, €3e~v«=6*T~:! WO 01100263 PCT/ US00/ 18084 SYSTEMS AND METHCODS FOR

AERCSOLI ZI NG PHARVACEUTI CAL FORMULATI ONS CROSS REFERENCE TO RELATED
APPLI CATIONS This application is a continuation in part application and
clai ms t he WRMI0263 of U S. Provisional Patent Application US09(33084,1 | 793,

filed June 30, 1999 and 60/198,060, filed @ril 18, 2000, the conplete
di scl osures of whiASEEMBAND METHORSEQRAEROSQRIZING BACKGROUND OF
THE | NVENTI ON Thi s i nVBHIARMAL EUEEIGARcFORMUUDATEONSe! d of drug

delivery, and in particular to the delivery of pharmaceutical f )
to the lungs. More specifically) the invention relates to the ”mm "mm@mmm
aerosol i zation of pharmaceutical fornulations using energy 1 ~ cregf oY
pati ent. i nhal ati on. i [BY7=Yg i i{s a critica
aspectfslf any succes%ﬁ%&ﬂﬁ@ﬁé% ﬁ@éﬁ?gwm ug delivery

t echni ques have beeThixapplicatidn isocomtastiund) paogppliomicanind Rlaimetheddndfs t he
oral deliv ills, capsul es, eljxi a the, |i ke. However, oral

del i very c%rﬁ}lﬁ(r)g g n§£§§§P§BPlﬂﬁ?6‘8§H"&tﬁozmilrr']{g@-féfd #E‘ﬁ?odm?aénﬁre degr aded
20 in the gb/oayicoySel hpsil 192000,8h BshipleR iR @S WIRch arbRefelter technique is
subcut aneous injection. One disadvantage to this approach is | ow patient

accept ancencarperaied By referenge ve routes of adnministration that have been
proposgd include transdermal, intranasal, intrarectal, intravaginal and
pul monary delivery. O particular interest to the invention are pul nonary
delivery techni ques 25 whiBACKGROWNDIOETHEINVENTIONof a phar naceuti cal

f | ati by th ti.ent . t th t ithin the .di i
can Teach the. di ot allBiRgRatPa s SrbeinamusEs bk e i ot debiyel Ao P S ©"
aer 0sol i zajartivla? yethe deliveay 6f fhaaHade s Sethulatiosh t6 B8y 1a8gsP MbeBE&Midali)

formul ations, For exanple, U S. Patent_ Nos. 5,785,049 and 5,740,794, the
di scl osur b€ Bveriiandplaiss to the aerpsplization ofphameagesisal farmaylations usigg sa9rEp e

exenplﬁayy &&Wﬁiﬁﬂ%ﬂ@ﬂﬂn?o devices which utilize a conpressed gas to
aerosol i ze a powder. er types of aerosolization systens include MJ's
(whi ch typically haEdffestivérdrgg délivery to agtatiendds 2 eritizalaspentiof anytspecessfblul i zer s
(whi ch aergsol.ize |iquids usi C ressed ga usual |y aiy), and the |ike.
WD 011 00263t Bk aatsry RE APy echibiones have ReeR oraposid Fo oot to the

i nventi on déxampleontsdonedniént fethodds tha oed delivesly sfydllss eagsbies, pligirnanithé fike
formulation. In this way, the patient is ahle t.o provide the ener needed
to aerosol %‘ée‘ieh@’afléflfﬁ?%‘fqndﬁ S&}e F#res P ﬁfa%? ‘B\%ﬁ“ ma‘&'ﬁf’ B’ﬁdrg?ﬁ%d i nsur es
that amy Qsﬁkhm?&w_ 1r&0 bEXOFk the\eiinel aBELrBEE AMoRHRE techni§d s BiitRtanshs
Utilization of tThe patient's inspired gases can be challenging in several

respects. imigetian Lnsldisadyastage sorthisanpronsk isdpw@atient agoeptange; SHher tives
insulin, i -des] Wyl ! s i I within
certain | irtr?lmltg?{f orlﬁgti%{(r)%%a? hé"%‘lj%éf?ggoé)}) %@égﬂ{mﬁagm?&ﬁ‘wﬂ%mi%& provi des
for the pubhtrractalyinttevagiral gndogulinnsary idelivery.r at es | ess than 17 liters per

m nute. As anot her l e, _copendi ng.U. S. Pat ent lication Serial No. 10
091 414, 384 descri be%%%ﬁﬁ?@gﬁ%ﬁ '6‘2 Y °{§é°c§h“ﬁf &‘ﬂ%’gé\%ﬁélfg""é” %F‘b‘f{q‘fﬁsow

r esi stancewhish felyost e thaltion o1 4 phdrmateufiedl iferehulatibh dywint pajiernt spdiat thd of | ower

fl i . Th | I scl [l th f
h e?\évi Leis :—]iz{ggncgrag &I%B&?lgg"sgétgﬂg Iggsncregcshutrhg aist%i (a?veola}) rggigr?socyfether l?mge.r Enc €s are

variety of aerosolization systems have been proposed to disperse pharmaceutical
formulations. For example, U.S. Patent Nos. 5,785,049 and 5,740,794, the disclosures of

which are herein incorporated by reference, describe exemplary powder dispersion

30  devices which utilize a compressed gas to aerosolize a powder. Other types of
aerosolization systems include MDI’s (which typically have a drug that is stored in a
propellant), nebulizers (which aerosolize liquids using compressed gas, usually air), and
the like.
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Anot her challenge in utilizing the patient's inspired gases is that the
inspiration flow rate can drastically vary between individuals. For:*

i nstance, agoshees in 1 ~ Fig. 1, a random sanple of 17 ing&kg&%&V\hi ch
were neasured twice a week for four weeks produced flow rates ranging fiom
about 5 liters per mi Amothet techitigus wBish IS afdntereptdo thei invention Sutbtiuseanfi abi | ity

may affect the.apilli I: . di rsed wthi.n. a S
oty eam the SBEY Eet  tnetbint BaRathic rihubfiof, BREHSFE, Mg 8.
ability of tthproviteabotnergondedednsl sriosoliveithe foctanlatidrebythe patidntslvemdeep | ung.
30 Hence, this inveptjqon is related to techniques for requlating the flow
of inspired Bpatont | his pgyes at@ﬂ%&ﬁﬁﬁ%&fé}%ﬂ&ﬁ@&i@m@e %rgw rSRERRIZa|

f or nul at ison. UdizagitfofhPpstlent’s BRpiréVeHats @R bk ShAlRh@hE th deQertaPrelpbAUES, 1 O
enhance the abl|l'f[1% of a fornulation to be dispersed within a gas stream

produced by eyamplentor pammpharmaerutica femndatioas, sheh astinsulinyit mey Ye desifeblade at e a
powder ed for Is : -ahi |4 ! ~
formul ati on I{H(Bﬂ g’ﬁé’%ﬁé‘t‘@??‘ Otr“;e)rggeh t e‘ée eepllﬂﬁg#&éfmw&mgﬁ*ﬁm The
i nventi on prMduchiés, €28 mubddss oy theeubmenary dedivenydd insolipatoatesl teshthaat Tl
actuated, flaow regul ated aerosol. deliver f ,Qharmaceut i cal.s..,I n one
aspect) the Reh{ERTS: Satﬁolﬁfe’lrfgasm?lﬁ’eco? ?‘b‘@%‘r‘gr%@%’?r‘ﬁpﬁf‘a‘°§i§8§‘%?oduced by a
pati ent I]EOO ﬁo@msglsnagcﬁbwmnh HBAEY ﬂbml-yq‘e&rxﬁquleatdhen.aﬂi@ ﬁmtr&%ta\?dﬁarst idcul ar
aspect of the invention,. the, i ntion is a to extract a powdere

phar maceut i FAPVIESy ﬁp%wt@i perios foligwe : %%P%{E’Bé’,% loyees digpiruistance- dhe

formul ati on Qp1ehisIurdste afl W BHoGE tefilercls 48 Belet HSordSratdd b rétbidfcd ange of
patient inhalation flow 2 WO 01100263 Ptr" T/ US00/ 18084 rafes. According

to another aspect of w#ethenchahiengein utiizing the paent’sdnspised gasesis thadtheded whi ch
provi de effi.ci enk ' 0 F]Ih% L Ccals. sel 1 e .d . ung.
Accor di ng t&ﬁgtpﬁrgﬁ?ng@éa%%(ﬁ%%a,n %ﬁ%’c 1owﬂg;3 &#%ésnplﬁbh or&' ggrs‘é‘g‘a}’n%y“i sﬁ?ﬁ'é‘fl y be
prevent el f rkignlf b canidomy shmpiehof 17 windjeiduals which wereadedsereditwize awaek €onfour
produced by the user whi ch poi the fLaw of respirator ases is
brupt 1y § mi'yeeGs Baaned Tsntrhtsh efedia iom b fsneer TERe Aoptapt 3T BFR R on o
respiratory Hmétel SQ¥h variability inapdffecd tiRebiiPbf the farmphionesr ke disgeated within a
formul ation. According_ to this enbodi ment, respiratory gases are initially

prevented f raghftreaputhecbilBy ihdeapelmeralgrop vilcred fprmylgfionoandinrdhecability ofigie an
open nout hp'a‘gfo@ol?zted?%uwgln% a&éaﬁatél@\ﬂleéeslhem@p hfgpi ratory gases are then

abruptly permtted to 10 flow to thé lungs after a predeterm ned vacuumis
produced®%by t he user. Hehes, thipinveritiondsisiatestto tachniguesdor regulating theflowof ext r act
a pharmaceut.ical .formil ati fr r .

phar maceut i I %F?‘Fﬁ?ﬁ\"’?}c’)’ﬁg \E\f %l?znmdt%‘ﬁ’ggg ﬁg%/{/g%# EP ggs}%ﬁaé%flgé@g ’g’a{‘té%?"t 8’ %6r m an
aer osol . By dspect, itiad inyeniog Verelatadgo teehfignas tto enhafjcestas abilityroffal formuldion o bde

| ungs when 1, ~ attenpting to inhale, the devices.and nethods qf..the present
nvent ] on préifRerES SR s SETRSE PRI DY PR WORBST &P inenc he ahilitde

sui ~i ci ent  eResdomérdte ¥podicted fnuliinh E@d s kalande the bbTltyadfiteuetdseaetine
receptacle. |In one aspect, the flow of respiratory gases may initially be
prevent &8 f riemuylationitpgdeayatelyereachitbesdesp lungaci ng a valve within an airway

| eading to the lungs and opening the valve to permt the flow of
respiratory gases. According to the 20 invention, the valve is opened when
a threshol d actuati ng vacuum caused by the attenpted inhalation is
exceeded. In this way, when t i resulting gas stream
has sufficient energy to extrm39a%$3§§WW§ﬁphar maceut i cal
fornulation. In anot hghe aiveaGinFblidestdremplamesybtedp apd @ethddsstoprovide breath
aerosolization device that conprises a hausing defining an ai[way, and a

coupl i ng3%recxtitednilavs regylatadecepsol defivery ot RarmaceBiass: in Age %Pﬁ%d&ﬁﬁ’é’é’&t% al
formul ati on Jmf?iz&élﬁ? ﬁbm??fesmmaycﬁyesqoﬁ'odwdtﬂ;qpaumltyg@r_asoaizya N&mhSuBERVent
rom ng "t d

respiratory gases 0 “through the airway until a threshol
actuating vdomuiaticn. dix emahizpartisulas aspect of the inventions thedinveation isrbletto exfracki t

respiratory gases t.o,flow thr he Aai tQ. e .

phar maceut i cag‘fov’fd(s‘)’femﬁﬁa(%ﬁ“%?@%ﬂpﬂé&rneﬁzde’%%g%régﬁ% @%E%éré%g%éﬁregggwlatﬁg A
variety of tdnddsiiver theformeationay thrxdusukiay @ dvidorapgeofeatierg dsmmatidn lowf | owi ng
through the airway as wll be discussed in detail below For exanple, the

val ve )




may canprise an occl usion nmenber having an opening, and a pull through
menbér that is pulled through the opening when the threshol & aobigisl NY
vacuum i s PYOMWMEE. As one specific exanple, the occlusion nenber may
conprise an_ el asti cal [ £ 0N et 2663 cRé = d th & Ods1BO Brovidedbr ane,
and the puI’Iatef'h?‘S‘ffé?mérgon%g)%rm'asﬁétoonpri se a bal | “that is pul L ed through the
rrﬁnbrﬁne W}gchbﬁ:vtd&rﬁdimmelm qunpmmb@éhcaééﬁp&}é‘gt.heldﬁ RiBEher a;gect -
t he thresho actuating vacuum o v, i 28E0Ray nQinll ut
cm HzO to about 60 crﬁ"%‘z .m&‘r?rgb%‘é“’%@{r%f‘i‘%pg?""zééﬁ g%t,gyt%e va?)f/e isgi
configured eﬁvéﬁeﬂéﬁﬂswﬂmg%tﬂhﬂ lngumtil e predetanhiped vasunmiispiadycedbidhs al ve may
conveniently be manufactured along.wWth the. rec : bR ufaP
anot her Sispuser, at whishipaing the; figw '8%1‘@3@' LN Eeagmg’ﬁg%n{éﬁﬁ%ﬁg&gg?hregul ating
the flow of respirat 5 E:ftiatiBn BF RYpitktory @asflew enitilized fd apvasolizeependent  of
t he breat hi ﬁ'agédg{né&b@@ﬁ%eug e}a‘.g;{:ll nxﬁanﬂ;c%t gﬁ; gﬁg&gé%ﬁt %?me §ar8t§esrgs 5{}%&591? a
regul ati on phaineceutiCalformuiationa Asceramety T es throu t he
airway after the lve, h R 1AL finhat tesugifanfdpenv r egul ati on
with the thP@gﬂBF%gwﬁ?@?"g%%g?%}uﬁ ?{t;%gglt%ﬁe?g)r Beent  vent on results. in
devi ces and ngatHpeds af ae endobtheldeviet.i Ther pspitatary aases arfthany PPty RERRIFY S i ng
the aerosolized formul ation tq the deep | un [ REOITRMIRsEECt, the
devi ces 18nd flonttadeediupgs afispa Pﬁggﬁﬁ%ﬁf‘ﬁaggmﬁil%rfhl%eg%Y#g flow of respiratory
gases to a rr@s%:ﬁaﬁ)%asésﬁs L@Bfedibekrast £ pidrmaceutied] forfraiatian fom afeAeRtackpand-or
exanpl e, the owrate may be limted tq.a rg.fﬂe that .18 Ig&gsgo ghpout 15
liters per mbplatetht pharmaggutisal; farmyjaniony e SR JGPI8™E EEELRd t o about 5
seconds, corres&ondi ng to a volunme in the range from about 125 nlL to about
1.25 L. Regdf¥ffon of the flow rate is advantageous in.that it ma‘%bi ncrease
systeni ¢ bi oavai | abi | Blyyinitially mvmmgwpagemgaéqsfé%?ﬂafgsgﬁh}fﬂa‘?wf fti cal
ormul ati ons via absarptian in. RSiRTE gRvideraavaytoi n
Appl i cati’on mmppﬁwﬁ%’?@d}%&gﬁfﬁ%}%é%&ﬁ%, 1;%(2#;@% in g‘gspfgpdi ng
U S. Appli cali.q taetHeabsuliihg a0 stfehé 128 4uffioicet/énorgyity ek AIMAG
reference. Zénl\?gjrai etyeofsut ecghni %gi ma% be etgghg%%qrésg-rgtg 'éaségrm%quiag%e t he
fl ow of respformaulatign fiem &he regepfa jt?rﬁ? aspechip HRK Oay” be x?r ovi ded to the
user when an exc&%?ggid‘#‘o@oxmn Wb rllEhgs Dy laethgaadiveovifin an sirwayiseding @ thelj ust
their inhal a?ﬁ%rﬁ rate. anpl'es of feedback_which na ebe QE&}Ming%the”d ude
audi o f eedbarigs indoipeming theaaimaite perait the Sow of PSRRIy SeS LN HSF NG Cat or
lights or_a |evel ter, tactj Slold sdtedting vastivkt @lusedrby thed t he | i ke.
As anot hé? af“t"é‘?t}?élﬁ’%é(?wf ﬁeoP%{]Jg\?\vv%e?‘eaﬁg%pi ratorélmgases maé cPg}gcontltrol | ed by
regul ating t Bgensit@Einpilation iakxeseded! dmthisiyay, ohemthe|valygds OREBFd, AR A8 &R
elastically 30 conplignt valve my b LA adcuvd] Fefiusdtionce based
upon the fl ofireagkass ﬁﬁ@heWF%taégf%gmgh?]%gqsp%eﬁh%% flaow to a,certvai n rate.
{E o][lle aspfect, t he ;jevlnq,gotfhwé;iilﬁfdimﬂﬁ,lt{:ﬂmyerglon@gm{l@ﬁsmﬁe@%fczéﬁ*ﬁ"tf Fcégul ate
e flow of respiratory gases through. the airway d Leleq. For
exanpl e) t he thabgurhpriseom heysingciefipng é“'&’%?f‘%ﬁf%%pl?g “Felcﬁn&{lstn? O(rahof ?low to a

rate thatgis | ess | AR pnkndbeuiclQoRiIORRAS URGTMSOThe 808z b s per

mnute for a "C&PPEr Rt ME~OF a certain i nspired vol une v.argyelw- Qf fl ow

regul ators maychiges & vplvetoaptevent respjeatery gases &om ngg&gg@gﬁ{ GrEcertain rate
as will be discyssed in detail . Far, ARh&€ thd Vadvel dpeiie topgmhiat or may
conprise a véﬂ“ﬁé‘@%‘ggx%cﬁ'&r‘rlgg){cgé}ﬁegf Q‘érﬁ@gl asttigc el emer?te, s(l?gh as a soft
el astomer, t hadihioh} gated todlok thswuivtie aoreny ahditorextractifhs pharm3ceiiast event i ng
flowin .the opposite direction. Sugh a vglo\sloq may have an orifice that
permts the fibmulafondram theressaiacle FRIPR &% esponse to an applied vacuum
and one 3{ nore col | apgi qut thrSshOW vabusd eiagGetehmplayed fd prevent gasg:hfrgmv\,ay, an
i ncr eased%acuum pressure | ével draws the wglls t \/\grdr_eag,l&n%gﬁevatl@ereby
reduci ng or cﬂmﬁhg)guwghtb&iiway@sa‘flﬂéeQﬁﬁ‘sﬁ?do‘vidaﬁaﬂge “hi'Gh&r  Teg| stg&;ﬁ or
conpl ete resistance to flow .Fo | ndvApulthfomgh imembke sin a
paral | el rovW“@é?Wprt?\@éofcl\ﬂ{ém%%?N&%é?e eéxg(r)gégﬁ{goo gf‘%a_t, tgi:a v%ve cl oses
so that all ajj|cRa&6ughdhé byeningiwitehehetbueshald ALfEAting¥SITHIS Sther o ¥er 11 ow
path. By providing this flow path with a : (JA=X RombMit Of gases
through t he depgrifie exampledhyess “WBI’%“\W%"HE‘#%‘%@%I@ egagttlcgu?l n gnot her
particul ar aspect, the regulation system may conprise a 15 feedback

mechani smto provide information on the rate of flow of the respiratory
gases. For exanple, the feedback nmechani sm nmay conprise a whistle that is
in comunication with the airway and produces a whistling sound when the
maxi mum flow rate i s exceeded. In another alternative, the regul ation
system may conprise a restriction nechanismto l[imt the size of the
airway. Conveniently, the restriction nmechanismmy ?0 be adjustable to
vary the rate of flow of respiratory gases through the airway. The
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I nhal ation flow rates, with the device regulating the flow of respiratory
gases so that the pharmaceutical fornulation is properly delivered to the

| ungs. Accowdbngrzéo anot her aspect of the invention, afterpé&fasdoligoys’ ate
has been limted for the desired anmount of tinme or inhaled volune, the size
of the airwamembagnebandihe pali thasugti honipr maydempase aball thatrie pulied thioogh that e.

