;opgre3e”| (6 T*~5, ~~ 17 JUN 2002 *coooo2* The present invention relates
.~ to nethods and apparatus for delivering a dose of aerosolized nedicaton
.for inhalation by a patient into the lungs. Background of the Invention}
Aerosol s are increasingly being used for delivering nedication for 5

" therapeutic treatnent of the lungs. For exanple) in the treatnent of
asthma, inhalers are commonly used for delivering bronchodilators such as
p~ agonists and anti inflamuatory agents such as corticoster ifﬁ types
of inhalers are in common use, netered dose inhalers (MJs) and H$émgomder
inhalers (DPIs). Both types have as their object the delivery of

medi cation, which is typically in the formof a solid 10 particul ate or
powder, into the airways of the lungs at the location of the_condition
being treated. Ln the MDI device, the nedication is provi dealmmmwmm!"mmmﬂ
phar maceuti cal manufacturer in a pressurized aerosol canistéem

nmedi cati on bei ng suspended Il ~I v...,~ L~U -2 or dissolved i n*asiskqui d
propel I ant such as a chl orof | uorocar bon (CIk) or hydrof | uoroal kane (HFA).
The cani ster includes a netering valve having a hollow di g whi ch
can be depressed inward into the canister to discharge a nﬁWﬂMﬂW“ﬂW‘NWE of
propel I ant - medi cation mxture in the formof an aerosol ~ comgjskng finc
droplets of propellant in which particles of the nedication are suspended
or dissolved A typical MD far use with such a canister includes a housing
having an actuator and noggl.e, Jhe GaniSihin Avut 3o e RkavEne. housi ng

wi th the hol |l ow di schar ge™sterm 0

0 ' ved in a bore in
the actuator. Depressing the closed end of t ni ster causes the stemto
be pushed I Oinward into the caAﬁ&QCS.O%'jﬁ E’&a werertd vol une of the

medi cation is discharged through the nozzle. The housing further defines a
flowpath in fl uEikldofmimdaveatiomn with the norale, the flowath having an
outl et at a nout hpi ece portion of the housing) such that the aerosolized

nedi cation nmay be inhal edTRé pREent !inv@ﬁﬂdn&elaft@td@%b&iﬁﬁ_ﬁpﬂﬁitﬁﬂ foR delfVe€ing a
patient either inserts the nouthpiece into the nouth with 15 the |ips

cl osed around t tags%ﬁbgb%g%éaaﬁag% %mgggugggg@ﬁfﬁg& m@,&lgf_ght di st ance

away from an open nou t hen depr canisier to

di scharge the maczii]cati ogm snﬁl si mul t aneously inhal es. One exanple of such a
device is found ’ i ch discloses a nedicanment inhaler
having a plurality of restricted air inlets for ~0 allowing air into the
inhal er in an angul ar di r 861958} FO\REReRsingin beipg pyed dor dejivering medinatian fasn

cani ster when a user applies suction to the nouth piece The reverse air

fl ow creates a tharénente treatment ofdhe jungs. hEorrexatplpointtheomeaphiert o6 ajtrha | intralers

Anot her exanple is found in US. 5,060,643 which discloses that upon

i nhal ation of aiare éommpdlp @sddfoedelivering brontlwdiaeg such 45l f3apbtlias sidegr agm t ype
val ve exposed to the 25 anbient air surroundi ng the housing noves inwardly

due to a pressunigfghdiefedpess sRrEXRBRRoEBIds N8 es%ffl&tﬁgﬁrs@l:'ﬂ aﬂmﬁal?nthe

anbient air which is drawn into the housing. Wien“the val ve noves, |

strikes a | ever [0 [ he.l.ev Wvots to hreak
the togate 11 nkies &EE Aol uBub Y0 400 B8P Fowdeh B BRaD PR Bl iBret e
nozzle into contact .wi.th the yal ve _stem of the medi canent containing 30
bottle, causing 3 MEERAFL very 055“5%%&@&%%@%%@% fosmy Qfﬁdpg@ air.
1 7 JUN 2002 -2a . _ _ )

particulate or powder, into the airways of the lungs at the location of the condition

being treated.

In the MDI device, the medication is provided by the pharmaceutical

manufacturer in a pressurized aerosol canister, with the medication being suspended



As shown in US. 5,178,138 spacers have been designed for use in

conbi nation with. inhaler devices which attenpt to naxi m ze di spersion and
m nimze inpaction of the nmedicanent on the walls of the spacer by use of
retrograde spraying of the nedicanment, a frustoconical shape and a baffle
to mx 5 and deflect the fluid flow along the inner walls of the_spacer.
Exi sting MDI's suffer froma nunber of significant di sadvantages! 1o cout
problemwi th existing MDls is poor deliaery efficientcy of the medication.
It has been estimated that on average, with existing MJs, only about 10
percent of thg, d@swolved ira ligiid prpEllanresthes b icinrofinsrecathirc(CRG odi spensed from
the canister actually reaches the Iu_ngs_vx/nere It can achi eve }gﬁgi nt ended

result. _ Poohydrefluareallansf(HFA).cRescapistcs mehides We'ﬁ“%\‘?z%er agpes s. One of

these is inconplete evaporatio e'a# 1d arge portion
of the 5 teet 9&?’%&)&3"g"g‘?ﬁﬁgcaﬁgflg%yé%%%ﬂ%’hg%tg#ﬁrﬁ |%‘t1{%éméér?ﬁg?e %e i nhal ed
into the | ungsnerr@d véthiche6f prygelpt-invdication mixtereds teifamdofandiemael on to the
airways of the lungs, it is desirable that nost of the %)(ﬁr icles which are
i nspired bé | esmptifinpfinhdopletsof popplint (WHeh RATRGICH PLRAT MAG h of a
mllimeter) in siz d f ey hi m crons.

| nconpl et e evéb%%f%lgg&g‘?&%cﬁb&%%ﬂgl@ﬁge gg?lk%? ]a(;:f%l tgtﬁgmilg%r%naﬁt hpi ece
results in a gyheh@Riviry anfac@ator el mizzlch Fhevemister b idsested bxto the hdeting/ered i n
the formof relatively large |iquid drop| etﬁ dnstead of fine dry particles

and/ or vapor . vdthche bollaw discharss stem ofithe sanistsy Peing rageived mahore AR t o | npact
the inside of the th t | ' with the
result that nﬁ&ﬂat(?gnp?ﬁge s%@gi@eaﬁlé%ﬁc’?@%ﬁ%ﬁﬁgﬁ%@%ﬁ?g hé: ncédnt ration of
medi cat i onig N g Y it canistet §r thstia Betered aviame bHthe medation indisolmrgadppr essi on
response ) as well as devel opnent, of fungal infections ih the case of

corti cost eroi d@P“MFPP%IW,h°§%1Wf%%P§Z%’(ﬂ#§P “EQ@%W’@P&&M i on of
the smooth ”U%ﬁlr@ﬁe Rbzzie e IRMpEAIHALRS bh Bithet amﬁ%umw@ee%m&wf%ses

contractility and activity of 'the stomach. Further, the wasted nedication
has been esti matsng, tsachobatithd seBysolizedimeicatiohmay bginkdledriftaritexitpthe year. 2A
Another factor, cont Ll BUMoRd thE i BiHePssRs He BHhpi 4% ihed HomSleh hheney

15 the lips closed around the mouthpiece, or holds the mouthpiece at a slight distance

away from an open mouth. The patient then depresses the canister to discharge the
medication, and simultaneously inbales.
One example of such a device is found in GBA 2 279 879 which

discloses a medicament inhaler having a plurality of restricted air inlets for

20 allowing air into the inhaler in an angular direction towards the orifice of the
medication canister when a user applies suction to the mouth piece. The reverse
air flow creates a turbulent air flow in the neck portion of the inhaler. Another
example js found in U_S. 5,060,643 which discloses that upon inhalation of air
from the interior of a housing, a flexible diaphragm-type valve exposed to the

25 ambijent air surrounding the honsing moves inwardly due to a pressure difference
to expose the interior of the housing to the ambient air which js drawn into the
housing. When the valve moves, it strikes a lever connected to a toggle linkage,
the lever pivots to break the toggle linkage, a coil spring then extends and moves a
dispensing nozzle into contact with the valve stem of the medicament containing

30 bottle, causing the medicament to be dispensed and mixed with inhaled air.



is high linear velocity of the aerosol as it exits the nouthpi ece, which
tends to lead to 17 JUN 2002 -4 inpaction of the aerosol in the nouth and
throat. Ideally) the velocity of the aerosol should nmatch the velocity of
the patient's inspired breath so that the particles are entrained in the
breath and carried into the lungs. Wth many existing MJ's, the &xJ tUN 2002
vel ocity of the aerosol substantially exceeds the velocity of the patient's
breath. The 5 high-velocity plume strikeéd the back of the throat, causing

i npaction and sticking. Yet another factor contributing to the poor .
delivery efficiency of égishawmip WS &17%13Sapecsss have begvgiepigped fonusednune or

bol us of aerosol . exj.ting, the, device, .l Xistin .this |Length
typically excé’%‘g‘_n? 0‘3:8&“'@@][65&%",10%}%% aﬁﬁﬁ? étoin?agﬁz??lgg%sf%}a Slr?cpt he pati ent
to inhale the eptibeiRaktich offth hbdiddndk bR te walls detieapser By igRfvel oci ty)
some MOl designers have added tubul ar spacers between the aerosol nozzle
and t he nout hpétegeadeAbrayimgoif theppeesamentyp frostecanidal shapy ard 4 baffletvopix nast  of
t he drug which i i sch fromthe nozzl e inpacts and sticks on inner
surfaces of t H‘B‘ll aif_geféfb,"‘%é‘%ﬁﬁl?‘%a‘gﬂ%@@f‘%‘}%wﬁhﬁ\’/{aﬁﬁﬁf?for i nhal ation by the
user. Thus, MDI's with spasghsMBIL hiffed $ohd niRitRPbEAREAORE BlhdvadRgdsOW
delivery efficiencies. Furthernore, although dry powder inhalersS inherently
avoi d sone of Quiegratflon avitywxisting MIPs tdyicendeltyeryMifigencyof itheasedicationsltve
aerosol vel ocit DPls still suffer frgmthe | em of inpaction_and
sticking of bespie tP'F“GFF!l fhakon avsEAseSY) %l%%@gi\ﬁ%haﬂ%é@%g@?%%mm arly

under certainggnvironmental conditions such as high 20 relative humdity)

whi ch tends to cause particle aggregation. 5 Anot her problemw th
existing MIds is the difficulty patients Gave in 1 7 JUN 2002 coordi nati ng
their inhalation with the discharge of the aerosol. In manually operated

MDls, patients frequently inhale too early or too late to effectively
inspire the nedication. Al though a nunber of breath-actuated MDD s have been
devised to address this problem nobst of these devices cause di scharge at
the very onset of the |



patient's inmspiratory effort. Depending on the |lung condition being treated
-and its location, it pmay often be mare desirable for the nedication to be
di scharged near the ' peak of the patient's inhalation rather than the

+ begi'nning. Further, it nmay be ' desirable to be able to selectively vary
~the point in the patient's inhalation at which nedication is di $ghiNomg in
order to tailor the location of drug delivery to-the condition being
treated. These advantages are not possible with existing MJs. Accordingly
it has been another object of the invention to inprove dispersion and

m xing of the drug particles in the boluds-of an aerosol within an inhaler
apparatus, or to at |least provide the public with a useful_ choice. 6 17
JUN 2002 Anot hemedibitiomtdosé whinh i§ Aispansddonormn the mBistar acaally seackes e WREHYRE™ N
apparatus for delivering an aerosolized nmedication in which inpaction and

sticking of WEth_gﬁiaéme@Qbé feddedgkuial | s of the apparatus is reduced, or
e

to at | east provi the public with a useful choice. Sunmary of the

| nventi on The above and ofher i . i i i by the
met hods and appar at us of %?105 dieﬁ‘\?ﬁt%fﬁ%ﬁg{%ﬁ%ﬂ“gﬂ“fFgwhﬁggﬁ({f?%c?&?'egﬁﬁ?aues and
devices are used to pronote m xing of the oropel{ant- di cati.on m xture
with air to incrieseis incompletaeyanerabon oF progeliagh resujtpe dn g @refolfUehet Wer osol

pl unme before it reaches the exit of the apparatus, and to reduce the

i mpact i on of5 aemps«td Odsetteingi delie¢redvinl 4 formfwhidhecanqup e ixthaled inre grei lwngsnthioon

al so provides an apparatus and nmethod for synchronizing the actuation of

the canister wldfeliiR difldrg Bt afkobdtBld lnddiediion ¥ e hirweYrRcuagS, iedesirable
tud” 1~ JUN 1 y

nout hpi ece of the apparatu 00Z More specifically, the

i nvention provides a nefered dose .inhaler . r [ [ si ng
adapted to suppdﬁt ’%°sb9£§§t??’in§ge IR At EPP@E?B\% l%%@?ﬁg&hgginﬂgmgsnaggt uat or
and nozzle assenbly with a bore adapted tqQ receiv tFFréle rlol | ow outlei stem
of the cani st er )miciBIRIGIhensandth phamiliimetendn sige, g@ grably Pemnesr kbopt Londui t
5 having an open end form ng a nout hpi ece adapted to be inserted into the
mout h of a user ,migroncandl Semitrensh dncpmpdate évaperation of propaiantaat the catiet ofither| e
assenbl y bei ng positioned

10  mouthpiece results in a substantial fraction of the metered dose being delivered in the

form of relatively large liquid droplets instead of fine dry particles and/or vapor.
Such droplets cannot be inspired, but rather tend to impact the inside of the mouth
and at the back of the patient's throat, with the result that much of the medication is
swallowed. The local concentration of medication in the mouth and throat can cause

15 . local immuno-suppression response, as well as development of fungal infections in
the case of corticosteroids. Additionally, swallowing P, agonists causes relaxation of
the smooth muscles of the gastrointestinal tract, which decreases contractility and
activity of the stomach. Further, the wasted medication has been estimated to cost
U.S. patients about $750 million per year.

