- ;e3ev:6"Tv. SYSTEMS AND METHODS FOR AEROSOLI ZI NG PHARMACEUTI CAL

FORMULATI ONS CROSS REFERENCE TO RELATED APPLI CATI ONS Thﬁlmwmm ' yon is a

continuation in part application and clainms the benefit MMI vi si onal

" Patent Application Nos. 60/141,793, filed June 30, 1999 and;§Q, 198, 060,
filed April 18, 2000, the conpl ete disclosures of which are herein

ol at o Séﬁiriﬁﬁm i W@i Cular 1o the
delivery of pharnmac i T L EONWr e 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 critical: aspect of any successful drug therapy, and a

varigety of drug dep apq:lg - or exanpl e, one
convsgni ent net hod F?‘%%Rgfgm e |?§§E§#%%ﬁ]ﬁgﬁﬂgg%§g?§§ elixirs and the
| i ke. However, or @hisdgblivation is arontinBOGR it paesppieatinilasd claihsthe Behdfdt nmany
drugs arf &e]%r,aded .aﬁo in the digestive tract_ before they can be absorbed.
Anot her 9% ¥chArejitional Patent Apalieaiion Nos. 8841AS193.Giled dnneatf 48P%8ed t o t hi s

appr OaC@OIilg&b@W fﬁgr% Aﬁﬂi"l’?%@@} ﬁ@%@mggéglﬁfsd@g\gg{ &?&(Jﬁi\ég are E%E&?S of

adm nistration't ave ‘been’ propo nclu ansder ma I ntranssal ,

i ntrar eiticatpordted bysederenad. and pul npnary delivery. O particular interest to
the i nvention are pul nonary delivery techniques 25 which rely on the

i nhtfl-ation of a pharmaceutical fornulation by the patient so that the
active drug within the di ' p)ﬁja hVERrEtort @2l (al veol ar) regions
of the lung. A variety %ﬁggﬁg |za'?)iP:)’§ﬁ§y-stenBﬂk?§ve been proposed to

di sper se phar nacelhisdalertionmrelatdsigensrally-ar the fizijpdfeirug)dEiverat amidtin Nos .

5, 785, 049 and 5, 74Q, 794, e di scl psures of. whic re herein ingorporated
by ref ePHHEW 9dbe ?lb@%gt%%ﬂﬁmﬂémaﬁe%tgitgﬁﬁ@@w regge%_iqaélu, utilize
a Conpr ARSRGkrdA réifted & 8% Akick6lisat R W PharnfdcBiical mmifonéﬁéiﬁg ghéggt i ON
systens include MDI's (which typically have a drug that 1s stored”in a

pr opel | areated byeatitntiehadationhi ch aer osol i ze |iqui ds using conpressed gas,

usual ly air), and_the,l ié<e. . Anot her .techni ckue which 1s of int Eest to
the invention is ctlxJ rbtgdehver,y to a patient 1s a cnt ,1ca1.-.a,sp¢cto any success

drug therapy, and a variety of drug delivery tcchniciués have been proposed. For
example, one convenient method is the oral delivery of pills, capsules, elixirs and the like.
However, oral delivery can in some cases be undesirable in that many drugs are degraded
20 in 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, 'mtravagihal and pulmonary delivery.
Oof particﬁlar interest to the invention are pulmd‘n’ary 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 iﬁcorporated 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
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- inspired gases to disperse the pharnmaceutical fornulation. In this way, the
patient is able to provide the energy needed to aerosolize the formulation
by the patient's own inhalation. This insures that aerosol generation and
“inhalation are properly synchronized. Wilization of thetbpati efnt' S inspired
gases can be chahhggi Rghhidus sedials of éstprest to.thé-orventiemisi the usee! some

phar maceuti cal foghrrgjl atei;?ll%jszb such t,?saé:fq?gtijl-{llﬁ?qnslﬁlﬁglﬁa be ﬂ%lspiearti%gtl & aEf% limt

t he i ninspiesdi gases toalispeasecthiPRAIRACEBYLG : a ,

PCT/ US99I1 0465 filed [ VAR tyahe bigedldgwnary delivery
of i nsmgrﬂvgfﬁ}eaqnggg)[ %egé?egﬁ%%&fsl&%%?%?? per m ggﬁg IE)As ;ggt her exlaggpl e,
copendifgiabos: TRAtSAIred PRt h&raid! @endetioraind\nhalbfon 9telarapSEASEBIANiZSEs

pul nonle{{rﬁyadgl ivery techni ques where a high flow resistance, s, ovi ded for
an 3 ni Utilizatimer ofdtie patiersisdasmitedases ja3PeshallcRase 1 %O(F’iagé“isg?"é%c%‘?‘r The
conplete disclosures, of all. A0 ef,Rh Q9 4awlia! € n¥s R desiratsiotgpor at ed by
r ef ereﬁé@’.‘plﬁn%f ﬁ%‘?eghgﬁr?%ﬁldté&?‘go ut i ?I?Oznlrshg the patient's i nsgi red gases is
Lt el O st ot Gyl GBUBEH 0 B o
whi ch \Mareh ﬁa&?ﬁeﬁfwweééohﬂ\ﬁ/@é‘kg?mid 'Ye%@gﬁgugﬁqggﬁéﬁc}eﬁﬂé&v{/{]r aple%yr angi ng
fromabout .5 liter F[]H A Andhewt S Iotddtt icBedn SerdlNo. Such

vari abiﬂefF’fimﬁ%y 3 %c?{% € a%’leﬁoh?t of the forrﬂ{pzti on to be di spensed

Wi le N B/QAR A deeaiBes ipbmoiiry idelivéry tethaiyyies mberet zhigh SlondesssianEe sl at i on,
and/or the ability of the aerosolized formulati to ately reach the
deep | ygvidedfrsan iniiabperindeiolliogigd by ar&?l“z?gg)g 1?‘6°‘32°c%ﬁ?5353§§gf f)[r%r egul ating
the flow of .inspir Redirk lheresl indbRibrates perefertgca

phar mc‘é’ﬂqlgﬁﬁlsﬁl)orsﬁﬁf%?g%é n gﬁgﬁéﬁp%ct, the | nv_gjr?tri on js related to
techni ques to enhaR6get biealkhit it wilifingthe patientis inepiredcgases §iteFdhised within a

gas stream produced by patient inha) ation, t-o0.,enhapce k Ll 0
deaggl omspizationflqyoraie FaHARSHIALY H310 ?mﬁml‘idbwgﬁ‘ﬂ%ingée:r ltn%ltg‘ﬁ%l%lg% %%%%n t he

aerpsol L.zed 25 for | JRAEHIHBIcK waasitatited deiep al wiel. foSEdiARY OF
Tl 3N\/E'I%T?ﬂ\fa‘?ﬁ§mlr£§4\?§§\ clglfgln-;%r ovi des exenpl ary systems and grgi}hods to

pL ovVi dew’ééléaérfid&@.d &Idvuait@ct,angihg\ﬁarx]mgbnlaﬁddera@ﬁbgmmﬁléq #haut 9&% ers per
pharmaceuticals. In one aspect, the. inventi i_|:1.Z eStl Benddaiithi

r espi r atronyte.g8udsvasiabiity SpYRrest B}fﬁbélﬂ?' 0? g‘egng'ﬁéfSMég"g%égﬁgr raceut cal
formul atiop,. . In S Sk ke A5POEre@ Forkitationy end/oothe abity ofithent i on
is abl eg?sbsrhéeﬂnt’ g%[h%y&gé\cl)\ggé%%&%haremgeuti cal fornulation toma receptacle,
deaggl oREloaslEzel Hermhwlation @i ddequately readhithedeeplengor nul ati on to the | ungs
using a wi de range of patient jnhal ation flow 2 : vyt to
anoBer aspect of Heneei thisdaveniien 13@‘;1&@&0 t&ﬁ@m ?Shf8élgetg§?%m§rq%€fldegg whi ch
provi de .ef ficient deli R ety & pharemcontial famtbiodedp ohieng.
Accor di ﬁ@Sptlr(Sgtgﬂ'éesitﬁ%e&r]l%lﬁyn?&Eﬁg ow. Of regsp?r atory. gage% may initially be
pr event e@dpdc@hé irvehiien isaelabel toueymiques 1d enhappecbie@BHIY AEd cmi&rmw r oduced
by the user, at which point the fl of . respi r ths ailEERt | Y

i nitiat edispersedoyithip ar2af STFUR P&P&S&Wém‘}e“f "laagitrcg’pt%S Q?%?Iﬁiat i ir;;ﬂ‘o}’?d
respiratory @as fl oW i Setl fobh&dib® Ak etanzetir abiliy vl tererowmlize

f or mul at‘%&é.glgﬁgé%% gzgr?gﬁf%tdt |h§ erlrbodi ment, respiratory gases are initially
pr event eghruRioh koudeyuatety teach therdgepingn attenpting to inhal e through an
open nout hpi ece at one end of the device. The respiratory gases are then
abruptly permtted to 10 flow to the lungs after a predeterm ned vacuumis
produced by the user. The flow of respiratory gases is utilized to extract
a pharmaceutical fornulation froma receEt acle and to place the

phar maceuti cal fornmul ati on SUMMARKHSF atory gases to form an
aerosol. By initially preventing,respirator 4 k@Wbovide wredthe

| ungs when 1 ~ atté[fmtlnv@t’toéﬂfﬂ‘fg‘g?see,"%ff}? arﬁéiﬁt%ggg%%é{egng Eodg;gf.the_pr esent
i nvent.ion provide a : WeBivERAF ph@ndcestidald. g cyesaspeat.aherrtyggtion

suf f Bbl er"ffgléﬁ rg?/wtr eitteég?:%g@hg E)/hlg?;ngceuti cal 'forml gti onhf roml}tilgl

r ecept acl\gilizbdthe MO vasDespiratotyegaséscpuodiced by s nabienl tp agEASBEZH AP AT al"s.
prevented fromflowing to the %n S |l ag) NEnibd 13iaBletd extradray
| eadi ng tformulationsnkpsangther HREIFL a"?9?«5PQ\;fatP‘?/Zl"‘ci}teggﬁc’fgrdr{nélitn the Tl ow of _
respi rat of v gases., ALGOr dia0rAulaifn o A Bcepiatiendedgiomanite dne Bropiaien when
a t hreshdt £ Pk? g vacuum caused by the attenpted inhalation .o%v
exceeded. ydnieliRisthudyrmuldition tofthe lualgy using a syidnEange OhRAYY Hﬂlaﬁ%’ﬁn 5 stream
has' sufficient energy to extract and ae%osolize the pharnaceuti cal

formul ati on. I n another enbodi nent, the invention provides an
aerosolization device that conprises a housing defining an airway, and a
coupling mechanismto couple a 25 receptacl e containing a pharnaceuti cal
formulation to the airway. The device further includes a valve to prevent

e o r

be



- opened. The conbination of flowregulation with the threshold val ve
according to the present invention results in devices and nethods for
aerosol delivery that are effective in delivering the aerosolized

“ forrmulation to the deep lung. In still another aspect, the devjces and

. met hosisesofAdchrlingioeamotten aspept Of thie investiomedevicghang methods A RIPYid§ases to a

rate that ,is l.ess.than .,a.certain, rate for | i or exanple, the
flow r&?‘&k’rﬁiwlgﬁeﬁcfﬁqggh‘f%YS P& m%ﬁltm%aég?réggsltt?%n&eaeggmé':w liters per
mnute for a timcchididd® theisenfis®hahiontof Gespiraweppaket enaptinitially beeconds,
corresponding to a volune in the range from about 125 niL toqlgbout- 1.25 L.

Regul apreyented fioheflowing todbelungs wutilpradieraRingd vagysm isProguped RY tagase

tem c_Dbi rai | abj it f-1h ' ' .C: ' tical
For il AevicHe aP e B Rt R EN s iR 1R, T R BMEIRED Ry
Appl i cabitRRirNR:t, tRCThidpSinit%ioA 48 Sekpirhioredadvis e lis (ilizk8 98 aerosblize acopendi ng
U S Application Serial No. 091414, 384; preyiously jncorporated b

r ef er emphermatevtinal fxrpudstione dnepTiieg tothis agePadimERyy EEAPIFROTY BASES 3 %%UY ate the

fl ow of respi,rato as I . ided to the
user WPERe] deﬁgré%yvg@g %g"h? Fugn sr%%aiﬁ%(gzn‘)ﬁlLt g“‘Bﬁ’%%ﬁ"B@%? ?& éggﬁnﬁt%gé%ser to adj ust
their iphahgbion ohaksd oftRteVRS. The tepitaneyk gades ate they atrepply peimiedd tnc| ude
audi o feedback, including a whjstle, visual feedback, su s i ndicator

|i ght's fhow to thelusigs aBieres predetermingd vagsn SPIodureR DY P ad PE MOV t he 1 ke.
As anot her. alternatiyv § I Vo fRSedt M 5y | ed by
r egul atqe;pdra?% EAIH & %t?ﬂzaeﬁqgf”r&\ﬁ%\ﬁlaﬁég |%ght':l€atl? é}%h"ﬁﬁtrﬁogl:f.r@or exlgrrpl e, an

el ast i c@lglate 36k SHarRhécuticalatinelatiny withinthe diooofrespitatieryfdases todsisaance based
upon the flow rate through the device and Iimt the flowto a certain rate.
In one aesgpobt, the device further includes a regulation systemto regul ate
the flow of respi . ST FloWvi fPthe dhrdpshviied.  For
exanpl e, the regu#gﬁ@é%@g@?i‘%&%&@%?cﬁﬁ%ﬁtur ed tou?gl mt the flowto a
ratig t hitenipiing@s thiafeatheateoices 48d ethdds bEthe presentrinventionf providedevanion tine or
a certain inspired volune. A va{li ety.af flow requ att S_J1a betecr.’rpl oyed to
regul at ensurechatthevespltiggLas strgmy %sesr”%g?‘ﬁmreé‘[:gyafg i %p%’é?ﬁ%"éb& in detail
bel ow. For ex r £, R 1R BB rdspitafdry 2hate rtdyahitiatly
constru %‘B‘&F*‘)é‘?g?r?&e'rhtégﬁ%kag}@érrlg%t“?%?}f?ﬁ as a sofr_ts?el aggrrer, that limts

t he fl owe pRvéntedfrbai flowiageo tei lrgsbsplagingwentverwittiin e ainvayrHeadippssthe e
direction. Such a valve may have &ﬁ rif%ce that perm gcotg;lg E&&\/g of air

t hr oughlunge andpreaingthe ¥alys i pemyt fg&ﬂ)f’ P RARY R A a“BThE 8 hor e

col L apsi bl . | tdhbidcRudievabSurMausedbyither eased vacuum
pr e’g@ur g‘vleﬁt\}c\é?kﬂ ?‘g\?\gg{s%g%%&{%%rd each other, thereby ryeduci,ng or

cl osi ng attbapted idhabtionieexceaddpinvhidiway, when teevalveds openade thegpsulingees e

resistance to flow., For 10 exanple such a.valve na . \~a parallel

[} ow pasHeaThesuPheient R e b SABat gne doisnias ok prirst ikl Btitidba® B D

all air passing ! iy glGhed difodifibrie tiilinbenidh orofitas diackbsliobdiar déiiesy pat h.
oW

By providing this path wth a certain Size, the f| ow of gases through
the devitgg comgpsdia hasinghiefiningtanaitwayetrbs dovpling meahaniset WOUBkra i cul ar

aspect, the regul ation system may conprise a 15 .f AR t o
pr ovd de TReRPEACPRONEANIBE 21 é“?a&f"é“%ll %?rrFT’g\}\?ttﬁn tPihe ?lgg%ﬂr a %‘r‘éngﬂs es?FnFor
exanpl e, f ' eOHBM fiewingWivoaph thet dinvayi untilna

communi ngélpgens aﬁ%@?ﬁgéﬁ:ﬁ?% %%arsoduces a V\/ﬁi st |gl|rllg sound when the
maxi mum thteghold attatisg vacnemde dxceededandt $ush adimerthavalye OpensdopEgitat i on

system may conprise a_restriction.nechanjsm Lm I of the
ai rway. ICSBRITASOTY @A8QSyO f@Wet&‘F%’@%‘rﬂi‘%?‘f%W?fédc zfﬁ‘lhsﬁg%%ﬁ%géﬂé justable to
vary t hefo(rgﬁhﬁg%gh)}no&{eQgcebggggg%ﬁﬁ ¥n 8@5681. t hrough the airway. The

restricti I'sm may justed manual |y or automati cal l %@ such as by
the yse of an el aspivasiktyyofthmrephold valvenmay ibalempipitadsa FrF«Ent &A5CEIOM 1 oni cal | y

d, closed-| ont r ol syst b h ded L dist c
ot ot Revingssimaeh o ST ISRt TR Co RIS EpCRteBant ohe
to 11m t 0okl 4Podty ¥ ALAbEANAiDIn phid, ahdapllithuough neautiaafimt is

i nspired val en to sense an

just the rest,ri?@on chanismto
perni t apullitheaghthd dpeningf whesthe threghojd apfuaing Yacsughs P “&FCF-U\%P“% this
manner, the flow rate of .respirator ase 3 limt the
flowto &Pedlqeamplathe ?CGF“S “JBFT’B?%“?Y &%‘%Pg?%l“ég?ﬁt‘?gr{ﬂé@%‘?‘ Bé’? del i very of

t he pharmaceutical fornulation to the lungs. The control system may then be
30 enployed to adjust the restriction nechanismso that the user can
confortably fill their lungs with respiratory gases to deliver the
pharmaceutical fornulation to the deep lung. Use of the regulation system
and control system according to the present invention is advantageous in
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- According to another aspect of the invention, after the flow rate has been
limted for the desired amount of tinme or inhaled volunme, the size of the
airway may be 5 increased to provide for an increased flow rate. "This may
- be acconplished, for exanple, by opening another. airway,travell t hr ough
t he dememéranenartdths pullyhrough meseber B3y Wﬁr&eta;hﬂlvg?%ﬁ gﬁgeéﬁvﬁ%}”ﬁge
substantial resistange i,n,ord i Bvels En s othén@spest, tilhe respi ratory
gases raﬁalb&aa&er‘yh egﬁﬁ%‘i&ﬁ%&%%ﬁh&%@ﬁlon into the§%ee lung. In an
al t er NgLi 61 PsRERine vabSurh B 86 v4Ive fFixt toptangnfrotyabeut PP 2 Bal/erabeiitbbr 10
flowintégrators to permt an increased flow ratbgﬁ%hr ouc?h.&lﬂlethgnhal ation
devi cecafH£r Ia oneprricnlagaspast, the Valvees ¢anfigursd;te SPRREH M0 conf or t abl y
fill their lungs_at the,end, of fh 885 be Duifidhavd hlvhgavid! hes may have
one or“r?ﬁ?@dﬁogw}a.s wﬁﬁ%’@r‘@h{%h%%y ?r%r\%g%adeeon the vol une of flow through
the deyiGgraclen this way, when the initial (regulated) volunme has been

i nhal ed, the nmenber has noved sufficient to.open anqt | 15 to
pernit increased Aeeordingip anotheRASEE o eﬂ%ﬁﬁ‘?ﬁ?éogv?%%odr}g{cf %%?d ﬁn{égﬁgg used

are di scussed..i n,def ai l ng.d ideRoabikenpaisfieowsindepentiedt of
mec hanilSnreBuFHRe Y %ogg% g&:‘? %eggégll%géd hol e, “and t he li.ke The
phar MaGRuIbeging AtdToH 188 ust. Toanatiser aspedt, thieystyrm dagtadea AT ERRHRRISSH™  he

present 1nvention may be a liquid or er.forn%#) [.QL. aspect of
t ha020 toeegubate therfBoysiof respiratory gases F‘HPﬁgﬁl\AﬂFi YNes °?|h{s°g‘2“‘l‘éé %S%g‘r‘ ed

medi canment ., The flow of r i : L SthessReldhvalvitergotdingetocthe t he
powder %B%d'eﬁer g%%@a??%ﬁfﬁ%‘éq% c%%‘?gﬁlﬁg# Optionally, vario structures
may be placethveRtion f3sltin dvvices and asstisddsifor aehesod delijAry Hiat ats SFFcHVoless. In
still yet another enbodinment, the inventi 3n Jrovides a receptacle that 25
conpr i sdsivaring theresesolizesbEpFmudation;th eaf:t?ﬁ M that is encl osed b;{ a |
penetrabl e access,| | ThEe t. 8¢ l4evik by iddahethbéd ofths irventior stayllonival ve
that is coupl ed tB’?tﬁlear%%@%pat%g%Q’eﬂgggy .wl n one aspect, the Ihresh}gl d val ve
i s oONf HGYIRAoE RsFIPRBrEIREs foxprtd tatisriessshan CRIAUBIAIRIOT BSEERNBYU "% cm

H2O." Accordi ng to another aspect,, the inventj iold i vari ety
of 30 t exdmpleuthe flow tatesney be ﬁwte@ﬁg adet&?h% P%i?ggp ?‘gﬁ %Bg‘%ttst :301 #gfstﬂﬁg iﬁ‘rm%%ut h

over the.nouthpi gee_ durd _ ]5 abS\ltiszsetomds, cevdspendifigto &xanpl e, a
lip gua_f?f'arw_eg’ég\%ﬁgﬁ%&aﬁé@géﬁaﬁggﬁnﬁpi ece toeﬁerrrit the, user to.place
_the: r dI "’Eﬁ‘{’%jih%@ﬁgk Iﬁ;e,;ﬂ gmwgas%fmamgﬁérh eguation qfithe agtgﬁﬁ ce gay
include bite or other |andnarks. er.nat i vel Vi r e
pr ovi deddvantageous indbatit maydnersasesYSErRC gf?ﬁ%?k%ﬁgyggﬁ%uagggf)ggcovgfee%mﬂt;y t he

7 ur 2her Pbamhaseatc RIS i Btortiieiithe aepIm g dnefbidgamenllyévi ce. As a

pi éce y have a circular-to-ellipfic profile.
The el | ipgiT AablieAioni N6 FUIHU.&.@%@A@AeﬂIeIdeb%h??W@cﬂﬂﬂ{)‘fﬂ“g ﬁj'%rder for
a vacuum sufficient to actuate the dev'b,ce t 0. Be. o FRkGhceINESE and ot her
aspect's AyplicatopbedaliNo. 083 8nPIRVIQUSHEFEBE™Y dppar ent to one of

ordinary skill in the.. ' i 18Vé irAin dr regudatd the ftovsef i ption
t hat fol>ll ows. BRI Eévﬂg%fﬁ%%%ﬁ—%% Cgsmgll% r1 IS, a gﬁqg*)h . P
||| ust 1 abighisdyarasue g eximplel featibank inbe pravided dp theusen HhEm R GTHEUYS ¢ hat

i 4
were neasured tw ce a week for four eks. . Fi j 4 4ff ustrating
t he 25eguflewvirata inprodugss: toPgrmy ai“f‘iE‘b'iW“ﬁ‘i‘sbﬁ‘eH' wl?tgcfdeég\%/legti e accor di ng to

the inveption, Fi.g. 3. .S a.qL idel d48io fabdbagk tiheludingal whisthey vaisuahnot her
patient’ °f“??s°ﬂ§i‘¥t?i?li’8}?yfqe \fvg‘(lgéd’eig%\lldedre a’tﬁlame accor di ng to the int\)/e tion, 1 ~
Fig. 4 i feRoskhaildsGnMitAvt hEhtooea dyvet moteragtileiged acky pqh asoBoR Al o 5

pharmaceutical formulation froma_receptacle r fifeb¥ or mul at i on
and to ptiediket Hes dnothenaiiemativethslaw; éesﬂrﬁW%g%r%gg{ﬁﬂggtcgbgo, gas)fas to form

an aerosol according tp the i i dubes, SFdrexampky apelasticadlyvi ew of an
aer osol | FeEUBH %F‘gvg%‘b%‘PH?ﬂg“%?fé’gﬁ é‘hzo & nvention. Fig 6 LS partial
the%ow rate throug

cutaygy uhetial vk @8y 86 alddaniprovidel Buivaesigandzi hgsedupon
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

imi i bout 135
regulation system may be configured to limit Zt’he flow to a rate that is less than abou