This may be _acconpli,sh fo xanpl e openi n not her air traveling
t hr ough t he “&f@fy’f%gwqcﬂ%gﬁhéesé\ﬂg va qﬁ‘@’ %%erhg{%”eé' 8‘?!1‘ @‘ratng V?ﬁ%ﬁ%g wi t hout
substanti al tireshofd RAGENE PacUOBEST thedvalvd ib irf the rahe Frofn 4660OZ0 dvh HIO ECfduUl 66 O Y

gases and carry the pharmaceutical fornulation into the deep lung. In an
alternative ca!s%@e tin oRgparticiiar AsPash theal vsps configurss tabe dispesed Within 8¢y of 10
f1ow i nt egr g RpEcit OPRIsWdy, #12 valle mRR SR Hvdri ity b bbb RISVl RR! ati on
device after aﬁc%rtai nsarmyt’mt é‘?&ti e t‘é perrb;it t he user toﬁﬁl%rtably
fill their Iepaptaclat the end of the process. Such flow integrators may have
one or nore noving ne . . . fl hr ough
the device. In this waycoranl o bngY BeidRs AR Mok BEp it B Rles sl

i nhal ed, t hdorregdistinghths flowof cbspindtbiy@asasito provijeennsisiait haflogaimdegeadenebf 15 t 0

ermt increased gas flo Exanpl es, of fl I nt egrators that pay be used
bre di scussQtF HFRUHEE 51 Cbibe BR6oRAnPE] ASREETrIBY HETE B LE Areewpirsystem
nmechani 908, t@agulatel the oW ¥ kapivatidytdised thloBEithd Qirkay aftél thd Valve Ha beekne

pharmaceutical forpnulation for use with the systens and net hods of the
present i nveReredn Thegorlaination; of dloty rsgulptinndwith ths thrashald walve acrorging tatisect of
the 20 met h‘ﬁ%ﬁﬁt?xﬁveﬂﬁ@f}[ FRARYA bEAtesRE FISLRUS RI? 263 rdEﬁ\??y thaPFRBLGRe i

medi canment . e flow of respiratory gases Is used to deaggl omerate the
powder once deixteriag thechefasolzed fermmdampttatiealeeioung.onal | y, vari ous structures
may be placed into th Lrway to assjst i.n the deaggl ration prqgcess. In
St 11 yet anot her - embBtitHeAtbthes fRftbEte ity «nf peRatco Rt ema b IR 25
conpri sas a thecfepbirebpiraborg gasdeto Nfatethat is Rvd thyn & bettain GtefoLh 6rtach tiie.aFor
penetrabl e access Iiﬁ. The re;eﬁ),t acl e further, lncl udes ahépr eshol d val ve
that is couSk¥EPiEdne Aewrale By Re limtsd iRa rat thats lessthar about b liteFRes AbIHE val ve

i s configur gg 4EnORaRe HABOFEMRBLLIS iddBnPLo\BEM B Benddlcolr8@Rhdiap )Y 40 cm
H20. According to another aspect, the invention nay also utilize a variety

t
of 30 technivqluns in thesargerfeom phaut i hemidepbgit d 38 L. \Regylation efbe flawirate iput h
over the ”D‘dh%(&aa%?ﬁléﬁﬁ tlat %ﬁ%&égéaﬁg%ks?e%ie%mabaﬁsfli%ﬂoﬁﬁ%’%&ﬁe a,gé?.'i of SRR & @

lip guard may hpiece to permt e user to place
their Li2ps atarameaticslfornhulations aiacibsoiptiemintthedeep gk desctibed generalipirece may

e L RS OEAPSS dbAB A Bl 3 S AR 0%, e
6 WO 01100zpBcdtion Nehal/NS3 064 14 89§ previcusBdhcdrporate @by fefetersodf f i ci ent vacuum
to operate the device. As a further exanple, .the nputhpi ece mag/ havi—; a
circular-to-ellipticaf Vﬂf‘ﬁtﬁ’i°fé°.°h’1*ﬁ‘é°5é‘l‘%’lt15'te|“}?é‘l¥e§&‘t“PBHr Frgulatedhe floy of e d by
the patient ' \§piRbhpakd. Q-fog@:{]arr{p‘?er, fékdYR& HY b;etgrévi@edetakhetleexa»cﬁe.u%@x&..ilzlavggvI ce

-

to be created. Thése and other aspects o’the present invention w
readi | y 24ppé&loerratetipproducedfto parphitraasgr toladjust their inhelatien raten Expeplespf ¢ he

drawi ngs ang, 4gt &84, 485 6¢ pRtia8 e RAL 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 Jeading 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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foll ows. BR EF DESCRI PTION OF THE DRAWTrIGS Fig. 1 is a graph illustrating
t he averaggﬁbﬁgllgdzrz'ation flowrate for 17 I O individuals that were neasured
twice a wee Pbur weeks. Fig. 2 is a graph illustratin§CFHEOYI8R/4| ati on

of a patientiés heSRinhRibO cdrda@¥irthébea Sitain inkfRdFeRML| Adardedy by, NVent i on.
Fig. 3. is a graph illustrating thebrqigul ation of another paticnt's
t

i nspi rati on reguatons may bs\eaplayeddo gy nfowvel gases tapeameingate as willpeg. 4 is a
schemati c vi hat, b t .

phar maceut i caﬁoi u%%? er&%gly%&l&?]r%m aaﬁg%é%gﬁwe%eééggﬁg@%%é‘?% at‘%levefﬂé?trlrﬁl ation
and to pl aceonsimcted ofien elbstivrelemdni, such fsea §dfioalastdmercthati linsitsathy flgwse s cértaih or m
an aerosq@l according to the invention. Fig..5 .S erspective view of an
Rerosol: Jat (i il e pikvEring SRy Prbf Reeosy? eirchunt Sh AR ey g sfa 1) o)
cutaway Vi eWrifice tHaparit 81 ichabi ANtheigheie Wilveih Gesponst iOdMajpliedPacBgy) or

| oadi ng position. Fig. 7 illustrates the aerosglization device of Fig. 6 in

a closed or 2BPERAPTAEFesaUsnsitinwallcargnding Berdcs. nipdhis way, amigereasgd g
i1l ustrates JbeEl 0 ledddrRi tﬂ?WalﬂﬁoQJard:éa‘Eh o@.e%?e%ury% chgF chsingGRPt acl e

according to the Invention. Fig. 9 illustrates the aefosoliZation device of
Fi g. 8 when arifice pree and providirigzashiphesmesistanse pecompitte resistraceitovlave Fars been

d toth . T .
L owed. o oaairPRatciEd yaRhaL bftaPh wpdte it BIE ORGSR BRI SBBRRS . °\ P
of a recept acd greamthe ¥alve niosesgenhatatl zai pasdidy throgigh tifzi debice mubtpassthestigh el

fornmul ation nay be extracted accorqding to the invention._ 7 WO 01/ 00263
PCT/ US00/ 18 RET ﬁP&.Pa@i Y P'ﬂ%‘@%‘g’é%ﬁgp%wg?&&’l‘%n st o af gasesthypugh o
with the nozagd geviRimd bERéEbel ol tHehresti}d ratd. Om @ bott om end of the

receptacle to increase the rate of flow of respiratory gases through the

nozzl e according to t Heanothespattigwar Fspect, thoragylation gisterempy. corepriss 8- sect i onal
P b1, O e AR bR AR 00 AR B
Fig. 13 i s &oseckmmpd,ities) feedbasls meetcanisonmby vomprisofa vehistizaliab $xihicamirunivadgrst em
having a 1 Sutuf GUGly St UELEI WRishEb IR bWl AR & 07V 925
exceeded. In another altemnative, the regulation system may comprise a restriction
mechanism to limit the size of the airway. Conveniently, the restriction mechanism may
20  be adjustable to vary the rate of flow of respiratory gases through the airway. The
' restriction mechanism may be adjusted manually or automatically, such as by the use of
an elastically compliant material.
Optionally, an electronically governed, closed-loop control systern 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 gases through the airway. In this manner, the flow rate of respiratory gases
may be regulated to limit the flow to a certain rate for a certain time to facilitate proper
delivery of the pharmaceutical formulation to the lungs. The control system may then be
30 employed to adjust the restriction mechanism so that the user can comfortably fill their
lungs with respiratory gases to deliver the pharmaceutical formulation to the deep lung.

Use of the regulation system and control system according to the present invention is

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



aerosolization systemaccording to the invention. 10 Fig. 14 illustrates

one enbodi nent of a nozzle that nmay be enployed to deaggl onerate a

phar maceut i walo1foaeedrul ati on according to the invention. Fig.pc¥rishéiisdse

perspective view of one enbodi ment of an aerosolization device according to

t he i nvent i onhalatiog floperates, with thedlsuice regalating thedfovnefoespinatazyrpesds seethat thé  an

aerosoli zati ' i | | Fig. 16Aillustrates a

cover of th arex%%segﬁéing [ gfr% g‘égsiﬂc?g"‘%‘?@g".’é‘{féiﬂ%“gg"l7 i s a perspective

~view of still another Acbritigmnhothér apecaef the ixlventidn, afterdke/fiow rachaytdemg t o

_ the invention jlJustrati.ng the use, of a flow rate feedbgck device. 20 Fig.
187111 vt r at ated 7 e Besied A0t oLt N VOV Ty ARSI co

accor di ngs t Ointrdgsel B/FoVide for aniiflcreak@d flbwdstt.r ThiS $nag e abetintpliRhé for@RRRsle MENt

of an aerosolizatjon device according the invention. Fig. 19A illustrates a

di sk havi ng #{QReRine anetheramyay|tuyel ol the deyige elnthig wag, the user may

aer 0sol i zat | QORI ¢ Gnlk viitut shstalfialresib@Bed dnl ok 1k : of the

aerosol i zation _devi%e of FP%“ 19? F|l g.reSZ‘O fll}nust'r at elgﬁlae?lugtg#e)@h%ﬁgg%i ment of

an aer osol i zegspirateryl gases endeacnyrthié phprmageutical Earmutation fitgtheziggp lungust rat es t he

aerosol i zation device ' Mlﬂ . v .an e

position. Fig. 21 is zgg%réfﬁg%%%&gﬁe&\gl’ewq%%nbéfmgggﬁ??ﬂggﬁ@é%an‘gﬁf{}o an

aer osol i Hat | fisw theagraters ac perrit angintreased @owrrate tirbugh thé-irhalafion dévidesifiend es one

particul ar enbodi ment of. an aerosqlization gdevjc cordin he j nvention

Capabl o of HERARAGRHI O et Brugt ieciedita Somtorsbis e uses Ay R KB05e

Fig. 22A 111 gstdsat QhdoW inkegfdrs HAG hibe dheloh hoRmevial netiteRthalo¥dve ®agll Fi 0.

22. Fig. 23 illustrates yet another alternative enbodi ment of an

aer osol i zat i gntheselume of Bewrthrongh the devigg; dpthipway.rvhgn theainitial (ragulzteddes a

nout hpi ece : ' | | : ' 1g.

1 ustr at o g fis tepPirRBE R kbl HOYLEQeftient o bifn it bl cpihel

aer osol i Zat i opedavinceasell gas Jow2 Exarhpigs of fow inkagratora thes matyibk useirane her

alternative enbodi.nent .of .an _aerosali zat,i.on. devi according to.th
Mventon. - 1951 odetsf poidy aBF RO HoRIE A N P AR a0 s ST o1

devi ce accorghiig@s Withlahfecd WoRNANdRe 1iké.9. 27 IS a schematic di agram of a

t hreshol d val ve according to the invention. Fig. 28 is a ball and nmenbrane

threshol d val ve accor dibpghtrnacstsicaliganiation forusz withdhe systems agd methodeed a type
threshol d vahygred&i Hvahtith the B VEliduly 61 ¥dwRr fofhflatic) BOAE ARJeb il

il lustrates one enbodi nent of a threshold valve according to the invention.
20  method, the pharmaceutical formulation comprises a powdered medicament. The flow of

respiratory gases is used to deagglomerate the powder once extracted from the receptacle.
Optionally, various structures may be placed into the airway to assist in the
deagglomeration process.
In still yet another embodiment, the invention provides a receptacle that
25  comprises a receptacle body defining a cavity that is enclosed by.a penetrable access lid.
The receptacle further includes a threshold valve that is coupled to the receptacle body.
In one aspect, the threshold valve is configured to open when experiencing a vacuum of at
least about 40 cm H,0.
According to another aspect, the invention may also utilize a variety of
30 techniques to ensure that the user properly positions their mouth over the mouthpiece
during use of an aerosolization device. For example, a lip guard may be included on the
mouthpiece to permit the user to place their lips adjacent the lip guard. As another
example, the mouthpiece may include bite or other landmarks. Altemnatively, one or more

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

6



Figs. .31A and 31 Billustrate a flapper type threshold val ve according to
the inventi ig. 32 illustrates a spindle type threshold valve
accordi ng t%%lz&lzééventi on. Fig. 33 illustrates another spi 0p. $pad
threshol d viibyi cad€as Cietg atsQffichent vatwanitb @PerafeitiSdevictA Aaacfuntds exhhplsfthat € an
unbrella type threshold val ve according .to 25 the jnyentiaon. Fig. 35

i || ust r at es MPUHIRIGCE ARy %&%ﬁ@%@-evwe@ waqfﬁe-vi.{hwha%fébmm@mw he

i nvention. EheSed 3ofe BatEnBS Boutt i DkdeR i advabingh slatiGieH QTR iR LVREROLE

val ve according to the invention. 30 Figs. 37A and 37B illustrate a

mechani cal preedure switch type threshold val ve according to the invention.

Fig. 3 8cillustrates Lhle : r I I rdi ng
fothe i fvention. o T O BB REH CoB P Sbu e RIdR P Tt dESS

anot her nechasnofatingryeskiilimahsat incHew phHthe dravesgsdnd deilvddascdpiotitiig t o t he
invention. Eig. 40 illustrates a pull through type threshold val ve

accordi ng t£°lﬁ1’f§'i nvention. 5 Fig. 41 is a schematic diagramof a flow
regul at or accordi ng to t h@RIFVFOHSCRIPTIONOF FREDRXOWIRGSI | | ustrate a
shuttle type fl ow regul at or accory di n?_ to the invention. Fig. 43 illustrates
a ball type flow reguFigt bis agaply dustrting theaverage ispirgsion fiowy @iegfor 1444 and 44B
Ll UStTabe andAAlibihat WHE rlepQited SAU ALA BERAK Al to the [nvention. Fig.
45 illustrates a cone type flow regulator according to the invention. Fig.
46 il lustrates anot heFige¥isougrapnillustfatiag theaegulatinm oftagatient sanspiratipn flow he
invention. 15 Fiqg..47 illustrates a.foamtype flow regul ator according to
the inventi 6h¢ of—?qél.mezfgc?rfi'r"&sf? &gt"évsengﬁn'unbr ella type flow regul ator
according to the inveRig Bris a gtagh ilftltratidgthé regliatomof angthieflpatRaLs inepifatich ow

regul at or agl(f:)ordi ng to the ipvention. 20 Fig. 50 illustrates another
embodi ment  SPWVAAE|0XG tHRgRICAILRE RAIKOIMIING™M 0 t he i nvention. Fig. 51

il Tustrases a spindl epfgyPR o dcANNARIINABLENATSRMThA IndyDeluifizdd 18 @REARLR- Fi 0.
52 illustrates an expandable cone type flow regulatof according to the

i nvention. 2BarFiagenticeIprmiationd®m b reseptacie.cleagelomerateithatormulgtion angup at or
according tq.t Qv I g l | ow
regul ator a (l:agggllengnﬂg&loﬁgv ’lthr]]l{’/%ﬁt@énéﬂrgﬁgé{ows%ECQRME??ﬁ ég%crcg%%Bf | ap

type flow r egiheémionaccording to the

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

20  invention.

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

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

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

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

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

according to the invention.



30 invention. Figs. 56A and 56B illustrate an el astoneric duck bill type
flow regul ator according to the invention. Figs. 57-59 illustrate - .
alternati ve VP HO0%}eric duck bill type flow regul ators acce@clivsoisesi he

i nvention. 10 WO 01).00263 PCTNSQ0/ 18084 Fig. 60 hemptically illustrates
a flow through type H:‘Svﬁi ?t%?’e&%ﬁcjﬁﬁﬂfgﬂweﬁgglﬁ-h é'f‘\‘fh‘éﬁ!“_’#zileg. 61
schemat i cal bquxg trloved fidthESavday! frativa BYttdni REd bf @WrdcBHEBAE & iRreAeGRY e oW t NE
invention. 5 Frgs. 62A and, "62B illustrate a flow through shuttle type flow
_integrator aEresmentorny gasss thireughthenezzlsaccpding tetheinyagtior.at es an i npel l er type
. flow integrator accorgin LNV ian: Eig.: ' Vi of a cam
of the flow integrat oﬁgbgz i&%gsgﬁ]%?lng’l%g%l sggldgggﬁl?ﬁﬁﬁg‘fbr%g eg&ﬁ&%&éﬁ;ﬁ’e wheel

t hat nmayS be systemtihaving hspringdordgutaegha flow offrespiratoryoghseskmgegh 66 Aysteml 668
illustrate acspd,lttlgﬁt%[ge flow integrator according to the invention. Fig.
67 i |l ustrafEEWHPAREYVEIHE™ 1 ow i nt egrator according to the invention. 15
Fig. 68 illustrates aFigr Bkig aabitbniatiof@6ds-saétidnabvitw oVan fbre@ligition spétedri 9. 67.

Fig. 69 schematicaglly illustrates an aerosqQlization system having vari ous
conponent s g?\f%@ﬁaww?ﬁ%wpéxst%éwavlﬁ& tbsﬁwe?m%mrmﬁsesﬁrgu e

schemat i cal hyroidiiitin 358 28EbraRE A5k idRhiiG) System having a parall el
flowby type flow intégrator according to the invention. 20 Fig. 71

schemat 1€al | y il ust rkigekt illusteatescone empodimsnt efiagioarie et may beemploy¢d tol | ow

t hrough typ | ' 1, hG: Lavention. Fig. 72 is a front
per specti vegslalfgé%%c#ﬂ%%gﬁ%h%%%lﬁ%%l;f%%@ggh%géegr}glggI@?g‘%va%l%lévi ce according to
the invention. Fig. 7Hgiliisatpespesive hiewde\one embbdifmient. of 4R aenosalizhtiendi ng

posi tion. 23 Fi gag: 74. i S g}?r.ear .E%rspect ive view of the device of Fig. 72.
Fig. 75 is S5CrASEOERE BitdMVP® of the device of Fig. 73. Fig. 76 is a

cross sectional view B, 166 a@eMp&tivoliel ¢f andtBer dnitddinfeht bSarfactdseRAtisgCt i onal
side view of the device of Fig. 72. Fig. 78 illustrates the device of Fig.

72 whenl?n fiﬁ‘_écwa%m%%%iiweaﬁmyso Fig. 79 is a front perspective view of
anot her enbodi ment  of g;aMm AEfiRSMdsZANVA oI dcrbsofAiBh dbvile §eFig NG, | nventi on.

Fig. 17 is a perspective view of still another embodiment of an

aerosolization device according to the invention illustrating the use of a flow rate
feedback device.
20 Fig. 18 illustrates still yet another embodiment of an aerosolization device
according to the invention.
Fig. 19 illustrates one particular embodiment of an aerosolization device
according the invention.
Fig. 19A illustrates a disk having multiple receptacles that may be inserted
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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Fig. 80 illustrates the device of Fig. 79 in a loading position. Fig. 8 |
is a cross Z]tl) mgl view of the device of Fig. 79. 11 WO 011 00263

PGT/ US00/ 18 lgl g. 82 illustrates the device of Fig. 82 whER AU 1 ow
path has been opened tﬂg.QgAmmsuaﬁ_sh@ﬁpﬁﬁﬁQéimh@wae}osaliiaab{ﬂaeﬁgébftﬁg Mevi ce.
Fig. 83 is a side view of the device of Fig. 81. Fig. 84 is a fron
perspective view of a#ia Béillustratesyetanetheraligmativs ersbadimentiof an aierosadigation
according t he .| i i 85 illustrates the device of Fig. 84 when
in a | oadi ng“%‘ggf“%@g“ﬁ’%@?&“@é&?s a cross sectional view of the device of
Fig. 84. Fig. 87 is aFig dBAlllestvates anivatighdack ceven bf fhie gero8dizafiorgdevid® dfs a
front perspecti.xe view of one enbodi nent of a nout hpiece 10 according to
the inventi gﬁg‘zéig. 89 is a side view of an alternative nouthpi ece
according to the invemid o illlskhtedd HtripNBrecdthélvrh@grdll be \ABizEEGRhinARS her ei n
i ncl udes an agent, drug, conpound, 15 conposition of matter or m xture

t her eof whi @ROsPlARIARESW haPmaacol ogi c, often beneficial, effect. This
i ncl udes foods, food ' : j YA ns, and
ot her benefi ci al agen?ég?ég?ﬂ%{s}%%s ﬂgyéer{ogﬁp%%gl#ggrgfém%l%ﬁ{er I nag%%}gﬁléﬁr;
physi ol ogi calevige apcopthing tegbeinygitioal | y active substance that produces a

| ocal iz or system c zef in.a patient. The activ ent .that can be
del i ver g@ i ncl udes antF #%?gt‘i\‘l ?uélsraeiﬁfpeaen lfo\glmrial_ogﬁnearf{%sf’ ﬁ?ﬁ%ﬁiraf‘élﬁ? fc(ggl:d?ng

anal gesi cs, tarieinventibsanunat ory agents and bronchodil ators, and viruses and
may be inorganic and Qrgapic c ounds, ingludin i thout |imtation,
drugs which act on thglgpg?i‘ ﬁg‘ﬁatﬁeﬁ%%‘}*°§arli‘HFﬁ98&i‘\éﬂ‘Fé‘E%‘§fhﬂgé‘?ﬂEhol i nergic
receptors, tipengkgl etal nuscles, the cardiovascul ar system snooth nuscles,
the blood circulatory system synaptic sites, neuroeffector junctional
sites) endocrine and Fis: gBifca bajland membrene thesholdvalve argprding to (ke ipvgntione
repr oductki ve system i i mentary
and exc(r:ltétory system?rﬁﬁglﬁﬁns ar?f@%%%@ees%&g%%ﬂ%g%&g@rﬁ@e %,2:?1\1}6&,'&3 system
Sui t abl e agents nay b&ig a0 edteadtiéallyrifiustrates encaembalimem oy s drethald vabe)

st eroi ds) hypnoaj CS ﬁl’?d sedatives, psychic energizers, tranquilizers,

ant i convul sATLINGHROEVERI M ant s, anti parki nson agents, anal gesics)
anti-inflammatories, BysClRA &S IBGuSRSa idipePfibé thrésholdivalve aceoiding®d ari al s,
hor nronal agents including contraceptives, synpathom netics, polypeptides,
and prot ei ndhemyemioa. of eliciting physiol ogical effects, diuretics, lipid
regul atiqpg agents, antiAaRe L Gad1 i RAA el : astics,

ant i neop:{basti Cs, hypoS?%géﬂlﬁgggkﬁﬁtrl t% E?H%%Qﬁt‘gwétﬁg&zﬁ‘ﬁg%nts, growt h
suppl enent s)inveation. antienteritis agents, electrolytes, vacci nes and

di i . 12 WD.01300263 PCTI.US00/ 1808 les of acti
agents usef ul in thi s FiIEhNEBHSS ReHePat Sap Eorbele Ao Rne Rt T,

cal ci toni n, isveptibsi.opoi etin (EPO, Factor VI11, Factor | X, ceredase,
cerezynme, cyclosporine, granul ocyte colony stinul ating, factor F

al pha-1 proteinase i n%?ﬂﬁi é@* ,a"de}"éa‘flﬂﬁfafﬁ PelDs @’%ﬁ@adﬁﬁﬁdgﬁl‘%m
sti mul atasng thembv&dtion. (GUCSF) ) growt h hor none, human growt h hornone (HG ~,
growt h hornone rel easi ng hornone (GHRf~, heparin, |ow nol ecul ar wei ght
heparin (LMWI ~, i nt eFigeBdilusirgped balhandmagneriypsetheeshqlehvelve agcordingtorthe

i nterl euki n-ig‘,,enhgrtlei ni zi ng hornone rel easing hornone (LI-iR a) ,

somat ost atin, sonat ostatin anal ogs including octreotide, vasopressin

anal og, follicle stinFigt36rgadideBoitiast{ateSl bistable dome typelthriesholt walten f act or,
insulintropin, interleykin 10 1 receptor antagonist, interleukin-3,

i nt er | euki n-24CordiRg &R the MYeRU. nacrophage col ony stinul ating factor (M CSF),

nerve grypwt h factor, @?%saj'm/,ﬁrm FBWLARAE mBdHamicall fiysd®sisWitah Bpé thkeshbldh/ | | | @
inhibitor, alpha-1 antitrypsin) respiratory syncytial virus antibody,

cystic fi brogivs aceagiogtatbe snventiangul at or (CFTR) gene) deoxyri bonucl ease
Dnase), bactericidal ipe W ' ' ' L

ginti boZ:Iy, i nterl euki n-F?g' ?gﬁﬂ}rgié%:tlé%%lgw lg?{%hs%gapggﬁtﬁgkguésﬁﬁgvab‘g%gﬁgggne

i set hi onat e,to #elintemtioh. sul f at e, netaproterenol sulfate, becl omethasone

di propi onate, triantinol one acetam de) budesoni de acetoni de, ipratropium

brom de, flunisolide, fluticasone, cronolyn sodium ergotam ne tartrate and

t he anal ogues, agonists and antagoni sts of the above. Active agents nay

further conprise nucleic acids, present 8s bare nucleic acid nol ecul es,

viral vectors, associated viral 20 particles, nucleic acids associated or

incorporated within [ipids or a lipid-containing material, plasm d DNA or

RNA or other nucleic acid construction of a type suitable far transfection

or transformation of cells) particularly cells of the alveolar regi ons of

the lungs. The active agents may be in various forns, such as soluble and

i nsol ubl e charged or uncharged nol ecul es, conponents of nol ecul ar conpl exes