20 Another factor contributing to the problem of poor delivery efficiency

is high lipear velocity of the aerosol as it exits the mouthpiece, which tends 1o lead to



to direct a plune of aerosolized nedication into the conduit; and an air

- tube supported within the conduit and having an air tube outlet arranged
opposite the nozzle discharge orifice and an air tube inlet in fluid
scomuni cation with anbient air outside 10 the conduit, the air ?Ji@l @Eﬂ ng
oriented so that air flowng out of the air tube outlet is direct as
to inpinge on a plunme of aerosolized nedication discharged fromthe

cani ster through the nozzle discharge orifice. Thus, an inspiratory effort
exerted on the nouthpiece causes air to_flowinto the air tube inlet and
out the air tube outlet to inpinge on the plune and thereby enhance

di spersion and m xi ng of .the di cat | L0l e i L& | et
fromthe air tuHBP%F’gﬁog%g@?g‘ﬁ%%llﬁ%h u Esﬁ}‘%\?v glg\ﬁl\lﬂgf(;e%aﬁngw Pﬁr-éﬁle\?g (g)ﬂgi ty
of the aerosol exiting the device approximately matches the velocity of a
patient's inspi skohldmeahibe Glosily g heonaHentFanpirgdBrealhsg Uan tepasaesta
residence tine of the aerosol within the apparatus and |l eads to a shorter
bol us to be i nhahggnedizané Heh®ane darricd img drnidngse Viemany ¢xistng MDIsptle exir e
conpl ete 20 evaporation of propellant at the exit of the nouthpiece. 17
JUN 2002 8 In . i T i i _ The
configured so thvg[b%lrﬁgp ﬁlozagﬁg& lcf?éﬁﬁ?‘é%g%c?%iﬁv%?cpgg? gegﬁﬁ%nﬁ%k?éhm?% t he
opera end of the nouthpiece. The air.tube js arranqged to direct an.air jet
away fromthe oﬁé&h’éﬂ%‘ﬁfpﬁﬁ%s‘ﬁ‘giﬁ[hﬁpﬁ%eoe%&e o E,(ga %W@@&’é’ﬂ a{:%gu%mﬂ%e_ The
air tube is supported.within the conduit by one or 5 nore hol | ow spokes
connected to the wall of fYepanotiedfactor apntributingtolbs pasrdplivenaeflcigrcyedfch spoke
bei ng connected at one end to a correspondi ng passage through the conduit

wal | to anbient isiingMBIsdeetddsiveqnsiuh bf @e@haie dribelueohsvrosonhekiiiog thedeviot.et
of the air tube. When the patient inhales on the open end of the

nmout hpi ece, air 4 : it @t [ Exde : (e exit the
air tube. Once ttﬁlseégg‘lgm]% ' asslg%gypi%“gs%agﬁ‘s?%@%@%@ %%’lr;nﬁs e% l?s
actuated to disc -a plunme of aerosol toward the air jet. The plunme and
air jet meet, ca‘{}g?cﬂgfﬂ’i &‘FR@“%H’ HE%‘&?’EF&E"T%@’“& the plume. In another
enbodi ment of the invention, the nozzle is positioned to direct a plunme
away from tA8 open end of Ip@e effpiitnhgrcsease plymsvalosiie serae Milesignem daveondui t )
which end is substantially closed by an end wall. The air tube is nounted
on 15 the end waidded vabutar spreersrbetveenfthet deeosal moztlalaed the muatpéde t Altopghssage
through the end wall to anbient air outside the conduit. Inhalation by a
patient on the 0§Rkereproddla@ived éfficiency, most of the drug which is discharged from the

nozzle impacts and sticks on inner surfaces of the spacer, and is therefore unavailable
for inhalation by the nser. Thus, MDIs with spacers still suffer from unacceptably
15 low delivery efficiencies.

Furthermore, although dry powder inhalers inherently avoid some of
the aforementioned problems of MDIs, such as excessive aerosol velocity, DPIs still
suffer from the problem of impaction and sticking of mec-iication on the inner surfaces
of the devices, particularly under certain environmental conditions such as high

20  relative humidity, which tends to cause particle aggregation.



to be drawn through the air tube in a directi.on toward the patient's nouth.
. Once the air jet fromthe air tube has been established, the canister is
activated to direct a plune toward the closed end of the conduit. The air
jet and plune neet) causing 20 m xing and decel eration of the plune. The

~ plume roust reverse direction before 17 JUN 1001 -9 exiting the JUN 2002
nout hpi ece, so that the sanme length of conduit is used tw ce, thereby
further increasing residence tune of the aerosol within the device. To
reduce inpaction and sticking of medication on the inner walls of the
apparatus, the invention provides an aerosol flow control apparatus, useful
for 5 either MO or DPlI devices, including a housing defining a conduit)
the conduit having an open end defining a nouthpiece and a substantially

cl osed end defined 6y an end wall renote fromthe nouthpiece, with a

medi cation di spens@ho@essible Wil SdstgMDBAS theidiffitulyt fadedotisierig tjo direct
nmedi cation into the conduit. The nedi cation di spenser nay be a prlessuri zed

cani ster with actyatar dn . Lvel i spenser
for medi &a?'id&i?%g’&?f %@rﬁﬁ@‘ﬁ]}m%ﬁﬁe&ﬁ é\?\%Hs?‘?n%ll lﬁ%’égﬂgo%ﬁdgdal ity of
auxiliary air inlets in fluid comunication with anbient air outside the
condui t ) MDbés, patidnts fequeatly inhale éqoseaphy o topgate i effeckyely isBlsE theadj acent t he
inner wall of the conduit, in a direction generally toward the open end of

t he nout hpédiemion TAGtheeI0d inimifer OF beath-aembied 84DE havelesh devisedfto vor t ex
generators nounted on the inner wall thereof 15 downstream of the auxiliary

air 1nl etaﬁdr«{sg%ﬁ%h*eha%sﬁfrmésgld@&i?es?:ﬁ%e)ﬁ%ﬁﬁée ﬂﬁ?\?f)é?& tQ}EfEt gegeerating to

establish a air ow al ong e i nner-wa conduit upon an

inspiratiory, effort being exerted.on the nouthpi.ece. The aquxiliary air flow
ot e e R SR aa, PPEYRE o1 B ARG AL SR ES o 1 po

condui t)! reducing the |ikelihood of aerosol droplets or dry particles

i mpact i nigoeaiipnp mayrafien by mare desirapletfer thomedieationrie be distharged TRy or t ex
generators preferably conprise inwardly directed vanes 10 1 7 JUN Z002
whi ch ar'eperakioéﬂieqﬂtiant'sanhmgheather thinethe begihnioy.r Bartheo)it Ay 86 tO inpart swirl
and vortjicity ~ to the air flow ng over them

~ desirable to be able to selectively vary the point in the patient's inhalation at which

medication is discharged in order to tailor the location of drug delivery to.the

condirion being treated. These advantages are not possible with existing MDIs.

Accordingly it has been another object of the invention to improve
dispersion and mixing of the drug particles in the bolus of an aerosol within an inhaler

apparatus, or to at least provide the public with a useful choice.



These and ot her objects and advantages of the present invention shall
becone nore apparent fromthe acconpanyi ng drawi ngs and the description
thereof. Brief Description of the Drawi ngs The acconpanyi ng draw ngs, which
are incorporated in and constitute a part of this specification, illustrate
various enbodi nents of the invention and, together wth the gle-z‘ua FIZ
description of the invention given above and the detail ed desc B @?} gi ven
bel ow, serve to explain the principles of the invention. Reference nmay
however herein be nade to other enbodi nents which have beconme the subject
of divisional applications. ~ ~ ~uN 200i -11 f FIG1 is a perspective
view of an inhaler in accordance with the i principles of the present
invention. FIG 2 is an exploded view of the inhaler of FIG 1. FIG 3 is a
cross-sectional view of the inhaler taken along tines 3-3 of 5 FIG 1. FIG
3Ais a partial cross-sectional view show ng an alternati ve enbodi ment of
the actuator and nqzzl.e of.the.li cross, al_ view
simlar to FIG 3) 8‘988\7{[ Rgiesh °£| Erlﬂ}ﬁr’lt’\?BG%"}%B%ﬁnngntpmvfl hﬁ’% £enrd

FIG 5 is a cross-sectional viewsimlar to FI(E ShQWIn gtk her .

al t er nat | sppaeatrofér deliverise anrsrasalizadanedication in which ‘7"’%&0‘168@ be i’ig G 6is
cross-sections! view of the inhaler of FIG 5 taken on a plane normal to
that of Fin@dicatiorFbiSthe7innsr walls of shesauparatussis reilesedopr tor pY leagimyevide the
alternative enbodi nent of the invention) having features for achieving

aut omat i Cgﬁﬂ{c%‘ft}l PlseFhl chofcaNi ster responsive to a patient's inhal ation

through the inhaler. I "I FIG 8 is a perspective view of the trigger which
engages and ', disengages the canister in tire inhaler of FIG 7.
Summary_of the Invention

The above and other objects of the invention are achieved by the
( methods and apparatus of the invention in which flow control techniques and devices
are used to promote mixing of the propellant-medication mixture with air to increase

evaporation of propellant, to slow down the aerosol plume before it reaches the exit

of the apparatus, and to reduce the impaction of aerosol on the inner walls of the

appararus. The invention also provides an apparatus and method for synchronizing

the actuation of the canister with the patient's inspiratory effort exerted on the

| mouthpiece of the apparatus.



FIG 9 is side elevational view, partly in crass-section) of yet another
enbodi nent of the invention, showing an alternative arrangenent for
achieving , , , automatic actuation of a canister responsive to a patient's
br eat h. -13 1 7 JUN 2002 FIGS. 1-3 depict a first ernbodi nent of an

i nhaler 10 in accordance with the principles of the i nvent i on. 1 hdIN Wal er
10 includes a housing 12 which has a receptacle portion 14 connected to a
conduit 16. The receptacle portion 14 is in the 5 formof a sleeve adapted
to receive a standard pressurized canister 18 containing a nedication. The
canister 18 forns no part of the presenf-invention. The inhal er apparatus
of the present invention is usable with any standard pressurized cani ster

having an internal meterjfge yakifealy, e iavdacb providessaregd dobeimhathi ch may be
depressed inwardly with respect to the canister body froman inoperative

position in 10 which di scharge of j [ | : ative
position in mﬂen’ﬁfﬁ"w@ﬁ% %%qugﬁgg%[{dﬁé s@gft?@@%ﬁ%@iéﬁgﬂ?gﬁ?éﬂ glloggﬁ r ged
t hrough the holl ow di scharge stem The_ conduit 16 incl udes, a n end 20
spaced from t héavieg epaetviter sk nozals assemblywithya borg adapiediia T%E“’Sg?ciotﬁ’gﬂwby an
end wall 24 which is connected to the 15 receptacle portion 14. The end
wal | 24 pref er ajtin skéin 9eMecahibyr, aphousing duriiee incluping i geadrallyubilapenndvit t h an
apex of the end wall 24 formng the portion of the end wall 24 farthest

from the onen §agigQn ok bd f%[ngﬂngracnﬁomlsbyi&t: Guaptol th BE iRAHST iR e mbbihidiar

i ncl udes ar® actuator nozz ssenb 26 supported by the end wall 24.

The actuator and nozzl 0 assenb inel ud bore 2 Lch is. pt ed
to recei ve the Hbb Ia&W‘ﬁF él?ﬁ%é%oréé%rﬂ%?%eo{é&saﬁ&;ﬁd ?%ZEI%TD%WY%FE&O Sl?’ﬁg&a

cani ster 18, and a nozzle discharge orifice 30 in fluid 17 JUN 2002 -14
comuni cat i on VP direetreplpme of agrosoliged medication ine the £pRduit and a-ar mbe pupported
advant ageously |l ocated at the apex of the end wall 24 and oriented to

di rect an aer oswikhip khengnndein endihdvingsdnoaigtubdentieeartanged opposite thelnomle axi s 32 of

the conduit. The orifice 30

discharge orifice and an air tube inlet in fluid communication with ambient air outside

10 the cqnduit, the air tube being oriented so that air flowing out of the air tube outlet is
directed so as to impinge on a plume of aerosolized medication discharged from the
canister through the nozzle discharge orifice. Thus, an inspiratory effort exerted on
the mouthpiece causes air to flow into the air tube inlet and out the air tube outlet 1o
impinge on the plume and thereby enhance dispersion and mixing of the medication

15  within the conduit. The air jet from the air tube also causes the plume to slow down
so that the velocity of the aerosol Exit'mg the device approximately matches the
velocity of a patient's inspired breath. Slowing down the plume also increases the
residence time of the aerosol within the apparatus and leads to a shorter bolus to be

inhaled. The increased mixing and residence time promote more complete

20  evaporation of propellant at the exit of the mouthpiece.