- shown in an open or |oading 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
aer osollitzatpeominiey fore aftaki tjme &r atvertainhiespiedeophuan. A hagetyeéfloknser t ed, when

t he devi ce has been noyed to the closed or. operating.position k and when

r espi 1 AFEHSOGLTRE b8 FEPVGHLATIERTAN A9E CEUTLE ° S0 B ATVILOS, par t 1 al
cut awayy; ReKSRIGH deMe BElEW Pbr éka&r?p}é;%@ﬁlo&f r3péladr FRPEMIESE a PRALE kigat §hr ough
whi ch a pharmaceutical fornulati'on nmay be extracted according to the

i nvent i amstructéd of aridjasticl elgnentt shtase sofcdgstemsrethahlimits thel fiovoto &eertaid0, with
t he .nozz| e i noved. fugt her .away from a bottomend of the receptacle to
i ncrseasrétet‘ﬁgl?e_r Q?‘ép{ffvc?%/\ﬁ%‘f’ I fhes FX’&P‘& &’&é‘é’&s%{‘m %ﬁaﬁe f’ﬁé’%&%?ﬁle accor di ng
to the éhfy@nhatQiermbts the flky bf aR tiHONENEId ValveinQespoARabia@Rdblicd ¥RuMinew of an

aerosolization-“system having a spri rkgmto regul ate the flow of respiratory
gases tandoangiorimhere spHapsiblewadls dimeunding the drifigentr this way, Bhdncre@eds a

schematic, cross-secti.onal view.pof. an_aerosalization stem havi ng, a' fl ow
¢ equl at TEHUB IR V6 et Wl tpPave St plheh ereBY Ao Ot PREIBEIRS t ne
aer osol 6&@56 £Ba Eﬁ/cﬁlbx%md%i‘%ié)h%egre%@t&he ot BotBpleieQBsistddbehtb Glowl 4Fdrl | ust rat es
one enbodi nent of a nozzle that may be erTHI oyed to deag&ql)omarate a

phakmacetmpeuchar valvemap he plased i & gazadiel How pathe Qrice the oy rate be¢ames

Phe T nvisnidreal G gl 2R EE003L TR et B PSR dAB Bl R Bt T '
aer osol pthai 16w phth. dBY R iARE HiS IO fath MK al dertaintsizethe Flov oflgkied ibrtsdhr at es a

cover of the aerosolization device of Fig. 16. Fig. |17 is a perspective
vi ew of thetdevice apan beckept betpwthatireshold saie.aer osol i zati on device according to

the invention illystrating t f vice. 20 Fig.
18 illustrates sti Fm%%r %ﬁbﬁ%ﬁg‘?ﬁ%&g?ﬂwﬂg%%gﬁeég‘?%g%%%t i%on devi ce
accpy di fgdbarkitechanisaitoippovidEiformion drithe ratt of flowef e fespirdtary gagdndi ment

of an aerosolization device according the invention. Fig. 19A illustrates a
di sk ha¥pheramnle ithe feedack mechpnismy may comprissa Whiste thagisin copmpnieation

aer 0sol {Zal},0 Ql&gyﬁgfpﬁgﬁ@sgd wiiStling sound when the maximum flow rate is
 exceeded. In another alternative, the regulation system may comprise a restriction
mechanism to limit the size of the airway. Conveniently, the restriction mechanism may
20  be adjustable to vary the rate of flow of respiratory gases through the airway. The
restriction mechanism may be adjusted manually or automatically, such as by the use of
- an elastically compliant material. | |
Optionally, an electronically governed, closed-loop control system may be
provided to adjust the restriction mechanism. In one aspect, the control system is
25  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 ga-ses 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 adjust 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



- Fig. 19Billustrates a front end of [ [
_ _ t he aerosolization device [
Fig. 20 illustrates another enbodi nent of an aerosolization de\c/)}c CZI 9 1

according the invention. Fig. 20A illustrates [ [

- _ _ : : the a [

Fig. 20 showing a lid 30 noved to an open position. elr:?);ol |2§a'i[|on device of
per speghhMaoN flow @fesywithaitoddvice regbletingrittlayy OBFFSRIEHBTEASTHY %‘ﬁtat&@vi ce

according to the inventjion. Fig. 22.il]|ust 0 [ [
of an puermsaricca teomanionasrpbiy drirh® PEYERFTOn bapable of holding
pl e drug pa%&%ﬁm?t ?’gdﬂgeﬁ 53]?46; bf the $iveaties, aftec tiegfldwratabas bdenh t he

aerosolization dévice o c)F Fi [
Z \ 22" Fig. 23 illustrates yet.
al t er n@kiia forediesiest amburanf tiereosrdhhated V@We@‘F@E’—eé@.@é ﬂrﬁg‘fo’%‘gg%? nventi on

F!g. 23A illustrates a nouthpie cover ' i i

R e i e e
b o e BRI SRR dtic Tngie Sl Henserate <l

: : . . ‘ i e | za evi,c 3, di

i nvent i@mfoksblFiighal@@ithbit ssbstantisl r@ﬁmmm@%mh@&%‘ﬁe&é%&% ! d't ingnt o the

devi ce according to the invention. Fi ' IS B R '
t hr eshorePIAITY B8R EHEERRY %&E%afﬁu\}‘én ff’éﬁu];élﬁa@ugg I's abgg%ag;\gmrrg];m?ane

threshol d val ve: agpgy g ilrhe abfie] by BVsivim may SpRomallyadilies aauristatel | 2 type
e

t hreshol d val ve according to t

;:: ggst gﬁwgﬁgg%i%ﬂwm iﬂtfeasetdlﬁl%’g 2?25* %%ﬂiﬁgé é‘g‘g&%’f&’?%‘%’%‘%gﬁlﬁéyi nventi on.
S et Y il B REChEpRA BB g e ggpst 10 (o
accor di Sx%cgg. tS'?x@h iﬂ%\@iﬂiég?ﬁors may have one or m%re mo(\a/ingyrgsm{aerrs ?gar:?rllc?vevbglsevde
on the volume of flow through the device. In this way, when the initial (regulated)
volume has been inhaled, the member has moved sufficient to open another gas channel
15  to permit increased gas flow. Examples of flow integrators that may be used are
. discussed in detail below and include movable pistons, clutch mechanisms, gas filled
bellows with a bleed hole, azd The1ika- TF.. |
The pharmaceutical formulation for use with the systems and methods of
the present invention may be a liquid or powder formulation. In one aspect of the
20  method, the pharmaceutical formulation comprises a powderéd 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 receptacie that
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

(3]
w

least about 40 cm H>O.
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




- Fig. 33 illustrates another spindle type threshold val ve according to the

I nvention. Figs. 34A and 34B illustrate an unbrella type threshold val ve
according to 25 the invention. Fig. 35 illustrates a ball and magnet type
- threshold val ve according to the invention. Figs. 36A and 36B illustrate a

bi st ablips idendertty peeatdw sufficknt waghum ta eperat the devicehdsaduaheriesAmpRotiE gs. 37A

and 37B i) lustrate a nechani cal,,.pr.essurge switch.t { val ve
e Cor dRAPERe iy Tels B ot cer B B RSk PR O B 2 e (e
of t hr @sReddbyvidle Vati &R eOmeItAGn bilet s d Vit sufficiOnt to kttgateIBe ddvidestortat es

anot her nmechani cal pressure switch type threshold val ve according to the
i nvent ¢tédtedi g. 40 illustrates a pull through type threshold val ve

according to the~knventi on, Fi ' : - [ : | ow
r eg’ul ator accor di.f%ﬁs‘e"tAc%mt‘ﬁfé]er-iatbs eeclﬁ |fotﬁ:}ph%@.lﬁﬁ%li\ggh@ﬁfgégﬁlwgg %rae? telfoa
shut t | gnd yPerdidaoysicii G kit inaian bflthegirawidgeand deriied descripiign thd8 il 1 ustrates

a ball type flow regulator according to the invention. . 10 Figs. 44A and
44B i | fillsate a bel |l ows type flow regul ator according to the invention.

Fig. 45 illustrates I ing to the invention.
AR PEN R O P PRAVRRGS

Fig. 46 illustrates an er odiment o | at or according to the
invention. 15 Fi Fig47isial driys itlasteaing the averhgidspiraivnrfoputat for ldccording to
the invention. Fig. 48 illustrates an_unprella type flow regul ator

ac&dr dindividgals that Wepemenrgired quiee a week for 9%‘3?3@- a liquid reservoir flow

g SO B NS M L A sk
rate over time according to the invention.
Fig. 3. is a graph illustrating the regulation of another patient’s inspiration
flow rate over time according to the invention. '
15 Fig. 4 is a schematic view of one system that may be utilized to extract a
pharmaceutical formulation from a receptacle, deagglomerate the formulation and to
place 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.



- Fig. 51 illustrates a spindle type flowre [

_ : : _ gul ator according to the
invention. Fig. 52 illustrates an expandable cone type floa/regulator
according to the invention. 25 Figs. 53A and 53B illustrate an iris type

- flow regulator according to the inventign. inventi ' ' '
) In:juzg rB ates a p‘éfgdlléil}hrsér@teSt%@cPWawe@88&%%18\?/)?@@::366?%18‘4%%?%%‘ Igir]QsFl %SAS4
ustrate a t r [ ' .
And SBRRE FICER FUtET A2t BT B oy 1 ame ow regul ator accor di ng

to th?ﬁ? eNb i hsefihafughife B8z7l4 hecotdiag to tetinyarsionve el astomeric duck bi 'l

type ow regulators according to the jnvention Aol
schematically i IHigletZriaBéghean#t}C@WO@ﬁ'F?ﬁﬁ‘é’ﬂa]t i}é%vlf:f”oo\.{/al}ln eéogsrgizi?fg%lroggccor ding to

the invention. Fig. 6 e THRVEY ghveh

_ o 6 f tdshistoriAss thrdighhbyyst

i n? egPYIHP hé?f’(?eraoﬁ%ﬁl&t%%?{gﬁgﬂ?{nﬂ\?ﬂ i oni.r SEi gs?)a%ZAs and, GZBy)i( I ?{Egt ]; L?\g a flow
througgc&amgttbq_,etmp@tfdnow I ntegrator according to the invention. Fig. 63

iI'lustrates an inpeller type flow int LndutQ:: - i
Fig. 6415 an crilbyl B sEhames TR TRb T A dar atOr o g8y, 10 Fi .

65 illustrates a | e FioEn & :
: ¥y TRy flB% fatory lpesdsitimougnthey
Fig. é"o“."“\glzgﬁ?wé%%?%g% sgg%&ﬁoléu%ta%taet e a sh(tf?teﬁé R ;%tégas%  ow i%\l?egr;?g?r o

accor djeRgoligatidpesyktmedticbriing foi the iB2ntibd.ust r -
|ntegr§tor°1accorg g fol g ustrates a brake tiner flow

ing to the invention. 15.Fi | :
\Qlfr}e?el of ][ he fI olig 24 dlysteiss OB o @81 %ngl Bgz%gﬁlsa'(c: Hg@{e{cmeﬁitﬂ 3is<ter g?gsa
an aer osol 28t 1.00 SYSLANAAY Fighi(BldOMEoRRAPRBB L catioanged 1 seri es
aero;ol i zation sy;sot Q;nhl oSGV 731/ kS)ghemat \I;t;dajl | ygqf@nfi T rai.est_ o
: g, @Pidaperspectiv an bng e erQsojl
accordlngtotheinverlltign.ge P vy IR at or
device according to the invention.

‘ _ Fig. 16 is a perspective view of another embodiment of an aerosolization
15 device according to the invention.
Fig. 16A illustrates a cover of the aerosolization device of Fig. 16.
Fig. 17is a perspéct_ive view of still another embadiment of an

aerosolization device according to the invention illustrating the use of a flow rate

feedback device.
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

25  into the aerosolization device of Fig. 19.
Fig. 19B 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 rgultiple drug packets.



- 20 Fig. 71 schematically illustrates an aerosolization system having a

parallel flow through type flow integrator according to the invention. Fig.
72 is a front perspective view of one enbodi nent of an aerosolization

- device according to the invention. Fig.73 illustrates the device of Fig. 72
in a | oading posiKigo!A2Hlustmgtez4 dlip far wseavitptresysersolivaioni devicefof Fige 28evi ce of
Fig. 72.Fig.75 is_a s sectional, view of the device of Fi 73.Fig.76 is
a cross secti onalsplgi g\ﬁ@qstrgqqugeaﬂog@r piterpptive efﬁb‘ﬁelﬁle?tﬂfroaél a&“gP](.%aémgectl onal
si de V'd%Wchacéd?Q %Eﬂ{é ffReffiof! 9- 72.Fig. 78 illustrates the device of Fig. 72
when in the | oadi osition.30 Fig.79 is a front perspective view of

anot her enbodi nenE1goiBAmllMatesaImmthp1@m cever ofthecemsdlizagionalevite of nvent i on.
Fig. 8(r)F sJustrates the device of Fig. 79 in a |loading position. Fig. 8 |
is & crddscsectional view of the device of Fig. 79. 11 Fig. 82
illustrates the dﬁg‘ o£i10fstrhied 2 8% ¥heteAsNaAt thhPwe Bﬁhikdﬁ@ﬁhxh%?& opened to
permt an increased flow of air through the device. 83 is a side view
of the adensolizaton devire &FigRlg. 84 is a front perspectl ve vi ew of anot her

enbodi nent of an ager ation.dev cC rdr t he .i nventi.on ig. 85
illustrates the dg\gr QSQILLFS% 1% S“'é&“%h%frrl o "’Ieé’ oﬂﬁnﬁggfﬁ5?f°sqifz§tl°%6 is a
Cross Sc&%de(h@@érdﬁioet\b’tﬁé u;\,lgﬁn&evr ce of Fig. 84. Fig. 87 is a side view of

t he devi ce of 86. Fig. 88 is a front ?erspectlve vi ew of one

emd@di ment of a rangt Rpiilbustrated oac embdiiment of athaerpsplizatipwdevidd apcoBiing s a si de

vr ew of al ternative nout hpi ece according to the invention. DEFI N TI ONS

"Acti vé 35%}&""‘ ¥ described herein includes an agent, drug, conpound, 16

conposi tion of naF{en7es a Bihetdatie didpedre of a \Whrestibl @i slvE desordi@i®o ffear macol ogi c,

often beneficial, effect. This includes foods, food supplenents, nutrients,

drugs, m¥emiomes, vitanins, and other benefici al agent: . As used her ei n,

the teens further ude sro | actlve
g%gg b?lgg.%cr in%%r%‘g cLlX vave%P gq 3 at f%t

subst ance that pr or sys emc € The

actjisve agent that Fibaa9beazdernb»e¢rract¢pd tﬂféshdlasvawbtdcbbﬁlmglﬁ»thQﬁwaﬂﬁmll ral
agents, anepileptics, anal gesics, anti-inflammatory agents and

bronchodi | ators, Higl30ischaseaticalyl ilusiratee onpemgadiment afia Sregialdvabvipounds,

i ncludin ation, drugs which act on the peripheral nerves,
adr ener:b‘i(l r%%{a tkf{SPéve%h%I inergic receptors, the skeletal nuscles, the

cardi ovascul ar SYFig%”BlA@Zﬁ@Bthmﬁﬂiawa ﬂﬁmrb}p@aﬁrsshmlawam%yozﬁmttem
synaptic sites, neuroeffector functional sites, endocrine and hornone
systerrsthetlh‘eentlos i mmnol ogi cal system the reproductl ve system the

sk tal system ut d_.syste r ry systens,
thg';' i stam ne sys é%n hustt S5 rrtsiqu% H’ﬁe?ﬂ\?gﬁﬁa%m&%@%ﬁégt&% e agents may
be sel eghefridd.om) for exanple, polysaccharides, steroids,. hypnotics and
sedatives, psychic energizers, tranquilizers, antlconvulsants nuscl e

rel axants, anti pafie-3Sd Uﬁ&éﬁ@omﬁéﬂﬂg%rtw thegshpld vaiyesasatdieg edhe nuscl e
contractan 30 antimcrobials, antimalarials, hornmonal agents including
cont racerbt “9%% synpat hom netics, polypeptides, and proteins capabl e of
eliciting phySl ol QGbQGKAEEanGMESﬂluﬁh'alé &i unhrella tppdt}fresgxulchwalma@gmmgptq

anti andr ogeni c agent s, antiparasitics, neoplastics, antineoplastics,

hy p8yl y@&ﬂ&@tl%t ritional agents and suppl enents, growth suppl enents,

fats, antienter | g 2B soarel POUI dhEone WRSHASS NI G00RI 6 0SS

12 Exanpl es of agents use s I nvention 1nc are not
invention.

<
Q-

Figs. 36A and 36B illustrate a bistable dome type threshold valve

according to the invention.

30 Figs. 37A and 378 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.




- limted to insulin, calcitonin, erythropoietin (EPO, Factor VIII, Factor

| X, ceredase, cerezyrne, cyclosporine, granulocyte colony stinulating
factor (GCSF), al pha-1 proteinase inhibitor, elcatonin, granulocyte

- macr ophage colony stinmulating factor (GMCSF), growth hornmne, h n_grow h
hor mone (HGH}, grEigt3? fhloswaeearatherase @rwqﬁqﬁl},tyﬁgggp#}?}y}v%ﬁ

mol ecul ar wei ght heparin (LMAH, interferon al pha, interferon beta,

i nt er f écenrd he NERQTe ki n- 2, | ut ei ni zi ng hornone rel easing hornone
(LHRH) , somat ostpitci_;%bilﬁgggﬁ@gtp@niﬂmag@t@gshﬁemdlddhkvg agcerding tiodks
vasopressin anal og,” follicle stinulating hormone (FSH, insulin-like growth
factor,inéigiehi ntropin, interleukin 10 1 receptor antagonist, interleukin-3,

interleukin-4, interleukin-6 1 Stdrpetsdidpoftaet or (M CSF),
nerve growth fact%‘rg;4@%%?%&7%%%%?%@%23?%Tﬁ; ,é thyrrmsi nh{a%gpha 1, Ilb/llla
i nhi bi t@ggmﬁlnpha- 1 antitrypsin, respiratory syncytial virus antibody,

T brosi

cystic s transnenbrane_r egul at or TR) gene, oxyri b l.ease
(Dnase), bact eri cFigsl 4p8rnd48B|illusirateg pusles By 3y éﬁgﬁga?‘ﬁﬁlﬁb‘%g‘?ﬁj‘%‘@%v
anti body, interleukin-1 15 receptor, 13-cis retinoic acid, pentam dine
i set hi oHWEBUOTy| but erol sul fate, netaproterenol sulfate, becl onethasone

di propi onate, tri gnginqliogeacebaniyge flobudgsatur decardisgditRelnVERHA r opi um
bromi de, flunisolide, , fluticasome: cxonpl yn sodi g.[sr)] erg%garr’gc@&d%{or& e and
t hej@nal ogues, agdigs#éAand 4B iHysrate a Seligwi e ARV EBU AL 6 Agent s hay

further conprise nucleic acids, present as bare nucleic acid nol ecul es,
viral véRY®HS™ associated viral 20 particles, nucleic acids associated or

| ncor por at ed wi t higig] 43isteates @cbigtyge Aontraguizig aperéing 4 thepin¥8HH- DNA or
RNA or other.nuclei € acid construction of a.t sui t abl : ction
or transformation Bg. %illtsuatpamqtbtn%‘thoﬁlf&?é}tl%gg}m’% W@ugﬁt(\?fe%l%érr&é%{éﬁ%ﬁs of
the lungs. The active agents nmay be in various forns, such as soluble and

i nsol ubl'BVE¢¥®Pged or uncharged nol ecul es, conponents of nol ecul ar, conpl exes
or H@alr Imacol ogi cal ¥ig, Zlﬁlﬁglﬁews alfd)amhsyqietfhaw fegelaon doperding:tn the h%‘SF“B%f;

natural ly occurring nol ecules or they may he rec in 3 ced, or
they may be anal ogEigoGSilhétrﬁ@ﬁﬂﬁa‘mt\}eu)’c‘&? PWJ® qg&éé@%gﬁgﬁﬁ&%produced
active 'agents with one or nore am no aci ds added or del eted. Further, the
active a¥FHt9%ay conprise live attenuated or killed viruses sujtable for
use as vaccines. 3fig %il%dmﬂﬁs&rliqiii@mer&oitfkmwvfelwbw@caoﬁ%‘%i?r €of nean
particle size, since the powders of the invention are generally

pol ydi spavestidn.. e., consist of a range of particle sizes). MWD val ues as
reported herein are.deternned ha; owSreghilarintagtdrding takitehough
any #unber of com%ﬁﬁ'f?toéhﬁ‘"w%saﬁt&e%gEﬁgg(ﬁelgggg%@%g used for measuring mean
particl eérﬁ)eﬁﬁon." Mass. nedi an aer odynami c di aneter” or " is a nmeasure of

MVAD
t he aerodynam c size of a dispersed partigcle. The aer i i r s
used to describe 5 Eig Heillustoattyaspipdirdae ff‘ﬁ” fe@)‘lr??g%?cclg%gg{egtﬁe%ﬁgﬁavi or,
and is the diameter o#&lw&g&gg?ﬂaﬁﬁdmgﬁg&t 116G/ refeiator Aecardinp|to tp

vel ocity, generall )}Eig e particle. e aerodynam c di aneter
enconpassfse.fid ticle shape, density and physical size of a particle. As

used' herein, D refers to the mdpoint .or i.an s ehangan ¢
partixsl e size di st rFigati3dnand 5%&llél-ﬁFré%e&F‘i‘E%ngg‘gﬁi‘éfegg[eattgr%cggéﬁ%y cascade

i npaction. 10, DESCRI PTI ON OF THE SPECI FI C EMBODI MENTS The i nventi on

provi des BY&H¥®s and net hods for the administration of aerosplize

phar maceutical for Wniagatsh@msstﬂa&isagaaaam Wheeltypé flomsisgniatasagcordigiofidduced by
a patient. The pharnmaceutical formul ations that nmay be aerosolized include
powder ed iyentbsh.canents, |iquid solutions or suspensions, and the |like, and

may i nclude an acti ﬁfﬂ&aggﬁt&h 9355 dﬁg%ﬂr.ag‘f?g t}Iplaqldw%‘ngtod aucordingto they be

used for single or s.”'I'n sone enbodi ments, the flow
of rﬁZ@i r?ﬁ‘;%?{m?ases produced by the patient is enployed to extract the
eutical 1

phar ormul ation froma receptacle, to 2

phar maceuti cal for mRigs. 56A mdcﬁ@elluluﬁé?te%@aﬁﬂﬁeﬁ‘ﬁcdg'ﬁglggg‘%gqﬁﬁﬁugﬁon to
the patient's Jungs. One particular advantage of the invention is the
ability t@cpupngipthekentiiiet i ons i ndependent of the patient's natuyral
i nhal ation. flow rat egeAcsy jllustrRB altempred elastomnbmc dnckebilli type ﬂPWées‘#h‘QFSed
respiratory gases are-controlled so that they remain within an acceptable
range of fdcosrdimpiteshd mvemteapuat el y deliver the ?S pharmaceutical formulation
to the lungs. In another aspect, the i n8ntion is confi gured to regul ate
the flow of inspired gases so that the gases have sufficient energy to
extract the pharnmaceutical fornulation froma receptacle, deagglonerate the
formul ation, and deliver it to the patient's lungs. In sone cases, the
invention is further configured to maintain the 30 inhalation flow rate

o, .




- deliver the pharmaceutical fornulation to the deep lung. To aerosolize the
phar maceutical formulation, the flow of respiratory gases preferably
contains sufficient energy to extract the pharmaceutical fornulation from

- the receptacle. To ensure that the respiratory gases contain sufficient

energy, the invenFig0nayerhaiczipfiigtmted atftowtheveglt type flow iategragorgases from
flowwng to the patient's lungs when the patient attenpts to inhale.