2~ acceptable salts. The active agents may be naturally occurring nol ecul es
or they may be reconbinantly produced, or they may be anal ogs of the
natural |y o83 or reconbinantly produced active agent PCEUIS00/3084 OF
nore am no aci ds added_or_del eted. Fyrther, the active agent may conprise
live attenuated or kil Figa3iugsates agthenmeehapisal Riessuzeswits Bi’l’ﬁé'%'."g{'@@%s
medi an di anebedordiff to thAvention@ Measure of mean particle size, since the
powders of the invention are generally polydisperse (i.e., consist of a
range of particle sizeEig. 4%1@%@%3“%@9‘@%6@9@&%}%7&*%0@%@ thened by
. centrifugal IRventiclP 01100263 PCTNS00/ 18084 sedi nmentation, although any
nunber of com"mnﬁy'errpl oyed techni ques can be used for neasuring nean
particle §ize. "Mss nEgi 4hisacscheyatzmiiagratn afieflew tegulatérdoidddingso theneasur e of
the aerodynami c size of a dispersed particle. The aerodynam c di aneter is
used to descMBB"%h aerosolized powder in ternms of its settling behavior,
and is the dianeter of Figs.42iAl andien2® itlystapedhattiRaypefibw Fguiatoracsedihg tote
vel ocity, generally in air, as the particle. The aerodynam c di anmeter
enconpasses pACEYU;e shape, density and physical size of a particle. As

used herein, MVAD refefrg 3Diful@atsd AP fhhe Bbw Featliat? a8dording 1PBE AAXAAMH. C
particle size distribution of an aerosolized powler determ ned by cascade

i mpactiod0 10 DESCRI PTFigh 48R and@4Bpitiatratee w@IBepipe Eavsegiator pacordingin the
provi des sysg,ﬁgﬁ- nd nmet hods for the adm nistration of aerosolized
pharmaceutical Ttornulations using the flow of respiratory gases produced by
a patient. The phar nacEigt 4cillusttnésadont kypeSloragulamyadeerdirgy tosind inzartionncl ude
powdered 15 medi camentg., %é%ui d sol u%hisons of Sus e@si ons, and the |ike, and
may i nclude an active Higefft HustratesAoferembgdiment ofz dowregylaorareorgmetaihepe
used for singdwen@n. Multiple admnistrations. In some enbodi nents, the flow
of respiratory gases produced by the patient is enployed to extract the
phar macedfi cal for nul aFigof’ Hlustrates & foamsynediaw regulatop agrording torhe inventione

phar maceuti cal fornul agi,o j | qgiﬁgm‘?rpé‘gﬁ}g' ; gtion to
the patient's lungs. Cﬁg f)ka@?gé%fgadrn\{gﬁdb\;a%t ge of the dlr%\élléeorﬁ{h?gnm"!hs t he
ability to pémveotion.such functions independent of the patient's natural

i nhal ation flow rate. n in.one.aspect of .the inventio hg _i nhal ed
respiratory gases are E‘%n‘ff%‘l“?téadessao T ‘Ees?rﬁ%g/ﬂ?%ﬁ%ﬁuﬂa\{%atcﬁ?rﬁin§&i° g’@cept abl e
range of flowventi®s to adequately deliver the 25 ~ pharnaceutical
regul at e ne. {1 ow of 1 ot BlHEIBOLS REiHE oGa00e FRHouFRTRAAe
energy to extgagahiod he pharnmaceutical fornulation ftoma receptacle)

deaggl onerate the fornulation, and deliver it to the patient's lungs. In
some cases, the inventFign5} slustratestpespindintypeliovs seauiatorarenrding tq the ingntion.

i nhal at i fl te be B0 14

| nhal od vol ure. whon' i ni i o TyoGars HEpERb e Gbe AGR Hauud sbiRfg L BE O

aerosol i zed fiorentdrati on will flow at an acceptable flow rate to enhance its
bilit t t he, i t,' i d t into.the | . JAF L

"nitial dSivery of tnEERRAAROSTBIE: SRS SPt Bhv rgpla Fevtianke

enbodi ments @ivehdigh. i Nventi on may be configured to permt the patient to
breath at a 14 WO 01100263 PCT/ US00118084 nor ral insPi ratign flowrate to

fill the patient's |ungg- 3 Hiustrasess pagdiswhegldvrecflom seenlatar argosding tathe ver t he
phar maceuti cgl,fQsjul ation to the deep |ung.

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

according to the invention.
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To aerosolize the pharmaceutical formulation, the flow of respiratory gases
preferably é)l?oio%lﬁ sufficient energy to extract the pharnaceuti cal

formul ation Yromihe receptacle. To ensure that the respirat%oVyS0§adiee
contain sufficient eNeERY60 5&@mhﬁ%éﬂ2ﬁ!l&&a@?¥ﬂ%®tﬁ%§h Bk Sdwl iRteplaf¥ Nt
respiratory gases fromflowing to the patient's [ungs "When the patient
attenpts to rerording toshe inyentyon.t he respiratory gases may then be pernitted

to flow to the patientgs fter. hr al d vacuwm has been reached.
By abruptly permitt i ngr@nel ey iilrsd SATwct BE¢ i PR praR s e n
vacuum has besthe apphti’d by 10 the user, a relatively high rate of flowis
achi eved to provide thg, streamwth sufficient energy. One way to
acconpl i sh such a pr ocggg'aq%'f‘ B %Edm‘ﬁﬁt%? QX thrpugh %HF{C\QM%QW Begiiterer
bl ocki ng nechgdarding tothé iemddn. ent’ s airway to prevent respiratory gases
fromentering the patient's |ungs when the patient attenpts to inhale. The
restriction or val ve nBig 6hilystsates apdmpellertynedioy intgergpreaceerding ptheni t
respiratory %@/%ﬁtﬁor{.o flowto the 1 ~ lungs. Hence, a patient may be

nha

instructed to i e until a threshold actuating vacuumis overcone. The
t hreshol d actuati ng vaEiguéd isen ehé vieondfiagamenf tisafidw tritegratot ofilfig.|63pr oduce

sufficie energy in the ltin st.re when t he,gases are allowed to
flowto ?he patient's Fﬁhé}iﬁﬂﬁfﬁ%‘r%gﬁv,wqeﬁgﬂ]ﬁﬂ‘@'sn}ﬁeo‘fsad gh@ﬁﬁﬂ’fvi’gtegﬁtq\é\g
range firom &ipes. 20 cm Hz0 to about 60 cm H20 so that the resulting gas
streamw || have sufficjent ener6% ,bo extract ?0 apnd deaggl onerate the

phar maceut i cal for mul afig&rPoAng: ér‘ psraleA shuttiertype fiove iyeardios aceordingite thet

| east 40 cm KRQntidy. variety of threshold valves may al so be enpl oyed to
prevent respiratory gases fromreaching the patient's lungs until a

t hreshol d i nhal ati on vEBiguéihillustrasest araleatimerdloveintagpiter, accerding|to the immedtiam| ve
may conprikse an el astigal }y-: i val ~ {1 exdl. nbr ane
that is &lssposed acrosgﬁté%ll%?trwm%yaaﬁ%k E}%g\ég‘gf# f‘gfutﬁiﬁgﬁgn t'f'ér%t%&\}\ﬁelg' ﬁe
threshol d vacuum i s neFign69 schemetitatly ilRistretesai devasolizatioh @ystéii Balind vhrioal ve nay

conprise a scored nenbrane, that is configured to tear or burst once the
threshol d vaCORIpeneats dgangsd ip 3eTics AeRPrdng to RS INERtIon, o i e, the t hr eshol d

val ve may conprise an ploasd QKBhatialIPiIRRRatEPM 1280sBNzARE By hAViRAd barhife]
pul I ed through the opening once the threshold 30 pressure has been net or
exceeded. or%@w-lwmﬂ@w intpgratonafcarding tode ipyeitiglle bi - st abl e mechani sns)

di aphragrg, and the |ike. . i . ] ¥%g}' he
t hr eshol gﬁ val ve may beiﬁll%h%ﬂo%f)lgr?g?ogg;?lhlggitgsrarng%g%tg g%a%fgntgﬁgﬁnkg S %g{;%jnseﬁt he
phar maceut i c&llowftbrongh gipk flow ihtegtatur acasading wahdinventiona new receptacle is
inserted into an aer osgﬁgﬁti 341 gevi ce, the dgvi ce llm? 15t WO 01/ gO%GS
PCTI US00/ 18084 pr ovi de ¥§ TRl BeTRRE PRV AT OF 23S Enboipent pfanacrqsolizatigp | |,
advant ageous de¥ledladebirdghto @i ialehtivil ve conprises a nenbrane that is
configured to tear or hurst, after the threshold,vacuymis net or exceeded.

Once the respiratory ghi8ed BlugraiesthydayIeSt fiov? (b2 ading paYydon-t he f1ow rate
of the regpiratory gasps {4 i a5edFpeSpEve vIERor MRSV oPEiCORL Ol | ed or

regul ated so that the gases do not exceed a naximum flow rate during
delivery of the phar naEiguld isalcrdssseetibual iview afdhe ¢rvidewnfdig. 73ypi cal |y, the
flow rate of respiratog) ses ( d be t han about 15
liters per mnute for g&t?é‘rrléaicﬁor;?%%cg?%ar%g%%%t%%ﬁtﬁlgcﬁt&g.l%%zeconds to about 5
seconds, correspondi NgFig07Ais al ciddd ketionad kide®iemnofitheddviead Fig. 020 about 125 nlL
to 10 about 1.25 L, to_permt the aerosolized formulation to pass through
the patient's airway ah@ Ehilstratesithe deyeeeiof fitgs 72 pgen &(‘Qﬁfﬂag‘,“%&‘bﬁ"bvi ously
i1lustraggd in connectg nvswstamﬂge,rspkcam;@wepadoﬁrerrémtaaaf.ﬁwatmaural

i nhal ation rate that excCeeds a dne ired maximum flow rate. For breathers

t hat nat ur al lgrotnlizatidn delvize @ccondingitotherinvertiosi red fl ow rate, the invention
provi des for the slow Sthe flowrat ur i t 1] when the 15
aerosolized fornul ati oﬁgl §6 Bléfm%esc}g ‘?e\‘/écl;g)gg{gob?%ea 4}3%18 gg%%s i's
illustrated graphical | Figi 81 fsia@ros® secibndl view of the devicepdFigeM9. i s i nhal i ng
causing respiratory gases to flowto the patient's lungs. At tine Ti, the
flowrate is well above a starting flowrate) QST~T, which is desirable for
initially extracting the pharmaceutical fornulation fromthe receptacle as
previ ously described. Hence, a threshold!alve or other flow prevention
mechani sm may 20 not be needed for such breathers. Shortly after tine Tt is
time T2, where the flow rate has been regulated to be bel ow a QgLI Vfi RY
flowrate. The flow rate is maintai ned bel ow t he




Q-ELWERY rate fromtinme T~ to tinme T3, where the aerosolized fornulation is
being delivered to the patient's lungs. After time T3, the regulation of
the gas fl ¥PPE0®ERsed and the patient is permitted to i nheCEUSI/BISEI I

regular flowrate to ,iI their lungs with. 2 spir gases that serve
to further deliver t Hpsteatssthe ?V‘*tﬂf%tﬁ 3? Wg‘ﬁ“?&f’aﬂt‘ﬁ o¥eRAP hsRgen Fig. 3
graphi cal | Yoﬁénk&libtﬁe%ﬁ%n%r&%@dm&& 0 hir Y& E%thb@evlib’étl ent has a natural

i nhal ation flowrate that is bel ow LI VERY As shown in Fig. 3, by

preventing the flow dfigr&sippsileaigy eiiBedeenafddg-$ati ent inhal ation, and
then abruptly perm ttFx?%&@‘%%%ﬂ!\ér ecm Jxé‘@Bfﬁxﬁ: wmgé’nﬁﬁ‘ﬁnt&frlﬁ starting
flowrate at tine T~ ~ hi's way, Iclent energy is

provi deds t oaeagotizattontdevicé ecosrding fodhe inventionhe recept acle. After the patient

continues to inhale, ow ra i dl bel LI VERY fl ow
rate because the pat.lséﬁ%”ﬁ%da‘eféﬁ ﬁ"éI ﬁ%gl‘ ?‘8 aoi%&q‘%p% "‘than the
QrELI VERY fl ow rate. Ihlgmﬁets aafdseﬁecihﬁnal vitl) sFkhOR 8 oPER. BR00/ 18084 time T-,
the patient's |nhaIa igflow rate déﬁs nQt g_d to be regul ated, thereby
permtting the patie 1gt is A5ide arieyy obthe AeMics qtAp8- 864 evel . A variety of
schemes and techni quesg n@vlslaeoafﬁefsﬁie@veteewe%ﬂeaén@ooamnt Bf@hlinpiacd | ow rate
to be bel ow t he QDBLrvERY flowrate fromtine TZ to tine T3. As one 5
exanpl el0 t heccpuiingtatthadgyerionpr ovi ded with vari ous types of feedback to
pernmt the patient t I I For
i nstance, an aerosol ?Qgﬁ%lﬁggg\givgée@%%%%é%mﬁ%%%ﬁw taﬁ&gdé&%it“gche t hat
creat es a whmveitionng sound when the patient's flow rate exceeds the

QPELI VERY flow rate. O her types of §&‘§ﬁ§?ﬁ that may be utilized include
vi sual feedback, tactile feedback, f 9 eedback, and the LiKke.
Optionally, a comdiRkhkgénti dtaahﬂaeharemvmaa&swagexﬂ driglicogpo@@hani smto
indicate_to the user en tine T3 has el apsed so that the user may finish
thei r i hhal SRMRATItPN of mager o5 mixkrethesgbwhichproyidss same rhagmgnologie, BBehat i ent ' s
| hat At on bR b Bed PR S SR BUE foby supBRIERE il bR A is| N
respiratory gases "bei ng 1 nh a For exa si ze of ~“the airay may be
varied to coitdmios, anﬂtethpab®e6¢xalfalgglws of s usedhieregy thyderos. furftes inclydeany of 15
regul ati on et her, man Q For exanpl e,
t he user g%ﬂtﬂ t“’:"\‘} °5ai‘a é’c,[?%cﬁ@@gn@efstugﬂg&c%% fodt’i‘ééts quc@gged Yestriction
in the airwsstentic effett inod pdtiest. I’Iaxbacﬁxfe a‘cbmvthat/éart Benmuvmedi mclﬁdbearﬁib?tﬂlcﬁ),f t he

ai rway y be, adj usted based on ati.ent's own inhal afion as, described
in grea?@ ViR aﬂ%‘ﬁeﬂ“ﬁ%’f bEs, ag g"s"t | ANt RATRRORY,ARRRIS é"dl ﬁ“%h?aﬂ?‘fﬁ'tsed

system wi t ha@N@nREs dﬁﬁrn?ayfﬂe%r§ﬂﬂ§ﬁﬂc§orgﬁﬂc Bsingoufds, $RAdIN, &thqtmnﬁhent he
size of the airway to regulate the flow of respiratory gases.

particul ar gaganhighectom theperiphete) pryvashedrenesgic tseentersyshplinesgip fgf&B'@Sﬁ,ﬂ"G

contr ol t heqiohalydibion ld QHEAGIArS LBA! siboliPhllatahy plbg BirfligsaAT © drop
may be creat e cause power 1s geh’eraﬁy proportiona

pressur e dr systeandyfaptowiteas reurdeffectbi J@mtroaalesnasayndmnkeeptd Hommndmylstems,tthb I

provi di sufficient en to ae SO|I tiaon 25 an to deliver
Phe' T or nl aTBHQaE s ARt g B DR RE sv . A e BTl Aafrg Bemt £ o o
respi rat or ythgafifentBandRxEre@H) Ss@ehs ie aisﬁﬁiuthgsyaem%u tHe@ent@4l nefvioas
restriction nenber into the patient's airway that is made for use with a
speci fic pabystt. S‘I“iﬁ"‘@ﬁﬁ@“%@?&’ by selectad framm.iforpxample gralysaechagidespeenoids| ored to
aspeC|f|c a. atpan(a g to the
patient's ng@n Pstaélg Ea%hl fp%{s)}gfr‘tlcfehg%ﬁr atc mh%%rgggﬁ%%lgglrs?ﬁ%gﬂlgglgt he present
i nvention nm)raxema;mnhpakmewn agsntgranplgesitd, - inflompatoniss, muscleicomteactantise, it may
be desig bl etto taltna@ C nﬁt ant q%retdet gjgm nedtf ow rate across a large
pati ent @opﬂﬂ HPEeR! la Segtimalarfals, horgongl qgeqts nc PUACERINeS Figure 4, it is
preferred tbahpatHoenimeoy, ﬁa@e@haa¢atd/@6wmabs;ﬁbetdfelrtshtg0puysnoﬁdgtxat éffdctspl |y

i near. For parallel 17 WO 0l 100263 PCT/ US00/ 18084 constructs, as shown
in Figure 7oiureyes, dipidsgudatingtagenys, &F‘MF‘%&SF'@ ageﬂﬁ@ﬁ@fmaeélushaleomlﬁ%lcw ow

resi st ancel i f Fig.
1L Syor orm g R Ab iRt S Bhill deeBR U ARRlemel, ol ShpBiRAicha

medi canent fatsamtanteeuepgeatsl deddiytes, Mg:cmepaxtd datgnoslqagsxpsred 5 respi ratory
gases will be described. System 10 conprises a threshold valve 14 that may
be configured to open when the vacuumwyphin a Iine 16 downstream of
threshol d val ve 14 experiences a vacuumof within 20 - 60 cm H20,
preferably greater than about 40 cm HBO. Al so coupled to line 16 is a
regul ation system 18 that regulates the flow of respiratory gases through
system 10. As one exanple, regulation system 18 may include 10 a
restriction nmechanismthat nay be enployed to control the internal size of
I|ne 16 and thereby regul ate the flow of resplratory gases through line 16.
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18 WO 01/00263 PCTNSO0/ 18084 Referring nowto Fig. S, an exenplary
enbodi nent rosolization device 28 will be describe jce 28
%(ﬂmﬂ? ﬂ’ﬁlﬁéb’ B84t one

conprises a dgenerally cylindrical housing 30 having a nout

end. Housing 30 furt hEganiplés sfdesveupRMs MesTul3f this fivemtbnIRcludled Bl afkaforne a fl ow

path for respiratory gases as descri bed in\ggr eater detail hereinafter.

Conveni ent | {imitgd ¢ ippuiigy calegitonin, srygirpprigtinh @RS efactas MIInkastadXasrredaset o pernit

Similarly, SETrLEAofaS BRelgRaShich SRR, HeBLIOCED, Bt on 0

Simlarly, a I der acl I nt’roducti on of

. respirat ory pyesrsse inhibtonmlstongn, 3anulocpieghacogpbagepl By s(isrmdnting fact®) .