preferably has an internal dianeter at the exit of |ess than about 0.025
inch) and nore 5 preferably between about 0.005 i nch and about 0.019 i nch.
Thus, upon the canister 18 being depressed in the dowward direction in
FIG 1, a nmetered volume of nedication will be discharged into t:hg Hbﬁ)rﬂﬁ 28
and out the orifice 30 to forma generally conical plune of aends y

medi cation within the conduit 16, directed generally toward the open end 20
t hereof . The inhaler 10 10 includes features which pronote dispersion and
m xi ng of the aerosolized nedication with air within the conduit to enhance
evaporation and decrease the velocity oef8the |iquid propellant discharged
fromthe canister 18. Mire specifically, the inhaler 10 includes au alt
tube 34 supported withinpibse emtrdithént b6the Thenwon, ticuppardds baonfigureditd dat 36
whi ch is spaced downstream of and in opposing relationship with the nozzle
15 di scharge orjf| 3 | i b Shel i oAt ion

w t h anbi egt ai*é gﬁ?& eCh?#g 02@%8%[?&51%_&%% eag‘ﬁboggé %r@n‘%hgﬁovm Ffré]&tFl GS.
-3, the air tube 34 is,a bent_ tupe which, has eperal | i al j 40
whi ch is gener a} 16315 0g iATHEEHP CBW&‘ WAL waaffcﬂ%&etoagﬁ %‘!ﬂa‘%(fla@? Eggé}fegégd a
generally radial portion 42 which is attached to the inner wall 44 of the
conduit 16. Wieso z tosmpingecen the phums. nEhe aintube § sypposied . within the comdugd¥Poe fH 20
of the conduit 16, air is drawn fromoutside the conduit 16 into the air

tube inlet 38, x%&etﬂd?ﬁwt%gkéic%nﬁééﬁﬁ 16 tHel v2dll otahel ddnduidiwidahe Belldw p@sabetofie
nozzl e di scharge 17 JUN 2002 - 1S orifice 30. The portion 40 of air tube

34 is located and,ari,ented wtnhi i i L.nhg out

fromthe outl et eagg swlﬁe{%efn%pqo%%&eglr?& gg%ﬁ?ggldockng%?osoﬁt %%Et@iéfan%tﬁée% nozzl e

orifice 30. Once this air flow fromthe tube 34 has been establ|she t he
metering val ve &A0AER&all4pambient ‘1‘8@%‘%&‘1&%?@8‘%"5%&%8&% 5‘%‘155’ f °g#he

aerosolized 5 nedication fromthe orifice 30. The inpingenent of air from
air tube 34 on tihauhsl MWhencthe petient inbales amthetopers ¢engvof deymouthpietse alfiispraded so
as to occupy a larger portion of the cross section of the conduit 16. The
result is enhaniksltheiald e of cabfecarair o6 @l exitithdaintubg. GheccthispinjFphdbeswr e
conpl ete evaporation of liquid propellant by the tinme the aerosol bolus

exits the open efghi@Redthd dfistr fithiatebbo distiiflgen pIEAL6F dedBsol Towddd WR! ACket ¥ Of

the plunme exiting the open end 20 so that it approaches the velocity of the

[ [ b k . : [ f dd f
ol cati on’ di spaRe B ARAIE! Heo PR ik, MGG Alafon i B BRUE 7T (12" 01 m

of respirable dry particles of the optimum sye of about one to five mcrons
moving at a relatively | ot 3PHSEFRYOGIRER: of tsRYERtON, (the nqzzle dhResiygned ©
inspiratory breath velocity, as opposed to 15 relatively large |iquid
dropl ets novi ngdaecta plame awgefromithe;ppapeng of the mauihpiece towardithg far end of the

conduit, which end is substantially closed by an end wall. The air rbe is mounted on
15 the end wall, with the inlet of the air tube connected to a passage through the end wall
to ambient air outside the conduit. Inhalation by a patient on the open end causes air
to be drawn through the air tube in a direction toward the patient's mouth. Once the
air jet from the air tube has been established, the canister is activated to direct a
plume toward the closed end of the conduit. The air jet and plume meet, causing

20  mixing and deceleration of the plume. The plume must reverse direction before



sticking of nedication within the nouth and throat are thereby reduced. The
air tube 34 and condui.t 16 can be integrally fornmed of one piece) wth the
i nternal passage of the air tube 34 extending through the conduit 16 to
establish fluid comunication with air outside the conduit 16. 17 JUN2002
Alternatively, the air 20 tube 34 can be fornmed of a nmetal tube bent into
the appropriate configuration and attached to the conduit 16 at the inlet
end 38. ~ ~ JUN 1001 _ 16_ Although the enbodinents illustrated in FIGS.
1-3 and 7 show the air tube 34 bent at an angle of 90 degrees with the
portion 40 coaxially aligned with the a%- 41 (FIG 3) of the nozzle
orifice 30, other arrangenents nmay be used w thout sacrificing the

advant ages of tekagmigw@ﬁbﬁtﬂgiccd?@b tieax eephme ldngth qicotduiins ¥sed meige obeSbyr r anged
at an abtuse angle (i.e.) between about 90 degrees and 18Q degrees) 180
degrees being fi . : i il f@on of a plune
exiting the or &ﬁﬂ%ﬁﬁ?ﬁﬁﬂt@ﬁg&gﬁﬁyﬁﬂgﬁa#ﬁg;ﬂfglzjgr'%(%%hhgi ce 30, with the
portion 40 of air tube 34 being.oriented, to.direct an . air jet at e
orifice 30. Additionall y,T%fﬁ‘é“cgdﬁﬂP?%‘ﬁ“&%dWﬁklf'ﬁ °§H‘8‘6ﬁb°§‘ "Pod“‘t ‘r?@erc%‘lr‘%gu"uft wal |
need not be radial, but can be oriented at an acute or 10 obtuse angle to
the conduit walthe dgpardths theningentiooprovides e etosn flowesonwel apparaws \weh fdfeduce
the likelihood of liquid droplets or dry particles inpacting and

per manent | y5st i GigeNMBICoriHEl dedidey, iNdhdisy 2BoRbg dfidin@h coddRitcoBdbhduitl 6. More
particularly, the inhaler 10 includes a plurality of auxiliary air inlets

46 through the .end wal of | al SAR r at
at least two dil?afvg}gearﬁépre é%‘?aﬁngﬁrg %E@'%é{z%% %&odrélﬁP [ ceQ%Fﬁ%dﬁg }855‘? ﬁﬁéa%d
circunferential ring of auxiliary air inlets 46 are |ocated adjaceni .the
Sunctur o 48 bot Hoe ¥ALrEme e Folihitis o AR GEpT SADeeer BHtHh AGS
16. A second circunferential ring of auxiliary air inlets 47 are | ocated
radi al | y bet weearranged mithin the Bousingaindiineptamedicasipe ingy the icorsduB0 Thamadipaer at or y
effort exerted on the open end 20 of the 20 conduit 16 causes air to flow
into the auxili éispenséerrmiybeci predfuaridedicaistensvithudtvant ash fvyrzla) sralerdativelpndy
outward therefromalong the inner wall 44 of the conduit 16 and 17 JUN
2002 10  be a dispenser for medication in dry powder form. The end wall includes a plurality

of auxiliary air inlets in fluid communication with ambient air outside the conduit, the
auxiliary air inlets opening into the conduit adjacent the inner wall of the conduit, in a
direction generally toward the open end of the mouthpiece. The conduit further
includes a plurality of vortex generators mounted on the inner wall thereof

15 downstream of the auxiliary air inlets, the auxiliary air inlets and vortex generators
cooperating to establish a turbulent air flow along the inner wall of the conduit upon
an inspiratory effort being exerted on the mouthpiece. The auxiliary air flow acts as
a buffer or boundary layer flow along the inner walls of the conduit, reducing the
likelibood of aerosol droplets or dry particles impacting and permanently sticking to

20  the inner walls. The vortex generators preferably comprise inwardly directed vanes



-17 outward fromend wall 24, as indicated by arrows 52. This auxiliary air
flow forns a buffer or turbul ent boundary layer air flow along the inner
wal | 44 and end wall 24 which tends to reduce the inpaction and permanent
sticking of nmedication on inner wall 44 and end wall 24. To the further
attainment of this end, the inhaler 100al so includes a plurality of vortex
generators or vanes 54 (best seen in FIG 2) nounted on the ilnhdUNwap! 44
of the conduit 16 and extending inwardly therefrom The vanes 54 are

| ocat ed downstream of the auxiliary air inlets 46, with each vane 54

advant ageously being | ocated approximately in axial alignnment with one of
the 10 auxiliary air inlets 46. The vanes 54 are oriented at an angle to
the axial direction defined by |longitudinal axis 32, so that

circunferential vorticity and swirl are inparted to air flow ng over them
Thus, the t.urbul ent houndary |ayer .air. flow created by.guxiliary air inlets
46 encoun‘i’lﬂ\%ﬁ% a&erpgegggﬁgga%iggwﬁﬁ% a:fxﬁlpcégefnqﬂ SrDc?&ﬁ? E'i‘péﬁtﬁy"éﬁ Py Pﬂ‘fﬁ y and

swrl to the turbul ent boundary layer air flow. This 15 vorticity and swrl
further ttediecdr flawingigver ie@od of aerosol droplets or particles inpacting
and permanently sticking to the inner wall 44. As shown in FIGS. 1 and 3,
the inhaler 10 includes a separate nouthpiece 56 which connects to the open
end 20 of the conduit 16. The nout hpi ece 56 has a reduced di aneter portion
58 adapted to be inserted into the 20 nouth of a user of the inhaler 10.
After conpl etely eXheskiang, othbreobjsets and smivistagdseofpthet prosenb8nvention tshall nout h
with the lips closed around the portion 58, and then begins to inhale,

whi ch est sbdonsd1@sreaippalchOffbrh tREAdcBRpahying Btk aad the dusorigtontthereaftixi | i ary
air inlets 46. Once 17 JUN 2002 -18 these au flows are established and
while continuing to inhale) the user depresses the canister 18 to discharge
a netered volune of nedication and propellant m xture fromthe nozzle

di schar ge k. ce. 30. er_continues to inhale to fill the lungs to
their capB%{re b%&§1§8 HSI%%WI %Iy hol ds the breath for a period of tine to
allow the 5 aerosolized nedication to settle within the airways of the

| ungs. As shown in FIGS. 1-3) the housing 12 is forned in four sections
(including the nout hpi ece 56) which telescopingly fit together. However,
for ease of manuf adihgraceqmpanyinghdrawingg, whichwye micomorsed iretnd ¢nmstitsten®d in
fewer than four sections. For exanple, the housing 12 may be fornmed in two
sect i ons, partfof tli$ speeiftdation, illustrate various embodiments of the invention and, together

with the general description of the invention given above and the detailed description
given below, serve to explain the principles of the invention. Reference may however
herein be made to other embodiments which have become the subject of divisional

applications.



10 including the receptacle portion 14) end wall 24) and the conduit 16 up
- to and including the vanes 54) and a second section including the portion
of conduit 16 having the air tube 34 and the nouthpiece 56. Alternatively,

- the-housing 14 may be forned in two sections split on a | ongitudinal plane
t hrough the conduit) the two sections being generally mrror iﬁﬁg&w each
ot her which are joined together along 15 the plane of symetry.
Neverthel ess, for illustration purposes, an enbodi ment having four sections
is shown and described. A first section 60 includes the receptacle portion
14) the end wall 24 and actuator and nOﬁﬁle assenbly 26) and a generally
cylindrical portion 62 which fornms a part "of the conduit 16 and is
connected to the end wall 24 at the juncture 48. 20 The first section 60
advant ageously is integrally forned of one piece, although it may
alternatively be forned in nultiple pieces which are subsequently joined

t oget her. 17 JUN 2002 19 A second section 64 includes a second
generally cylindrical portion 66 whose inner and outer dianeters are equal
to those of the first generally cylindrical portion 62, and a

reduced- di anet er port i oflGeB isnperspertivetvisvesicanpinheidryin nesordanexdwith thei n t he
downst rieam open end of first cylindrical portion 62. The portion 68 has an
inner 5 wail’' gfnoble€ bf the pEES&R idehtiforcONi cal , converging slightly in the

axi al %;rection toward tRe nout hpi ece 56. The vanes 54 are nounted on the

i nner Il 70. Second inon_ 64 preferably is int lly fornmed of one

pi ece) lal t hough it naysgﬁ‘gr‘ﬁﬁ? F’\‘P@?@dggﬁﬁ%l&h}lﬁ ‘ﬁ%‘ﬁ@r Ei e pieces which are
subsequently joined. A third section 72 of the housing 12 includes a third
general |y 10 cyli ndri caFlCGadris paFpsy-acchiprad siep i de ighalergaiearalatigdines dnwfar e
equal to those of the second generally cylindrical portion 66, and a
reduced didanmef&@. tylindrical portion 76 which is tel escopingly received

wi thin the open downstream end of second generally cylindrical portion 66.

The outer dianmeter of ppyd.isAnis 4akthl a@w&xﬁdﬁaﬁﬂw_smaﬁﬂmﬁhﬂe”ner
di aneter of portion 66 so as to provide a tight fit beiween those parts.

The 15 i nner ? f_portion 76.h a. di ter which is approximately
equal to the 3%@@?{“ %i@%cgﬁmﬁpdtnﬂglec%ﬁ?ecﬁﬁdgnrﬁer wal |l 70 so that the
juncture between surfaces 70 and 78 does not present any substantial step
in the flowpath definedFiy 4ina ceessraestipnal giewrsimilagite FlGpd shawing axount ed on
the inner surface of the third section 72 at the juncture between the inner

surface 78 andittrinetiveremodinent ef-the &alef. t hird cylindrical 20 portion 74. A
hol e 82 through the portion 74 mates with the internal passage of air

10 FIG. 5 is a cross-sectional view similar to FIG. 3, showing yet another

alternative embodiment of the inhaler.

