478 dnaSyESiAAtd she flow
rate is sl ow enough for the aerosol to travel through the airways and past

t he anathetrigenflodensy paisuhmwugBorificy 574 s swhieasearowdl dope 574 wdenshefowirate

enbodi nent of fl ow f.eg r 460 Requl at or 460 may-be configured,to
T rop e oaE T Whep 00t ow TR n Bifbertd tpfiR s Bl oo

pr ef £r allsyaileam st Remsia 9w solat £46 Mow Regullyaleonit®@Anrdayn befieosfggured such
that the resistance to the flowis small at |ow vacuum and increases with

the vacuum gener afigd- BA ad53B ellust@inw 8aiversshigtor 589 thaa compPRET ifFays be
pl aced in, a o] ath, that i arallel to receptac ont.ai.ni.ng the
powder . vﬁwes{#g hvéxp%%%de?g?ﬂéy ? F %\%efgeaﬁgra%?téf r %%lgfsp?%\/nggé&geg;éfr{e})kcruélési stance

to flowvglves s téahé 88sitib@BAAROUL Fig. 13K CMh tﬂﬁﬂ)wasr;,t B0 dattratd thi@igh Vagve JenUt €
(SLM up to the resistance of the receptacle flow path. Alternatively, the
fl ow commiob¢ eagulpigd-be pl aced in series with the receptacle. In such a

case, the system 5.resistance R vany f t si st Qf<qhhe

r ecggt acle flow paﬂg' 36 1%5&5%;6&3@@%‘5?&&*0@?%%@@? S?rhgrﬁgc%a%‘%%gurﬁ’ﬁg ) ' /SLM
Shown i rhakirSa pARH® WhrEES92ahAtaY SothiPRSINWnlY baydiregish ak ehewi hgtha@yows used
in aerosolization devices to regulate gas flow after the receptacle has

been opdirddle wheel S8R4mpivetallyicgnnaciad tq hapsing,:d Wsbwa frigianalspmngstinn thah

conprising an, L d housing 464 10 haui ol h | p468. A shuttle
468 havizﬁgy gifr-‘t&{s&g%?%&gg P%eg%w?‘ﬁiééoﬁég%ﬁ? W%gg#\%g 32@ Bl(%r@é’%ﬁr n spring
472 bi asetatsdidin belydd difktclibg padsletvimel SHDWRoisBrvkt @ a 8k vale.the flow rate

t hr ough housi ng 464 _increases, shuttle 468 noves w thin housing 464 to
conpPess spring 47¥igmd> 812848 5Britlustaa denmraulage 4 cemprisngdiibutate 1| ow

rate is 3l imte - [ . il | Q) I cessive,
channel & %s%iﬁlé@g @[&’g‘?‘? ngﬁ%@l@aésnégg%‘fse %ﬁgggﬁgﬁélégégg#gém in Fig.
42B. \Whegxgetiendihgw Htlopasfiapes fipnsdd@drin Fég SButotreduce4bB8flow rhateghstught i ng
position., Fig._ 43 illustrates a flow regulator 476 that also includes a
t hr eshol OW#E3. that is similar in construction to that previ ously

described in conrnecddffrtbdiy fow sl -SPOMBLOLs VAR RIS BRtnRdiSI N0 478

having a tapered fl'owC :
- 20 flexible material, such as a soft elastomer, e.g., a silicone rubber, that limits the flow to a

certain rate while also preventing flow in the opposite direction. Such a valve is also self-
| resetting, réquiring no ﬁecha.nical assistance.. _Such valves have an orifice that per;hité
the flow of air 'throiigh the valve in response to an applied vacuum, and one or more
collapsible walls surrdund'mg the orifice such that an increased vacuum pressure level
25  results in reduction of orifice area and correspond higher resistance to flow. One feature
of such valves is that they may be relatively inexpensive to construct. One particular
cxamplé of suéh a valve is described in U.S.. Patent No. 5,655,520, the complete '
disclosure of which is herein incorporated by reference. _
Figs. S6A and 56B illustrate one émb_odimenf of such a flow regulator 600. -
30 Fiow regulator compriées an elastomeric body 602 having a _duckbill valve 604 that
tncludes an orifice 606. In Fig. 564, the flow rate is low and orifice 606 is fully opened.
When the flow rate increases, valve 604 begins to close as shown in Fig. 56B to limit the

flow.
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20 menbrane 482 that serves as a threshold valve in a manner sinmlar to
that previously described. In Fig. 43, a ball 484 has passed through
menbrane 482 and is forced against a spring 486 by the vacuum produced by
the user. As the vacuumincreases, spring 486 conpresses as ball 484 noves
further into chanPéier48fmakssfiovah flow pianttom dre sleownAs Bigs. 15818, tin Fige f 1 ow

ath is_restricted, thereb imting the flow of ses. The spring constant
25 of sbi’ia _ %Wf?é‘if %@haég’] %ﬁ%@‘f Vepg%‘r"&g attﬂféo’gggﬁ ggd ﬁgo@\goconft rol
f eat ur egrustipa f16dAand:F 434 !hhbmgtafcﬁiclﬁbﬁil $41 06 Te@ih ah Bﬁﬁé@@lB 8; ?f@ﬁ&i’i'o“g a

tubul ar housing 4907 into which a bellows 492 is di-sposed. ows %92 may
be consfremdhe tbpodndatowiethasiderdrigt Ivaiilustsatenafloguegdatoo 620 pving a dubkbillt he

flow thraou ousi ng 490 increases,as, shown.in Fig. 44A. As bellows 492
corr\#r es¥§¥‘;92?1?v|1 %B"[’rﬁt%@ﬁ ﬁ&ggﬁaﬁés I‘?rbéb% éé decreases to linit the
flow rate. Fig. A4%fdkustisats trolboMe RMREMor kR EHIPbEH RGubdIRY! ar

- .housing 498 -"into which a cone nenber 500 having orifices 501%is slidably
di sposed cergip gimne pastodotie deripganaysigcdrdigunes '@ ferrowap hearerskd §0w 1age.alnso hel d

wi'thin housing, 498. A sprin 06,1s dj,sposed. bet ween cone er 500 and
Festri cErb i hant eraty LR pioks vaeEE SRR UNEG of A cetieand sdn
channel tfQ4rdsBLtcetds @sep BBE Far 8X0ns10RII85865re3 6P BEthe TRIWPRKe 2RO MOVes
~further into flow channel 504, thereby Iimting the flow of gases through

hous® ng dages may e cosfigured se penmetthy userow qoatfaitablyfiligogot hertlungsmsrthees a

t ubul ar _hQusi [ .51 Ln cl.osed end 2 .and flow . channel s 5 t hat
permit ézaesrﬁn{ﬁgzegltgvu\}%iaga%:%\%&gpﬁaew%ﬁofw% Sa MGt st “ﬁéﬂ&&%ﬁ“@f? tﬂi@* ng flow
channel shdili@ngsetedionifartaBle Hiednes ah ishiNglubd Of hikbut BE0MEHas B8er iatedi N Fi 9.
46. As the flow rate increases, spring 520 extends and noves housing 510

to the @ gareflated owsate. | Thisassysichghat pftenaraws ARmE of inhaladair, dke diug ed by

‘housi ng LI 1y, at f Fig. 47 illustrates a flow regul ator
520 thathg%g?r%??ds%@ gletaagﬁﬁg?alhdgggs%%g' 522 having a conpartnent 524 that is

filléd with an opefo mrehidefsaaiim febure Vi cipeiindebt floWameimedreniagl restricts
and regul ates the flow of gases through housing 522, by using the applied
vacuum to8teealyrhesiacqrparateshintaihg 289aclization demisepor Badnvenganchushm8ry . Fig.

530 havi hea oyt T g IR RO FRal CSORRY, SRS B AR EREIRND, .
menber 3B6uglsthehizlvitebin thispway, twizd 2haindtidli (eegutatgdvolumehdsteen ghhdiedigheng 530.
Conveni errrmlérrlﬂYe’r hgmo%Lé ?ufﬁcien_t to open another gas ch‘annél fo permit increased gas ﬁow.