Abr upt | 9ccordiag Fesilnangey- gases nay then be penitted to flowto the
patient s [ungs afersachihashitl GINAEIIT AR5 HhaoR NEAGHEkadicahamg | Y
permtting the flow of respiratory gases only en sufficCient vacuim has
been appd thedn¥entidf. t he user, a relatively high rate of flowis achieved to

provi de the gas streamwt fficient _enerqgy. e tQ acco i sh such a
process is by pl adiigy 63Araé‘gt6§%c‘§liuﬁﬁ‘ﬁt°9$]I°\Vve':h9‘}d/+gh%‘%‘vga%?%ﬁﬁw&°%bﬁani smin
the patigntis %Wvg[ﬁi&( event respiratory gases fromentering the
patient's unés en the patient attenpts to inhale. The restriction or

val ve may t hen be Rigpi3dilpstrateparetnpeilentypn dow integsatar accoeding tothery gases to
flowto,the 1 5 lungs. Hence, a patient may be instructed to inhale until a
t hr eshol®VeBEPRrat i ng vacuum i s overcone. The threshol d actuating vacuum nay
be configured suchythgdisiah el hiewbPabSR of el ik BitbgiaitR 08Fid. B3t he resul ting
gas stream when the gases are allowed to :flow to the patient's |ungs.
Preflérabl y, the tHiesHoiliistrateniapadde imheelithatrmalglee tyedrin Sieoflaw FoegraiorHeD to
about 6%,0&%0 so that the resulting gas streamw || have sufficient
energy tfd8-éxtract ?0 and daaggl onerate the pharmaceutical fornulation. Mst
preferably, the thtigsadaPeeB MusaRls she@ttyddnowihidGrateh a¢edrtinioito afe
threshol d val ves nay al so be enployed to prevent respiratory gases from

r eachi ngntdmiopat i ent’'s lungs until a threshold inhalation vacuumis

btai ned. F I h hgl d. val j j I
Coml Fant val ve ol SLISsads SRR E oy RREOTREGRALET: Bsieilh, ¥

the jgi rway and is g@nés duls@stet @ bdi@andharhdehof thefshintebrsacoffigi 67.met  or
exceeded. Alternati veI%/ the threshold val ve may conprise a scored nenbrane

that is confi guredFigo69 echematicaly Blustoatessan 2rsosalizatiorssstomn BRIIRG VanQkst or

exceeded. As. another anpl.e, the.th | ve may conprise an el astoner
nmenbr ane® e 4 '%8‘?‘°§A€‘°68ﬁd|‘“ﬁ‘r€q-§%"g%‘\@r ough the opening once the
threshol d 30 presspize7tachdateiRalieillustatex aeaiechlizalitiesystanphaving a paradehol d
val ves i ncl ude bi-stabl e mechani sns, diaphragns, and the like. In one

parti cul Bowdgpppe flow integratonasperding tothreinventioshol d val ve may be i ncor porat ed
e recsptacte tha Leg bl oo i A MSRILGR ik ahache

way,“*each tine a n 0 an aer osol1zation devi ce,
the devi fgwitRroligh typd/ iRy ﬁﬁ%&ﬂo& hccdrdigid the@aveatignyal ve. This is

particul arly advantageous en the threshol d val ve conprises a r’Eenbrane
that is confi guredFip 72éna font parspectizg visw afipaeembodiaent of 38 aeRoselzaier or
exceeded., Once tPfg rg)s irat 0{.3 gases are allowed to flow to the lungs, the
f1 ow r at 8E°HFCCPng BBE NEBHON-gases (in some cases) may need to be

control | ed or regulpy ed iHgstidfadithé BevigRsERigdT? ind loadinggdsitionaxi mum f |l ow rate
during delivery of the pharmaceutical fornulatjon t(;t)_ th«& | ungs. Typically,
the BSow rate of r&ipiTddsenearparspactivgyview of Bgdenice#tER e | ess than about
15 liters per mnu far. a tine | t=40. 5 seconds to -
about 5 seconds, cﬁ%e@p‘éﬁ&ﬁf& sf%ﬁg%nﬁﬁﬁg)?g% cé/%v?%@ﬁc?iﬁ% 'l[:’ﬁe range from about
125 nL to 10 about pig2fgisa ckéksRedtibnkl ¥ib@ odeiedsliteefFigoiul ation to pass
through the patient's airway and enter into the |ungs._ For_exanple, as
previously il ustrd&igd7 is acoossseetional side wiew of the dewes el gt fent s have a

tural inhalation rat t ds. i i . o F
breather s thar na g T8 B kaEneE RSl R B, T2 dTRh MeTbid Y pbdlibn, FOr
[ nve?gi on provides Ifi'gmg R $éf\Werige@fvetviar bf avsthértembsbdimeny dffae ti me when

t he aerosolized formulation'is being delivered to the lungs. This is
i || ust r ataécbsglizativncizivicg aceorting to the inventiore T1) the patient is inhaling

causing respiratory_ga to flaw {o. L NS, 4 e time T1, the
flowrate is well vg‘?i‘%%tﬁ ﬁﬁ(f[e?ﬁc%%?%:%z,b%&ﬁﬂﬁg%“é ‘is desirable
for initially exirapyl giddWtonvaeamaevichostiné devivt of FignTs om t he recept acl e

as previously described. Hence, a thresllql d valve or other flow prevention
mechani sm may




- ?0 not be needed for such breathers. Shortly after time Tl is time T2,

where the flow rate has been regulated to be bel ow a QDELI VERY flow rate.
The flow rate is nmintained below the QDELI VERY rate fromtine T2 to. tine
- T3) where the aerosolized formu atior%' ei ng del,vered t atient's

! .S th
lungs. After tinEsT82 IEEatEEHR AT GIPISHS 19tV asd P o B S@ﬁg% d the
patie ' A j ; | egelRe. flowrate to fill their
I ungs%%ne%l%d @?cgggﬁﬁﬁg%rg?gfag?ggg%%gggg%i\}/le to further deliver the
phar maceuti cal fRigned atd Hde view dithddeyict afifjig. Bl.g. 3 graphically illustrates

an exanpl e of where the patient has a natural inhalatio | ow rate that is

bel ow QDELI VERY @%}bgv%gi)ﬂ Rerypecyve Wwpc?fjélaﬁg,hltéf ﬁ@g?cﬁ'g’e PS f respiratory

gages éé%é'opgat%t&e‘%we d.c@%@\:gtjo%g ifRdudhen abruptly pernmitting the flow of
ory gases) the

307respira arting flowrate at time T,, is at QSTARTIn
this way, sufficFrnBs dhetgtesitse geow ofdtigt 34 when ez lophiaginesiionat i on from t he
receptacle. After. the. patient continues_t.o inhal ex.t flowrate rapidly
falls bel ow the Eﬁigg Of$ thag%w%\g@gggeedetvhcg °§§f$-2§‘t' s natural

i nhal ation flow gat @7iiSa Lias vidwianteRyiPiRE FUERY, f| ow rate. Hence, after 16
time T1, the patient's inhalation flow rate does not need to_be regul at ed,
t hereby pernitti Big.18Rés pabheperspestiveNieveoboneeremdimentaflaanpathpiece A vari ety
of schenes_.and techni ques may be provided to regulate the inhalation flow
r atle t FREdiBEFOWe ARENERREL | VERY flow rate fromtime T2 to time T3. As one
exanpl e, the patipgniggnay siie W bE a8 ditwnbtivembitpiecé ¥eosdiag té grdback to
permt the patient"to self regulate their inhalation flow rate. For

i nst anirvendon.aer osol i zati on device may be provided with a whistle that
creates a whistling sound when tSBE ﬁ?@l@ 's flow rate exceeds the

QDELI VERY flow rate. O her type F é ck that may be utilized include
visual feedbaghve b hfudsemobpdteiniiclutaran doesrlbagicompeuddye Like.
Optionall'y, a contfoller 10 may be provided wth a_ tinmng nmechanismto

i Nt catembpositibe ofimattendranixtirathereofkick pegyidas semepharmaeiegicitefay i ni sh

their inhalation at CO rtable.level ., As an e I patient's
i nhal af ‘q“?lo‘&&??c&t ﬁﬁdﬂ}‘q{ﬁ‘gﬁr 285> S0 “leepéeg?s g 8%%?&8’ %@g?’n‘%gﬂ Eg t he

respi r%ﬁtgfrﬁfnsg%?@?thgxeﬁé?ﬂﬁgﬁﬁi‘;%;_EQﬁseﬂ?&ﬁEﬁlb,&he teh@s Furtieerdficludecari r wvay nmay be
varied to control the rate of flow of inspired gases. The panner of 15

r egul atphgsiologycallg oe phireracolegically astvd substaneathatproduces @lesalized O For exanpl e,

the user may nual |y adj u the size of th R @ testriction

i n t he SYFERRSCHS! Hb?‘lg?téﬂ‘}t" ﬁ%acaﬁeea:ggpt @Pto%.“e"&f‘{“w%é? %%%?gﬁﬁgmg‘ge of the

ai hyay a%ﬁﬁxirgﬁg@[?{syﬁ{e‘?ﬁeﬁ%?%a@é&sfe@,earﬁiaﬁxhﬁﬂﬁﬁaior?\ﬁ@exﬁt@ aad bidnehoditataescr i bed
er detal e

inTgrea einafter.”In st i Il anot her exanple, an autonated
syst em atidtvinnesandrmapbeinorganicandongenigepmpeusisoifnchiding, yithout HEWRHEPS t he

i ze of the aj t te the flow of i .
par t1 GUIHES Wb ha BePeRBOGTE] Ry PR e R B P b e fRepbiE e
contr ol sléelb‘%alir@né 2t h0 Balil AWk yserd, Bidbo hedcRds thelbjodd geutmenysur e dr op

‘may be created. Because power is'general|ly proportional to both th&e
pr essur eystengsyRapticisitesy neatoeffecthejunictional sites, ardocpae RephommRRRe fystemsstae| |

i di fficient gy t ize t t] del i
Phet™ or HomaneloRcrisvewe, B rainaoBtyCRgient fad (gl aieqid sgitémt o P LYot
respir a‘{h%r&ﬁn%%gg Mxx&&opg@&taﬁs%ms@m sYgtediar@ thé certrai nentdusr

restriction me rintot patient's airway that is nade for use with a
speci f i syspehi Snitablé agdnts mayhy selasted Sioos 601 SKampéh PARGAIEBANASS, BETYUSH:| ored to
a specific patient sinply by.utili.zing an arifice. si rding to the
pat i ent hypraiicsaad S@thg%né?yé%/’fcoﬁmﬁ%wgé ul ’58{77 %glsc%g%@or ?’Egu%})é"t he present

i nvent i ga%’ggt@;& g:o,§§ga &S a1 o ¥ s2hrtRinflanGHR6HES muscle@iohtractantase, it may
e (0] |

be desira ntaln const ant, pr edetermned flow rate across a large
pat 3@nt apamidrabianantimalariats,ihesmonaisagents including epfaseRitVeSn Figure 4, it is
preferred that the flow resjstance/vacuumrel ati,onshi n j t jally

| i near. SF@PaBamAMEESs, H!qupch@l"?§ftzr“§(ﬂ’§t,°"ﬁs°a§#g?/\ﬂ%Tlﬁﬂﬂl’égﬁr}]gfc}@é{#?%r&%%ghpl e, it
is prefegpable {.0. ' b hGarldr OWni e tsodtparaaiticsMdoplaaticgnshi p i s

hi ghly r%%?%‘%ségl?%dpgﬁg‘%ﬁg{r%% %%}%%Séw to F(lg%¥n c?;gea system 10 utilizing a series
const  ucktihiespleits, aybbglgcanionumieriteharegintsansrruppleaients, BEYERSHEPIEMEDIS si ng a

atient's inspired . . .
P fats, antﬁenteritis agents, electrolytes, vaccines and diagnostic agents.
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- 5 respiratory gases will be described. System 10 conprises a threshold

val ve 14 that nmay be configured to open when the vacuumwithin a |ine 16
downstream of threshold val ve 14 experiences a vacuumof within 20 - 60 cm
- H20, preferably greater than about 40 cm H2O. Also coupled to line 16 is a
regul ati on syst efixagptasf apipassnissused i theinyentioadpeinds Bytargdlles t hrough

system.l . exar , il t e i a
restrwfgﬁ%néngﬁg?ﬁ%%%h% e{@g‘%%@t&e%gézggﬁg}cont?%#&flllzdéqugrﬁg%rehal si ze of
l'ine 1Eeraﬂﬁné,ft@l&l%b?!or&ﬁ:ggiaahmcyh&oldrml%tmfulitﬁ@ﬁhétaf (G@SBPpakhatinr ough |ine 16.
Conveniently, - regul ation system 18 may include_a control systemthat

adj ust grateisasedskibiter, ielsatonin EERRWeRYtTREcOBR g Solay Stiglang Betor t her

manual | a a j i 'l er.
For ox SARESOCLEN R baRSIChaah BrApa R GIGHT WO INARn 00 D1
t 0o t he heahoe|GHERH),hegadislownroletidar wtighvliiephtin (LIMIWHS Spietfatowr alpigases
t hrough the system Using this,informtion, the controller nay be enpl oyed
to contmtsﬁeqonéeaeg}t@réerev BRSS! > Jupeinizipg hﬂp?ﬂwejhpaﬁiegﬁpapp% system
18 is u Of vindhdiWwe | : Ll at
regul at??on gy@? %‘?h%%gk@r’a%/ nﬁa&@%%t%\?/%@é imnélgcthﬁ%ro L?%ng?%g?fﬁlg?ﬁ%}?ﬁg
downst rfeldinieatimmeatant lrinen? 2F $id)y) ingudinrlé@prowtht factes hmdulintrapingintetieuR -

ul ati on system 18 i.s

Re coupl ed.to receptacle 12 by a line 2Q. Exiting
r eg@pt aclieeepior andagon|st, teQQ'ﬂf-‘-Hgt' thrl?‘ﬁ“%‘grﬁ?ﬁﬁ]iel%l&ﬁ%ﬁ‘wwhaﬁe 8@3% omer at i on

mechani .ol hS. , g\%ﬁ; ’ gfﬂ}ﬁ) be
deaggl| dc‘ﬁ'emrugaﬁgd’ g#’{;‘% ieﬁﬁlén}g ys@%ﬁgﬁgﬁﬂ a@ghﬁg’ﬁﬁ‘ﬁ% t'Hé pat %ahnt' S

| ungs. dfptiat i, iiy/MRdghibitor mithacnamitgipain, swpi2ateryi synaytial nerug éntibualy, epssic be

coupl ed_to .a nout hpi ece (not s fromwhi ch the patient 5 inhales.
Hence, HRTPHS Fpatasmbane &%%féﬁ?%ﬁ%éé?w%sna §¥COP A aer osol i zed

medi ca ial ' g o IP2f; AntiUTINTY dnBiBodtiheAbuigrQduces a
vacuumr%g%fﬁggagﬁﬁ%&%f)}e%g?ﬁ%ég ol dﬁ{/(gpg}é 14. \When t?l%shol d 14 opens, the
povder edcepeati ¢ nonttinaic esitly pentanhidine isethionaty, athuterabsuifiate, pretapeeterenobugh
deaggl omf mechani sm 24. At the sane tine ul.ati o s%/stem 18

atjon .re
contr ol f%wgk?qlwtﬁfsqnsémff’%m% %@n&gyé@%%%deaﬁugggg Cdfs Qs e so t hat
the_aeriastlobhet bfBle AMERNolAEYRIARSHE FroRRn dothin difoRAi hitale hNGS.
After a“certaln anount of tine, the regulation system 18 may be configured
t 0 ceasthe apalogidsaponists el antdpenists ofithe abowve. iAdtiak @gertts may cabyipgise ate to

fill the lungs with respiratory gases.,and to. nove the delivered nedi canent

to the 'H-E?é"pc P‘ﬂﬂbe%m_ as f%?‘l‘q_l%@gﬁév\‘/“?lﬁc‘gfsg.V"Sl,veﬁf?r%%émfaé?@v‘éﬂbodi nent of

- an ﬁ)efogzﬂiiuéghfu RV GRseartd b kﬁ@ﬂ?ﬁ@&#ﬁﬁﬁ-liﬂi&%mi 8-coafiihges a
general Ty cylindrical housing 30 having a nouthpiece 32 at one énd. Housing

30 f urt mereriahplasced Ddplenr RHA Gﬂoth&ﬁnuphgc agd wpnsttuction phia typefsuiablpdeh f or

oo a3 o8 nans ammrm sl aREiily otk St M3 aiEh ot BN L O U
respirappoy %@E&i%&g&%?na?f%ﬁﬁ!Vﬁfibbé’fo?xﬂ&,?sh&?aﬁolﬁlﬁél%@ﬁxs@ﬁrble&ﬁﬂée@r| y, a

divider 42 is providéd to facilitate the introduction of respiratory gases
i nt o housumdaRd niwlecdds, opapomegtsdef rsleeuls epmmyxes Pr pbarmdcyplogimaflyed t o

housj ng 30 | t acl i er 44.  Copvenient!y. 0 pin 46, |
PO Rl G A e SRV A P
44 may B O%Yfagxg&;ﬁégdéxgg@,ﬁ ttmsrhi)!/ BY afslo S ¥TMRe hdtufall¢ ocBurkidgRer mt a

receptacle to o°device 28. Carrier 44" may then be noved to a
cl osed oeconybimatlyrpyoduesd hétore agents tvdtnonerorfnere aling\scideaddedrnpialeted. Fi gs. 6

and 7, carrier, 44 includes an openi.n 8 that i l.i.gned wi opening 34
when cafMFigen HF 3CHVEARRDY mMay CPH’é’%éF L‘ggaé%‘é@i%@%a? SE} su\i\%gp:ﬁ? RE#1 s

i ncl udes,;apdher opening 50 that is positioned bel ow two penetrating tabs
S2 on housing 30. As best shown in Fig 8 once carrier 44 is noved to the

open.position, a rgeeptacle S » Peal v | EQS.H eptacl e
4 68rrpri ses a recg\gisgél?e laélodiémg@ﬁhgr\?ihr%ﬁg lté%gnn%ag{ru% é(agﬁgv%ﬁclf rimg’hant om
line) whil tﬂi@%é’ﬁdérb@f heviention irRMenamintpolyAspRse ¢ind. ardnsisbofly radge iof :
configured so that the portion above chanber S8.is penetrable by tabs S2 as
descr i beurticle sizesit MMBoyadngs a5 Serortedhersin aty defrsmensd; by qeél&“é@gélcl e body S6 is
a threshold valve 60 that conprises a nenbrane that is configured to
rupture or tear at a specified threshold vacuum Receptacle S4 is inserted
into device 28 so that threshold valve 8 is 2S aligned with opening 36.

Al so) chanber S8 rests within opening 50. Once receptacle S4 is inserted
onto carrier 44, carrier 44 is noved to the closed or operating position as
illustrated in Fig. 9. Wien in the closed position, threshold valve 60 is
aligned with opening 34. Further, tabs 52 penetrate body 56 over chanber S8
and peel back the Iid to provide a pair of openings that provide access to

T ] N NN NS o b



10 bottom of chanber 64 is reduced in size to restrict the respiratory

gases flowi ng into chanber 64 and out penetrating tube 66. As shown in Fig.

11, distal end 68 is noved vertically upward so that it is further

- distanced fromthe bottomend of chanber 64. In.this. way, the rate of
respi ratdonyntahes slthesghiany nrembe o€ ommaply FEPIPYSE Eetc F%%%ns&n‘é%hgé\f enpl oyed

to adjust the distance between 15 distal end 68 and the bottom of chanber

64. Fomc%ﬁ’ﬁl‘%?a%‘%%éﬁﬁi que is to enploy the use of a suct i@%Ehforce
created by pati emdsohadat eodyiamic dipaeidr onlMMARS 1§ amgaiT O thbegins to

i nhal e, the vacuum source createqd' w thin,tube . i I w |
t end taemdyxmmiheizg@tftacﬂhr@mdd’fa“tog%t ?a§ﬂdmfg§a§$ﬁfr§?%§%§%§%§%§pi ous

mechani sns t.hen be. e QehNiot, AR ¢H it dirretbedficenit di st al end
68 -%nda{‘%mg@#egrﬂ‘J 5r3\‘%9§ﬁg?7%%1&6’4. For exanple, a variety of biasing
nmechan idéﬁﬁty"%}ﬂeﬁ%aivﬁ@ tye egint eetcling veddcityh geresallit invair, §H IClBet'Ween

e’6

recept ac and penetrating tube,§6., Autonated ; i edle @s

sol enoiadsdypamicotismetgn EnaomRPASFISP AR © shaps: @%‘%W%?%qﬁgirz?gr’a ,p%\k}ar? ous
manual techni ques | JiRCoeEdign bf iheiagRidyaami particlesizer ' s
hands oﬁsvﬁeaﬁ’g}:"’é{"mﬁ%@% utygﬁg?p penetrating tube 66 is that it fornms a
converqgﬁ}ibmggbpaﬂm&s&ieé&pswaadﬂﬁaég@Wm@rlﬂ%ﬁtl?%e power cont ai ned
wi t hin chanber 64. More specifically, as the patient inhales to extract the
powder from chanber 64, the convergent flow path created by penetrating

tube 66 tends to dfﬁﬁ@{:ﬁﬁﬁl@dﬁ‘?ﬂ%ﬂ@%@ﬂ\m&mts aerosol i zati on
e

and deposition wt ung. 30 Referring now to Fi an emrbodi nment

Fig. .12,
of an aerosolizatiTas ixd&ﬁiieﬁp?@i&dslsystbmsdaémqtm f%thFlagﬁéPF'é?t@‘b
technique for regulating the flow of respigatar deddche pglevi ce.
For consesniaized pbarmacpuiiqal ﬁqmﬁ%%tl%ﬁlufrmas‘ﬁ%ﬁ?}s’%ﬁ)f%s%ﬁg@?’( ggsfe%» 'S d19I
il lustrated, it.bein : 6 bl et PR A RS beaipmnliead mchmle powvdgtdd i zed to
conpl etépﬁﬂ@tdQ@F@hgg%gfegé%ﬁant|aotE1 devi élgg%o. conpri ses ﬁdﬁ?ousi ng' 72 and a
rec?ﬁt agledliatentseliquid-solftions Resespemsitrs, erd thedikeandyagy B aHYed to be
movabl e rel ative to housing 72 for convenhe%dltggghgg Qmﬂﬁ@ oadi ng of a
r ecept aegent7 The evieps efcthe prasentiBYRIOS B Raser nd a threshol d val ve 80
that may be .constructed to be similar to other enbodi nents descri bed
herei n. SREVUSTAG"S carrier 74 includes an opening 82 tha ig al}'h ned with
val ve 80 to perm tinlsegRi sntcdimenasthe fliow ¢f respIratRry £3Fes\PAPIHES &YdhCe opened.

Coupl ed to housing 72 is a penetrating,.tub . &1, foecept acl e

76 to prmvibnlésam@g@@dﬁ@e’émphf@“? ‘cﬁsﬁﬁgﬁaé%hpgfpgg&@ha descri bed

with the, previou nmbadi I i @éliverfirpharmadendodl | nhal es from
e s S e

deviZfe 7F2SEIRQMEL opens when the threshold vacuumi['ﬁ oq\zﬁr cone.
Respi r at f&ﬁuﬁﬁgﬁ% taquatibAtoyunbs. 00gé pettigiiae advagtags Of Sir YR FLRTAY t ube
84 as illustrated by the arrows. Devigce 70 fur ! W@ @Rl i ng 86

di sposedtoqmrﬂmmrsuhbﬁmcﬁgwwdahﬁ‘d!f%fc‘égﬁgﬁe?témgérx‘%ilhgél]}ﬂ. lltggceové:m;{e S}O i's
opened, . the vacuum withi : A inhalBe rékpiraidbs gaset e domtrotied emthabf
chamber 78NE%H UHENGFSREH quhv\gg‘&%%ﬁ%trati ng t%ge 825.3 The spri ﬂ% const ant of
spring ﬁg,e?ﬁ—)émhﬁl Withia @hedcépratle ringelof flosr rtesteadeaBieledef H¥ bot t om end of
1 5 chanber 78 and penetrati n%b?teUbe 84 to reqgulate the gas flow through the
devi 8. Iphasmaveuticat Eymulationd) BLIUAEY r abl e to sel ect the spring constant of

spring 86 based on .the iHahal&itioans Ebdiguted ® eguldtechel floy afhe
patient. In.this M&%‘Z‘é?é@g% maybbe taiSI ored to a particul artifg?ti ent.