(U S



tube 34 to provide fluid communi cati on between the inlet 38 of air tube 34
- and 17 JUN 2002 20_ anbient air outside the conduit 16. Third section 72
may be integrally formed of one piece) or formed imnmnultiple pieces and
subsequently joined. The fourtti section of the housing 12 is rite
nmout hpi ece 56, which bas a generally cylindrical portion 84 which

tel escopingly received within the open 5 downstréamend of the1Mﬂﬂ¢¥2mz
general ly cylindrical portion 74 (which2also defines the open end 20 of the
conduit 16). The portion 84 is attached to an annular flange 86) which in
turn is attached to the reduced dianeter portion 58 which is inserted into
a user's nouth. The outer dianeter of portion 84 is approxi.nmaeely equal to
she dianmeter of inner surface 80 so as to provide a tight fit therebetween.
10 The housing 12 advantageously is formed of a plastic such as pol yanai de,
pol yester) pol ypropyl ene, polyethyl ene, ABS, polycarbonate, or

pol yacryl ate. The housing 12 may be manufactured by any suitabl e technique
such as injection nolding or blow nolding. FIG 3A shows an alterative
enbodi ment of an act uatBG. &rislcrosszsecdonhbvias o¢ tHelivhakb af FIG. $ faker sabRke 10, in
cross-sectional view on the horizontal plane illustrated in FIG 3. T$e
actuator and A7l & RASHFMGYs26a i ncl udes two spaced apart di scharge
orifices 30a which are both fluidly connected to the bore 28a and which
converge toward each ot i gJoile [ fp Lece - Thus,
depressing the cani st er%@gatggﬁ% gécé:&%?:kgggogs%ﬁ ?‘%ﬁ%%@fcﬁ@ 81,men9

medi cation intp the 20 bore 28a causes .twp aerosql plunes _to he emtted
fromthe pair °€'Ihe 6‘?‘1‘1"’%‘%3’3%&.33‘7‘“@ f§¥ fpteYing aytpmape actiaiop af A GaUSteh, each

ot her upstream of the air tube outlet 36, _. 17 JUN 2002 - zl causing

t he aerosol itEPSB?QSE’MOGW‘;IEUG'EMWOQMW‘EQ'-hql)@hﬂy-of the aerosol with air.
Addi tional ly) inpingenment of the two plunes aids in creating smaller

dropl ets, whi ch enhanceFIGe \&ipampeispetivetieprof el tigger whidh esighdesaad appr eci at ed
that for convenience of illustration) the bore 28a is shown as being

el ongated in {hiendipés B BirMdtercth HRGhAAG AHG. 7.
FIG. 9 is side elevational view, partly in cross-section, of yet another
embodiment of the invention, showing an alternative arrangement for achieving

automatic actuation of a canister respoasive to a patient's breath.



5 orifices 30a are shown as being spaced apart in the horizontal plane.

- Advant ageously, however, the bore 28a nmay sinply be extended in the
vertical direction and the orifices 30a vertically spaced apart and angl ed
toward each other so as to achieve the desired convergence of Hhe t wo
plumes. FIG 4 depicts an alternative enbodi nent of an inhaler %pgumglxhich
10 the elongated air tube 34 of inhal-eé3-10 has been repl aced bJ S P er
air tube in the formof a hub 40a which is supported in the conduit 1 b by
a pair of hol DeyiledDesgindam : faned) parts identified by reference
nuneral s having the letter "a" suffix denote parts anal ogous to those

bearing the sane refere L i, t l.he fhix iLp.FIG whi | e
parts identified wth ident ??ﬁ?&?ﬁ%‘ﬁ@g%’ﬁﬁn@&fﬁiwaﬁég.m §°Cf5daa§ﬁ?d 4
denote identical parts. Thus, fhe hub _40a is anal ogous to the axial portion
40 of the air Mityae RULCIRESPTIBEIYENLIORS Tho zuligles 18 includgbe Bousing 1Rewhighiihag
portion 42 of air tube 34. The hub 40a includes a central cavity 88 of a
first di anetea ricepacle portivati4ebnpard age cOfmitd6. Theeerprcls pottioar4ds aiedeer .
The outl et passage 36a is generally coaxial with the conduit 16 and

oriented g0 tm@égsléév_e\seti@&dqutw@rv@ ats%aﬁ%w&xkgg&"ﬁ f 4ok %Qmﬁgad the

nozzle orifice 30. The internal passages of "spo are con ed to

outside air b . pair af hol es a t hrough the cyli.ndri.cal _portion 74a. In
Ches 1 5 untasBisBios, »The i8R AR Forme o Ech 6 FBA AV OH G TR IRET 4. 1 her e
is no section of the housing anal ogous to the second section 64 of FIG 3.

Thus, the van@BPasafuhefiBe Biessht EVeRiaRais aspble With enyestandard| pessurized cepisisver ) t he

auxiliary air inlets 46 are still present in the inhaler 10a to provide a
boundary | ayehaving af irsemnal [nmeyirghelvierwidr a balldw difchtipe sterbwhioh daiytbel6a. FI GS.
5 and 6 illustrate yet another enbodi ment of an inhaler in accordance with

the principl egegbssbd fvREAF Vith respe@ib immelmfs{e%oé‘y ﬁ@:ﬁ%ﬂ%&dgex%kiw Pém'sl%%.si ﬁ

hori zontal cross section anal ogous to FIG 3) show ng an | nhal er

which th . pl i s_direct S0 that. th I
mist reveltbe. T0h Pickeias of BERSRIEpRYEH s 5P A S A Rouia ke a2 VO
depicts a vertical cross section of the inhaler 10b. Again, Like parts are
denot ed by | i FRetered ¥pleme of he FRTSIPLCOnIFR is durbarerdSirough e dollow discherged by

the letter "b" suffix. The inhaler 10b includes a housing 12b defining a
conduit 16b wstegh has a first closed end defined by an end

The conduit 16 includes an open end 20 spaced from the receptacle
portion 14, and a closed end 22 defined by an end wall 24 which is connected to the
15  receptacie portion 14. The end wall 24 preferably is generally conical or
hemispherical in shape, with an apex of the end wall 24 forming the portion of the
end wall 24 farthest from the open end 20.
With reference to FIG. 3, the housing 12 further includes an actuaror
and nozzle assembly 26 supported by the end wall 24, The actuator and nozzle
20  assembly 26 includes a bore 28 which is adapted to receive the hollow discharge stem

(not shown in FIGS. 1-3) of the canister 18, and a nozzle discharge orifice 30 in fluid



wal | 90 and a second open end defined by a nouthpi ece portion 58b adapted

"to be 15 inserted into a user's nouth. The conduit 16b has a first |arger
internal cross sectional area over the majority of its |ength, nqr Svﬁ@ﬁzto

-a second smaller internal crosSs sectional area at the nouthpiece ﬁé

58b. The housing further includes a receptacle portion 14b which penetrates
into the conduit 16b at a | ocation betleen the end wall 90 and the
nout hpi ece portion 58b. The receptacle portion 14b receives a 20 standard

pressuri zed caningsaicatiorowits kevioye 28T NEhd@I35le @%cﬂ%ge biidel®ris EM&gF@sgn
actuator and nozzle assenbly 26 arranged at the bosom encl of recCeptacle

portion 14b th')e(’a% 2 . l,l ow outl et stem of the
cani ster may t;icz‘imr?gglrte Lﬂl‘ ﬁtt%ggncﬁgj(rﬂz2@3‘?%?‘.%{6%3%8{!5%?8?“85% pi‘BEPZI e assenbly
26. The details_of t?lg a%teuat or and nozzl e assenbly 26 have already been
described in ESRTALY H8RE thecrntral igngtudingl axis 32 of the foaduiar The wsificeidfe 30 i s

oriented so as to direct an aerosol plune toward the end wall 90. 5 The
i nhal er 10b i rre¢feeably e 2 internalaliameperchnitte €2 ofifdiss thah sbauo 8024 libch, didpesed
with the conduit 16b. The internal conduit 92 has an open end 94 spaced

from and aflj ageeferablyebeewetn Wbl 0905 iddhchrd bR TEFI06AG. 96 remote fromthe end
wall 90 and defined by an end wall 24b which supports the actuator and

nozzl e assenbly 26. Theqi . j u .ai.r tube 3d4bh attached
to the end wail 90 and ggg%?‘gﬁ?t%&‘%?{s}odo%g@ %ﬁ?ﬁﬁ?&ﬂ ‘ﬁh’& %&W&f{lgﬁ%ﬂpnﬁe
air tube 34b i.ni:igdgs gart Waéu{ nto the inner conduit 92 toward the nozzle
di schar ge ori ff E&73b. 2 mffgred yolmes pnedication will beodischarged into thehese2&and o
anbient air outside the conduit 16b by a hole 98 through end wall 90. The
outl et 36b of cutthetanifige 3@ ko fosmiargeogrplhs conjcal phiemeiob rerbsplizbmediciticnevidfin '
Aerosol emtted fromthe orifice 30 enters into the interior of inner

conduit 92 andhgecmdeirds, difectedWetidtally@wantih¥apin 3 20fthpetire rTHe GRickudrt1016b.
I nhal ati on of the user through the nouthpiece 58b causes air to enter

through hehe 98 1hdus Feirks vareg gfbﬁbt@&xﬂg)éé&i%&%&ﬁ%@#é @'ta%e:?eg%srn% ng&igﬁio | une.

The plunme and the air jet alr t une to slow
down and spread,out wthin inner conduit 92. Continued inhalation by the
user causes th‘%’%‘i"ﬁbv\é\ﬁlg‘e ¢ SeRdgL &7 eqhgnes,SvAPqraRon ATA dFﬁé“Bﬁ‘anei‘?f(ﬁ‘yé’gﬂﬁ%/ 20
inner conduit 92, and theft reverse directions to flow through the space
bet ween t he i digard proneliant dischaegad fromuthe ganisterckdn dvipte speificadly dtheield®s 1Ohr ough

t he nout hpi ece 58b. .r
includes an air tube 34 supported within the conduit 16. The air tube 34 has an outlet

36 which is spaced downstream of and in opposing relationship ‘with the nozzle
15  discharge orifice 30, and an inlet 38 which is in fluid communication with ambient air
outside the conduit 16. In the embodiment shown in FIGS. 1-3, the air tube 34 is a
bent tube which has a generally axial portion 40 which is generally aligned along the
conduit's longitudinal axis 32, and a generally radial portion 42 which is attached to
the inner wall 44 of the conduit 16. When a user exerts an inspiratory effort on the
20  open end 20 of the conduit 16, air is drawn from outside the conduit 16 into the air

fube inlet 38, exiting the air tube outlet 36 in a direction toward the nozzle discharge



~ 7 JUN 10U2 -24 Thus, the aerosol travels a portion of the |ength of
conduit 16b twi ce) thereby increasing residence tine of the aerosol within
t he device before exiting the nouthpiece 586. This |eads to nore co l?@
evaporation of |iquid propellant. I=urthermore, the flow reversall 1 .:[EE‘!, i
that the velocity of the aerosol exiting the 5 nouthpiece wll 6e
substantially equal to the velocity ofli¥he user's inspired breath, reducing
t he problem of inpaction in the mouth and throat. FIG 7 depicts yet

anot her enbodiorise 3&f Theporting 8 oF ain tybe AviidloogeditduFRbie vaGiA Rk icBRLS 14 he
cani ster to discharge a dose of nedication in response to) and synchroni zed

with, the usersoshat a Flowaieosl kT @E butléb’%kx‘ﬂi%@ggel%f% hlgﬁlletbqggrog?léegit{ﬁglrwi ng

12c having a conduit 16c¢ within which an aero I's cre

i nhal ati b : it .1 [ h i ncl ud h [ be 34
and the auxi| 15 e2R Rt 8 OREE s aic g ou R Hbe 18 brst ibrDed b

inhaler 10. Alterpatively, the conduit 16¢c may be a sinple straight duct
with an open dPfETIRg vaivest dhe qanister 4% iscasbiated del disehurgeas plome of resolimed h t he
exception that the conduit 16c nmust adapted 15 to provide fluid

communi cat3 on midfdatien frhanbeorifie230. MTHeGuBingemInt of ai fbmpar apedsbgl g, t he
details of the conduit 16c are not inportant to an understandi ng of the

br eat h- Synchr icddédudéd theutne 49 s18% dolv abif K€ Blshédlb oS8 1)QULIHP T 1ty fur L her

i ncludes a receptacle portion 14c ich 1's cohnecte conduit 16c.