20 For example, the flow 'mteg_ratof fnay be an airfoil flap made of a film such asa po,lymer' o
ﬁim having a thicknéss between 0.005 and 0.020 inches and preferably havihg a |
viscoelastic or other time—dépendcnt behavior. Airflow over the airfoil flap induces
aerodynamic lift. The air foil flap can be configured to allow access to a parallel flow
path after a predetefmined volume of air flows over the flap. _

25 | - Fig. 60 schematically illustrates a flow through type flow integrator 630
that is configured to move based on the flow velocity, assuming a low pressure drop.
Integrator 630 moves based on the pressure differential between the ambient and the inlet,
which can vary signiﬁcant_ly even though the flow rate remains cbnstz_mt- when using a

flow regulator as described above. One advantage of integrator 630 is that it provides an
30  accurate volume measurement. | .
| Fig. 61 schematically illustrates a ﬂoW—by type integrator 632 that is
parallel to the main flow path. Optionally, integrator 632 may trigger a switch at the end

of travel to open a parallel flow path with low flow resistance. |
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menber: 536..nmay be evertible in a manner simlar to that described in
cqonnection wwth Figs. 43A and 43B to also function as a threshold val ve.
Fig. 49 illustrates a flow regular 538 that conprises a housing 540 havi ng
20 an inlet tube 542 and an out|let tube 544. D sposed w thin housing 540 is
a-liquid 546. As Figsse3Afandw2Britlusigaic pHGe therushonuttikaypnle¥ WeEBI¥ t hr ough

| i-qui d i ch regul . f - i . Fig.
50 11 1 oLl R Bh05: AlRing S s SMiBIORRERA! A, ROR D). D19
havi ng 63GeCheenisetliypskifisaals A48 pudtiiea 564 betsveae hdusing K3 6 aimbsisithg6 F50 and i s

forced 25 into necked region 552 as the vacuymforce increases,. The force
requi reﬁhﬁ%S%Pémfuﬁté“% § @3%tosslide. (;S(S‘?ﬂsl‘s&%laé 64§ aze E)‘?PWQP@%@‘? T t hi s
way,s as %HH r i Nepga Ty <8 drd 40 limt

t he 5f I o#‘?kgto g t rg]gfég Ergﬁg‘]ﬁg‘g‘s . 1%}5%‘8_3155% %lggd&aisggn?% Ir%gvkﬁg%%l ator 556
t hat cofipwitbmsigh thaiberbsoliZatioms denjce PaBehtavouph) aa cpphimg| 6t 656 Ghuttlat38,sandl | dabl e
wi t hi n housjing.558, A spring. 562 biases spindle. | R60 . to the right as
shown iﬁpﬁab?lg%awst%me*ﬁ e%m%@%a wegme%gygwﬁaﬁggsgbmﬁggaé MFYEY with . -
fl ow pa ?ﬁfb OS] P’%§§ ocltd of o beMhdinsi 636, 51,
gases rrggé? owds?h’r ougfﬁr}?\s um%b@gg& O;Shggggiﬁnég%g?ﬁyolg%ﬁ}ﬁfI%‘v?pa%nr%ls@gm and a
f 1 ow paflhe 864 forces pndtHeeefofedtBe spioateat evhichashutthet 38mouen, foproportintalgasles,

spi pdl e ;560 noves fo the Jeft restri f | ow pat hs hereby.limting
thelf| oRPSTvelREs Ariigninoast By Bable S5k ey e Soinnd PR eb e LT,

regul at gf0dOo fGAHP kA gér'ﬂ'ﬁt ﬁc{c!d?éa ﬁgwq%g.g}pgoéjgg 6dgvi ng an expandabl e cone
574. Cone 574 includes an oritfice 576 and is configured so that gas flow

may pass through drigféTlusizfeas flost integsatar @ithihacoomeprised awhmiarthoasingow rat e
is low ags.sho in. Fig. 52. Wien the flqoqwrate . s.increased, caone 574
expands 553 LHPUAH HBI e s Ay W OHER IS 15 SrPBE P SRt RSEeFt BIPASOn y
per m tt gl hOMkGH: 852 {d aﬁﬁm@%ﬁgr 634 @t is23fpied gl38§§§acr)'§lzii&!§f§h§t56. an Rl W

regul at or 580 t_ha? conpriseés iniris valve . e en 84_maybe’ fixed
and]S angtdreedenthnIEHE ismyudied tot atre@dSB thatbesa hplesh60\asialse B@PMtip Figsié4posi ti on

shown in, Fi 53B, .I.n this way, the fl.ow e.through val 582 .may be

L egul at %ggg‘?%ﬁ&il r@fat@g"' f}}rf"&?‘t?%;%aégmgég ftiggmt 8f°d’ﬂf%§8patgﬁ%? ﬂ@S’fr;% ses a
ousi ng g Aer SO li3atRAEHVECe! {hslasdrdnhésfoqibeide gaoflbw one

di rection a§h shown b%/;?the arrows. I:)Igaddfl'e wheel 592 is pi vo{ggl | y connected

t o housitirgugiobowsing 652 whidhomats ioweHertS4orintumy cam 68§ ipeotated thspugh gear
~regul at ere&u@%og lgggn Wgn & 6%;& Pec 'erao § Qi xcoalﬁsgiler,]%ofég&'o i?%ligr?cidqgim housing
20 662toopena parallel flow path for the chase air. ' | |
- As an alternative to the impeller 654, a paddle wheel 664 may be used as
illustrated in Fig. 65. In such an embodirﬁent, paddle wheel 664 may be coupled to gear
reduction 656 in a manner sixhilalr to that-previously described.
Figs: 66A and 66B illustrate a flow integrator 666 that comprises a tubular
25 housing 668 having a parallel flow path 670. Coupled to housing 668 is a main flow path
672. An opening 674 places housing 668 and flow path 672 in fluid communication.
Disposed within housing 668 is a shuttle 676 having skirt seals 678 to provide a seal
between shuttle 676 and housing 668. A spring 680 is disposed between housing 668 and
shuttle 676, and an umbrella valve 682 with a bleed hole 684 extends through housing
30 668.
As shown in Fig. 66B, shuttle 676 prevents parallel gas flow through flow
path 670 when the user first begins to irihale. Shuttle 676 moves under force of spring
680, damped by bleed hole 684 (or alternatively by controlled leakage around shuttle -

676). Shuttle 676 moves faster when the pressure differential between the inlet side
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rotatable in only .one direction, paddl e wheel 592 al so serves as a check
val ve. 15 Figs. 55A and 55B illustrate a flow regul ator 594 conprising a
tubul ar housing 596 having pivotal flaps 598. Flaps 598 are configured to

cl ose when. experienci n? a_high.gas:flow.as illustrated in Fig. 55B to.
reduce (hYing BiGed APk @8 sudhe %géﬁﬁ@@%@g PRFETHERY 74 yplBCTRsEd Bk 1P &oful at or

conpri sgg. g yal X?edttt!ﬁiti: I\ SelC %kg L EXL P LA h as a
soft el ast oner ,e e.g.’, gug?rl iq(?g%% ru %g?é r%ﬁg%%léﬁ]{?t glblttﬁé%}l v%/}aﬁlgl gguﬁertai n
. rate whipk#a &1039 opemadefur ithegefakowiri A tebe roP 086 imay tdenr Brtdedno rSucdhuetieval ve i s

al so self- resetting, .requiring no mechani cal assistance. Such val ves have
an. ori f6if7éé° ﬁﬁ&osﬁé%ﬁ@é’%-’ﬂ#égﬁ@%m of air'through the valve in response to

an appl i ed vacuumpg;.apfl i|0RGateQ" W fite £k BDS OB YRL asubw&muaﬂg Bg2t he
orifice such that an increased vacuumpressure |evel ™25 results In

reduct i dimetoérves af & ceinflos patl Aorrkspotedn KP§heving epivtadrrakeamf§9%6w. One
f eat f h | is that .th be _relatively jpexpensive to
const 1 UG EReh R BPLERr CaRAIAIE K aipibos it AP el 60867 FRRRO R B s
Patent Ngg, 63, GRRgPROr 69 RIrGRIPbBbAsesdi viigddTU0 era@nothi GhRodgh NEbEIP

incorporated by reference. Figs. 56A and 56B illustrate one enbodi nent of
~such a fhousing égdthatsergses 2 paallel Bow peduicatie cheonpir.i $8eehlhasthmieri ¢ body