Devi ce 7%{;}%{&%&&sﬂ%ﬂ%g@sephmmfﬁﬁaﬂ anatgyttaienagtithe BRAFIREIHA ween t he
bot t om of anber 78 and penetrating tube 84 to e i Istefee. In this
way, 20 cloanblatiod &om atecnpracleocﬁmskogreyatsghedééwlagagﬁ %ﬁ‘tgtadeg?a’gﬂeﬁ%éng t ube
84. Referring,now to Fig. 13 i Fkiie? RofiRMire€ tdMaimtaih

descri bedPatBBY$ &é‘géo .eo%asg%%lget ?ﬁgé@e 1:‘Sr om el ema%:i sim |igg tg t@tﬁ
previousl yL0e868 hpaqaéemmae@aﬁimmweva fapatdeast b zemtaip HimseRs iDaaled VOl e,
for convenience of discussion, simlar elenents #‘%@%{J%lﬁ%n%ﬂi figwtat ON
devi ce 90when initidly dflivering thegimigs Bt Ve iRe PEPERTE nunerals used to

descri be device nd will ' dihdedtientie airealiandtentsn devi ce
90 differ @P?Q?Haggr@%%ﬁtiftﬁ frg‘%haggf gtgﬁ%doiqﬁ@f{\sat ilt%leerr;pl oysl}gn el ectronic

control |l e tg%’hg ONk £t inthe deliveraof thelpameansufieal Sormilatingl 1 & IUNES 301G he
g inks -

bottom en C er 78. Controller 92 is. electroni . e 0 a

sol enoi d ebblanemsyf the inventioradyhe @Eﬁ%ggﬁpiwlg{g‘ﬁ%?g%%ttﬁg spagti EIng

bet ween penetrating tube 84 and chanberl&8. Optionally, a flow 30 control

sensor 96 may be di sposed anywhere within the airway of device 90 to sense
the rate of flow through the device. Wen controller 92 receives a signal

fromsensor 96, it may send a signal to solenoid 94 to adjust the spacing
to thereby regulate the flow rate. One advantage of using controller 92 is

I o . o o




© penetratin

- 15 Referring now to Figs. 15-26) various enbodi ments of aerosolization
devices wiill be described. Al though not shown, the aerosolization devices
.of Figs. 15-26 will typically include a penetrating tube with one or nore
. structures, to pjerce the |id of a receptacle simlar to the
Brbod FoPal BrBta I s Rl St Porce Ay PUbde Ry 6558 ABH IRIBUNF oshol d
val ves qfider @9 hat £, RS bR © eMlabiag the flow of 20 respiratory
gases to the patient's lungs in a manner simlar to that described with
previ ous enbodi nefiv geroFolizeltbe pharmagguticabformplatien, the Bdwtdfatspifatory gagonent s

f th i devi f Figs. 15-26 har ed bstituted, and/
"ht ef CHRIRGEAP O R R e oty el B PRt Rl TP SRR rent o
an er ogeddizal.i P9 eHaxE afit HdGeWitatorh @aske ehtabeehffibiem éherolOtheGAVEItIoBES 2

housing 108 having a lid 110. Lid 110 is 25 npvable to an open position to
recei vemay bheenfigured tf prevers pesahiosy gasss fromdflawmste geppisnshings svhiut t ons

116 th na e.pressed to punct I recept.acl e rior to
hal ac oA ABRPBp g DG Y e FerBRERE sk IR R TRHABL (hat
sheet 1ﬂ8wit§tﬂc%ﬁ@ﬂt’§ﬁﬂl gafterad theeshdldwasuha hes beed reached oBymbgiptigt i on printed
on sheet 112, usi ng 188.further i ncl udes a_nout hpi ece 120 and a slidable
cover 1permittiag thaflowef sespiraioye £asse opky e suEliciantyyagiem havbeeneppied byen a
patient ,i e . i i i Lover 122 to
xpishe. e dstne ot el R R o PR ER e b Mo R bW SULAESIBE T s

i nhal essuffitiest drfeedy. OReIMAY kGaumiplisiosich proeesd 20by flaciag a tdstattidayt t ons 116
have been pressed, sheet Z i2 may be replaced with a new sheet of

r ecept a¥alug or pther bigekingirgeqhanisay inAReRAtISAT 8 AITWAY LD PIEVETS ACPAITE 82388 t hat
conpri s . 1l [ r i1 S, Slidabl e
W thi n Do nd BRI ki e pARAL SRR SIRYE, TH eI 52 1o

hol d a vsieepiaychen BSfapidip rexiievetd or opétieg.to hernit vaspiratdryagases th2ABow so tHeosed,
receptacle 130 is held within cover, 126. Conveni entl t he chanber K 6 of

Yo
r eckbt alings-1Hencem g PRHERITAY Buinsiates 9dnbale FRR RFsACIdASIHEHNg Yacyum iy osed.
Var i ous b ) WV t HOWRY |
ret ractgg&? %@F.O%ﬁ%gﬂgihéﬁgﬁﬁpb?%ﬁ%pﬁ?ge @ﬁgﬁlﬁgg% m)ultt %ﬁ?gg(gid%g4 and a
wi ndow sufficiedt ereergy trithe resattingtgas bteeabi3 Ohes tHegadesiare allowed i fiow shithei ng a dat e

and type of medicatjon. tiopal]y, a counter, 138 may be praqvi ded ;o show
The cunBHIARS dangsmBer e, iscireshokt vaCHER FuB tha fenes Bormmaplt PO Bole an
aer osol | j i 15k i i isece 144
e e A T e i S e i S e
pos i oanddedgglamératatthe pharmabanicalnfotrulatiomh®ost prfetatdy,ithe dpeshold a
receptacle 148 niél bg grlég_fgd Wi thin housing 142. Wen lid 146 is cl osed,

r ecept a¥PEHYE 3t Least 40 %ind device 140 is ready for operation.

Conveni ently, |id Al4&i&@¥%fRedhdityvdsdhSessdbdemblogeit Shéspidmtgry a ball
152. The region bel%i@nd&?\/i ndow 150 rra; b%ﬁ‘glsacqalwlbrr??cor%]ﬁ?/qati%%ﬁw ?h t he
ai r f | owgpsestyon heacking toapatientjs baigh uniba theeshelddnbalatignivachemrie gbsinedependi ng

ol us. and o erauls; GAueoTs G Sy FotBRss wt Anitially SEpfitacafe SRENER °M 1Y
f eedbackeqiblé RRnitRhR WAt it dRPodedraeroad tHeMervids dnaas cdrfigubidsto\ibk, whdiethpat i ent

may adjust their inhalation rate based 20 on the visual feedback.
Opt i onalthseshalé vaamnd isOmeteny ekersdedi eA hematiyelydhe Supsholdivalve m8y compriser di ng

extra receptacles 148. Fiqg. .18 illustrates a device 1 conprising a

ous; ng SFOBE HERAGS B bonpFaEs bl AHES hef BRI O GRS |
to pi votegklede@OUR! a8 otte et fplé, Ahd@isshBIl viabfe mby BorhBdse £ dilieRke between an
open position and a closed position. Wien 2~ in the open position

r ecept achemb@@e hayingaeniopening Arkall inpuldedilronsh the ppenirgooncs tltuh@ﬁe%lp&gd, with
tacl e 166, bei i si bl h i i d i
bt O PrESSHRR 1 Be8 st b erErted Sl oMo b nb ity bRSLHASD, & Py oss

i 'l ustr aheshadknRCARpRIab#A! dfdnhélRNd.Cce | 72 conprising a housing 174 and a

door 176 that I's coupl&d to housing 174 by a hinge 178. Insertable into
device 172 30 is almenskpargoularaspastofitheinysntion.dbe fradioksvalgomay be| | ust r at ed

in Fig. 19A nveni ently, .each of [ e . e as

i1 ust ra‘P&‘&pr’f‘CF?ﬁ 1@.&’ ﬁ@eﬁ.egtﬁf}f)?haﬁ%o Phlc?l?ﬁ%ce@? %‘f@?ﬁﬁﬁi@ﬁ%@#ﬁﬁ atable to
rotate diygi eh8iPtileta e fe¥tEqe khiRserioa qlito ki Gerlsslizdtioa ldedies, the devidoy 186 to
view the receptacl e that has been piercgg by rotating dial 184. Wen ready

to receive a treatnment, the user places their nouth over a nose 187 of
device 172 23 and begins to inhale. The patient's inhalation opens alid
188 to permt the aerosolized fornulation to enter into the patient's

| ungs. To receive another treatnent, the user sinply dials dial 184 to the
next receptacle which is pierced, naking device 172 ready for operation.
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- pierce receptacle 200 so that the pharmaceutical fornmulation my be

extracted. Lid 194 also includes a tinmer 204 that is manually set by having
the user pull timer 204 toward button 202 prior to operation. The user then

" begins to inhale from nout hpi ece, 198 to_aer.Qsolil euti cal
f or mul proivisied vithed é¢\al§my§hql<|11éalﬁg'e’rr%isdﬁﬁ?%?u&aﬁ@i aldl‘/éﬁ%%%‘ai(%@%{i@gcexpi res. As

shown in Eig. 20A, L b ]2 fhec omlglub el te te of bgst aftarahé ons f or
stori n@“%?gaﬁwaiﬁ%fmp%rgsee%t%;}%@m%oo.a . Fi g.gm21 illustrates an aerosolization
devi ce 208, 06Pvaulusi 8 Gnet ohexeedgl. 208 having a slot 210 for receiving a

receptacle 212. Device 206, further inchu oLdey ikefidwaatehat is
cocked to cause rrEpRHEISBIYLY %%e%geﬁhlgg%gésﬂ%g&igggglzog further 20

includes.a tr fedd 1@ veohtrpilescar regdated soketithe phant om
ling). eﬁnggﬁE?‘ﬁ&Jaé%v cgagelid}f?*g%k_ed to pierce recegt Zﬁl ) 212, trap

door 2|Zgﬁsés$doai<ﬁ@xe&émdaﬁnmmgwnpieé%@ﬂgl@lhvgryé& nAPAHER Y i ng now to
Fig. 22, another aerosolizatign dew ko Ghaiedr védce 220
conpr | Sesnulationtq thg lunss. gzﬁalcéﬁ%’ltg%ﬁ?gﬁmﬁg?%r%%atégg gg%ﬁpl e}g t(;: gg% housi ng
222. Azb esttg%p%tilglﬂrg eldbhutedr tARd in thelrempgesrom showtdibsecepsl? 226 and

a wast °r8§;si t orage region 226 includes nmultiple.r les 230
that meypokes semaes, donespanding th@nimmlied velume p Mg TaRgT éFWaﬁ‘bto g{f?ﬁ cet%a

receptacl e has been used, it | j i usiethe HatiemS airway
Corﬂ\ﬂeni%bmlly,bé’rt%ﬂmbg\s %@é?ﬁﬁﬁﬁn&%ﬁgﬁﬁg%&%ﬁﬁ%@er qisat_or age _r.egj on 226.
Use of C'd%t 4. d Gie MHAN ERBRUDIE Masipiationsplictrtsdin eonnsstiomwihieal 30
fresh sﬁrbp y of receptacles, nay easily be cgﬁughed 50 h?‘%{ﬁ&‘%@% _maki ng
devi ce gotfe Fatmﬂtsthauesaela@mi iphalaten rasesthak R¥ReG g AR G devi ce 220
further includes rot at.abl e _di al bdve thOkakdsurh desitbdatme ratee of the
receptacles 230 f%&&%Wg}eésg@atrréa%f%ﬁ?%%ag%%d?nto housi ng 222. When pl aced
Wi thin g%uial,agi&g&ovird@g:ﬁml?&digwg@mﬂme fiberratetiurfgthciéme when thoysi ng 222
includes™a counter 236 to. display how %ly rec tac.gg%@%jaghggm%ced. A
t et her edefosolifedi formuletioris emgHelyered ip tRURES H WS M and I s riem)ved
prior to inhalatio nce, . to. i ratdri @ades & flaimplitlye patieat’es di al
234 to fd&é’m@“&%%i@?@@‘ﬁ%g %’g§l®$€a&%t%ar§%g. Crgger 23 8 ig.removed and
the patil%, ifpm%énttﬁe aewaswlis welltabeveh saminslew e3if. QuarisMNFHR “and

0

deposi t rmulation within the patientis | Sh e rg@éil,ya' d@ss a next
dosage, désizhbl2Ser ihi;iaéig&maf&imglt%lpwﬁ'??ﬁ‘&‘ﬁahgc’rﬁ’g’gagl%flecep?‘aecrl e'to be ejected

into waste region 228.a d ' R lothe? R @eventiokmachahism may
recept acIPféﬁ‘OHgVéieB"é du?@ﬁ%’\éﬁﬁgk%ﬁ%?gkr_eﬁove_d ,anpg pl aced, wit h a

repl 'ﬁbceni?&tbe(ikl:@ed 40 sidtbre@Bers) Shottlyafies tiave Teis digs! Tz pesrihe Bopcratehas
conprising a housing 242 and a lid 244 pivat.al | SHOBEI6WEhe242. A
r enovabl beenregiiptedde be below EQQBEUX\EERIQ%@B’ %F%\%e%&(géégﬁaxﬁgg{a% g. 23A). Cover
246 is renoved pri to | & Ratdselded fbanilattor?ié®eirg confi gur ed
to hol d Sostiyiry f%‘&%‘tﬂﬁ%@%bi@%@“%ﬁ}{gg shown in_Fig. ﬁ%" Once,strip
248°1'S Wil P dle QM DEiRAR lufesS|Aftke 125 Tandbe trguleboraf s an oS 654578 15
desired receptacle that is to be pierced. Sli (33"?%0@?5&?% Qeviflepr essed
to pi er cant kie paicatispdrmitied i Wbpls at ‘i’i?ﬁﬁafy, sfide may gbehgg‘gpl ed to
pl unbi_ng within device 24 her e Hirpgcdusicatfumiulation teethadgempr i at e
r ecepb ac|TESPAIRATY g\ﬂfﬁsﬁgﬁlsf (3?(8&'5&’%&)%% ce 24 may al so i nclude a whistle 254
t hat proquﬁgs an audi bl e signal when the user inhales in excess of a

maxi mum i nhal ati on flowrate. The user nay si A bntdhas ladakural?0
flow rate until whi Etg @ granpicallygd trﬁ?%&ﬂf%ﬁﬁ‘pgg)%ﬂse?{?ﬂﬁg)asortlm.c?. sgela 25
illustrates an aerosolizat.i i 64 6 SRE & Fig. 3 tyqueveniing AW a
nout hpi ec@é@?@?ﬁfﬁlda{e %1F§agg’ﬁg%ﬁi§5%?o housi nag{u258. Coyer ﬁ’?’g}]l S fem)ved
prior to gg&s imyﬁj g;ﬂeﬁcﬁﬁiﬂglﬁati&ﬁrinhawﬂimesdﬁwﬁl iy PEFRUENE 5°t hr ough
housi ng 258. PR Hi way, a continuous, st{ri p 26@ of rlﬁq_ﬁi}gt\@ﬁ{gﬁﬁ%ﬁ@tmy be
fed t4youglspihtoty 2aes, tRSstatting flest et mE {1415 AT Ahy be sgfar at eg into
segnents so that an.jndivid r fSofffthe hecepraclel Aifter $haopat®gP. Housi ng
258 i ncl uéé%'g&‘%Eﬁof’Eﬁi’?gg%?tf%g{henfgy létzi%r{ep?essed tg pierce the Ioauqc‘gﬂ(ghe
recept acl tgom‘{}ngg & i aRatHeGTw hegiapiily Gallsrielove the Qevery oW FRELFESREN ¢ or ed
by a gas gauge 270. In this way) the user i rovi de i Lia. Hi&ies) aftegedback
to assist patiemts mtael inhalatiomonrateflest g’ﬂ@l"ﬁ? {385\‘/"\‘551{ g.owc%ti onal Iy, housi ng
2S8 may include a clip 272 to pernmt delbce 258 to be carried on the pocket
like a pen. Fig. 26 illustrates an aerosolization device, 274 conprising a
housi ng 276



havi ng a nout hpi ece 278 and a rotatable body 280 that is rotatable relative
to housing 27b. Device 274 is configured to receive a receptacle pack 282
at a back end of device 25 274. Receptacle pack 282 includes multiple
- receptacles 284, that may be pierced when ready for use. Although

recept atmerpah«pmm’sénm&mmtgswrﬁéft Aeesoydtingent tocks regnlagpsotherady, it will be

appreci ated .t hat ot.her onetries enpl oyed, including square shaped
t ubes. wﬁ@éﬂ?%ﬁﬁﬁFQEWé°3§¥E§§%§°?§ﬂ?%2§§F$gpinto devi ce 274, rotatable body
280 is rotated toaadwefiCst seREmeY arldnecHeGeRine) ©spiovided 16 Fgapiteitheposi ti on
where the receptacle is pierced. Conveniently, housing 276 includes a

count er inh@atierotlen spte 9 be feloweibgiQrenyery MR Tom Haeelstta simesTs. 14s onfe

patient jnh . i } i i : to

Ui briat eteg hor 00 BBl SERRMEed Al yRALE oBELDL RANRER L BBATEBEN 1D 1o
i nhal at icaslfirbgviate aliir inhalstide Hosy faed. YF@finsthmees o betovalizadsn degichmayded to
prevent the flow of gases to the patient's |ungs unti] t?g?gati ent has

pr oduc eBroxidsd mitha whistle skat Graatrs adulystligeseupd BOCR the PAtiRAE JAtet he

recepta val ve € | +f: ases
it B B Lt R R e e e B g o d 15
act uat i pguglrfesibucle tadtil¢ feedvadky eudithiy sedbhck, and the lde (3ptiamally, reedontdotior

resi stance is provided by the q\g}gl ve. Once the flow stg&s),, tl:i.e val ve may be
cont® gumay be provides with ajtiming spoeBaNiSTAP ARGIEAH tR the WEt WhentimeTabes g 27 is a
schemat | ' rtﬁ{{:ﬁﬁ V- AR08 [ datd val ve 302 that

r nay beetég%lfd?‘gure {g&é\rﬁgdgk&al?ygkgr ess%?%r?@ﬁgoﬁgﬁgz fromabout 20 20 cm
H20 t o about 60 crst0thearzamplesthppetientsiihipalation Sawtratgiynajt boggulatedd® t o
all ow gas flow through the aerosolization device_in the direction.indicated
by the &FSFEHEE Of HOP ‘gg\'/%/‘?_s%mf‘w%af??&%ﬂgn’i“ﬁﬁle% SJW F’é‘i‘%plﬁ'&be B’éeﬁgmeeved f or
a short ag'%fgda?ﬂ:e%irch% &St T Atedf AW AE BlshREd sed! MR¥niafifeqyinder to be
di sperse omthe receptacle. Optionally, system 300 may include a check
val 18 3@egulaionmeayele eittes maneal, 95niFawombiedwpraptomatsdgfor peampleitbeusesuch a

check val ve may, be incorporated anywhere in the. aerosqglizatiqn vi.ce, and
f or conmrﬁﬂﬁéll}?ﬁg’“ﬁ% eﬁfzéé’rfgﬁeead Vﬁ%%ﬁﬁ%‘ﬁﬁﬁ%&ﬁ%d“@ﬁ@”%%’gg L300 may
be conf il v A Betriatilel§, he Sizs bR fetaitway May bk Qdjuefeddaseorothee val ve 302
is opened. 1n sone cases, system 300 may be confi gur ed to have a reset

f eat ur e patientsgwin inhklatioB 82 desctibedbindgaatet detaid here &, Insgpidkanetl®00 naybe
configured tg have an, 30 atglglgst ment mecha, ismeto soerm"glt troh',eled&ptjoust ment of
the t hr SXATOPE ALAHATRIRG SYFETWIR OnT QREPTSHO% FeRsRyS AL BF PIRATTHHC evel

and/r rr@%ﬁbt@%@éiz@@%efair@)ﬁ’y"t@?dg%la@é‘ﬁx@ ﬂU»@éﬁ#&EFi-ratQ}egdsEQe of threshol d

val ve thal may be used is a silicone rubber valve that is tailored to

provi de fl ow onsetOnt patticuldeadvaptage Rf eestistiasshe Howraf respiratasy 8a¥sitele rever se

f I ow i nhi bi tjon. ,Such lve.is alsp. : ' hE LG
rechani cearepLF s T ol AR R DR o BRRE AR,
exanpl e, Bldatse 4}5&%‘? i gd¥esally’pr88drtiédal 16 bOBXh6 phessretSp 2 flow rBBOth8Tow

5,377,877, 5,409,144, and 5,439, 143, the conplete disclosures of which are
herei n i ratompypbekent 1oy whilestitlrevidmesufficient snesgytpgaresplizrdbe Sprmyiatiam o) d

val v t ha be, i pcor por at I Ok osol i zati on device are

il u$ ra 0{@}{3{’3@? Pofgl‘%lc’%éﬁg‘m#}n%nle—?lg&%% is a pull through threshold
val ve 306 that is agnabihefilegnAfveathddlow olrespitatbavgases may bakeguldddbpnd an
outlet 312. A nenbrane 314, such as an el astoneric nenbrane, is disposed

across t hlacingteiorifice of oteuEsstiiFtignEemRer R1Q the PRIADE ARITHIY MDA S e T pa |
gégn: rS] gsgg%\s é‘fﬁé%‘i@ﬂ?&%ﬂt.gﬂ&tﬁ%ﬁw&%'aérogglrf'{a'tﬁwd%qmggnﬂﬁoethln%g tb grough

cuumTs created t'he user as shown in
phant om kjdigric faties: finlply BLEHRASS &8 ofificosighd aezohdingeo thepatierat’s fdtaral i s
perm tted through housing 308 by passing through passages 320.
Conv@a0i emnbalation flogseate.r od 322 nmay be used to push ball 318 back to the

ot her side of nmenbrane 314 in qorder g I : .
2o 26 111 st rat oTeees Atscuing KBl PR E BT knd AP oSS ARRE Bhr HEE
CONPr i Segovpaid SintithdrEasBAY aAg ba desipdi fo MRinbxin a 33fHsthnt| predererminied gloan

unbrell a nenber 330. Housing 326 al so includes tabs 332 \ghi %hgtgr gv.ent axi al
movenent rett acaoby elarge pasiebbpombAiannthior serits CeBEFULS, 38 ERICE IR FFWF &ntt 'y acuum

phant om ArEt L LR diou” RSy KLt SR B P S ity Reeer Tt BN

support 328. A reset rod 336 may be used to push



20 unbrella nmenber 330 back past tabs 332 prior to another use. Fig. 30
illustrates a threshold val ve 338 conprising a tubular housing 340 across
whi ch a val ve nmenber 342 is pivotally disposed. A biasing nmenber 344 biases
- val ve nenber 342 against a tab 346. In this , .gases fted to

fl ow tdanarahs, aesisswy irBBiguonteia esymplee lté%Pfe#\ggﬁﬁ mg P?Vbc}egé%é'@gp%ver come
the biasing force and 25 thereb ermt. val ve nenber 342 to open as shown
i N phamsistands/ yRSUum rﬁﬂ‘“@%@?l‘? liﬁlg‘%(lryp Oélglhéarflapper val ve 348 that may be used
in a tubular hougwgn-my NP8, £oNEIEleaeR) ttikizingh seriaswopsrst 880 that are
pivotally coupled to a-shaft 352. A'sprin s‘&fmt shovgn%\ ,bi.a§§r 4 Menbers 350
i Nt heg,p@siihd @posidend rediFament o a ereAtagles#r 1SRG LATH LR Orce i s
provi ded, the spring force is.oyxer REDekSsha (i vE(: oAt fmayt he open
posi t i RIPEHOWNSISAS ]ﬁ“ﬂb{’e §?L'°I§“t°8d'pg¥sr%1&8qp00% oW of gases. Fig. 32 illustrates
a spi ngé gggyégﬁea/@ %&nﬁ%ﬂmaba&mﬂmwﬁm a Hind Ubdowmstteemsefipressydyalveng a
spi ndl at |

hel d bet ween t abs and 361. P nnel 362
are ar nargpsienueha vamunyetwishiar2d pel Fr‘intslg dPEeger?li?lg\ﬁr ?%%%%Q£%1ﬁgr?r?e: s 362 and

around _spi ndl e 358 when t v : lsarthefloeoft he spindle to
t abs 3&1L0. pso C"Hﬁ’iedftroieiﬁ’tei‘gﬁlélaa}g%}rf%% §)t§{veveﬁg1n@?& ndl e 358 and housjng 356 may
be var |r%g,qucbgggg%eamngﬁ Bestétagor ed drisrexspled regulation sEHemy EdnEHing t he

g, |

val ve. | ustrat es anot her spindle ..\ : SR & N a
t uhgl ara fasttistiorgmdGarism ithay r@ayérteoe;snr-zd889cp R @affﬁlﬁﬁgs %%st'ségléfslpos edérv&vli thin

housi ng 366 so as t.0 be ad]a oht1RRr 80 Conveniently, rggulagorf | ow of
gases tth@f@%{:ﬁg\&ﬁg%Wﬁ%gg*iﬂﬁg%gg%%???’g‘?‘&ﬁt vacuum has_been produced by

t he patg'vgtrg{n1§R{a§%cﬂu§e79c§dticﬂ@ystmmtmdmuéhhgpsg’%waﬁ@céﬁﬁﬁmfr stop 366.
In this-way, gasés are permitted to ro%v thro%g&]ixpﬂfac\% ataBGnanfikd. 34A

i | | ust rednesl systdm estydieceithgr manuatly QReRACE BLPRTEES o™t Ubal ar ho(g;iglng 10 374
havi ng a . support .376.t hat WeALRE s oS Berdispsedimsysteer | havi ng a
bal | 38@3“‘%&? “t%gr‘sg%%’?n{;@lz’géﬂae me?rbrgr 78 tofﬂ;upport 76 n a vacuum
s Iaﬂapl,\/{:]&%lé?ﬁ/tottﬂ@cék&ﬁﬂlerfﬁdaE@MeﬂtcrﬁtengfBﬂB?f TREPHASPIYRRECY ISR T'Gur ed to
evert en a sufficient vacuumis produced ddrrédef everted
posi t i osystayms Elsing thiy lﬂfﬂf@e@%n:é%?ﬁ“% cBE9y ib%‘sré’%fy"gpt% 8%%%)%?&5 h%. 111-ll\:gnber
378 may be.reset.:t.0 he ok 1 tbih 13 i§ shdvh\updirean ofireceptapiodher use.
The t hr ESHiAIGn IS Ihﬁ?'lg‘%%gﬁ\lr/%a\l/%ﬁggg?gned to alternate between open and
cl osed pagiittephriviaediap eiputation sssemr I maxibHBIRY eddn Pfhef °8YMngth.  For

exanpl e) Fig. illustrates a threshold val QAR 19, Ng a housing 386
that holinduding dewnstieam oB@geptagle 5&P§b‘8§§8‘%w&§ o %ﬂﬂgusi r?g 386 is a magnet

