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METHODS FOR AERCSCLIZIhamm'= i JCAL FORMULATI ONS CROSS REFERENCE TO
RELATED APPLI CATI ONS Thi o] itk n is a continuation in gagtpegpglgd cati on
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B]{AOgGngDl OF THE svxgmmmmmmmoms Felfammse)mzm@ the }‘l el d
o] rug delivery, an rmaceutica
fornmulations to the |URWE£Q?@%§FEFLH€ I nven gn relates to the
aerosolization of pharmaceutical fornulations using energy 1 5 created by
patient inhalation. Effective drug delivery to a patient is a critical
aspect any successful drug therapy, and a variety of drug delivery

techni gues have been CROBSFEFERENCEXPORELATED ARRMOAEIINSet hod is the
oral delivery of pills, capsules, elixirs and the |ike. However, oral

delivery can in son@é&%ﬁﬂl%éommm&%@mﬁWﬁéPPH%VH@PG@?@P@%FQHed
20 in the gi e S echnique is
subcut aneog's['g|§?111t#(§3¥%mHl 1319%{1& ‘%é)égaégrg&age f?%éﬁgéggglggc %és?glr o@v pati ent
accept ances(/ 980, filedex dp”tﬂtll&/eow(‘!}lﬂﬁ@ﬁorﬂ;ﬁleﬁdﬂﬁclﬁs&fds&flvdﬁchmmehm/e been
proposed i ncl ude trans rmal , . intranasal, intrarectal, intravagi-nal and

pul nonary igearperateg byaefegancei cul ar interest to the invention are pul nonary
del i VLY techni ques 25 which rely on the inhal ati on of a pharnmaceuti cal
formulation by the patient so that the active drug within the dispersion
can reach the distal (alveBATKGREIINDOPTHERBNVENGION variety of

aerosolization systens have been proposed to d er, maceut | cal

fornul ati ons. For exHHbPE’enU@e@ﬁ%&ﬁﬂCf%@ éﬂi@%i@*i&g‘l%w 1194, the

di scl osur ﬂ},ﬁﬁ r I’eé Beall

exenpl ar ye%(x)‘t\?éx laﬁngﬁgp%glgfg%@ggﬁg%g{e@q atﬁ&ﬁls F(l?tihgl orrpr es edl g?asy 'to
aer 0sol i zeheinpentiar relaisitothé ypeslinhticreofshamasentical feysuletiens usaigmerdyDl ' s
(whi ch typical Ig have a drug that is stored in a propellant), nebulizers
(whi cHS5aersseated bepatiegtinhalatiening conpressed gas, usual | y ai r) and 0 DEC
203 WO 01100263 P / 4gh Yhiichpd gﬁ&ggﬁn to the
invention is the use o‘fq’/ %ﬁggu%&g%gﬁ{esatﬁﬁﬁl@gg?se lt N %F? rr%ceutl cal

formul ati ofrug therdpyl snd'@yaridthef feugl deliveryseatiniques bawtm:n@eopdsed anexr gy needed
to aerosolize the formul ation by .the p fﬁéie nt's _.o mha}&atlon |Slnsures

that aer ostHAmpa ER%ERRYEnIEALME ORI iSHIE S V*HV&IS@ yCAR5H ﬁr%ﬁﬁ“ﬁéﬂ the like.
Utilizati Olﬂ_oﬁgvetr N&ta pcf’etlx'v?{}lcaﬁ ih Q&HE cads géﬁﬁesﬁ@ﬂe B tHalp flah § "HSh g3Chré Heﬁﬁ‘dé‘ar al
respects or exa arnaceut 1 cal ornulatlons such

insuli2o, iin tl‘myxtgesmbe siaceldferetthey can be auserbeahhAhaﬂmntcchmMup twbcmwuh

t lipits. F mpl e, PCT/. LI S99/ file
o ovi dos. TBiectie. (0% SRAAPEEN? VUF SOTPRetrS W AR PeebBenreso QU ERAe (o1

er mnute I An Seri al
No. 10 09/ 7" %§é’@ﬁ%ﬁ%&@é@?"%ﬁr%ﬁ%?WWFﬁé‘?‘y““? giaﬁﬁegé\gg e gh f1ow

r esi st anceintrarecfat, dntralaginhbandapulmonaryalelipenyi od fol | oned by a period of | ower

fl ow resi stance. The_conpl et e, di scl osur.es t.he abo r ef are

herei n incor porat ed QgW‘é‘FB‘PEHE’éeStAﬁ °H§Y°"8‘I‘?8Iafee?1‘ﬂg’°f‘ﬁry Shvegt 351 {3

patiens s th&H'rétg gﬁéﬁﬁalagoﬁ BPL hithacBgRial ﬁﬁnﬁl&tx&h Oy thepatientiso ﬂhﬁﬂ&bl cally
ua

vary betmeen I N or 1n tance as shown in 1 ~ I .1, a random
sanpl e of aczwerdmg/wdmmthe mpumomaermhstwdmak(mveelaa) mw&ﬂneﬂa@s feeks

roduced flowrates r ng from about # er m t 35
|pl telsz pervﬁwef%f-’ aeTeQ Hg‘ifﬁ‘?ﬁyé'ﬁmsl ﬁwpﬁ’? 9%9 ﬁépezﬁﬁ %%{,@HPU
formul ati og,4.Q1 08 \mls&eegﬁﬁxg ki Pa@nﬂ@@s $t786889 ahds 7abl7|9141 the idixclosures of

ere

deaggl onerate a po atl on, and/or the abili ty of the aerosolized
f or nul at i owhich adbqumtmgxpmmrbytm&rdupddsme exempHsTi POYVAERHiSPaTHoRNL i on i s

related to techniques_for requlating the flow of spi S that may be

utili z8d wHeYiCHi Wy 3 Whilizs %C%EHFWﬁég 'i°(,a§f°sf)fd)?°rﬁﬂ’%‘¥‘l? pdtﬁgr tgﬁe c’a%spect t%e

i nvention h&oscgiz%&ﬂsjs&rﬁs%maam § auifishapeally Reved thig thati sﬁréd)mwl at ion
erse

to be disp I'n a gas stream produced by patient inhalatiaon,
enhance t heropellarit}, ylelbui1zdsa(g@plmhmmst0hzahmdﬁjMcquﬁﬁﬁeétgaéyd-)s“&uwalf)@a’%ﬂf\hance
the abili tﬁ lf t he aerosolized 25 fornul ation to adequately reach the deep

lung. SU S THE | NVENTI ON
VIR
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The invention provides exenplary systens and nethods to provide breath 30
actuated, flow regulated aerosol delivery of pharnaceutical §.q becon8 -
aspect) thewomuentsson utilizes the flow of respiratory ga Asooasied by a

patient to aerosolize a pharmaceutical .for.nul atign.. |n.angther rticular
aspect of the inventi oﬁ?y'gﬁée%ﬂgﬁfvﬁﬁhlﬁ %Lgﬁ’iea”?gwé%e?%%% gglepuc‘?s\ggr ed
phar maceut i cahspfraf gadksab id@perks BB pRahRcapitscheulaieagl thiverayt tae piteenf rbidl at i on
and deliver the fornulation to_ the Iugge%éugg%g %ﬁ%gtﬁ r%ge%g of patient
i nhal ation f Ite@fovids thy epergy Bersisd (RSP HE B3 IPRE $8HEXTF ¥ Bs. Accordi ng
to another aspeehioRf ThidGisidy 8t kissol SRiia66S artlihdlRioR fksprageslyRyshidhedd whi ch
provide efficient delivery of a pharnaceutic aerosol to the deﬁ)r. | ung.

[

|
Accor di ng 3t o Wtilzationefitid ptientisiasmired Rrsst candesrillepging ssueral 1R ntS al 1y be

prevented fr WP Sk OpHafiBa de A5 fortilbfiord, dakieaahalin] i ady baastuable %o
produced by.oﬁé&lhlg’ero-, at&v\h ' poi g

_ . ich point the flow_of respirator /%ages IS
abrupt |y ini tlimit 8 inhaistion 8oy aste N@Wﬂé‘ﬁfﬁ‘éﬂﬁswgﬁ%‘?xa’?ﬁ ’%(Bpﬁrﬁ?tés)l 70X Eiefon of
respi ratory gggfh oWobs, diyisds26hnt BuRRERS AbinAR O IR EPGRYLSORn 17 litrs
fornul ation. According to this enbodiment, respiratory gases are initially
prevent ed fr operfdimus.nds anothiehexample sopgneing &8 Fesnt ApplicatiqnisarENe:-hr ough an
open nout hpi e t I EInpd 4 MywlesEmcale then
abruptly E‘gr ﬁ%@&sﬁ@%ﬁ@%@k@%ﬁﬁ%ﬁkﬁﬁacs a %Srer aé 1re'z%ge.t'er m neé vsacuum is
produced by t pevidsdfor ainitial perivddbliowesidiyragedrd ofjawestlovs ragisiancez ddiet o ext r act
a pharmaceutical fornulatio rLoma r C : RGE
phar maceut i caf°r?%‘?tﬁﬁ'{g§f’7ut5ﬁ c&f{l HeEop ﬁeer%ff%\t?vgsoJfglrmg%glﬁrcg{Pg%y gases to form an
aerosol. By initially puptentlablgngeds piiliztgthy pgasesinspimhgasesv thy tho t he
| ungs when 1 ~ attenpting to inhal t he devi.ces. t. present
i nvention pr omseréa“af%v ’%8" ﬁ?tgaﬁ%‘é%ry e“r“e‘é‘%‘ﬂdﬁér}g %rog'slpsga?’r%%ggns%g@lg
suf fi ci entjsengrgy, a@nddxt saafple 4119 ipdiaidorcehich oate haswed awiconweekdnr fole

receptacle. In one aspect, the flow of respiLt.ator ase iRl tially be
prevent ed froMersSaRRdyGed t5)‘“"( FREes|TRfHRYRE ’%ﬁ)“ 6‘?°é’g # ?f%’sal’ °¥/ 31%%/“} t\?\’na{@ﬁlytr? Sall#lér% T way

| eadi ng to t henih N OSucRRE NN Y a8 theadbility bHthe funmistatit . Heldouerséd within a
respiratory gases. Accorcji_nrgwto the ?0 invecgti g%uihe valg?/e i S ?.Qegﬁge when
a threshol d agessiErAdghs 2Rl deasglomere 3 pRvdsred AOP ARGOF fhie SRIES
exceeded. 1N thios, ey origiod tBad¥HhNE rechaRadesliunghe resul ting gas stream
has' sufficient energy to extract and aerosoli ze, thee&ke\ar mace tﬁcalf
formul ati @. | n anot herHenebdhis imvention ipeelated toechoiquest E‘él%t“%{'“e owo

aer osol | zal | o, 6] £e.d DAoL YRANIE R AUSERY « Selrabdica Torkiutatoy, Inind_a
coupling mechanrsm £6 courﬁ‘ a receptacle contai nl_ntgy a - pharmaceut| cal
formul ati on t cspee traiinweation Fhelatdd ta teehnfaues taephanae tha abilityphpdpraulation §9 B ent

respiratory gases. 11 QML NALONAR §iGaBh ittt budntheimde

actuating vacu e BkeEéd me, the valve opens to perm:t
respiratory gadegglémerht awotviiered fivmulatiom andvayenbange the abikity e geppsolized
pharmaceutjcal . fornul ation fromt r cle to forman aerosol. 30 A
variety oft hr@%ﬁ?‘&W&F%@gﬂﬁl&f&ﬁgﬁgﬁ‘%YQ@% to prevent gases from flowi ng
through the airway as will be discussed in detail below For exanple, the
val ve may conprise an occlusion nmenber having an opening, and a pull

t hrough nenber that is pulled through the opening when the threshold
actuating vacuumis produced. ASUMMARPE@H THE INEEHTHON, the occl usion
menber may conprise an elastically conpliant . 3. 0 .0~ 10 5/eB8263
PCT/ USO0/ 180$4 menbr ane, ThgARyepyRn Rf&'l’lgesteﬁ?’fié}éw sﬁ%%searndrrné%/mogdg?r&p?ﬂgge aegtgl I

that is pukhed,tinougBwtR ARIREADRINET of farhitestital| th ocaspev, fizesinyragion
achi eved. I'n anot her aspect, the thresho] d gctuat.i vacuum o, Sl e i's
"(Pfﬁ‘f—ﬁggo farpetic

in the range fmbhaeaBsfow g respirtpry 26es PRRSYES AqrOPOLHe? icul ar
aspect, the valye | fal Qi1 S5t DP O BEVedidnthe ifiveation is eblepd atiaet. | n
this way, the \568/. #@%‘%ﬁ%‘%‘%ﬁﬁ%@%uy lgg manuf act ur e%aal n v¥| ggft he1 .
receptacl e. Acagowilergd prarmeansutinat fosmplatien Terp @ rechRAGE: ?Sgg‘?"g"ﬂa FEHEEE and
nmet hods for regqulatin f i rWid& oftyatiétt Mbatddorc AN St ent
airflow, i ndepgﬂégﬂive‘g?g F@Eigﬁ%@ﬁ%féﬁ%ﬁ%@%ﬁﬁg h%ﬁﬁe:er#.a I n anot her aspect,
the systemincludes a regul ation system 10.to regul ate the fl ow of
respiratory gases through the. airway after’2 the val ve has been opened. The
conbinatiori 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 fornulation to the deep |ung.
In still another aspect, the devices and nethods of the invention may limt
1 ~the flow of respiratory gases to a rate that is less than a certain
rate for a certain tinme. For exanple, the flowrate may be limted to a
rate that is less than about 15 liters per mnute for a tinme in the range
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respiratory gases. For exanple, feedback nmay be provided to the user when
an excessive 25 flowrate is produced to permt a user t30dECu0Itheir

i nhal ati on wabeocnz&anpl es of feedback which may be provi degrisehsyde audi o

f eedback, including a whistle, visual feedback, such as indicator |ights or
a | evel net wtes- ¥igeeriing t4 anathsasipectofidhe imentiph datirespnd methodhase proided As

anot her al t gpRgt%es il f SR AL QI HARES o MYdPFAENt ol | ed by .
regul ating the ?ze-%%ﬁl’g%_ta?ﬂrﬂl\fgi{olag% Ing to t‘%e ?_u(r)lgs. eF‘gr xanpl e, an

el astically 30 conpl i4asprding tegherinyention, fleeflow of snitatodesdseomay mitiatlydace based
upon the fl i i 1 | ain rate.
In one as peg%{x,v Er?%]agfré e\'i/l:a%e thr %ngfééiuﬁg %E}g%et%%élh/?%én 3%&032%62%9%4 regul ate
t he fl owSof usesgyiwhixheoint edesy dfhespirgtaryt gasesas abwegtlytioitiated.eht aniepartiztiler  For

exanple) th ul atjion, system.may. be.configured to.limt the flowto a
Tare that i empdmeft bR BRI i O el WoRs et I degtiifies <

PCT/ USO0/ 18@84kmatdueita f@etulationuh ecordifig o tAR etnbbdinfehtyrespitatary @edet ateiinitialbypi r ed
vol ume. A vari et f f]Jow reqgulators may be. enployed to.requlate the fl ow
o ees 1 o Bt Bim toning SER IS D B ebeiuG IR HE Bub S SE D For
exanpl e, t hendukipiece pak d3hdof thewevic@The SRpidatdietlgues hitahen bngtip peimicte@ of an

elastic elenent, such as a soft elastoner,, that limts the flowto a
certain lg rgﬁgmeﬂgnga!agaap% g VRYOW ¥ AT ‘f'?ébéﬁifo‘gf"rgn‘ﬂi@&c?fi on. Such
a val ve may r&pk@osibatsiif atdRed ko aPhirtnabdicill fonmuddtion fion deost@dtid 4@ val ve
in response to an_applied vacuum _ and one or nore collapsible walls

sur roundi ng '@ RBcRF phasaceptical farmulgsion withinithe o afrgsnisaton gaspyiadem & | evel
draws the wgbjosoit OWard each other, thereby reducing or closing the orifice
area and providing a higher. resistance or conplete resistance to flow For
10 exanpl e such a val Beinigallypecvphtinedespiratony graeslfone flowingiip putlwnes e t he
flow ratg DeseRES 9 hdleCRE deVidh§ adn¥fiold S3ESpre@nt ilddntith brolide aRARIHNY
through the device nust pass through the other flow path. By providing this
f1 ow pat h wienshratheethe eisviting gas streagehas|syfficisnt epeegydo exirastign Pharmagificdle may be
kept bel ow t i : Jheskigeyl ation
Syot em mmy cmalof e e (b fcld 1 GRO Rl BBl RS B e e
rate of fl oweptevented fremflovangto yhegusgsdy plasingaaaive|vathin dneaitweayderding tadhichani sm
may conpris whi st l e t .Sl AHTH i i A h j K d
produces a \%?%taf“? %"“‘s“au'f‘]n%%a&ﬁg%%’{*ﬂ‘g rraxpévrr%?#fs ﬁ%\}v&&g% ee,' gg&kch goetggd. I n
anot her Hl t dnvemtibryehe vahe is gepuédvhenr thyeshaldraateaying gaquoinsaused bgther i ct i on

mechanismto limt.the.size of th i rway. .Copveni ent | t triction
mechani sm na%?e?ﬁtché'&‘ég}‘%is%‘feédﬁdo?ﬁ‘/gﬁ’ w?%@’hf%l?‘é VB 1 BSt ﬁllr%\éés%lﬁlrné géry
gases t hr ougdtreiidd Baduffisiaht ey tb @Stirdck aid L2fostkzhhnpimpmaeytidabfontdjlagored

manual |y or automatically, such as by, the use of .an el asti.cally, conpliant
material. Optionally gh"‘éf@&f'?‘iﬂ‘?i“ﬂ%ﬂt'l °’g§‘5?fgﬁpﬁé’ ,Vl‘%ﬁ&gﬁ‘?ﬁ%@g‘%gﬁ{?a system
may be provi @@dokrisdia ks hsid VR AAME ah hlkvh R AndE eh\pihg MecHanisaite cagyieat , the

control systemis 25 configured to, I]ic;git the flowto a.certain rate for a
certain #1 mefegsptagleccoptaining 3 phapnacerticolJommuatigndo thedirey IRnY S i B ust t he

restriction gerhan ﬁmewgﬂaee’nmspim{y R6de€ oM Jviigyhedugh Gfniifal @il gases

through the airway. In this manner) the flow rate of respiratory gases may

be regul at edthresholf astuatingeraquuanis exseedede At 81h atiR% thedRlve OREEAPHTS me t o
facilitate p IV Er “p%,c,t,_‘ &ggﬁg@mi Qg},cti}gpmnﬁrcj;@ma[to t he | ungs.
The control gegs'%or%g JTlitis\"/ft%’hﬁelcn e gg enpl oyed tg adj ust the restriction
mechani sm sofdrmalatiothom thsrreceatacie thfoonaleerpsali | | their lungs with
respiratgpy gases to %L&r}éﬁroftﬂt}gshgma‘;amg%%'b@@mlngfo%mlp%\ﬁe%agﬁ ftdie deep
lung. Usé of the regulation systemand control gstem according to the
present i nvefibiving thrsugdthasitwayss sl badistussedtin detaibbelew. Fesexamplestg valveh

nuner ous users_that .have differe ~3 / 18084
i nhal ation f B PRPEE ,m\&cgﬁmf"hnée é’\rnh?:‘gng egﬁl géghagn\é\?ﬁgﬁfﬂ% gﬁé of Eﬂéplt&?a? gstlor y
gases so t hapullddeahmohg the 6ganirigotien tierthnektaid antuatisg paaypmris prodededy dsedet 0 t he

| ungs. According.to a qéper. spect of the inventi . ad flow rate
has been i nis?eég.“’f%?mﬂﬁ ‘Ei‘é??“rs‘gﬁ “gﬁg’ﬁrrl’f‘a%?°’?3nr?5ta%rglg?tlr? gf gﬁné}o Une, the size
of the airway may be increased to provide for an increased flowrate. This
may be acconplished, for exanple, by opeﬁing anot her airway traveling

t hrough the device., In this way, the user nmay confortably inhale wthout
substantial resistance in order to fill the user's lungs with respiratory
gases and carry the pharmaceutical fornulation into the deep lung. In an
alternative aspect, the invention nay optionally utilize a variety of 10
flowintegrators to permt an increased flow rate through the inhalation
device after a certain anount of tinme to permt the user to confortably
fill their lungs at the end of the process. Such flow integrators may have
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15 to permt increased gas flow. Exanples of flowintegrators that may be
used are . discussed in detail below and i nclude nmovabl e -'qstngﬁsngjzl ut ch
nmechani snms, gas filled bellows with a bleed hole, and the Ke e

phar maceut i %aP8Bf3rul ati on for use with the systems and mECHESL/B84t he

present inventi.on nay, be i quid or, powder formul ation. |n one aspect of

Phe 50 et nol e BuAr AR L e o Se B gl £ees oyl e ot

medi cament . mdasbrideomhedfthd ffephdl@ b Q& uMmdAs B6en :8hidGRId Ik endlipRggleoBRat € t he

powder once exﬁﬁﬁ ted fromthe recggtac]e. tiponal |y, various structures
|

may be pl acdHFesioibechirting vacuap of heq@lieds 1njthe Eqa?’f%e VRGP B AR PRS0 prase 68s. I n

still yet anelh®. IBCROPIEIM: astRe tHeMBRtE SMARHEY kdiESdighot&ORRliAdee that 25
conprises a receptacle body defining a cavity that js encl osed by a

penet r abPe de¢BE@E!e| {njthistiay, the valye say éop ricREY bs manyfarswredalopg withdied val ve
that is coupt®gtatR. the receptacle body.. 3n one aspect, the threshold valve
is configured to open when experiencing a vacuum of at ‘| east about 40 cm
H20. According to anot¥§eqrdias freanother pspestnihe ivertiporRigvidgssigviges and methods var i et y

of 30 techniguesulhchSRS Hb® of h:%ir%t&}g r%‘zfssc? ko Q%?i@@%r&is%?gﬁﬂow ?n%@&fld'éntrg?m h

over the nouthprece during use o aerosol I zation devicé. r exanple, a
lip guard mdle breathingiratel efithonserta anatheraspast shet systpmiindledes heeguiaton systen ace
their i j | e, ) . t hpi ece may
ol ude Bt & etk BBy s R0 i RBTRIE RGBS 0 BRNR oy D
provi ded i n dpheedsiTie combinkttnmidivvre gdationWitsthe tho¢sbsldivalyt atrerdingertesl by t he

6 3 0 DEC 2003 WO 01/00263 RCT/ US00/ 18084 .1ips in.order to create a
sufficient VAEUUM: Yedlgétbéerségén fpacesah %&oggfoéagﬁsr‘# H%f"e‘é%gﬁﬁfee%ﬁcﬁ ¢ n

mout hpi ece mxlivéringah@actosolized dormiutativhltd tizideed lupg.of i l e. The el i pti cal
portion nust be covered the patient's.nmouth i rder for .a vacyum
sufficient to actuat e?‘f ﬁgy"(ﬂ‘gw{:%pf%’ %%VF&&F%‘QW‘%‘%@%&&&VW%F*aégs’&cts of
t he present theflewiof eaapivdtdry ghses tditd thatdPlesy it a Eedtalitete @r adecthinainme. Fekl | i N
the art. in view of the draw ngs. and detailed description that fol|ows.