602 ,havi duckbi l.], .val ve 4 that, | udes an .arifice §06. In Fjg. 56A,
e 1970 B P it Rfsing e ehlineed 260 S SRuREA S8 B A [ oo

i ncr easas spritd [ved&P4g g Whsel TOCWRER s?ﬁn? hown Allgd dougled 26 RiHeel foos h t he

now. 32 O her exanples of such flow regulators are shown in Figs. 57-59. In

Fig. 5nrggerfi0dwhatelyta vithin a @O veald60f dealerrm 696al ve 610 with a top orifice
612. Fig. 58 illustrates a flaw. | ataor 614 havin uckbi Ll ,val ve 616
wth antorifice 61s0eRtanatingrt AP RS i S Rt TR ey 5

i || ust r ab@sesaviidedR00 agal beistint 620 Whatirélgasedd WhdH the ubercaéates SRAinMidw a
separate top orifice 624 and a side orifice 626. After the flowrate

t hr ddgh HReghapusiagi6fat brake aaw bR Pivas tadelsasedggren ¥ angrbrake padr®98i n ti ne
peri od, [ conf | _ ' jagr-eased. flow.rate. In
Phi o way' el IBY i R, TR BE 20 bR R b p8 it e o
ai r needwd, therebgrapeniddepaelllsw pathifbethdetpselding. For exanpl e, fol |l ow ng
regulation of the flowrate, the 10 device may be _configured to permit the
user to conf ort abl yht tiesheid valves, 8ow rggglatoss 2qd @ptipaally, Hom integeaosofi nhal e

through {06 ARYE Fray DEUFRGEY in 4 D5idt5 6F SRS S WilHih & alBsdiiZation
20  device. For eklample, Fig. 69 illustrates an aerosolization system 710 where the various
components are arranged in series. System 710 comprises, in series, an inlet 711, a
threshold valve 712, a flow regulator 714, a flow integrator 716 of the ﬂowih:oﬁgh type,
areceptacle 718 for holding a powdered medicament, and an outlet 720. The total
~ resistance of receptacle 718 may be configured to be less than or equal to the resistance of
25 the rest of the system until flow integrator 716 opens. Conveniently, the order of
threshold valve 712, flow regﬁlator 714 and flow integrator 716 (if a flow through type
Integrator) may be interchanged. Altematively, flow integrator 716 may be a flow-by |
type integrator that may be parallel to receptacie 718. Receptacle 718 may be last in the
series to p.reve'nt the drug from depositing on the other components. Conveniently,
30  threshold valve 712, flow regulator 714 and flow integrator 716 may be integrated into
one mecﬁanism.
| Fig. 70 illustrates an aerosolization system 722 that comprises an inlet 724,
a threshold valve 726, a flow regulator 728, a receptacle 730, a flow integrator 732 of the

flow-by type, and an outlet 734. Integrator 732 is arranged parallél to threshold valve 726
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their lungs at a confortable rate once an initial volunme of about 500nL has

been inhaled at the regulated flow rate. This assunes that after about

500nL of inhaled air, the drug has travel ed past the anatom cal dead

space. 15 To 1provi de such a feaguthg, various tiners, or w i.nt egrators may
1
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a pogy tegr%{eldm havi ng a thi ckness between 0.005 and 0. 020 i nches and

bl'y i

prefera aving a viscoelastic or other time-dependent behavior. Airflow
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f1ow thrgug récX}%’(‘ﬁclE|7QWathaﬁ%hﬁét0748539ithts?ﬂémiBGQmefoir@Jrcﬁ‘dhﬂcmdmwelvbased on
the flow vel oci assumng a | ow pressure drop. Integrator 630 noves

based orf4Dhedflossstageatd 74 2mapibe shangsdwSartheh SCARBTIEHIN AYRET AESIFARCS, |
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switch at .the en of travel open .a f |, fil 1 I | ow
resi st antidve 5% F|dow 6‘“2%‘?%{%7‘%@@ ﬁf.)fvuus}rte%%ttg ‘gﬁ)’farngvﬁ%?@é tms {ﬁ't \é&.{eype
flow i ntagrat Qtenb39s HhglbecRIREEE So that AbW iateghaorsT4lpdE3 hoarmitrictshut tl e 638

that is slfidable within housing 636. Convenient lé}; sk'k’r eal s 640 Erovi de
a sed bBowepikelvdush nepusssitertrestinid valve 4@ opeps sodhaktng ‘g%’efi‘?ﬁ’tr?tieri?és% uttle

chut t e SHEELY GroRER st botiap (BPEsE LREPRU 01 oged posi tion where t he
~main flow throughftdie72o8eR@iatdrieqiartitalireentuaiines dfrnaegsotimatapeni ng 646
im shuttle 638, and ~a parallel flow thrqugh a channel 648.is prevented by
shuttle @88ce THlthet iaceparaiesabreshaldowits. ASWEY FFEUBYS A %@%‘Mﬁ%@pﬂ{%- the
oL D A TS e A Aottt i
20 by a shaft 756 and a pivotable mouthpiece 758. As best shown in Fig. 73, door 754 may
be opened to peﬁnit a receptacle 760 (shown already opened) to be inserted into device
75.0'. Device 750 further includes a an extraction tube 762 that is in commination with
-mouthpiece 758 to permit the drug that is extracted from receptacle 760 to pass into
mouthpiece 758. A deagglo'mcratorv764 is provided in mouthpiece 758 to deaggiomerate
25  any agglomerated powder the is extracted from receptacle 760. Conveniently,
deagglomerator 764 also serves as a shaft about which mouthpiece 758 pivots. Coupled
to extraction tube 762 is a cutter 766 that pierces receptacle 760 when door 754 is closed
S0 thét the drug may be extracted.
" ‘Incorporatéd into door 754 is a threshold valve 768 that comprises a
30 membrane 776 having an opeﬁing 772. A valve member 774 having a ball 776 that is
movable through opening 772 once a threshold vacuum that is produced by the user is
met or exceeded. In operation, a user inhales from mouthpiece 758 which creates a

vacuum in tube 762 and in a passage 778 that is in communication with a right hand side

of membrane 770. Once the threshold vacuum pressure is met or exceeded, ball 776 is
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10 flow velocity. As shown in Fig. 62B, shuttle 638 noves past channel 648
af.ter a certain anount of tine to permt increased flow through housing
636. . Fig. 63 illustrates a flow integrator 650 that conprises a tubular
housi ng 652 through which the main gas flow through the aerosolization

devi ce palsd drough epredRs’ 7 Aot AFFRIILE AT BHSntPrdnt? ogind) 180rofeear tht i s
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- flow i ntegrator . conprises a tubular 25 housing 668 having a
par al | etorfttadsthpatroub7Zer vatouml requitotolrdessiopgnipg 8vithsbadl Hifi. nH¢ricew et low672. An

ing 674 pl housi 6 d. fl th 672 in flui i catd on.
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with a bdcepdcladhe asprevenusbndisctibed ubs Aowsiatyh@ufizgent assistaesirsuch tltg. 668,

shuttle 67 revents parall.el. gas ow_t hr ouah, 1 ow h_ 67 t he user
First bt BeP o irmioaie S edls feiobeninae i s ik m el
danped BysPhg&GalOTER, 684if Abwak befmiatd uebigtbiwCpatiileiflondpathakage around
shuttle 676). Shuttle 676 noves faster when the 709ressure, differenti al

bet Ween the inl et Deivite 758 furthed ingludtseeBowdniesstrr) 799 kel pereit 8i t1cEeased de
(havi ng ening 674) is increased dque to_the m Ccr € user.
Wen s hlﬁlt%te‘i ‘é‘?%‘g‘ée raé)ﬁffﬁl@sa’?% 8E§m§?“af PS¢ cﬁ 5?/313?/&%#% rr%f gé'ﬁgc\)/vrg%yaﬂﬁ 670 is
opened figdir kihes A3 SIRe AbW -hadbé@bRbulaed 688 speryfiddtame DElows Bledrator 8388t 'shuttle
676 to the position shown.in Fig. 66B. 5 Fig._ 67 illustrates a flow -
i nt egr atcompess acwioh idisphtpem 7ebuper Whishsi pgolsd# resthabrael (Péds iased tai n 1 ow
Path- A BLAKS SYRNGT S5t R4, " isRla Liblen R dbFacl PP R%isengaged from
20  spool 794, spool 794 rotates until an opening (not shown) in spool 794 becomes aligned
" with an opening 798 (see Fig. 76) in tube 762. At this point, ambient air is able to flow
through a parallel flow path and into tube 762 to permit the user to comfortably fill their
lungs with air.

Diaphragm 792 is configured to lower to release .spool 794 due to the -

18]
W

vacuum created in flow path 788 as the user inhales from mouthpiece 758 as previously
described. The rate of spool ro'tatim;l (and hence the time required to open the parallel
flow path) is determined by a damping reservoir 800 which contains 2 damping grease. A
fixed member 802 ﬁts- within reservoir 800 to regulate the rate of spool rotation as
member 802 fﬂctionally engages the damping grease. Although not shown, device 750
30 may include a reset lever to reset spool 794 after use.