Pivotally c to housing 30 is a receptacl rier.44. Conveni.ently, a
10" pi n 45+ CORCER PRIt RS Bt BoRr PR oS mep Ry BeiR 1 1 <
\g:)r/’m' tca;rirggg%gglng tQ b Iodggémjito de 'c. héZF!%gﬁneIsrr' er iiﬂfer;gﬁ@lfﬂgnt ge

[ Vi [ )
moved to a &YEIRN e ﬁe&w SEmpBsitterSHAIRS: &wlnscﬁom*ﬁ!e rf?l?awgv hoEmens hown
in Figs. 6 gnEri), ma&ds%m%mmkﬂﬁ%aﬁgs RBRBING dctébtidb Alasdptesdini dmeg, W th
opening 34 when carrier 44 is noved to the closed position. Carrier 44

further 15 folli¢lesimulaties basmope ifiginsdin-hie grpwihfaetpr, inshlirtrapin. dnterlqpkin-

penetr atjng ABL303. 1 _4S LN <F arrier 44
i's nove btolrgﬁééﬁtggéhtg%ggk?’ﬁlﬁ%ﬂ, a ?’e‘@%ﬁ‘?gﬁé" %Emn%/ﬂbééblgﬁrggﬁggggﬁﬂ o device
28. Recept astiraulatingfantor (MeGSH), nereegivati factogggrabifyrdid homgpna (BTE)itlemdsi ( shown
in phantom | ne i.ch hol ds e.powder ed nedicanent.. 20 Receptacl e .body 56
o Dot gur sl b HEE RBHES sl SRS rR P O Y ORE AR BFF abs 2
as descri bedibtddisgfa@ethéhibaed @ihlafde (CFTRY deé, debkyridonesteasd(DRaeept acl e body 56
is a threshold valve 60 that conprises,a nmenbrane that 1 s configured to

rupture or bagsricidal/gersmeability inereasipermisiti(BRAL avtirCMRE aetihiody, iptergukin: 1 nser t ed
into deykce hat..&: b I : i; I 1 i 36.
A'so) chanber BEh 3 aRreldiZRae fentiitie eluina B Sk BRARER 24
ont o carri esulfds, beclomethasond dipsopienateg triamcirodonelacstandides budpsemirei aagfonide,i t i on as

illustrated.in Fi.g.,9. . i n.th | osed position. threshold valve 60 is
aligned wit FP%‘b%%‘g’ﬂaf"ngg\Qgﬂ‘P{Sﬁ%‘?e; %P tg%ag ’§z°’§5ﬂ?@ﬁs§?‘8"‘bs‘&9§ °o%rra|‘°cwgnber 58
and peel bage dnblRgidsfagdoRistarany iaft@gehifebf the ibovp e Aktigsageta imayfaithed Gomphigess t o
t he powder contained wthin chanber 30 58. ce ?arri er 44_.is noyed to the
cl osed posi BPYAC a‘é}dﬁ§é‘?5°'#é‘§_bb‘1"é‘8%‘°ﬁia§‘drfﬁﬂfw Svera Nfﬁﬁ?'ﬁ’;ﬂs%’&t@z‘“%d att enpt
to inhabg. Theiclel McRic &RS REOBRREYr BREMPOratdd \AHHIN 1iFRY bCAlSE-coftaiirfpy €Nt ed
until the uSer creates sufficient vacuumto open threshold valve 60. At
thi s poi nt, naissigl, plasoidDYAsa RN er athermiciejc mﬁcqnstmc@an pba typewnitableday h
openi ng 34) ing. 349, rough
chanber 58, tt rf%%g oétggnﬁféﬁgagéﬁ%ﬁgngngﬁﬁggélgsggﬁéza‘?\%gﬂ;rF%&%?rog%lgd by the
arrows. Tur iingg Theadige Egens. mdyObeaindvaddys farmse nahiab sololle ambinsaubiaichprged hat

may be enpl oyed,to requl ate the fl ow of xespirat.or ases thrau an

noy 050l | oot PicERe Eblectler, copespihs TaltcSif pomygkat L BBt OB | i o
10 i s azsrecqpdep@bR sbids. Mn¢iabEvetageMa g be ddtutdiidloctiirihy Mofedhileyorthéy @ely vé t h a
pharmaceuti cal fornulation (not” shown). In Fig. 10, a penetrating tube 66
has al r eady r¢sembinapiproguced] ordheyizazy hansings otstgs natueally oggusting ofend 68 of tube
66 is dispo b LR : j LS 66 is
posi tioned zge‘cgrrn t e%%‘ia'l? %ﬁ%&tléﬁgﬁgﬁ%g{m %ﬂm?%iagh%a@,&ﬁ?ggda@{%ﬁet ween
di stal end &8rthergtht hative@gérd tmayrromprischliveattenGutediog killed wirestsisuitablezfor tise as
restrict the respiratory gases flowi ng into chanber 64 and out penetrating
t ube 66. ASVE‘FFHWE' in Fig. 11, distal end 68 is noved vertically upward so

that it _is further digtanced.fiomthe bt end of chanber 64. In this
way, thé%|ow rate of éséﬁ’ﬁ%ﬁ“cﬁg‘ifnﬁﬁrgé’é%é'@mb ai'?ﬁ??‘é‘éggﬂ‘.eawz\ﬂ?lf ¥y of
techni ques RFRYe 1he pBWRERS VM e liiveAdn it g&ﬂl@algip%ly@&?@rsbﬁk\!,\@&ﬁbjslofa gingé af end 68

and the bottom of chanber 64. For exanple, one technique is to enploy the
particle sizes). MMD values as reported herein are determined by centrifugal
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use of a suction force created by patient inhalation. Mre specifically, as
the patient begins to inhale, the vacuum source created within tube'68 by
t he inhal at waooneied tend to nove the bottom end of chanber pggnisonioss di st al
end 68. Various nechani sns nay then be enployed to control the distance

bet ween di st sedineantptieg, aithdughanyswmbsnokeemmenly emplesertechmdques Fanr beysadrfidre, a
variety of bjasi i: . ay be included to control the relative
novenent bet@%ﬁ%@ﬁ%@%@nd penetrating tube 66. Autonmated

mechani sms, such as séMesomedian perstipremic diachetelborl ‘MMM AR (s alnsasiye ofthpl oyed.

Further, vari ous nmanual t.echni ques so be used,. i ncl.udin til.ization
" of the user'¥r ﬁ‘glcéfzef"l[f ﬁééﬁpglgefggaf@g- ?h%ﬁﬁ?@“ﬁ?“cpcgﬂg%ﬁa'ﬁuﬁ tc}fﬁfné% i's
that it forngn fréeedpeader NQeAlsf it séttimgbeRfictsand il @iHmeig oThhitf or the
power contained wthin chanber 64. More specifically, as _the patient

i nhal es to esansitiphershappadies samesaitingayirsity carperali ircain ge thgeatticle: dhepat h
created by pgRgindhicHarh &Q?en@@mhf RSl AGaH4 it 9%@Rﬁﬁfcam¥@8¥a paticle.
facilitate its aerosolization and deposition wthin the [ung. 30 Referri ng
now to Fig. AgusedinersirhdViddhrefess tocthe aidnoins lor madian nf the werodymnioparticlp eize
described to,i/l. r hni. que . | at.l t he. f | aw of
respiratory %létéllg{sﬁ%nhoﬁgaﬁga%g? ?11%%%% Q{Vg%.de{f%%mgggg8%%%%35“"5&0?11 | ustration, only
a portionpof device 70 is illustrated, it being appreciated that other

conponents may be utili i j.zation device 70
conprises a housing 72 @ﬁgcﬁﬁﬁgbﬁﬁgﬁeﬂﬁw&%ﬁ 011 00263
PCT/ USOCO 18084 Recept ategnvedfibn Slovites SRendng aiethods!fd the finigistRioakire
rel ati ve to housing or convenien oadi ng_and _unl oadi ng of a receptacle
| at to h ) 72 f C 1t | oad d | oad f t acl
76. Recept achesospizdrphpuppssutical fosmulationsgisigdheflevh pEispriraory gases pegueddadry may
be construct b1 5*{3%3 ' '
Recept acl e cg ?468% b@mjﬁhnc agélg}scglaﬁhgg%tﬁl ng W%tﬁ °‘f3§a%F§ gﬁgﬁg%&‘? tQ?/ccial ve 5
80 to petfr t medisgpnenss, Hqyid galwtdenstay shidponsionsy audghe liled, amd @6y ichele apectbe.
Coupl ed to housi 72 1S enetrating. tube .84 that .penetrates receptacle
76 to provi d%geéﬁ:gﬂ‘:?él%Y‘Sesc‘??éﬁWFse’?gmivﬁggnm&@#‘s‘%‘rﬁf F‘Eglet%“{“ﬁ{ﬁ’? descri bed
with the prexdfidgtraigagdi nents. In this manner, when a patient inhales from

device 70, threshold val ve 80 opens when the threshold vacuum.is_ over cone.
Respiratory gases therd SPBaFPRISEERSCHaHNY L raPEAtRry gates PEPYesintat i ng t ube
84 as il | ust pafeRs Biplol&d RIexRNG thd kR edifkal formbRfiod R6mUdBSeptacRPll Ng 86

di sposed between housing 72 and receptacle carrier 74. Once valve 80 is
opened, Ehe deagplomemieathe phyymacautigalifompnulatios 2gd delivesthe pharmapenticakm end of

chanmber 78 t [ et4al i Lag of
spring 86 m%n&éla@éﬁ&?%@;‘ﬁt@%@%ﬂgxﬁ r'o(?r?eté?g%g?ag ﬁvﬁgégﬁgf@géﬁ%ﬁ% lggﬁ% oﬂh end of
1 ~ chanber ®%%esbn pehdunivhngdépendens df the pattgtis asterat inhalgtion flowvaté.hr ough t he
device. 1n sgnme cases, it be desiraple to select the spring constant of
P 1 nG 86 balBech R AP IRy TR AP GHEIE P AT 203 Ao BB e o dha
patient. In thlaiﬁserﬂmwitﬂiﬁ\éh@eceﬁﬁbre&xngz%fmwr_@ﬂeed;_adeq@tma&u@yihar patient.
Device ?0 further includes a pin 88 that maintains the spacing between the
bot t om o5 c haAsBpcentical frymylatien fothe HRgs.ube 84 to a certain distance. In this
way, 20 chanber 78 wi | ag&% r i t Lg tube
84. Referring nowto Il'!]g. %F,Caglgtgr#’gﬂeere%zeo i@g%ﬁ%ﬁgﬁ%ﬂo&g&g%@% Iq@{)gp

descri bed. Despiced gagks isathabthegoeses havecsuffitidnt emargy torestract the phiatraaceuticat hat
previously descrjbed.in connection wth aerosolizatiaon vice. 70. Hence,
for conveni _eF?E@“’GE“H?%’BG§§‘feBWF1te_sﬁ?‘?’?‘3¥Yl8F'e@?°e%?ﬂr@ué‘i}% aflgaeelévéf gé‘b&ﬁezat i on
device 90 W pdiicR€s REECTH S6né Saskd, kit ihheitiS R EEuftifr Q6rETkLedAd mtintBihales Used toO
descri be device 70 and will not be described fiuther., Aerosolization device

90 diffepd finbplauen fpyoratebalowa maximem levgl fopatilenst a certapniime gxinhgledydume onj ¢

controller 9 : : [ : Z\qﬁﬁn d the
bottom end o%h% lgﬁgg% ngv.ehggtr\htqrdﬁ?g% %‘ga’% e aecg(%? g%{d?gwatﬁ:%elgﬁ“f% a

sol enoi d 94 shatkeprable Dew eate tnahbanaernitsrabilityaottedersothe patient’s airivey apbantang

bet ween penetrati tupg 84.. cha r 18. ti |1y, ..a flow 30 control
sensor 96 naﬁ}mo%‘e ﬁ'&%dgi;?f %W?%é‘?’%ry\%? ﬁﬁi a‘?‘ﬁg‘&c%?mﬁ?t‘%‘e\?iﬂbeg%’ 1% ense
the rate of Ehbodihéitoshe inventib\thetbe cHhRGUIEDRIpeRhit Bie plldert ¢S Blethat 4 Si gnal
fromsensor 96, it may send a signal to solenoid 94 to adjust the spacing
to thereby regulate the flowrate. One a? antage of using controller 92 is
that it may also include a timng circuit so that solenoid 94 may be fully
extended after a certain anmount of time. In this way, once the 21 WO
01/ 00263 PCT/ US00/ 18084 aerosolized fornul ati on has reached the patient's

| ungs, solenoid 94 may be fully extended to permt the user to confortably
i nhal e wi t hout substantial resistance to fill their lungs with respiratory
gases. Referring now to Fig. 14, another enbodi nent of a nozzle 98 that may

o o o ~
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WO 01100263, PCT/ USO0/ 18084 Fig. 16 illustrates an aerosolization device 124
t hat conpri So1d02V er 126 (see also Fig. 16A) and a drawer_ 128 that is
slidable within cover 126 as indicated by the arrow DrawerPCT2§04/18084
configured tgorial ispiratios BBWAGIeQ0 HillGhe PSieSMONAgY Witl tedpirdtor§ fasedAfdouAnE’ 128
is closed, receptacle 130 is held within cover 126. Conveniently, the
chanber of resixprthepharmaceusigdl foanylgionitg thecleer Bnge pi er ced when drawer 128
|s cl osed. Various Presadhiolilihe bigniBRuibA Bkt Aol drWpiaa 8 to
be retracted foll ow ng'ugse. Cl:ove$1’126 Urther 1nc udes a nout Iﬁ’plae}ggéaf%% and
a wi ndow t o peftrabl entdiss suthcepenebe toldtraitshe phrdmaceutital fgmuiation Sloowheg a

- date and { YD eRladiE Aty BRI IBlY pdls ERUIN Sher B e, OB BRGS0

show t he cunu I'vé nunber of use VI C€. ["USTT at es
an aer osol i zahy becahfigiired td pf2vernnpspirstionggaaesiiverms ifiogyirlgltd thecpationt’ sdungsuitieni ece

144 and a lid 146. Lid 146 .is noyabl t ween an open sition and,a cl osed
bosi t1on as. 1 PHLSH S 1 DR SRCPIAARe RISy §3% ey She e peiigd b
receptacl e 1Ay iPthe Batidt'a haths Whér threblitlé viGuddids bWlireadhed B¢ 8buptle! osed,
receptacle 148 is pierced and device 14Q is ready for operation.

Conveni ent | ypermijtting the fieak of raspingtesy gasependy when suffifisatoreuunshnsdisen apphicd §y a
ball I SZy T. | : I MgTo e TYAME : L &Bﬂmﬁqication

W th thegoai r??g\g/v&%da?%,nbta?ere eyecausﬁaﬁéﬂwig)%gpitdg%g% thin the region
dependi ng onsufficientzhergpf Oht wway o aqcemplishesuch § prpgessss byhplacingha chstriction, 140.

Conveniently | us m,Aus_si.gn . . rovide the patient with
Vel f oedbiaft BRI mpl At R e R SRR BT ispRnBOlgatA 1
pati ent nay f6heaterih§therpatiaital lagsovhen sliecpatiastadempPtsominhhle. Thetestricli@estback.
Optionally, device 140 ma A ncl ude.a storage com()artrrent | 54 hor h&lédi ng
extra recept HYEEMN “bﬁ%} Iyl gemmqvied of ORENE ©OPERRY FSRITAIRY 828550 flev tgy

housi ng {58 fayd. Mende, HPAtBRI 85 0elifnRRE talinhhle udfifa thftshdld deukBd vaduei! oyed
to pivotally couple |lid 162 to housing 1 S8. Lid 162 is novable between an
open positi ofvessinea Thie dregholbaatuatisg vaoupemay-be qonfipered puch thas & wijl produge

tacle 1 [ ' j ' d, with
Fecopt acl o 108qEH shétey BRE el ling gaplRbitiithe debés ORI RS WRBNILERE Lo
button 170 whdtieht’s langs Shrefdrably, fiegdhresholdecaepumdd ia théGngy fram abaut ROecm Fp@. 19

illustrates an. aerasolj,zation devi 172 conpri.sing ashousin 74 and a
door 176 ¢ na® e g HaP e SR RE ehG e s GO it bR Sttt e A B S
devi ce 17@ 3ghd deaggléthérbtetBOplinaiviadegtical Fdrmplation .eMopt prefedly] the taeshold ust r at ed
in Fig. 19A. Conveni entlx&ﬁ_g?{cq of the receptacles may be nunbered as

i |l ustrated YaFupmgs atjepat 2976 includes a dial 184 that is rotatable to

rotate disk 180 wi thi n ¢gydeg 6f thredholPfiled Sy ALSKe doIbyedqs @v%!ﬂt'ﬂéi%ﬁtggﬁ to
view the receptacle that has been pierced by rotating di ar 184. en r eady

to recei ve agaspeiemespchingthe pasient’siupgsdintit hidresheld inhislagior vacyumds ebtaiged. of

device 172 2ﬁor exy}gglg,lt/hg %gﬁloﬁﬁ-ﬁg&?ﬂ% ctl)gggiée @Qa&xﬁﬂif&n@?ﬁtﬁﬁﬁg (E?ch-q}%

patient's inhalation opens a ermt the  aer I ze ormul ation
t o ent er2i nt flexible meatbraetthat id disgpsed abooss deaimay andistvenfigurehtorfiertwheh lie user

sinmply dials_dial , 184 to, the next ceptacl.e ich is . pierced, nakin
Sevlon 175 tesasholn §Rctuirtis o of Sichecely RREASHGN s Bre R R WS REy obrisad
alternative aoredshdnhbrand @k islCotifipared Wtent bl bubsk ofiethi¢ theeHold estiuGeis AR0or
conprises a housing 192 and a |lid 194 that is coupled to housing 192 by a

hi nge 196. DeXfFeded]de anethenraamplecthe thaeshaldglye mpaysompueman ¢lastAmas whi ch t he
patient inh J 0. i bSer; ftion
%@ﬁb,iaé@ E%Jgﬂgﬁsh oftnlngd A Bt P@lre\a thBugiofle bperifh GHie HIGHrHRN

where a receptac In a loaded position. Lid 4 may then be
cl osed t 30 t hpressDregms bednometi dr lexcsededt dithérnypes gf thesholdjvalveiaciudebieatrble a press

button 202 that, is pressed to pjer receptacle 200 so that the
phar maceut i c%.‘FCI\aB‘rswg’lcﬁf‘?%(ﬁg%?%otgeﬁget'r acted. Lid 194 also includes a tiner
204 that is manual |y Yatonbypartiaangpdcher the ivemion| the ittireshoRi0AIveansrsd but t on

202 prior to operation. The user then begins to inhale frcim nmoyt hpi ece 198
to aerosol i ZBYTREFalsHARRRIEIEPIAES that alsprliplds the pharplagewticalfprmulatips. dritus | nhal es

until tiner QOd el Pk hEF recltadl QViseltBd fkdan ZPdbolikdtidn 4&AcdTR delict tde
mul tiple storage Locations for storing additional receptacles 200.
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Fig. 21 illustrates an aerosolization device 206 conprising a housing 208
having a slot 210 for receiving a receptacle 212. Device 206 further ’
i ncl udes a WOMPRE device 214 that is cocked to cause receptralseyidogs t o he

pi erced. Device 206 . further 20 includes a trap, door 216 and an extendabl e
ot hpi ece. EVEENSiA SE SHrS U AT cliis HRBHEEBER PRGBS TEPEAN s cocked
to pierce regaRhdlevalve igmprided R niédMranéthatiiSconlfighred RERAChrdt ARHthPi ece 218
is extended. Referring nowto Fig. 22, another aerosolization device 220
will be descthirssild vassiameis mepor exsegsledses a housing 222 and a clip 224 that
may be coupled to 25 heusi 26 8le BB flovictthe RAgS, i fidy 244
i ncl udes a storage regil onltﬂzkgr %g%grg@%stear egi on 228. S% orgs’e regl ﬁe 226
" i ncl udes il ¢fitht spicterpteases €in sBBE casesk mapngeed do boeansdll¢deraegiated sythatthe as
descri bed hereinafter. .rec h d,.it |s.eyected into
wast e regi ongagﬁsé.?b r&oﬁ%%%]gﬁlagwﬁﬁﬁfgéﬁr}%%ébﬁé ggeig'%pyzcg\;ﬁcn%hya %éegxll%%osed over
st or age r egi formizlaton ddxke Imhge | Typicaly, the fladhran bfigepirsory gadel aiayrbe pégaldaedtot

oD 2o Rt 9005 PR LS8 e ML e DS R 1
22, housing giRvt §ecdndl, Edtfd‘s{lkﬂfdidgrtslahlﬂﬂﬁlea vofingd ia eragidedfton? 3bout 125 mLto
rotated to advance_one of the receptacles 230 from storage region 226 and

i nto houl} ngateabl.2inkete RSt the agfosplizsd feruiiatign o pass thapushthe patieptipairyay

pi erced. Fur}hes 1 ' h Q8 g a
counter 236 to i“’é%f*%izh e\A\glvE\%Q ﬁﬁg@@@@g@%@gﬁgﬁsﬁ&ﬁ%{%ﬁﬁ@GA’?‘%’S?%ZF ed
nmout hpi ece csomerpap@8s haveaoapiraldnhatation wate thet exeedsrakiesicedzmimanh fhow mte.t o

i nhal ati on. Hence, to PS8,

Vi 220 rsiJmly.ro jal 234 to
advance and pierce the™ xeg%Fresggaﬁtng"Haél&%&?ﬁgbofgwn%&%unﬁﬁ\%ﬁig&ic?v{‘r?ge’
pﬁti ]?nt i nhai_he%ﬁaﬁtkﬁﬁﬁrﬁﬁigéd ibEth?bb“MmeﬂuwwaHuiﬁﬁytguﬁfﬁkivﬂmnm dgposi t
the fornul ati on t n the pa ient's n . en._ reaqd) or next Qsage,
di al 23414_ S el -érr@dat&mg?ﬁgs fefieirddaitiedings; Akt Lyt @it o
wast e regi ong228 AnGmadyaRCHatentad thbg Jaﬁﬁﬁ@&e%ﬁi'rﬁmz\éﬂfé@ t1bw keHR PhAG 8S

have been used, clip 224 is renoved and placed with a replacement clip. 10
Fig. 23 il ubmgatdidtimnTatiedioy 1aieis WeH abexs aarting flow 538, Qsrary, Whishisi ng 242
and a lid 24 ' l: ] @% : ; ggpw, Lece
cover 246 iséeaspg%w%?é{’}?‘%@g&?ggglgtatﬁg Fi gwggﬁ%m%é{tfggﬁg%%h?g rerr‘gegﬁ pri or
t o i nhal at i oprelipusijdesgribéde HencHavingshopdivalysoratiret ifigwrnseventiorhmechanismimayy 248
of receptacl es 250 sh ] i St (] i et si ng
242, a s{z?’iden §§ nﬁean(fggoer SH@“C@‘&*“F%’% %hcﬂrég%%er%&i’gg é@giﬁ’égwrrezg’\gp guc teer}?’%at is
t 0 be pi er cebeenTtdulitedtdde valpwt @bk er g ases €Thet flowoiaeris maintainezicdedod the
recept acl e. tionally, slide 252 y be coupl ed to,plunbing wihin device
240 so t hat %&lvﬁl‘ﬁﬁfﬁffﬁﬂf‘g’e WRebme 31%‘%§§Pgﬁfqlgf%gf@ﬂléﬂ?‘g’érgémﬁl ong Wwith
slide 252. DgaiveRd24 he Patfents hihgh. NS REAENAT Y VMeSreinBation/bf tHedlas BHWIHERSedAN

audi bl e signal when thé user inhales in excess of a nmaxi mum i nhal ation fl ow

rate. The us&H thapatisnhisipgrmifgrhiodnhale & thairggearfipw ragfo fdktheiphings withi st | e 254

ceases psodugi i i i j LRk 186t | et 1 ON
Govi co 250, o ey e el Bave M er B i e Bl A RO BT
tethered to hmgsi ng 258. Cover 260 is renoved prior to use. Housing 258

further includes a slaot. 262 tha tends_t hrough usi 5 In this way,
a continuous strip 26?1l'I ‘5‘1‘23 5‘5@3@3%%‘5?3‘%%‘1 ngeeoﬁj“céh&ret‘ﬁ‘?géﬁ t%ﬁsgtnag’éé. 25
Al t er nati vel jphalaiiéd fow Gede taYis BEloSaRR[13EQH AsRheOwS BXFIRIY By fRvétink theflow

i ndi vi dual receptacle may be fed into slot 262. Housing 258 inc]udes a

button 268 t REESRIR{P Ease g atient #hglagpp.an MenaBRIARYPTEELRE HEIROW Shen t he
pati ent @0l fgpitRor 2k Ine LBBhE Abb e bifife 5, iWRTL ALCth K Vagasnagpoe 270,