BRI EF DESCRIPHPer: b fiopa Riigiited {p 2 matq thatds bfsaf%ﬁp 30opt kot Htems iPRminks

average i nspbfatinth kool &b aboiit 0.5l5ecdAl foRBo ISRENgs, thradspyRiisg taRasur ed
twice a week for four weeks. s a graﬁg illustrati r;gethe regul ati on

Fig. 2
of & pati entvOLTe e BREUROT PR 13 BL30 8boU 1 s La ReGHBNRTIEF BtEratBent | on.
Fig. 3. is adoimiohd th\ed ftldynaertdie s_fsge_gx'd!: Efoh%amim%fiv@?éfhﬁ&{c}:x;ain

inspiration flowrate over tinme according to the i'nvention. Fig. 4is a
schemat | €0 virbarmegcewiral foymelatinns igabperptioseinihy deep g rpdessuibed@enssally in

phar maceuti g fuarmul.at § I QB F@rmul ati on
and to pl ace@%é%%ﬁ téltglrboénf@ﬁ%?'rr?g?%gh?e ngarg??’?gg%l rat gzr’%nhigﬁgsl,jeg to form
an aer osol - atsppicdiiorgSerial Nod9i4i4 384,iposviouslygncdfparatedibyprfeagnset i ve vi ew of an

ceroool 2241 0 1 2 SRR oA LING PG H Rl Ao
| oadi ng posi tesmratorfigeges. 7Farlekarsple, feetbadikmeayim medtedaatheonerdehanas eatessivg. 6 in
a clos ed2§) " R&T ll"t&é isq:%duccd to permit a user to adjust their inhalation rate. Examples of

feedback which may be provided include audio feedback, including a whistle, visual

feedback, such as indicator lights or a level meter, tactile feedback, such as vibration, and

the like. As another alternative, the flow of respiratory gases may be controlled by

regulating the size of an airway leading to the lungs. For example, an elastically

30 compliant valve may be used to provide flow resistance based upon the flow rate through
the device and limit the flow to a certain rate.
In one aspect, the device further includes a regulation system to regulate

the flow of respiratory gases through the airway to a certain rate. For example, the

regulation system may be configured to limit the flow to a rate that is less than about 15
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position according to the invention. 25 Fig. 8 illustrates the
aerosolization device of Fig. 6 when inserting a receptacl & aOE6r Whyg to
the inventi omﬁ&@' 9 illustrates the aerosolization devigghofdss 8 When
the receptacl e has been inserted, when the device has been noved to the

cl osed or ofiersier Agnye Sdrtaicenain sind onh eertaie Rppitedtvoluyneg asesieyoé fiblvowed t hr ough
the device. 30 Fig. 10 is a rtial cutaway perspective view of a

receptacl e é%laéorgﬁlﬁ}ég? @I@HFY%?ZF%’W%&SSBMWF%% %f %ﬁ%?‘ﬁ%%%su\f@cbél

f or mul at i on dayss@Einedétailasiotd e einthld)thet flow fgulatoy may taiprise a val@e haGEC 2003
WO 01 /00263 PCT/ USQ0O/ 18084 Fjg. 11 jllustrates the receptacle and nozzle of
o 10, wi CHHESHE5H Sperisgientih = boeharamtsy Sr BRE R TS SraR0r ¢ he
receptacle trfe gk Q%Erewmingqm i8thef dppusiRidire@bni Sadnr whvgasghatdurough the
nozzl e accordiing to the invention. Fi %ﬁhlz is, a schemati c, .i(’:c%oss-sectional
si de vi ew ofriffe BarrReE®it g diogrpiirdbrepanthp ¥ovhig resPeRy it P8R HRe t he

flow of resphi8tOsdmEae6FapkiblcOMAR shifindikS R Br#lee Olrthid val Gunlifeedseyent i on.
Fig. 13 is a schematic, cross-sectional view of an aeroso|izatign system

havi ng a f| oWFyuEyRressuredaves deames the wallsdgiiard eachiotherfthasehysrduciog St F1a8B8 e gases
through the b g@é inpYasHi SQhcH RQokPlelehsideRti N -Fot 0 Fig. 14

Il lustrates oglﬁigpzﬁrr%odi rbﬁi{&u%}}é%%&i%é&% e that ongl§ belerrpl Oéed to

deaggl onidr atesamplp lyeghrracadetthasabe Hlenedin mparaliel Sewortdi Pget e HpE ratpbeameson. Fig.
15 is a per by ' ' MhAHRS flukgald dugieikce
accordi ng tégf%h% ﬁs‘ghlg}éfgﬁgesgpgfa?!{fgag'g%fﬁ%gg é‘f)%c.tiyg Vi ethpgf ané)l her

enbodi nment  afthea flowemaths By praviding tii5 flow patbevithocwsrtainsigeith: floveof gasesrihtosgh Fi g.
16A illustrates. a cover ,of the ' ion device of Fig. 16. Fig. 17 is
a perspecti \6/%3 @?v%n&%yebsetklepﬁ Be °%?‘%g§§sgl%%g%i ment of an aerosolization device
accordi ng to the inveili amther phrtistlsrabpast) thdreguig@nefstem flapeemprise af eedback

Serice 2, FifdepiBir R B SR BB B0y
particul ar efgpedimieithofeedvaciamicnalsnandy ampisya whisdethatrisinrgmiteicatierent i on.
"9, 150 LGRS bR PR BRSSP oo
a front end é&xkeddb® mememe! dleiiatiod) titevguttioafsysténymad Bomprisg a ré@ictibh ust r at es
anot her enborgi:crlrxeax?igm?g ligm?t ﬂ?ee gigescﬁ'ltﬁeza?}v&a?'.n C%g\\//ein%%tl)%%?eorres i'agntnpcghainri]s\r/ne{ﬁgg' on.
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 govemned, 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 o.f the pharmaceutical formulation to the lungs. The control system may then be
30 employedto adjdst 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



noved to an open position. Fig. 21 is a perspective vie not her
enbodi mentw@by/spssaer osol i zati on device according to the %‘Y/ggbtojlﬁ)o@a Fig. 22
illustrates one particul ar enbodi nent of an aerosolization device according
t he i nvent iithalacdeapfbleated, withltich degicemdghiaphethed flogy gfacsdpirttory ghses s8 titat BEC 2B W O
01100263 PCJ/ LJS00/ 0841Fj . 22A i'IdI Pstr t%? a clip for use wth the

aer osol | zaPPHRAERV Y doT;L %f‘i°8.15 properlyjdglivesed to e lpgSat o5 yet anot her

al ternative enbodi meAtcoadin@td 6thesaabdct of the vedtitng sfited G ng Habeéednnvent i on.
Fig. 23Ail]ustrates a nputhpiece cover. of the gerosoli.zation deyice of 5
Fig. 23. Filigutedforthg @EF?@%‘B@B’&“’;WW igfaled P deelze ol e Wﬂyﬁgy:§Fi li zed

wi t hi n tshe jaeER&Dbiptalidefdr eitease@flowirge. 28is nfaly®e a2doniplikhed] fontesnpid,i | |

anot her al ternative enbodi ment of tg{r;)é@gr osol i zaﬁji on devjce according to the
i nventi on. PYPPRRRE anedher pirfiay rayelas M5 SaYifent i Y2y HePSEBRY zat i on

devi ce accbgiratthblinkdIEwitANS Shds@Rtial FdsBtande/inl otded t& il @BRIsbiCs 1%%%% of a
threshol d val ve according to the invention. Fig. 28 is a ball and nenbrane
t hreshol d vaspiretorcgasesand gamrpthe pBarmacautieal dprmulatiopiingo thegleensluag unbrel | a type
threshol d val ve acco Mteﬁﬁ%iwﬁ dAVENHQBon Flad opibhall§ DEERE bty Yot _

i Il ustrates one embodi nent of a threshol d val vé according to thé invention.
Figs. 3W0A aftniv BeBratdrk tospermit @n incfersed flow ratpperongh &e hé\lautlvragwcea@em ding to
the inventi . ' : ' t | ve

accordi ng t‘%gfL lﬂé 91|° nEl{’/tgﬁ tt ll?%rt\& L H%t tﬁ%gs%ﬁol%alzl?drt{al? ggﬁlg%lgtt? #Iél?g gtscﬁﬂﬁlfaeo\f%ep e

t hr eshol d v@abaess. sch fldivrinte gratotseay have pid aymorEmysing 3smbgrsgh8 4B ve bpsgdt r at e an
unbrella type, thresha val ve.acc LN DYy | ing. 35
i1 lustrat esé)nath%\é?lfmgﬁgﬂ%gn%‘f"h?})?/ep&e)e%iﬁ'r gisthlgl ?V%P%‘e&’gccor gﬁg %g’glattg @ t he

i nventi on. vdlgse hadthéerpinbalad Brei thédmizt hatnsovad bufficmbl te odemanothgpgastcharmshol d

val ve according to the.invention. 30 Ei.gs.. .37A a 37B.i || ate a
nechani Egl tﬁrpég’é%’rnéregwdtg&?ﬁ Wpe*FHh %@ﬁgﬁ‘a RV \alptgrsg'g"gé?a ibr?dls %@’Et he
i nvention. &kdhssed®n ddtAiliselsvatubinélude aogblklpistomntiuah emethanansf gastilledhol d val ve

according to the invention 9 . .3.0 DEC 2003 WO 01/00263 PCT/ US00/ 18084
Fig. 39 illblorawid agﬁlﬁ?fiﬁ‘glrc’ ﬁ{éé?éh"i“‘cal pressure switch type threshold val ve

according to the i nvemgipRimaceutical formulation for use with the systems and methods of

the present invention may be a liquid or powder formulation. In one aspect of the

Fig. 20Aillustrates the aerosolization device of Fig. \?\/g&fsB%Mt alid 30

20 method, the pharmaceutical formulation comprises a powder'éd medicament. The flow of
respiratory gases is used to deagglomerate the powder once extracted from the receptacle.
. Optionally, various structures may be placed into the airway to assist in the
deagglomeration process.
In still yet another embodiment, the invention provides a receptacle that

comprises a receptacle body defining a cavity that is enclosed by a penetrable access lid.

9
w

The receptacle further includes a threshold valve that is coupled to the receptacle body..
In one aspect, the threshold valve is configured to open when experiencing a vacuum of at
least about 40 cm H,O0.
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 inctude bite or other landmarks. Altematively, one or more

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

6



Fig. 40 illustrates a pull through type threshold val ve according to the
invention. 5 Fig. 41 is a schematic diagramof a flow regypaigy sggeor di ng
to the invention. Figs. 42A and 42B illustrate a shuttle t ?e fl ow

regul ator actOP@3 to the invention. Fig. 43 illustrates Pé H1%18884he f1 ow
regul ator agGeoOmd:dg td Gedth 8 shrvieMtvaQitm to opbratefthOevicts As afittiddatpleitier at e a
bell ows type fl ow regul at or accordi n%_ to the | nve[)tion. Fi 9. 4? illustrates
a cone type MOUERIFLEAY A2 Aicklar-BreNipticy) rrefde hiesitiptisal Pogy 6% | | ustrates
anot her enbegi ity B pRiehd OWohts SHibalFbr AeRANLH s clett tb BaudtbitedEiaNto b5 Fi g.
47 illustrates a foamtype flow regul ator according to the invention. Fig.
48 il ustrartestean unbrel | a type flow regul ator according to the invention .
Fig. 49 il lustrates a ' ' OJil] 6 SARTN Hpatent thhe

i nvention. 20 Fig. SOTIHS?%J%%%C?% egﬁg{%&?%ﬁ%gﬁ?ﬁt‘ of a,f?j}t)*\;vﬁr eqgul at or
accor di ng t @nt hfordimenyrskilign theRirgn vBY dfthe drewiageandgetapddpserintiopdat | ow

regul at or aq&?orvgi ng to the invention. Fig. 52 illustrates an expandabl e
cone type fl'ow regul ator according to the invention. 25 Figs. 53A and 53B
illustrate an iris type fBBEEFBESCRIPFIONCIOTHERRAWINGE i nvention. Fig. 54
illustrates a paddl e wheel_ .t . . . i ¥ | nvention.
Figs. SSA and 55B il Iﬁgt irag'tae& %%flfl%%wf:{ )ﬁpe"gy%%})%efgsggggg gi?» g’a%%é%%?ng to the 30
i nventi or. RhdjgidudiSthatwete beBsurdditwice nateek & falraeeireri ¢ duck bill type flow
regul ator according to. the invention. Figs. - 591 1L I ative

el astoneric duck bill 9&%5 afgrriR%’b'ésgrﬁma‘t%?gegg%é%nr%flér%h%gtst gglat?\c\k}téﬁWOn. 10

3 0 DEC 2003adovértintlatbardiigts Heaedt®a84 Fig 60 schematically illustrates a

flow through type flow integrator accordin . the invention . Fi.gq. 61
schematical l'y illust ¢ Biged 152 ErapiAlyse ‘95g‘ef‘?%\t}\??%‘ﬁg6’%°§i°6?§‘5§‘rgso‘%‘g‘i"%‘g‘°‘%o t he
i nvention. Hi@eratedRbr @6 accorind th kHeshveatien.a fl ow t hrough shuttle type flow

integrator according to the invention. Fig. 63 illustrates an i |l er type
fl owgi nt bsgr at or accgr g}gné istaoscpﬂ%atic v%w otjzng system that may be utﬁ‘xzedato extrrggfa yp

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 receptacleand a
convergent nozzle through which a pharmaceutical formulation may be extracted

according to the invention.



invention. Fig. 64 is an end view of a camof the flow i néegrélpt %PéOf Fi g.
63. 10 Fig. 65 illustrates a paddl e wheel that may be -us .(91? flow

i ntegrat or W OIP03 63. Figs. 66A and 66B illustrate a shuratusotygoss f | ow
integrator according_to the invention, Fig. 67 illustrates.a brake tinmer
f1 ow i ntegrator accngléi ]nlg‘ﬁf’%raf% '?rﬁﬁéﬁfg&ﬂéniglﬁfjﬁg'é VFBEPPZ%s a brake
and a wheelbeiak moed fur@yy dwhl Tbned Béttodd erfdl o theréceptacls-to Gidreasdtaetel afdloby
illustrates _an aerosolization system hayi ng vari ous conponents arranged in

series accOf BFSPERATY 2ee throked s dnpzlepreprdingodiamyeitioBal |y il lustrates an

aerosol i zati on syst epighpvis AR rRAE, Akds@keckibOsiaY viewnst ahladiosdlinitRgr at or
according to the invention. 20 Fi

i . 71 schematically illustrates an
aer 0sol PzatsyBem 85 4ReHiNTRE(IH gﬂgalaﬁég%ﬂ% P fepRITRMAT swg%%@%srfﬁw i nt egrat or
accor di ng tecdidifg tUERVERDn. Fi9: 72 is a front perspective view of one
enbodi nent of an aerosolization device according to the jnvention. Fig. 73

illustrates the devi Eig. b¥is@isghenmpfic, orosssecsianal vigWofsnepwsoliipnsysems4 js a

rear perspegliye i i | | fthw dFresphiatbry gied throdglfheSS

secti onal \?I%el\xfgpx%vﬁe" é‘\f’?‘ggﬂgﬁwﬁﬁg‘.‘l%gﬁ Fi“(i:]. %S iasryagc?oss0 %}gﬂé‘tional Vi ew
of the deviasemsaizatidngsystg@. acfarding ¥orthe svantionoss 'sect i onal si de view of the
device ,of Fig. 72. Fgg. /8. .LLIust . i i in the

| oadi ngl(bposi tion. SOF%E 194 ﬁ’fﬁrﬁtelé 035 ?Irn g‘?ldtlﬁ’%groggé%%%vtg&v[?%%%@% gygf er

enbodi ment defgghmmeste @ pbirimaadutios fokenlation acoalinf toghd iovértieni nventi on. Fig. 80

illustrates the devige of. Fig. 79 in. a l.oadi LtEon I . IS a cross
sectional view of thglgdg{/’iséé’gﬁ?e%vaw‘yé’f oiier{‘]&g%ggnbé%ﬁégb%&g%ll 00263
PGTI USO0/ 18128ide kdcardi@Roithd iHednkiat.es t he device of Fig. 82 when another flow
pat h has been opened_to permt an increased flao f air.thr h..t he devi ce.
Fig. 83 is a side viB 5 IS@psrspeiive Yoyl gojnergm °‘1%F§f“ Gf o 0 anion

per spectsi velevicewécofdietnanvantibedi nent of an aerosolization device
according to the invention, Fig. 85 illuystrates t.heddevi (t‘.g o[ Fig. 84 when
in a | oading positiofig F4yillusatesa coverafdie aseaselizghion dyisfiBie- the device of
Fig: 84. Fig. 87 is gigSiTIR a\eRPective Vid® od6tvll &RURE citb&liim8ft.of i g. 88 is a
front perspective view of one enbodinment of a npouthpiece L O according to
t he i nvent iasresolzation gayide geqprdingto the imyension djpsiptingheitseE 2 BBNHDI ece

accordi ng t@.duh& deQiention. DEFI NATIONS "Active agent” as described herein
i ncludes an agent, drug, conpound, 1 ~ conposition of matter or mxture

t her eof20whi ch provi dEig. sditustertesrstitl yer aogther, ergfod ipenpebrvraergselizationrdexice . Thi s

i ncl udes foﬁQ&d&n&?&ﬁ%e?Aﬁ%mm S, nutrients, drugs) vaccines, vitamns) and

ot her beneficial “agen used herein, the terms further include any
physi ol ogical | y or plag: i%dswagésoak pyrtiadas embodintest efrnacroselizatignaityices a
| ocal i zed or ghm'.c effect in a patient. The active agent that can be

del i vered iaﬁ:(‘::?r\é%é ea‘ﬁﬁ"ﬁ‘f’%‘ti cs,

Fig. 19A illustrates a disk having muitiple 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 multiple drug packets.
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20 antiviral agents, anepileptics, anal gesics, anti-inflammatory agents and
bronchodil ators, and viruses and nmay be inorganic and or g&lﬂiQECc@Wéounds,
including, without limtation, drugs which act on the perim% baddgy ves,
adrener gi c ré@8W%Ps) cholinergic receptors, the skeletal nuscles) the

cardi ovascul ar system I;iﬁ_r@% fubHeGl L8ip férhge PitRed asiokslidafidrteyics yEFigD2.
synaptic sites, neuroeffector functional sites, endocrine. and harnpne

systems, the ?~ ~ i rmuFigl Byilustatesyst asather aemat sy GRRIGERSAL OGPLERAN AR

skel etal syst.e [ofo]] , the alinmentary and excretory systens,
t he histam nge\élye's%gttf’nr%g%&g%%)gér&%ﬁfr al nervous system Suitable agents may be
sel ected from) for exaRigl 29A pbktyatesccheuthriess covsr of e @erosHiFpinBderRse ¢ind
sedatives, psychic energizers, tranquilizers, anticonvul sants, nuscle

rel axants; aﬁ%'gér ki nson agents, anal gesics, anti-inflanmatorjes, nuscle
contractants, 30 anti nFiy dbilaktsatesangtiimef reqeptarles thatopasoieaitilizgfenithin thsc| udi ng
contraceptives, at hom e pol ypepti des, and proteins capabl e of
eliciting phfﬁf%%ﬁ%‘fievéﬁegg%f%?}'di uretics, lipid regulating agents, .