Figs. 79-83 illustrate another embodiment of an aerosolization device 850
that comprises a lower housing 852, an upper housing 854 and a rotatable mouthpiece
856. As best shown in Fig. 80, lower housing 852 may be separated from ubper housing

854 to permit a drug containing receptacie 858 to be inserted into device 850. A lower
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extends into housing 692. Coupled to brake arm 696 is a brake pad 698 as
al:so shown in Fig. 68. Integrator 690 further conprises a wheel 700 that
meves through a tubular housing 702 that serves as a parallel flow path

for the chase aif. VWeel. 7 as a hole 10 703 | | ing 702
when wﬁ%‘éﬁm%ﬁ’é&l éb NS péo?f}@%?cf pﬁldt tg‘ﬁ éﬁa&?ﬁ O-Jf%P Légeggirg%g%lg{%bgl{b:u 5% ??\%%aded
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flowintegrator 716 opens. Conveniently, the order of. t shol d val ve 712,
f1 ow r edpeaughdrber8o) wheretheaePrRlZsH Sy e’??é&‘ﬂ“&’é“%‘@bﬁ%%ﬁgh type

i ntegrator) may b@{l!:p{h%rcﬁng?g?geexﬂctr onadd ¥isd Hlowldraw thAhRARURE 8546 may be

a flowby .type integrator at may be parallel to receptacle 718.
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pressure differentQomplededweam 89hbelatch 866 is a bypass spreader 894 that is engaged
with a stop 896. Spreader 894 is coupled to a spring 897 and is also slidable within a |
bypass duckbill valve 898. As the user continues to inhale through mouthpiece 856, cam
893 of latch 866 moves spreader 894 away from stop 896. This causes spring 897 to
expand as shown in Fig. 82 to compress a bellows 900 and to spread valve 898 which is
25  normally closed. In this way, after a certain period of time, valve 898 is opened to provide
another flow path so that more'ambienf air may flow through device 850 through hole
890. In this manner, the user is permitted to comfortably fill their lungs after the initial
drug delivery. The rate of compression of bellows 900 is controlled by filling bellows
900 with a known volume of air énd by providing a small orifice in bellows 900. In this
30  way, the fate of compréssion is controlled by the time req_ﬁired to force the air out through
the orifice once spreader 894 is released from stop 896.
Figs. 84-87 illustrate another embodiment of an aerosolization device 910

that comprises a lower housing 912, a middle housing 914, an uppe:i' housing 916 and a

mouthpiece 918. Lower housing 912 is movable relative to middle housing 914 to permit |
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and outlet 734. Conveniently, threshold valve 726 and flow regul ator 728

may be 5 integrated. Fig. 71 illustrates an aerosolization system 736 t hat
~conprises an inlet 738, a threshold. valve 740, a flow integrator 742 of
the flow through type, a flow regulator 744, a receptacle 746 and an

outlet 74 é@n&ﬂnﬁﬁg%@épt%c?f@zd {bebeoihgaﬁrfedoés fbsesbeldevaly ecc)ué‘ig’d gnd 7low

integrator 7.42 may be ‘changed. Further, the maxi nuri sysfem resistance 10

may be mesthpi¢rsrP 18ris edquied 9220thehie coefgigtdiic pieode reegeptiag2Etobtbvideaect t he
flow th o%?ta type of integrator provides a nore accurate vol ume
- measure dY%ice it operates as a result of the flowrate through it.
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door 75 I IV, | 1.\ ) usi,ng 752 by a shaft. 756 and a
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device 750. Device 750 further includes a an extraction tube 762 that is
in commit$rEPtasH 0 Fhronghfubsidde ang 9ut mauthnisse 18 hén s dejngithe dieg isxt r act ed
fromre : [t O j 758. A deaggl onerator 764 is
provi de%ﬁf}%&%ﬁpﬁg}@g%&?ggﬁShggesasélgpgéﬁ%{rﬂbg{hgggg' any aggl onerated powder the

is extracted fromDediepdat scfuthiét. configued ©rtdylate tieAGE rABRE alrqhrot8d al so
serv es as. a Egaft about whi ch nout hpi ece 75.8 pivats.. Coupled to

ext r act idgKIcE JhHE agpbAlE 930 isipulled thrgech membsens ¥ds Thisspceemplisted inper door
754 ks ¢),qged ; 1 peoE pPQLat ed i nto door
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rechum Bk dnis RyssaRe 108 ddetyl s peumULE SN (D 2
or exceedwsds thpievetzbr flew rough this flow path. As a result, air may only flow through
20 receptacle 920 and tube 922 which, because of their limited size, regulates thle flow rate to
within a specified rate to permit the aerosolized drug to reach the user’s lungs.

Aftera spéciﬁed amount of time, device 910 is configured to permit an
increased flow of air through device 910 so that the user may .comfortably fill their lungs
with air. This is accomplished by use of a piston 940 that is coupled to upper housing

25 . 916 by a pair of rolling seals 942 and 944. Piston 940 further includes a hole 946 that

- moves between seals 942 and 944 after a certain amount of time. When reaching this
position, the ambient air flowing through opening 932 also through hole 946, through
hole 936 and out mouthpiece 918. In this way, an additional flow path is provided to
permit the user to comfortably fill their lungs after initial delivery of the drug.
30 ' _ PiSton 940 moves due to a pressure differential between a region 950

above piston 940 and a region 952 below piston 940. This pressure differential is
produced by a vacuum that is created in regién 950 when the user begins to inhale due to

a bleed hole 954 that is in communication with region 950. The size of bleed hole 954 is
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pul l ed through opening 772 to permt outside air to enter into a region.
780 of door 754 through a vent (not shown). In this way, all flows through
receptacle 760 to extract the powdered drug where it is delivered to

nout hpi ece 758. Conveniently, device 750 further. _includes a cam 782 that
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housng &adutApidcd 1660 AlaahiCo IS R08GRat must be covered by the user's lips in order to
| produce the required vacuum. As another alternative, mouthpiece 1000 may include bite
landmarks 1010 for the user's front teeth. Similar bite marks may be provided for the
user's bottom teeth. |
_ Fig. 89 illustrates another embodiment of a mouthpiece 1012 comprising a
25  tubular member 1014 having a distal end 1016 that is slidable over a tubular extension
1018 that in turn is coupled to an aerosolization device. In this way, the user may adjust
the distance between a proximal end 1020 of tubular member 1014 relative to the
aerosolization cllevice.- According to one embodiment, the device is primed for actuation
when tubular extension 1018 is in the patient’s mouth and the patient applies a force
30  against extension 1018 pushing extension 1018 forward in a direction towards the device,
thus priming the device for actuation. Also, tubular member 1014 includes a tongue
depressor 1022 that depresses the user's tongue during inhalation to facilitate passage of

the aerosolized powder past the user's tongue and into the lungs.
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856. As best shown in Fig. 80, |lower housing 852 may be separated from
upper housing 854 to permt a drug containing receptacle 858 to be
inserted into device 850. A lower 37 housing catch 855 is provided to limt
the travel of housing 852 relative to upper housing 854. Coupled to

nout hpi ece 856 i's a trUP@eBBO0: HaVhB@oas SHHhE irp?%gm;i%g@zfﬂ&%%ﬁge E?eooxglg}gfo}hs
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| ower housihegicBbe 2zenStiFdthieveans H&'i&reﬁtr:éﬁr'l;t. flﬁ?\/z%c%é,' thi »Ls.:]&]arﬁw Wi@%g\‘l@ﬁ%%ﬂoor

device 850. In this way, when a user inhale rom nout hpi ece a vacuum
is creat edPinthe ppeicgBO 2gent, tha sevesity pAthe cabdiiennembthanesiBatheMbentid dfgectiser

creates a ficient. vacuum .bal |l 868 i.s. pul |l ed through openi ng 864 in
nenbr ane Ségc%g&ﬁégﬁptréfegﬁ mpediment £ af“l“BWs{)eﬁ‘r“&P@Hle‘?md %Bgt‘f’ﬁsnough
openi ng 86gulnidnapudplivesCie RashBy BRRtiad Goritive REGMY It Wikt BEQe S Eint e

aerosol i zed fciru exits through nmout hpi ece 856. Once the drug has been
14

aerosol i zeff 90 lomesiey.ae A 09 meddryhprederrly (BBOmigkdayrte§Qimag/daly.t o be | ess