In this way, u I'sS provi wth vi sual feedback to assi st themin 30
i nhal i ng at tivegypis ppwvidefl twextragt the foppulagom by, thiwsaeritasis 26T thppaticet| ude a
clip 272 to gc?nrtixrpués to inhale, the flow rate rapidly falls below the Qpgrivery flow rate because the

patient’s natura] inhalation flow rate is less than the Qpgrvery flow rate. Hence, after
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device 2S8 to be carried on the pocket like a pen. Fig. 26 illustrates an
aerosol i zat'§r3 3‘0‘3\8/:{1% 274 conprising a housing 276 having a nout hpi ece 278
and a rot at4BI% y 280 that is rotatable relative to houBfFHYSe78084Devi ce
274 is configueed hOpdiRhel ¥RaiBSERGR AL hoesRREKeed 33 bitegflahbACH RBY Of device
25 WO 01/ 00263?’P(% UISQOI 18?)8111 274. Rece St acl é’ pacﬁ1 egglza i ’ncleudséjs mul tiple
recept acl es p@mittihgithepatjerth ¢o iphale abalcathiortabledetgl. f or use. Al t hough receptacl e
pack 282 is shown as bgj ' ' ' | £ W eci ated
that ot her geonetries %'%g%%%%@d t#ﬂ?ﬁﬁgﬁg éaﬁg’&e&é’g%ﬁé la?ﬂgées. Once
recept acl e pmbhla@@Pflow ratewerettetbw thieQuidavireEloRidte from timadl, ¢o ime 3246 ohs
rotated tp advance one,of the receptacles to an en LN ositi where the
eceptacld | EXAHIRLS HECPRE At heaoYiged Yisk iy Bvhs® phPAlHek ety bepalishts ¢ o
di spl ay the tossHiregule theltUiiidddtionfloweaep tFae iincd, bin héiosdlizhti®ideviceadyas at an
excessive flow rate,; housing 276 is configured to vibrate to_provide the

user with f eBUNided with at‘ﬂﬁf‘@‘h@f’m ag¥psting squed whep thepatientisi gy fatow rate. A
wi de vari et ye%e&s%ﬁgéﬂhﬂ%\l}’@w ERe. "BhePGpeScdeddBadk tﬁé(tgﬂiy BeRilzb PicRbe 9aSES

to the patient's nt the patient has produced a sufficient vacuum
needed to exvisualteedhackpoide feedbanl auditoryelieedhagls jand thedike. Optiorallynagontrelier

confi gur t fl f {1y e I by the
pati ent toet Do b€ Hpblecd Bite il i Ry W hlieol PR RHARRRERBH Y L Ve,
After the vaklpsedpetimt thausérnmdy firlishiheie inbaladorcat al comfortablaliedelby t he val ve.
Once the flow stops, the valve may bhe configured.to,reset to,its forner
starting position. Sh a‘}°ﬂ’°ﬁF’§ﬁmé°i’ q‘%‘“ﬁ“ﬂ%ﬁ'&h‘ﬁ?‘f%‘ Ravamsmey e tweylat g’?'
syst em 300 haxiritfing@or ifpe&ing kitk réspirdfory Babed baﬁiﬂmm@.emm&hgumd siz@ oftheCk at
a pressure in the range from about 20 ZO cm HBO to about 60 cm HZO and
nor e pref er apinyaymay byeariedio cantobthe satepflow of ispissd gpses- Thswanperigh t he
aerosol i zati | WO o ' Wols W RaTel | S
voy a1 o at Rl iy b e bl e oo Ao TP el 21
t he begi nni ngapimannalp adijusbibe size af thewirvay opplagker restriction iditisspaireaydo Comsral t he

receptacl e. tionabkly, st em pay d.ncl.ud hec l.ve 304,10 prevent
the lser 25 FRSHEST BngTERPETR e ERRUPEUNIE By il Wil Wy e

i ncor por at ed paeyivh 6w irihalatibe asduseriteld iir giehtenddlsivhezeinaftend I Qill mothéeni ence nay
be integrated with the thrcgshold V%I ve. st em 300 rr% %8 con&i ured to
have |ittle FEABRIEARAHOPBIERETT SHnANe GHEI0E RAYL NS FEY 26 PT9W eﬂg%ned. In
sone casgf, FeAlaRhSU0: HBhe RPwPR kg8 thelflow G BsplrafoPPgdsed.€at ure to reset
val ve 302, if needed. In sone cases, system 300 may be configured to have
an 30 adj ust nent mecha@repartienlasagpantage of resuicting the Alowaaf respératory gaspotiod
actuating pr . I : I Lpi ng of
back fl ow reg&gifbgﬁ!g éh%\r‘%@g 31? (vav.%t&qg%f {/f%ﬁt(t)?’ ¥I? ﬁ%ﬁ%ﬁ?&%ﬁ@gg}% ﬁc;%&ﬁ%o; be used
is a siliconBecarsbpowerad gemetalippropertioazlitobetl thepprpssonei diep dridoflovorate theAflow he

desired th | d d qvi d fl i nhi bi tion. h
Varve is. al couenpy 5 BT B Pl Ring Rl eul et pfRusit " ©

25  and to deliver the formulation to the patient’s lungs.

As another alternative, the flow of respiratory gases may be regulated by
placing an orifice or other restriction member into the patient’s airway that is made for
use with a specific patient. In this way, an aerosolization device may be tailored to a
specific patient simply by utilizing an orifice sized according to the patient’s natural

30 inhalation flow rate.

Devices according to the present invention may comprise series or parallel
flowpaths. In either case, it may be desirable to maintain a constant, predetermined flow
rate across a large patient population. For series constructs, as depicted in Figure 4, it is

preferred that the flow resistance/vacuum relationship is substantially linear. For parallel
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WO 01/00263 PCT/ US00/ 18084 Exanpl es of such valves are described in, for
exanple, U S. Patent Nos. 4,991, 745, 5,033, 6y, 5,213,236, 5,339,99%a '
5,377,877, g ARd2ed44, and 5,439,143, the conplete discloswicraisodnsosd ch are
herein incorporated by reference. Exanples of various types of threshold
val ves that .BE¥rbS, dshBewH T Bigad 7 fontxample, ids BrefrabletoREev! hetthe Gpy
illustrated in Figs. 28-40.. Shown,.n.Fi Q.. is a pull through threshold
val ve 306 t Hesistange/vasiin 5§ ‘8’65}‘8?‘55“%%&%16@ 08 having an inlet 310 and an
outlet 312. A menbranegJddihg awho &ig. 4/ sisest Hwilizingreetiessrastrictfagi sposed
across the interior of housing 308 and has a 1c«lj‘?tral a%gtﬁféyt g,rsé%@d A bal |
318 i s seal estrastingiapotdarsd mgdzameniom & reSRREG i 83788 Phe” pul t hr ough
opening 316 when a sutf|.si 160 M2 GYstEIi 19 coimprbesd thxgstolbvaleets that m#own i n
phant om | ner.esmﬁ?éy%%ie%{@!lg@%egssees tzr ough nenbrane 314 gﬁéif | OdiSe
perntitted tyugburkdisipey wWes tisyvaguuss wigin pins g fosmssa.ef sy
Conveniently, a reset rod 322 P50 U86 EmlIB opteferdda) greatidtihirpabiout 40 tine
other side of4 SRPREFERE? AP Of STRLT togrese}'?2 ’tp‘sge val've fs(\)yé 6not er use.
Fig. 29 illugty akiescaupledrbiliat I &ispuiepulationoygamigthat repiates\ias YeW b, 1 ~
conpri ses a housing 326 having a por t o sySttiR N8 midyclade
unbrel | a nentsepirasy ga3ss HEPER sg'%mzlllbgdb‘sloﬁg{zggneég’trg%ga_%f),Mi ch_prevent axi al
movenent , of yohkekbRAmEEERHm B30naybd émplbyedis eontwl thetintermal 324 9filr dAnd acuum
u

At suchétlrre, rella nenber 330 flexes,to in
phant om | i nethetshy ecgulatethe flow FapspirptonSasss W%’\%’? ?‘ﬁ?%gﬁ&gggﬁ?%é %EYB? n

support 328. At%@?%‘ra{,%hfa%‘%c ﬂ%%tb&ﬁ%thaauﬂu&hr&&immmhmimm 330

back past t ab¥ or to anothef use. Fig. 30 illustrate shol d
val ve 338 coupitiotkystenamiay beikisirer manuallyprsratedfr operatedin i":‘ha“gm{}%"%@%ﬁber 342

is pivotally disposed., A .biasin harESdivptsedEingstar03d® agai nst
a tab 346. | SRR SORMRIer- JForexar 8,”%g?l§1§vts§§%rs?g§5?| ow gﬂhrougg 1g%usi ng 340
once a sykfi ghEditd akdebitioReras deteamine theaate o€ Ben of FREPIAYiEAYS Pegh tigg 25

t hereby permt ‘val ve nenber 342 to, open bl | ihedeerd € 31 A
i |l ustrates aysempbeingghis ipformesionihg P°r§‘gﬁﬁ%er§ Bsecrrﬁlﬂ?ﬁogbﬁ%ﬁﬁgr housi ng.

e 3eS COMRLLARS of M. VO NFndURA B3 By ddmt S arshown vpstepmyf KSERIFAE 40 a
shaft 352. A'Spring (not shown) biases nenpers 350%&2&&&9&%&%9@ shown in
Fig. 31A Whdnwill srppreciatedtthas AR SYLE il § MY BE PN IhE S hFing Torce is

g‘éﬂn??”foap? 83}58 lg% ;%‘g‘gs“%%? Sm%gptﬁé?e bh endRRtedwof thieshold kaum14.n Fig. 31B to

Illustrates a sgi lex; t¥[?e yﬁll}!ﬁﬁ 4 t hat
conpri sesy tubul ar hoRekulgi@be/steni 8g ceuples taarcertags | RY%E P& “Pre t ween
tabs 360 and 361. s thro Qvifll 4 d¥agE6metacibn inacanigmsdds ar e
pernmitted to ‘FFWCWO‘&@ﬂ“%zgﬁlﬁgigygﬁémgﬁémgﬁodnd splg%drlne %g% %lo\kg%n t.he
vacuum cr eat e iy wab Spowaief extiavied fioheresqpitacdt 12 may badpageigmerates belofipeifH 0263
PCT/ US00/ 18084 The frictional force. bet j @fish Medhshisg 2336 may
be varied depeE@mk) asd PaFEnedBY; %Bﬁleﬂtrseiéu\ﬁg%?ﬁ%&g&eeggégéﬁf[ed to pplen t he
val ve. Fig. 33’115%56%?‘{@5)3& GNPl S a HRUMPleee (nppshova) fremadhichbapatiedt ng a
t ubul ar housi ng 6 havi'ng a stoP 368. A 59i ndl e ;agoc 31%‘1%:%98&@ W t hin
housi ng 38% simhalss.t Berise, with systent 10s 8 patiens 812y FHFEIVEBY' BT EvEnt i ng the flow of
gases through hqusing,366. .. fithBie&NintiY R patied prodoemsre yaewauced by
t he patient, %ﬁﬁmgﬁgyﬁg}%&}m&hfﬁ?n ?'OUSiQ:ﬂ 36“%l and wa:?é Erg&n stop 366.
In this way, gsfseientasepaethreshalésialve14.] When Hr @llqlﬁd’BE’fsng'e B 9. 34A
illustrates a threshol d val ve_ 372 that i dbaveidneeliong 10 374
havi ng a suppmefth‘?Bmtlh%i‘t“aﬁtﬁg8‘§“‘arﬁ°e gaec%etl r%%glpaﬁgsrglnlmgprre Ber 378 havi ng a
bal | 380. Ball .380:Se54 ekt thesaRStime, reguidion spen 8 coutrpbothe flovet BRI Yy acuum
is applied by the user. As shown in Fig. 34B,.. i J Sftot O
even when 38 sghdes eiitbintanaseeptable @tesp Rl e[ﬂ;blgzﬁg rﬁ%?‘ec ? %Z&H*éa? é}ﬁ&{rlhgewgevero t ed
position, gasg@%gg}igmis{qln&%uwh&%w 105meRR of fims UherpulatditsyasmsHoney bevenber

€

378 may be re oSition shown in Fig. 34A 15 pri r use.
The t hreshol d cyafigigedioyedse operatang o tu@shwé\entt@w@é%&wﬁvﬁen’%%géﬁﬂand

cl osed positions based upan.a p ] H eneliicementé therdgéfiung-or
exanpl e) Fig. ‘-@S‘“Pﬁ‘ﬁ&’re I&O%S%S}iérggé‘ﬁ%’{%%gﬁ,@ggﬁ conpri sing a housing 386
that holds a steel ball 388. Also disposed within housing 386 is a magnet
390 and an el astoneric gasket 392 20 having a centrai opening 394 that is
smal ler in diameter than ball 388. In thisjgvay, nmagnet 390 hol ds ball 388
across opening 394 to prevent the flow of gases through housing 386. Wen
the user provides a sufficient vacuum ball 388 is noved against a stop 396
as shown in phantomline. Gases are then free to flow through openi ng 394
and around ball 388. The nagnetic field is designed to be strong enough
such that the ball is 25 reset to obstruct airflow when the user stops the
inhalation. Fig. 36A illustrates a threshold valve 398 conprising a tubular
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gases.my 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
conprises QMBS housing 412 having a flexible bl adder BIRUSH04808% S

seal ed to housing 412. en the géeszure i S éB WD .01/ OngGB PCT/ US00/ 18084
bel ow a threshold pr el FRngHeYdacte: 2% WEMR gr?fgbﬂ\@egt AR 2TARAAYR Fi g.
37A. I n thi squade 28awildel desekfbel SDRVIBY 20t difbristLapREAIyNGlibdH A s agder  414)
t hereby preventing the flow of gases_through housing 412. Channels 418 are
in communi cak4ving aunprthpisee %emenfi-oﬁowwg@eﬁmmr@%dqs paeningset. 3handok i ent
produces a vagkH Bkl abd paMGRH RipitorTBERL b BlRoriod 1A Breh P oL FR0RML:.
pressure, bladder 414 noves to the poSition shown in“Fig. 37/B to permt
gases to §| oGonvenisaty, arbvidemdy ig pRovided petv@gn ppenings34tand 38 ta parmi e owaf ve
420 conprising.a.tubular h ing 422 hawvi fr angidbl i aphk 424.

D1 aphr apm 428ropers deSin B P g ol 8P Shsi B0 Sl AR R K e
appl i ed by tp@vidséro fasilisdtoig intfodnbtioit afiiespiratery gadeshin®. hodsing B0 tisdught es a

t hreshol d val ve, 426 co riéi ng a tubul ar housing 428 and a val ve nenber 430
pi votal | y coBffi"éé _40(57? U8iHy 428. Val ve nmenber 430 prevents the flow of
gases through housing m&a}gg&hpwatah_sﬁm i@ %ddeptable RBrBNMW Coriveribitly, 39 A
stop 432 (Erev_ents_ val ve nenber 430 fiomopening until a threshold vacuumis
producedl®y PR&6ISERPlomdte pgpallycoupls SR $4todionEiRs Penln thiswvayheari¢rd4nel d
within a cha Q ;s hewh A 158! lef@it b Q 2610 td L erior
of housi ng 4%9%@ %%é?ggé@ﬁgggméﬁa@tsh?zﬁmy?%?ﬁ a su%l.:fe éi entm@géﬂ%m has
been produceihto davigs 283 Larrser|4¢dfmaythembet moyedrtora cloged areoparatibg positBm as shaypen.

Conveni ently ven 40 .may .be. provi to permt air to fl i nta chanber
436 when menBraRe” AaPoeyBmn B Fied S E e BEabe i onkflok s Wal Hiafel o
nmove val ve nefheperdsd34 ahéheanagend ipmovéd totherddesed pbsifiont artier 44fuaked. 20 Fi g.

40 illustrates a pull through type thresh val ve 444 tha onprises a
housi ng 426 Htrdss 3ARHhFEOPROMECR0 thatds Pw&tmf@l’ijpgwgea’ww ﬁb-hg%%‘? heysings. A

stop 450 hol g val ve nmenber 448 in place until a threshold pressure is
produced by the patient. At such a tine, valve nenber 448 coll apses as
shown i n phantom | i ne Avbgstshemn inXigy 8, onserbastieuddigis movpd tasthe epasrpesisions 450.
25 A variety . I gl t I

hr ough t he Seredr T REP Ut Bhgtch et 28 ReceBrable B cobpfins s Welac U357
powder has bé&having a ctatrebdr 58 (sbown nephapoepire] hichdlds eheoptderd dnedBamientt | ow
regul at o are provided.to limt the flowrate thro tg.devic for a
Spoci 11 odbt | ReePhlofy ob Bt R PhpdBpataVa Ahdtiof PRl B oo
to travel tht8ughadgcritied iRy fea@naetiibEdreihdfier. aDaPOFIGR tecaftadle bedy58Hs 2 30 Fi g.
41 schemati cal lﬁégl | lustrates one enbodi ment of a fl ow regul ator 460.

Regul at or 4685sR9Idyaive SAtha) GPraprises 2 membrane that i3 ORABYred IUBFSPIRAT BES s t han
about 1 S h/ gieBifiedRlediBldvaRh@her abl y I ess than about 10 L/mn. Regul ator
460 may be configured such that the resistance to the flowis small at |ow
vacuum and i ncreases wReckptadle 54 scinsamed intedeviced?8pp thaighrashekd valverfPdsi ent | y,

regul at opc 460 | i I t < A

PGT/ usoo?iso@ﬁ%érﬁ‘ﬁ%-‘ﬂﬁgg?-hglﬁ’e%‘éﬁ‘?’ac e’Qsc‘%)tr‘:' arnn ﬁ‘g‘g¥ ﬁ%-v\gs%é‘?e%@% ¥uch a
case, the fl pungeetgdibrtd oarrienyd, pamier 4deisaneypd totive closdédsdraperatib®pdsitiow aR t hat
varies fromagpout 0. 1. (emH20). ~~' / standard |iters per .m nut LM up to
the resistan é‘s‘t‘i‘ftec?ﬂé: lé'gce\ggﬂ'é“é‘hef‘flﬁﬁﬁﬁﬁail'ﬁ‘?“’ ?%Pﬁa‘fai"&eqroﬁ a‘fgﬁ’é‘?f’ﬂg w

control | er meyenfy 33 FuRfer, tab§ §7 p&ivtride bBdyf SFove CRARIRE b8 and peebbieh e IcAee, the
systemresi stance R may vary tomthe resistance of the receptacle flow path
up to a resiBrAifea pgireappeningsahat prayideareesp)the-powdesrantaigehwithin shamipes.  42. 59
are vari ?b‘s Bﬁ’.pﬁﬁ Warder Wid &9 qgﬂ{esc}l]éspfgosm Qﬁsee?%%g p%ﬁeﬂ%rn?m bt ! On

devices fo réegulate gas flow atter the receptac een opened. For
exanpl e, Fi gmodthpiect BLaid ateawpt t ifihadey Thedldvasforespi@ry gasps thsough devicd 2&isaped
housi ng 464 10 havjng.a flow channgl . 466. A shuttl 68, havi jrt seals
4701 8751+ daBRetisd Hith e i SrEpeA gttt aryitn S preprfresions B B8 Arihit | o dog
in the posit pslnt, sdapidlory pakdsGire sbiibtlyAerrhifted fol fivw thaduhtopesing B4, hingagng 464

i ncreases, shuttle 468 noves wthin housing 464 to conpress spring 472 and
cl ose off flow channel 466. In this way, the flowrate is |imted to a
certain rate. If the flowrate is too excessive, channel 466 closes as

shuttle 468 1 ~ engages stops 474 as show in Fig. 42B. Wen the flow
stops, spring 472 noves shuttle 468 to the starting position.