anti androgeni ¢ agent s, Fanb§ jlasasted stidlsnotheaptmstiveembodimenheiap Rergsqlization
hypogl ycem cs, nutritjonal agents and supplenents, growth supplenents,
fats, anti entdevice peco fodhe TveRtiop, ytes, vacci nes and di agnostic agents.
12 3 0 fEC 2003 WO 0%{)08GRisstdd d4sReba@nE4t dExanpbedizaionaleticyecadmst s
useful in this invention include but are not limted to insulin,

cal citoni n, dpyenipvdretin (EPO), Factor VIII|, Factor |X, ceredase,
cerezyne, cyclosporineg;ghanu) @yhaicdigediy ofid threshad valge dcactig t¢ BESF) ,

al pha-1 proteinase inhibitor, elcatonin, granulocyte nmacrophage col ony
stimul ating fiavendion{ GMCSF), growt h hornone, human growth hornone (HGH),

growt h hormone rel easi g, hRrIPHA! {idHRRbrand eRadhbIY valv@ucetadiag ol the inwaitight
heparin (LMAFi), interfefon al pha, interfer interferon ganma,

on_ bet a,
i nterleukiln-2, |uteini zﬁia§9ﬁbm@°9%’§¥ﬁ@qﬂﬁaﬁﬁ%ﬁé° [grpRe INSEBHREY ost at i n,
somatostatin anal ogs | gﬂé.%isgﬂc gik416Q11hsdBtes ¥RS@ibo8mEdnNofd tatesihld Vahid i cl e
stinmulating hornone (FSI=, insulin-Ii ke growth factor, insulintropin,
i nterl eukin lécchrdirgctepiiecoinventivagoni st, interl eukin-3) interl eukin-4,
i nterl euki n-6, macr ophage 'fryth@g' dsAb1 P e addErdisg tgr owt h
factor, parathyroid ho?IEI Sﬁé%%@%@]? ut yrréogiﬂ:r?ga pﬁ%u 1, IIb/llla ?b%hi bi tor,
al pha-1 anti t thepsventiod.espi ratory syncytial virus anti-body, cystic fibrosis

biact or 01 481 per noabi 1115 T PSAE AGP RSP NP FRE BRI | sy,

i nt erl euki n-1gkemtidreceptor, 13-cis retinoic acid, pentam dine isethionate)
al buterol sulfate, netaproterenol sulfate I ASAR HiREAPiaRat e,
trianci nol one acet anm defg YIS UL S ‘Hf“gg’f“?%?%htgr opi ur%%r omgde)

fluni solide, fijyehiig@sone cronolyn sodium ergotamine tartrate and the

anal ogues, agoni sts and_ant agoni s f the abgycﬁat

ts . Acti . th
conprise nucl eic aci ds) Figee¥ dgggﬂli\fsgatﬁagpr& c aﬁ%%ﬁ@@ﬂ’?@’é? % e et

vectors, agsoqh@,{!l,@gm%hral 20 particles, nucleic acids associated or
incorporated wthin I'ipids or a |ipid-containin terial ] or
RNA or other nucleic acféﬁ-ééﬂgﬁfﬁéﬁﬁqaﬁ‘fl"’ég’ﬁﬁgegﬁf%ﬁ@lvé‘wﬂ%&?drﬂéﬁs?%ti on
or transfor mat{hQ u3h cells, particularly cells of the alveolar regions of

the lungs. The active agents may be in variqus f&{wnﬁ, SH’% (gi Sl% ubl e and
i nsol ubl e charged or undigs Al arbIeEcilingete akisRnERSYBE THSRYE YP%E conpl exes

or pharmacol ogi cally .acce salts. The active agents nay be naturally
occurring nol e%ﬁi?rélg}/gc}f’ ‘%qehlg‘zf%%&

nmay be reconbinantly produced,, or th be
anal ogs of 3¢ he natural | )Eigscemmhm@7ﬂ)ﬁ1u$t@mmM‘aWﬂlWeﬁf‘BﬁEl‘ﬁ‘épg‘t&ﬁtﬁ%ggg%ent S
wi th one or m)ré am no, aci g?f'a‘(’je(‘j‘ﬁg or deleted. Further, the active agent
may conprise | V¥ FEPEREIPLE BYRPY ed viruses suitable for use as .
vacci nes. 30 "Mass nedi afigdigditedmred a Gangipmiembeng type 8§ threshelf ValKe AP | e
size, since the powders of the invention are generally polydisperse (i.e.,
consi st of a r¥hGe Y& ticle sizes). MVD values as reported herein are
determ ned by centrifugal 13 3 0 DEC 2003 WD 01/00263 PCTNS00118084
sedi nent ati on, although any nunber of commonly enpl oyed techni ques can be
used for neasuring nean particle size. "Mags nedi an aerodynam c di aneter"”
or "MMAD" is a neasure of the aerodynam c size of a dispersed particle. The
aerodynam c dianmeter is used to describe 5 an aerosolized powder in terns
of its settling behavior, and is the diameter of a unit density sphere
havi ng the sane settling velocity, generally in air) as the particle. The
aerodynam c di ameter enconpasses particle shape, density and physical size
of a particle. As used herein, MVAD refers to the m dpoint or nmedian of the
aerodynam c particle. size distribution of an aerosolized powder determ ned
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The invention provides systens and nethods for the adm nistration of
aerosol i zed pharmaceutical fornulations using the flow 08 Or%@pi tory gases
produced byygoaicsent. The pharmaceutical fornulations t Rt y6eyhsh&
aerosolized include powdered , 15 nedicanments, liquid solutions or

suspensi ons, and the Figk®,illasichtdvayotherahasianiahprasressvigl eype thrfsholddahieces  of
t he present inq\ggti og mag be used for single or nmultiple adm nistrati ons.
In some enbddFFERE & 10t H¥*F%Bw of respiratory gases produced by the patient
i s enployed to extrackig 4eilphedtssacaUithoadh therthiskiald vaivd 2comdangrtetiept acl e, to
20 deaggl onerate the pharnmaceutical fornulation and deliver the

phar maceut i ¢AYeMFeFnul ation to the patient's lungs. One particul ar advant age
of the invention is thg. &bislistNerhddic Atigfel sNadlodrefulaet acosliigrdapendent of
the patient's natural inhalation flow rate. Hence, in one aspect of the

i nvention, th¥entiphal ed respiratory gases are controlled so that they remain
wi thin an acceptabl e EgROR A0fnd 428WihdaRS shatlagpsdaivataulalel dovating iethd5
pharmaceutical fornulation to the lungs. I n another aspect, the invention

i s configuredvendiopegul ate the fl ow of inspired gases so that the gases have
suf ficient energy 10 @l kRGhuskies POAIURORMI fegdlbiol QLA D hVOMA
receptacl e, deagglonerdte the fornulation, and deliver It to the patient's
| ungs. | m0some cases, FigsedtdAnansint4Botiustestera hetlomey typofiow geaulatonascfanatothis t he .
30 inhalation flow rate below a maxi mum.level for at |east a certain tine
or inhal ed vB'EH8™ when initiall y delivering the drug. In this way, the
aerosol i zed formul at i @ Wb illusfratesa ene sype dowerguddtoractordingtathe iavsnk¢thance its
ability to traverse .the ient's air n ' fter
initial delivery of t%‘ﬁﬁ@%&%ﬁﬂ%ﬁcf x\a%ord%rrhluiqléﬁ%ﬁ&#g% ééglflg%dégiﬁg E’oﬂr}g
enbodi nent s gfvedtidd. i nventi on nmay be configured to pernit the patient to
breath at a 14 3 0 2003 WO 01/ 00263 PCT/,US 4 : :

i nspiratilén flow rat e%%%i‘ﬁ‘fm?ﬁéag%?ﬂ%"t °swﬁeéﬁé{gp%ct%ﬁ&rggetsogﬁlgtg%lrnf}n'gases
and to further deli verfiihe iphtarpacuhbreid tyboflowteguiatn aterdingtodbep | ung. To
aerosolize the pharmaceutical fornulation, the flow of respiratory gases
preferably cHit#¥s sufficient energy to extract the pharnaceuti cal

formul ation fromthe rggeaptiRe@tes 1 0qeBsdiERoit NoW réguiatsraspirding 6o the gases
contain sufficient energy, the invention may be configured to prevent
respiratory d&evseonfromflowing to the patient's |ungs when the patient
attenpts 4,0 inhal e. ig.%tol iMustxtatE? A BN e B RhYnt 8 8 BBWTBulABEAtchdinges thet t ed
to flow to the patient l'ungs after a threshold vacuum has been reached.
By abruptly pevenfign.i ng the flow of respiratory gases only when sufficient
vacuum has been applieg by . I i BhathetatR idfenfidrOwW i S
achi eved to provide thggg%/}s‘ﬁgit;r%g#anﬁ?ﬁt@afﬂfg Ji'vg%%ﬂnfb%ar?er y.g One way to
acconpl i sh such a procEigss3 illuitatesiaackpagdablercent type flpwifegulaiprascording e ther
bl ocki ng nmechanismin the patient's airway to prevent respiratory gases
fromenteri ng‘“ﬁ’i‘g"‘bati ent's lungs when the patient attenpts toQ inhale. The
restrictipn or valve na;gs.tshemhémams«tmyam'eimmcﬂoo\rmgplemamtﬁ%ﬁoﬁm
respiratory gases to flowto the 1 ~ lungs. Hence, a patient may be
instructed to™W§#3%e until a threshol d actuating vacuumis overcone. The
threshol d actuating vagisa [[Rytrites £midtie guee dype dlolv repalator acopiding tatkeduce
sufficient energy in the resulting gas stream when the gases are allowed to
.flow to the PB¥¢MEAt' s | ungs. Preferably, the threshold vacuumis in the
range from about 20 CmFﬁggiAPamillﬁﬁra&Mﬂép@yﬁdld\#wgulaﬁQeamsﬁngﬁon@ gas
streamw || have sufficient energy to extract 20 and deaggl onerate the

phar maceuff calnvémionul ati on. Mpst preferably, the threshold vacuumis at
least 40 cm H20. A Va”ﬁ%sy O A hE@sinakiehosal e mery dadissll bgpediop regdetot 0
prevent respiratory gase ?rom reaching the patient's lungs until a

t hr eshol d i nhatcatdirgtovtmdoventips obt ai ned. For exanple, the threshold valve
may conprise an el asticall . : Rk 281 fvbeRbW reutatdipr ane
that is di sposed acros?%%%7'3?Wé{y‘?‘%lé&‘?‘lé‘vgﬁﬁ#‘?gﬁﬁ% to ftrygx vvheflgut he

t hreshol d vacutusrdise torlie ioventisgeeded. Al ternatively, the threshold val ve may
conprise a scored nenbrane that is configured to tear or burst once the
threshold vacuumis net or exceeded. As armt her exanple) the threshold

val ve may conprise an el astoner nenbrane having an opening. A ball is
pul | ed t hrough the opening once the threshold 30 pressure has been net or
exceeded. Ot her types of threshold valves include bi-stable , nechanisns,

di aphragns, and the |ike.



1n one particular aspect of the invention, the threshold V@th%g%'d be
incorporated into a receptacle that al so hol ds the pharnacettita

formul ati ongglolledzfd S Way, each tinme a new receptacle is ipggus@dsisnt o an
aerosolization device, the device is 15 3 0 DEC 2003 WO 01100263

PCT/ US00/ 18084 provi d&tk. 6 sthemanieallytibustiathot fow dirgegh typd ow 5188895 cul arl y
advant ageous when the threshold val ve conprises a nenbrane that is

confi gur ed t?)cc?rgg‘tgt%ﬁ‘e%vreg “%Hfter the threshold vacuumis net or exceeded.
Once the respiratory ases$ sereeatitdlignvikhastrates 4 flow bydynetfiow inrrgealor@prordindw r at e
of the respira orylrﬁases (in sonme cases) may need to be controlled or

regul at ed so'tR&tVEHE yases do not exceed a maxi num flow rate during
delivery of the phar maggut2eahd 628 itubtadté ofiow trouph shutig pe Tppiintagialpr t he
flowrate of respiratory gases may be regul ated to be | ess than about 15
liters per n?wafd@grtaﬁheamv%ﬁen-i n the range fromabout 0.5 seconds to about 5
seconds, correspondi NgFip G3anustaiabkeiinpetibipg: flow inheratangeorfingm tabout 125 ni
to 10 about 1.2~ L, to permt the aerosolized fornulation to pass through
the patient' $Val%3%ay and enter into the |ungs For exanple, as previously
illustrated i n connectg;gnsqws bkledd Wew &f a SUTSE thaflbe Mritsgrivavef Rig.16at ur al

inhal ati on rate that exceeds a desired maxinmum flow r$te Eor .Qr eat hers
that natdfal |y breath BiBdellpsiatesardaliovhrst thromay bosed i tBe Do FPHFaTeh on
provi des forwa@slovvi ng of the flowrate during the tine when the 15
aerosolized fornulation is bei n% delivered to the_l ungs. This is

i |lustrated graphi cal | §ig$6Aiagd 66B Mustratpa shuttje ypeflon irftegstor ascerding tq

causi ng respiirr“%tﬁ&y gases to flowto the patient's lungs. At tine T,, the
flowrate is Wel'l &bove a starti ng flowrate) Qstart which is desirable for
initially extracting t R @hillustratesatbrakgltinies flawiniesratar asceringre thedR wptidel e as
previ ousl y. descri bed. nge, g I RAahtebHa 0o PFi@VENt | ON
mechani sn?lsmay ?0 not bgghggglé%r#%raﬁ%ﬁ%ggggﬁg?gquhortI’y aft efg time T, is
time T2) where the fl ohigr 62 sshematicolieilusteatesianeegsalizating HEFGNRYNEIRIUYERY
flowrate. The flow rate is maintal QDELI EVRY rate fromtime
T~ to, tine ‘I‘?F*‘\‘)&fﬁ‘é‘r"@"pﬁécddﬁF%%ets)%?cfghg&ftg?lﬁu%ﬁﬂ%ﬁ is being delivered to the
patient's |ungs. After Fig n®schematidaly ilmstritestan aprosdlization ystsmihawing B parglitlsed
and the patiept [s permtted to inhale at .thei.r regular flowrate to fill
their |ungs \Aﬁqvﬁk?tg’"ﬂ@‘é’ﬁ’i“f’gmfvcﬁ‘%ag}?&?ﬁaﬁveg{één\}e to further deliver the
phar maceusg cal for mul atig@ni tdheinhtezatly dustratesgn acrobolizatidh gsaptiaviap ayparallel
illustrates an exanpl e of_ where thee\ﬁa%i ent, has & natural inhalation flow
rate that is BegpugbryReioninigratql 3699rqing &l N¥N80 by eventing the flow of
respiratory gases duri jg; patd £Rdnt pEsgdcivd @Ey ofidtd dntt@bingdar offdn|agropaizatidnt i ng
the flow of 30 respiratory gases, the starting flowrate at tinme T,, is at
QSTART | n t hi deviggyaccasding fcthe liyve®iR8r gy is provided to extract the

formul ation fromthe f%ﬁg%aﬁ&sﬁmeﬁ&&ammf@w @4 loading positks. t 0 i nhal e, the
flowrate rapidly falls below the QDEL|I VERY ] ow rate_hecause the patient's
natural i@Bal ation fl ovFig.dtids & rpar pesspestiys yiewef thystavioge gf‘l?%w rate. Hence,
after 16 3 0 DEC 2003.. ; 1888Acd dfPes. 73, the patient's
inhal ation flow rate dgFe1 ’ r?g%é%g%gé%@g?e%gﬁl at ed, thr!?r y permtting the
patient to inhale at a FEerfféds & adobssertonal viewofthe fevise g Renes and

techni ques may be provigded,.t.o.r : e, s i rate to be bel ow
t he QDELI VERY fl ow rat eﬁﬁ%o?t P f f%egy#gﬁﬁ%gf#&n%wrg%ﬁ%g%ﬁiéfg\i\g_exannl e, the
patient may be provi dedFigi Tshillvantes tie deyipesft K. Rovtpde thedeadingrapsfiothe
patient to self regulatg-their .inhalatiqn : b ce, an
aerosol i zat% on devi ce rrg‘yg' Jgge‘sﬁrfrc% & e?‘MnQ'te erzgvo %#%P%eenﬁgidégfg%es a

whi stling soungroabieatisevieht@riingtofthoinwentibe exceeds the QDELI VERY fl ow
rate. ther types of feedback that may be uti.ilijzed Lng +Misual feedback,
tactile feedback, audit &iey3q Blusipigsihe ‘%ﬁ’tﬁefﬁ%‘% ﬁ,gq 1%%3#9', a controller
10 may be provided withgg Bi [ateosiestionl siswtoftherddvicabEFigo’® he user when
time T3 has el apsed so that the user may finish their inhalation at a
confortable | evel. As another exanple, the patient's inhalation flowrate
may be regul ated by restricting or irrpedi\r/lg the respiratory gases being

i nhal ed. For exanple, the size of the airway may be varied to control the
rate of flow of inspired gases. The manner of 15 regulation may be either
manual ) sem - aut omat ed, or automated. For exanple, the user may manual |y
adjust the size of the airway or place a restriction in the airway to
control the rate of flow Alternatively, the size of the airway nay be

adj ust ed based on the patient's own inhalation as described in greater
detail hereinafter. In still another exanple, an automated systemw th one
or nore flow sensors may be provided to 20 regulate the size of the airway

. o, b1 1 e o o o o - e



3 0 DEC 2~3 WD 011 00263 PCT/ LI SO0/ 18084 constructs,. as shown in Figure 70
for exanple, it is preferable to provide that the flow resggEgnzid3 vacuum
rel ationship is highly nonlinear. Referring nowto Fig. 4p~fusiaked 10
utilizing &3S&1%E construct for extracting a powdered medr canent from a
receptaci e 12 using a;p3biigilids HISRIEET: FigSH) widhanyhgatmtputh his then
described. System 10 conprises a threshold valve 14 that may be configured
to open wheepanhétomecmiien wictdabad oW phalr hepugB e & m of threshol d val ve 14
experiences a vacuumgt #iit hige #urofdfl EMdEROFigPBEs erabl y greater than
about 40 cmH O Also Coupled to line 16 is a r&gul aht_?i on Sy tem 18 t hat
regul ates the fl ow ofFigeldigs r &tooy Beripsstivs iy efAgatneL L HmE one exanpl e,
regul ati pn system 18 may i ncl Leshriction mechani smthat may be
enpl oye’d’toa%r8ﬁc§’rzﬁt|1°nt¥fg%? ﬁ‘fc(eéf&ﬁl m;t?ezgwor? }’ll ne 16 and thereby, regul ate the
flow of respiratory gpigess illhstotrgithd davice D6 FigChhvwben i8 atlpafing RAGIHCRE | on syst em
18 may include a control system that ' Gick 88t §4.1 on nmechani sm The
control system may beg’gi %iét“%ﬁﬂc@fl%%ﬁglﬁgf%f?%%o}c opelrgat ed in an aut omat ed
nmanner using a contr ofiges7 ishatdeaseomnpf the dgas dflFign86ensors may be di sposed in

system 10 and 1 ~ coupled to the controll.er i NGokitBhisceof flow
of respiratory gases ?’ﬁr g%tjﬁ BREPETRY ﬁv‘f)éf’?]g”’?e %fbgaﬁfpg?énat?otﬁél t he

({gp” ﬁl Il@L %yorlgﬁtgmgqm?i&olgont rol the de?ree of];restrigtii)n (if2 i {le -
ough regul afion_system 18 i.s shown upstrea r , It W
be appreci ated t hat rEﬁuﬁ%siaoﬁ‘ﬁcs‘%‘l’QE‘?%%tcﬁgﬁv%’gmﬁrﬁl@vﬁeﬁgg&Pnggt ﬁlér

| ocati ons, iiﬂgf‘%f‘m downstream of receptacle 22 and upstream of threshold
val ve 14. 20 Regul ation system 18 is CO&,?JQ%}MO receptacle 12 by a |ine 20.
Exiting receptacle 12 is a line 22 tPBEINIEL conmmuni cation with a

deaggl omer at | on MEERAN, A2S ek Roddckeik B udBOREnpatg otopduid, om 1 ecept acl o
a e

12 may be deaggl orrer ore leaving system 10 and 4passilnqq ior(;gzo t he

pati ent' 5 | ucgspositon bf mettel@amittenedheeaf SRISRRIPAAFS SAPO BN TR  hat may
be coupled tpo a.nm ' Foofi s @EB MM e nitHentf @igdntacdibes, nhal es.
Hence, with ge 5%‘%#]%%%%72&%5&?%%?5%%/@rogcéi%pe a dose oéggn aer 0sol i zed

medi canent  byitdniihg lahdethérrterisfiched 2 gents Moy usedherpin; the temms BEPFAT DY Buces a
vacuum sufficient to open th Metprbdicesdetdizédoppens, the
powder ed medP®A ?Ft‘ca%g%&lﬁ“ﬁ%@?ﬁ%ﬁ%%ﬂ%ﬁ%‘é‘%ﬁél e 21- arid, pagses .Lhr ough
deaggl oner at gyeeniTeefftninsapatidnt. e bétvesgens that eas bedelerest incldes ratibifticts

controls the flow of respi,rat.or 0 gases .y thi o ACCRRIRRIcRodiRERs, SO t hat
the aer 08®l i Mlﬁéﬁﬁeﬁﬁﬁé‘ﬁ?‘gﬁf?ﬁiﬁ’ %‘}%ﬁégf’ym %%&xﬁf{t‘%@? ﬁégl pat i ent ! % l[ uni;s.