The recept acl rti 4c conpri.ses a,qgeneral | 0. cylindrical s|eeve
havi ng apl ongﬁ)toﬁ?lnnéafﬁgea&f”ss sﬁ%o'\/é#;ﬁ% °°P§85P€eﬂ%¥fs‘§f 84 %’6? Iﬂ‘&?@”%\ﬂ Evto t he

| ongi tudi nal axis of the conduit 16¢c. A canister 18 resides within the
receptacle  -2€IPsglKittpainvhicly Broggrasimnse ¢oraplafeemapiorasion of §nuid propellanniiys
aligned with the |longitudinal axis of the receptacle portion 14c. Di sposed
bet ween t he r ebefimediemepmol bahus ekits terupet bl 2000f t5¢ eynddi8 16 Sandn fedid@iongheeve
100. The inner sleeve 100 has an open top end 102 t hrough which the

cani ster 18 nadefy one yuﬁﬂb exiitE :ﬁggﬁh?%d botsh &R Egg%%%e%%dcﬁy o{ﬁ]e

restricted such that the canister annot go thrt ut whic _
he bor e 25 oftireeisky b Asethidd R el iston (PR ieiied ool OB '
sleeve 200 ad) d%s?peegs?edbfroc}n; rcn<:gxgll(sju:rl984exits the open end 20 in the form of respirable dry

particles of the optirnum size of about one to five microns moving at a relatively low

velocity that substantially matches the inspiratory breath velocity, as opposed to

15  relatively large liquid droplets moving at a relatively high velocity. Impaction and
sticking of medication within the mouth and throat are thereby reduced.
The air tube 34 and conduit 16 can be integrally formed of one piece,
with the internal passage of the air tube 34 extending th.r.ough the conduit 16 to
establish fluid communication with air outside the conduit 16. Alternatively, the air

20  tube 34 can be formed of 2 metal tube bent into the appropriate configuration and

artached to the conduit 16 at the inlet end 38.



has i nwardly extendi ng | edges 105 which abut the cap portion 106 of the
cani ster. The canister 18 is slidable within inner sleeve along the
direction defined by the 10 | ongitudinal axis 108 of receptacle\boWNﬂgﬂ l4c
So as to permt the canister to be depressed toward the actuator and noul e
assenbly 26 in order to actuate the canister's netetvig valve. The inner
sleeve 1d0 is also slidable within thgiqgceptacle portion 14c al ong the
direction of axis 108 for the purpose of placing the canister 18 in a

ked 15 iti d - : I [ 4c .h
Four 1 ongi Ludi nal sl ot s 110 B e ey it IR EORRAS£aRRt 158y g™

degrees) two i.ch receiv ir of dianetrjically opposite lugs or cam
fol |l owers 112?@3?}[,%%91%5‘ E&LPP&EPM%F%?ﬁ Wlﬁémsm@@mn%mmdgdﬂlngw&m Hleceve
1d0. Alternatively) the receptacle portion 14c may have only two slots 110
spaced 180 deg?(éé?s/l (&Har3) of ek nozeleiovifing3Q, foghelr ugangkindnrs Ty be uasd whsoutnner 20
sl eeve slides longitudinally within receptacle portion 14c, the lugs 112

sl i de | ong t udacnciog e Wbialub T BSBIHIOH® FB} Bishpll Ghe pordo 49 bl 2002 - 26

~'" he inhaler irncludes a generally cyl'~r drical “camring ich fits

over the oyt si c rti l4c, camrin 4 has annul ar
Fl ange 116jjat a.?rt%gquoﬂ\;t\gﬁ%gﬁ% %l@ileg '%‘)P?'e f&8 a‘&‘ﬂ’}gﬁp%ﬁrﬁ%f&ﬂgs‘ﬂ‘%ﬁfﬁﬁ éwsurf_ace
of the housing so as to facilitate gripping of the camring 114 by the
user's hand. %ﬁé‘thP@Fg defined aexactly aprosigt torthgdirectian phasplume gkiting fthe
circutnferentially extending recesses or camtracks 120 fornmed therein

appr oxi mat el y ofifite d@ptoaksaxipdl bf thbnotzleotffoed0| wilyitieusbridl 40/ofusmabe 340 t he
open top end 122 of camring 114. Each catn track 120 presents a generally

hel i cal surf agg; iehidd i@ 8i i I ki t :
Geink2Aichidd t@irétd ah Sir 3tiaO ks RriBicVBh, Agﬁiﬁo%ly,s pﬁ aoﬁgﬁfg_]@qxﬁﬁ ]

protrudi ng outwardly fromthe innéer sleeve 100 throu ot's

starting wth the i I j J i in which each lug 112 is in
contact with t%e%%@gp %gédu&%ﬁ}lﬁxﬁéﬁb ﬁ?‘%ﬁ@?‘é&ﬁg‘-‘ ibSé’"E’é‘ﬁﬁ‘ g aRgeue (i.e.)
that portion of camtrack 120 which is farthest fromthe top end 122 of cam
ring 114)19 r Sp8st apelefo WRsordMRWAlff 114 through the arc defined by the cam
tracks 120 causes the lugs 112 to ride along the helical surfaces 124 and

t hereby upwardly advancdhe inyentonefurtbérdneludes Gexnires whieh resiugs thedikelaioodiofect i on
15 toward the top end 1Z2. This upward novenent of the inner sleeve 100
draws the canilmhﬁrdrbﬁleumﬁphﬁcwé fuipaerigy addiRrhadaesstiklmg 16w ighérngallshi s
upward novenent of the canister

24 and 44 of the conduit 16. More particularly, the inhaler 10 includes a plurality of

auxiliary air inlets 46 through the end wall 24 and circumferentially spaced
15  therearound at at least two different radii from the nozzle orifice 30. A first
circumferential ring of auxiliary air inlers 46 are located adjacent the juncture 48
between the end wall 24 and the inner wall 44 of the condvit 16. A second
circumferential ring of auxiliary air inlets 47 are located radially berween the juncture
48 and the nozzle orifice 30. An inspiratory effort exerted on the open end 20 of the
20  conduit 16 causes air to flow into the auxiliary air inlets 46 and 47 as indicated by

arrows 50, and outward therefrom along the inner wall 44 of the conduit 16 and



18 is a conpression spring 126. The spring 126 is attached co the inner
surface of a renovable end cap 128 which surrounds the top end 130 of the
receptacle portion 14c 20 and the top end 122 of the camring I1ﬂ7LMNlm2
conpl etely enclose the canister 18 in the housing. Wen the end cap 128 is
thus installed) the spring 12d bears agai nst the end 17 JUN 2002 2~ of
the canister 18, biasing the canister downward toward the actuator and
nozzl e assenbly 26. Wth nothing to i npede the downward novenent of the
canister 18) the spring 126 woul d nove thd7cani ster downward until the

di scharge stem 19 were fully depressed into the canister so as to cause

di scharge ~f a omttverdddomaehdimell @#, 4shiedibated by strews 6dniTbistasxilidoney 8oy t he

i nhal er 10c includes a nechani sm whi ch engages the canister to prevent this

downwar d nmovenegihs Wlifel (QuRARDSERMBEERY alr TRVPAShY thelin@ wdl NEPAdanar ¥
effort of a user exerted on the open end of the conduit 16c so as to

di sengage fromt ani ster £ 'S | i on: .
spring 126 to %@Zz%ﬁvgl%at%?dssg §rréd|1u%? %ﬁ%ﬁp@ﬁ%o&%&;})&g&%ﬁﬁ%{ﬁqf ‘%édg é%&ééa?%relse
ends, the inhaler, 10c ipc¢cludes a piston assenbly 132 which is novabl e
relative to theo%‘é‘HFrs‘f’@Pgﬁémg?’@nﬁBL%'axi s 134 generally nornial to the

| ongi tudi nal axis 108) The piston assenbly 132 includes_ a circular disc 136
havi ng a 3shaft 138 ext endlniedbriherattpipmenteithisrendgihe édwkardO algotinclasess 134
and protruding outward from both sides of the disc 136. A first portion 140
of the shaft 138urhlitypsfotoriedigagerftomnortvagessiddpesifseeh ind1G38) menmee ofittem t he
cani ster engages a recess 142 in a wall 144 of the housing, the recess 142

gui ding the ”DViﬁEEIWaleA bD@e @Eﬁ&dﬂf‘l EaReTal g%??g?o&?ﬂlg@ﬂo?nl’gﬁ? vdlesS §&0Nd

portion 146 of shaft 138 protruding fromt Isc 13 acing the
Corm nati ng. at S AR A0Ra HEBROLHE “H0 e RGN SosT CHApH RIS 52 i 5 20
captive between the head end 150 and the wall of the receptacle portion
14c, biasing t eslvpntegessiidemedpsataBapproimattli ineaxid mlignmentvgth onejofzhegd| JN
2002 - 28 _ A foriGed trigger 154 is attached to the head end 150. The
trigger b4 auxiliary air inlets 46. The vanes 54 are orienfced at an angle to the axial direction
defined by longitudinal axis 32, so that circumferential vorticity and swirl are
imparted to air flowing over them. Thus, the turbulent boundary layer air flow
created by auxiliary air inlets 46 encounters the vanes 54, which impart
circumferential vorticity and swirl to the turbulent boundary layer air flow. This
15 vorticity and swirl further reduce the likelihood of aerosol droplets or particles
impacting and permanently sticking to the inner wall 44,

As shown in FIGS. 1 and 3, the inhaler 10 includes a separate
mouthpiece 56 which connects to the open end 20 of the conduit 16. The
mouthpiece 56 has a reduced diameter portion 58 adapted to be inserted into the

20 mouth of a user of the inhaler 10. After completely exhaling, the user inserts the
portion 58 into the mouth with the lips closed around the portion 58, and then

begins to inhale, which establishes air flow from the air tube 34 and through the

auxiliary air inlets 46, Once



has two spaced-apart parallel prongs 156 (FIG 8) which extend al ong the
direction of axis 134 to approximately the |ongitudinal axis 10S of the
receptacle portion 14c. The prongs 156 are spaced apart by a di stan]cle ‘R 00l
which is slightly smaller than the 5 dianeter of the canister neck 15é ?‘o
whi ch the di scharge stem 19 protrudes, as shown schematically in FIG 8.
Thus, when the piston assenbly 132 is flﬁ’ry extended toward the canister
18, the canister neck 158 contacts inner edge portions 160 of the prong
156) as i ndi cattase biy fiote apmestiblisied gind mehile norfin@ing 8o intialepthe userwiapresded éhepi St ON
assenbly 132 is withdrawn along axis 134 away fromthe canister 18, the 10
cani ster neck Lafistet SPidicherghla0RGered S61uER of RkicAIYE Brorlfadi AN BRET 18

toward the actuator 26 is permtted. The prongs 156 in e portions

whi ch sl ope ge : r A 8.i.n th Lrection al ong
axi s 134 towar elt %ﬁfgﬁsicé%ggbﬁﬁ%e&goﬁ%%&Q%H%Zﬂwyet[ﬁgugbﬁﬁﬂﬂs B o5 ce
requi red for disengagenent of the trigger 154 fromthe cani ster neck 158.
15 Movenent of “EPRSIth apdahend¥Rieai) holdssthe breathfer g peréagiafdimeztneajiowrtha t he
canister is responsive to air pressure within a variabl e-vol unme chanber 162
wi thin the housierogolizeth enedivatidreto stfil2 withinl e iafredyssf thdngh. sc 136, the housing
wall 144 ) and a fl exible di aphragm 164 whi ch connects the disc 136 to the
wal |l 144 in a substanti al it sttt 10 : tage I t he di aphragm
164 includes a circul ar é(%?ﬂ%%ﬂnml 26%@?{99%!?&9@%%&5@: Srof di sc
136 facing the ca,gister 18) and ki,rt 168. which depends from the outer
edge of the ci r(lﬂﬁ}“afﬂgp}ﬁ? Pl%%p’f%%séﬁﬁl‘%ﬁ FE&‘P’PB?\QI{}O&[‘P@ ug‘f%@"erv forzage of N
2002 -29 wall 144. Further advantageously) the housing wall |44 conprises a
removabl e covermanprcairing hie housing i may altemativalydedermedan §ddver thabdBur s
attached to the housing by being sandw ched between the cover 170 and the
remai nder of t lectivaws Fogexamipte, the louking 10 @fayi berforkted i twélieafbisad RrdGAction

i ncludes a central hole through which the shaft 5 138 extends and which
tightly suig ounﬂauaiﬂg%m%h@:fegm%%@gpﬁf%mw@a@z&,%amdnaﬁit Y58 fo biht sea

t her ebet ween. The refrovab includes a recess 17 acing the disc

136 which aligns.w.th.a ge 4 fo i sidewal |. 176 of, .
housi ng. The pa'gcsl%‘gg 5??4‘]2%%?%%%&;53&/3?%?{%&%& g"ﬁ@ﬁmég@: %ho%? C&S‘ﬂ‘&‘&?& 16c.
The conduit 16¢ is 10 forned in at | east, t sections, a first generally
cylindrical sedtv®8 L@Z@’W‘?Fgﬂ apd, edﬂ‘éﬁhﬂ‘ﬁé%i dﬁmaﬁwﬂvﬁmaﬁauw bARECEed t o
the end wall 24c through which the nozzle orifice 30 extends, and a second
general |y cyl i nidriedhin twesedtions ypiis ontailengindinpl plens thiopgixihe condiat, B8 mied whi ch
connects to the first section 62c. The passage 174

sections being generally mirror irnages of each other which are joined together along

15 the plane of symmetry. Nevertheless, for illusiration purposes, an embodiment
having four sections is shown and described.
A first section 60 includes the receptacle portion 14, the end wall 24
and actuator and nozzle assembly 26, and a generally Cy'lindl'ical portion 62 which
forms a part of the conduit 16 and is connected to the end wall 24 at the juncture 48.
20  The first section 60 advantageously is integrally formed of one piece, although it may

alternatively be formed in multiple pieces which are subsequently joined together.