Fig. 43 illustrates a flow regulator 476 that also includes a threshold
valve that is simlar in construction to that previously described i n
connecti on Wddinbdéd- 28. Regul ator 476 conprises a housing é,;,% aﬁ\é
tapered fl ow channel 480 and a 20 nenbrane 482 that serves as a eshol d
val ve in a nepeniig 35| thirduph chambdiais, thtcigh epaliyg B et dub atduthpiecEBY as Midstraedal |
484 has passed. t hrough nenbrane 482 and is forced agai nst a spring 486 by
the vacuum pPHW§EBA™Ey the user. As the vacuum i ncreases, spring 486
. conpresses as ball 484rmg%otv%rtger1adi.timcmaéu&ﬂtptmnasecmqwmm&ahs@tOm
line. As a result, the flow path is restricted) thereby |limting the flow
~ of gases. Themeleyedg regwiase thetflonsofaespisaionngasesbirongy abeera%ﬁhaett@cﬂewemushn de
" the desired t f & S

ot BUEDR il be REMER St P Y SR FechBu 2 RIS Praete 8

regul at or conprising a ousi n
di sposed. Bethlabl\myrﬂ@ﬂyrfﬂ}yd btethcacphamastcmt@dl foimulatien (ot mwm)-thaﬁig.ilﬁ,eonfi gur ed

t wh fl ,noFi.g.
aan he bol | BUEUHRE i S s A beptRi e S b FRABR SR, R Rotngn it
decr eases t otubk 6b s dxkpbséd whhmahmb&ﬁg IrAEgl 10, distal amcbes of thbeoso is pgsihateﬁr 496

conprising a tuhular nowh a co er500ha
or m‘) i I(:els 201 ?aggtfﬂma‘m# b?"glﬁ%ggdh‘ 1'°‘r‘?§a§’lt CAITEN Frtév ‘St%b?‘dhéé\ﬁ“ °a fl ow
channel @4 batort sCchiber 64 i FldicddaHSiz0 % ﬁs&ctﬂ\emgm&y@&slmﬁt gngsed

bet ween cone nenber 500 and restriction nenb the flow rate 30

WO 01 / 00263 mw%@bwmgexteﬁ%ta;wbeﬁ f g dovana Fig- diy distaliend 68 somovader eases)

spring 506 c ?{?@ ef Pgmé annel
504, therebygﬁérfat%?i%ﬁg ﬁ?eatg oW 0 ggé‘é@%ﬁ;%\é’g t?gﬁéx??tﬁdb LP(W Zg
i | lustrates thisfwaythedtpw steoaf répdatohagaseompy bemsrcasetlubul ar housi ng 5 510

having a cl osed end 5 channel 514 th er row

i nto housing 510 fromén %\Y-\,Phﬁ XZ’ oﬁg@h%@b’sgﬁgﬁ%&]?m ™
spring 529 bdigabende8umt nig: tottdm! of chhﬁbdrasﬁt Fasexahmpie) onetettinfnuedSito eftpidydef | ow
rate increases, spring 520 extenpds and vVes usin o the right of
Frg 46 | n 65 o8 CHPAPGREEHS LU B IAAGoT: Jdprs Ry, RIS 6 ¢o
limt the gaﬁegfglsqsvméﬁ file Yacufir doubcéTtdalldSsittan b8 b?%hﬂtaquuoémuwﬁtto
conprises a tubul ar housi ng S22 havi ng a conpartnent 524 that is filled
with an openmew the botiom sadof chambenfidriowand distelgad 8+ ¥atiols meshanisms maythen

regul ates th ppl i ed
vacuumto coﬁpérée@g%hmg; oam a emdQ%%Egtptﬂéglltl Hfﬂﬁg&@?%g'ﬂﬁ oW ¢ dneI s.. Fig.
48 il | usk@¢ at dsmdaef vaFmeguhpib,@rvaﬁzﬁ Qﬂbastngquyhmm may b:tmbladedtousntng 1~
530 having a ort pur |t of orifjces An_unbrella
menber 53¢ | LErERG e Rt BLiEg e iRl ot e rEi e RPe B AGRPRBR g 20,
Conveni ent | ymembtsetsj ﬂcmmnoﬁ@@tm hel e fiké mbj/ glsb Be empleyete (Fusthéd, | ar to

t hat described. in connechi‘on with % 43A a 4§B to o fynction as a

t hreshol d val&rous magual jes ‘Flt“tf&aryaﬁlsé’sb 4is¢4, 6%“:“8‘&“ theses) 88s a
housi ng 540 figgerd)g 20 an inlet tube 542 and an outl et tube 544. Disposed
within housing 540 is a liquid 546. As gases flow through housi ng 540, the
gases bubbl e through |Pepfeafurssf ponstrating e Péischatiitforms aconyergeia@ogzle that

t hr ough housj t hat
conprises a %é}%ul afgdﬁ%gjl%ew%g& ﬂ’gtvpl[’ﬁg‘e%"?\aé'fg@%‘?‘g%@%’g@ " \“shuttle 554
is held wi thspecificalty, agth’éﬁ@txmndthakes fomxtreci tﬂépowdeofrnmcchadberég; the carb2rgesat t he
vacuum f or cegi ncrease The force re he, shut t | 54,1 s

cont ol | ad bjes g e den R iE ke JR1Fna8 e SndeyBetitind Bnder B BRS¢ ne
fl ow path ISxtiﬁésbhféxi@dah@dépomxbnwtcﬁmfm@l/ungate t hrough housi ng 550. Fig. 51
illustrates a flow requl ator 556 that conprises a tubul ar, housing 558

havi ng a3&pindl e 560 thedeming nawtelis) &2 #n embedimstisafiag agrosplizatianevics 7862

bi ases spi nd|, w path
564 of spindl gl b;tg%é?goeg?? gﬁ‘g‘dﬁ[ ft é]'P:tt':tfql?ocﬁ\“lgpat ﬁ%m%‘gié %\gag’{e%%lﬁ%ogg.gﬁ ane, in
the positi onthsdugihe devténgofﬁbpvgmsofwystfdtmwintnra)pagtiorhoﬁmiv‘mg 7858 by

passing thro at hs 564 flom/ ath 568 .Spindl e 0,. However,
Pe® he vacucirae R e atuSaied it Ants SHeRRis B8 ot P88 B comaelly el 71 .

fl ow pat hs Sf#vjcet hembuzdnbﬁutmwadmphlsm Wusigp 92 and Dfeoegicldeuitier™. S58. 31
WO 011 00263 PCT/ US00118084 Fig. 52 illustrates a flow regul ator 570
conprising a tubular housing 572 having g@ expandabl e cone 574. Cone 574
includes an orifice 576 and is configured so that gas flow may pass through
orifice S76 as well as around cone 574 when the flowrate is | ow as shown
in Fig. 52. Wien the flowrate is increased, cone S74 expands to provide a
seal against housing 572 so that gas flowis only permtted through orifice
576. Figs. 53A and 53B illustrate a flow regul ator 580 that conprises in
|r|s vaIve 582 Cne end 584 _may be f|xed and another end 586 may be rotated
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may be regulated. 10 Fig. 54 illustrates a flow regul ator 588 that
conpri ses a_housing 590 having a paddl e wheel 592 that is rotatable in only
one directi¥l426hown by the arrows. Paddl e wheel 592 is BEVAISeNI8g84

connected to j riCEi i . t djusted to
regul ate theRE%EAr#g: 5?’9 "gé’?‘?ﬁa’o% 4°§?‘%“3’3@%%3’§%§‘°5‘8@?“’%§’ lgg?ﬁr%l??g?ajt able in
only one di r eciveoient ipading endreeddirFOSK axksaptasier i6e Reasptacle M@ oicluded avehambler Fi gs.
SSA and 55B i |l ustrat flow.requl at.or 594 ¢ isin t ubul ar ,.housi n
596 navi vy prbeids tiehal vabd Yol rndiBioonachd TR bt il Bode sulbqmmt' "
experi enci ng daschib@ihagéis. Reoptase dardidtFu adl€ds afl ofdnthg §35tBatli9 ali@dd eGthivagef | ow

rate through housing 596. Another type of flow regul ator conprises a valve
that is cénsSPiRPERIIESPAratany Basex il Hapughivalve 80 0afF orengd. SEPYPIR 1adibsing |

e.g., a siligone, pdbhaing thhoss ihgggénétrét&ereéép%m 18 phfidePicBess & halbled B8 al SO
preventing flowin the opposite direction. Such a valve is also self

resetting, réwamaneeg similariethandesedibedsvithsthe preziousemhodimentes Inthisanamenr i fi ce
that permts ghe anLt?er\{t gﬁzgtgk ﬁgé&feg/r%%%é es @l Vv 8o Bﬁ%@@ﬂéﬁ 3Ry PP | ed

vacuum) and one or nor S surroundi the oritice such that
an i ncr eased vianumisopereaselr Redpirary gdses thenflow throughechambeo’8 afd aut i fi ce ar ea

and correspond hi gher .resistance flow. One feature of such valves is

t hat thejana?mbeéra %Fsglai/hﬁ’ﬁté%f)%ﬁéwyf’gs'const ruct. One particul ar

exanpl e of such a val vBetige W@ fifitheP@dlutiés d spring BaURPbseblBetwre® hOushiE02 dnbie
conpl ete disclosure of which is herei.n incorporated b,% reference. Figs. 56A

and 56B i | | usteepige spraiebithdandrervedi isarancd the viguwm gifhin prneBeine tabr 84 ow
regulator COTRIsSHE bfffor A bPUALEr ROYe ARn] BWafioefletiiing e 84/ AU Sprbll!

that includes an ori I'n Fig. 56A) the flowrate is |low and orifice
606 is fully coptamedf spvihg 86 mbay telselactedtaecontrok thedistance ketweenahelbastog endd afo

cl ose as ,sho i L., 56B. to |1m h

mCing0o) 1800 e 78 3 Retégractn mg%%‘h{°f’?6“(vbl“?g‘geuﬁ%§98‘r"\sﬁgé’r9é( i dvice nPEPDE

57- f59. | 2 gi @aseb, it may Bél 'dn&irhwgtﬂ selant ﬁ@&imnamm‘kﬁﬁiﬂg 8 6visdsatborbthe aw'rtl;gtl Ia top
orifice 612. Fig. 58 illustrates a oW reguj .ator 4 vi ng a .duckbi

val ve 616 wi t"l"hagﬂ% PYiTRiE P c%‘i‘?yeﬁl?af’ﬁbe“f'r]g‘r#“ﬁ @Yt “ﬁ% "b"(ﬁ’%ﬁt ‘EPéc‘tth‘e.

Fig. 59 illushhrrhigSpaiehl. IvicROM0l faHINT iktAiiel 8 in UB tHatGhkiktRink theSpYdthy Betfiden Wi t h

a separate top orifice 624 and a side orifice 626. After the flow rate
t hrough t he a&kebostom of ghamberdé\and eneiratingwhe BLipA wrtain digance. Hethisay, t i me

peri od e dGHHE 188N i, LARALAYE b, RENE fendfubPRligARCd [l oW rate. In

this way, the user nmay n a sufficient volunme of
air needed to carry thBefegingswiw todig.HE, aiereposblization Bevicecs90awill ke, deferibiedwi ng

regul ation ofqth |l ow.rate, t 10 device . b onfiqured t ermt the
user to conf ()Drettvgglgé rr];aiyll)'e CRP%NSE(E?%’P ‘ﬁffﬂags %{g&%w@%aggfevcog’ﬁ@id%ﬁc s°€5’ i nhal e
t hrough t he deniecton With aeraddligatidntrviee §0. Hencebfor peivehiehcecbfidisciissioh, simélar

|l ungs at a copfortable_ rate gnce anp jnitial volunme of about S has been
i nhal ed at tﬁgn}eagmsac{ el apreviER oY @Emféegfeéﬁwtgfﬂeee%m&u fensoonL of
i nhal ed aisr, puf@rafiiised RAdeséiR\@RVRE 70 a%d willRt 8PadseribeaFurtiadh epdddhfitiod © T0O
provi de such a feature, various tinmers or flow integrators nmay optionally

be i ncor por atdevice 9 differsefram perosslizatian dsmica d¢ irctbat ibemplpys angleatiopisicontspllen 1 ow
i nt t i t
integrators hgye, 1&%.&9&&%? Wﬁ%%@%{%ﬁu&% anmeet{of&gﬁxe d%'?c{x%x?og\é)%.u”e

of flow through the device. I's Y, en the ini regu
vol ume has beontroidr&R ddeledtivaicaliyrbaipldias asvlesald 94 fhat may be extendegenremactedier

ot car at or iy BBl e P R ERETEG uoE O ARG BERT LC QPG ek o
30  control sensor 96 may be disposed anywhere within the airway of device 90 to sense the
rate of flow through the device. When controller 92 receives a signal from sensor 96, it

may send a signal to solenoid 94 to adjust the spacing to thereby regulate the flow rate.

One advantage of using controller 92 is that it may also include a timing circuit so that

solenoid 94 may be fully extended after a certain amount of time. In this way, once the
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filmhaving a thickness between 0.005 and 0.020 inches and preferably
havi ng a viscoel astic or other tine-dependent behavior. A rflow ovef the -
airfoil flalyOHQRéds aerodynanmic |ift. The air foil flap ca@cTmsowmsoss gur ed

to all ow access to arallel flo th after a predet i ne | ume of air
Pows. over & AESHIGE raufagR basreghel iethebe Rt oL S bo B hr ovgh
type flow i nter@hdddas pbradt thd aberits carpfottaBiy iild Withouy Subsftedd revstinee o filpw

vel ocity, assumng a |ow pressure drop. Integrator 630 noves based on the

 pressure di f ARSITIHRSSVIIEERIERNY BR¥Sanbi ent and the inlet, which can vary

_ significantly even thorgRridiendw RWFif al4SadoBieR eBodiRRt cFatnovb18 8 Hiat Ady Be f | OW
- regul ator as descri bed above. One advantage of integrator 630 is that it

_ provi des an 3ircedéawnstream of & msepiacls Wil hedgscripedg Nogale 98 isemprises 4|tpipular

illustrates f [ I hhel the main flow
path. Opti ong}rf(l;}&)é?%gg‘?‘gggp%gg&%@btz rﬁ?ﬁaé@@gcﬂg&s{é@%@éﬁ)ﬁtﬁ%&gnd of travel
to open a pamphbimeketicahfopnulation is kxtraptedfframnthegedeptaghecit passs throngh 0ibiien 263

PGT/ US00/ 18084 Fi 62A ,an 2B i1l ustrate flow thr the type
Flow | nt egr acErersddop A& eRBfa 9 duterovi b Endhes 40Me WRAUHLABU bR V0% 5
that is slidabdt@dnWil bausedthe agglgmerdfed pCodercn iengigk vhe wallsiof stewomhrs 168D f35isvi de
a seal between, housing 636 a%shut ] e 638 gai |l e still %(?r L tti shuttle
638 to slliden i igelgmsration Ahen arashing SOOI ISERIGNL0H thaPdwier Bt
shuttle 638. zbflarkd fhd e Howibinkieh@d86 Rurlher dddgéibRefat-aREPowdE! WiIBBuMBE®nt he
mai n flow thrdough the aerosolization device passes through an opening 646
in shuttle 636th enadent spetion foBowqd e eantractedhsestierh dridl beanprerigteg thay wariodd by
shuttl e 638. [ i .

Vel oci Ty of By by ArlolBy gy bEbRVRB Ral Shilt St hob B3 AR SIch Snifes

t her ef or e t hand/peanhsaictions to Hacilitate tkzggbiieratined theippwdeoporti onal to the 10

flow velogity. As sho Ln.Fig. 6 tle 638 ves t channel 648
after a ggrtai n amun%#emgrfg"’fﬁ%g@ i?'#givﬁél?%sa%%ﬂﬁp%&i H®si ng
636. Fig. 63 delicatstilideiscribed. OMthalighGopdhovnOthe aérosillizaiuiidevitesSofFigs) psoar

housi ng 652 t hrough which the main (%as flow t hrough the aerosolizat,ion
devi ce passes¥ill typigadly drrlude aRenctrating tiRg Vgtvoneor J1org pocirating stratuses ig piprge

coupled to a i ; ; x 40 Lisescoupl ed
eRd o{]aglg&;&%%ﬁﬁﬁ»m it drt¥olimehts prAdisly gge&gied g@égewégsc

to a cam 658 that h ol e 660 as al so shown in . m 658 is
rot at abl e t hrmaycgisodneluda theeshld yalverpnd aoeulatian systems foateenlapiag tielflow af| ow pat h

t hrough the | J | . i : J: .

provide dte ArBERH SRk BROREE bt RR Rk i Bk W iiprbllons
658 i s rot at ethbolinmeagh Fyether, it edllib¢ appedidial thiWthecanapon€its of the vareus dewpesci i
angle) hole 66Q.is I gne i t h hqusi 20 662 to open_.a parallel flow path
for the chasé’(égfgs‘}%é g‘ﬁygf\f’%ﬁﬁiaf‘&\?‘émgga{‘%gr Eff)%\a'\‘%e{avé'gh?a°§° Ydl e wheel
664 may be used as il ggitrafeathgitd Fig. §5, da® embodimentvfan aeislizatigidevicoadell e
wheel 664 may be coupled to gear redyction 656 in a manper. simlar, to that

previ ously deslibedesnbed. JRevigslR6campas aihopsieg Fekhaviner Il I0nddt itisr 666
that cOMpis SeovableWbhh Bhen3ReRlBNR REeiAOBuRR 1267 ReBEAL! Bl LONRRLNIGTO.

Coupl ed to housing 6 Is'a maln flow pat An openi ng 674 pl aces

housi ng 668 aadods tuopst I tBatnayrbefriressed to Prnatvre ea assoriatediesppieclel 11 pridriio

h i 668 Ii. huttle 67 j kirt | 78 . j |

between hut traaspA” Convenichly 11 HBInALL AR LS icRL BM HET 280

ggzsi n? 638 ?gdﬂeehtﬁﬁbjaalﬁa ﬁ;oggmgaégmdmﬁbé ﬁﬂméﬁimbgprm%o%\bﬁdat B{[zb:}mde'?gol e
extends thrqu ousi n 68. own .in Fi ,_shuttle

prevents par ai%f %“%ﬁég‘cﬁidb%\g PREGRigEe *ﬁsﬁaﬁémb@?@vﬂgw "Fﬁé“q)'g@r'ﬁ’fl PY¥t begins

to inhal gp Shyduthfie 160 WKL RotURdgs. force of spring 680, danped by bl eed
hole 684 (or alternatively by controlled | eakage around shuttle 676).