390 and an el aStO;ﬁgﬁ%{gﬁgﬁ%ﬁmgg%is?&uﬁﬁﬁitcb"ﬂtcaptﬁeletlﬂéoly ol Exdongt hat i s

smalPer in di amet I'n this way, magnpet 390 hol.ds. 388
across qp&kdtle BP% 4 BndZPiHanis inhemmmacipngﬁ%dﬁ%g@%atw&f&fﬂ‘anﬁg@‘{'men
t he user provides a sufficient vacuu | | i e ate@geforsleatingt op 396
as showninithispreynpowdss gréracted é‘?cﬁptghlgaafx?@gg%%ééggs\?vﬂt hr ough openi %g 394

and around baw) éﬁ:‘%ﬁ?g?s éﬁ%gnmg?m&wfsi@ggi, iBxittesdapebntesatina meqhgngIebitgh

such t hatYstefie reset to obstruct airflqw when,.the user stops the
i nhal atig fine Tb that 364 tid douplerdad esnauthpieees(mot ﬁxom%nwg*%‘ﬁfﬁ‘* e
8 ] |

§|ng a tubul ar
housi ng

0 having a restrictjon 402 wth a. bf 2% bérbsstizé@4. A bistable
done2%06 irinales otishes with %tlss‘iﬁlbébrratpa&'ﬁ?t'Eﬁﬂr?cgwg?sq%o%ged gcr oss the interior of
housi ng 40Q.to cover .ofifi Mg edenuriti thepmaient produces WA g, 36A.
When a u ‘%F’&&f)\é%é“hg[*s‘%@?‘cﬁ‘g?}? vacuum done. 40b 30 gerfgyg& a bistable
functi on gf,giciERy & bﬁbdthﬁzsﬁ@lﬂiual\md%mtmeﬂbplﬁ1%%n51th PRVS*\REy, gases may
fl ow through orifi'ce 404 and then thrqu L 88 dbolonsed@pai t 407 as
shown by rhéticamentisextrctyd mr?quﬁglﬁrlg't%‘g pgg)sfeﬁ'rdggﬁ%lfl;u vgél V?p_]f 410 't hat
conprises a,tubular i i @ nayéte@xisxontrolstbie 8ow. ACIPAEREOTY 5
seal ed t@%ﬁ%ﬁs%%lgg%gﬁe? e’g%gssur ei s 28 roperly pass into

30 gases within an acceptable rate so that the aerosolized medicament may properly p

mount of time, the regulation system 18 may be

the patient’s lungs. After a certain a
rating so that the patient may inhale at a comfortable rate to fill

configured to cease ope
| deep lung.

the lungs with respiratory gases and to move the delivered medicament to the
18



- below a threshol d pressure, bladder 414 naintains the shape shown in Fig.

37A. In this way, a ball 416 is prevented from passing through bl adder 414,
t herepy preventing the flow of gases through housing 412. Channels 418 are

- in conmmunication with the interior of bladder 414 so that when the patient

roduces a vacuunjythat is_gr er: | ] : d
Br essure, bl adde:rk %ﬂmﬁ%f}%‘g t?%‘&gt. ﬁéhrg?)%% %ﬁ@%’}ﬁ%%eé@%&?ﬁ@%er m t
gases t@vide®® Wi Bgdschibesi Devidd 28 chingrisedd denkrmlyrctiadrieal housesgdl d val ve
420 conprising a tubul ar housing 422 having a.frangible di gﬁ[}r aagg %24.
Di aphr algpviuea moythpisrei QA ege eadr Hetting 3 o4 RHPLSIRPERDERE L h LS Cheen
applie th L | JaBle; [ £l es a
£ esnol B Ea¥ 3o Zerl PO e R By AR A e e B e ey 430
pi vat al Cynvenigitigda toiteau isgretdded Bénvesmn oreniims 3630d 380 eatnsit thedlow ofv of

T on 45TREvE Y s PR O B FEHR % A AVREhO  Vacuuim | s
producef dacils s fiate b Wetiribs of QUKL dasds RIRGRNG Hikedigal |5 hel d

W t hin anber er 436 Is Iin communication with the interior
of housbpenid@B4 (yee Figpagsage 438. In this way, when a sufficient vacuum has

been produced, st 432 is lifted u .permt. val ve.ne 430 t o gpen.

Conveniently, a vgjg‘t"’tﬁljbc?t‘&}e‘{)@e}lﬂ%@gégdg? Becﬁg}aﬁfetcaﬁl"rr 4tq;(c))echngﬁ?lFrhti)yoacharrber

436, yhe mrﬁﬁoﬁo?yﬁﬁll BV Slearb S tothobBinig M. 44 Zhig By PRnidraMi ded to
me

nove valve’ er 430 to the oOpen position when stop 432 is raised. 20
Fi g. 40maylheshowides 2a qpehipositivnagbhawrpia igr @ ihparmitaregeptade ta bialoadsshpri ses

a housi ng 446, a val ve nenpber 448 th ' [ it i.ng 446.
A otop 40 Savadty ety tange ot A0s clef of BRRRIdbIscn BUEAT S
producedy by theydnki @idhwn KIFiS4Ghind 7, baftier ¥@inttudee nh@peridg 48 didt ipalizmeds
shown in phantomline to permt valve nenber. 448 to pass beyond stop 450.

25 A vamitt gpeping Jowher garrigr 64 is meyedse thesdasadpasitian: Gareer44rBer gases
th h.t | i zat.i i i ' :
powdsr el B EhOHe: pESng ) Ui Hrat el B Bt Vo PRI tod UBOS BR BEESiRE'D,

regul ataggs are provided to limt the flow rate through the device for a
specified tine to insure _that the flowrate is slow enpugh for the aerosol

to travel through Asbesyishisy it BigdSnnse camier 4f a3 Bovedio He SBSHRASIHAR 230 Fi g.

41 schematically, illustrates. i £L oW 4604
Regul at FCeREg i Y PSR A S EP 2 FERpestie 3¢ FOPHERRRTMARN. | o
about 1%¢HairY a SEhEERSS (Mikieingitatonekse)twidoh Abkisthelfowdentdmediegentt or 460

may be configured such that the resistance to the flowjs snall_ at |ow
vac20m deteptacledwdyS6ip Fﬁﬂﬁmedl%%?ﬁhgé%}%%@%;?h%"ﬁ@“ P P“ﬁ%@grhyent ly,

regul ator, 4 . | | 1] is lelic £ 0 the
ecept adrl thi iy braCist gt hordHaRE DLpRediR rilopr et 28 ist 0. ey
provi de mresHsldemvessy thhfdsifprises & nnabRatethnt isaohfgufed comegivaator Gat afxm

H20)1/2 / standard liters per mnute (SLM up to the resistance of the
r ecept acspscifieduhrgshald vagywRnat i vely, the flow controller nmay be placed in

i ith th . N . i
series wiih the | CREPIAGLE 54 i{inetfd Lgm%%%&elets@% RYShRARSIAVaREF0GE R may

vary fromthe resi ce o e receptacle ow path up to a resistance
greap®r ligedivith ¢ominisy. Alsd, cifaintéer S8 oests withifi apening25(6 POugegeseptactrust t ypes
of flow reqgulators that rnay be used in agﬁgs%lsggati on devi ces tQ regul ate

gas fl owisdnsestedonto sarEenthErBEIRAS 1HBaKed9 POPPEIUER B, 42A

illustrat fil: [ - b+ SN i eAevitho4 10
naving a FRBeE R P A BL B Bt B R 1 b
Wit hin hgg@ﬁﬂgM_GFunﬁer( £iby 150 pepetiangbatif2s thoves ebambert 38 andyge! barkitheligési ti on
shown in Fig. 42A. As the flow rate throu hou%i ng 464 ncrea &St shuttle
468 novegrapidai naln_@Ggpqxgnsﬁathattnsowéﬁﬁ?féé%tég? PRYC8Y %ﬂ&%?’@é‘é‘_ FEROFT ow
chansﬁ Lwlgggt()émlc? é:%{xl{ef 443 B td the Wdséd ﬁosZtZOGrl, lMisb£rhal Plake HEYthauth oved e. | f

t he 00 excessive, channe closes as shuttle 468 1 5
engages whaulpidok3 Bandsittennptite irFialp. P2BlowhErespinatofy gases thopigh dayided§ ia72
noves shuttle 468 to the starti‘gi% POSi tion. Fig. 43 killlcllusltr%eit%{;l ow
regul at omprevestedritil thesuser prepige eiigienhyacupip tg ap5 freshold valve o0. !
point, respiratory gases are abruptly permitted to flow through opening 34, through
19 '



that is simlar in construction to that previ ously described in connection
with Fig. 28. Regul ator 476 conprises a housing 478 having a tapered flow
channel 480 and a 20 nenbrane 482 that serves as a threshold valve in a

- manner simlar to that previously described. In Fig. 43, a ball 484 has

passed thro gafidol s drehbed saaiaus moathyederdd as8Bugiatadne
vacuun"?’pﬁf’F1 cegggggg ﬁe&%%gf% ’Aso the Ij\é/éacgum i ncreases) spring 486 conpresses
as bal ﬁ,yﬁgﬁn@swges further into channel 480 as shown in phantomline. As a
result,”the flow path is restricted r d §dd qgcgnli@,efﬂl%@jbgases.
The spring const 2MMIPENGY 1Q P$Sn36?t§%1¥frn}§) eg%%pgd(jg@usteedétq pzﬂovj de%\tﬁ,{:l]e
desired _fl ow,co oW 8Brespirdry ghdds thruhgh4B aetdsaBTatian @eHICE

r egul aFB‘Ploﬁf’ﬁ%?oco%%ltesghﬁg a tulga ar, 1F;Il(,)usi ng 490 in%o i.ch act?a%ée?% 492 is
di sposgedeBed P weillaRAesmibede ShonDtin g d@ 1HR IETPEL sétzgp?é?ngt%a 'S confi gur ed
to conpress when the fl.ow through [ AJIGh&REL SInd8g.slewn i n Fi g.
44A. Aﬁh%éﬂ%mn)l@ileé&%raeg ,ag%“t?% pgltaﬁ&?lé4 t hrough the bel ] ows_ 30

decr easgs. |t %itgﬂlﬁt 64 DR dileauy, batetratdd the lidBvit thasthenbboand 4 digal endpf o or 496
conpri Ry g a tubul ar housi ng 498 intg whéccfn ahca%ﬁeﬁur@eeé%g%%sﬂgﬁwg

orifi caghdblisidispoisediwithin ahiaspss 64 InaFige 0184 B Srethder aving a flow
channel 504 is al sa. hel i I hy J v WetwBéd digtabord 6% ant dposed

bet weernegbiié Wﬁwf%@g8%%'r%gp§%’§% ﬁegﬁabyer 502. As the flow rate 30
thr @ughb Wohd %@%ﬁmﬁd&ﬁ 61 b oradaharinelze 56 festrint temrsepirateryrganes BWYENEIMPr esses and
col€ medber 500 moves further intg ro%v chanF%I ?o(ﬁ taf Y @O dhdvdlat i ng the
f1 ow of chaatbes64 hndogtpenstratingfupe80- AiSGRoVE 1} 18ud FrUPELE $9 50 regul ator 508
t hat conprises a tybul,ar.housi i Roftbraend of Bharhiér Gndnf | ow
channel gersa_azilywpa'(afgé? hat “dawgﬁ&%&]?‘ﬁ@ﬁoﬁsi ng 510 from anot her

housi ng%m'% afald RBwI aRWIGEHIEITS ghske8 may tsyinc1egsed20 bi ases housing 510 to

the left "as shown in Fig. 46. As the flow rate. | : bd¥Greer? O

ext ends and noves shwvaristngl BebRIABeSTRRY €’7 E}WP{OB’FEH %ﬁﬁszg?&?lﬁmg%y%oi rﬁg,!mf | ow
channel s, 514 are restrict 6D OFSlékatiplé, iofit techhigug asstofdnapioy Fig.
47 131 uét#éﬁ%@sga?ggwbro 35?%{)%} ngt hat cc?h@ri ses, a tubul ar hougi ng 522
havi ng @E&Qf@w&imrﬁ&rcézﬁatéﬂa&y patiefil inhalation. t Mosgspspidicall | as hGBRHE 6. The
open cel oam material restricts and re ul at 3 valisesd tdhr ough
housi ng b8gids tcbiylhak;iﬁ’g%ﬁ%ﬁﬁ‘lﬁ%ﬂ”@'&&ﬁ)ﬁﬁ?Buabcicgssr%pgr)}e@g%\éﬁtggam anagétgon'st rict
the porous f|ow channel L g. hidl disthY éHdess. &V dricuy mezhanising mAYABER hat
conpri sé§°‘§tj(‘%glﬁ‘lg%ﬁleﬂgﬁzlc%agrgﬁ&édégguﬁad\;i ng a support 532 W%%fa plurality
of ori fib‘é%%\&%d BroHiEbIBE detmeaberwesg distal end 68 ang e hasiom © and limts
gas flow thriough housi ng 530. Convenientl unbr to esftrolmay be
eveni bl hainberb4raForeaxamiphg, l2aariety ¢f qsu@%%l}aggsgn sﬁh&%‘%@nﬁ%g{ﬁi@%ﬁo Wét h Fi gs.
43A and 43B.to also fu i W €55 seneahtweg tube §6. Aditarhategt rates a
flow reg@Fé?la%Wﬁ%Teng%rﬁ%?%gggc taIﬁousi ng 540 having 0 an ‘i,nket.tube 542
and an opkbighistith eudided sol@nefusspistons, tand thenldemay 2188 6% TP, oYy ditiE46. As
gases flow t hrough housi ng 540, the ses, bubbl.a: |iseé Harfd@rwhi ch
regul at esaridus midnyal sEhnigeesgaakalse H? %&%&@?&h‘é‘ﬁ?&gwggg’e 50 illust rrat es a
fl ow reggll ator 548 that conprises a tubular housing 550 having a necked
regi on 5898%TX shuttle S54 is held within housi ng 550 and is ftoﬁcﬁg&ﬁ% into
neckge region 552 asnd fastumasi pemetratingubs 66 isthakit forms FWRYEBFAJIR4Ed To nove

the Shuttle 554 is controlled a spri st ber 8 YMoses t he vacuum
force i ncemasasa dedgglamesgiop ‘HP‘%/E"‘?’ ctoppag?egg\g{ﬁgh{lfl%]&k tq@ flow rate through

housi ng 550...Fi.g. 51 .i]l.ust: ¢ sgwlietfoom Shémbér4, ths: ergsnty
H ﬁBE:%ﬁ‘ﬁ?dg’sééa’ﬁé’\#‘% ihRdiEStoRxragiine OV s iy

t ubul ar ng a spindle 560 that is sli dtgbl e \ﬁl tthifn n%ltlél ng
558. A S[HidyBath26catét Bspencaniingihube $6 1613 te deaggomergli NG BOYATWA PAYEG. 51
so that a flow path 564 of spindl. .5@0 is aligned with fl ow paths 566 in
housi ng ﬁﬁﬁaermﬁcdwﬁ'@dtd(%f’i}gg’i‘ﬁ"gﬁ" O in Fig. 51, gases may flow

t hrough housi ng 558 lg%e@n%?gﬁw% F!}{. 9o drhuimetths afGerantizationidswicsdth 568
ins dl e 560. Hovx,g\/ r, as the vacuum force incre%ﬁa)s, Ei ndl e 599 Jmoves
to the |eft bOddRfbed @tilliibtente pat teshiiges for megudasing th ?”rfbfs TEFPATIR 0T gases
through h?hligt.llg?xgthg agx}ice. For convenience of illustration, only a portion of device 70 is

illustrated, it being appreciated that other components may be utilized to complete the

n device 70 comprises a housing 72 and a receptacle carrier 74.

device. Aerosolizatio .



31 Fig. 52 illustrates a flow regul ator 570 conprising.a tubul ar housing
572 havi ng an expandabl e cone 574. Cone 574 includes an orifice 576 and is
configured so that gas flow may pass through orifice 576 as well as around

- cone 574 when the flowrate is low as shown in Fig. 52. Wien the flow rate

i S i ncr @as&facls eRBebTAnRYRANGSfibereAo Bt dRvable seafivegdionsing iddsi ng 572 so
that gas flowis only permtted through orifjce 57?. i gs., 53A and 63B
i |1 ust r apeveaient tﬂﬁdmﬁma%@%%eﬁﬁ%ﬁ ﬁs&@ﬂ?‘i??g“gg‘ld\%a%@?b%e end
584 may Qe fi xed a not ] - dddigental ve 582
to the Jgsaf‘fl iaéﬁre }hog%gllvg @ﬁéaﬁg%@g?onﬁt&ﬁftg@%% Q’%ﬁgr golo%tgv&\r/cﬁ% et h? ough val ve
582 may descrited hkaie dReckPtdclgcarfidr 14 inukitieadrespeairfy §Athatigalignagrwiiggalvhat
conprises a housing 590 having_a paddl e g{ge b 592 thaé 'bs rloé/ table in only
one i r &P GAITRIS TesRBRATHFACRE PV SHOLSRY Fg RARRPPEES -§"pF g‘f ‘3?‘15%
connect e it tpERé{PAth rt}t?t?%??ﬁm@p%xfe’tﬁ{e'sg%htaﬁfgmqg_tp&&ﬂdé Actesdtb@KamBeramd) Ust ed

to regulate e ano gas ow t gh housing 590. By being rotatable
i n only iaRendineesitiinnto patdéseribbkwith59opravioos smbodments. dn gHeglangy ve. 15

nousi ng Wb meRieRGibIFo A fr g 'Geare e Su 96 8] orr Wi B Bedeld °C) e
when eXp\?arcPﬁrgqg Qﬂerﬁprm.gﬁeﬂﬁﬁ;téﬂy%sé%‘théd foww hiratigticliaintier g8 ah8But o reduce the

flowrate oug ousi ng *5. 96 "Anot her type of flow regul ator conprises a
val V@ t hgdneirstimpntube Béias dihsthted by0hé hmawhl e material, such as a soft

el astoner, e.g.) Sili e rubber, that. |im rfain rate
whil e al so prevent PRYF ﬁ@\%‘ﬁﬂﬁerﬂﬁ u epc’&osﬂ"flg 8Edﬁsggg%e%§%¥c%&3&§gﬁv%ai s al so
sel T [ eSRLLARe cAii@hnd OG0 IE 8D b SeAkd AR6 Vaduanowithifipehetvaingaabdigie an
orifice that permts the flow of air through the valve in respgnse .to an

appl i ed vasethy batamend of chambes 1| besisaw WS Penetiatng ity YISPBRS i ce
such that an ingreas vacuyum,pressure. |l .. 25, 1 i of
orifice ‘é‘?‘@?néﬂgsf’é’&gﬁggs‘ﬁ%ge (it %%‘f%rceo |r§)t9 gﬁgé&%,ggg, ?tﬁvste ﬁ&ﬂ%ﬁ%‘?g{ldeegf such
val ves i shdnhih 78R8Y pBReiraif gltebeitd toarkpulaekpgndlonetiroughoths tievice.. Goene
particul ar exanple of such a valve is described in Léﬁ% EPcf)lt e&tﬂ No. _

5, 655, 52063ses,liemap bpdetirablli tocselpstthe spRNGLANSHNF QL $PEING|OR 92/ LPHEE AVERSHY
reference. Fi.gs.. 56A and .56B.il . at. er ofe. erbheadi.: w

regul at of“hégﬁ)‘.%né’@wﬁamrf’g'é?ﬁ%aqyotwi%tﬁr%&i gg@%a‘ﬁggﬁggﬁprgfg d %gmggféé ﬁavi ng a

duckbi | | py@icRr fatent. NDEvicB b Yakiserdncloddsfa pie 88 ifat nlaintking thespacing fretwdeow r at e
is low and orifice 60b is fully opened. Wen the flow rat&li ncr eases, val ve

604 begi Mt bastoct ofehamber Adand penetiating s 8o picaTipindigtanqeo Jt thisSWay.y per

exa es of su flow,.requ 4 i I "”a59. In Fig. 67, a

fl O\Arr/%egﬁﬁ%fflgerr 0%t © g‘&k@%}gibﬁld%/”g? g%?xg%&%t{i#ﬂgt%bgpmé” fice 612. Fig. 58
illustrates a fl owReZeringtmew ©Fghkiangemsaizatibn Hevivab@ will b6 dedcrivedin
orifice 618 extending fromthe top and dovvq t he side. Fig, 59 i({]ustrates a
f1 ow r eguPexiesr 90528y heoonsgrusted feam elements simligAo t@ﬁﬁ”F"é“?ng’rséf‘Be Bp orifice
624 and a side ori.fice 626, . e L WBf dibussiRhosikilagat i on
devi ce hzfé’“ﬁ%cglﬁnr“@gmeé?sg)ﬁ%%ﬁ %e%%r{tgi%é@gnfgﬁ%@#ggﬁb?ﬁg 1devi ce may be

conf i gur edlerhntPaiedifbr Atosdlizares eelvitd 20wilhberefdrred thiveithvtag samhecfesare may fil |

er o951 twnedrls eehsolargioarisi e AN an ok dFSREOTCBERT | SRCIPLAENT | 0w
rate, thegd. devdiae: T BESONLLiGH UecL 90 RO |t ey aleldcoRidoRtbRd! ¥

fill his ungs as e user continues to inhale through the device.
Typi cal | y92 tddonttobthe diryariee beaweentpenetratmgftutbe 84 rai the battom ead of chamburiBabl e

.rate once an initial volunme of aboyt 500m . een inhal.ed, at t
regul at edContaolier J2ds ClWr@ﬁ%@B’Lﬁ%BIeﬁﬁ%i“ S%‘F{‘%‘B%gﬁg‘ﬁtm@bmx%qdel%rﬂﬁ éﬁt}ga& todi y

the drug oacsonyo?%ﬁ%'sgéjcu?gaﬁét&egﬁ p?rﬂe%faﬂﬂk ti¥e 89534 cARABE: 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 controller 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