th : t ai te i . f l.ast i ¢.duckbil|l I
157892, Nor e spect {1 earEyt b he e Rk S B TR0t gVeRtieR FicbifEpat s,

i .e. tHroudly pewdees &fibarticles Ruspergledre @eRbRed ¥iBS8a prspelISRdThEgolvhowgr ate i's

bel ow t he queci fied anmount. As the air flow rate- increases, valve 892
begi ns to qrERHAtoRs B departiglersizerssiected SQppgnit Rersitgkion iHp she alveplpaf the The

only avail ghl, i.L:.path. i en t hrough receptacle 858 i rovi de '
sufficient ﬁiri)iég’i gﬁaglﬁbggﬁéét?ﬁﬁn&f %aﬁ’el(f’rug\ﬁ’?% r%eodléaé} ?‘&V‘r‘f%’gp@f’:ﬁg@ﬁ%@%i&sf 0 a
cam 893 of Haat7chB68nd Si0d fI¥RATTy BRE 8RS R | BeiBD ' op
896. Spreader 8954ugli S coaplpgd to bzli s’pr%i%ﬁg %€7ﬁ£‘%ﬁ%gygfx§89§?ﬁ§gg¥\é€8€\9? I'n a
bypass duckbi hin inaliareet88Thefamirted dose(ERufithesd g widers 8309, LbEAGM 0%,

nout hpj ece 8 cam 893 of |atch 866 noves spreader 894 away from stop

6,
896. Th s B%LREAYSHPYIRpdeafien3xp0% apdithg assosshpatticiersizei djstribetiomiscabopt E8s a
bel | ows 90 tQ spread val ve 898 which is normally closed, In thjs
way, after 98 cer ag? ﬁgglealr’iagrcf)adgf‘a‘?fcr@?ms%f Méﬁ‘?uﬁl}%kéd %%“&W and
anot her fl gaffratih 1SP-4.0 VPVIA [P &Rt AL i BBY 4h L oW 1 5 i 0
-t hrough hoﬁﬂg 890. In tﬁlltrg nannep?hfsﬁgrﬁggvg?tg “%g§¥’%{a§§3&?é§“%§‘#§‘§£%ﬁ°y‘
fill theirl0%riysweightensuably belve atadut S8 big welizdht,\agitl yore fEFndly belewaiboGOIRIMRSSi ONn

o o3| SR Bl bl Mo BSEHEAE WSSt Sl WS o
20 which are incorporated by reference herein. '
The rgceptacles_ of the invention may conveniently be configured to have a
-penetrable access lid that is penetrated by one or more pointed structures when the
aerosolization device is operated. Examples of such receptacles are described in U.S. |
Patent Nos. 5 ;140,754 and 5,785,049, the complete disclosures of which are herein
25  incorporated by referenée. :
~ The invention may utilize various deagglomeration mechanisms to
deagglomerate the pharmaceutical formulation once it is extracted from the receptacle. |
For example, the flow path for the gases may experience one or more changes in direction
to cause the pharmaceutical formulation to engage the walls of the flow path to
30  deagglomerate the formulation. The flow path may also include various contractions or
restrictions that may cause the pharmaceutical formulation to engage the walls of the flow
path to deagglomerate the formulation. As another example, the flow path may include

one or more obtrusions or obstacles that serve to engage the pharmaceutical formulation
41 '



30 way, the rate of conpression is controlled by the time required to force
the air out through the orifice once spreader 894 is rel eased from stop
8961 Figs. 84-87 illustrate anot her enbodi ment of an aerosolization device
910 that conprises a |ower housing 912, a m ddl e housing 914, an upper
housi ng 916 and a nouthpiece 918. Lower housing 912 is novable relative to

mi-ddl e haukipages tyorgh ferfiaw paB. LeRoIfNE ¥t BTG §Rbimsal dhogigmetsr 9é
i nserted,as;. ' s i3 4L BRinece 918 is a tube
922 that“?E*%%%@?%&?%ﬁﬂngﬁgggég ggggggéﬁgtgggwto p?%&fde access to the
drug. M ddl e housi rngheShdentivel Had @@ vaberardesaited 32 4ethd Tonpumposopdiargy 826. A 5
val ve nenber 928 having a bhall 930 is.poaitioned w%thin I mer.?ousing 912
and f unctpesrstandiaga Hoveendt will be serregaieddbrt e rHRchan et rand FPHCH A0S um i s
created . i nitial j j A drug. I n operation, the
user ?nh?t%/aé}s&ﬁrg?tn%ﬁgut %&:ﬂéc&g#ﬁhi g%%eggd&l%buum W thin tube 922 and-
in the space above -nenbrane 924. Wen a sufficient vacuum has been
produced, ball 930 is pulled through opening 926 to permt anbient air 10
to flowinto | ower housing 912 through a hole 932, through openin2 926,
through receptacle 920, through tube 922 and out nout hpiece 918. In so
doing, the drug is extracted fromreceptacle 920 and is supplied to the
user. Device 910 is further configured to regulate the flowrate of air
~ through device 910 after ball 930 is pulled through nenbrane 924. This is
acconplished in part 15 by the use of an el astoneric duckbill valve 934 in
upper housing 916. As the user continues to inhale, anbient air entering
t hrough hol e 932 al so passes through opening 926 and then through val ve
"934° . The air then travels through an opening 936, an opening 938 a nd
out nout hpi ece 918. However, if the flow rate becones too great, valve 934
closes to prevent air flow through this flow path. As a result, air nmay
only flow through 20 receptacle 920 and tube 922 which, because of their
limted size, regulates the flowrate to wthin a specified rate to permt
the aerosolized drug to reach the user's lungs. After a specified anmount of
time, device 910 is configured to permt an increased flow of air through
device 910 so that the user may confortably fill their lungs wth air.
This is acconplished by use of a piston 940 that is coupled to upper
housing 25 916 by a pair of rolling seals 942 and 944. Piston 940 further
includes a hole 946 that noves between seals 942 and 944 after a certain
anount of tinme. Wen reaching this
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position, the anbient air flow ng through opening 932 also through hol e
946, through hole 936 and out nouthpiece 918. In this way, an addiQYDoMEE
flow path is provided to permt the user to confortably fill their |ungs
after initial delivery of the drug. 30 Piston 940 noves due to a pressure
di-fferenti al between a region 950 above piston 940 and a region 952 bel ow
pi-ston 940. This pressure differential is produced by a vacuumthat is
created incramm@n 950 when the user begins to inhale due to a bleed hole
954 that is tn comunication with region 950. The. size of bleed hole 954
is 39 configuregd to I ] 4 £ hin.. 1 , and
therefore the r g’t e o%%%éﬁéaﬁoggg%)sgl%ﬁ a g%?g%%hlggbgh%uég%gﬁlg%é

t echni ques _nmay.be used to ensure that the user properly positions their
mout h over“FWéWWﬁnhpiece during use of the aerosolization devices of the 5
invention.' For exanple, a |lip guard may. be included on the nouthpiece to
pernit the userPlaging g valie wikhin an pirpay leapling e therlnes to preyieat gspIREory 238d5e r
exanpl e, the nout hpiece may include bite or other |andmarks.

Al t er nat i vEbmp floriag to thedurgshwhengiseraitepwtpiodnhale and thenrabruptlysrmittingie
nout hpi ece.' These hol es nust be covered by the lips in order to create a
suf f i ci ent regpicatory gasesap dlost © thtunge by openidstha vhlvetwien actheasipdld actubting

nout hpi ece nmay have 10 a circular-to-elliptical profile. The elliptical

portion nMugicubm &ﬁy&lrt%dth@mtéxhﬁteﬂ #Haition $s exvReted, Whereind@e tHredhol solatingi ent
vacuumto be created. Optionally, a tongue depressor nmay also be used to

d th y i i .hpi . Ref i
CoPE e o tadiRflishy b (UM DG 110 HEBRAACITOIRRCCE. TP Shr!ng now
Mout hpi 1000 i t ubul 1002, havi ng. i stal. d 1004
15ut hglt e;:g conf P%ﬁgg}r‘fltfog’;lsBgreéﬁlﬁg?&zga%qg%té%cgg?8?&1\#5?\%6%1g)l \Sllu%élogzrdmén open

proxi mal end 1006. Distal end 1004 has circul ar .¢cross sectjional profile,
whi | e B ox? FReEP@HS a@é@s&ﬁa%the&%em%ww fogmplagion @dihin th VR RArY
profile. -:1n. this way, the user nust place their nouth over nouthpiece

1000 unti | gasesta form@e aceseh the circular portion in order to create the
vacuum needed to operate the aerosolization device. Another nouth position
devi ce on 20 nout hpi ece 1000 is a pair of holes 1008 that nust be covered
by the user's lips in order to produce the required vacuum As anot her

al ternative, noathpi acgeth0@@s PilainT hhgRibiht Pernhitivd Alokst rddpiidtorppasehe
user's front teeth. Simlar bite marks may be provided for the wuser's

Dot tom ¢ ecidihe Tirtks iffmibd 94 £ i 1AL ik RRGHIGRN Of a mout hpi ece 1012

conprisin

15
3. A method as in claim 2 wherein the certain rate is about 15 L/min.
4, A method as in claim 2 wherein the certain rate is about 8 L/min.
20 5. A method as in claim 2 wherein the certain rate is sufficient to permit an

inhaled volume that is in the range from about 125 mL to about 1.25 L.