After a certgjdy ey iy el ifdtgadidend @ gaicddngousdssinclnding, Widipub EmEeh gur ed
to cease operating so that the patient i nhal e : teto
fill the | ungeugsivthichrasss ﬁhaPﬁfpye'ai\%%%“aﬁgft%%‘%ﬁ&%"“%a‘%féﬂ?}g’fé?%}gHS lr)rgatihgarrent
to the deep lyhgei hBscles 3hOcdhibya300a e lIrdBbauicleR Y US0dLiIBEBHFYRef er ri ng
now to Fig. § an exerrp’l ary enbodi nent of ‘an aer(?sol ifn%t}{oﬂﬁo:gces‘?ist%&s?tﬁe"“ |
be descri bed.syDemi ypa@® ssemprirasdiectar JBranal 17> EHTIHEF TCal” housi'ng 30 havi ng
a nout hpigce ;32 at og{}gls gldrﬁ HSESHCBR systefa@s sketerd] sybesn, opcdidgystans, 36 and
38 whi ch "define a } ow path’for respiraftory gases as %scrh@q}qr\j&sgreater
detai| her ei nat bibment@panbencestary yystemsy thgi hisaming systemand RS H weendst)peni ngs
36 and 38 to permtgt f f i 8 |, @olpsussharidey steenids), y

out si de of ho%é{eﬁb %;L‘?%ﬁ%g ngﬁyyt{e%gnﬂgt%?g@yfong@g etp')rp,oei ded to facilitate

t he i ntroduct hasotids ané saiatiesopsycljasessirast, Srap@isicry 2607 BOGH™8Heni ng 34
(see Fig. 6). Pivotally coupled .t J 3RndSmAcfi@CRBidct tactants,er 44,
Conveniently,T xfes’gﬁ“ﬂgailémfdg‘aé?‘%f’%?gg&t%%’n%nagtt}%ﬁy couple carrier 44 to
housi ng 38y | BntrRicEbWEY antGr@ildrial| hotthonalyagbrds moludiag CONUEAACPINEN position as
shown in Fig. 6 to perm.t a receptacl.e to | C : o ¥logRaltectar ri er
44 may then bEYRPARRIITGSS PILERSEY eérmgﬁé?tg‘f‘?ﬁa af’p}gg?ﬁ"gﬁ‘%{%@s'hom in Ftlﬁg 7.
As best shown gi ek ibid Rg@ithghgeaahii@idrobénic pgéntsl e¥ipansipe APIRIAHES t hat i s
aligned with opening 34 when carrier .44 s ve C SinbAtON.
Carrier 44 fu@ﬁwplzglcﬁ,ﬁW%&“%oT%?°‘8L§?g§§‘n ‘gﬁh’? ﬁgitqgﬁs’sérg‘ggﬁu?glned bel ow
two penetrati pg.tahsa7isQRedROUStiRdytds) vadneband disgrovtre agentki g 8, once carrier
44 is noved.to the open position, a receptacle 54 may be inserted into
device 28. Receptacle 54 conprises a recegbacle body 56 having a chanber 58
(shown in phantom line) which holds the powdered nedi canment. 20 Receptacle
body 56 is configured so that the portion above chanber 58 is penetrabl e by
tabs 52 as described in greater detail hereinafter. Disposed in receptacle
body 56 is a threshold valve 60 that conprises a nenbrane that is
configured to rupture or tear at a specified threshold vacuum Receptacle
54 is inserted into device 28 so that threshold valve 60 is 25 aligned with
opening 36. Al so, chanber 58 rests wthin opening 50. Once receptacle 54 is

S . o b - T




by the arrows. Turning now to Figs. 10 and 11, an exanple of one technique
that may be enployed to regulate the flow of respiratory gaddsDEhr8ligh an
aerosol i zat i OMO8ER@e, such as device 28, will be descri bed®CT&IS0AM3084n Fi g.
10 is a receptacle 62 havi chanber, 64 .t.haf .i.s typical Ly fill with a
pharmaceutical fornula %rﬂagsncgftacgﬁeo%ﬁ?t?‘ uferliu lﬁl Egh.1S l.nL&nYIgn 16’81#8 P%tafcr?ggtube 66
has al ready péneddrtatmdlid, keicitdnth, eweiropdietih@P Ofp4actandll] Fdetst &, ceadds§8 of t ube
66 i s disposed within chanber 64, In Fig. 10, distal 68, of tube 66 is
posi ti oned neHr*¥Re %8??”6’5‘1“8@%5’%‘81“’183? Stf’ﬂm?tﬁ’igiaé\‘%ﬁeegﬁb alé’ﬁ?'\yvay bet ween
di stal end 68pratthaidighibllorbeltdterin, Ghantilvaieefiacfophigs coletysibfblatihgFacte t O
restrict the LL.at or ases flowing into cha 64 d out netrating
ube 66, AL SHOMHSTR R BEEte, gt PRa i ST Ree Foval forgans Setr d oo
tha; ith i?l f Undrit@he @t%}ﬂmn 66hrih/ 10Wrd1€cubo e it ledpdrhO(fLMWaI)ﬁd @ferférén alpha,t h} S
way) the ow, rate respipratory gases may pe.increased. A variety o

t echni ques nay"e’éé’%ﬂ’ﬁfaoﬁ‘éeﬂ%ef"& g&ﬂ’j”ﬁ‘s’t“tetrﬁ?léklﬂ'l)ésE‘éﬁ’f&%‘“%@fﬂ@@éﬁf“?am%}?m{m end 68
and the bot t omuKHY Rambestaf} sofrbstRHHABIEs infl0&ink BEROIEH) QasoPredsth RAPLOY t he
use of a suction force created b 1'5);“ ent _inhal ation. Myre specifically, as

the patient bEgicfstimyiatiagapmone st YR whdrcker istrlipremprinteipding s by
the inhal ai O'i‘ré%ﬁtbrhén?a@gnigt?in@l‘éﬁdﬁﬁ?m&?ﬂéﬁm?iﬂﬁrl%@@%{m&ph doRygr d di stal

end 68. Various mechani sns ma1¥ t hen be enployed to control the diStance
bet ween di st aptiredetingdacerdM-RE e e gronthifagtor, Peratproithleqrmgne (PEEY, thytaehil e, a
variety of bi asing HEACHRHIGHE, AFRY- 108 t-sl Ak Sy SO L Alvirh bl Ak jsue
novement between recept acl e G’E%d grggltgsr étiﬁlé %bg&g%. VAUt onmat e’g yst
mechani sns, s fibtesiatrarsoiembring segujstos { ORER) genel depyeyribpnusieasp(Dagssh be enpl oyed.

Furt her, vari GhD u i | ilization
of the user’ sgﬁeﬁg@g@r?’%%gg?gg %g%%é&#_@%?xgpgﬂaedﬁgts é%ﬁtﬁg%t}e 66 is
that it fdfnsraemonVrigestinoitazidl penthraidinsdsethionates alhutcrobsypifiatsnmetaproterenol t he

power contai ne it hi hanber.. 64 I i fi 3 [ ent
ihal es o exthad bRt paR o CuteriRRiipe iy A3l RRILER |
creat ed by peieitraptunnromideefl@fisdidediititasonks agglobmesoditun, ¢rpetapomtbeirate end

facilitate its_aer,0solizat.ion @ng degtosg@‘i 0{31 W F\h{%pe thet I ung. §0 oRef.gerri ng
now to Fig. |2 3HOBNTHAEPHERIIARgRNSE PEUSAPYS: FSHYefBHRtE B2y 1 9omphE

descri bed to inbdlieishdiad, Predi® ad edwictpitcacidmoleades| Gital Reptdrk asdokiated ofral
respiratory gases, thrqugh the device. For copveni enge of .i.llustration, only
a portion 28f @&UFles nygleir acid ?S&%H‘%ﬁ%df}°°m°f%f‘ﬁ§“%ﬁblﬁ§%ﬁ%ﬂpé c?’}sﬁﬁ?m%t her
conponent s maynaagial)biakh@EONA @r RNAIrkiRr hiteiflgid edstnAtibO 604 fypeduitatle @avi ce 70
conprises a housi n% 72 and_a receptacle carrjer 74%. 238 WO 01/ 0&563 Se)
0EC z003 PCT/ traptisclign aytranefoapation oé cellsy paruqularly ciisotithe alvsater 81088104 18e e
nmovabl e rel at ijgst Phd\RuSd Nnté faaly Bk iPRINGENIANS, shehad kolGbla Bkt ediieiitaggeal a
receptacle 76. Receptacle /6 includes a chanber 78 and a threshold val ve 80
that may be congrehargedmotesulpie comprners of molseuiarcomplssrsioraharaacpiegisal e d
herein. Regeptachnfedlits Ghe 4dive @gén%iy B haARANY d2eurflg mBREulkSordhdydRahew t h
valve 80 to permt respiratory gases to flow through val ve 80 once opened.
Coupl ed t o housdompiraatly produced ree thezsmagi (e analegs®d the maturahly 9eewrpReEd recept acl e
76 to provide . i : | I : qri bed
with the pr evirg%gn%gﬁ’g%wr%g%?g?&ﬁvggﬁ# s@ﬁmgﬁﬁoﬁﬁl&?cﬁgﬁd&n %idgﬁgedés from
devi ce 70, thristhel tie uctiveag8® map evrsprisk dive ateauatpd erddilddddrinases suitablefonusere one.
Respiratory gases then flow through chanber 78 and out 10 penetrating tube
84 as illustrated™By the arrows. Device 70 further includes a spring 86

di sposed bgtween housing 72 and recept.acl. Sy er 7 Ve IS
opened, the vacuum w t hi asﬁé’heg{apg %mﬁge‘tﬁrbw (I:Jaauréeeassﬁ:teﬁe %g?%{agéﬁéfgﬁggof
chanber 78 to diee teqonvdesvhithd ifvemainrasd gangratly paly@sperst ffice. spnsisigf z omge et of
spring 86 may be, sel.ect o control di st ance betwmeen t.he bottom end of
15 chanber 78 %?ﬁtl:f?epsé?‘?é)f m@n‘&?‘{eﬁﬁ%m@?ﬁepgwpé’bﬂf g%%“’i“ﬁ‘g\%gé%“‘f‘ &t hr ough t he
device. In sone cases, it may be desirable to select the spring constant of
spring 86 based on the average inhalation flow rate produced by the
patient. In this way device 70 may be tailored to a particular patient.

Device 70 further includes a pin 88 that intains the spaci ng between the
bott om of chanber 78 and penetrating tube 84 to a certain distance. In this
way, 20 chanber 78 will not conpletely be drawn agai nst penetrating tube

84. Referring nowto Fig. 13, an aerosolization device 90 will be
described. Device 94 may be constructed tomelenents simlar to that
previously described in connection with aerosolization device 70. Hence,
for conveni ence of discussion, simlar elenments used for aerosolization
.device 90 will be referred to with the sane reference 25 nunerals used to
descri be device 70 and will not be described further. Aerosolization device
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Referring now to Fig. 14, another enbodi nent of a nozzle 98 th may be 5
pl aci d downstream of a receptacle wll be described. Nozx P HEGS nprises a
t ubul ar St HGL RS 100 having a bent section 102 and a cop¢tassogdossecti on
104. As the pharmaceutical fornulation is extracted fromthe receptacle) it
passes t hr Qu@imehislsnh alth&lgh Wy himbet 00casmonigemalopet toghnidves eanrhswsed ghe change
in the direction caused by bhent section 102 causes the aggl onerated powder
to engage tHRESHANE BeHPAEIGF ¥t ure 100 to assist 10 in its deaggl oneration.
Wen reaching cont r achfgs ek fodyRdmictdiengroihvoeVMAD Us & meesuagPitat ed and

the flowis increased to further deagglonerate th yhaugh shown
with one besfrodysamicsize bp ABARFIRFY °cg¢%‘Fra§‘8?%“&msl%§‘ﬁRgt§ﬁ§?‘?°d®L| ag

appr eci af ed, | ajcoNAIBUR:ah hs bEfMdealingbehavib) aebis tiepdidmestgrafwivdéd wi t h
various arrangenents of direction _ch%lge,s and/a&&.co.nst ECLLANS -lﬁ_‘g
facilitate deafysrbersmavingthegrme ReEtiBgNEEFTY: generalydl pas FeRii s Fgs. 15- 26,

various emodbRake: SlmaS ASGhiAas pefcRauifeetaity dndpaydeas szt bipadhile hough

not shown, e "aerosol1zation devices of Figs, 15-26 wi |l typically include
a penetrati Ag usadderain, INMAEeredars teshamisippist ?faff‘?‘*’lﬁ’s‘lfrﬂﬂﬁz"t°ﬁﬁd§§mf%%ﬁ'i%§l§cs “the lid
of a receptac imJar ﬁg?ggqgtg&%g Svdaasshpactiscri bed. These

devi ces rnaalsg-febggorll?\c &5%’9?1%32 0 val ves %d regul ati on systens for
regulatijog the flow of 20 respiratory gases to the patient's lungs in a
manner simlar to that r.ﬁ%ﬁi[ ' B eHsEpmmsivaants Further, it will
be appreciated that th«?%%nen gfo the various devices, of Figs, 15-26
may be shared, substiTh iadentiospmvidensystenisangmathags for tha agmisisyation of r o

referring to Fig, 15, one e di t . i ' b&&ed 96 Wil |
be descri beGF‘°P§W%B“I’@6“&‘B%E?Q@ggagnsﬁ%ﬁgﬁcyﬁ%ﬁﬁ%? %ESIEL?%%%%O. %i d110
i s 25 novablgtighAMhopRrmaRetidal fimulatiorsclt wey de strostlizadinclude paedspdac es

114. Lid 110 includes carious buttons .116 that,. unct ure
an associsat eaedicagspisdiquid spiufiops ?r(ft“sﬁ°55’??fh%ﬂd2€ 7 %@&ﬁ@%’ﬁ‘?@?f%@fg 110

i ncl udes a wWypgownd d&/ided of g ipfedért irvemtionahayete ubddfor singloadmultigid may al so
show a date and type of nedication printed on sheet 112. Housi.ng 108
further incladodmistzati®put hpi ece . 120 and a slidabl e cover 122 that may be

slid over 30 nout hpi e@,ﬁsolx?chVUB@ﬁmdﬂ%'EthE oW resyiheoryaagaprodneediby theady to
receive a treatnent, t

e patient slides goyer 122 to expgse hpi ece 120.
One of buttcmsierltisscmslqudéﬂeﬁraégtbeahm%%a\{g%ﬁugﬁaﬁ‘hﬁ?‘gsa fé’&??}agﬂt eir nouth
i's over gputhpiece Limd ldell@r bR\whakaesutpalessed, sheet |
i2 my b re%%at%‘é?"'ﬂjffeg eéﬂ%g%"és eag{mg#ﬁ recept ;cl és;\ng, ~, ==, I{:!t;c b%§o~ WO
011 00263 C ShehiBfidvtomgpatitd’silidgss Onapasticulsr aguantags|of haiRvSRURY RSN t hat
conprises a cover |26 (see al.so Fig oA bt chatll-AWRalakidS nbkakte) s sl idabl e
wi thin cover ©Ff °5§s‘i‘cﬁg\"‘b‘:§f“ésdn ?ctt“%gt arro%va?igt%rsng?/er 128 1 s conLli(gur dto
hol d a receptmadeeinlode aspdét of einventiorsity. intaden] respiratPrBAMEe IPWOLTF LYY,
receptacle 130 is held wi'thin cover 1 i GdHhidy deli@ereipanber of
receptacl e 1§E?yﬁ%f9a“bé‘“tbﬁ’r?f‘ia&?fm?glet%ngﬁéfég?g?{:%ﬁg\ﬁg%n drawer 128 is closed.
Vari ous gges%m-tat;aﬂsﬂr&&umynhﬂhahmgi.ded to allow drawer 128 to be

retracted foll ow ng use. ver 126 f.urt . W pineGafl34 and a
wi ndow t o indicate thak® @g@gﬁs&?ﬁg}‘ﬁ%ﬁnlngﬁ fsocagtg%‘?&gﬁogcnégp‘w th showi ng a date
and type of nRdic@biedso thltiheofadesihive mfficiememrey ®@xtracy thephprmpgedisal t o show

the cunul ative nunber of uses for the device. 10 FEig. ' agtes an
aer osol i zat i darmdationdromOreceRiini p%"igﬁ]@m&"ﬁ%ﬁg FWuTE?%%%HZ%g%H%%t hpi ece 144

and a |id 146, .Lid 148 §SoiR\abk andalvren iphrgeonfosidts arinsid te cl osed
position as iR OStr ared 1 n phantom |l ine Wen |lid 146.i open Hed Folume
recept acl 3 14ighatstionfowiadeldwd mpFimumJeNs Ry 2 lgast 2 ﬁ’f‘ﬁ Wf‘g I's closed,
receptacle 148 is _pigr i, C dySthe @agiolized fottmelatidn will flow at
Conveni ent | y,w“?nd‘nﬁﬁgygrég’e%flg%béﬁ}%%&g 1 ~ w ndow |, 50 containing a
bal | 152. Thear egtmpabldfw rade tienbrmae E5EiliR o BrYeprE RRUFH SREHRIATCEL Ton with
the airflow path her e causin foMnlilation foltRe humgs, eome
dependi ng on PReDF Ll“és'o‘gx?rl%%{aodf%egglﬁét;lg?%ﬁgggggﬁ t hr ough gevi ce 140.
Conveni ent |y phbsdimets 6f theEvaitign saydy cordiguesddo pom thy PAEIY AL BR 3 8nt wi t h
vi sual feedback on the rate of flow through the device. In this way, the
patient may adjust their inhalation rate pased 20 on the visual feedback.
Optionally, device 140 may include a storage conpartnment 154 for hol di ng
extra receptacles 148. Fig. 18 illustrates a device 156 conprising a
housi ng 158 havi ng a nout hpiece 160 and a |id |162. A hinge 164 is enpl oyed
to pivotally couple Iid 162 to housing 158. Lid 162 is novabl e between an
open position and a cl osed position. Wien 25 in the open position, a
receptacle 166 may be | oaded into housing 158. Lid 162 is then closed, with
receptacle 166 being visible through a window I 68. Lid 162 includes a press