15 To provide such a feature, various tiners or flow integrators may

optionally be incorporated into the aerosolization devices of the

invention. Such flow integrators have one or nore noving nmenbers that nove

- based on the volume of flow through the device. In tﬁgi ) V\g% when t he

i ni ti alaefaseljzddabamiylation bawereackedihe patism s1lwees, $9lentid AP has By ed

sufficient to open.another qgas.c 1ot hd assdardaso flijow. 20 For
S B Regrae PO L Bl v RS Pl

exanpl EX144E an air ap made of a filmsuch as

a pol YTEEFkﬁ&Ac@m&Vﬂegﬁxﬁoﬁy iagégness between 0. 045 and 0.020 inches and
preferably having a viscoel astic or other %0 -depgndent %%Qﬁ“’ti&{-bﬁ‘ rfl ow
over the airfoil Refepingiens & Figerl§dRRRiar MboRmenfigl a pogelp o813 Iy B, e
configured to allow a ibd OMopAL bg 3bi@kises PfddRE er mi ned
vol dme DRSS ‘fo“ln}s %mﬁéséfﬁéa%%ﬁgéggh%ﬁé})gé orga sqhena{"?cgl ly illustrates a
fl ow t hgaueie 190 Bating W tent gtiah 402 680a chutradted seofitn §04 edsthe nove based on

o't he phumsarscal FFaRHOT 31 SHBRALIOT R SHEHETE: SR Ch PIeL Bl ch oan
vary si 8!31}1%%%?'&35 ik lgﬂe%ggmr}m.fmvzh%ﬁg@mrmaake&i&pmﬁwby bhen using a

flowre SCri above. One advantage of integrator 630 js that
it provisepndn? I0uses thy afstomatatedpaveizs tr engage thepyvells A SRERESAYT oASPift

i |lustrat flow by t i nt tor. 632, that i | Led in fl
bat 10 O e Aepaiomarntias, beh rersapairas gh aetion b Pk BobRer ktubdier = Lo
to open atgtg{ig‘lj% Sy'ﬁﬁd &m&fegﬁ\&gﬁfﬁu'rl%’;\/df:bg?g%xheﬁtéﬂ@@@WdeB3Almﬁigjﬁsho%A and

62B il | d&t ow throu uttle type flow integratqor 634 that
Conpri s&QgtRotd st adction fsliovgedbdba aontrastesinections i6WH] bhanpreaiated thas KRHOYS t hi n

housi ng 636. Conveniently, skirt, seals 640 provi . grg%ggusi ng

636 and otheritubwarsymcyyies Baypbe P¥°me ?’W“gﬁt‘ﬁaf‘ggm%gggﬁ glrgﬁoﬁ%‘_ﬁ ops 642

and 644 Q0 AL 30O 0 8biliieel delbblometMQ upf peldact | € 638, In Fig. 624
i'sin the close

shuttle posrtion where the r[ainflowth[.ou h the
aer qsol i zati on devReferrigpmseto FigsolfgRé.amriopeemhedigients; of asFrset! 3 8, and a

I1el fl h h h | 648 | -hy: |
D35 rov cdeviass oo REtRibsg: aggoped Ao BuBLBE SoloRd S oR eiceE oPlgs. EBS T €
" wh.pv"ihngh ' [%Qggg%ﬁc{% Haftratlhente aat @fect maredehtteniigmtricties opade at

i ch shu

moves, 1s proportional to the 10 fl ow \? obT"hé/.. As
in Fig. @elidcsfhuttdpeachSsimitay tsthezsibogimentepresipyskyrdessribed: chiest A Bunt of

[l ow | nt S alseringss Preoofies PR P ead s e Brglie Aowo 0 O P
el ggdgas fll RWOI‘)I]%&EQ&) t?xPEaﬁﬁﬁ%%ﬁﬁgszlﬁFa'tﬁﬂuﬁﬁsthﬁfar pataedescibegdesthcrewiohs n
ng B58 1S an I npe

hou r 654 that is coupled to a %Zr reduction 656. In
turn, 15embadinencsdhirther,666ill be apnrpeiatad thet e GomRRogntE o4 the,YAnous dgyises 60 as

al so shown_in Fig, 64. m 658 .i s, rof atabl. ggpw _housi ng 662
that pro®ffes- y-géfw@%ﬁegw‘t?éﬁwtﬁ%“é‘?};g%ﬁ&ﬁ%’&g rosgp%ggfé%ﬁr device. In
operation:.the userFi{-sE]t'a'LﬁﬁxgttQ FPJ.Q%| 6 @tsodiment éfancegssoticatiindevis2l 0ghi ch
turns inpeller 654. In turn, cam658 is rotated throu?gnlgﬁar "Eﬁwc“ on 656.
Wien camvaSferdeaaited. DevinediObicomprieea hepsing EHohavangp f1 Wit A hSusi ng 20

6b2 to open a_ parallel fl.aw path for i n fudée to
t he Qﬁ'peIm%Yab@S@,anaPPﬁBdPBF‘g"WE%E“%’gf s?‘rgeﬁl lgg%zgee p %gle?ﬁllﬁ'stld ?%}g%mi%n Fig. 65.

In such ap cubedi RN ¢ A Fobreeled 86 fuittyrelan assocjdtediracopigelar] LAquee 9 on

656 in a manner sinmlar to that previously described, Figs 66&@1{1 66B
i |l ust r at @halafibmvComtenimmalyolid &6 ichusies emquéégyv%fﬁﬂ% abshegh il Ry 668

having a parallel flow path 670. up| m héet 21 DBEHBUEIAW pat h
672. An o‘g%ﬁ‘rdn@demy blﬁaég%w ﬁg’ag‘ﬁ %@qgﬁ%&iﬁ%@ﬁm dg?ﬁég%hi nbfl 1:54'1 d- 8
comuni cag ' i dubtidied20129i 42d 2Glidable caverhitthat 167B beiskid Agerski rt
seal s 678%%%%%“&8@&292&# loljg%ween- shuttl e 676 and housing 668. A spring
680 i3 di gputsiecedR0mdrenhous vsg. 668 and shuttle 676, and an unbrella valve
682 with a bl eed hol e 684 extends thraougk i ienf8licddQ¥Ner 122F1 0.
66B, shuttle 676 pr ?ﬂ%pwgfslrg?&ygtgsr %%%Q#E%tggaﬁ%%mpat |§1 670 t\"/vhe.n t he
user fir SE%%Qamol 91;%&'361'29: SRR ofs7Pl 6B Ve prested ahd thweeussf indyales ehigs0,

e ol e*684

danped by or alternatively by controlled | eaka round
Shuttl e b2 mobitit beeiToutpives 1 70ispeee SHAGPUNRES 31 6.63YF Beh HFOPRrER)

between the_inlet side 34, havi, n e e 684) and the outlet side
(havi ng odéﬁimﬂj"E?F&QIZ‘F%‘EW?EPg’ﬁé"eﬁ?egﬁgr%)ffﬂgési/acuum created by the user.
When shuttle 676 reaches the end of itstravel, parallel flow path 670 is
opened for ‘the chase air. A reset rod 686 may then be used to reset shuttle
676 to the position shown.in Fig. 66B. Fig. 67 .illustrates a flow

i ntegrator 690 conprising a tubular housing 692 that serves as a main flow
path. A brake system 694 having a pivotal brake arm 696 extends into,

P~ NN o o e ~ N~




- Wheel 700 then rotates at a constant rate until hole 703 becones aligned
with housing 702, thereby opening a parallel flow path for the chase air,
The threshold val ves, flow regulators and, optionally, flow integrators of
- the invention may.be artranged in a variety, of nf.igurati.ons withjn an
aerosol i zation ZOF@e\]lgélisu.Str I5e a&fﬁ%?@%at‘!@f‘&fm@q?? m?gf?@f”é%esérfwer 125 _

aer osol Gs@@ilb@ﬂig?%k? Bhd b QraMAar12 s Hha 1y AldBLSwRRIRRGDENS ﬁﬁ@di@z{tE@B?% In
series. System 710 conprises, in series, an inlet 711, a threshold valve
712, a #TOW Peayeraidris panfiguaed tooveld atreqpptactsr 1301 AAoshommeinfipw Sth mdggh t ype,

Cotal raner i dbercRegidds B ORI AT TEL coldlrbkehimi o

equal t 6f rebepticts 1 30 BagDebnBBurkl €o be?itcr&ﬁ Wi drnwéernsugicidsed.| varbmt egr at or
716 opens. Conveniently) the order of threshold valve 712, flow regul ator

714 andPEpotions 437 aaybemrevided tmaliavedravier dag ko by prararisd deflawisgusermy be

i nterch . i\el I . . f by type

i nt egr a@gggﬁ ﬁgﬁﬁnﬂgéﬂgéelh%%r%mofé\{h%ﬁgk ?tg%g%(?ggf%g%wg%gep %tcrl gé'f%al ¢ may be
| ast i n1308 lsadedesioh® witheiewing Héate ahd type@fnikeiixasiohl Optionallyhea cotker
conponents. Conveni.ent| 30 threshol d valve 712, flow regulator 714 and

f1ow i nt&dymay b¢ pn‘éd?ﬁhvy%evw the eymulagiye ppmeRfasaeion ks dswiceri g. 70

illystrates an ae is i V. 422t i . Al 4, a
thr E2hot d valve. 75 10 Pl BRLRBliAgiHy il JRTRbLRRSIER Hollifip 142

i nt egr ahawing 3nfthgitee f44mndizrylid y4fe, Lidnd 6dsn movable hetden ahrmipeypadition 732 i s
arranged parallel to threshold, valve 726 35 and regul ator, 728. Wth
system acbi closed PRSKIOR AR lﬁygtfaé?ﬂ e A eaél?h 1¢6ds pRensdop receRfaflet o t he
resi st an : 4 hy , is ow
rates aéﬁ%gﬁ grlf;im' ng%ﬁmgg%t%ér pd’?‘égv@lsmtlggqﬁgﬁhéeg? glggg'rlg égéﬁ%elgr enti al
bet ween asdridéaer 140nid readyl fet op&@dtiorCobomenientllyylid 146 majp ddadudesd ragsed26 and f | ow

regul ator. 728 be, 5 int ted. Fig. 7Ll illustr s _an aerosalization
Cyatim Pt At tomtsmmaababl £, e cpan bbby 350 dibomieeiing | ow

i nt egr akgfmithicalbn With th SitbWHAHY therdfoausing bl 158 9y b e Wwitthf thede fiBG EPt acl €
746 and an outlet 748. Wth system 736, the order of threshold valfve 740

- and f | odepending et the ratd 2f flay dfgespicatnyy gasesthrohgh devich 4hafonmenientiys em
resistance 1Q may he | ess.than or equyal, to .the resistance of receptacle
75, - L BIGEREREHS SRR ED HGACTY BErOTIoR et SRV L FiSUR JES RS BF SiBtr at o
vol ume WﬂéWtﬁfHﬁ?ﬁ tid dGfcel, Un URIS ?ﬁle%%_ti@ntrxﬁa?"ic%jlusqfthéiPﬁthl'aﬁM‘h FAAL Badelir OUgh
it. System 736 also allows for infegration of threshold valve 740 and fl ow

r egdl at on tifvisual feddback.i Qpiopadlyodevice2l 4miay insludeagtidrage compartment 16de -
aspect, stem 736 may be configured so that flow integrator 742 does not
restri clfg'%/}f'f’gg’i‘ggx‘fr?‘&ﬁ)égﬁﬁfé?ﬁ\%i ch occurs after threshold valve 740 opens so
that the high flowigatgiRasaesa 8dlitd B6/cIrpriieta hewseRy 858 BavidPat 0 di sperse
the powder. . Figs. 72-78 illustrate one particul ar enbodi nent of an

aer osol imeithpiaced 0 and #7i5d 162hah hingeokGddes amploygd topivetadlyccoupleid L6 tol ow

regul at qr__and flow it egrator. Device 750 conprises,a _housi.n 2, a door
754"t natiorEng 138, LS AR ARR by e s oSSR isp & Rt POSLRH Sy
pi vatsablig tieegeRpoSkRn/Pcefiacle @66 nfybMloadedfih® holSingdS8! LI®462BMhbe opened
to permt a receptacle 760 (shown already opened) to be inserted into
devi ce RupEdDwifh eRsepBolelGh it Vitibleubwssh aavindawi&s: Lok | 62ipelure aphess | s i n

commi nat i ut hpiece 758 r it that is extracted from
recept ac4u3{892‘85{&Jggghgfouislﬁdgtoﬁiﬁf%%cgéé%ggg gﬁog{eoa 51 onerator 764 is
provided in nout hpFigc 9 ihBtrites theactgtslimtion éevibe mc@ﬂ;]ﬁlimgaaab@sin oysler the
is extracted fromreceptacle 760. Conveniently, deaggl onerator 764 al so

serves aanda daesfli6 thasis conpledo kousingil & by 75&gsi W8t dnsertablsiploedevias 172

extraction bg,~162.i s _a,.cutter 766 t .pierces. r ac 760 en door
754 1% cﬁsgsdtésg( §8c9 Raying mj ‘pgﬁrﬁ&e%éesog}g%&lﬁgs&agﬁsmlPﬁé‘ﬁ&;ﬁ)’rQ?’é‘éﬂrﬁ’%\%@’ door 754
is a thraghof thewdteptacléitninbd neabated S€HIustred IFEFTY 898, Dddr hag intgudd’ a0peni ng
772. A valve nmenber 774 having a ball 776 that is novabl e through opening

772 oncedial 1§ tbatisretatablevamvteiradisk Bhwithincdsiiosyl 7h&aesdrf 6 inlsofagludas
exceed Edwir{dgbvgf@gzgk)éeﬁg theFedthticld &Q?ﬁa‘%%@{xﬁ&%é@%ka@%&éﬁﬁ gl freates a

vacuumintu I'n"a‘passage nicationwith a

ri ght hafddgtdiecele Aebinane the Oser phuees thei mdtite shed ThosedBaBfdegicsure is net
or exceeded, ball 776 is 36 pul I ed t hragugh opening 772 to permt outside
air to enter into a region 780 of door 754 through a vent (not shown). In
this way, air flows through receptacle 760 to extract the powdered drug
where it is delivered to nouthpi ece ?58. Conveniently, device 750 further

i ncludes a cam 782 that noves ball 780 back through opening 772 when door
754 is opened and closed to reset the valve. Device 750 further includes a

. A 1 e, " - n I -—~ N 2 o T ]



by ball 780. In this way, the only air passing through tube 762 nust pass
t hrough receptacle 760 as previously described. This flow path has
sufficient resistance such that the flowis limted to the desi red rate. If
- the user does not create a vacuum suffi ci en% cI ose fhﬁ oﬁz t he

ai r 0 Begimpeo intdedThhpsiegh's ivkplB@nneas a ﬁgpﬁlgm VI cé

further includes af|0W|nt I at 9 @@rh@&r@aﬁ@da‘lowrate
once afos@HiasPR 1o ARGHINOHSE ntn%ﬂfn gsggggso t Oitht he user maés con or t abl y
it

fill 082 8f 448 thoBerftlresupbite Whizh is pipnteds mdkingrdeyics d eadyfoF i ne.
Fl ow |£r}ﬁl«§rg¥g1;d%r %90 conpri ses apcl utch di aphragm 792 upon whi ch a spool 794

rests. opretddn. 794 is biased to rotate by a torsional spring 796. In this

way, when di aphr 192 18, gﬁgp foho%?aﬂeﬁﬁﬁoé ackBdblizatomtievi®d rot at es
unti | an openi ng TEHEASN spool” 794 becomes al i gned w th an odgenl ng
798 (segy 5}1gbe8€§cdlﬁdt TRRict60 oﬁtnprhesaboumgl%m%ﬁil art ﬂ?"’é‘%&ﬂ‘@lq f1 ow
through a parallel flow path and | be 7&% Eﬁpxécetl

conf ortmhbu}wEg 192 bnaihinged?§s Qﬁ"’t“ﬁ Ghf I’s confi gur to | ower

torele ¢ @p%%bﬁgﬁﬁﬁggse }s.g’sﬂié}gn é?ﬂeaﬁwrm&ﬁ@tms lunarf bpe paitionASBeras t he

user i pi‘ece § previously described.. The rate of
spool  rokaddtfle LOO dmmanaheadadrmsmqumnéd%madgbwbm@fféirtawa f1 ow pat h)
is determ ned by a reservai r. 800 whic g grease. A
fixed mosbion ifosirated in nL‘rde@érl%ll“gcséﬁ)Bref%Q‘%%O%qogtde?gt [Eeteof spool
rotation as e Snaa el dﬁﬁmbmgctgcealsdudwﬁhough
not shdRMfFe® F&TPEs {%&Lht‘lﬁé?ﬂﬂrﬁaﬁg a reset Ie\I/Ier to ressé scgg%l 794
after U§€ inkldes a Gigne? 204 It}hzusi manealhnsst he hawinsden wenpulbtimen 204 )8 2at i on

devi ce 850 that conprises a usin 2 g &p4 and a
r ot at abbustonAP2rriasde operations %gierg‘il, %hsqg u;hafi‘ggUB] o%@ﬁﬁgfg?ng 852 may"

be separ at eﬁ fro Lgl Hﬁoﬁﬂuﬁ@iﬁnt Preferabiy, tl&uieumhslemuamlrtlmg' 2Qa4cept acl e
858 to #&°19 §' |n 0 device . A lower 37 hou5| catcl‘tx o%

pr oy deghdifs! W@dhoWﬂ&nFliQ.\Z@lA Gl méusamngcksez mlétlakusvéas P %‘i“?‘Fg 854.
Coupl ed to nout hpi ece 858‘ is a tube 860 having a cutting rrechanl sm 862 to
open rea@tlwlée%@%&q receptacle 858 is inserted and | ower housi ng 852

'S placed adj acentz;ypney.fous #0adocblizlicpaadcs 206 ansprisings htwsisg 2F 852 | s
a nmenbrane 862 havi

g an opening 864. Extendin ng 864 is a
| at ch 8§§v1haws[tg 21 0ifat tec8fbhg Preseptacindd? baeuwe%ﬁgvaﬂ@gsnﬁg %%c 90 in
| ower housin . Such_a confi gurat LR fuckherl ve for
devi ce %@xceahﬁhﬂtss Geeked %"ear\‘s%lr%%ttac'; %ﬁ%%%#ﬁéﬁﬁd&%\}%l ece 856, a vacuum

i's eate ' shie afoudisive 118 himeuﬂﬁmntcmbne) he user
cr eg es Lﬁc t??l %‘?oggtl@@gg&gr%k&g’g 8651@?2 pul | e(g thro %g Oé)? g 864 in
nenbranqyg@gc@mamae Did isicdekes to pwcep resep@ple g ntray W25 PRy SEH
openi ng 864, through rece cIe 858 and up through tube 860 where the

aer 0sol |3z@dﬂ@%tbgleé§<?1%15t%g #r mout hpi ece 856. Once the drug has been
aerosol i zed, the frawgf ﬁ‘b»‘/t& FEgDQQhaxibQNmerc&SDzatmnrdegmbaﬂ@dﬂﬂdvebe | ess
than a certain rate 1 n %rt t hrough use of an torrerlc duckb dl valve 1
S 892. “/@ésenbai?c}l)éwcanmlcompmsqss heasiag22eand @ 1lpﬁ\?(v"' h ow pat hs,

i.e. through valve 892 and thr ﬁh%‘ah@w rate is
bel G4 t hbousing:242- ot B S PP AP RO eI e0s Fkﬁgd;%ggéelg val ve 892

begi nS ! ek 08fioh 928 ke Tonfmfmélb@wmﬁltitpwmuqhaalw BUbsmpsbh. The

only aval arr en through receptacle 85$ F/n t(): R_Ege{ P
suffi ci emadwsushauaﬁga@z hs dest:nbd!rbhﬂle@ﬂf% Qneea{ea?w 608 PSP eRUpt €d to a

cam 893 of latch 866 is_ a i pedispbdel ovest op
896. Spr eingted @W?%em%ot or}yc ﬁﬂ Jgg:gﬁraa%%as:egl %Izggg}g |d1§gdl’e Wi f hin a

bypass duckh I t g@fan ecbusrmehaumplacemdnechmba@nga

mout hpi eCe" %@éjeglcog‘m 9?%#%%?(:22%%6 rmf/a(egs spreader vé)eraﬁt pp 896.
Thi s39ausa&,hsﬁpplp@fa&éptaolee)«pambsals{ betsewpled o ppysingd2 8‘ ?e el | ows
900 and to spread valve 898 which is 25 normally closed. In this way, after
a certai rmpléirysgdeyicet i me, val ve 898 is opened to provide another flow path
so that nore anbi ent @k sAB¥nfih . Qhrmmgd&wi&ezwﬁﬁnhdmndgﬂﬁmoéa%@e I'n
this manner, the user 1s permtted to cont ortabliéf t heir Iun%aﬁ%&er
the initighl I4gatielrbaedto adtvce ane obtheaaraptasiesi 2N mﬁté’lrar%’vﬁé‘ A 13)

controlled by filling bello 00, with a f edNGFubtter,

provi di ngindo Beusing &% ’gf‘fV@én Pﬁiﬁ‘gm‘mh‘é‘ﬁg"gﬁﬁmﬁ#@%%gﬁ ﬁiteﬁce rate of
conpression is controlled by the tinme r wred to force the air out through
the orifice once spreader 894 is rel eased fromstop 896. Figs. 84-87
illustrate anot her enbodi nent of an aerosolization device 910 that
conprises a | ower housing 912, a mddle housing 914, an upper housing 916
and a rmut hp| ece 918 Lower hou5| ng 912 |s rmvabl e, relative to mddle

.



10 to flow into | ower housing 912 through a hole 932, through opening 926,
t hrough receptacl e 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 cv%gfi%urfd to rgﬁl ate tlhe flow ratree&)f air

 t hr ougHEHEL29ngudgs: aFoussir 23§30 CSBIay OB FESERRC FE FRIAh B 5SS Thi s i s
aCCOWlA%&Bgrehgll&ﬁﬁﬁ'eéé r b88iUBpRE 1§ Ro@iRSL DRI i rétisvedi griorvtal ve 934 in
upper housi ng 6. TAS t?‘le user conF| nues to 1 nhale, anbient air entering

t hr oughinhalaeio®32 al so passes through opening 926 and then through val ve

934: . The air then travel s through . an openi ng 936, ..a i and out
nout hpi ece 918. I—&R@%r‘? Upg dgvige #l%%ower‘ﬁf St 2585?2%3% %%%jﬁgtgl d O%}ﬁ%\%§934
cl oses %@ro%rtﬁé/ ﬁ@)ﬁ rgéebtdccllé?"t&l/ﬂhrrqggli‘s fefioved bR HabientABhded ©Sdtdsoligd themay

only flDdw t hroug O'receptacle 920 and tube 922 which, because of their
| i mi t edpsarre)euteglfoametationentlldeppsitthe farguldtion; within shepatienes lungs-e Wheper ni t

the aerosqlized dr to re t he user' ] unt of
e, apty e dosagdr fiahrctiscee Bl e o ihe S dalf b St

devi ce 940 vaRtelrBdibn P e aH8 @BvARINLCAGEHRE teteptaclei Whérhall fecéptacies dvetbeanr. Thi s
is acconplished Dy use of a piston 940 that is goupled to upper housing 25

916 by asquaiclip 324 fsokemovgd and placediwith agemacemant §hBn 940 further includes a

hol e. 946 t hat nov tyeen seal -1 4 i t of

timd Wen reachi ﬁ:sg“?% li\ﬁf)%gtﬁ %%%rgﬁg%?eeﬁﬁeajﬁogo 5%9{%%%50 g Iiopeni ng
932 al sqpy AnQuoh diedtelP4Supltdichgiing@4e. I3femavdbleuhouthpittpieee24dB. In this
way, an additional flowlﬁath is&?ﬂrovi ded to permt gt&g@vs.er to, confortably

fill thelso praviged tee elsoifig13344). GEVEV#4G/is SFMPYRI RRIQTS 3oy ®40 noves
due to a _pressure djff.er ' ' iaNin¥e. and a
regi on S?égerﬁel owcﬁ?’sfttoc}% cgﬁ%@ﬁ%fb@%‘g@gggg}%@éﬁ? cee?%%tlel%glg Wi?gp%r oduc?gé'by a
vacuum a3t Onge Stip@Ueds WithireBousingIBQ, whkide 23%emag e mvygd fsindeatathal e due to
a bl eed hole 954 ?hat is in communication w t[r}ﬁr%gi on 95%. The si.ze of

bl edd halesirobrecepsacigthat %Whegv?réeﬁ-t%lw%Fy B bF £epiesieddo PIEERMwi t hi n
region 950, and t ef f :ﬁp{ypg ?;gm:, i ih$d 88vi84tuo A
variety G c{egggcne'pgaggcs. %@c’i@?ug@g%tsg% sureﬁp ng';{g he ?J‘g%r“% r%g erll Y.

posi ti ong thivahé pligbiie itadvdde thoaiphppreteradeptacig almg voith slltg _ F ddfidezat i on
ToUt ot 640 e plep ictucrrotigge 25 UBK BEkuE R AITE SRR oE R S d
As anot her__ex I 3 £ e ! P & irBhizak alsfgvebyar ks.