Shuttle 676 noves fast &fheptapatierids ngadyste ngceivg jaftreatment, ithel patient\slides coves 123 et

ide 34 WO ( i\ng: 4 tlet
:: dg (havi ng tg%’kep%?%g‘%t%@%%ﬁ @%&ﬁgé@ﬁ’é:}ggfﬁk %f%eg\}g‘{l:%bﬁﬁ%%%egpgﬁfeg? hﬁ ﬁe ©
user. \Wen shhdit meuth iovee amhthpietd E20e rOhcefall iof buttonal b6 have deer pressed,Isheet pat h

670 is opened . for the chagse.air. A reset rod 686 may then be used to reset
Shuttle 676 1102 fHa LS SeHRRO AT RIS HorRiHS 5 1. 67111 ustrates a flow
i ntegrator 690 conprising a tubular housizgg 692




that serves. as a main flow path. A brake system 694 having a pivotal brake
arm 696 extgpQsoilal © housing 692. Coupled to brake arm 696 i rake pad
698 as al so shovvnzla%n Fig. 68. Integrator 690 further conprlpgilslggéj‘m@el 700

that nmoves through a tmguxlsanumtﬁlaﬂger?)&alzhh@tdewe\aea tid® cémpridesh k&Ver 1bOwW
path for the phase_air. has a_hgle 10 703 that aligns with

housi ng 702 W&ﬂs%ﬁéewf’imdla@ﬁ{’efalz%‘@éisﬁ idaple ithis copsraig 2aiqdieed Byghepri ng
| oaded agai “ﬁ] vW"?FJwJQQB cBHﬁ@.xréd){de@d Z%eptfélé womh%@nmrgg;w viikh is a

trigger 704 Its vvlt in a groove 7 brake arm 696 oper at e

i nt egrat or 6&@et 128 isslosednravestacie é@ﬂ xsmgld(\mthm SoNSIVHI6. vmmnnemd)attwhmbai 700
at a constani.rat S C

t hr ough hous?fnrﬁc %M‘@pa %J%f?cm ?0\% &grtc %hsgfé ne(gg‘ggr?%ﬁs Eﬁg&%}) br ake
pad 698. | Vherebs tifond tﬁ%ma;obea;btesxdad toealkommmlzlsads Be u:n'acthd fublloemm&ebecorres

aligned wi th_hou 02, ereb enl parallel flow path for the
chase air. ﬁ@"‘?ﬁhgg‘ﬁéﬁ ese%m P tao‘?"gd?i‘?ﬁb‘)mglﬁ?tleg}i‘f’éﬁcﬁpta‘flf ow
integrators of0 fsMeaded) aRitgivith sEBWirea d’awﬁmg?ﬁkcbﬂ"tnéﬁxdéﬁbm eOytisHallg A dougitef at i ons
wi thin an aerosolization 20 device. For example, Fig. 69 jl]ustrates an

aer osol i zat | b1 Bg¥beproyided iy tbﬁé“’ﬂ'&??%"@@h%ﬁﬁ%f%m&rdév&?r anged in
seri es. stem 710 conpq |ls7q aboSoliz@for ddvEk Zé £8 |l ve
ﬁu?tTa'EEssaﬁ oli vice | %%mﬁrfn%lﬁ%v ﬂRl:%gV@

712, a flow regulator 7 ow I ntegrator 716 of h type,
a recept acl ehmmputhpiem h‘b’:aildpdmlé’rﬁe igrbdfi is amvable betngeman open|positid®0. The

total resist f

equal to theg‘}nagas?lg{cg ggﬂ&# gsz’%lﬁf'% ’Hya&&nqﬁg gglg{lg%lhﬁf%% kfd;wr%cg gg:gl?ator
716 opens. Cos8/may beiplayed wittdn houbing BR2. tWﬂ:mslfﬂo]l% ivelbsed, rE&éhtacﬂd DAB is pigtdedt OF
714 and flow i r 71 if aflo hrou t nte tor), y be
!t er changedanddetie 140 iR or pesiaian, bgrramtya BBttt i 1y po

i ntegrat@s tRaidowEsoRentamdim 4 Bdll 152 mee&gﬁ&p&eamﬁlﬁndd%e«;ﬁmxapb@plza& inmy be
last in the series to prevent the drug from dep05|t| ng on the other

conponents. CoRRERcaion with he atrﬂ%@htb; esghy Gausipg ball 4 fHip mexguvithis thezegiomnd
flow integra hasy
illustrates g eﬁé&%s@?ﬁ%ﬁ%%@%ﬁaﬁ?ygg% %Bﬁrgg%grl see?zgne:o en?e%%,
t hreshol d vabplus af@fmjnua sighomay bgu#edtto)provm thepatiemtoyithadsual #&8dback of Itkwvate
integrator 732,0f .the.f type anotlet lnte ator 732,1S
arranged par ﬁgﬂ%‘f' thrgu gthﬁb%gghvé%/d IQ{/QT %/w gtéc a(?i‘%b@ﬁ P'EJ?(S?)P?%M
and regubat obn hé8isulY febdtayiat ©ptiohdRy, detice 1% By [Hchids b efirdge sbmpatifient 15y be
| ess than or equal. to the reS|st nce of receptacle 730. In this way, sone
users may acBrdolding e repeptecisy QL/min. Integrator 732 operates from
the pressure differentggl | Pphnaes aﬁi@bic@'i‘% @dﬁ%r&ﬂ%g'a%u?xﬁélsﬁgﬁmgﬁ ently,

e

threshol d val ve 726 and flow regul ator 728 may be integrat

il lustrates #HouthpiessbQ @H‘tﬁ ligh! 62y ot binge b i lﬁH@P oyerhioraiva IYeﬂWPhlliétl%?% a
threshol d Vahg\?su?%’%ﬂ id s gg}g%ggt@%er? adlﬁ p%]gorf W%&l&%ﬁ gﬁtx%p@)?ﬁef | ow

regul ator 74 ecep ac an o sys
order of 2bhr @sthe b;iem;mlsnmn 7a44(acqm¢lq‘ l&ﬁvmayrhedgachd @to Hd®ingal\d 8b d.id héPnig ¢tebn

esi stance of Cr: BHR AR SR 40F Btk AP B BR L ERCER. L te DR Ror

provi des a MukoraCTOUFAEELs pasHea R PRRRS réceprEle 166 tb isepperates as a result
of the flowrate through it. System 736 also all|ows for |ntegrat|on of

t hreshol d val ve 740 a gfl%%d%t@@qﬂaataewso/iwowvwdw FORIEHNG Hhousing 1dhd f1 ow
| at 74 {
regul ator d 4 Bod?196 ARPRThupley &) }Eﬂ}%&gmwﬁg .ng' Vﬁé&&ﬁﬁle%ﬁohmée {720w

integrator 742 does not restrict t Ich occurs after
t hr eshol dOvaInsﬁedlﬂdIBOdmmg rmdtlplhmceptladehl 8Fhas ﬁllmuatpdiwxga@éescmcmpmlyy
t hrough recept Q, di s rse te one

particul ar eﬁ?)cg'oqf erff°°8¥a°§ﬁ 8§‘31“| 95?? wjgﬁa\ﬁdég% (])g‘tghé%of Jc%l‘?‘%) 87%t%s a
threshol d valdiag 1 84thkd i9 votitaigel tarotite diskl] 80 Witiideviteeg2aDvor 1 TEMbECRCIISE a

conprises a hqusing 7S2, a, door 7 that is pivotall pl t.0 . housi ng
7S2 20 by a M%aoawtaeﬁ%e F@‘%&FW‘%‘E&JM“% ig“'s h in Fig.

73, door 734 @Y 1o receive a treatment, the user places their mouth over a nose 187 of device 172
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be opened to permit a receptacle 760 (shown al ready opened) to be inserted
into device 7S0. Device 7SO further includes a an extraction tube 762 that
is in commwabi/mze3wi t h nout hpi ece 7S8 to pennit the drug twatusedisossract ed
fromreceptacle 760 to pass into nouthpiece 7S8. A deagglonerator 764 is
provi ded i n 28 besps @@%M@%@Mmmew Hgh|8&igpeanit theeresdlingder t he
is extracte : i . I [ 4 al so
Sorves. s a Qa6 LRI Bien STUEE! TRlcckine S ARl e Tact i on
tube 762 i s simplytiadsrdialdB4 tdthe noktenecaptacteewltiph sdlierceds Making dedool 72rgadyi for

cl osed so thagr &he drug may be extracted. Incorporated into door 7$4 is a
t hreshol d vaPve 768 t hat conprises a 30 nenbrane 770 having an opening 772.
A val ve senber 774 haRefegring fiad to Figs 20 aad 204, amalainatvd dergsoljfatiopdevicey 772

once a thre | 4, yaguum t .S produced by the r Jis,. r..exceeded. In
operation. - a50uah bE Aradrbed Mhevide Rl dhmpates hebsiin T ind i T BRej SRS
tube 762 andg h&xsﬁl?qma%%qﬂg@l gsh Tevice 100 figMaPindivded 4 MButhpieke B8th@agh hand

si de of nenbrane 770, ce the threshgl d vacuum pressure is net. or

exceeded, bathiclythg pptiengmhalesyohoshayerip Fig-CHoiryicesd8 s mianiopen Psitinagthespeni ng
772 10 per matre&;&aéle%o% Plaled iff QiGHded Poshidh. 181 9N miPtheRbe IRGEA 142k T T OUgh &
wn). I n thi's way, flows th h I

vent (not sho air ( rough receptacle 760 to extract
t he powddr ecosition) ilivstated intFig.20d dlid V24 mdludes aprassiipittor 8027that is Gresseditd ent | vy,

device 750 further i neliide 7 t . I h gh

opent ng. 772 AITES SEpsutLie s g SR RndRecklnRlel RO inay PPPHERES, LR RUOD,
750 furt her alsadhdiodzs adinier Q04 thagisInminoally/€edby bavingithe usdnukhtimef 2@votvardough
tube 762 to . a certain rate. Regulator 784 conprises_.a tapered ning 786
Nt whi ch AP 0TI 6 PBTRICRS 116 50 157 e 0P BABE G MEIDRERE 19807 cases. A
Spring 785 GRpkéiXeShd farmateUidal RrmyRGibh NPleRGatly,ehd Srefinffies @R Aimep204 t h bal |
776. Hence, if the fl'ow 10 Late becones too great, a parallel flow path 788

that | edds Isapikesi disshewnin Figo2Q4s lid) 194 apydngludsymyltiple stogage logationsi for stagng t he

only air passi 762 must pass through receptacle 760 as
previ ously }22@??%2%%%;% "ow path has sufficient resistance such that

the flowis linted t&ig Beillssateszh seagselizatibn déraca2ércochpeising @ housing208 a
vacuum sufficient to se flow path. 7 t air ow.is rmtted through
two paral | elhd¥ ’I“%\ﬂlst?élzﬁég”iecsw fé‘%"%@%&r ?%g}ccizg%kﬁgrsmg "ﬁ‘fsoa\ﬁof’ﬁf‘%gr at or
790 to per mdevidgt2 i Ntacia seuked kodiiuseadeeeptathe? 12 16 &€ bRrroed aDeviné 204 fuithére has
passed sq that the user y conforta fill .their lLungs after fhe flow has
been regtl at‘%ﬁ“‘#eéla"ap_éiﬁ%fgﬁpiaéga’ﬁ’ﬁé‘? aHédW‘I ‘?ﬁ&ég&m‘fg(ﬁ“g}&ﬂtﬂ‘? ~a clutch
di aphragm 798mQRkih deNce2 SR9 8bcked b fibret feceptB®b 127 Udp tSortd1 850Mlsd dpeh& at e
by a torsional spring 796. In this way, when diaphragm 792 i s di sengaged

from 20 spocind pouthpissedl8 eAstendadat es unti|l an opening (not shown) in spool
794 becones al i gned w i ~49 L i a2, At this
paint, anbient air i \éMRgE:I e b[w{&olﬁl\gt'm %‘uog ?gerggcglgftiog%dc??f)\?v%sg%m@%nd into
tube 762 t o deenrived. DindcaZAr comprisend tousiapR92 dnd 4 clipiiidithdt mayde woupiedtor .

Di aphra 792 i.S figured to.l ane 0, as ool 794 du Q the 2~
vacuum g?eaﬁié’as%fﬁ] g&sﬂwyggn g‘sg‘ ?%1%‘ ¢ g?? F}fﬁ%‘ﬂ?’gg“ﬂagﬁf"ﬁb°&%%iagég 758 as
previously desrreges 228 Sofagé fegih 220 @uded nuttipdiireCepiatlda @80 ehat May be e
required to open.the parallel flqow path) is determ ned by i

d
reservoir SGW% it housineaA24 as desgeibish hegpigpfisns@pces ?F";P&Tler\t&ﬁgé"r“a‘gpaé T‘%F ts
Wi thin reseryied ﬁ@%&ﬁéégg&vtﬁ. e dndenibilyCa RimaRORsed! 05 Rinh P Be @RpdEd b 802

frictionally engages t anpi ng grease. ’aAI t hough not shown, device 750 30
may i ncl ude storagesegion 22 rUsewficip @24 ispdwintagedusdgn that replacemerit ghips, ovimgsa

i I'lustrage anot her, enbodi t of an, aerosolizafti gyice.85
compr 1 568 a TONATPPROIaRirg RBleD oy AR ARglst it e 321 il ghylepg
nout hpi ece Ghfiti-uésddit shown in Fig. 80, |ower housing 852 may be
separated from er housing 854 to perm;t r cont ai_ning receptacle 858
topbe i nsert ed iug{:)O dé,é:’tj:elg sgcg'm 'm)&tig. ougi:pg%c%cggzo erlinéluagesarota able

dial 234 that is rotated to advance one of the receptacles 230 from storage region 226 and

into housing 222. When placed within housing 222, receptacle 230 is pierced. Further,
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WO 011.00263 - PCT/ US00/ 18084 housing catch 85S is provided to limt the
travel of hgw)sdg@guﬁﬂ rel ative to upper housing 854. Coupled to nouthpiece
856 is a tub aving a cutting mechani sm 862 to open r &&EAS4¥1888453
when recept agbgsigbR2l ificlidesardotsteAD3b do@l@llayhmusmmg r8Septacles Pérasif dnpielcad ent
upper housing 854. 5 Disposed acrqgss |ower housing 852 is a nbrane 862
havi ng an opéntehy I%GW“&E%‘E‘@W&YW& SH?QRB’QH“(S?)B?HSH@ 2%64“%155’5’“9&%%{‘%56 havi ng
a ball 868. Rasikibgned below latch 866 is a hole 890 in | ower housing 852.
Such a configuration provides a threshold valve for device 850. In this
way, when a user i nhal Hsndermsnﬂavlhpﬂ&é‘leasa simply aotatgsrdiab2 ¥ toadeance and ube
860 and i r

sufficien geﬁ%%gg a’&?é%@gggrﬁe @?ggﬁ%“ﬁr ou antdhﬁe #ﬁ%ﬁt@%ﬁ&l&%ﬂ% cgl(a%ﬁéh 862
to permt outp&mﬂmanrcaltfom\um:tdmdmsgdmﬂtbé fbrﬁiﬁﬁtloﬂ w:thmgllm patient’ Nipn g6 AVhen

t hrough recept cle 858 and u 60 mh sollzed rug
exits through® %ﬁlj?rl?p'feé 58%“6%“’312%@1% g‘% Fﬁ?gqé) ke elerts flow
of air througitoGkite ¢€zicibIR8 aﬁxdraegaﬂcaigadomer ﬁee;itﬁ&s Whﬁf‘alﬂreﬁé}ﬁécﬂ?dsmaf/@&&nl n
part through use of an el astagneric qu)lebl Il val ve il,5 892. More

speci fi cal |y, useds clip 32478 remaved and placsdowith A FRpIASAMERGIPY ow paths, i.e, through
val ve 893pand t hrough F&cmmg&ﬁe@éﬁaewsgnmggdmée idocawn{pﬁsﬁgla%aﬁﬁwzt he
specified amount. As the air flow rate increases, valve 2 begins to close
to prevent alandﬁﬂldri’M piveiatly covpleditgthousing 243. owrgm%blemthnwof caveri2halid e air
pathlsthen o) ipstance to
limt the flow o&l‘g&gé&%ga?sr?qﬁ%ezﬁg &%%F I?Q;j@%ﬁoggdsp@ﬂt%@gklg{%q lé?&ﬁ 866 is a
bypass spreagatieBODetibe240 is cem@gmiomotd”a srips 24fof3edeptaties 2501@s skkBvh inFig.

coupled to a ring 897 nd | | so abl. in ss duckbi Il val ve
205" e 1 he 2y ORg i BN phRinh iR ot ARfe 14 B b SBVRER S B o1

I at ch 8665%\6@&@9&&%@1@ u&% :awa;s;e‘réeqms&rxa@@smﬁy théh bé dpress@btoTiNrtd e 897 tO
expand as shown in Fig. conpr.ess bel | ows 900 and to spread val ve

to
898 which is szlsctn@remtao}e c@l&@é‘ly’lshd% %i%mwaye coppled to plumbingayithin devies R4
time, valve ﬁ_ﬂg]mg% i ent
air may fl owtit8 %}%F}g evi fesq‘é 59 ?’gﬁgﬁah‘h? %gpgw@%t)%‘?gh %%ah%}]zes?mq:eﬁg:ggser
is permtted 240 magraiso rirtcmlﬂeya wiiktle 234ethat preduges anfandibletsignal wheni tht ushr inhales

delivery. The rate I es of. be 900 is contt f||||ng
ol | ows 000 P ERCeSs ST DBR dRATAoR o i oo Uaes sd afrp elsit St | co”P
bel | ows 990. flow fatei tiB&hisay 254 deasdspriuding aavhstiggsdoand.i s control l ed by the

time required to force_t he air out through th orlflce once s eader 894 is
rel eased from stop 896FigrEyulusiatessan qerqsgiiatign devigs A5G SPMBHHBY H’Fﬂngo? an

aerosol i zati gggd d%u&@w%é QOJeh 850 HAMRtE&ESd B HoBWIRE 24%0 Lt§dv@926b]13 rerRovel 9%19
housi ng 914, an upper housi r:% 916 and a nout hpi ece 918. Lower housin g
18

i's novabl e r 4P a4 JHousiag R firthenmalidee Tat262 thab extaads ﬂmaugh hqusing 2682

PCTNS00/ 1808 t r A"
illustrated fk‘rll F?%“‘%égm %ﬂﬂgﬁr&% El@ %@e‘géptéé%d 3{)2%822 that is
confi gur &d toMpnnmmeiy;sm;eZﬁdamh)ebeﬁpaﬂamdpnto\scgm:nmelwanmdu\héuzdl recgptadie dd| e

housi ng 914 incl.u 924 a eni 6..A,5 val ve nenber
928 hayi ng. a T 16550 ote FoUREE 208 TH{LRes L riben Aot ehois b et Re | one
as a thr esholp;lery@dhgﬁ,aaga,ewﬁthat a sufficient vacuumis created by the

user when initially inhaling the drug. In operation) the user inhales from
mout hpi ece 918 to crea%ea%@&&%hﬁﬁpm%‘nﬁﬂbéhwfio%m? ispnqmifered by agashove

menbr ane 924. M%bep, t CT=IAM I
pull ed thr ouggn peni ng&gsf\g@ %uér&?ingng‘n%??ﬁ? al rpﬂ‘fgéytdglg%)ag\gflvaldrﬁng%?omr
housi ng S02 tihhadinght the pmbe m;am r@m@hllmheuﬁin@ﬁmay intinduy tlip 2026p peammie
920, through tube 2 .and g tg e 918. In so doing, the drug is
extracted frd v\;%% B carrigd gn °0P(1° ¢ ﬁfﬁﬁlpf%d to the user. Device 910 is
further configured to F?gm ﬁhﬂrétéﬂnfdem&bliﬂhen @éwc&lmtcbmpﬂghg & Bvksiry 2760
after ball 930 js pulled through nmenbrane 924. is is accqnplished in part

1 ~ by the ué@vesaawu@pzﬁs 3?'%?%6 wiaals quy\zép\sl@t gsata1ahleaalaeve RdQusing 916.
As the user t UG 2 al so
passes througﬁaoggﬁﬁﬁgﬁgigggﬁ%ﬁ?ﬁgEa?ﬁggdgﬁﬁeggbgﬁgggai?ﬁe ang?heﬁafravels
t hrough an opening 936, an opening 938 a out nout hpi ece 918. However, if
the flow rate beconmes too great, valve 9 closes to prevent air flow
through this flow path. As a result, air may only flow through 20
receptacle 920 and tube 922 which, because of their limted size, regul ates
the flowrate to within a specified rate to permt the aerosolized drug to
reach the user's lungs. After a specifeed anmount of time, device 910 is
configured to permt an increased flow of air through device 910 so that

t he user may confortably f|II their lungs with air. This is acconplished by

-, ~ AN 2 1



2~ 916 by a pair of rolling seals 942 and 944. Piston 940 further includes
a hole 946 that noves between seals 942 and 944 after a certain anount of-
time. When W@BKI®RGg this position, the anbient air flow nged¢iwspogiosppeni ng
932 al so thrqugh hol e 946) through hole 936 and out nouthpiece 918. In this
way, an addi 1brbeePReRPRdk 754 Bclues milele reseBiarIf 154 e ke REEDNRSY { abl y
fill their | uags caier Aliushaleepble (o 26fis infisiing291MAREOR (d8edp OS
due to a pressure differential between a region 950 abdve piston 940 and a
regi on 952 bafilbbe gppseciatedhat otligri gsomeisies may bel pmployedyincudingssqupreghened by a
vacuum t hat ‘“§> great ed in region 9S0 when the user begins to inhale due to
a bleed hol e'85% that is in comunication with regi on 950. The size of

bl eed hol & 954 is 39 Once mceptamicGihclPCs? 1930:@t¢B Sl devinefZ7¢ motathbicbaziy280dd  t he

resulting vacy W thin regi 950 nd therefore the rate of u r.d.
roverent Jof - FHEEDIP aReend of ererepadit ot aesrag e et B¢ s BHEHF & ¢ ha
the user propgided. POBVInidfly, Kdusing 208 ticludey £Eountee 28®td diffilBothe ehitdinigg use of
the aerosolization devices of the . 5 invention. For exanple, a lip guard nmay
be included SAMPFHOIREEPREIFSCI thepaentiphales dbanSepsstVs fﬁwe@, sEme A7Pps
adj acent thecbﬁf%gs b ibrls tGHBLIAE theRB WiE feedtk SPBLNRE S RBy ABYstithg) ude bite

or other |andmark Al'ternatively, one or nore holes may be provided in the
side of tlAe nnhalatiph 8ew.rafhese hol es nust be covered by the lips in order to

create a sufficient va . i r | e, the
nout hpi ece may have 105‘;““?}?%&?9’5?{‘?%?% l{j]ig?)ltg%crg per%??%ér%g&élfﬁ p{i cal
portion nust ghees tcothe patéent'y lunige uptdithepatiest has ptodu¢ad acuffesient vacuamsnebdddao ent
vacuumto be created. tionall 0 e depressor al so be used to
depress the %% Q?é‘etp(??“n’%'efr%z}ff%?ﬂﬁgffenég% 15%?’#%“%&’%&%& %‘fcgtlﬂyng now
to Fig. 88) oR& dEaaduiithe OdcuamPreduded BEGe bkt webts oPexcdedsakd taesdhold

Mout hpi ece 1000 conprises a tubul ar. nenber 1002 havi nl%h)a distal .end 1004 1

~ that id5confifinequessereipé theaapiee dfieptharyalye ppens) mindmalglewesis@ecedhd an open
proxi mal end of iy bl Alive hol WndiAstofs, fHelvakle dayUedBARARES toG0RL lOT L1 €,

whi | e proxi as a curved or elliptical cross sectional profile.
In this way, former stagingpositiopl ace t heir nouth over nout hpi ece 1000 unti |
their lips reach the cj Me. t.] i I ! eeded
to operate the aerosol ?é% I%;@2%%%&%&&9{@?&%&;& Vg@%?ﬁ%ﬁ%@@%@ %n 20
nout hpi ece 1Q@&Oshioki valyeaiOR tidt niagylbe sonfigiddl to ek atespresseredo verrengelfiom hiutiser ' s
lips in qrder . to produce the r ired vacuum. . As .anot he | t ativye

mout ot eCl' 186D TorRoPtdl o FE0: A reds Ristepne & P aesitsen RO ol
teeth. Siml aas fbw enrbBghdBe Bet¥soligatdh @eévideth thodirdckien ifitdated bhalid Afowsedi h. Fi g.
89 illustrates anot her enbodi nent of a nouthpiece 1012 conprising a 25

tubul ar menbéhis vey.; miatively highdiost e wobemhiequrfafaF@ﬂsdqrﬂisﬁsw&hs\bggin@ng _
tubut ar - ext englideisd diBaind Fokdtk b beigRHRA Sl Re RRARIOSO) | 2alion devl ce.
e Just the dist

In this way, t user may a ance between a proxi mal end 1020
of tubul ar nenber 1014O0pténily\system 308 enaxancdudsl 4 chack valvediddite preversdherudeng t o
one enbodi.me . i i N r i ensi on
T018°To i Ao P RGP gL heh G on PR Ve Bl bEIRR P Bl fEIR®, O
ext ensi on 101 qeesbligon déwes asdfol Odiyehietosaiay berinagdied avith theithireshold dalvehe
devi ce, thus ation. Also, . tubular nenber 1014

prim t he device for act ,
el udes at VGRS WOgreQesom e DaYe lpesstast i (Pl ERFuEEate | ng
i nhal ation t o acddehdliR sm§§ﬁ9§\s/%ierﬁ B60 ALY BSQINizREd RONKE A rékdbteatutfouser’ s
tongue and into the Iun%s. 40 01/ 00263 PCT/ US00/ 18084 The devi ces and
i

net hods of t heseprabeeaifl2, ifnoededi brsomsycases, systea) 30 mayihstcanfigured to have an
30  adjustment mechanism to permit the adjustment of the threshold actuating pressure,

lowering of any reset vacuum level, and/or raising of back flow resistance pressure.
One type of threshold valve that may be used is a silicone rubber valve that
is tailored to provide flow onset at the desired threshold pressure and to provide reverse

flow inhibition. Such a valve is also self resetting, requiring no mechanical resistance.
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| i quid or powder ed pharmaceutical formnulations. The anount of active agent
in the formyoah &?V\AH be that amount necessary to deliver_a .
t herapeutically e ?ectl ve anount of the active agent to ac NCA(PEOV IS4y esi r ed

result. In pmﬁﬁxpreeofmh&amé Are\aagcﬁb&u ﬁixefdf eHSRA1I8 AU RIPMBRINIshe9prr4s, cul ar
agent, the, severlty of the condition, t he desired therapeut| c effect.