. s A e~ o o A SN~




ready to receive a treatnment, the user places their nouth ov&r ﬂ@fe 187
of device 172 23 WD 01/00263 Q DEC 2003 c /usoo/iso8a arti &5& to

i nhal e.. The ¥ P¥§E63s i nhal ati on opens a lid 188 to pernit pchaseasaiol i zed
formul ation t nter_intqthe tient's.lungs. T, receive anot her
treatmont. t naohi FisgirdioR fofliaR3 Bfi e shics 33k aRn iR ad RS el e i s

pi erced, maki delicethHepbarindZeutiealdyrmiudation prethatespriungRef erring now to Figs. 20
and 20A, an alternati ve,l.aerosglli at{qon det\/iaﬁg 1910t.vvi || f@e (%escri bed. Device
190 conprises a housi ngr18Z°RAE B PR IGH PhEFF 0 s B8 S5 RBULTEGSF92 by
a hinge 196. Deftraelyt8faihusiffi€enticnapydestract tephipiseaticd I8&niution gmwhé ch t he

patient inhales, shown in Fig. 20A device 190 i.s.in an open position
where a re@eptr%{:c?f’ﬁa’zl'ogo PR tﬁ%té%e TP IR o B & OB Sflhsbche.nt f’iefﬁyig‘ﬂ "'Hg?t‘ci“hen be
cl osed to the nidy teeshfigupet to lpkavsitiredpiatotyrpakds Gromowih b thOdatienned Uk SvIRnPr €SS
button 202 thaﬁt1 IS pressed to Bi erce regiaptacle 200 so that the ,

phar maceut i cal™$RFAH2EETEY 19riR)alpeABSEP, MedBSPIRIOY 82655 MAYSRen B RcHRitied ¥ ¢ i mer
204 that is nemwedoltde stibntiylufiR witBts thiteholts edcult hhs HeefBdach#@4 BY @v@pdly but t on
202 prior to operation._ The_user then begins to_inhale from nouthpjiece 198

to aerosol i ze PERTHELRe A% A Tespiratary gased oY When spfficysat waspym hesheen apliod Anal es
until tinen 2Qe dser; 2@ RiveSShigh FateSdTIW it Achidved to3PdVidd thel gk ftediRWith ncl ude

mul tiple storage |ocations for storing_ additional r eceﬁte,acl es 200. Fig. 21
iIlustrates afiHEHSHITRatQm6aIde rEempis sESHRPYETHY b3 PHEBE RAYIIYShavi ng a
sl ot 210 for nRRRI iide: BlotBRE RleafahRmad the phltaht'¢ BirwdPtalpidveRteEsplrtehUAeS @
cocking , device 214 that is cocked to cause receptacle 2|2 to be pierced.
Devi ce 206 f urffafepnisung thepaligass langsvjsn dsdratisnt gttemmts Wrinkale: g apstristinbat hpi ece
218 (shown in \RRRBQThd R&pid\MIERCRR SKoPRAedS Hhiafit Riftratoty EAEKE Alolo RieST CE
receptacle 212, trap door ZplG is also opened and nout hpi éce 218 is

ext ended. Ref émaswgnw pafient gay boinstarise treinhale pyd glthresholdastuging vaeuads wi | |
be descri bed. b€ i - i itk may be
coupled to 25 Ox"&?fﬁﬁg%%%%&@fﬁl& E%g?mg H%&Hﬁu’%g’éi%g“%%&éﬂ %Qtzlgﬁﬂll IIﬁr:‘iﬂ'h:ées a
st or age regi orsuffitéEnaentrgy indhetresulting ganst@28 when theagses awegaliowe@Rdlownolthrles

mul tiple rece 230 o | cri bed
her ei nafter. %?@%lt??ég'eB{cg%%belgﬁ%sth%éheo}# %gglgg ls‘lx{‘]}hl%srgrgﬁlé?@ eﬁ%ﬁgg;‘?%@? e

regi on 228. Cdnwabeitébhtiny:0a0 thanihe adshiléng gaslstr@@P withhavb eufticispeseady matrastt or age
regi on 226,, Use .of cl i 24 s adva e AN that repl nt, clips,
havi ng a 3‘(9 fraé‘g%‘:%é%'% §§%§he|p g%%nﬁf%lgﬁagg?&%yo%a@Pﬁf rggrglgg,ﬁtg%{fs{ugd housi ng
222, nmaki ng devwacoan 220 least@llctn Hilse devi ce. As best shown in Fig. 22)

housi ng devi ce 220 further .incl.ude rotatable . dial 234 that is rotated to
advance one of the recegt%&F%’s°fg'§ﬁf%?1?8ﬁk"§if8?yaﬂ%° Besgrd °g?§r§W8tﬁ°fﬁ‘{?E%6usi ng
222. Wen pl acgdeskdniteacHingithe patiedP2lungsameipa thedskol2 dthaladopvaetme ¢k obkdididdner , 24

3 0 DEC 2003 01 /0026 CT. 0Q/ 1 8084 housi nq 222 . inclydes a counter 236
S0 i spl ay. ol SRR PP o R P R A SRR SR Ece

cover 23 823 s fiéxitlt @fdmbfnk €i46isAgpaed ackbed theSaifw@aNE© cpfifigiked!t fleAatradhe ON.
Hence, to use devjce 220, the user si rrplty rot at es ﬂi ﬁ{qﬁtﬁ?’ to advance and
)égx S \%

pi erce the nextirsseidyrcyumds meprrexcesdss. dtema Gt PERCTAMGRes to
aerosol i ze t hesBhamEaRateltkalis JoRfigitbPtb itddP oPhiFst dRRARE thrdsheld bl idineOst
within the patient's lungs. Wien ready for a next dosage, dial 234 is again
di al ed causi nge¥REleds A8 anathes skamnle theghisshold walvedppy GRmprisean asiaft on 228 and
advanci ng anot QI,'@%[] n ishagephaabiete éﬁ,@@ﬁés}g@lsh ip 224
is renoved andnlglfnggaggEWt ?pﬁké%gajéglrirl}sﬁtp clip. %’8 FPS‘% 3 illust ratogs an
aer osol i zaBf onpugesyrechas bery rees opeicseded QthRGIYBeS thresholdvglves mplydobistable ot al | y
coupl ed to hougj - iAntemvah! ut hpi ece cover 246 is also provided
(see al so Fi g.mf%ngﬂ%o%@rmz o’iﬁlgﬂ%el%ved prior to inhalation by the
patient. Device 240 is doofi¢ panicudarspeti@if thednventiony theglregifold wbvepraydiees 250
(as shown in Fi s I i i,k t . I 252
may be noved tgg P’ﬁéﬁegtugat% E%C%&%Mggéflé?sedﬁ }dg(% thac eg‘?%:g?folgélﬁ%%ﬁbgﬁ {ph?s:rced.
Slide 252 nmay wagreatietidepnes seeptiae ivimserted inth @n serbsedizatbndevieq theclewice is
Optionally, slide 252 may be coupled to plunbing within device 240 so that
the plunbing is noved to the appropriate rigceptacle along with slide 252.
Devi ce 240 may al so include a whistle 254 that produces an audi bl e signal
when the user inhales in excess of a maxi muminhalation flow rate. The user
may sinply inhale at a slower 20 flow rate until whistle 254 ceases

produci ng a whistling sound. Fig: 25 illustrates an aerosolization device
256 conprising a housing 258 and a nout hpi ece cover 260 that is tethered to
housi ng 258. Cover 260 is renoved. prior to use. Housing 258 further
includes a slot 262 that extends through housing 258. In this




way, a continuous strip 264 of receptacles 266 may be fed through slot 262.
25 Alternatively, strip 264 nay be separated into segnment %ﬁchtch an

i ndi vi dual receptacle nmay be fed into slot 262. Housing 2 i ncl udes a
button 268 YRS "8y be depressed to pierce the |oaded recBpT/HEE88Nhen t he
patient begips:iQ J;ahal |1k BV OWERlS ek TP i A Ble b viheg @R gaUge 270.
In this vvay,pq%%ﬁéaeglﬁsler |%%’%J§€+I é’dl wth \ic)?)saualu fggdbac eto agsi st themin 30
i nhal i ng at tifeghopi Gyrer colpoigesraanenbrap thariatdnfiguted te leprPr post & thencl ude a
clip 272 to ' vVi.Ge 25 carried on the pocket like a pen. Fig.
26 il ust rattgrgghgﬁn&\éacelr&ggg thaq?ie%)c%e%g\'/i ce. 274 conprising a housing 276 havi ng
a nout hpi ece 278 and @nrothatrabiraotyadses 280liohat té Bow ttthe hinks thedflaw 1ajee t o

housi ng 276. vice 274 is confiqured t i 2 at a
back ond of Ua SETaER sitefiDeunS e s s So Bel FERRE Mt e R
Recept acl e pasés 382t bxvetdidmsximuit fiph ate doipgtdativey oXBephdrancentisel be pi er ced
when ready for use. Although-receptacl a 1S S i

cylindri c)elll ﬁ’ﬁ“‘aétb%tf’&/e, uﬁ%' p yﬁﬁéﬁgﬁrgrgﬁgﬁfé%%g %fgrty %?%&}52%?%? may
be enpl oyed, bd IBGIthedi abgutsifuasre parhaipetd forhrese inGhe mngeftaprboit 8.5paecdkd28? i s

inserted intqQ device 274, rotatable b 280 is rotated to ne of
the recept act¥yt 1% se‘f?é’ﬁ&%%“ég"sﬂ’i“gﬂg%o %e%ﬁé‘efagﬁeep?%lc?f’g'g;{gg'%?‘et(rgced.
Conveni eqg | YabollOLU33 DOtoPEknit 1he herdsized foatitlaten d3Assthrodgisthk agtientieaireawi ni ng |
. nunber of rece@t acles. If the patjent inhalre.ﬁ at gn excessi ve felg.mg{ rat e,
housi ng 276. afd<entep e Gighenes BonFBRBIEASFERVIRUSY Tustiard incompectiopvifidigiack so

that they may,padiatsdts hi\Riamath@alidHaBlioh @ thht eRBeddah esirdd Wakitnureflowirate.Of
t hreshol d val ves nmay be used to prevent the flow of gases toﬁ&tgoe‘f atient's

lungs until the pati erfior Reather Stipaurally brgatabpyripe drse %®xtract

the powder fgpam-hGod SIEFRESS! Be sISWETY of dleViRSw PRy dliRig @R hOWh&hd O prevent
any flow of gases until the vacuum produced by the patient nee ?r, exceeds

. Pa S
the threshol era®lized foamilaépngs baagdalivered tafde (ufiste Thinsilystptid Bva\g\?él %i¥ens,
m ni mal flowgfesi g ﬁﬁggl,'tﬁe LY idetla g cﬁﬁ%é’ﬁ@i?&tor&?&@s foltRw boane sdiiepss t he
val ve may be configured to reset to its former starfing positiqgn. Shown in
Fig. 27 is alughemttime Tditkeftosnmatstis well abaye astastingdlayorten Rytangy WS eshol d

val ve 302 thal QM 4 @gﬁ&é@ @dal forRRASHESmiu debrdchnge f1our
about 20 20 g%&g@é@:&g@@%&%@ﬁ%&% an%l r?ore preferably aJt%I east about
50 cm H20) t prealouslwdgmsibéd. diench mdhrghotdealvecarothsr flow preypntipameshanism may
direction.indicated, by. the arr : ' :Agy-r ; ating behat how rate
may be agﬂi eV efn(g?deg fgh%l(ra? B ﬁtge{ i (S)ljh&é# ggﬁ?é edi‘%ﬂ‘?‘ﬁg”éﬁh Fén_%lpat i ?)n to

al | ow t he powderreiiatee taetpRmseQod fvew fldverate CBptflow rete iOprintsined oplowstiet em
300 may include a check val ve 304 tq. prevent the us 25 kro W ng

t hrough the XSpHERY T8 ERMA! e@é%t‘%&\)’ewmi/thﬁégﬁoﬁ%%?%%%ag%&nd%%gre in the
aerosol i zat i GRlivkeat 1o8he FHfidntfsQings OARENiOTS tinepee gitlationruf dprgas Sowd ¢easedhe

t hreshol d val ve. System 300, be configured to have Jitt.le resistance to
the flow of ¢ad&e RIHER li/%ﬂ“&%tggg’z‘“%’%e ﬁﬁ%ﬂ‘g’dsﬁﬁh}‘%%" ‘85‘%‘&5‘?“ g’i}gst%irtrﬁ 300 may
be confi giy ededpraldRy Sasts thRSeive feRbthiraleliver HiRgiarmvatuizalFoAnulationne ebaltep | n
sonme cases, system 300 may, be configured to have an 30 adj ust nent '
nmechani smto Be&nit the adjustment of the threshold actuating pressure)

lowering of any reset yacqumphee) lludfesah exahsik Pwkdre hapltidnt hay aesirst ance
pressure. One type of threshold valve that may be used.is a sili ggge rubber

val ve that i sinhalstion fiatv rate thatdshebev Rbmavern bt ShoWnim Bledb oy PEgYeR PY
pressure and ' eyers d1HnbAdd B 1} pemiigtingehd Sowbso sel f
resetting, r eéﬁfﬁﬁ%é&f;gasége&éﬁ%ﬁﬁzgﬁ%si s_tnance: 236%2 pg DEC\QZOO% WO

011 00263 RCT/ tdSfiatar@asts, Exeastartinasla ratugtimeal v st Qswrt 48 &5 Way spiicigng,
exanple, U 'S _Patent Nos. 4 436 A fizr 183 BatBar,
5,377,877) 5, ﬁrffég,ylliﬁfwéd%a tqs%x%gé:t%ﬁ?n@ﬁgo%ce%%lmg?g& I scl osal; esga(l)f whi ch are
her ei n i ncor pesminhes thynhakef the Bme eate Epaiipfalls belbwithe Quauservyfjpssratsrbecise fi5o| d
val ves that may. be incorporated into. 080l4 zat | 08, deMi CReREEfR
illustrated i Ha/tfff‘b?&%[’%%lﬁgﬂ Vc\)llylvrlat(l’g] I%QBS%%&?SHD&W&N f’?t hrough thr eshol d
val ve 306 that is constructed of a housing 308 having an inlet 310 and an
outlet 312. A nenbrane 314, such as an el astoneric nenbrane, is di sposed
across the 16



interior of housing 308 and has a central opening 316. A baé)brﬁ?%@ seal ed
w t hi n housi n 308 and is configured to be pulled through o 6 when
a suffici ent YRPWREHUM i s creat ed by the user as shown in BERAB@ITEISHNe.
Once ball 318 S rARe t hr ough
housi ng 308 b§‘9%3r gt?l?téﬁte roug gglssaggsltéﬁﬁ%éoéndvtg\r%é Pa‘?erd”%te{eg et rod 322
may be used t geymising belpatiSt & inbak at ocanifertaiidievelsi de of nenbrane 314 in
order to reset the valvg_for h rella
pul | through val ve 324. E\Iaﬁle%gg% 'ﬁgs alf&8?ecmrﬁlq‘%sess glhﬁcg’ﬁéﬁéedqége%uﬁ&vt#% a
support nenbernni@aBof ﬂowsn@pwaheman%mwﬂwmﬁmtmz thlioosiTagA82af: al so

I ncl udes tgbs 332 l\MHl a.t1 rever\{? ?‘c&tged wnBthearlIt%QsF Ogs o) Etédgﬁc!k%o petm %ee;ral%(e)ntuntl !

the user creat®™ g CL IR VECUTRC AP P S e

menber 330 fIem@etf—tegulptaﬂm:ttallnﬂataamoa&a&hGmnstmcprmmenm)lhzanm de@memya:be t hen
permttedtoflowth u 5334| sup res rod 336 may

be used to pugheYHd qf'hll’ te?;ﬁd"}’bsé SBE%‘{ ]tl?i’bztg %%’fmpsrﬁ%wrz?o anot her

use. Fig. 30 idxteeds thalBs dr f)ds»esdwl Otheetypes o8 BRdieakiiat Miap ge atilizab idchide housi ng

344 bl nsoe valVHETRE: SR dgb iRt nd i RES gyl ARoatue "

permtted fo frhmetﬂammhwtmmmm 4 Bandec R 1ﬁd15dﬂétfolt5é &3t WHECEHHET lasCr eat ed
to overcone th |a5|ﬁ]§tag force an %15 t.hereb ermt va‘b z rTEnber 342 to-
open as shovvn“l f-hemSﬁremayy:é@ theipinhplat éf%%‘f"ém kedpser val ve 348

that may be used in a t Wodh@herRRuHIEGhe phtibines iKkfation TRW rBRndyWe rygilidid by
menbers 350 that are pivotally coupled to a ,shaft 3S2. A spring, (nqt shown)

bi ases menber sTESBEHNSPT {RREANGLNG Tesniralgip apses peing ighalegs Aor gpaseple, the szeiof thent

vacuum force i §rvidlyQydydRdaridd8 cSitfdl B rhte bE Ao 3f RYMFAPAR:s AMHe ABAHEHS 30 3~0
nove to the open p05|t|on shown in Fig. 31Bto permt to flow of gases.

Fig. 32 il lustegelationmayfiersither mapyal, seaiipatonied, ¢ratitomstady .Fete@malpteut%lm%ﬁr
“housing 356 ha?ﬁh@ﬁhazﬁtaﬁghd]%t%e‘?s% of Btaidsdy B?}l)lgcctéeﬁé’tﬁ&fbnt@% anGRy &WbnesiL-

Pass t hrough channel 2are arranged such that gases are permtted to fl ow
t hr ough channethg i@of fiomd @Mmuelgﬁghanfeofaseaxmmqm adiysted bred enthed by the
user noves the fn Ol

PGT/ US00/ 18084"“?%&?4}"?% %tgﬂt’)' g%cl:re‘b gt%g%%,ﬂg@ i1 Qg‘@r?gﬁg ng 356 nay
be varied depeewkmpts, anamdmatdiamnemdvitmghmoeb oy erasoreqay begrovisledpren t he

val ve. Fig 33 |IIu te n gonprising a

t ubul ar hou5| nre lé% lﬁ}g@%e@?ttge g’%‘%ﬁ‘%‘%@&%ﬁ é&r({g‘?fég%%{% éagl sSposed within
housi ng 366 so as to be Cméjpanxeudhradvaquagbﬁﬁ)-estrhangzbly ftommfecﬂpumgrytgaeesm ow of

gases through ffi CI acuu as,_be ed by
the patient, sﬁ?rﬁcﬂ @gggglag?%/%%% s 'tsﬁhaﬁa Ft%ug’f’lﬁ\ﬁ g&‘e"éess %r rSny tg’oc?ngas Cdop 366.
In this way, gmmseqj’o&'epﬁI’gafhetrilQ(brbpbrﬁdrraWotbbﬁnbgbrekmn:s:qugarﬁﬁ&:w fateg the Jbwx

illustrates a threshpold v 7 co s a tubul ar us 0 374
havi ng a suppoft® %‘?%get}ffat %N’o‘f'lb‘é ﬁH Pé‘{)’é‘?“? sgll%ré ﬁﬁﬁ?eéﬂtgaﬁé)ﬁ?}&;%?f@"ﬁégt g a
bal | 380. Ball aﬁBQcﬁWeY&ﬁfb@ntﬂa&ibult@thﬁpm{’sBﬁBstO support 3:76 when a
vacuumis applied by the user 34B, nenber 378
configured to evert mherf‘%t”@ﬂ’ﬂ?@?@ﬂf%é&ﬁﬁqq‘?pﬁ?@%%ﬁ v ?%ég‘t}gtéqby When
in the everted pRitah OfficeIt D8R febiPMdtidn trOHIGH uﬁ@malpag@t@a?rwhmﬁuamaé fo376 as
shown. Menber 378 may be reset to the position shown jn Fi 15 prior

to another use.usTWih  Freaifis PrUEny Jmthis vy aBée"Qs‘t}&F%“tf(%Fgﬁ‘ég’e%b d'@Pnat e
bet ween open aftgec%&p%ﬁshte&%dt& tépﬁtaxzh@%%ﬁepﬂze@ aEé&BﬁﬂF&HﬂbP@t@nﬂBﬁiﬁfal c field
strength. For exanple) Fig | ustrates a threshold valve 384 conpri sing
a housi ng 396 tlfmatlh@)ﬂd\sfﬁesteel bal | 388. Also disposed within housing 386
is a magnet 390 and an &lor mmélng
394 that is smaller in gbgﬁn%etggr% o'{ﬁngﬁggfﬁre%f%%m?&nb@tqaganggﬁﬁ%%ne ?

hol ds bal | 388 fhovpoths Lopidher nzge.3pmay be gasisabdnto mmfamlamﬂnssmtgas@semﬁwéﬁgw
housi ng 386. W f ved
agai nst a stop %@é&gg aqggmﬁmy% Eﬁ“ |rrst‘!g&|sg§;ss<taﬁs£&glrégg% h gﬁehs‘

t hr ough openi ngpr&®redthat t}aerﬂnmctstsahdc/\&s&n fﬁmon@gnetsubstahhébdmesr cF@qun’éfd to
be strong enough such that the ball is 25 reset to obstruct airflow when
the user stops the inhalation. Fig. 36A illiustrates a threshold val ve 398
conprising a tubular housing 400 having a restriction 402 with a central
orifice 404. A bistable donme 406 is coupled to a support 407 and is

di sposed across the interior of housing 400 to cover orifice 404 when in
the position showm in Fig. 36A. Wen a user provides a sufficient vacuum
done 406 30 perforns a bistable function to nove to the position shown in
Fig. 36B. In this way, gases may flow through orifice 404 and then through
openi ngs 408 in support 407 as shown by the arrows. Fig. 37A illustrates a
threshold valve 410 that conprlses a tubular hou5|ng 412 haV|ng a erX|bIe