43



25 tubul ar menber 1014 having a distal end 1016 that is slidable over a
tubul ar extension 1018 that in turn is coupled to an aerosoli zaEi

device. In this way, the user may adjust the distance between a @Q&Y"lﬁ%
end 1020 of tubular menber 1014 relative to the aerosolization device.
According to one enbodi nent, the device is prinmed for actuation when
tubul ar extension 1018 is in the patient's nouth and the patient applies a

force 30 against extgnsi oR p&h&d ARG zeevh&@&ltﬁ@ﬂéwﬁnm@%%mn@es
direction towards the device, thus primng the device for actuation. Al so,

tubul ar 0 t he
user's tong;% %{dcfgﬁigeédﬁag %%gt%fl gﬁééggﬁgggg}ﬁﬁl {%agé%gg%%dgtéé Prpﬁgtuggrqgggjglggl i zed
powder pas ser' tongue and into the lungs. 40 The devi ces and

met hods of ¢ Hé aé%"é‘r{?t i nvention may be used with both liquid or powdered
phar maceuti cal fornulations. The anmpbunt of active agent in the fornulation
w Il be that anmount necessary to deliver a therapeutically effective anount
of the active agent to achieve the desired result. In practice, this wll
vary widely depéndi nd Bethpdas intpdaipe? Whell@llhtﬂwélgé’rilmltmﬁéte@&%mﬂﬁf}s of the
condition, and the desired therapeutic effect. According to a preferred
enbodi ment régalatiag tensiat efithagirpaydediag td therdudgat i ons, pul monary delivery is
generally practical for active agents that nust be delivered in doses of
fromO..001 ng/day, to 100 ng/day, preferably 0.01 ng/day to 50 ng/day.
Powdered fornul ations suitable! for use in the pr esent invention include
10 dry powders gnd parhibeds SUARRPTAHRE cHhoaghy REuMihB IR BadhiiaRe! | ant .
The powdered fornula |ons ave a par ecte permt
penetration. _into.the al v | preferabl S than
70 m mass ABURLHIL aa?RBP% Ryl tthB‘r‘éld %?‘w?‘ugétaneh%m?n%lgﬁ]u B
preferably less than .5 m and usually being in the range of 0.1 .m to 5
gmin & anbalkin mwelrémthq%nmﬂ(@ﬂ»W&tefm%aéespomers is >30% usually
>40% 15 preferably >50% and often >60% and the aerosol particle size
distribution is about 1.0 - 5.0 pm mass nedi an aerodynam c di aneter (MVAD),
usually 1..5 - 4.5 pm MMAD and preferably 1.5 - 4.0 m MMAD. These dry
powder s have a, 9noi stAumethodas andlaine? fwtheb carhprisifiy/edgulatiag gietsizeustubd | y bel ow
about 5% by wei ght; and preferably bel ow about 3% by weight. Such powders
are descri bggay fb YENAS! 26 Be gMte? Bad AL ortatFhtd MDD A/pkAdd 8f EReMas ch are

i ncorporated by reference herein. The receptacles of the invention may
conveni ent by be configured to have a penetrable access lid that is
penetrated by One or nore pointed structures when the

15
10. A method as in claim 7 wherein the size of the airway is regulated by an
elastomeric membrane having an opening, the size of the opening varying with the flow
rate.
20 11. A method as in claim 10 wherein the elastomeric membrane is an

elastomeric duckbill valve.

12. A method as in claim 2 further comprising providing another airway to

permit a flow rate greater than the certain rate after a period of time has lapsed.
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aerosolization device is operated. Exanples of such receptacles aiﬁbYDvwsg
described in U S. Patent Nos. 5,740,754 and 5, 785,049, the conpl ete

di-scl osures of which are herein 25 incorporated by reference. The invention
may utilize various deaggl oneration nechanisns to deagglonerate the
pharmaceutical fornulation once it is extracted fromthe receptacle. For
exanple, the flow path for the gases nmay experience one or nore changes in

direction to cpyse AhRetRbRASRCEHI LRherbR Y baliA% hOwWRTAIRaloheeRd | S Of
the flow path to 30 deaggl onerate the fornulation. The flow path may al so

i nclude vas t {oNns_ Ora Gl 0N :
phar mceut ooy FrBS RO @ KrainariSRAY rah W Rulithye BY 5 FAAS it of
deaggl omerate the formul ation. As anot her exanple, the flow path may
include of®%or nore obtrusions or obstacles that serve to engage t he
pharmaceutical fornulation 41 as it passes through the flow path. According
to a preferred enbodi nent, the dianeter of the deaggl oneration nechani sm
is greater than that of the flow path. The invention has now been descri bed
in detall for pl#-posédsnehodasimdaimof3 wherdiartbe egrthimperiadonfgineg is from abdut be
appreci ated that certain changes and nodifications 5 may be practiced

w t hi n t he0Sceqamdoto dboat Sppmnded cl ai ns. 42 LLOYD WSE CLAIMS: 1. A nethod
for aerosolizing a pharmaceutical fornulation, the method conprising:
placing a valve within an airway |l eading to the lungs to prevent
respiratory gases 5 fromflowing to the lungs when user attenpts to

inhal e, and theys abrﬂ%%tﬁo@\?;\%fﬁiéléihﬁﬁwh&%gﬁhé JhIQE ¥orﬂ§1§§:§ ahQckLGght 0 the

| ungs by opening the valve en a thresh actuat vacuum caused by the

attenpted inhalation is exceede rein the, t shol tuati.ng vacuum
o e r g i AP b o B Ot D B e b8, e 1 ow
of respiratory gases .to extract a, pharmaceutical formulation from 10 a
recept Ht1 eORERNG When the ghresholgpetpatingsgevwnts Bredvesiati on within the flow of
respiratory gases to forman aerosol. 2. A nmethod as in claim1 wherein
the permtted flow of respiratory gases to the lungs is limted to a rate
that is less than a certain rate.

16. A method as in claim 15 wherein the occlusion member comprises an

elastomeric membrane, and wherein the pull through member comprises a ball.

15 17. A method as in claim 1 wherein the pharmaceutical formulation
comprises a powdered medicament, and further comprising using the flow of respiratory

gases to deagglomerate the extracted powder.

18. A method as in claim 1 wherein the receptacle comprises a receptacle
20  body having a chamber which holds the pharmaceutical formulation, and further

comprising placing the receptacle in a position in communication with the airway.