Accor di ng t o J3g108p e} B2 inb3ar.A8htS, 3f78'87afﬁﬁQﬂ Kdeandnyt Poltdethe gomplete

fornul ations,y ATV MRFn 3éfe?£ gtical for active agents
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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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388. Also disposed within housing 386 is a magnet 390 and an elastomeric gasket 392

bal | .

20  having a central opening 394 that is smaller in diameter than ball 388. In this way,
magnet 390 holds ball 388 across opening 394 to prevent the flow of gases through
housing 386. When the user provides a sufficient vacuum, ball 388 is moved against a
stop 396 as shown in phantom line. Gases are then free to flow through opening 394 and
around ball 388. The magnetic field is designed to be strong enough such that the ball is

25  reset to obstruct airflow when the user stops the inhalation.

Fig. 36A illustrates a threshold valve 398 comprising a tubular housing
400 having a restriction 402 with a central orifice 404. A bistable dome 406 is coupled to
a support 407 and is disposed across the interior of housing 400 to cover orifice 404 when
in the position shown in Fig. 36A. When a user provides a sufficient vacuum, dome 406

30 performs a bistable function to move to the position shown in Fig. 36B. In this way,
gases may flow through orifice 404 and then through openings 408 in support 407 as
shown by the arrows.

Fig. 37A illustrates a threshold valve 410 that comprises a tubular housing
412 having a flexible bladder 414 that is sealed to housing 412. When the pressure is
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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 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 aerosol 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

29
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468 to the starting position.

Fig. 43 illustrates a flow regulator 476 that also includes a threshold valve
that is similar in construction to that previously described in connection with Fig. 28.
Regulator 476 comprises a housing 478 having a tapered flow channel 480 and 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. As a
result, the flow path is restricted, thereby limiting the flow of gases. The spring constant
25  of spring 486 may be adjusted to provide the desired flow control features.

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

30  decreases to limit the flow rate.

Fig. 45 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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gases flow through housing 540, the gases bubble through liquid 546 which regulates the

flow of the gases through housing 540.

Fig. 50 illustrates a flow regulator 548 that comprises a tubular housing
550 having a necked region 552. A shuttle 554 is held within housing 550 and is forced
25  into necked region 552 as the vacuum force increases. The force required to move the
shuttle 554 is controlled by a spring 556. In this way, as the vacuum force increases, the
flow path is restricted to limit the flow rate through housing 550.
Fig. 51 illustrates a flow regulator 556 that comprises a tubular housing
558 having a spindle 560 that is slidable within housing 558. A spring 562 biases spindle
30 560 to the right as shown in Fig. 51 so that a flow path 564 of spindle 560 is aligned with
flow paths 566 in housing 558. Hence, in the position shown in Fig. 51, gases may flow
through 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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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 moving members that move based on the volume of flow
through the device. In this way, when the initial (regulated) volume has been inhaled, the
member has moved sufficient to open another gas channel to permit increased gas flow.

20  For example, the flow integrator may be an airfoil flap made of a film such as a polymer
film having a thickness between 0.005 and 0.020 inches and preferably having a
viscoelastic or other time-dependent behavior. Airflow over the airfoil flap induces
aecrodynamic lift. The air foil flap can be configured to allow access to a parallel flow
path after a predetermined volume of air flows over the flap.

25 Fig. 60 schematically illustrates a flow through type flow integrator 630
that is configured to move based on the flow velocity, assuming a low pressure drop.
Integrator 630 moves based on the pressure differential between the ambient and the inlet,
which can vary significantly even though the flow rate remains constant when using a
flow regulator as described above. One advantage of integrator 630 is that it provides an

30  accurate volume measurement.

Fig. 61 schematically illustrates a flow-by type integrator 632 that is
parallel to the main flow path. Optionally, integrator 632 may trigger a switch at the end

of travel to open a parallel flow path with low flow resistance.
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10  flow velocity. As shown in Fig. 62B, shuttle 638 moves past channel 648 after a certain
amount of time to permit increased fiow through housing 636.

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

15  gear reduction 656 is coupled to a cam 658 that has a hole 660 as also shown in Fig. 64.
Cam 658 is rotatable through a tubular housing 662 that provides a parallel flow path
through the aerosolization device. In operation, the user inhales to provide gas flow
through housing 652 which turns impeller 654. In turn, cam 658 is rotated through gear
reduction 656. When cam 658 reaches a specific angle, hole 660 is aligned with housing

20 662 to open a parallel flow path for the chase air.

As an alternative to the impeller 654, a paddle wheel 664 may be used as
illustrated in Fig. 65. In such an embodiment, paddle wheel 664 may be coupled to gear
reduction 656 in a manner similar to that previously described.

Figs. 66A and 66B illustrate a flow integrator 666 that comprises a tubular

25  housing 668 having a parallel flow path 670. Coupled to housing 668 is a main flow path
672. An opening 674 places housing 668 and flow path 672 in fluid communication.
Disposed within housing 668 is a shuttle 676 having skirt seals 678 to provide a seal
between shuttle 676 and housing 668. A spring 680 is disposed between housing 668 and
shuttle 676, and an umbrella valve 682 with a bleed hole 684 extends through housing

30 668.

As shown in Fig. 66B, shuttle 676 prevents parallel gas flow through flow
path 670 when the user first begins to inhale. Shuttle 676 moves under force of spring
680, damped by bleed hole 684 (or alternatively by controlled leakage around shuttle
676). Shuttle 676 moves faster when the pressure differential between the inlet side
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18% Sl(()‘)J % g* (1) /gtg‘:i /3 3 %Tagﬁlgw%gqx%xc Sys cn!a 6941 }Qeivinlgoé 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 whee] 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 example, Fig. 69 illustrates an aerosolization system 710 where the various
components are arranged in series. System 710 comprises, in series, an inlet 711, a
threshold valve 712, a flow regulator 714, a flow integrator 716 of the flow through type,
areceptacle 718 for holding a powdered medicament, and an outlet 720. The total
resistance of receptacle 718 may be configured to be less than or equal to the resistance of
25  the rest of the system unti] 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. Altemnatively, 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 prevent the drug from depositing on the other components. Conveniently,
30  threshold valve 712, flow regulator 714 and flow integrator 716 may be integrated into
one mechanism.
Fig. 70 illustrates an aerosolization system 722 that comprises an inlet 724,
a threshold valve 726, a flow regulator 728, a receptacle 730, a flow integrator 732 of the
flow-by type, and an outlet 734. Integrator 732 is arranged parallel to threshold vaive 726
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aspect, system 736 may be configured so that flow integrator 742 does not restrict the

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

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

20 by ashaft 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 pennit 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 mou-t.hpiece 758 pivots. Coupled
1o extraction tube 762 is a cutter 766 that pierces receptacle 760 when door 754 is closed
so that the drug may be extracted.

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

30 membrane 770 having an opening 772. A valve member 774 having a ball 776 that is
movable through opening 772 once a threshold vacuum that is produced by the user is
met or exceeded. In operation, a user inhales from mouthpiece 758 which creates a
vacuum in tube 762 and in a passage 778 that is in communication with a right hand side

of membrane 770. Once the threshold vacuum pressure is met or exceeded, ball 776 is

36



10% & ()-f10% & ()-10% & ()-1 @10% & ()-iSjjkl |1 ndEbC 10+

10% & ()-&!110% & ()-#y 10% & ()-Y'110% & ()- 10% & ()-M0% & () - ynenooooo
pg_= ! 6" 1094¥0 0140363 - 3. | x" 10%00&' ()-3. 10: 10: 10::10% & () -PePUs00/18084

10% & ()-2310% & qrrt. vwEy4zwUu3 =! 6, 21 1094 o] 0& (

I N' 10%i0uo& (Philed fhﬂﬂﬁb%&%& B toyermﬁfetﬁ&aa&gio 9t=em2°@rfm8§8&f f9or 354 @ 10%

gogo&’ () - 3. 424G %19 Z vét J&%KM}G Iglh}tgwﬁy,]aﬂ'%\@mﬁbugh receptacle 760 to extract the
109%&' ()-" z109%& 9Y1 %8 (
10' oY: 10% o0& ;(o)vdg{e}i}d[qungqy @plwe@gy@mgﬁmle(:; 758. Convemently, device 750 further

o0 () 100l 35 GT ) oo YA 78R Bt ek Pt By A 477
+100%.&I ()-l5* (:)ld}ié’d’é y c(l)osed to reset the va})ve - 6 11 10

18 /&18?3/&'L ( )1 Oy/gs( )100%'0 /ﬁs"(ﬁ%&’z 754 %{/)rwﬁia@%eﬁ%%@%ﬂ'?és? : i‘j‘%r gER® 6, 211 ¢
10%& () - Y10%Brouph tub@ 782 (0 a Eettaitilite. Regulhid¥Y®84 tonPridda (apered SHNINKY 85, irtol

109& . 109&: ( 109%& LZ" 109& % L9210%&' - - KE NC 6, 2!'1
4) 109 ()yyymmb‘t‘i A Bl U g RIS g IR

CAEYNC! 6, 2! 1 apferd QU drmlouh SOAYEarh teq uﬁl%/@oie)c;p\é% %&h(bhn bbé 1119;/@& i XeVbhe
109 ()-cf ghi’ LbC 6, 211 Lyl0% ( 0% (). T 910V ( ocy&a& 10 10
10" : 109%& I(Cb VBt ESERTBEs 200 T8 @ATa el;ﬂm%@tb;’ §thgt lsmans into tube/ @62 i5 clpsed off

109 () -1 1 3996 (g0 UpPBRGLP o oh YO Seih): ol iVod 362! ke pa Whokas VY

109%& () -
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 permitted through two parallel flow paths.

15 Device 750 further includes a flow integrator 790 to permit an increased
flow rate once a certain amount of time has passed so that the user may comfortably fill
their lungs 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

25 vacuum created in flow path 788 as the user inhales from mouthpiece 758 as previously
described. The rate of spool rotation (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 upper housing
854 to permit a drug containing receptacle 858 to be inserted into device 850. A lower
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10 10s: 10% (l)at-cg 206% i (y&lé»l'er-llzggs'::igg 852. Such a configuration provides a threshold
valve for device 850. In this way, when a user inhales from mouthpiece 856, a vacuum is
created in tube 860 and in the space above membrane 862. When the user creates a
10  sufficient vacuum, ball 868 is pulled through 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 vaive
15 892. More specifically, air is permitted to flow through two flow paths, i.e. through valve
892 and through receptacle 858 provided the flow rate is below the specified amount. As
the air flow rate increases, valve 892 begins to close to prevent air from flowing through
this fiow path. The only available air path is then through receptacle 858 which provides
sufficient resistance to limit the flow to a certain rate.
20 Coupled to a cam 893 of latch 866 is a bypass spreader 894 that is engaged
with a stop 896. Spreader 894 is coupled to a spring 897 and is also slidable within a
bypass duckbill valve 898. As the user continues to inhale through mouthpiece 856, cam
893 of latch 866 moves spreader 894 away from stop 896. This causes spring 897 to
expand as shown in Fig. 82 to compress 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 ambient 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 compression 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 upper housing 916 and a

mouthpiece 918. Lower housing 912 is movable relative to middle housing 914 to permit

38



@10% 10% & ()-L 10% & ()-f 10% & ()- ,10% & ()-f-10% & ()-f

10% & ()-nOdEBC @ 109®"! 10% & ()-fl 10% & ()-L"10% & () -

F@0% & () -voruee2Es ()-f310% & () - KAEbC @ 109&@! 10% & () - fl’cﬁusoonsm
10% & ()-& *"10% & ()-fL'10%W & ()-zfod0% & ()-f9%10% & () - /1~
"10%0&' () - ! B3trugoeptaiying tecentacks/920 (O)be ingrted gs'illustrated in Fig. 85. Coupled to

DGty i ————

" 100 () - 7) totheldBlil0%2& ()-1D, 10% & ()- 10z 10z

e i e AR i .o

| (%a Eé 0 ‘(V@)&S((& anyl_lalg/gx’gg%tfe) %Zéﬂag%/ bé}‘sl(%’mliggg&(n)@ﬁ xtgggpwcr tllousm% 09/;(2\( ?&r}d funcnons
10% ()-yY@ f@%ﬁue&)hoiﬁq valysotge °{1§W°3§‘EEES¢‘ @WI@V&W@W&‘%& tovgser )Vhsﬂ 10%&' ()-S

10%& 10 Vi | Sy |
109%&' E g >S, 83 184@&.5 ))S 210 &tﬁé a"‘:’? glfOoPCgt (Oﬁfg%&%&eg)& ) ot 91810 create a

10s: 10%&' () - JaOufm wjthmubel ¢ in the Gp&e @hove mergiygng 924, Gvonga uffidenty: /10
1004 () - @ 10U s ORI AR, i Qo 00 bk kP
z10%4& ( )1083 10 UbIR ifith1&WérQfising 9t 2B HhE h())e 934 attifaugh ofiéilind gm/ﬁﬁbt(gh @S
109%4& () - & Irgc%(;) tac e(9)20 3 3188 egb emclvIl u(g mouth lecg@qg%ogomg gqs\;(NC
extracted from receptacle 920 and is supplied to the user.
Device 910 is further configured to regulate the flow rate of air through
device 910 after ball 930 is pulled through membrane 924. This is accomplished in part
15 by the use of an elastomeric duckbill valve 934 in upper housing 916. As the user
continues to inhale, ambient air entering through hole 932 also passes through opening
926 and then through valve 934. The air then travels through an opening 936, an opening
938 and out mouthpiece 918. However, if the flow rate becomes too great, valve 934
closes to prevent air flow through this flow path. As a result, air may only flow through
20 receptacle 920 and tube 922 which, because of their limited size, regulates the flow rate to
within a specified rate to permit the aerosolized drug to reach the user’s lungs.

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

9
wh

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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side of the mouthpiece. These holes must be covered by the lips in order to create a
sufficient vacuum to operate the device. As a further example, the mouthpiece may have
10  acircular-to-elliptical profile. The elliptical portion must be covered by the patient’s
mouth in order for a sufficient vacuum to be created. Optionally, a tongue depressor may
also be used to depress the user's tongue when inhaling from the mouthpiece.
Referring now to Fig. 88, one embodiment of a mouthpiece 1000 will be
described. Mouthpiece 1000 comprises a tubular member 1002 having a distal end 1004
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
landmarks 1010 for the user's front teeth. Similar bite marks may be provided for the
user's bottom teeth.
Fig. 89 illustrates another embodiment of a mouthpiece 1012 comprising a
25  tubular member 1014 having a distal end 1016 that is slidable over a tubular extension
1018 that in turn is coupled to an aerosolization device. In this way, the user may adjust
the distance between a proximal end 1020 of tubular member 1014 relative to the
aerosolization 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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10  dry powders and particles suspended or dissolved within a propellant. The powdered
formulations have a particle size selected to permit penetration into the alveoli of the
lungs, that is, preferably less than 10 pum mass median diameter (MMD), preferably less
than 7.5 pm, and most preferably less than 5 um, and usually being in the range of 0.1 pm
to 5 um in diameter. The emitted dose (ED) of these powders is >30%, usually >40%,

15  preferably >50% and often >60% and the aerosol particle size distribution is about 1.0 -
5.0 um mass median aerodynamic diameter (MMAD), usually 1.5 - 4.5 um MMAD and
preferably 1.5 - 4.0 um MMAD. These dry powders have a moisture content below about
10% by weight, usually below about 5% by weight, and preferably below about 3% by
weight. Such powders are described in WO 95/24183, WO 96/32149, and WO 99/16419

20  which are incorporated by reference herein.

The receptacles of the.invention may conveniently be configured to have a
penetrable access lid that is penetrated by one or more pointed structures when the
aerosolization device is operated. Examples of such receptacles are described in U.S.
Patent Nos. 5,740,754 and 5,785,049, the complete disclosures of which are herein

25  incorporated by reference.

The invention may utilize various deagglomeration mechanisms to
deagglomerate the pharmaceutical formulation once it is extracted from the receptacle.
For example, the flow path for the gases may experience one or more changes in direction
to cause the pharmaceutical formulation to engage the walls of the flow path to

30  deagglomerate the formulation. The flow path may also include various contractions or
restrictions that may cause the pharmaceutical formulation to engage the walls of the flow
path to deagglomerate the formulation. As another example, the flow path may include

one or more obtrusions or obstacles that serve to engage the pharmaceutical formulation
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2. A method as in claim 1, further comprising limiting the flow of

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

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

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

4. A method as in claim 2, wherein the rate is less than about 8§ L/min

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

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

volume that is in the range from about 125 mL to about 1.25L
6. A method as in claim 1, wherein the flow preventing step further
comprises placing a valve within an airway leading to the lungs and opening the valve to

permit respiratory gases to flow to the lungs.

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

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

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

in a range from about 20 cm H;0 to about 60 cm H,0.
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1l. A method as in claim 2, wherein the flow limiting step comprises
providing feedback when an excessive flow rate is produced to permit a user to adjust

their inhalation rate.

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

regulating the size of an airway leading to the lungs.

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

airway with an elastomeric duckbill valve.

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

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

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

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

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

to permit an increase flow of gases to the lungs after the certain time has lapsed.
17. A method as in claim 1, wherein the pharmaceutical formulation
comprises a powdered medicament, and further comprising using the flow of respiratory

gases to deagglomerate the extracted powder.

18. A method for administering a pharmaceutical formulation, the

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

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

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

attempted inhalation is exceeded.

21. A method according to claim 20 wherein said vacuum is within 20
- 60 cm H;O.

22. A method as in claim 18 wherein said first predetermined volume

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

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

gases flows through said device.

24. A method according to claim 23 wherein the first flow rate is less
than 15 L/min.

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

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

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

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

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

certain inhaled voiume.

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

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

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

comprises a whistle in communication with the airway.

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

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

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

restriction mechanism to limit the size of the airway.
33. A device as in claim 32, wherein the restriction mechanism comprises

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

increases.
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adjustable to vary the rate of flow of respiratory gases through the airway.

36. A device as in claim 35, wherein the regulation system further

comprises a control system to adjust the restriction mechanism.

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

airway.

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

configured to open another airway in the housing after a certain time or inhaled volume.

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

when the threshold actuating vacuum is produced.

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

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

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

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

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

extracted pharmaceutical formulation.

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

disposed within the receptacle.
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comprises a powdered medicament.

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

comprises a liquid medicament.

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

regulate the flow of respiratory gases through the airway.

48. A receptacle comprising:

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

a threshold valve coupled to the receptacle body.

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

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

50.  An aerosolization device, comprising:

a housing having a mouthpiece;

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

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

user’s mouth over the mouthpiece prior to inhalation.

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

produce a vacuum sufficient to cause aerosolization of the powdered medicament.
52. A device as in claim 50, wherein the positioning system comprises a

positioning landmark disposed on the mouthpiece that is interactable with a physiological

feature of the user.
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