termnates at the end of first section 62c which connects to second section
74c. A 15 passage 178 through a sidewall 180 of the second section 74c is
fluidly connected with and fornms an extension of passage 174. They pag3gge
178 extends into the internal passage 182 of the air tube 34. A venttul 184
is inserted into the air tube passage 182. The venturi 184 includes a
restricted portion or throat 186. Air 1ﬁatssages 188 extend through the
venturi wall in the vicinity of the throat 186. The 20 venturi 184 is

di sposed in passage 182Aserond s¢riipn 6 éacdudss p sgrasd pepemlly 8limiricghpasiiom 66 he
passage 178. Thus) fluid communication is provided between the venturi

throat 186  WhéselidbbrZddduteBBiamRrd 41€ eyl tcRdBb@- of RheliRr ShRBNOLyllRigiRY air

passages 188, passage 178 in second section 74c, passage 174 in fizst

section 62c, . [ ege e i heref ore be appreci ated
that when a ugggmf‘ﬁeﬁa?%dsal{eﬁ?%gbdﬁﬂ%{ﬁé Pg)";z)‘g"r’\l éegtn‘ﬁ%%ks t%lFsceBlﬁﬁ irFCEi‘éeg)‘%éql? IS
drawn from outside the conduit 16c through air 5 tube 34 into the primary
air passage ofberdawnsaenm ppeneng of first §YIRGrKAPOronrG2o T hetperiang® hasaneaer ur |
184, and consequently a bel ow at nospheric air pressure exisiSin the
venturi t ¥ oatwall&@. whidlhisgeberhitweamicah sphrearging alightlp ie e ukial disetionmawdrgat ed to
the chanber 162) with the result that the walls of the chanber 162 are

subj ect ed 10 gd AbGERILRO" FeAARs 3 ark BouBie8 9 einfl Wl ) CSechid YRR

at nospheric pressure outside the 10 chanber 1 and the bel ow a~rospheric

pressure insi t anmber 2. _Consequently, air within the chanber 162
begins to evaggzﬂg&aﬁg ‘E%?%éfy fogme .Ofog’F@EFQE' tQueh it T’?&?ﬂ?rﬂ?tbvﬁéhhbepassages
174 and 178) through passages 188) and into the venturi throat 186, and

t hence t hr ougliommed iaimultinlepieces whithoare isebspauendy jpingdr passage of the conduit
16c. 15 As the user continues to inhale through the conduit 16c, evacuation

of air fromthe chamber Ali?d séttioe 72 of ae honding 2 intludésaibad gefistally decr ease,
with the result that the disc 136 and the shaft 138 begin to nove toward

the wall 1¢4 29Rhdik) bdifiod %4 glﬁg%;]ig%éé%&eﬁﬂema&é&s Aefhliontibse ortlhe {11 gger

154 begins to ve so as to e the prongs 156 om the cani ster neck

158. When the decr.ease in vol.u 20. 1 S .suffici t 0 mve,. i 154
far enough to seed, &?efaﬁlwxb‘ﬁag"??ﬂ@‘%?%na%d ﬁ%ﬁ‘?ﬁ%gh it cﬁlé%g&fg%rgrgf%\?gnent
of the canister 18 toward the actuyator 26 is no | onger

which is telescopingly received within the open downstream end of second generally

cylindrical portion 66. The outer diameter of portion 76 is app.roximately equal to the
inner diameter of portion 66 so as to provide a tight fit between those parts. The

15  inner surface 78 of portion 76 has a diameter which is approximately equal to the
smallest diameter of the conical inner wall 70 so that the juncture between surfaces 70
and 78 does not present any substantial step in the flowpath defined by the conduit
16. The air tube 34 is mounted on the inper surface of the third section 72 at the
juncrure between the inner surface 78 and the inner surface 80 of third cylindrical

20  portion 74. A hole 82 through the portion 74 mates with the internal passage of air

tube 34 to provide fluid communication between the inlet 38 of air mbe 34 and



1 7 JUN 2002 -31 ingeded, and the force of spring 126 noves the canister
- dowv~ard so as to cause actuation of the canister's netering valve. A

net ered dose of aerosolized nedication is thereby discharged fronp nﬂﬂ‘ﬁm@l
orifice 30 into the conduit 16c¢ for inhalation by the user. 5 Aftcr the
i nhal er 10c has been actuated to di spenae a dose of nedication) it nust be
recocked so that it is ready to be di 5é arged again. To this end, the user
grasps the ring 114 and rotates it with respect to the housing 12c through
the arc defi nednlHgatagousHds the genduit| 190 Thindisectica/@asayt reciniegradly fetmseelved 0100 and
canister 18 to be lifted upward agai nst the force of spring 126. Wen the
cani ster 18 1(pieck, bafemed ipmaniple/pieddt hadiubighyntlydomkd oW the trigger 154 to
cl ear the canister neck 158, the spring 152 urges the trigger 154 toward
the canister 18 so that ' in.ds in.a fully. extended
position to engage the c-g]%i?glﬁréﬂr %@%&@%B@ﬁ‘ﬁ%@é&%'ﬂ%ﬂlwaﬁe%ﬁ 38 4m
ring 114 back to its starting position to | ower the canister 18, whereupon
the canister n¥agrailygylindsical pasemB4 whish isgelsfrepingberesivaduithinithgyepen154. The
15 inhaler 10c is then ready to be used again. It will be appreciated that
t he breat h§synidwmteznendof the adiitd generdiy cylindeidal gloericn Tar (oticheal @nddfnbather i n
whi ch di scharge of nedication is automatically responsive to the user's

| nspi ratory ef dgehlend 20 of Blcohd\r HHETHE PBAioARMs ifl WL 1o GRIRRME Hai@Y60! N €

manual depression of a canister wth the i nhalation. Furthernore,” di $charge

of 20 nedicatig oes not_occur i,med at el on_t he.user beginning to

i nhal e on the vé%@ﬁ ’%ﬁ‘&n &at?gpéeﬁa%isqegg ue %?“%ﬁ#ﬁ@“i%%ﬁ’é%’é&%@%ﬁ%aumi I
the volume of chanber 162 17 JUN 2002 -32 bas decreased enough to cause
actuation. |t Wer'smauds bee eysprdianetercf porion §4Hs apprgrimatelyf equahte el ay
between initiation of a breath and actuation is dependent on a nunber of

factors) the pdiameteyof metrsusfabestng dshe providess wght fit tiepdberwveem Of t he chanber
162 and the spring constant of the spring 152) since a discharge of

medi cationgrequires a t qsgeadogsig%g'gg&eﬁggw@ng fdtned BEa Pﬁﬂiics&.&ﬁ 248 to cause

the discharge stem 19 to be ful sed; and the travel is proportional
Lo e B et e S AR bR, 55, ettt 25t on
polyacrylate. The housing 12 may be manufactured by any suitable technique such as
injection molding or blow molding.
FIG. 3A shows an alterative embodiment of an actuator and nozzle
15  assembly 26a for the inhaler 10, in cross-sectional view on the horizontal plane
illustrated in FIG. 3. The actuator and nozzle assembly 26a includes two spaced-
apart discharge orifices 30a which are both fluidly connected to the bore 28a and
which converge toward each other in the direction of the mouthpiece 56. Thus,
depressing the canister 18 so as to discharge a metered volume of medication into the
20  bore 28a causes two aerosol plurnes to be emitted from the pair of orifices 30a. The

plumes converge and impinge on each other upstream of the air tube outlet 36,



i nhal er 10c may be designed with appropriate selection of these factors so
~as to achieve actuation of the canister 18 near the peak of a user's

i nhal ation. 10 Moreover) the inhaler 10c provi des breath-responsive
actuation of the canister 18 which automatically adjusts to the qs']enUNs'l[]ﬂhte
of inhalation to discharge the nedicati fn neat the péak of the inhalation,
i.e.) near the point at which 50 percéﬁ “of the volume which the user wll
eventual ly i nSé)i re with a full inhalation has been inspired. For instance,
if a user with-HIPEHEC 3IASH! L REERS QW FISFRRY aisling mixiagyofithe zengdo]l ¥Bhtalre open end
20c, air will be evacuated fromthe chanber 1b2 nore rapidly so as to

achi eve act uatAdditionally, imglizgemeet of throwat pltunesaidsGaRyeRrisg byler lirebidts Ghnivd t h
impaired lung function inhales slowy through the open end 20¢, air wll be
evacuat ed nor e v 2 ' ion in a
relatively | ongeé"g@t&i6 ﬁea‘fpbfrhggﬁ Pﬁgﬁgﬁgl}éﬁo{gﬁa?’? ﬁ‘;é:(r? ec?ﬁngl:' @é‘g@?g#{% jeB%et(?Tfent
screw 190 whi ch 20 ext ngs through the housing 12c into the passage 174 to
forma restric F%ﬁ“‘ﬂf"t[ﬁF or% éésgg‘c’f?ﬁ beipe £lopgatedgnihrcharizonial diceytion end
direction) the screw 190 extends farther 1 7 JUN 2002 -33 into passage

| 74 to inch easwifiche3Qacart shayn aseing spaded apar imhe horizdnea pranew 190 t he
opposite direction, it retracts to decrease the restriction. Thus, the

timng of actusdvagfigeduslyhBowesdt Sth€bor384 thaf Sindply B eshiéhddy i f
patient's inhalati oﬁ nai/y be varied by adj ugtﬂim%ythee scr eﬁ‘éd&* arying the

i mhal | i ed by scre t
el 15 0f the vaieE &R b ofned 0B iyl BBl 3R Sl P RESOTEEE® opon

end 20c of conduit ,16c., Thus, .for a given flow rate out the open end 20c of
condui t 16c) taalrg%f“ﬂ’@e"te%e g%FEQ\FT%"&egcqﬁ@i‘ee%@é’l%-restri ction of passage

174 will increase the tinme period required to evacuate the chamber 162
sufficiently to cause adlGa# depictsahakteraative emhodiorentdf andntenler 199 it whitacr ease
the restriction will 10 decrease such tinme period. FIG 9 depicts a

subassenblg ofthy elonguied 41efube 31 @F in¥eNRt 10 hasdken PRLAS by'@VildHer bR 8K Shd OF
automatic breath actuation of discharge. In this enbodi nent, the forked

L D M0 SRS BT MO BEE il o
o 202 19 of o, U= gl SO e AL S, 4SS, e
non-act uat ed pdoegjatte ipca)gs’ aglarl]c?got&g ItoI t.(k)x\clwvsse b%%i'ix?gg the same reference numerals without the

suffix in FIG. 3, while parts identified with identical reference n}xmbers in FIGS. 3

15  and 4 denote identiﬁal parts. Thus, the bub 40a is analogous to the axial portion 40 of

the air tube 34, and the spokes 42a are analogous to the radial portion 42 of air tube

34. The hub 40a includes a central cavity 88 of a first diameter, and an outlet

passage 362 of a second smaller diameter. The outlet pa;sage 36a is generally coaxial

with the conduit 16 and oriented so that air flowing outward therefrom is directed

20  toward the pozzle orifice 30. The internal passages of spokes 42a are connected to

ourside air by a pair of holes 82a through the cylindrical portion 74a. In the



conpressed by air pressure into a position permtting the canister to nove
~into a discharge position. The bellows 200 is advant ageously made of
stainless steel and has a 20 blind end wall 204 at the end adj ace Juhalll
~ canister neck 158, the end wall 204 being integrally fornmed with the
accordi on-fol ded side wall 206. The bell ows 200 has a 17 JUN 2002 -34
second end wall 208 at the end adjacen€Zthe housing wall 202, the end wall
208 al so being integrally forned with the side wall 206. The second end

wal | 208 is pienhodindny ofithe iiimleor] On sietineinFIG, Wirtherd iesd etibd beGie ABusthg
passage into the interior of the , bellows 200. The needle 210

advant ageousl| yﬂa\%g&sﬁb%é{?e@&ﬁ Shsal 64t6mGsbm‘ﬂhg§’v\L,%€Yﬁﬁg§$§€‘%€9? m c needl e

and is integrally~affixed at one end to the en F‘&Iing or

ot her suitable,technjgue., The fr d 212 of the aeedle 210 extends is
attached via a%"%%[@&?@ﬁh‘i erzﬁg"t OYHET11hT Ythiagy pig indets 46 pEmutilk prer6. The
venturi 216 is disposed within a tube 218 which extends froman inlet end
220 whi ch dr awa ted mhilerlfiadepsivile a bayndaryidaysr ain dowiabapg thoimmer exdl of ged 222
which is arranged within the conduit 10 (not shown) opposite the nozzle

di scharge ¢rifdogguiBtsa. The tube 218 and venturi 216 may al so be fornmed of
stainless steel. A support/release platform?224 is attached to the blind

the cani ster neck 158 t RCRghBULS DHSRANGCBRer BT ImE AL PO RS t no

canister in noving froma rest or 15 ready position_to a discharge

posi tion. The 3&PdaRGs withghe pripciplsokyp prrsentiveatipfe FGaSisshematizally depiass t s a

spring force on the canister neck 158. The force of the bellows 200 acts in

a direction tenbinmsabenmveectidreznabogoss torFlGe 8 ksha®thigandyhdlerobdbtih evhaahi diat or
26. Additionally, as is well known, the canister 18 contains an internal

spring (not shoysthi Mhing s diedceedtRiay Rl iHaQsEr0ithd e L0ty A biigsdol | ow

outlet stern 20 19 in a direction"tending to nove the canister 18 away from
e, 2EL U8 2fuecTBFp R S RAYA" 61 s YA 0% VeicaPL g s
of the inhaler 10b. Again, like parts are denoted by like reference numerals, while
analogous parts are denoted by the letter "b" suffix. The inhaler 10b includes a
housing 12b defining a conduit 16b which has a first closed end defined by an end
wall 90 and a second open end defined by a mouthpiece portion 58b adapted 10 be
15  inserted into a user's mouth. The conduit 16b has a first larger interpal cross
sectional area over the majority of its length, narrowing to a second smaller internal
cross sectional area at the mouthpiece portion 58b. The housing further includes a
receptacle portion 14b which penetrates into the conduit.16b at a location between the
end wall 90 and the mouthpiece portion 58b. The receptacle portion 14b receives a
20  standard pressurized canister (not shown). The housing 12b further includes an

acruator and nozzle assembly 26 arranged at the bortorn end of receptacle portion 14b



exerted by the bellows 200 and the farce exerted by the internal spring is
slightly greater than the force exerted by the spring 126 (FTG '~ which
exerts a force on the end of the canister 18 in the direction to §g0d 160