19. A method as in claim 1 wherein the threshold actuating vacuum is in a

range from about 40 cm H;0 to about 60 cm H,0.
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15 3. A nmethod as in claim2 wherein the certain rate is about 15 hém n.
4. A nmethod as in claim2 wherein the certain rate is about 8 L/ mHHOYDWISE
A-method as in claim2 wherein the certain rate is sufficient to permt an
i nhal ed volunme that is in the range fromabout 125 nL to about 1.25 L. 43
LELOYD WSE 6. A nmethod as in claim2 wherein the flowlimting step
conpri ses providing feedback when an excessive flowrate is produced to

permt a user teyadj 4Shethbd'& i iR Fhérefh thél&lve orhpridts TRifiatle AfenitRr €l @i m 2
wherein the flowlimting step conprises regulating the size of the airway

| eadi ng to_the | ungs, [ ' ISl
regul ati ngm{(ﬂvé’hesrfg’ll? gﬁ%Pégaﬁg‘e IH%%P%&\%S tf%ngll g‘%%t%“g’feﬂ{"%@?é tggﬁ?&b ?1 g@g}es

di sposed within t aper.ed .openi ng. such that the 10 ball in drawn into the
openi ng aspcfsl‘?é’“f‘f%‘?ﬂ tgﬁflge?hr?@f%%ag’é‘.g vgeuum frexgecdeds in claim 7 further
conprising regulating the size of the airway to permt a flow rate greater
than the certain rate after a period of tinme has |apsed. 15 10. A nethod
as in claim7 wherein the size of the airway is regulated by an

el ast oneri ¢ nendl.aneAnhaethodasin adgieni whereirntbe pharmagéuticabfommulatiagis var yi ng
with the flow rate. 20 11. A nethod as in claim10 wherein the elastoneric
menbr ane i extattedelonmiseeai bfthdwaldei | | val ve. 12. A nethod as in claim?2
further conprising providing another airway to permt a flow rate greater
than the certain rate after a period of tinme has |apsed. 44 LLOYD WSE 13.
A nmethod as in claim2 wherein the permtted flow of respiratory gases to
the lungs is lightedt L . Al or a
certain period g?' tﬁn@?lﬁg&?f%dkhﬁ%tteho%nga?ﬁrlalaglf}g}apnﬁ{%ﬁ\rﬁhg}rl’gpﬁﬂ% e()hcertai n

period of tine.i.s from about
comprising:

10 providing an inhalation device comprising a housing having a first opening to
ambient air, a second opening to ambient air, a valve between said openings, and a
mouthpiece at one of said openings;

preventing respiratory gases from flowing to the lungs when a user attempts to
inhale through said mouthpiece;

15 permitting a first predetermined volume of respiratory gases to flow to the lungs,
said first volume being sufficient to transport substantially all of a unit dose of a
pharmaceutical formulation contained within the inhalation device out of the device and
into the respiratory tract of a patient; and

permitting a second volume of respiratory gases to flow to the lungs.
20
23. A method as in claim 22 wherein the flow of respiratory gases is
permitted by opening said valve when a threshold actuating vacuum by the attempted

inhalation is exceeded.
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0.5 seconds to about 5 seconds. 15. A method as in claim1l wherein [hpwse
val ve conpri ses an occlusion nenber having an opening, and a pull t%rough
menber that is pulled through the 10 opening when the threshold actuating
vacuum is produced. 16. A nethod as in claim15 wherein the occlusion
menber conprises an elastoneric nenbrane, and wherein the pull through
menber conprises a ball. 15 17. A nmethod as in claim|l wherein the

phar maceutical $or wl«]?rpaﬁedasq& CRirh 98 SviRrdiR W& &rﬁésms&mgtm@nﬂ if fgrhher

conpri sing using the ow of respliratory gases to deaggl onerate the
extracted po . o A d pn claiml wherein the receptacle
conpri ses O\rﬁggéﬁ{nﬁ%oeto aggﬁtrt@acﬁﬁlég‘i ng a chamber which holds the
pharmaceutical fornulation, and further conprising placing the receptacle
in a position in comunication with the airway. 19. A nmethod as in claim1l
wherein the threshold actuating vacuumis in a range from about 40 cm H20
to about 60 cm B20. Agnethgyves iwakEm Zwhereinessaidohreshold acptingryacuwmdp ei n t he
val ve conprises a bistable nmenber and wherein the bistable nenber noves
froma §ir gteatet tlahabputsiOtanobl,0.0 a second stable position when the
threshol d actuati ng vacuumis exceeded. 5 21. A nethod as in claiml
wherein the pharmaceutical fornulation is extracted downstream of the
valve. 22. A nethod for adm nistering a pharmaceutical formnulation, the
met hod conprishfg: AO0mpheY héli\Gaian] WhakRl saRifideNease SRR VSlupg ok housi ng
having a first opening to anbient air, a second opening to anbient air, a
val ve bet W?e%gir 8};}}1 aggseigiiygl%,r dfr 1§?H{Lhi?)i leff at one of said openings;
preventing Tespl a%ory gases omflowng to %’e | ungs when a user attenpts
to inhale through said nouthpiece; 15 permtting a first predeterm ned
vol une of respiratory gases to flowto the lungs, said first volune being
sufficient to transport substanti all¥ all of a unit dose of a
phar mat@ut i cal £6r mulAmeshpdasin slais 42 fprther sompesing reguiatingihe/Boveé out of
the device and into the respiratory tract of a patient; and

respiratory gases at a first flow rate until said first predetermined volume of respiratory

gases flows through said device.

28. A method as in claim 27 wherein the first flow rate is less than 15 L/min.
15
29. A method as in claim 27 further comprising regulating the flow of said

second volume of respiratory gases at a second flow rate.

30. A method as in claim 22 wherein the valve comprises a bistable member
20  and wherein the bistable member moves from a first stable position to a second stable

position when a threshold actuating vacuum is exceeded.

31. A method as in claim 22 wherein the pharmaceutical formulation is

downstream of the valve.
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permtting a second volume of respiratory gases to flowto the lunQEOYD%’SE
23. A nmethod as in claim?22 wherein the flow of respiratory gases i
permtted by opening said valve when a threshold actuating vacuum by the
attenpted inhalation is exceeded. 46 LLOYD WSE 24. A nethodas in claim
23 wherein said threshold actuating vacuumis from about 20 cm H20O to about
60 cm H20 25. A nethod as in claim23 wherein said threshold actuating

vacuumis 5 greater AhharsaRAkbn 48vieNcbRPridfg: A method as in claim 22
wherein said first predeterm ned volune of respiratory gases is in the

range from 125 ?Q?ésﬁfbgl?ﬁg’"#% arf%n%zz, A method as in claim22 further

conprising regu oW 0 respiratory gases at a first flowrate
until said first predeterm ned volu of respirator ases flows through
sai d device. 284 HNHBERREIALST AR Fy SRPlGRIFETHATHENTRTE X | ow rate |

|l ess than 15 L/mn. 15 29. A nethod as in claim27 further conprising
regul at i ngPhasmaequbigaldprmulaton todbeAwoy|alde of respiratory gases at a second
flowrate. 30. A nethod as in claim22 wherein the valve conprises a

bi st abl® nenber a vaiye tnprewérd respiratone gésies fratnl fowipgitleroughothestirfwaymntl 4 r st
stable position to a second stable position when a threshold actuating

vacuum i s eaxesheldestualihg vAcuum Basicaded bt whish fimahesive bperishe ppdadit maceut i cal
formulation is downstream of the valve. 47 LLOYD WSE 32. An

aer osol i Za}ésﬁi@ateﬁrv%'a@@s toGRWPHHrSughGhe ArWHSAdS ABhéthd Bhaadduiiédly; a coupling
mechani sm adapt e 0 couple a receptacle containing a pharnmaceuti cal

f | ati ] ' ; S i : f
ormut atl Oﬂ)rfnglhe{tl{aﬁ é’ﬁfglﬁ p%gce%%hﬁog’oﬁfﬁhﬁ ferb&l Wh%i’e%'i'{hertﬁﬁgﬁcﬁ&%&ﬁé(m%ases rom

flowi ng throu

vacuum of the valve is in a range from about 20 cm H;0 to about 50 cm H,0..
10
33. A device as in claim 32 further comprising a regulation system to

regulate the flow of respiratory gases through the airway.

34. A device as in claim 33 wherein the regulation system is configured to

15  limit the flow to a rate that is less than about 15 L/min.

35. A method as in claim 34 further comprising a flow integrator that is
configured to open another airway in the housing after a certain period of time or a
certain inhaled volume.
20
36. A method as in claim 34 wherein the regulation system limits the flow to
a rate that is less than about 15 L/min for a certain period of time or for a certain inhaled

volume.