1 o o o - o - ~



PCT/ US00/ 18084 bel ow a threshol d pressure, bl adder 414 maq'@t nz@é he shape
'shown in Fig. 37A. In this way, a ball 416 is prevented f rﬁ&a ng

t hrough bl ad@$1/¥9263, t hereby preventing the flow of gases R EAYH¥ousi ng
412. Channels 418 are |n conuni cation wth L 05ietd Qbvial i Bddek 414 so
that when t héOpHRFeEnt Sb?%ﬁ@égurﬁggi%rueﬁarﬁnf’%ﬁ% ¥Sirb§°f%”?iéat e@ 'n magni t ude t han

t he t hreshol degstagsia unbieRe Seshipdit Aightyweslitar.t he position shown in Fig. 37B

to permt gases to flow through housi a1 2. .Fi g . Ll I fhra
t hreshol d val ve 420 con%erf?’“s';lpﬁgmé{t? ’equ)f?’grsyﬁgﬁélghlgmi‘gga egsyﬁénsg&c rangi bl e

di aphr agm 424, Di:8RN RO Ad hddfea @R frgtis fdertacle LDisiteen pakient’ sansphieeshol d
vacuum has been applied by the user as sh i n. phant @ i I 39
i |lustrates aresnirasygrsgs vl bﬁedca%fdveéoﬁmf%mg‘"a?f{sg U aersgﬂghg&ig%lg“l%?gh%nd a
val ve menber ?@&nﬁg&@&%A@énme@hﬂda&mm@gmazedommm obtirtysiiold 8give

prevents the flow of gases thraqugh housjng £ en.in a i.fion as
shown in Fig. lﬁgﬁpeﬁe@ﬁbﬁ"%%?“ﬁ’f a0 ’védﬂ %’é%ﬁfgﬁg‘%’%égef i g%%g%ﬁ?%g c%‘nti | a

threshol d VaCHIB'G“AEo REpHAGEUndY6 Ishﬁ-e%ﬁaﬂfon sitap 1883t regulatesithk ddwiob a nenbr ane
434 that is he d‘ wthin a chanber 436. 15 Chanber 4?6 i S 'én 1%Onr12mnci:18 etion
Wi th the interdspiraterty ghesa dirprghaystemsyl0g A 98¢ SHFFPL EEURHCY HISE Mgy ihen  a

sufficientyva i Sinyed 82cntroll thé ineetindy pizé of iperidiand val ve
menber 436%0%%%%@%%\%%%}52{1@ y,%?ever??@440 may . be provi ded t?%%i“gjt air

to flowinto eiashyergul@sthallow ofeespirater 2esy thrayehding e Canveateatly: Png 442

AN

may be provided {0,fDyvE .V 483t iGustRe RPGBGOGEadn WMIRN St Op
432 is raised Y39 %a$wﬂ!d¥|%§g§§§g?g%er% pul(?ustshrough type thrgshol d val ve

444 that conprebises sgsténoumy e eitie mandally operated o1 pReFAEY in 22 QUIERAIRd FRIRRT s hosed
wi t hin housing 446. A stop.450_h e 4fkBodet iPdy30RH 10nkE! a

t hreshol d pr eg*é’&ﬁé°f"§“°§‘£°82‘7?658”5%’?%%*‘%3%?“@%% t csug% “a tiyarrlg vgll%e member
448 col | apges casplehiohe tantrptent deteininethe matped v °f\Fa§P¥ét°Fbé$?5%‘rd“QH 6 pass
beyond stop 450. 25 vari e of. fl.0 R MyQFto e mebl e debrdk bf t he
flow of gases ¥HfBu ﬁ‘%ﬁt@s Qk%l“d’sag‘?é'zu‘;%%ﬁ&?é\%gg?gﬁg nto the user'gﬂshl ungs
after the powdesifing Joan IS xetanpe tgilaton system Bde ghoxm upstEawn HdsSRBFIF 2 &d.
Such flow regul ators are, provided t.o |imt A REffdnt he device
for a specifi 8%l prgc‘affgﬁpaérigp.} 1op f‘?’é{gﬂ })%/v‘n?yalye& %‘Héglgv?/mezglough for the -
aerosol to trayehdihp HOWEHeinof Alceprays22zad upstsamtdféreshaldomivedt- dead vol une.
30 Fig. 41 schematically illustrates _qne e di nment . of f r i at or
460. Regul % or 460 may g‘élétl*ﬁq%&‘F’é‘dgtlf)cq‘ﬁpﬁ?%’Eeﬁ%mq‘cfeglv%/b%fa ‘5’@?85%9 %Illn e |less
than about 15 lLonie B¢ aMRE 22 Makhk & adprivudiesion titha dedggidmetdion merlanism 24.
Regul at or 460 may be configured such that resi stance t LS
smal | at | ow vEchismasrepydseremsied famtﬁ@ﬁé{eugé‘tﬁx%e 8??@f°é’%°é‘“§e@t}?‘%’ﬁke°%3{é‘ér.
Conveni ent |l y, }%8’%? 84 469 JTRY thepdtleattadngsn Biting deaggiinterativatmerlgnien 24 8 Q
DEC 2003 WO 0173 GTl

' US00118084 paral]el to,th ecept acl e tai ning
the powder. | nasineP6 thatmaxbe qoyplef fonmeahpiesa @pt shﬁ‘fj“e)pé%?”ﬁ'bcgghespf{si?@m
resistance,to fl t ' RO khy Bcdivé £ B0sed30)n acrosblizklandar d
liters per R nu gygf'&%%u‘gm?gs?&eﬁ{’gg?st a_nc)é vat he, recegt acle flow path.
Al ternati vel y) niddeambmbydahalingfromithemouthpiess uptibte PAHeSLRIPECHf YT e
receptacle. In such case | BERRAE 1 Ropany, th@powdefedm t he
resi stance of tsﬁgi%}‘egg‘&?f’%% eetsgcﬁ%\?vmgét?ﬂ]%é#oa r esi srtsa;%ce g;)eat er than 1.0
(cm H20) ~~' / Shedicafilennim extracel Gom moepBBled2and arssesibropgiherasgPmPpteh

regul ators that .be_us in aerg ' ' ' Ghd BOMbEespigasy f | ow
after the reced‘f‘gfgg‘@“ﬁa@' ggt@ﬁ S%%{ﬁ@?!%é@hg%éﬁ}%eﬁog. 42A i | Igpslt?g}tles a
Lo £ o0yl sk d6d o seamians atpds dvusimgnesane: PG PO

channe . shuttle ving skirt sea iba
housi ng 464. A thepiept %b‘F‘gsng"‘aﬁF?Q%B’it%%‘gm’s‘ﬁﬁﬁ?eé@e&?g‘fl% d[n%g prggi £ion shown
in Fig. 42A AscdoRgurbd QVkehsioperatii@sonhathiotimition rfAntiaicat e soméortagluate (filh 6

nmoves W thin housing 464 to conpress ring 472.a I ghannel
466. In this wathe lungewith SRAPIAPRY Ea?slaf’ir{)"tr%ﬁgt%e eh?:’grrg? gﬁeﬁéi&éﬁg?o tlﬁ% @%Ig e f1ow

rate is too excessive, channel 466 closes as shuttle 468 1 ~ engages stops
474 as shown in Fig. 42B. Wen the flow stops, spring 472 noves shuttle 468
to the starting position. Fig. 43 illustratgs a flow regulator 476 that

al so includes a threshold valev that is simlar in construction to that
previ ously described in connection with Fig. 28. Regulator 476 conprises a
housi ng 478 having a tapered fl ow channel 480 and a 20 nenbrane 482 t hat
serves as a threshold valve in a manner simlar to that previously
described. In Fig. 43, a ball 484 has passed through nenbrane 482 and is
forced against a spring 486 by the vacuum produced by the user. As the
vacuum i ncreases, spring 486 conpresses as ball 484 noves further into
channel 480 as shown in phantomLine. As a result, the flow path is

T N e - N 1 o o —— o —




Fig. 45 illustrates a flow regul ator 496 conprising a tubul Bg 498
into which a cone nenber 500 having orifices 501 is slidablé% E

restricti on wenmberéb02 having a fl ow channel 504 is also hed:ﬁuswmdnw
housing 498. A spring 506 is disposed between cone member S00 and
restriction menber 502. Refsmringaovitolig &tag exgnplary egibpiigepfan prriirdio263

PCTI US00/ 18084 4iby gl (W d:Lifies. BRAled Junphannlentiity éﬂﬁ&ﬁéﬁﬁﬁlm%@@' ng 506
conpresses and cone ne noves further in |'ow channel t her eby
limting the firvng smoytipisse 8hetoughnhodeising 34 datheringludesepenipgssity 3 @438 £l ow
regul at or 508 t end 512
and fl ow chan rﬁaqq& %T’%ggﬁloﬁ%%glrafﬁ‘{ #p%%gt{% E%gss%‘srl%wnlb%?o oéltjéglqﬁéﬂ ﬁér%?%%

anot her housi rigpnSdderttlaya diyidet 4nis ehevirded befwsargopeningp ¢ ﬁgl3§zt®pmg@sﬂ%9%| ng
510 to the |ef t 5 |ng 520
ext ends and rmr\E/S %gtﬁ??htgmto%i%t%%poé}%gyf?téhpgfqéug e 58 gnhﬂﬁgedaéﬁgﬁrr?g?g
channel s 514 girevideisd ficiitate mmgulmfwﬁlratorylgamsnnw heusgres3Ofthrovgh 10 F| g

47 illustrates _a fl ?Xv regul §or 520 that conprises a tubular housing 522
having a conpalPtWBht 553 %n3t is filled with an open cell foam 526. The
open cel | foam materi aI Pmsaﬂlyiccmlﬂedandtomsiemﬂoas esecepteclé tagmergft. Gam@sienty,eugh

housi ng S2 vacuum to S nstrict
t he por ous?q‘ o‘%;d"gi d?(gﬁvmg@% GeT ée:tgrﬁg[’ﬁ?‘b'a\'/\(/} :}gé%?@%%%&gﬁ &t hat
conprises a tubaylﬁaermh@udsc mgoﬁeﬁpﬁﬁiﬂoxhawshmgnm&g@nrp’cnﬁi%@rmm&cleaolbb loadéd ty of
orifices 534. An er D 232 gas
f1 ow t hrough h‘B[?s‘F’Hﬁe ggo&r&% erﬁ% 1il °m8Y$8q%?¥1°§Cd°D 8éra oglﬂgn %)g Hobit
evertible in amrmgmemsaemshwn h@xgshatandjmmebedummdmm@mm n'lmtmall'gngd;
43A and 43B to so function as. a, thresh i |l rates a

f1 ow regul ar 5‘3@‘ gg’é §é‘§‘°%14‘{1‘5&%‘1vﬁ t°§12ﬁ)° ﬁséglpﬁﬂ“ eirr%ﬁg‘frb} Flibe 542
and an out et Inb'lhl@es%ﬂétheﬂpimsgdth&t Ishpbsitidtey 5elow tord Peretrating tabpH2(bnThGsind\s
gases flow through housi ng 540, the gases bubble through Iiquid 546 which
regul ates the #9-ow of the gases through housing 540. Fig. 50 illustrates a

flow regul ator 548 that A0 :hERSitFikE) bR cattietsd Bindvedtotay bprg pasitiei; ked
region 552. A shuttle 554 is held wthin_housi ng 550 and i s force E()qul nt o
0

necked regi on resEppaciesS4 may belasrmied it eeviqeq8, BeceplaclepR&omprites 2 faRIAT

move the shutthbenapdd &a&%tfrsqkﬂm iR YhahtstP lihd) Svhdhtholdsihd ftiwidedaynedRemehie
vacuum force increases, the flow path is restricted to I|mt t he flol;/v rate

t hrough hodéi nBe®Bacle pody Sais CPlIlﬁ&!llSerSatﬂ@éﬂ’a PPTtiow 2Pt phambsr S8 tepepeigable

conpri ses a t byl 85 JNANSING P plu b NG AR HiGo3tlin rhabralis bady! sdabh ¢

wi t hi n housi ng A spring. b1 ases spind O to the right as
shown in Fig. Bitesboldtviabye 68 tHat mmmapha Bembrate tbpﬁthr@gsr@é to BIpBNe Qfried abd t h

fl ow pat hs 566 nce, in the position shown in Fig. 51,
gases may fl ow é%}déﬁéﬁkﬂ‘gﬁg?ﬁ“‘g‘gs by passing through fl ow paths 564 and a
fl ow path 568 i n spi ndl eR&Btaclpbvsiinsertedistordericy 28 sauthet thresizold vadvetPsias

L5 ST R SBAAAS i o Bt 1

PCT/ US00/ 18084 1ﬁngme5 2ntolchtiet 443,1;:amea44f lls mvardetg thetloged 57 pecaimp tppmlwsa

t ubul ar housi ng, 572 havi.n expan S an
orifice 576 angu‘fsgatégﬁ’f ‘§8Qr a@hgblg%h oseag“f ow rréhdggggcﬁ%ahgrﬁeldggl ice 576
3\; Weltlh a]csI arowggnlﬁg)m ﬁMeWmSSI bmefrhte%d)e&@wzcﬁa?xhexaﬁ sldperl back the fjd t62. t
en the flowrate,is increased,, K cone expands ai ns
housi ng 572 so !’c"l’l‘g‘ée Al ‘?tr°696“f‘g§ A PIPVISE ARISES gghet%‘)rwocﬁbgong egl l%ubs.%h‘bg‘g
53A and 53Byg | I38stame @araerfquﬂfoeanbaﬁecmos&sgbsnm;amrrrmy §l§8e hlslmomhsowral ve
582. One end 584 nmay be fixed and., otﬂﬁr 586 ma gh? gnpve
iris valve 582 mepthpigceidand pitHmes f&’w JESPIRRT %s?m €H”:ef dwv
rate through valuenRE8aniBie BRr esed st vulrh o ofeh thredhosd vatiedd. Atfhiow

regul ator 588 that conprises a housing 590 haV| ng a paddl e 592 t hat
i s rotatabl e i rPA PSRATHOTY BISETAT AFFUBLY REFABIRAD IR 3"%%?‘1 g"d&‘% eel S92

is pivotally connected to housing 590 by a frlctlonal connect i on t hat
may-ay be adjusted to regulate the amount of gas flow through housing 590.
By being rotatable in only one direction, ddl e wheel 592 also serves as a
check valve. 15 Figs. SSA and 55B illustraté a flow regul ator 594
conprising a tubular housing 596 having pivotal flaps 598. Flaps 598 are
configured to cl ose when experiencing a high gasflow as illustrated in Fig.
55B to reduce the flow rate through housi ng 596.



Anot her type of flow regul ator conprises a valve that is c rbzér ucted of a
20 flexible material, such as a soft elastoner, e.g.) a siPi Be Pbber ,
that |imtswhendoke3w to a certain rate while al so prevent ineg/usbmigos4n t he
opposite direction. Such a valve is also self regetti&ﬂ .re:#i ril{l%r no
mechani cal aspeshadeeiroShcthambensdsthrnagh oRening 3%3nf QUi RAHRIEEF ¢ A3 IR ow of
air through t&gﬁ/glﬁ\(&_i n response to an applied vacuum and one or nore

:col | apsi bl e s sufrounding the orifice such tpat an i ncre%fgd v&xcuum
pressure | evel 25 resulTusitgnomddFégsi Hhansrl Loy epmpleof aar BHPME FIRLBRY RY

hi gher resistance to flaw. (he Sitdtd gRECHroGah ¥eserdsslidion déiey swehy be
relatively i n%&PB@F%S?%‘" Olgtecons%‘{ gg’%%o?g{/_%art,i cou ar e;zisnrgl e of sughé% val ve
i s described dsietlcS28, Rell @atieshiobeds SbE8n BORiE. k0Ha 2 FSPRIRGE 2 Rfiving2FLamEeréf whi ch
is herein incorporate ef.er I: S formBAHNGoPABwWh). ITHELd. ab& one
embodi ment of* §ﬁéﬁpé{’aﬁ?’gg\f&r%‘éhu g@%&%ﬁ%&fo_ FI ow @8 ul at)|or COMpri sgs r;’;m

el ast oneri ¢ bpayr&6g tievioigs arady kiietrhted thevid ogerFham r 6 paf ddetat sRd 8% 7% i ce
606. In Fig. 56A_the flow.rate i W I 3 Bn PO Airshel 96l ik Yospeed.
then the flomf“gafsg‘si PP, svggl,m\g/hé’ \%’8J%Oﬁg%g?%gflgtto i ose as shlom in Fig.
56B to |init hée el bewo@df chihber GECn2iid & ayWtharvey besverTiinaomd P83ad thet her

exanpl es of such fl r ators are.. k .0S; 2 floWikd o 57, a

f1 ow regult@t 0P0%%°%§m§grg{?df<ﬁflﬁe &[éfl\%/egt%\é\%ééé\?mﬂ{gﬁgs}r%tgé g%?eisf iocg é6I 2 Fi g. 58
i | lustrates acfdmeow: 6Laml dik péncidhgtabe 669 Ao sonek bi Fig. Madistel e8d 68 i mpvedn
orifice 618 extending fromfhe .t and down.t he si ' ' rates a
f1 ow regul at OWCWQGIWangSOamﬁ&dR%hFr cgﬁﬂfgd gﬁfé‘%\}ﬁ Ogtggl eggggcr%?lgbgt %ﬁqgri fice
624 and a si deni@uh{, itkenée fute diiréspirafoliegabdsanayriatiscrédsecough t he aerosolization
devi ce has been regulated for a certain tinme _peri.qd, . I e
configured to permit anAiVHE?‘Xé8%@@"?‘!‘89\?‘?&%%9“‘@?3“‘1%? %d1§£§f°q§\g‘é‘%§‘s’§?‘¥%‘gy fill
hi's or herjsl ungs,ehd bg nhdsHé Bdtiestichxabdiige. Bér examplepmd exthiiquecia to gmplagthe

aerosol to the deep lung. For exanple) follow requl.at.i on flow
rate, the 10 de¢pasustgn foeceCEaer Sy PadFnt Hgb‘éﬁ“?ﬁ trlw‘?‘ﬁ ﬁf‘g‘?ﬂ”t? & %%H%%Eﬁ abl 'y

fill his or hef Jungsnas hd\ctlbios@tiegitioubattbyetht mhaiagén whkteatbti ce.
Typically, the GSer may be permtted to fill thei bun s _at, a. com‘ortﬁe%ble
rate once an imoveithd bartomend o thaghsré4 @U@Fﬁd‘ﬁ%@“%é%n gwﬁéfnéahag{snp%ay

regul ated flow rate. ' {staP AR 220 Bidibotdmicadaf ed air,
the drug has t eae\%q?c«’ayﬁagéaéotna@}?gggi%%{l%argeggeﬁggad space. 5'ch rovi de such a
feature) vari othambemidr Fooexafrptne verietyefhizsing meshariyns BH A HC R 8800 at ed
into the aerosglization devi J [ bd 6 VA dtBrhetgd at or s
have one or no érﬁﬁfgmeﬁbovﬁ@%%?%c%?%&?gl/e Eas'ggﬁ%rﬁ the vol une I&‘F‘I]l ow

t hrough the deefnishe, suth & salpoidwipistens,aad Fh¢i1tl<Pa13Y€¥5@§ﬂF‘5E18)ﬂ‘)d'3: ffe has
been inhal ed, the nmenber has nov .Gl : i tithetisef @ Rar@annel
to permt incré%féoé‘ﬂméﬁ‘éalfﬁcﬁﬂﬂueig%ggfsgfggg%ﬁlﬁg{:lu{hﬁ%g@%% integrator may be an
airfoil flap madger@f a filmsuch as a polymer filmhaving a thickness

bet ween 0. 005 and 0. 020 jnches and ef er.abl y. . j 3 I Iz8le €{at

ot her tine28ependent beh(é’iﬁ ?WCR?P?'{%WH.‘ @e%ﬁg&\éil?%ﬁ#?%@leﬁtﬁces
aerodynani ¢ | i ftresti@ d@hdeidn@iritod oafhe pawertrentained wghinstiamber 64| MArccess to a
parallel flow path after a predetern ned | une | k|l ap.
25 ~ Fig. 60 soheifisellpas iy raiigng onplss @sexga%{ﬁg\ﬁogv ﬁ?%%ﬁ#EQ%Aggy% %%i%ﬁ%ééger“at or
630 that is COff{J“g;séﬁﬁéieétpd tggaeﬁetmegdxberﬁstms fo dengglarheyat the powdentaifarifitate| ow
pressure drop. Integrator 0 noves b&g}e{ﬁ g‘g the pressure differential

bet ween t he antitsestoselizatiarrradidepasttion JPEHEdBvary significantly even though
the flow rafse remai ns CoRgkaAl n%QBF?imﬁn%mbbﬁmeﬁt&guh adrasoliagioddsvirs Hed
above. One ;advantage of integrator 630 is that it. provj desf an ir3ap surate
vol ume measur enwilitbe descgibedstp iuskratmens tealmique; fpy rgaylatingde dow pLigRIY °tr§a/ge
integrator 632 that) i1 RALA! dstodv@nibhtd oFRiuBritloRVendai Porticaot denizk 79 is

i ntegrator 632 yg’}%rlgger a swtch at the end of travel,zteé open, a &arallel
flow path with ilestaddoivbeies appresintes th@dther QEmRPRFTHYBY bRU @%6%?,?" ©

PCT/ US00/ 18084 Fi gs. ,62A and 628. | | J 2tahd Qg bptadititdchier My pe
f1ow i nt egr at or 9% (FEF°! zéﬁ%‘%%sg‘eaé 7?1%%%‘3%5?3%‘%%%9 636 gpnd a shuttle 638
that is slidable wi thin housing 636. Conven%'?hent ly, skirt seals 640 provide
a seal between housing 636 and shuttle 638 ile still permtting shuttle
638 to slide. Stops 642 and 644 are also provided to limt 5 travel of
shuttle 638. In Fig. 62A, shuttle 638 is in the closed position where the
main fl ow through the aerosolization device .passes through an openi ng 646
in shuttle 638, and a parallel flow through a channel 648 is prevented by
shuttle 638. Shuttle 638 noves through housing 636 in response to the
velocity of the gas flow ng through housing 636. The drag force, and
therefore the speed at which shuttle 638 noves, is proportional to the LO