. move the canister 18 toward the actuator 26 into its di scharge position
Thus) at rest) with atnospheric pressure 5 acting—both inside and outside
the bellows 200 ) the bell ows 200 and2Bnrternal spring overcone the force of
the spring 126 and thereby keep the canister 18 in a ready position

preventing di sucharageieciollow dugéistepnof the ealisterinay-oumvedicd ithahofe ¥$6f wknhal es
t hrough the outlet (not shown) of the inhaler, air is dravvnot h%lac;)ug[ﬁl t he

tube 218, as i I I i ron wth 10 the inhal er, 10c,

whi ch creat esat&?;l‘j-:'lll\ldor\?\a?Bi Fﬁ)rnézszgﬁ%g&%}mﬁy%ﬁhr’]{hﬁ@l@@ﬁgég@e Q%a[%[fa[@élﬁfﬁ?' iasnggfy is | ow
pressure is conuni cated via the extension tube 213 and needle 210 to the
interior of thaveRErIdyhsendescribed ig cprrpglien with&1G+ dsThe rozgletdischanghorifice | ows
200 is less than the atnospheric pressure which surrounds the outside of
the bel | ows 2EMis criedret he aefoadirect dredeeosol plameaoward niesend wRallfggy, ce exerted on
the blind end wall 204 in the 15 direction toward the housing wall 202. The

sum of thks air pr essurﬁefiﬁ%agﬁgpp%&ma%g% feohdift PALLIPY il g eeds the

spring forces exerted by t ows 2 the canister internal spring,
causing the bl.ind end |1 204 qf hel) ows 200, t e conpres towgrd t he
oust ng vl 1 SepseEiyitha coodi 16, The intatha cEnisdchs B roaR ShePaced by | he
spring 126) the canister follows the end wall 204. Wth continued 20

evacuat i on of frairanfl ;adjsrent éheteat (wal<00200d 2 closedoend 96 tremotg Sroms thewud ovallflo its

di scharge position. Once the user conpletes his inhalation and air flow

through the vgid define@ by an edd/ walUMME @82k sTfpotis AseR natdr Gndfid3 feldsSerhtly 2621 N
equal i zed inside and outside the bellows 200, and the bellows 200 returns

to ics startiffe isiet hither pRAEOCASnEE 34DEndEL Y5 20%yafYh Lt &alithy SPMT N

forcing the cani ster a pward agai nst the force of spring 126
into the ready. position. Thus).w.@h.he. bre -actuati on systemdepicted in
F1G o tHor cdishOs WiBiihe ce “%@eﬂiﬁF &F%‘@gi% ‘ﬁ%“#ﬂ%’gﬁw B SRR te 200
preferably has a spring constant of about 1 gi)und per _inch to about 12:
pounds per i neepduitpd tewearnddbesnazalerdissharge arifiee 4 Beroniet d8of ar e dfb & 75
square inch. Thus, a pressure differential of about one pound per square
i nch across t hendeeted onamBOR airsoussidef the camdnitt 16b by apholesis thtvaghehd ol 9200 by an
anount of

The outlet 36b of air tube 34b is in opposing relation to the orifice 30. Aerosol

emitted from the orifice 30 enters into the interior of inner conduit 92 and proceeds

15  toward the end wall 90 of outer conduit 16b. Inhalation of the user through the

mouthpiece 58b causes air to enter through hole 58 into air tube 34b and out the

outlet 36b toward the plume. The plume and the air jet from air mbe 34b meet,

causing the plume to slow down and spread out within inner conduit 92. Continued

inhalation by the user causes the dispersed aerosol to exit through the open end 94 of

20  inner conduit 92, and then reverse directions to flow through the space between the

inner conduit 92 and the outer conduit 16b, and thence through the mouthpiece 58b.



10 about 0.010 inch to about 0.080 inch. Wth a standard cani ster 18) only
" about 0.0l10 inch of relative novenent is required between the discharge
stem 19 and the cani ster body in order to cause discharge. Accordi‘rygljwmhe
venturi 216 nmust be sized to create a gage pressure within the throat 214
of about one pound per square inch. Wile the present invention has been
illustrated by a description of 15 var #as enbodi ments and whil e these
enbodi ments have been described in considerable detail, it is not the

i ntention of tHlSalpareseitieavels aperioniaf thegength obeanduiny6h twice, thérebyscope of

t he appended clains to such detail. Additional advantages and nodifications

will readily dpmessing sidbme eimkifltheesbrasol wWiBinafd deviQ@rbeR¥@BRtifg wehi | € the
i nhal ers which are illustrated and descri bed have the venturl inlet in

conmuni cati on i (B folen U age. throu t.he copduit wall,
the venturi i nrﬁ@%tﬁﬁ%%} %{Egeﬁ#ae?d\/se[? ;Yldogcr g%ﬁ)algur% Ctgzmpgﬁﬂﬂ ogﬂgmgprqmﬂacguxi liary
air inlets 46 in the end wall 24, or 17 JUN 2002 - 37 through any 2rr-~r
gement havi ng Fyeerereute fiom reversal insurss tag gheprelaeity pf theeraelexijmedbs | ned by
the inhaler conduit. Additionally ) the stainless steel bellows 200 of FIG
8 may advaht ageoubpigcebeillieedbitmtinte equahsl the velocifyi gfuhatdess idppedbedmi, n FI G
7, with the bellows 200 replacing the piston assenbly 132 and the blind end

wal | 204 of t hediikietnk PYéhlety B Pabkboih tRCRABh LA 6! OF ked u-igger 154, and

the spring 152 being efimnated by virtue of the resiliency of the bellows
200, The invention in its~brgader aspects | heref.qre not. limted to the
specific derails, repr est.ﬁt ?igFW‘éts XMP‘EPF&%‘“@?F@B%%@&S‘?@HBD PTOVIfURE at i ve
exanpl es shown and descri bed. Accordingly, departures may be nmade from such
det ai | s wi t howRutqmasigraciuatior eighe canister3p dischasge & desgenf gredirauiqmip| respanse to.
general inventive concept. Wiat is clained is: 17 JUN 2002 3g_ 1. In an
i nhal er havi naodrsyachrosiodd widn)ithd eser's dnspimatoryngffame dA g adhialen | Ocinblndes 010
supporting the canister and defining a conduit having an open Pnd adapted
to be insegt echdubing 126 Ba iR/ Bortbitd 6¢' S4thin WHiEh M adB{0P PRImeN9ErehRd F@nect ed to

t he

inhalation by the user. The conduit 16¢ is shown to include the air tube 34 and the
auxiliary air inlets 46. It may also include the vanes 54 of inhaler 10. Alternatively,
the conduit 16¢c may be a simple straight duct with an open end for the exit of
aerosolized medication. Thus, with the exception that the conduit 16¢ must adapted

15  to provide fluid communication with a chamber 162 in housing 12¢ as discussed
below, the details of the conduit 16c are not important to an understanding of the
breath-synchronization features of the invention.

The housing 12c further includes a rec’eptz.\cle portion 14c which is

connected to the conduit 16¢c. The receptacle portion 14c comprises a generally

20  cylindrical sleeve having a longitudinal axis 108 which is oriented at an oblique angle

to the longitudinal axis of the conduit 16c. A canister 18 resides within the receptacle



cani ster and having an exit orifice disposed ~.~~ithin the conduit, a
“method for delivering a dose of the nedication through the open end of the
conduit as a dispersed aerosol, conprising the steps of: discharging a dose
. of the medication fromthe exit orifice of the nozzle to direct aypllJuNelif
aerosolized nedication into the conduit; and at |east during the

di scharging step. directing anbi ent ai?3from outside the conduit through a
tube supported within the conduit the tube having a single outlet arranged
opposite to arparnignokg with its longimdinahgiis alinadivith itreclonginidival ixis opaz! e

di scharge orifice so as to create an air jet directed generally against the

direction of thepAtkRnih BR. IHispdili RYPecthd cp%d}%mgﬂg?@%:{qiﬁéc"%é}g

formed by an inspiratory effort ‘exerted on the open” en e conduit by a

user. 2. The t.hod. of ¢l ai , erein th L schargi ng step_conpri ses

di scharging t ‘%%Wéeﬁﬁeqegb&eﬁgwebgﬁ%’Fip&§aﬁ B Gmendolidhionah of t he
conduit, and the directing step conprises directing the air jet along a

di recti on genéthigh tpe gepister Hompy he inseread, embiarodpen frettoro eodil04 which i , | UN. 2002
-39 3. The nmethod of claim 1, wherein the discharging step conprises

di schargi n§ t hesufidredriuchnha i da@izter QB cGRBEERbrdbgBEdUt WHKR Averuanal end of
the conduit) and the directing step conprises directing the air jet along a

di rection gen | f j t e t hod of
Clai m 1, wihor drist SSHP <EBC1PRT: BRG o b BerA e e fors R TEHAEY
medi cation into,a c?nduit \Mii cgﬂhas a. t;Est nti al I% cl osed end ochosi te the
open end, sucH¥ AAZIqFEHbY 264 ‘?rFéP?ﬁ'@‘ Y £18% $leysi 199 adiaesnt dertosm erdh &0 pen
end of the conduit, SUWbSiantlally all of the ait flow through the conduit
is drawn fromhehmwapdly exBnding dedges WSdvhith aunthecip portion dD6 of the cdiistehar gi ng
step conprises discharging the dose of nedication into a conduit which has

a substanti al IThechgisrer 18 BhliAmOSith jbhe sRpeialeiiha ddedttnenn@ hsmext endi ng
bet ween the substantially closed end and the open end) and further

conprisinggth =Y T aT f%&% ol A j [ uit via
auxi | i ar yg%i r ff? @?g&{ﬁ%@? nt g@is%ﬁ}lggzogn%bfg? Fsytolc \gégiet é;%%ng?qgﬁg condui t,
the auxiliary

d%li:{es;eld Q8Ward the acroator and nozzle assembly 26 in order to actuate the
canister's metering valve.

The inner sleeve 100 is also slidable within the receptacle portion 14c
along the direction of axis 108 for the purpose of placing the canister 18 in a cocked
15  position ready to be actuated. The receptacle portion 14c has four longitudinal slots
110 circumferentially spaced apart about 90 degrees, two of which receive 2 pair of
diametrically opposite lugs or cam followers 112 extending outwardly from the outer
surface of inner sleeve 100. Alternatively, the recepmcl; portion 14c may have only
two slots 110 sl.:aced 180 degrees apart and receiving the lugs 112. Thus, as the inpoer

20  sleeve slides longitudinally within receptacle portion 14c, the lugs 112 slide

longitudinally within the respective slots 110.



tendi ng to reduce adhesion of nedication on the substantially closed end
and on the inner walls of the conduit. 17 JUN 2002 q.0_ 6. The nethod of
claim1l1, further conprising the step of: providing auxiliary a'? Wal ong
inner walls of the conduit to reduce adhesion of nedication on

“walls, the auxiliary air flow being created by an inspiratory effort
exerted by a user on the open end of 43fe conduit. 7. ~ The nethod of claim
6, wherein the providing step conprises providing auxiliary air flow al ong
the inner walls of the Tinidbaler includesdi geeerailpoyliyarien ahh yinzomarwhitthgisopen end
of the conduit. 8. The nmethod of claim7) further conprising: irrparti ng

turbul ence angdyeqpd b\ﬁkxﬂé’of&%ﬂﬁ f&s)aqlbd oy 'Pdcrcaxfnlrg#éllgrha; Pﬁary A5 ; claim

8) wherein the i rrpartl ng ste ses draw n auxi ow over

vortex genera cated on .t.he i nner t he conduit. 10. The et hod
of cl ai ?n 9, \Migé é‘i‘ PW%’ iﬂdo igh Fe “‘@6‘% 708 ?C&P%SW@%“@%@QE a

plurality of auxiliary air passages vv)J_l ch extend into the interior of the
condui t adj acemas torfecilinresgripping of tef camhang dlvdbi the ugestsrbandn The irver natdcex
generators. 17 JUN 2002 -41 11. The nethod of claim 1l wherein the

di recting St ep1geffig SPShaliarfed dftgretbRreaptially e&enawgskét@éels 3k kymRPesS|dge to
the direction of the plune. 12. The nethod of claim 1l wherein the directing

175N 2002 - PP e Bpbidfinilely A& oo p kRS cRAH EaBNRLATY \HIEF T
and det 1 i no- 16 6 REH PRI ALOLTHEbHER | M ERREST-E S0 arestics eEwra ot e
nmouth of a user, and an aerosol
helical surface 124 in facing relationship with one of the lugs 112 protruding
outwardly from the inner sleeve 100 through slots 110. Thus, starting with the cam
10 ring 114 in a position in which each lug 112 is in contact with the lowermost portion
of the respective cam track 120 (i.e., that portion of cam track 120 which is farthest
from the top end 122 of cam ring 114), rotation of the cam ring 114 through the arc
defined by the cam tracks 120 causes the lugs 112 to ride along the helical surfaces
124 and thereby upwardly advance the inner sleeve 100 in the longirudinal direction
15  toward the top end 122.
This upward movement of the inner sleeve 100 draws the canister 18
upward by virtue of the ledges 105. Resisting this upward movement of the canister
18 is a compression spring 126. The spring 126 is attached to the inner surface of a
removable end cap 128 which surrounds the top end 130 of the receptacle portion 14c

20  and the top end 122 of the cam ring 114 to completely enclose the canister 18 in'the

housing. When the end cap 128 is thus installed, the spring 126 bears against the end



nozzl e coiu~ected to the canister and haying an exit orifice disposed
within the conduit, a nethod for delivering a dose of the >edication

t hroueh the open end of the COldult as a dispersed aerosol, conprising the
steps of: discharging a dose of the nedication fromthe exit oqgfy[ﬂ\nggzc
fonn a plunme of aerosolized nedication directed generally toward the open
end of the conduit: and at |east the dl%eharging step, directing a single
air jet arranged opposite to and al ong the sane longitudinal line as the
nozzl e di scharode¢heoranisiec @8, tsiasimg dua tcamibiety davgawand towabhetheiaéreabi ot gfzziehe pl une
se as to inpinge on t_he plunme, the air jet being created by an

| nspi rat of .V qhieaibly 8% eWitithoing REnRREE v Rkl i ERRMr ndanledt BT - 14
g step conp I