48



t hreshol d actuati ng vacuumis exceeded at which tine the val ve opens to
permt respiratory gases to flow through the airway and to extract LLOKE WISE
pharmaceutical forrmulation fromthe receptacle to forman aerosol wherein
the threshold actuating vacuumof the valve is in a range from about 20 cm
H20O to about 60 cm 1420 10 33. A device as in claim32 further conprising a
regul ation systemto regulate the flow of respiratory gases through the

ai rway. 34. A d@?f' CeA%vice agh@aain%?;z Wheresii ﬂmetré@utﬁﬂtgly%m%mﬁ&@m i's
conflguredto limt the flowto a rate tha | éss t han about 15

L/min. 35 ¢4 ﬁmgh lsxmo ﬁl Ride ﬁf‘or&%{{l&bf‘e'iat&d){mhé ?4]9&30&'0?}0? rggpw

that is con igure al rwa ousi ng a taln
period of tinme or a certaln i nhal ed volune. 20 36. A nethod as in cIa|m34
wherein t h8F¥gul ation systemlinits the flowto a rate that is |ess than
about 15 L/mn for a certain period of tine or for a certain inhaled
volunme. 48 LLOYD WSE 37. A device as in claim33 wherein the regul ation
system conpri ses a feedback mechanismto provide information related to the
rate ofS5flow of 38.he Acdiceas on glaing 3% edherein 88 feetlbdelyineehanism eorprisiesrn 37
wherein the feedback mechani sm conprises a whistle in communication with

t he ai r waywhfle if\cslifmufikaién with tedifwa33 wherein the regul ati on system
conprises a flow restrictor disposed in the airway, the flow restrictor
defining an orifice sized to limt the 10 flow of respiratory gases

t hrough the airway. 40. A device as in claim39 wherein the flow restrictor

compri'ses an  ehgst OBl IRADEANG 38 QIRANLRL S AR ERnPlonk iR edh THAY - 15

41. A device asmcalm erern astoneric

el astoneric duckbj.Il val ve that cl ogses as.the flow rat .espiratory
gases i ncr Esislor dispssedn H&E?/P‘E@a%téﬂq OV IS rr‘r‘it%'bde\ﬂﬁ‘é‘}gear%orfefhcg SHGB&P 1 {)tb? ctor
conprises a spring biased ball that s drawn into a tapered opening as the

flow rife Hpwiafsespiraiory aassp {hrgughethe airway.

40. A device as in claim 39 wherein the flow restrictor comprises an

elastomeric membrane to modulate the size of the airway.

15 41. A device as in claim 40 wherein the elastomeric membrane is an

elastomeric duckbill valve that closes as the flow rate of the respiratory gases increases.

42. A device as in claim 39 wherein the flow restrictor comprises a spring
biased ball that is drawn into a tapered opening as the flow rate of the respiratory gases

20 increases.

43. A device as in claim 39 wherein the flow restrictor is adjustable to vary

the rate of flow of respiratory gases through the airway.
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20 increases. 43. A device as in claim39 wherein the flowrestrictor is
adjustable to vary the rate of flow of respiratory gases throughltt®E WISE
ai-rway. 49 LLOYD WSE 44. A device as in claim43 wherein the regul ation
system further conprises a control systemto adjust the flow restrictor.

45. A device as in claim44 wherein the control system is configured to
limt 5 the flowto a certain rate for a certain period of tinme or for a
certain inhal edgyol URRIIRE as i'@Rint 93 3Rkreh the h@%ﬁé&w sk ekl fuRh& cohfpriggy Nt an
i ncreased flow of respiratory gases through the airway. 46. A dévice as in
cl aim 32 | ' . occlusion 10 nmenber having an
openi ng, $§6HS}063$%?&PE@%ﬁgﬁqm%?&ﬁ%&i s pulled through the opening when
the threshold actuating vacuumis produced. 47. A device as in claim46
wherein the occlusion nenber conprises an. elastoneric nenbrane, and
wherein the pull _through nenmber conprises a ball. 15 48. Atﬁevi ce as in

cl ai m 32 furthefd-conPrdeyicsgs n %%gﬁ%’ﬁ%& the sontrel spstamdnconfigineki limit : he

ai rway downstream of the receptacle to deagglonerate the extracted

phar mackut thedlow torawsrtain wate fop@ catain peried/pftameor fon askrimigrledeleme ande
valve is adapted to be disposed wthin the receptacle. 50 LLOYD WSE 50.
A devi ce athehfo adjastthaRowttestettor folperditvh decréssediflaptof dedpiratoeyrpasabthyoughcei ve
the receptacle. 51. A device as in claim32 wherein the threshold actuating
vacuumis iy srway. fange fromabout 40 cm H2O to about 60 cm H20. 52. A
device as in claim 32 wherein the valve conprises a bistable nenber and
wherein the bistable nenber noves froma first stable position to a second
stable position when the threshold actuating vacuumis exceeded. 10

46. A device as in claim 32 wherein the valve comprises an occlusion
10  member having an opening, and a pull through member that is pulled through the

opening when the threshold actuating vacuum is produced.

47. A device as in claim 46 wherein the occlusion member comprises an

elastomeric membrane, and wherein the pull through member comprises a ball.

15
48. A device as in claim 32 further comprising a deagglomeration
mechanism disposed in the airway downstream of the receptacle to deagglomerate the
extracted pharmaceutical formulation.
20 49. A device as in claim 32 wherein the valve is adapted to be disposed

within the receptacle.
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53. A device as in claim32 wherein the valve is positioned so thgéYlﬁW?SE
pharmaceutical formulation is extracted downstream of the valve. 54." A

nmet hod for aerosolizing a pharmaceutical fornulation, the nethod 15
conprising: placing a valve within an airway |eading to the lungs to

prevent respiratory gases fromflowng to the lungs when a user attenpts
to inhale, and then abruptly permtting respiratory gases to flowto the

| ungs by openi ngyt heyv 3 datd . ed by the
attenpted inhal g(%'i on%%b}éggggggaﬁ \%\%g&%{éﬁﬂ @ﬁ?eflﬁggésﬁfﬁagﬁm‘?ﬁgszo vacuum
is in a range. from ab?“ﬁe 20 cm H20O to about 60 cm H20; and using the flow
of respi r af F‘yeﬁ}’é*sfS%eptaoC éxtract a pharmaceutical formulation from a
receptacle and to place the pharmaceutical formulation within the flow of
respiratory gases to forman aerosol, 51 LLOYD WSE wherein the
receptacl e conprises a penetrable portion above a chanber which holds the
phar maceut i cal Pbr nuPadaving asamglamy g2 Ndwerein thsthusshld etHaingracHym ihio
penetrable portion to expose the pharmaceutical formulation. 5 55. An
aer osol 5 zatange frdevaboat 4¢ omddiOgoabout 6 dwolsl.ng defining an airway; a

coupl i ng mechani sm adapted to couple a receptacle containing a

phar maceutical formulation to the airway; and a valve to prevent
.respiratory gases fromflow ng through the airway until a 10 threshold

actuating vacuugyis exgegded iftlahh e Hetdi® tHeRRAIWAonriRBeiBistableifiémbdr

.respiratory gases to flow through the airway and to extract the

phar maceut | chlwgférfepnr rlt{gsttdb?@mfeﬁl%g} l%‘lgfehsrf?oqﬁ Pﬁ&:sgablie.r;pcfsﬂ{cm 187 sBEIASHble Wher ei n

the thresh8f tuatl vacuum o e va a range trom about 20 cm
H20 t o about .60 cm H20, erein the device co i,ses a nenber adapted to
penetrat e QO%%%W?%F%@ thr\%gh%‘gﬁ‘ftf‘@wgo‘fac‘t‘% l?‘?@gg‘{egcl e to expose the

phar maceuti cal formulation. 52

¢ 53. A device as in claim 32 wherein the valve is positioned so that the

pharmaceutical formulation is extracted downstream of the valve.

54. A method for aerosolizing a pharmaceutical formulation, the method
15  comprising:
placing a valve within an airway leading to the lungs to prevent respiratory gases
from flowing to the lungs when a user attempts to inhale, and then abruptly permitting
respiratory gases to flow to the lungs by opening the valve when a threshold actuating
vacuum caused by the attempted inhalation is exceeded, wherein the threshold actuating
20  vacuum is in a range from about 20 cm H,0 to about 60 cm H,0; and
using the flow of respiratory gases to extract a pharmaceutical formulation from
a receptacle and to place the pharmaceutical formulation within the flow of respiratory

gases to form an aerosol,
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wherein the receptacle comprises a penetrable portion above a chamber which
holds the pharmaceutical formulation, and further comprising penetrating the penetrable

portion to expose the pharmaceutical formulation.

5 55.  An aerosolization device, comprising:

a housing defining an airway;

a coupling mechanism adapted to couple a receptacle containing a
pharmaceutical formulation to the airway; and

| a valve to prevent respiratory gases from flowing through the airway until a

10  threshold actuating vacuum is exceeded at which time the valve opens to permit

-respiratory gases to flow through the airway and to extract the pharmaceutical
formulation from the receptacle to form an aerosol, wherein the threshold actuating
vacuum of the valve is in a range from about 20 cm H,0 to about 60 cm H,0,

wherein the device comprises a member adapted to penetrate a penetrable

15  portion of the receptacle to expose the pharmaceutical formulation.
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