Al t er nat VTS %rggﬁgnagﬁxgﬁon{@%%ﬁgxgﬁﬁgﬁ%é I‘Fi)&rﬁou\k'ﬁ’rgg? %lﬁlp%e Si deagf t he

noutdmpi efew rdtleestl Waists 20U staseeprducingd vihistlingsounds in order to create a
sufficient vacuumto operate the devige.. As, a f her example. .th

mout hpi ece may havglgl@gau'éﬁt‘faﬁla&ra-e’_ﬁ%‘?léﬁt‘l°ﬁtd%‘§?25&8‘?5"?8?“&‘%&%??52? |8§:al
POt on B n}%%t@‘?e‘ég rc@%)xbyﬁottﬂﬁ P Alhetd 1oohdiRIND 58N CHveEL60 Biremoset prid ent
vacuum t 0 be Creat ed. tronally, a tongue dépressor nmay also be used to
depress tdesel Husimgt258dusthetiacludeseslotizp2fthairaxtinds througipheusing 23 dathisg now
to Fig. 88, one enbodi nent ,of a nouthpiece 10 i1l .be described.

Mout hpi e@@m@e@t@éﬁﬁﬁtgegﬁé#6%?%&%2%8%”%6%%%%%%&% ?'stal end 1004 1
5 thai ig,600k t tddinfseBREAGbitHA ah @idididvhrecenaklan open
pr oximal %é%%fdgtg[&g?s??g?ﬁae)ﬁgyl g% has a gii%r cul ar cross sectional profile,
whi | e pr exdyrtd feé iitlo $00B6RaBloasing 258 ihobudee rIbupon 268 that 51y bsedepressrd to
profile.. :In this, .way, the user nust place their nouth over nouthpiece
1000 unt ipieretBierloaded §eGegtactf-t he circul ar portion in order to create the
vacuum needed to o { $02/th Zidtfal QO TheGie bW Rate A@bHRSre iy tagagosi t i on
devi ce on 20 nout hgﬁg%ﬁf(}%‘ge?@eg pair gf hol es 1008 that nust be covered
by the usgugs270.p& this veaydete tser srooided with vissglfeedpckide assist them dhot her

Fr on0; edaRaling aH1roB Ao R o ORUGFAL: By BASRr By ok Rie i 17 selgbfmiiscr o
conpr ] si rarEt s B e e b B e st al lend 1016 that L5
slidabl e over a tubFiga2é diisentss emadrosdlization device AFHcompriingp 8ausiBg gho
Dot vean chasitas aMpIe 2086008 Fabie Al bl etiB e it (RIS
For ot U e s B B et ot 5 o b and  t he

patient applies a force 30 agai nst extension 1018 pushi ng extension 1018
forward in a direction towards the device, thus primng the device for
actuation. Al so, tubular nenber 1014 includes a tongue depressor 1022 that
depresses the user's tongue during inhalation to facilitate passage of the
aerosol i zed powder past the user's tongue and into the lungs. 40




The devi ces and net hods of the present invention may be used with both
|l iquid or powdered pharmaceutical formulations. The anount of active agent
in the formulation will be that ampunt necessary to deliver a

t herapeutically effective anount of the actjv ent ta achie he desired
resul t .274n Rucegtatleqack BB imﬂllldesmlypwfﬁépVC&éééggﬁ‘%énwggwlfﬁgxg'aktl%?i cul ar

agent, the severity of the conditj.os Sl | apeddmetryeftf ect .
Accor di1ady f?fé‘S?JréXt@PP%‘HreéﬁR}ﬁ ﬁéﬁf%zol?@g%%%ls g?@?icggn%%ﬁdergﬁ e

f or mul ag : dal iouem¥tries nggereatplyyey, aclidag squsre deptde agents

t hat wéflpgéalggﬁlﬁgggﬁion élc%ses of fromO0.001 ng/day to 100 ng/ day;

pref er afibgs.0. 01 ny/day to 50 ng/day. Powdered fornul ations suitable for use

in the present invention inclu ‘ & Sevirh TR kdthrrbRbodygpeded or

di ssdl ved within D&Edf)%elp%agﬁfil?a ﬁéggﬁg%eer eg formul ati ons have a particle

size Se%(?ﬁtte?% L@ aARGE Bhé oPEREeEEeptdchn tb at engapingipasition Wb¢fetth§9’°|°€m§)‘§? % hat is,

preferably less than 10 um mass nedi an di anet y less than

7.S um piarcedntSanvenishty disugingelyd W&&&esﬁﬁﬂmn%éﬁai%/g@)?ygéf%gﬁ#ﬁh? he range

of 0.1 pin_ to um.in di ter. L dred cdasee iEWratef hduBmzg@76aswders i s

>30% ué@g’rlﬂeﬁpgﬁﬁ%mags'pﬁgﬁeegégflg{@%ﬁg%a{ﬁ%often >60% and _t he, aer osol

particl &, %%eé kS UTrRY S ovide b astr vitlDfeedbask smtnt skeymay adiuEdRGlynani

di anet er ? D), usually 1.5 - 4.5um MMAD and preferably 1.5 - 4.0 um MVAD.

Thegé driyhglatimieflowhiatée a noi sture content bel ow about 10% by wei ght,

usual 'y bel ow abouf S% Ve L&f maaBk visdteloptevdnotite IR by wei ght .

Such powders are d s%?#gégggn&%e@@%jzg%, V\% 961 3? % and WO le 16419 20

whi ch ar g cbieanepaNmY 1b1ygsr1&ﬁienmpmiehﬁm@ipmd@h@aﬁé@@pﬁ“&ﬂ?‘é‘%‘%?“ldﬁ to

inventioh may conveniently be confiqured to h arGass |id

hat i 5. perset haew sy FORCS FecrBE oot S Vet Pt s oRiBe Fohey mi

aerosolizati qan_devi i Exa e rasieff meets br exoeedd the ltheres

descri be °Wr??l§?§.s gféﬂﬁ§%@$g@58 7%4 aﬁle& 785,049, the conplete

di sc{psuL@fatis prbisabe 6f the helvel ARS thernabvenneasdaingmal QW It I he i nventi on

may utilize various deaggl onerati on nechani [ 8t fohe

phar naceptdvided tychenypkye CSI‘FFe{]?‘E’ stops, ?Y%@?Z“&L’?'}%%ﬁ?‘ﬁg&?ﬁ?& acle. For

exanpl e, .the f] ow h.for the gases may experience one or nore changes in

directi oﬁ°?’l§r5%§g’oﬁsiéhgnﬁar maceutical fornulation t er;gaggﬁ(ggg wal |'s of

the flow path to 3&GHieagalKigeTise sthmn&t@rdnErAﬁQfﬁ.Va‘ines fe NS al so

i ncl ude various contractions .or restri,ction : Nfeom about

phar naceubieshald V@‘Wﬁﬁpat‘h%ﬁ‘acyobee‘i?@g‘égreflﬁ%c C? Fé?g#esﬁg#ﬁfgﬁvﬁ‘%ﬁg o

deaggl oner.at e f j aloed hreferabigapleast abbet 50 aw to aiow

nold e%ec%ﬁzﬁﬁngé%@ggﬁg’éﬁd ob'stggleés_ ?hat serve i)o frgade the

phar maceugHs griw thesughl the aeroselizatiomdeviee pabgégeetmndﬂgﬁaﬁeﬁ Y% %?ﬁ'h..

According to a preferred, enpodi nent, .the, d] : geH BHPRindd ON

mechani smhiSsW@héatﬁléFlV%leé’hg}tna‘é‘f" 3 W#Yebcfﬁcg%b%g?%gs}lﬁg ﬁ%‘eﬂf@on has no%v been

descri bed ji.n, detai I Shierdet froth thendeeptacddadi ng. However, it
hAtRafLip 4Ry BUpRORRRRe Siptic

will be a tain changes and nodifications 5 may..h
practiced within thelﬁibﬁaley,eysteMéOmeid@@déP&hﬁ‘ﬁ‘.V M g&‘{}mqﬁ}/&f’;\sﬁ)'ED | S:
1. A nmethod for aerosolizing a pharpmaceut, l:atd ddyivhefedd
conpr 25i nfronpblewing M?‘é&b&‘ﬁ?%r@“"&fs@g% ?%%e}r?%vraé ng c%rg&%ahe I arg)h s when

attenpti NG & Qrosolization device, and for convenience may be integrated with the thresho d 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 resistance 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 e, and then abruptly permtting, respiratory gases to flowto the

| ungs; and using the flow of respiratory gases to extract a pharmaceuti cal
formul ation froma receptacle and to place the pharmaceutical fornulation
within the flow of respiratory gases to form an aeros% nethod as in

; . 2. A_nE
cl ai m 1Expmplesef sedhnialyesatg deicrived iy fenfeampdiy LOF - PaspilNex 8P d4%es to a
rate thatyd,d<e hap Qs i el liod \ hod as in
claim 2,%’%%26;& ?f§t1 %’égg’a ’Je%ﬁ?ﬁg?gﬁ@hg%@%ﬁ# g’l@%’%%ﬁah ﬁd;&léii&%e isin
t he rangésclosares alfodiiciOarb heptwirdsrgovatebbytefereaeconds. 4. A method as in
claim?2, wherein the rate |s | ess than ab?luf 8. L/mn and the tinme is in
the range from abdifamples &feasiogs tynss ahbgshsldsalyrrdaat may be 1ngPmEHteds i n

claim 2, r.ei -he- i ] _k@h {S inth
Fangs { o EEloliaRici e el fhBuREN B FR, b Shedn WeHTR Kobull S ain
the fl owhugk éreihodd salep306 tirat econstougred smhlsing 3QR havingdnialeti3i fiand an

airvvayIeadinﬁto%helunsg‘{ldoenin the valve to permt respiratory
gases t A9 31 1 argrabrgle 3 54, SECihas #Hp SUSTPHC SRR, ‘Sf‘glre‘?cﬁg‘fa Bt si ng
openi ng eV 8 YshsWresd saantdh{AaeafbehQaﬁﬁ,EHag 1319, WaBAUD £RUSAEd Mthide at t enpt ed

i nhal ation is exceed’ed. 8. nethod as in claim?7, wherein the threshold
act uat i ngpusimgBiang is eprdigusetite Herputed Buowghpopaning P whempsufficsot cm H20 43

9. method as in claim6, wherein the valve c ' | .usi nmb
navi W aYPeBpEHs FEAea R B sk BS AR BP IR Rt o B3Py BT IREGR (e,
openi ng wBERnRS 14 WRIIN # RELUHAUItRDUYRRSEIG SOPEPPEGaTL thidigh HagiaEdod as in
claim9, wherein the occlusion nmenber conprises an el astoneri c nenbrane,
and wher 232t Cdnyepightly,tawesaigbd AR2rbeyy beowed tospushdabii 18 bagh to the gehenside®s i n

claim 2, wherei he flow limting step ¢ rises providing feedback when
- an exces8¥ W‘Fg\h&r‘%f’ efLe ﬁ??}d’b%ggvfgorﬁéf’%g?uﬁe'user to adjust their
~inhalation rate. 1ig A9nmishatsas unbrellApun Browdhevavd3ievilvesed i m ting step
conprises regulating the size of an airway |eading to the lungs. 13. A

met hbdl asompriseh aihansing 326 having asuppnrt memger 2R foisPPRPTAG 2B pendIedla t he
member 330. Housing 326 also includes tabs 332 which prevent axial movement of
~ umbrella member 330 until the user creates'aisyfficient vacuum. Atsucha time, umbrella
member 330 flexes to pass tabs 332 as shown in phantom line. Gases are then permitted
to flow through openings 334 in support 328. A reset rod 336 may be used to push
20  umbrella member 330 back past tabs 332 prior to another use. o
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 in a tubular
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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airway with an el astoneric duckbill valve. 14. A nethod as in claim 12,
further conprising regulating the size of the airway with a spring biased
ball that is disposed within a tapered opening such that the ball in drawn

into the opening as the flow rate ingreases 5. . i | aim12,

f ur t heThe frigpionsl fogeereagween spindle B8 &p O‘S‘ant#eé ?FY@%&E{’ %@g?r%ﬁnd%@ao% i ncreased
flowrate after the certain i apsed. 16. A nethod as in claim 2,
furt htheéﬁﬁ‘ﬁ?qeg’ir?f‘g‘OBf%\rﬁecﬁeﬁ%&%ﬁt%rﬁﬂléli rway to pernit an increase flow of
gases to the |ungss aftigustdes antiaispintletyphualve 4% eempavne At Hod as in
claim1 wherein the pharmaceutical, farnulatig ' lsred

nedi catmenging 36Ghiving héFOPc:‘lﬁ?’prfi*§P‘ﬁalet}§pﬁﬁd’tsﬁ%se? I“gl\%ﬁg% bﬁsgg%l%rgt ory gases to

deaggl ggﬁrfg%g f Jﬁk%qﬁﬁeé@ﬁf?v?ﬂ”@% 18- of RasBR tthedgh BousingB66.sWhenng a

phar ma e net hod conprijsing: 44 oviding an
i nhal atg,giLige ket 8aPbéesi prgdicet dyshmpatieatisaigdis %&Sl‘éﬁﬂvg‘%ﬁbws eni ngs to

anbi ent air and a nout hpi ec t. one of sai | owthfd '
r espi ra&ﬁérayldqw&ﬁméﬁpfqééwiﬁgh? bvayh%asmnageaﬁg%aggﬁ enpt i %H?lgﬁ?%%al e

t hr oug I d nmout hpi ece; permtting the flow of a first predeterm ned
vol une ‘respiratory gases to the lungs, said first vol ugﬁ Eeihng. o
sufficient to traBgpdsA iHudisttess thesshgldyplvect/24hahAOMPRSEL2 BouRT housing

phar maceutical formul atjop contained w.thi | | Figl ARingdaVvhge3sout  of

t hel 0dev3 Hehaying 3 BHRPOFY 6 é‘g?qléﬁ?ﬂi/veﬁga{%phgfélgqg%@%nﬁg an‘é*_é;herm tting a
second é%g& Qrt.re{ﬁssghmtn% b&AI8I0 bpPortBI6twhdrhevicungsis apgliedbydehod as in
claim182 &N e ow of respiratory _gases i s.nprﬁvent‘gfg %é grcom'ndi ng
the devige, wsishownveFite 36B; meatbes 378lissoafigwrgs o 9r Whtht AU RBERE Ty t o
claim19 wherein the floyof r lratQry . ' ol ke Opdninga382i ng said
val ve wieproguaehbyshpPiFra ‘inﬁ'g \el‘é?étfjegr%% Blggﬁ'ﬁéasgﬁ@gnpt gdél?r)%gl a%;i" Kn i s
exceeded. 2 c b1 G 78 Pnas/ iz reze2 @ thiegogition shown imEigudths within
20 - 60%%"#@6@@%?%%1 ﬁgﬂnq%as in cdls’lai m 18 wherein said first

pr eget epfonrchnothennmse.of respiratory gases is in the range froml125 nL to

1.25 nL. 23. A nethod as,in claim : biafkmdte eaa ¢ the fl ow
of respiratory gas %{CSBMBWPL‘F W?%gve%gglgggéﬁl said first predeqt%grm' ned

vol ume’ of 4raSDi baliEEY BREEpd PpEdeierirgb randiceilsusngth. For example,
Fig. 35 illustrates a threshold valve 384 coinpris'mg a housing 386 that holds a steel ball
© 388. Also disposed within housing 386 i; a magnet 390 and an elastomeric gasket 392
20 having a central opening 394 that is smaller in diameter than ball 388. In this 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

55  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 across 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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24. A method according to claim23 wherein the first flowrate is Iess than
15 L/mn. 25. A nethod according to claim23 further conprising regulating
the flow of said second volune of respiratory gases at a second flow rate.

26. An aerosolization device, conprising: 45 a housing defining an

aihr way’; - taetlmou{lhsiceslgoldipmmmeshhaddl@rpﬂédnaintamum ghape slepvapinaitige3 Gontmthit ng a
phar maceuti ca ormul at i to th ' X I J

Foapi ot BEY Sl g SR iRl S R i ST R ey
actuatl oW YHSBs firo B 66680k 312 Whsirheld 418 &8 doAhEnioREIISWitE tHeshiEtibr

respiratory gdases to ow through the airway and to extract the
phar nmaceof bladder 404 5o izt iwdenfthopatidné produesstaaciceurn shat oy greatsr bepagpiuden7. A

device as in cl ai b, further,, c risi a requl ati . t.o reqgul ate
eVt 08 oo bl Palies Pt DElaan RIPRLTHIS AR HRMPAS RIS TP, gy o

devi ce agqmfit ggsa_gmﬁgw Mgé@haugmﬁuggul ation systemis configured to limt
the flowto a"rate that is |ess than about 15L/mn for a certain tine or a

certain inhal ed volFig8 ilostratesdethresholgsvalye 420f0mprizing misibllap howsang &%l at i on
systemc rLs a..f eedback i ' ' | h f
Tl ow of - BREnE aprRitfpBgasalts S DlaR et £y Lo Yo bRE WG A1 [P ©

f eedback tireeHuRd SIMuaORARHes L Spiliot bySthe @séras Ghowmii siaintam linet h t he airway.

31. A deyl ce as in claim?27, wherein the requl ation_ syst r’rlc ris S, @

rest M)fc_t i ve _rrerrger Rig.s390tlustrates @ fuesioldyea)ve OISR F&’é‘ %ggg%ﬁ‘g ge%i ni ng

an orifice,siz to i mah & f L [

35 %h degred AEE Dby VSl Sdlift (ARREEL IR Y VARR R DS iR, T 1Y

restri ct iafsReiaaidihiogh hoiding 428 shaeiri clokel misitivayas sBGwn An BivBBeAas in

claim 32, wherein the restriction nechani smcoppr.ises, an el astoneric
duckbi | | stepl 432 prawente v eemember 420 FOBVPRANS ‘@fl@ﬂgesﬁ@é‘&@% 5 P@%‘é’égd

I ncr easesb.y the user. Stop 432 is coupled to a membrane 434 that is held within a chamber 436.

15  Chamber 436 is in communication with the interior of housing 428 by a passage 438. In
this way, when a sufficient vacuum has been produced, stop 432 is lifted up to permit
valve member 430 to open. Conveniently, a vent 440 may be provxded 0 permit air to
flow into chamber 436 when membrane 434 moves upward. Also, a spr.i-:;g-._442- may be
provided to move valv_e‘member 430 to the open position when stop 432 is raised.

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 lungs 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 aerosbl to travel through the airways and past the anatomical dead volume.

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/min, 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
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46 34. A device as in claim32, wherein the r I cti [

_ ( _ , estriction nechani sm
](c:orrprl ses a spring biased ball that is drawn into a tapered opening as the
|l ow rate of the respiratory gases increases. 35. A device as in claim 32,

wherein the restriction nechanismis
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perm ¢ rough the. ai rway

G ax%éx's&nEJ Rig 2By o HRIresiowmed & thgraeptace flaw pathatpdr atriasistanes
confi'gured to open“another airway in the house after a certain time or
i nhal ed gx@huan‘éxanagl (cm He®)i 't6I&4. i n claim 26, wherein the val ve conprises an

occl usi on nmenber Qp
oul 1 0a hrough 1 hoSBRERER G e R R B o e e e e aduced.
40. A dey &?oﬁﬁz&t[bncde@id‘é\s@rea\tﬁh@é ghgfléwhafiectht us:eptackcd'rabézeeng @gr an

el astorneri c nenbrane, d wh h
b?II 41=xa@npievﬁlge4%[’sllllg?réleala%&peéﬁg‘?r&uhlcf’%g’r“gu n%pﬁgﬁﬁ?}? g'%\i}aguum
Lt I8 Vayine b oW cBah8)R, 14 9AUAPAYS nAflng ShibfReuE aTOROUIARM: GIAPO. 42 A

fconprising a deaggl onerati on mechani sm

di sposed
ehoss egbﬂslﬁh%@l A\etarsl it 4 T2cbinsek shitdle #68 apthaclosition shewngh Siridte t he

el ol & o the Bmombchssnth SO R4 e, Amirle € Bus Wil B APac 0T 1 1
compress spring 472 and close off flow channel 466. In this way, the flow rate is limited
to a certain rate. If the flow rate is too excessive, channel 466 closes as shuttle 468

15  engages stops 474 as shown in Fig. 42B. When the flow stops, spring 472 moves shuttle
468 to the starting position.

Fig. 43 illustrates a flow regulator 476 that also includes a threshold valve:
that is similar in construction to that previously described in connection with Fig. 28. |
Regulator 476 comprises a housing 478 having a tapered flow channel 480 and 2

20  membrane 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 ofan
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 illustrates 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
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44: An aerosolization systemconprising a receptacle conprising a chanber
havi ng a pharmaceutical fornulation and a threshold val ve; a housi ng
defining an airway; and a coupling nmechanismto position the val ve across
the airway and to place the pharnmaceutical .fo lation in fluid
conmuni BERYEPrifice afuﬁ]glogi m&&l%\%é‘?cé?aﬁe% HBW%EQEH%PHC%?F \755 F¥€onfigured to
open wh Afh | AOw\CREAETS DS, 164EEEARRHADHREIIN bf gREPI ratory
gases tgﬁ@%@?@%ﬁéﬁ t Eyglﬁdrway and extract tﬁe phar naceuticgal formul ati on
f rom t héwrolghtiresingeidor m an aerosol. 45. A systemas in claim44, wherein

t he pharnmaceutical_. fornul ation conprises wder ed. nedi capent . .46, A
systemas in clai ﬁ&ﬁﬁ%@é‘fsﬁ fﬁ%”g?iﬁ@% %&%&F%ﬁm‘?@ﬁrﬁf@%% .0855) rises a
I qui d BegheRRBRtiosdd ends BY SAEMdW Shakhetd Sdthaperiitdabesto CRAPItShAG iry
regul ation systemto regul ate the flow of resgl ratory gases t hrough t he

ai rway. 548 from asteytrausing Sobpaving Agw ehaneele pl e ASPHBE Y20 Bfases kHﬁgllsﬁlgcavi ty

| tr.abl e, i d: . to th
" ecept ac B BaleE SR BRI A4 e 7 el MR AR RRE [
val ve i snRihbaifiE sl 0 @ 1P eighv\bfTg e elhisorddinty flawvehatingls 614 ate restristedabout 40

cm H20. 50. An aerosolization device, conprising: a housing having a
nmout hpi dydousing 486 s bmitthe ganfloréchani sm di sposed in the housing, wherein

t he gerosolization..ne ni.smi | ponsel fdigedi canment
whetlnga user inhal @%&3@“&5@%@8?&3%@%}3 t g%%ﬁ%gé&hgg%ggitt I oni n%g?ggt em t hat
i s adaptsed hHadinkacdonpastnnp5 et BdHlediviti agopdn clifsan’ 526nThe bpaveell t he

nmout hpi ece prior to inhalation.

foam material restricts and regulates the flow of gases through housing 522, by using the

applied vacuum to compress the foam and constrict the porous flow channels..
Fig. 48 illustrates a flow regulator 528 that comprises a tubular housing
15 530 having a support 532 with a plurality of orifices 534. An umbrella member 536 is
held by .support 532 and limits gas flow through housing 530. Conveniently, umbrella
- member 536. ma,;y--bé evertible in a manner similar to that described in connection with
Figs. 43A and 43B to also function as a threshold valve. -
Fig. 49 illustrates a flow regular 538 that comprises a housing 540 having
20  an 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. 5 0 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 560is aligned with
flow paths 566 in housing 558. Hence, in the position shown in Fig. 51, gases may flow
through housing 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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- 51. A device as in claimb50, wherein the positioning systemconprises at
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- of the powdered nmedi canent devi ce daclalms L he
posi ti oni ng systenf@oé%ﬁm‘ésé@teéap@é f‘?%’iﬁt aﬁ‘?iﬂ%?ﬁ?’%? g‘%@é oggﬁlgf’%l?

ng Rp',fl{ﬁ%g@ﬁwﬂ&?&%@iﬁﬁl ot 372 acmlawmobﬁgwms ik eoefigired be user .