A I ~ NS . a o ~SN~




As an alternative to the inpeller 6S4, a paddl e wheel 664 may be used as
illustrated in Fig. 65. In such an enbodi ment, paddl e whe810 BEG @y be
coupl ed to gwarotp@ducti on 656 in a manner simlar to that PERVSWOIEISY

descri bed. Figs. 66A and Billustrate a. flow, integr r 1§ t
conprises a t%ﬁ&?%lﬁﬁﬁbggf‘ﬁé béé@f{%ﬁgﬁ%b%“ﬁﬁ?béﬁ ’iegagv?afoglv?/ug% # %?0 Coupl ed
to housing 668oh&nRnMBidind draWinRatiihg 67 2 recéitaipeni Rgefiaele pé ackidesrourginhg 668

and. flow path 672 in fluld cq ni cation. Di sposed. withi i 8is a
hui 1 o676 haenge SRrsreldsa SO g Teg PhrOI e o Cea B R ERel Bt
and housi ng 668scribeSRérkinIREGDtacR direpPsRdlubed anapenihg 8 ihagis 66Sed mdthshlyet | e
676, and an unbrella valve 682 w thga | eed gol %684 egtegnegu tlﬂ{t?"ﬁ?@sinc
housi ng 30 %680 tARCBHORIPIIRIRTY-£35ES BEBW VRVST6OT5F &Vt s paral Tel gas
flow through fi0u, Batehra@EOubbhennbitRnstfeds rédeptitle e @ prévitiOadcaisas ehanfBentd | e
676 noves under force of spring 6

| Of . 0, .danmped by bl eed hol 84. (ar

al ternativel y by reasaersinilasde thabdeserebed Motiite %rﬁ%/}i“ﬂsl e&’e"@?g)eflgsﬁﬁﬁhﬁ BB nmoves
faster when thgy pressutieniie hereadicalo RRlewRAdvANE 0l dPef wikdindhe fideshol\O
01/00263 $ 0 DEC 2~3 PCTNS00/ 18084 (havi ng bl eed hgglg 684)Cz and the outl et
side (having oyrsHim s ®FEymFs Respiretonseasesthen oy fred SRR P AT B8 by t he
user. W]en1(§hu%4n|e§at§z@uﬁﬁ%§(‘a9ﬁﬁ\sﬁﬂ@d@)nﬁlegifm\ivi.s travel, parallel flow path
670 is opened for thé c

ase alr. Areset rod 686 ,may% en t%ﬁgﬁysed go reset

shuttle 676 to the posi tReyite JAGher ngludess sPEBGSO EsRPseEeVES g leand ¢ oy

| ntegrat or 890, LOPRId GLA 72 b AVe dHONEDAG, bl vEBT(RRctASQIBEA [] OW
em

path. A brake sy aving a pivotal brake arm 696 ext %ngg jnto .

housi ng 692. Coanséssbie bastobr enkdef ahamBoB8 fosbeAlrasymaiowad REnBHPHNG 810 B0 LRHTAASI n
Fig. 68. Integrator i s ' £ 8lstad Qbetiiah tHEB6RSmidABRBgh a
t ubul ar housi néonfg‘ﬂt ?%gfmégeélgg%b%%@{c%gfg%ﬁgyﬁlf I Sﬁfv pateh for the r(]:nhase air.
Wieel 700 H&s ahdnttee78 hdi@Bettatiag tubeiSq tasremilaty theass floy trovsh e AcKiffedh 90D i s
at a specified angl.e. Brake m [ ' Rt ,-@@'g&ggddm% £0Q with
a spring 701. ﬁ?%g “c%i?’?‘ree‘gs‘f%ievw‘%gg‘?"‘?8‘05§$§é g&ts{rkl ggg& 704 that fit svewi thin a
groove 706 of hitalkdomflow6A6prodoced by thrtpatientt bythBiwiy, degpe 70may bgdailorsfitads a

spring (not shown) which ratate el. . ' :k BleQoii: tw
rel eased. Wen pf‘ﬁ%“ﬁ‘s tety g)ﬁf“ég%%mn%f”nm ‘ﬁ%ﬁ,@%@f‘ﬁ%ﬁﬂﬁﬁéusi R B2 brake
arm 696 pi vot s thebottemadskantter 8 end peadrating tube 8K ¢o pmtaBGBStanAHe&&LFO@Yt hen

rotates at a constant _rate until hole 703 becone [ wi t h housing 702,
t her eby opeifh ndh%fn?)?iﬁﬁl‘ﬂaﬂlpmfcf’(ﬂmllcbeg LEye ?%aénsgﬁeé‘gtéﬁgﬁg?&bﬁhg "t hreshol d

val ves, flow regul ators ReEringpbvanald. ¥3, ah heresdlinstegrdavior 30 vill bedes¢rthednt i on
may be arranged in a variety of configurations, within an aer i ion 20
devi ce. For exa%)’l“‘é,%Fii‘”g.beGQ“%“I“F‘GE?P’QF&“&HS l}aéé%ﬁﬂfltzpé?‘fl%‘ﬁ?yso%gé}g’r%a%o wher e
the various CONRARGHLSwAE Serddolidftdadiclite TRIHaRe, GydhemicAtOobdisnpssias similan
series, an inlet 711 ) a threshold val ve | at or 7 4ncg flow

[ ve 71 a flow regu
i ntegrator 716 ®¢menteused ERaerpsdiFatendsyiee 9%""55‘&%‘5&5&‘%% “?%BG‘FB?H‘%% WG a
powder ed nedi capRfMais A t@iksStitlel RYicd 20and Wil dobbedestritail Sirdie. eAabsalizatint acl e
718 may be configured to be less than or equal to.the resi s&ance of t he

[ / . 2
rest of the sysdevire9Adiffers frommapresaligatiansieviey ¢0 ﬁét.m_@é%élﬂie YRS C(f“rtirfgﬁ%rrder
of threshold vabyg f1Zo) tfd QWardcE BLivRtPpenéthdling Rebelsh Qi thatbe@smiead offciambeif 78a
flow through type integrator) nmay be interchanged, Alternatively, flow
integrator 716 Gentrder 32 islelsorronjcally seuplashta gseleamd Phkat fﬁ@ﬁ,%@‘“ﬁ@? Py TEfragest
receptacl e 718.  Recept.acle.. St wlud gk BEd SRRHES7E. ORicaxent flole
.drug from depoéci ".“r%g‘ tg#pt%%%&g?t%?n %gﬁ%agﬁgrt&bg_g Conveni ent | yhlﬂBO fmhr eshol d
val ve 712) fl0owcerenlbabaros fixd temiispbiedwnywheegwishin the2irmayaf/dgyiee; 9rte §5nse B9
into one nmechani sm . Fi 70, il | Ustra 5Qkd b @Bna ¥Rhtdendord6!ibat
conprises an i nl"8Y °%€°¢?fhé°%}hees e(‘ﬂcéf %/@?I\I/e ﬁg%r@zq%dleéev%egﬁl ator 728, 5
receptacl e 73d, nmyfskmin digiabgrsalensid 33 afjust fhe 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
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flow by type, and an outlet 734. Integrator 732 is arranged parallel to

t hreshol d val ve 726 35 3 0 DEC 2003 WO 01/ 00263 PCT/ USQW pBO3803and

regul at or ¥ad%1oMih system 722, the maxi num system resi StpiagodRyssdoe | ess

than or equal to the resistance of receptacle 730. In this way, sonme users

" may achi eve atiosnlizedformukltion kaslreathéchiba patient elynat. selerdPObpar &t BRIYf r om t he
pressure differential hetween a'[glgitg Bl (BdantTORME MBS hiY

t hreshol d valVe e%%p%m F%F(")‘Wpegu a{g%)brba[;gggﬁka%} teS ?Sn%nelgratled.c Fi 6 71

i |l ustrates tiir laegsomid fez@itaton gsgst em 736 that conprises an inlet 738) a

threshol d val ve 740, | ow i1 cator b o LEN I DD Ree @ Tl ow

regul ator 744) a rece%?%W@n?x}égg{l% lg’nmééfgﬁ_ég{l o%i%ge tV\?ﬁ‘] s;st em 732, et he

order of 5t hrpdshdbownsakeae of 4 B:cepiatlé wdlhbe desaipedt DiozZe28 epmyprises tibiHered.

Further, the_ maxi systemresi.st 0 l.esSydsh equal to the
resi st ance @F%?S?&g%gg??@t Sfﬁ%lgngpfg%dé ?olqggftgcﬁ?eg)ﬁg l%yg‘gtgi i nt egr at or
provi des a rghagnaesitapfoemuylaticinie exteredimmetht receptede,iit pasyse taough tebulag r esul t

of the flowrate through,.it. System 736.al,so all . i iLpon of
t hreshol d vaﬁ%f“%@%ﬁg“dﬁa&%bﬁ ] iﬁkjang? mf‘ﬁ%@vmircﬁé %S%%ggf&fh and fl ow
regul at or 74¢ctido 00R8useS RRGEgloMmyatedHod& toraygae theovi ls giistedtusol A0hatssist ow

integrator 742 does_not restrict the 1 ~ flgw Di iﬁ \ﬁdgi Cond%Pfs: r mafter

t hr eshol B vaifvis dagglospsasions JVheR Zracring CPRtEtef PESHOP AVh USROYEE S IETFE) ¢

t hrough recepi@eh@ndhé flo® idintRAse80 RlitiePdragifiometateghe potdier.BAlthdugls shiostre  one
particul ar enbodi nent of an aerosolization device

I . .F—O t hat, | ﬁpﬁlor\;%gr ates a
t hreshol d vaWith ongbent sgtion fplipaedhy & FRITACIE] SRHOM (i bF PPTeTRGS At vAggUs
conpri ses a Jusifdar stadtufss 429 be gl%QidTeﬁ‘aﬁm veridlis\eBrademént @8 plr&tlof changessi ng.
752 20 by a shaft 756 and a pivotable nouthpiece 758. As best shown in Fig.
73, door  754andéy chestrgsionetp flitedepgelomeratiog i RAROWABD (shown al r eady
opened) {9 be inserteddiliQ, AoV iPRgd 19-26 MatoGLentBRRihéntd Srkrdssitatisles a an

extraction tube 762 that 1s 1 n commnation with nput hpiece 758 to permt
the drug thadeviess sl badeseribedy dithpeghest shoma, the @erosplization deyices ?ﬁf&&%bﬁ%@e 758.
A deaggl oner gior. .7 J i < Ple&eft Snofe Perde@aiRAd Al DY M8 25 any
aggl oner at edwﬂ)lg%gr%’f ﬁéluﬁé?éiﬂ??&(ﬂg&awféﬁ reecep_t ag? e a7t6 ) "Coh\?‘eni%t ly,
deaggl oner at tre lidef aatceptasle simakr ghaembedimensppraviondly descrkadt Ahrsedavivess

pi vots. Coupled to.extracti LS £681atiRatheBioRr dTES
receptacle 75‘8”\%}?&5“ c‘)%?m?gﬁﬁl‘é@?%@ag’%g‘g%@ﬁ%ﬁ%ﬁgrd{%&i rr% °b§ extracted.

| ncor por a0 ed réspirMogqases IS theipstient's hungs incl mannat simil7g8 thahdescy ithsprevigus3 o

menbrane 770 havi.ng an_openi.nqg...Z272. A .val e 7 i 776
That 1o oy aBTESGRBag Fonet Yy b aeisriiBl 15 EURRRontAS oYX valipd defds
produced by tJiFigdSIBL26 Hay'Bs shared xbeitstedlandlon imgrehalgedwith eachother.i nhal es from

nmout hpi ece 758 which creates a vacuumin tybe. 76 nd 1 n 8 that
is in communication w FHStéefF‘i“Qﬁf"aﬁﬁn ,g?w%ﬁxwﬁﬂf%aérqgﬁeaﬁéﬁ%ﬁég
threshol d vaGiUPe REQREBAH, EDdviceTO6 cothprvés eRslathg 108 hbvidgHlid $1B6LId 130 8 DEC 2003
wo 0vo00z63 pcT~rsoonaosa pul |l ed through, o {ng 772 10 ryat ,putsi.de air
to enter 2nt GURVaPEGP BhORBPOFHOHGSFCNSA sf’f"ﬁfgggigﬂprzic??éaﬁ{eseﬁ‘gtmg F}(l)\ﬁl)\hrﬁcf“dgsn this
way) air flowshiv el | RUBRIAGHE prERdlt@p@ithirasd asshitarbiesanaett Mrpgonber e | t
is delivered to nouthpiece 758" Convenjently, device 750ﬁ£qu§(r5%ﬁr;te[7 i.ncl udes a

cam 782 that inbalationp Sonverdmilpdidd 10 Ancdudsha wkirng 819 mdigats Bisi s
opened and CL!%?&Q'AB&) a?tﬁﬁb sﬁd%@aﬁ% i i RO hriitéd ' shietrcllDdESusing | ow
(6] ow rou

regul ator 78 'rm e alr gh_ tube 762 to a certajin rate. :
Regul at or 78410fdhphdrswdudes & aputhpigcopidrand g sidble saver VAitkah may) Fs%ﬁvefs dr awn
as the v um creat e t increases. A spring 785 controls the
anount of’vacxlﬁ‘(é*lt;fi lécﬁegllzlra%amfeg%g ogée'openi ng wth ball 776. Hence, if the flow
10 rate becomes too gr &bhen mpapentas teady tolreppivp attisatrsgt, thepatipnt shides5avae 1eht o
tube 762 is cJosed off by b 80. -] & bl ; '

t hrough tube PP %“?#r' ogu%fh':’frb(‘a%:héﬂgos[1 611§ fs\éﬂ%ﬁé%gd %ge%f gtéé f’g@%iﬁgf bed.
This flow pat theltasouti ik bivexr ditthpiees il 20. a0nxe adl € buttdmatl 1§ havefbeempiessedsishget ed t o

t he desired rzﬁe. Ié t he %’5&%{ does ,not creatt L& vacuum sufficient to close
flow path 788113 ®ay bg repleresvit? Py SHEEL UEFRIPStih two paral lel flow paths.
15 . Device 750 further includes a flow integrator 790 to permt an
increased flow rate once a certain amount?of time has passed so that the
user may confortably fill their lungs after the fl ow has been regul ated for
a specified tine. Flow integrator.790 . conprises 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 di aphragm 792 is di sengaged from 20 spool
794, spool 794 rotates until an opening (not shown) in spool 794 becones

al i gned




Wi th an opening 798 (see Fig. 76) in tube 762. At this point, anmbient air
i's abletoflowthroughaparallel flow path and into tu 66 2083 permit
the user t¥°&UMEGrtably fill thei r lungs with air. Diaph 008084 5
configured to | ower u ed in
flow path 788 as the%%sgghﬁ%a&f ?°8‘rzr%?z§+% evlcgégb%éémsig#g\rﬁo%@?k

descri bed. (Tmlsoeftlg léﬁ)aqnbmﬂrawct bZt&tbams(auddblhwnbna covre 126 peindieged betict 0 open
the paralle n EVQL T <80 ich
contains a arrpl ng&élrrlreﬁ)a8 lseco %%Pred%gﬁgng%ca@g%@ [g“%g |nﬁf’els§g‘r \‘O?’(X)igé\r,{r1 800 to
regul ate trrkawatléswclmd,dccapmcatllson\sla@imnheasvefsm% f@orwtmemlal thy clemgmges t he

danpi ng gr deV|c 750, 30 i ncl a reset
over Do cateeas oty B pa e o pf Gl E S e Y S
enbodi nent pléssamttaerldscmhaymtplr@/lﬁdedewamﬂv &a@ert 12d1tto boﬁpaataieﬁllawmgw housr ng

8S2, an uppger nd a r.otat e nout h € ..8356 shown in
Fo. 80, | ohbrr pely Bde el I e ol rBeF R el r o

Power 37 - 200 ispate geng Vo o1 aoses e U mddé??fief?fdﬁmé o ?Lm§5§5?s' A
provi ded to [;'Fbetr'}’i%"lg"rdat\?érm‘% ST G RHY uses §o geﬂ er housing 854.

Coupl edig o mout hpi eCQ"léﬁﬁ11|1xﬁtré74:e§élb&r&@@zah@ryddwbedw%rhpmm%g $4 862 to
open recept acl e 858 when receptacle %lééﬁrgg%ggégd and | ower housing 852

is placed abtfvHedmoyiPRiese IH6@ed AYdds% . hs BRYEeT FHRAED ARG Ig 852 i s

a menbrane 8% ek B&L‘lﬁ’dh RRBRERGd §Odhandel 18R WHEn 1181196 BopeRaNd Reeplt I s a
| atch 866 having a 868. Positioned below. latch 866 is a hole 890 in

| ower housi Hf 8% be plasgd pvihinckonsing it WHen list Kiviizigleses. repeniasisdiAg ivmirssed f or

devi ce 850. gx{drlietvﬂk $40"@¥Ead‘9@6’r‘%p@ra&l§x¢rcéﬁ9ﬁkrﬁ§/ fid o49 W&@lﬂh@&ﬁxs@@G a vacuum
is created in tube 860 and in the space above nenbrane 862. \Wen the user

creates!ld 1@’“‘§9Wf1|5€F%fﬁPmW§@lh9H115%aﬁ° 1ggign pehinghiwvindey 4 3} waybe Biprshilhg 864 in
openi ng. 864 TRaRr ML ey 2 RS R e

agr osolgl zeddmel!r{:jn&gtl the ratnpbﬂ@hoﬁmmmmrzes@eas@u evicet 1148. @Pi&‘g‘-nﬁa@}‘ibeen
aerosol i zed | ess
than a certguugnL}?\da%liéﬁ%lv?l1 %J?eﬁm&% %\gg 0 sgﬁﬁgwfgg}ng%gﬁegé ‘&g\l Ik}flt val ve 15
892. More spkiavw thctalghyhe @vrcer qubswmyttbedatteot ma)owmsnﬁweugmataw fategwesqsiat hs,

o o 280000 858800 SRERUNDERRSR) BRL Bl ML B 0 e 1o
to cl ose t ofphelémntexan reckptadiesf 148 Ng through this flow path. The only

avai l abl e air path i SE't h@n t hr ou Q r.ec gt acl e.858 whi c ovi des sufficient
resistance to linit tHeé I‘BW“FESE Evé?etlg r‘f°?‘8rt‘5é“° %@‘@853?@ PP & cam 893 of

| atch 866 i snoathpiepatsd ddradRidel. B Minge1at id anpiaygd gepivovall caupletlidn 63 96 .