CA A A(thAGaR M AmyRads thrdughQsifive 356,28 well awrarang gome 534 4vhenghadlon raje A
A . A AY. AY. AL AY. A3 A9A AASAL
2<@: 1 xi54PV ayFhaye & % é%] %ﬁf’at Eé}wrg e 15] f@%f‘%?éﬁ?caféa & t]’ ) V(l:?;] ca]ca
hly pdsmdtted thr ifice 576.
II'C? }# e C%L'&?%%%g%}%%%%}é%%ﬁ%%% ﬁ?]c'ivq?]% cla)]r cal ca] ct ocue;']h c°§] cc; ca]rgl(éll ca] ca] ca
] ca] ca] ca] ca] ca] caffigd. SahcaficaBcidlstagte ajfloay ragiiadg 05§}) &S’F&P&%

(@AAASB\ B~ BBCT F
GGG} xsni Walyg éﬁ? WE&T@E‘] é)feéga]ngaajngg]er § d 5 ; g]ac/a cla acea ca ca 1(r:1§] ca] ca]
c a] c a] calgal gab g@%fﬁ]&%g%qﬁma ! mHmllsM&iclwa Mt&l]l-hlbkgﬂliﬂ; 122879110

Xsni cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca
] cal ca] c ajayddeaagualaleda] ca] ca] ca] ca] ca] ca] ca! RSLSSSSCTRTTTT TDUVUUUUVWZ VWWW( W

cal ob cal caj ca ca) bt (pERRERTEY) Rl %%%ﬁ’a@f‘%f@ﬁ% B AL
5] Ea]ﬁ] ca?ﬁ‘é’] cz?]a}:i ﬁﬂg‘f&ég]b% 2]""33] ‘?3‘]‘??] ggﬁlg]dgg]&?niﬂ ddd/ e ap“@?é?é ﬁS] 8
ggl nnnr qPfidletwhashBX is@ixetally connesieddp bapsiag ég%’ ai &? ge h?]t cajca]c

g] gg] gg] gg%i&] %S]“E‘&% &%]%&] geg‘}h }Tt%}‘gg%g]fg %})Ggi@d cal ca] cd] ca] gﬁ]ig]sga]jc
a] ca] Ca] 1€ &ﬁ %Lq&l:al&z Eﬁddlk)ﬁh&l@%a‘mﬁé\e\‘]esa]smedw Vea] ca] ca] ca] ca

I #
?%?LE]";‘T?&U} xen ﬁazi%i"‘aé? apdf ﬁ]lﬁga%@%acﬁﬁwg?s@?@?%fﬁaﬂl?f%gg‘gZj‘%]c2%]02?]
ca] cal calca a cajcalc
a) ca] ca] cl}ﬂ H‘]g]c@% Vl:‘}ﬁ%‘ a%gﬁ%ps]agﬁ] ?Qc;f]ggc?ca})ca] c?a] cac?gsa]\gg‘]ﬁca] calca]calc
a] ca] ca)] caleabsc@hs Ehih gasflow as jllustrated in Fig. 55B to reduce the flow rate thro ugh
Ae@ g}xsnl (EEZ] | caTca] caJ ca] ca] caJ ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal ﬁﬁ]bca{]hm]su?ftzﬁ calcalca]calcalcaljcalgC = \eakealoalashostoahcal cal
e: XSsni c cal ca
ca] ca] ca] ca] ca] ca] c?}'@i} 33}1’ %@gc] ?% %rgqoﬁ?#r?s%!s gf?#x##[ %%3(&(:?( (%te4f++ .-
242 '3|70 :1/1 aterial, such as a]soﬁ] elastom]er e]c ai sxlione ]@::i; gix;tgjlmli thf:1 O\iv t:%il |
T23| W mheX cacacacacacaca cajcajcalc ca calralgeal ca
] ca] ca] cab!]mm]ma]:o‘d]@ea]lmr@éqf%@B mtison Iﬁg sa
<9===6>@ AABBBB3CCi d.Z (]
] ca] ca] zaf‘c“&]‘%] E°£P+§i%xgn%‘5ﬂ%¥}°%z}a%a éci‘%}:gg ggb@gﬁgd}\%g]@&@lggp?% Kf]cﬁﬂvlgg
QROVWWVINKEN 1 loYlal i e ke vl v &l desid n@aicwi qadlmd]vaa}m]a@émm}m] ca] ca] ¢

'b U@+
el el el
Oniei fel
R Crm i
a] ca] ca] C%sﬁ]:lf@lﬁ@é 1s1l‘f£t{t§3 y( iy be relatively i mexpensxve to construct. One particul

e e e Lol e s e haplaat oo cal o

2;9(:;% ggﬁééég%gg}v@g ca%g%g%g%g% g% %x%ﬁ]:é:a] cal calca]cal calca]ca]calc

>p' c6w>J[ } xsni d_Z] ] calgabeahaaleB]iladieand ond mb@rh]maﬂ efshchp dve it eri®a) ca

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal.ca] cal!
%XSLI d3]OZ] ]Em]mze}gubu%t@ac]om] ]rtsaﬁ] ﬁalflég]P@’&}lébP%ngpg“a‘%éﬁ&&lftﬁg]"@g]ecgf 'ca) cal ca
Il d.
%ig]nlcgl_gﬂ %ﬁ}‘tﬁ%%gg gig'};ﬁg})g hcﬁ%cgé %‘]L’% E:ea Sé%\])vcag]l 82{‘8262%]15551 Zé’fgni]ca] ca
] ca] ca] ca] gl drahe fbwAltiherhaa) vats Weﬁ@ﬂﬁ@ ql9selBHaEVE jn 0% ? imit
s10%& ()-F snTLO‘%z& ()-@10%& ()-9ruaBys: 10%& ()- ' $10%& () -
U $10% () - Bp®0% & ()-310%& ()-10%& ()-K: ~?) 10%& ()-! %10%&&' () - 4! K910
0B3& ()-4f #3"10%& ()-!2Z"10%& ()- 10%& ()-:8 dB! S3!10%z& ()-2m 10%& () -
s010%2& ()-. 10%& ()- & -#10%& ()- +10%& ()- 2<=>?@nbC -10% ()-3 10z




10z 10z"&<10%& ()-1:10%& ()-8'10%& ()- 7f 10%& ()-
==zX6nmbCl 1" $10%°P& () - ! N$10%&' ()-!; 0 0
$10%&' ()-! NL$109%& ()-!L$10%& ()-"10%& ()--_x}[MP1 10

!
& ()-f EV1S100€ ()| FY1S1000WE (). 109& (7. 4% LOVE: (%__X 10 1FYiS10%
WXg(I)\//If’Ll() 310%& () -Otaodehkavip(e df)su ﬂl@ﬁ]l@%ﬂ‘a(o)rs Se sgown (0 Figs 371 gin Fig=y

10° 5" 109& ¢ flowreglawass hay o Suedith ¥alys 610 FotbadopREles $12-¢hiGo&e: ()-1 N $100
e oot lehs sl Phiater 614 haying 3 Guckbill valve 616 with an orifice 618 xending

105" % 1)-S81 ondA0%: ()-S8 10- - 10- - ..10-
f* 5" 10%om the top and down the side. Fig. 59 illustrates a flow regulator 620 having a duckbill

5 valve 622 with a separate top orifice 624 and a side orifice 626. .
After the flow rate through the aerosolization device has been regulated for
a certain time period, the device may be configured to permit an increased flow rate. In
this way, the user may fill his or her lungs with a sufficient volume of air needed to carry
the aerosol to the deep lung. For example, following regulation of the flow rate, the

10  device may be configured to permit the user to comfortably fill his or her lungs as the
user continues to inhale through the device. Typically, the user may be permitted to fill
their lungs at a comfortable rate once an initial volume of about 500mL has been inhaled
at the regulated flow rate. This assumes that after about 500mL of inhaled air, the drug
has traveled past the anatomical dead space. '

15 To provide such a feature, various timers or flow integrators may
optionally be incorporated into the aerosolization devices of the invention. Such flow .
integrators have one or more movin'-g--mEEﬁb.qgs that move based on the volume of flow
through the device. In this way,' when the initial (regulated) volume has been inhaled, the
member has moved sufficient to open another gas channel to permit increased gas flow.

20  For example, the flow integrator may be an airfoil flap made of a film such as a polymer
film having a thickness between 0.005 and 0.020 inches and preferably having a-
viscoelastic or other time-depcndent 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 predetermmed 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 significantly even though the flow rate remains constant 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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flow through the aerosolization device passes through an opening 646 in shuttle 638, and
a parallel flow through a channel 648 is prevented by shuttle 638. Shuttle 638 moves
through housing 636 in response to the velocity of the gas flowing through housing 636.
The drag force, and therefore the speed at which shuttle 638 moves, is proportional to the

10 flow velocity. As shown in Fig. 62B, shuttle 638 moves past channel 648 after a certain
amount of time to permit increased flow through housing 636.

Fig. 63 illustrates a flow integrator 650 that comprises a tubular housing
652 through which the main gas flow through the aerosolization device passes. Disposed
within housing 652 is an impeller 654 that is coupled'to a gear reduction 656. In turn,

15  gear reduction 656 is coupled to a cam 658 that has a hole 660 as also shown in Fig. 64.
Cam 658 is rotatable through a tubular housing 662 that provides a parallel flow path
through the aerosolization device. In operation, -the“user-inhales to provide gas flow

. through housing 652 which tums impeller 654. Inturn, cam 658 is rotated through gear
reduction 656. When cam 658 reaches a specific angle, hole 660 is aligned with housing

20 662 to open a 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 embodiment, paddle wheel 664 may be coupled to gear
reduction 656 in 2 manner sir‘nilaf 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 inhale. 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
34
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extends into housing 692. Coupled to brake arm 132 bra d 698 as also shown in

Fig. 68. Integrator 690 further comprises a wheel 700 that moves through a tubular
housing 702 that serves as a parallel flow path for the chase air. Wheel 700 has a hole
10 703 that aligns with housing 702 when wheel 700 is at specified angle. Brake arm 696
is spring loaded against wheel 700 with a sgri'ng 701. Also coupled to wheel 700 is a
trigger 704 that fits within a groove 706 of brake arm 696.
To operate integrator 690, the user winds a spring (not shown) which
rotates wheel 700 at a constant rate when released. When the user creates a main flow
15  through housing 692, brake arm 696 pivots to release trigger 704 and brake pad 698.
Wheel 700 then rotates at a constant rate until hole 703 becomes aligned with housing
702, thereby opening a parallél flow path for the chase air,
The threshold valves, flow regulators and, optionally, flow integrators of
the invention may be arranged in a variety of configurations within an aeresolization
20  device. For example, 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 flow through type,
a receptacle 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. Alternatively, flow integrator 716 may be a flow-by
type integrator that may be parallel to receptacle 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 mechanism.
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 parallel to threshold valve 726
35
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a threshold valve 740, a flow integrator 742 of the flow through type, a flow regulator
744, a receptacle 746 and an outlet 748. With system 736, the order of threshold valve
740 and flow integrator 742 may be changed. Further, the maximum system resistance

10  may be less than or equal to the resistance of receptacle 746. Use of the flow through
type of integrator provides a m_c;re accurate volume measurement since it operates as a
result of the flow rate through it. System 736 also allows for integration of threshold
valve 740 and flow regulator 744, or flow integrator 742 and flow regulator 744, In one
aspect, system 736 may be configured so that flow integrator 742 does not restrict the

15 flow spike which occurs after threshold valve 740 opens so that the high flow rate passes
entirely through receptacle 746 to disperse the powder.

Figs. 72-78 illustrate one particular embodiment of an aerosalization
device 750 that incorporates a threshold valve, a flow regulator and a flow integrator.
Device 750 comprises a housing 752, a door 754 that is pivotally coupled to housing 752

20 byashaft 756 and a pivotable mouthpiece 758. As best shown in Fig. 73, door 754 may
be opened to permit a receptacle 760 (shown already opened) to be inserted into device
750. 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 deagglomerator 764 is provided in mouthpiece 758 to deagglomerate

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
so that the drug may be extracted.

" Incorporated into door 754 is a threshold valve 768 that comprises a

30 membrane 770 having an operﬁng 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 opération, 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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through a vent (not shown). %n this way, air flows through receptacle 760 to extract the
powdered drug where it is delivered to mouthpiece 758. Conveniently, device 750 further
includes a cam 782 that moves ball 780 back through opening 772 when door 754 is
opened and closed to reset the valve.

Device 750 further includes a flow regulator 784 to limit the air flow
through tube 762 to a certain rate. Regulator 784 comprises a tapered opening 786 into
which ball 780 is drawn as the.vacuum created by the user increases. A spring 785
controls the amount of vacuum require to close opening with ball 776. Hence, if the flow
rate becomes too great, a parallel flow path 788 that leads back into tube 762 is closed off
by ball 780. In this way, the only air passing through tube 762 must pass through
receptacle 760 as previously described. This flow path has sufficient resistance such that
the flow is limited to the desired rate. If the user does not create 2 vacuum sufficient to
close flow path 788, the air flow is pennitted through two parallel flow paths.

Device 750 further includes a flow integrator 790 to permit an increased

flow rate once a certain amount of time has passed so that the user may comfortably fill

"tlféi’r-ldhgsaﬁer the flow has been regulated for a specified time. Flow integrator 790

comprises a clutch diaphragm 792 upon which a spool 794 rests. Spool 794 is biased to
rotate by a torsional spring 796. In this way, when diaphragm 792 is disengaged from
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
vacuum created in flow path 788 as the user inthales from mouthpiece 758 as previously
described. The rate of spool ro'tatioﬁ (and hence the time required to open the parallel
flow path) is determined by a damping reservoir 800 which contains a damping grease. A
fixed member 802 fits within reservoir 800 to regulate the rate of spool rotation as
member 802 frictionally engages the damping grease. Although not shown, device 750
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 mouthplecc
856. As best shown in Fig. 80, lower housing 852 may be separated from upper housing

854 to permit a drug containing receptacle 858 to be inserted into device 850. A lower
37
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upper housing 854.

5 Disposed across lower housing 852 is a membrane 862 having an opening
864. Extending through opening 864 is a latch 866 having a ball 868. Positioned below
latch 866 is a hole 890 in lower housing 852. Such a configuration provides a threshold
valve for device 850. In this way, when a user inhales from mouthpiece 856, a vacuum is
created in tube 860 and in the space above membrane 862. When the user creates a

10  sufficient vacuum, ball 868 is pulled through openihg 864 in membrane 862 to penﬁit
outside air to flow through hole 890, through opening 864, through receptacle 858 and up
through tube 860 where the aerosolized drug exits through mouthpiece 856.

Once the drug has been aerosolized, the flow of air thrqugh device 850 is
regulated to be less than a certain rate in part through use of an elastomeric duckbill valve

15  892. More specifically, air is pérmitted to flow through two flow paths, i.e. through valve
892 and through receptacle 858 provided the flow rate is below the specified amount. As
the air ﬂow-“raté-"'ink:rea;s*es, valve 892 begins to close to prev_ént air from flowing through
this flow path. The only available air path is then through receptacle 858 which provides
sufficient resistance to limit the flow to a certain rate. ‘

20 Coupled to a cam 893 of latch 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 2 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 and by providing a small orifice in bellows 900. In this

30  way, the rate of compréssion is controlled by the time required 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 uppér housing 916 and a

mouthpiece 918. Lower housing 912 is movable relative to middle housing 914 to permit
38 '
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10 to flow into lower housing 912 through a hole 932, through opening 926, through
receptacle 920, through tube 922 and out mouthpiece 918. In so doing, the drug is
extracted from receptacle 920 and is supplied to the user.

Device 910 is further configured to regulate the flow rate of air through
device 910 after ball 930 is pulled through membrane 924. This is accomplished in part

15 by the use of an elastomeric duckbill valve 934 in upper housing 916. As the user
continues to inhale, ambient air entering through hole 932 also passes through opening
926 and then through valve'934. ‘The air then travels through an opening 936, an opening
938 ahd out mouthpiece 918. However, if the flow rate becomes too great, valve 934
closes to prevent air flow through this flow path. As a result, air may only flow through

20  receptacle 920 and tube 922 which, because of their limited size, regulates the flow rate to
within a specified rate to permit the aerosolized drug to reach the user’s lungs.

After a specified amount of time, device 910 is configured to permit an
increased flow of air through device 910 so that the user may lcomfortably 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 region 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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sufficient vacuum to operate the device. Asa further example, the mouthpiece may have
10  a circular-to-elliptical profile. The elliptical portion must be covered by the patient’s
mouth in order for a sufficient vacuum to be created. Optionally, a tongue depressor may
also be used to depress the user's tongue when inhaling from the mouthpiece.
Referring now to Fig. 88, one embodiment of a mouthpiece 1000 will be
described. Mouthpiece 1000 comprises a tubular member 1002 having a distal end 1004
that is configured to be coupled to an aerosolization device and an open proximal end
1006. Distal end 1004 has a circular cross sectional profile, while proximal end 1006 has
a curved or elliptical cross sectional profile.. 1In this way, the user must place their mouth
over mouthpiece 1000 until their lips reach the circular portion in order to create the
vacuum needed to operate the aerosolization device. Another mouth position device on
20 mouthpiece 1000 is a pair of holes 1008 that must be covered by the user's lips in order to
produce the requued 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 devxce 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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formulations have a particle size selected to permit penetration into the alveoli of the
lungs, that is, preferably less than 10 pm mass median diameter (MMD), preferably less
than 7.5 um, and most preferably less than 5 um, and usually being in the range of 0.1 um
to 5 um in diameter. The emitted dose (ED) of these powders is >30%, usually >40%,
15  preferably >50% and often >60% and the aerosol particle size distribution is about 1.0 -
5.0 pm mass median aerodynamic diameter (MMAD), usually 1.5 - 4.5 pm MMAD and
preferably 1.5 - 4.0 um MMAD. These dry powders ‘have a‘moisture content below about
10% by weight, usually below about 5% by weight, and preferably below about 3% by
weight. Such powders are described in WO 95/24183, WO 96/32149, and WO 99/16419
20  which are incorporated by reference herein.
The receptacles 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. 5,740,754 and 5,785,049, the complete disclosures of which are herein
25  incorporated by reference. :
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 -
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2. A method as in claim 1, further comprising limiting the flow of

respiratory gases to a rate that is less than a certain rate for a certain time.

3 A method as in claim 2, wherein the rate is less than about 15

L/min and the time is in the range from about 0.5 seconds to about 5 seconds.

4. A method as in claim 2, wherein the rate is less than about § L/min

 and the time is in the range from about 0.5 seconds to about 5 seconds.

5. A method as in claim 2, wherein the certain rate permits an inhaled

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

6. A method as in claim 1, wherein the flow preventing step further
comprises placing a valve within an airway leading to the lungs and opening the valve to

permit respiratory gases to flow to the lungs.

7. A method as in claim 6, further comprising opening the valve when

a threshold actuating vacuum caused by the attempted inhalation is exceeded.

8. A method as in claim 7, wherein the threshold actuating vacuum is

in a range from about 20 cm H,0 to about 60 cm Hz0.
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providing feedback when an excessive flow rate is produced to permit a user to adjust

their inhalation rate.

12. A method as in claim 2, wherein the flow limiting step comprises

regulating the size of an airway leading to the lungs.

13. A method as in claim 12, further comprising regulating the size of the

airway with an elastomeric duckbill valve.

14. A method as in'claim 12, further comprising regulating the size of the
airway with a spring biased ball that is disposed within a tapered opening such that the

ball in drawn into the opening as the flow rate increases.

15. A method as in claim 12, further comprising regulating the size of

the airway to permit an increased flow rate after the certain time has lapsed.

16. A method as in claim 2, further comprising providing another airway

to permit an increase flow of gases to the lungs after the certain time has lapsed.

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 for administering a pharmaceutical formulation, the

method comprising: _
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19. A method as in claim 18 wherein the flow of respiratory gases is

prevented by providing the device with a valve between said openings.

20. A method according to claim 19 wherein the flow of respiratory
gases is permitted by opening said valve when a threshold actuating vacuum by the

attempted inhalation is exceeded.

21. A method according to claim 20 wherein said vacuum is within 20

- 60 cm H;O.

59 A method as in claim 18 wherein said first predetermined volume

of respiratory gases is in the rahge from 125 mL to 1.25 L.

23. A method as in claim 18 further comprising regulating the flow of
respiratory gases at a first flow rate until said first predetermined volume of respiratory

gases flows through said device.

24, A method accofding to claim 23 wherein the first flow rate is less

than 15 L/min.

25. A method according to claim 23 further comprising regulating the

flow of said second volume of respiratory gases at a second flow rate.

26.  An aerosolization device, comprising:
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respiratory gases to flow through the airway and to extract the pharmaceutical

formulation from the receptacle to form an aerosol.

27. A device as in claim 26, further. comprising a regulation system to

regulate the flow of respiratory gases through the airway to a certain rate.

28. A device as in claim 27, wherein the regulation system is
configured to limit the flow to a rate that is less than about 15L/min for a certain time or a

certain inhaled volume.

29. A device as in claim 27, wherein the regulation system comprises a

feedback mechanism to provide information on the rate of flow of the respiratory gases.

30. A device as in claim 29, wherein the feedback mechanism

comprises a whistle in communication with the airway.

31. A device as in claim 27, wherein the regulation system comprises a
restrictive member disposed in the airway, the restrictive member defining an orifice

sized to limit the flow of respiratory gases through the airway.

32. A device as in claim 27, wherein the regulation system comprises a

restriction mechanism to limit the size of the airway.

33. A device as in claim 32, wherein the restriction mechanism comprises
an elastomeric duckbill valve that closes as the flow rate of the respiratory gases

increases.
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5 610% ! & ()- s4 }8% ! A&dé\)iée as in claim 35, wherein the regulation system further

comprises a control systemn to adjust the restriction mechanism.

37. A device as in claim 36, wherein the control system is configured
to limit the flow to the certain rate for a certain time or inhaled volume and then to adjust
the restriction mechanism to permit an increased flow of respiratory gases through the

airway.

38. A device as in claim 28, further comprising a flow integrator that is

configured to open another airway in the'housirig afier @ certain time or inhaled volume.

39. A device as in claim 26, wherein the vaive comprises ar occlusion
member having an opening, and a pull through member that is pulled through the opening -

when the threshold actuating vacuum is produced.

40. A device as in claim 39, wherein the occlusion member comprises an

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

41. A device as in claim 26, wherein the threshold actuating vacuum of

the valve is in a range from about 20 cm H,0 to about 60 cm H0.

42. A device as in claim 26, further comprising a deagglomeration
mechanism disposed in the airway downstream of the receptacle to deagglomerate the

extracted pharmaceutical formulation.

43, A device as in claim 26, wherein the valve is adapted to be

disposed within the receptacle.
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45. A system as in claim 44, wherein the pharmaceutical formulation

comprises a powdered medicament.

46. A system as in claim 44, wherein the pharmaceutical formulation

comprises a liquid medicament.

47. A system as in claim 44, further comprising a regulation system to

regulaté the flow of respiratory gases through the airway.

48. A receptacle comprising:

a receptacle body defining a cavity enclosed by a penetrable access
lid; and ' |

a threshold valve coupled to the receptacle body.

49. A receptacle as in claim 48, wherein the threshold valve is

configured to open when experiencing a vacuum of at least about 40 cm H,0.

50. An aerosolization device, comprising:

a housing having a mouthpiece;

an aerosolization mechanism disposed in the housing, wherein the
aerosolization mechanism is adapted to aerosolize a powdered medicament when a user

inhales from the mouthpiece; and
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a positioning system that is adapted to facilitate proper positioning of a

user’s mouth over the mouthpiece prior to inhalation.

51. A device as in claim 50, wherein the positioning system comprises at
least one hole in a side of the mouthpiece over which the user must position the mouth to

produce a vacuum sufficient to cause aerosolization of the powdered medicament.

59, A device-as in claim 50, wherein the positioning system comprises a
positioning landmark disposed on the mouthpiece that is interactable with a physiolégical

feature of the user.
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