Spreader 894 is cquple Q a sprinhg 897 and is.also, s bl e..wi

o haos duckBrna DL Fu s ot PeEn b Bhon Arbilh 381 T TR BORHT b Tk

rTfﬁ_ut hpi ese &bhe oparpggg@ncu‘rebo@taeg 18661aﬁmwﬁdangaa@e§m§m avayes i’sﬂiBnSL OFl 896.
i s causes sprjng to e nd as.shown in Fi . ss a bell ows

900 and to §§ﬁ5§{a8’“9é?°\7%ta§9éé§h"r wlf'léleéw%wnf*‘gwc!%s‘é@ 1%$EP ‘ﬁ?ssa%ﬁsf after

a certain p%t:@mlmfwmumapuarﬁhvcﬁpr&a&ac@tmemcﬁn’bmonrsev' de anot her flow path

so that nore anbient air may flow through, device 850 t hrough hole 890. In

thi s manner, the userFHgsl%'@PHafﬁséﬂa?féswardf‘ébq Y/ 2rqomprising g POYSiREgid 4 af t er
the initial 4§ ugo&eﬂvs Yﬂi}acom@d fo%ﬁs&%lﬂmrlﬁﬁg%' 198, Bsedld ie9R0 175

controlled by filling bellows Known™ vol ume of air and by
providi nf a xswﬁqsk 18} havingemiltiplp eqckpsoresd@d as illustratdsin Zeg. Wedy, Comeenieatly of

t th h
fﬁgp(r)‘rals?: 82 ég%c%{eg%g&%s%i b Gudhb £s‘%gﬁ%n"aé9u¥? C%&J?%@Hclu‘&b@a roug

| S re ease rom st FIgS -
i|lustrate ahatlBéthativinediablet rogate disk Hrwithid devigeilda. Bevn k?é abmmhhiaﬁa

conpri ses a | QUK 1 AOBViRT i Hep@illdAlg sAYR0G R alPRE WARYST Ng 916

and a _
ready to receive a treatment, the user places their mouth over a nose 187 of device 172
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nout hpi ece 918. Lower housing 912 is novable, relative to m ddl e housing
914 to permit 38 3 o DFC 2e03 WD 01/ 00263 PCTI LJS00/ 180r8§1 pdr 2083

cont ai ni ng Resedotwdl € 920 to be inserted as illustrated i 00/8884 Coupl ed
to nmout hpi ece 918 is a tube 922 that is confi gur,ec{ %o F[)fi e.r&g reggggtgcl e 920
to provide acidbeginototinalelr Thy pangriglizhakitions PRRGs 814 18R B HTERY Mg 2 She 924
having an opedl ng..0.28 gle?m{ﬂiggatﬁﬁf@ﬁhg@% P&V BotelpdalmF Ghe BeposSi t i oned
within | ower HGUS| ng 812°5R uhctions as a threshold valve to .ensure that
a sufficient smaplydinli dlaidde i noyt resrptagls drhiche ﬁlerﬁiiirtq%mgﬁ’ﬁhgﬁ ﬁ%@‘yyt ’ﬁé

drug. In operat iraggg t he user inhales from nouthpiece 918 to create a vacuum
within tube 995484 in the space above nenbrane 924. \Wen zi suf fj ci ent
vacuum hass been pr oduc eferting hovaBOFigs 2p and 24 2R 2BEmMive AFelAG0828VIED permi t
anbient air 10,to.flow i nt i : R4 a1iBebeth93ie copgdough
openi ng 926, %Prv(%lgh% dreﬁcélgf) 'a%%%‘zdg,%tﬁ‘h?%ﬁgkg?%ge%zz and  out ut hﬂmir ece
918. In so doiot@usih@E9dbyghinge £3¢ rRaviced 99 ﬁ@mmé@éﬁsa@%ﬂmeé%n&f%* uppl i ed
to the user. vice 910 i.s further confd. d r l; ilioWvh@te of
air through dgachg’@fﬁe?}f esbéwslsﬁ%ﬁaﬁégéﬁﬁ% Qﬁeﬁ?gﬁgg‘ﬁwn%ﬁr?gs’giﬁe 924. Thi's
i s acconpl i shgekckftadd@pdo i prackyintadieadss posifiorariidl Hsmanthen be elesek b the val ve 934

i n upper housing,.916. As the. user.,. i hues I Is &l entering
t hrough héf e Basgtion ilystiptedda Fig ﬁ&oﬁéﬁ%g’é’ﬁﬁ%ﬁsgg%Z%rugﬁgf%%en tlﬁ}osli h_oval ve 934
'The air thengtc;@\f&Je§taE1farzoug@thanmepminm@uﬁa&ﬁfomlatipemhmp &xg8cted olid 1p4

nout hpi ece 913. However) if_the flow rate becones I 34

cl oses to -pregbpinckides ‘I‘%‘B‘\ﬁf %%r%?}gﬁf“?’?ﬁa@y Ft g?f\/ﬁ%"é?%t.hg&% rgﬁl?fgé‘ﬁ 2;6@ t(;!aviearrgmay
only flow thrqugd 20 grRe aPdpRekien 928 @erthtnifgird2@ inhalk dlom thasipiese 188 ta hei r
limted size) regulates the flowrate to wthin-a specif] Al ermt
the aerosol i z@erosnlizg thephampacputicAEiofREAtD- Eﬁ#’g‘gﬁyi‘ﬁ 7 ‘éi‘és‘gsg%“f“? %1%5;%£unt of
time, devige IsS LOWEE %0, RN 94 hapincliude fahipicstdrigeviomfionsi for stéringugh
device 91 gso%%ﬁééts' ﬁ%gﬂidggr ngy conf ortabfly fill their lungs with air. This
i s acconpl i shedditignalseseprhcles H0st on 940 that is coupl ed to upper housing 25
916 by a pair of rolling .Eﬁhﬁst?ﬁe’s ;AnroiHatidll s 206Kdniprisinp@rhoising 208es a

hol e 946 that nobves betweeén seal s 942 and 944 after certa'luﬂ anmpunt of
time. Wien redahingg stotRE0 fosiceiving 2 redsataglaBi 2 nPevirs 200 TeR BPRFA ST BB eni ng
932 al so through. I & Ds10Le5ta 236 1 B BFloibrcé WekiRe Q0EADh& I n thi's
way, an addi ti%ﬁ’éﬁ QW%I\%“SS '{gg?gbu%rsovi c‘l’gcel1 to pe.rrfcioftl the user to cglgf ortably
fill their20 urigsluddzerapidobtl4landeh pxrendgblemouthpiese Akp (ShPR ShHHCB X8 oy es
due to a pressyre differenti be i o3 2 VR oP? Hliols®dgknadd a
regi on 952 beI%F‘b‘f @ﬁﬁ?%‘?ggeg?‘ggs’ﬁ?réee%#%& entl’atgﬁlfb i s produced by a
vacuum t hat i Safdrdiigfede218 @gixend850 when the user begins to inhale due to

a bl eed hole 954 that is in.comunigcatj,on W [ A2fee 2PDGyilibee Of

bl eed hole 954 is 39 %°W%g3ﬁ%20%o%ég§£§%ié?3800‘:13180841 confi gured
to control theygsesssdt TRgiceagutsmptistdi ibusing Rehags0clipR3d thahmar PosiiPleRdo r at e
of upward novenent of piston 940.. A variet.  t ] Beg bged to
ensur e t hais t hBowEgr22gr %@F%tﬁh%‘i“t%i‘%gé‘kﬁiéizgﬁrlrntfu@r%p%)\g}g@%ﬁg%ﬁouth i ece
during use of tfg.agERSAll SairkRRegey2T6dncludes nultiplé revepticies 330 harmayetpl e, a

[i uard nay be i ncluded on the noythpiece.to. pernt L.ace
Cheir i ps a)d/j daaded intokousing Z%Mf.scr%éd here AR Qgﬁ%feéqu}%ehg?rg%?tﬁ%?dggggrray

| ncl ude bite or;akhero LandmmidmsACbaRRLy@lmoanE sedl 2bmey holisposdgvene
provided in the side of t

e nout hpi ece. These hol] es nust be e t he
lips in order tsrageesgion %265lHSF’ioéFl@(ﬁz“\}bﬂmﬁ‘ﬁ568“?)15@%?1’??%‘:5[85%%@%/ séé%ya
further exappl ' Ay ®e $Qupfedto heidimy 220 omstting dvice 20 a
profile. Tﬁ?e%?%@%@%%ggkﬁglgs’%f b\g govep?eed by the patient's nmouth in
order for a sufrhultiusniiewacuum to be created. Optionally, a tongue depressor
may al so be used to depress _th Ll S 25 Qg Whesn 220 Fathengiclud& rotagable
nout hpi ece. Referring no%stsbf)s‘ﬁﬁog#?@g,@%n'e eﬁggodi ment of "a nout hgi esﬁ 1000
wi Il be descri hitgl 23Mist bpbred td 88enconp of the rceptaqits A38 Fromesitsase 146185 2458y a
distal end 1004 1 ~ that._.i onf.i gur.ed. t | L6k 4102 8Ns BREREOFIARE,] ON
devi ce and an dﬁ@ﬂ‘%?‘ﬁ%?%lswgﬁﬂpli‘%gé&gﬁ@tug'ﬁgg%ldplco 4 has aaci rcul ar cross
sectional profile, while proxi ml end 1006 Qas a curved or elliptical cross
sectional profile. In this way, the user m#St pl ace their nmouth over
nmout hpi ece 1000 until their lips reach the circular portion in order to
create the vacuum needed to operate the aerosolization device. Another
nmout h position device on
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teeth. Fig. heging123snchedess counterRap (dieniayi hoaHmanyfrecePIRGiSe FANL WP LS
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xamples of various types of threshold valves that may be incorporated
5 into an aerosolization device are illustrated in Figs. 28-40. Shown in Fig. 28 is a pull

through threshold valve 306 that is constructed of a housing 308 having an inlet 310 and
an outlet 312. A membrane 314, such as an elastomeric membrane, is disposed across the
interior of housing 308 and has a central opening 316. A ball 318 is sealed within
housing 308 and is configured to be pulled through opening 316 when a sufficient

10  vacuum is created by the user as shown in phantdrn line. Once ball 318 passes through
membrane 314, gas flow is permitted through housing 308 by passing through passages
320. Conveniently, a reset rod 322 may be used to.push ball 318 back to the other side of
membrane 314 in order to reset the valve for another use.

Fig. 29 illustrates an umbrella pull through valve 324. Valve 324

15 comprises a housing 326 having a support member 328 for supporting an umbrella
member 330. Housing 326 also includes tabs 332 which prevent axial movement of
umbrella member 330 until the user creates'aisufficient vacuum. At such a time, umbrella
member 330 flexes to pass tabs 332 as shown ir 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.

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 in 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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sufficient vacuum has been produced by the patient, spindle 370 slides within housing
366 and away from stop 366. In this way, gases are permitted to flow through housing
366. | o

Fig. 34A illustrates a threshold valve 372 that comprises a tubular housing
374 having a support 376 that holds an evertible umbrella member 378 having a ball 380.
Ball 380 serves to secure member 378 to support 376 when a vacuum is applied by the
user. As shown in Fig. 34B, member 378 is configured to evert when a sufficient vacuum
is produced by the user. .When in the everted position, gases flow through openings 382
in support 376 as shown. Member 378 may be reset to the position shown in Fig. 34A
prior to another use.

The threshold valve may be a valve designed to alternate between open
and closed positions based upon a predetermined magnetic fisid-strength. For example,
Fig. 35 illustrates a threshold valve 384 cofnprising a housing 386 that holds a steel ball
388. Also disposed within housing 386 i isa magnet 390 and an elastomeric gasket 392
havmg 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
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 dxsposed 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
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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10% & ()-g 10%a&m(c)a,fga;_1g%c&h<p}uagm 424, Diaphragm 424 is configured to rupture when a
threshold vacuum has been applied by the user as shown in phantom line.

10 : Fig. 39 illustrates a threshold valve 426 comprising a tubular housing 428
and a valve member 430 pivotally coupled to housing 428. Valve member 430 prevents
the flow of gases through housing 428 when in a closed position as shown in Fig. 39. A
stop 432 prevents valve member 430 from opening until a threshold vacuum is produced
by 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 p:évi‘cie,d tg permit air to
flow into chamber 436 when membrane 434 moves upward. Also, a spring 442 may be
provided to move valve member 430 to the open position when stop 432 is raised.

20 i 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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As the flow rate through housing 464 increases, shuttle 468 moves within housing 464 to
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 pre\}iously described in connection with Fig. 28
Regulator 476 comprises a housing 478 having a tapered flow channel 480 and a
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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510 from another housing 516 having flow channels 518. A spring 520 biases housing
510 to the left as shown in Fig. 46. As the flow rate increases, spring 520 extends and
moves housing 510 to the right of Fig. 46. In so doing, flow channels 514 ar'c-re'stricted
by housing 516 to limit the gas flow.
10 Fig. 47 illustrates a flow regulator 520 that comprises a tubular housing
522 having a compartment 524 that is filled with an open cell foam 526. The open cell
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 b)'/.suppon 532 and limits gas flow through housing 530. Conveniently, umbrella
membe; §36.niay;be 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 aninlet tube 542 and an outlet tube 544. Disposed within housing 540 is a liquid 546. As
gases flow through housing 540, the gases bubble through liquid 546 which regulates the
- flow of the gases through housing 540.
Fig. 50 illustrates a flow regulator 548 that comprises a tubular housing
550 having a necked region 552. A shuttle 554 is held within housing 550 and is forced
25 . into necked region 552 as the vacuum force increases. The force reqﬁired to move the
shuttle 554 is controlled by a spring‘ 556. In this way, as the vacuum force increases, the
* flow path is restricted to limit the flow rate through housing 550.
Fig. 51 illustrates a flow regulator 556 that comprises a tubular housing
558 having a spindle 560 that is slidable within housing 558. A spring 562 biases spindle
30 560 to the right as shown in Fig. 51 so that a flow path 564 of spindle 560-is aligned with
flow paths 566 in housing 558. Hence, in the position shown in Fig. 51, gases may flow
through 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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having a paddle wheel 592 that is rotatable in only one direction as shown by the arrows.
Paddle wheel 592 is pivotally connected to housing 590 by a frictional connection that
may be adjusted to regulate the amount of gas flow through housing 590. By being
rotatable in only one direction, paddle wheel 592 also serves as a check valve.

15 Figs. S5A and 55B illustrate a flow regulator 594 comprising a tubular
housing 596 having pivotal flaps 598. Flaps 598 are configured to close when
experiencing a high gas:flow fc;_.s,‘g,ll_‘ustrated in Fig. 55B to reduce the flow rate through
housing 596. o

Another type of flow regui:.:or comprises a valve that is constructed ofa
20 flexible material, such as a soft elastomer, e.g., a silicone rubber, that limits the flow to a
certain rate while also preventing flow in the opposite direction. Sucha valve is also self-
| resetting, requiring no rﬁechanical assistance. Such valves have an orifice that permits
the flow of air through the valve in response to an applied vacuum, and one or more
collapsible walls surrdund'mg the orifice such that an increased vacuum pressure level

25  results in reduction of orifice area and correspond higher resistance to flow. One feature
of such valves is that they may be relatively inexpensive to construct. One particular
examplé of such a valve is described in U.S. Patent No. 5,655,520, the complete
disclosure of which is herein incorporated by reference.

Figs. 56A and 56B illustrate one embodiment of such a flow regulator 600.

30 Fiow regulator compriées an elastomeric body 602 having a duckbill valve 604 that
includes an orifice 606. In Fig. 56A, the flow rate is low and orifice 606 is fully opened.
When the flow rate increases, valve 604 begins to close as shown in Fig. 56B to limit the

fiow.
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& X9MB7 10 , &109%&' () - ! Afrek Gddkasy (e thiohgiDtg a¢rpsolization device has been re Sated 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 movi.n'g-.mefﬁbg;s 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 ﬁow.
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-dependent behavior. Airflow over the airfoil flap induces
aerodynamic lift. The air foil flap can be configured to allow access to a parallel flow
path after a predetefmined volume of air flows over the flap.
25 | Fig. 60 schematically illustrates a flow through type flow integrator 630
' that is configured to move based on the flow velocity, assuming a 10W 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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636. Conveniently, skirt seals 640 provide a seal between housing 636 and shuttle 638

while still permitting shuttle 638 to slide. Stops 642 and 644 are also provided to limit

5 travel of shuttle 638. In Fig. 62A, shuttle 638 is in the closed position where the main
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 v;locity 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 toa 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,'méiuser.inha_les to provide gas flow

. through housing 652 which turns impeller 654. In tum, cam 658 is rotated through gear
reduction 656. When cam 658 reaches a speciﬁb 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 a manner sirnilar 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. Shuttie 676 moves under force of spring
680, damped by bleed hole 684 (or alternatively by controlled leakage around shuttle
676). Shuttle 676 moves faster when the pressure differential between the inlet side
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Fig. 67 lllustra,tcs a ﬂow integrator 690 comprising a tubular housing 692

that serves as a main flow path. A brake system 694 having a pivotal brake arm 696
extends into housing 692. Coupled to brake arm 696 is a brake pad 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 a specified angle. Brake arm 696
is spring loaded against wheel 700 with a spring 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 parallel 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 aerosolization
20 device. For ckample, 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 regulator 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.revent the drug from depositing on the other components. Conveniently,
30  threshold valve 712, flow regulator 714 and flow integrator 716 may be integrated into
one mecﬁanism.
| Fig. 70 illustrates an aerosolization system 722 that comprises an inlet 724,
a threshold valve 726, a flow regulator 728, a receptacle 730, a flow integrator 732 of the
flow-by type, and an outlet 734, Integrator 732 is arranged parallel to threshold valve 726
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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 more 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
L5 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 aerosolizatian.
device 750 that incorporates a threshold valve, a flow regulator and a flow integrator.
Device 750 comprises a housinlg 752, a door 754 that is pivotally coupled to housing 752

20 by a shaft 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 receptacie 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 opeﬁing 772. A valve member 774 having a ball 776 that is
movable through opening 772 once a threshold vacuum that is produced by the user is
met or exceeded. In operation, a user inhales from mouthpiece 758 which creates 2
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 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
10 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 a vacuum sufficient to
close flow path 788, the air flow is faermitted through two parallel flow paths.
15 _ Device 750 further includes a flow integrator 790 to penﬁit an increased
flow rate once a certain amount of time has passed so that the user may comfortably fill
'ﬂ'iéi’.*;'lu:'xgs after 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
20 spool 794, spool 794 rotates until an opening (not shown) in spool 794 becomes aligned
with an opening 798 (see Fig. 76) in tube 762. At this point, ambient air is able to flow
through a parallel flow path and into tube 762 to permit the user to comfortably fill their
lungs with air.

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

3]
wh

‘vacuum created in flow path 788 as the user inhales from mouthpiece 758 as previously
described. The rate of spool rotatim:x (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

30 may include a reset lever to reset spool 794 after use.

Figs. 79-83 illustrate another embodiment of an aerosolization device 850
that comprises a lower housing 852, an upper housing 854 and a rotatable mouthpiece

856. As best shown in Fig. 80, lower housing 852 may be separated from ubpcr housing

854 to permit a drug containing receptacle 858 to be inserted into device 850. A lower
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LOYITE ()~ 10We 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 opening 864 in membrane 862 to permit
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 through 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 permitted to flow through two flow paths, i.e. through valve
892 and throuah rcceptacle 858 provided the flow rate is below the specified amount. As
the air flo'v.raté"increashs, valve 892 begins to close to prevent 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 rr;outhbiece 856, cam
893 of latch 866 moves spreader 894 away from stop 896. This causes spring 897 to
expand as shown in Fig. 82 to compress a bellows 900 and to spread valve 898 which is

25  normally closed. In this way, after a certain period of time, valve 898 is opened to provide
another flow path so that more ambienf air may flow through device 850 through hole
890. In this manner, the user is permitted to comfortably fill their lungs after the initial
drug delivery. The rate of compression of bellows 900 is controlled by filling bellows
900 with a known volume of air 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 uppel' housing 916 and a

mouthpiece 918. Lower housing 912 is movable relative to middle housing 914 to permit
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10 to flowinto lower housing 912 through a hole 932, through opening 926, through
receptacle 920, through tube 922 and out mouthpicce 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
by the use of an elastomeric duckbill valve 934 in upper housing 916. As the user
continues to inhale, ambxent axr entermg through hole 932 also passes through opening
926 and then through valve: 934 “The air then travels through an opening 936, an opening
938 and out mouthpiece 918. However, if the flow rate becomes too great, valve 934
closes to prevent air flow through this flow path. Asa result, air may only flow through
20 receptacl_e 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 comfortably fill their lungs
with air. This is accomplished by use of a piston 940 that is coupled to upper housing

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

" moves between seals 942 and 944 after a certain amount of time. When reaching this

position, the ambient air flowing through opening 932 also through hole 946, through
hole 936 and out mouthpiece 918. In this way, an additional flow path is provided to
permit the user to comfortably fill their lungs after initial delivery of the drug.

30 Piston 940 moves due to a pressure differential between a region 950
above piston 940 and a region 952 below piston 940. This pressure differential is
produced by a vacuum that is created in 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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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
15  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.. In 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 required vacuum. As another alternative, mouthpiece 1000 may include bite
tandmarks 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 device.' 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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the active agent to achieve the desired result. In practice, this will vary widely depending
5  upon the particular agent, the severity of the condition, and the desired therapeutic effect.
According to a preferred embodiment for administering powdered formulations,
pulmonary Zielivcry is generally practical for active agents that must be delivered in doses
of from 0.001 mg/day to 100 mg/day, preferably 0.01 mg/day to 50 mg/day.

Powdered formulations suitable for use in the present invention include

10 dry powders and particles suspended or dissolved within a propeliant. The powdered
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 pm, and most preferably less than 5 pum, and usually being in the range of 0.1 pm
to 5 pm in diameter. The emitted dose (ED) of these .powders is >30%, usuaily >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 um MMAD and
preferably 1.5 - 4.0 pum MMAD. These dry powdérs have 4 mbisture 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'i'nvention may conveniently be configured to have a-
penetrable access ].id'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 receptaclé.
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 tc; 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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the deagglomeration mechanism is greater than that of the flow path.
The invention has now been described in detail for purposes of clarity of

understanding. However, it will be appreciated that certain changes and modifications

5 may be practiced within the scope of the appended claims.
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a housing defining an airway; and

a coupling mechanism to position the valve across the airway and to place
the pharmaceutical formulation in fluid communication with the airway;

wherein the threshold valve is configured to open when a threshold
actuating vacuum is exceeded to permit respiratory gases to flow through the airway and

extract the pharmaceutical formulation from the chamber to form an aerosol.

2. A system as in claim 1 wherein the pharmaceutical formulation

comprises a powdered medicament.

- 3. A system as in claim 1,wherein the pharmaceutical formulation

comprises a liquid medicament.

4, A system as in claim 1, further comprising a regulation system to

regulate the flow of respiratory gases through the airway.

5. A receptacle comprising:

a receptacle body defining a cavity enclosed by a penetrable access
lid; and '
a threshold valve coupled to the receptacle body.

6. A receptacle as in claim 5, wherein the threshold valve is

configured to open when experiencing a vacuum of at least about 40 cm H30.
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