The nethod of claim 13, wherein"the directin rrses recting air

through a tri havi an o~.itlet wi.thin the conquit. and an inlet in fluid
communi cat i on%E@Wﬁggr%“@nPoéﬁ cﬁﬁ???wwwcgﬁﬁgﬁﬁ‘?“%%% b were
inspiratory effort e~cei-ted on the open end of the conduit causes air to
flow i nto the fily depressed win the lsanigsen oeas totaush disthapge. of a metered SoNNROE2he 43
15. ~ ~ ~laler apparatus adapted to be used with a pressurized cani ster

cont ai ni ngs mediagigder eonteritd) CHaREPT Atht SNHARATIOE Eicldes AmBidfikAGyRERBiRded Be
support the pressurized canister and including a generally tubular conduit

havi ng an ope i i ncl ydi G tor and nozzl e
nasenbl y havi 3ty o) AR sbuvct aitehnBl Wb AR ARG BB RGPS
cani ster and a nozzle discharge orifice in fluid _conmnication with the
bore, the noz%%F%@*@fFﬂF%éxﬁﬁW 156 ePen; 654 Of theFopguib e B aS1ine of
aerosolized nedication into the conduit; and an air tube supported wthin
t he conduit ardisdngagenfyom thei qayister dutitigathe aisersrigsadatiop po slldve thespeingl 126 tng t he
same longitudinal line as the nozzle discharge orifice and an inlet in

fluid communi cabveOomie Ghdisterdiaidl idisohbrge @usiGbdle the conduit, the air tube
being oriented so that air flowing out of the air tube outlet is directed

00,75, L0 MPLDE O 2 DI R TR R Y 458 1

movable relative to the canister 18 along an axis 134 generally normal to the
longitudinal axis 108, The piston assembly 132 includes a circular disc 136 having a
shaft 138 extending centrally therethrough coaxial with axis 134 and protruding
ourward from both sides of the disc 136. A first portion 140 of the shaft 138

15  protruding from the side of disc 136 remote from the canister engages a recess 142 in
a wall 144 of the housing, the recess 142 guiding the movement of the piston
assembly 132 along axis 134. A second portion 146 of shaft 138 protruding from the
side of disc 136 facing the canister extends through an ol;ening 148 in receptacle
portion 14c, terminating at an enlarged head end 150. A compression spring 152 is

20  captive between the head end 150 and the wall of the receptacle portion l4c, biasing

the piston assembly 132 toward the canister 18



whereby an inspiratory effort exerted on the open end of the conduit causes
air flowinto the air tube inlet and out the air tube outlet to inpinge on
the plunme and t hereby enhance di spersion and m xing of the . r nedication
within the conduit. ~ 7 ,~UfJ 2002 . 44 _ The inhal er apparatlukJof 2081 ai m
15~ wherein the actuator and nozzle assenbly is arranged within the conduit
so as to direct a plune of nedication-gé@nerally toward the open end of the
conduit, and the air tube is positioned so as to direct air flow ng

t heref rom general | y awayA fforkad tripgeo}fanis ensthed ot the hexdndailso. The i Eﬁ? 15qhal er
apparatus of claim 16r wherein the air tube is supported within 'Ef e conduit

by at | east Onﬁas”ﬁfiﬁt%? C 150, : !

having an internal ali ?cegg‘??ggc cétfg%@f\r@gbgﬂﬁ'é%%&ﬁ%@ﬁ?té"i“&ég}%h‘gﬁg@?%aﬁt to
the air tube inlet, 18. The inhal er apparatus claim | y wherein. the
conduit is gené’Péh%t%iﬂWWt&rﬁiltﬁ%{?&g‘M@é‘é lﬁéwogﬁﬁlf%ﬂ"ﬁdﬁléf’ﬂhﬁ‘ﬂdéca
substantially closed end of the conduit renote fromthe open end, the
actuat or and n@be pmngs $86rink gpdved apprsyppdistapct B whidhes elightlyaialled dhin tHee noul e
di scharge orifice | ocated approximately centrally on the end wall) the air

tube having a LRt 6diRhnidet feckhSE frofPliBith AR ARUAGe fenf PFRARAUL 290
degrees to about 180 degrees with the |longitudinal axis of the conduit. The

i nhal er appara 0, i et C h Sl I {0 auxi liary
il et o oxt s apRAE B FIGE, s PEBY e bRt LA K sl DN ¢

adj acent a generally cylindrical inner wall thereof) and a plurality of
vortex gener at 6K80deoWard thacanisier 1A, Bp Copster 'EFGM§§ FERIASOMNeTHREge ARMIORSr vy ai r
inlets, the 17 J UN2002 - 45 5 auxiliary air inlets and vortex

gener at ors coopéd af ihagrong 861 aihdisitediby thelshhdedtredionsrid HG. 8 afoweaer, whepw

al ong the inner wall upon an inspiratory effort being exerted on the open

end of the congls gistort Quserhh§ 130 W REdrawR aloff dfis 284 GWay o the WRSK& 18, e
actuator and nozZle ; assefibly is arranged within tHe conduit .so as to

direct a p{d.lﬁeﬁ%st&e .cﬁ 3% Ol ‘?&ﬁ{rlﬁ%ﬁ 3%\’1\@&1& &@g&%@&ﬁ o??ﬁrl:aﬁﬂgf gg rdiiia

conduit, and the arr tube I's pos SO as rrect air W ng
therefromgenerally toward the aop end of _the conduit. . . The inhal er
appar at us of clBf ??}/“ZEPI\)%MB?@M ﬁ@]"dﬁ%ﬁiilégi%qﬁd’gg‘% lgﬂia’h&% YR &MY ng a
substantially closed end of the conduit renote fromthe open end, and the
nit tube is suppey freth ba camisiereneak W28 in the Hiseqtiop elong @axis 134 seward gheccapisiaig i n
fluid conmuni cation with a passage which extends through the end wall to
ambi ent ai r outThe @erticae 18D redudd the adlourAIP fakte Jeqlitdd for disengagement of the

trigger 154 from the canister neck 158. .

15 Movement of the piston assembly 132 in the direction away from the

canister is responsive 1o air pressure within a variable-volume chamber 162 within the

housing. The chamber 162 is defined by the disc 136, the housing wall 144, and a

flexible diaphragm 164 which connects the disc 136 to the wall 144 in a substantially

air-tight manner. Advantageously, the diaphragm 164 includes a circular portion 166

20  which lies against the side of disc 136 facing the canister 18, and a skirt 168 which

depends from the outer edge of the circular portion 166 and artaches to the housing
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. A, egY[ dO6W wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca UV]caV] ca

UV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c™a] ca] ca] ca] cRa] ca] ca 17 JUN 2002

[ _ersl1l4$(+*Ucf}xsnid_Z]]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calcal
ca] ca] ca] ca] ca] ca]ca] ca]ca] ca] ca] c&a]cjcalca]jcalfvnk v S S
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a=TROURQeUaf } xsnid_Z] ]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cajcajcalc

a] ca] ca] ca] calaad.p@) 92| TR Céthsrih SQineRbeAd festr@Uiportion or throat 186.
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ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! KY,*hU t
wT{ vgl gb] X] ca]majagal¢&] ahn}scquww&pewr@ape‘apmerhmarwwhqoeh}%,EaU] caj
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and the variable-volume chamber 162 by air passages 188, passage 178 in second
section 74c, passage 174 in first section 62c, and recess 172 in cover 170.
It will therefore be appreciated that when a user inhales through the
open end 20c of conduit 16¢, air is drawn from outside the conduit 16c through air
5  tube 34 into the primary air passage of the conduit 16c. This air bas to flow through
the venturi 184, and consequently 2 below-atmospheric air pressure exists in the
venturi throat 186. This below-atmospheric air pressure is communicated to the
chamber 162, with the result that the walls of the chamber 162 are subjected to a
force proportional to the pressure difference between atnospheric pressure outside the
10 chamber 162 and the below-atmospheric pressure inside the chamber 162.
Consequently, air within the chamber 162 begins to evacuate the chamber 162
through recess 172, through passages 174 and 178, through passages 188, and into
the venturi throat 186, and thence through the air tube 34 into the primary air passage
of the conduit 16¢.
15 As the user continues to inhale through the conduit 16¢, evacuation of
air from the chamber 162 causes the volume in chamber 162 to decrease, with the
result that the disc 136 and the shaft 138 begin to move toward the wall 144 against
the force of the spring 152. Accordingly, the trigger 154 begins to move so as to
disengage the prongs 156 from the canister neck 158. When the decrease in volume

20 s sufficient to move the trigger 154 far epough to totally disengage the prongs 156

from the neck 158, movement of the canister 18 toward the actuator 26 is no longer
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acation of the canister's metering valve. A metered dose of aerosolized medication
is thereby discharged from nozzle orifice 30 into the conduit 16¢ for inhalation by the
user.

3 After the inhaler 10c has been acmated to dispense a dose of
medication, it must be recocked so that it is ready to be discharged again. To this
end, the user grasps the ring 114 and rotates it with respect to the housing 12¢
through the arc defined by the cam tracks 120. This causes the inner sleeve 100 and
canister 18 to be lifted upward against the force of spring 126. When the canister 18

10 is raised upwardly sufficiently to allow the trigger 154 to clear the canister neck 158,
the spring 152 urges the trigger 154 toward the canister 18 so that the trigger 154
once again is in a fully extended position to engage the canister neck 158. The user
then rotates the cam ring 114 back to its starting position to lower the canister 18,
whereupon the canister neck 158 seats against the prongs 156 of the trigger 154. The

15  inhaler 10c is then ready to be used again.

It will be appreciated that the breath-synchronization fearures described
above provide an inbaler in which discharge of medicatioP is automatically responsive
to the user’s inspiratory effort, so that the user does not have to carefuily coordinate
manual depression of a canister with the inhalation. Furthermore, discharge of

20 medication does not occur immediately upon the user beginning to inhale on the open

end of the device, but rather is somewhat delayed until the volume of chamber 162
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time delay between initiation of a breath and actuation is dependent on a number of
factors, the primary factors being the cross-sectional area of the chamber 162 and the
spring constant of the spring 152, since a discharge of medication requires a certain
5  minimum travel of the canister 18 to cause the discharge stem 19 to be fully

depressed, and the travel is proportional to the pressure difference across the chamber
times its cross-sectional area divided by the spring constant. Accordingly, the
inhaler 10c may be designed with appropriate selection of these factors so as to
achieve actuation of the canister 18 pear the peak of a user's inhalation.

10 Moreover, the inhaler 10c provides breath-responsive actuation of the
canister 18 which automatically adjusts to the user's rate of inhalation to discharge the
medication near the peak of the inbalation, i.e., near the point at which 50 percent of
the volume which the user will eventually inspire with a full inhalation has been
inspired. For instance, if a user with normal lung function inhales quickly through

15 the open end 20c, air will be evacuated from the chamber 162 more rapidly so as to
achieve actuation in a relatively short time. Conversely, if a user with impaired lung
function inhales slowly through the open end 20c, air will be evacuated more slowly
from chamber 162 so as to achieve actuation in a relativ;.ly longer time.

The inhaler 10c further includes an adjustment screw 190 which

20  extends through the housing 12¢ into the passage 174 to form a restriction within

passage 174. By turning the screw 190 one direction, the screw 190 extends farther
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into passage 174 to increase the restriction, and by turning the screw 190 the opposire
direction, it retracts to decrease the restriction. Thus, the timing of actuation of the
canister 18 in relation to a particular patient's inhalation may be varied by adjusting
the screw 190. Varying the screw position results in a variation in pressure

5  difference across the walls of the vaﬁa}.)le-volume chamber 162 at a given flow rate
out the open end 20c of conduit 16¢c. Thus, for a given flow rate out the open end
20c¢ of conduit 16¢, turning the screw 190 to increase the restriction of passage 174
will increase the time period required to evacuate the chamber 162 sufficiently to
cause actuation, whereas turning the screw 190 to decrease the restriction will

10  decrease such time period.

FIG. 9 depicts a subassembly of yet another embodiment of an inhaler
ha\'r'mg fearures for automatic breath actuation of discharge. In this embodiment, the
forked trigger 154 is eliminated and the diaphragm piston assembly 132 is replaced
by a resiliently compressible bellows 200 v;rhich is disposed between a fixed wall 202

15  of the housing (not shown) and the canister neck 158. The bellows 200 itself acts as
the restraint which keeps the canister in a non-actuated position, the bellows being
compressed by air pressure into a position permitting the canister to move into a
discharge _position.

| The bellows 200 is advantageously made of stainless steel and has a
20  bliod end wall 204 at the end adjacent the canister neck 158, the end wall 204 being

integrally formed with the accordion-folded side wall 206. The bellows 200 has 2



210%4| & ()-Y s0S10%4| & ()-/444 57556dEbC 10"" 13109%Z& () -

- 109%%Z& ()-109%Z& ()-3°  310%&& ()-33 10%& ()- S109%& ()-F6U666U778dELC 10" "
1 f#10%& ()- & 1109%&& ()-s!10%&& ()- |10%& ()- :10%Z& ()-

sGL0%Z&' () - 8X888U999dELC 10"" 13 s010%Z& ()- 3 F.109%&& ()-Z3 , 109%&Z& () -

)1109%&Z& ()- 3 ' 109&Z& ()- US109%&Z& ()-9T:::::::;bC 10"" 1 10%4 7)JusL& ()-

10% ()- 10Z 10Z 10Z4s! 109%Z& ()- F 2109@& ()-;7;};;; 6<<dEbC 10"" 1!

1098 ()-10%&' ()-L10%&' ()-10%& ()-10%&()-L

second end wall 208 at the end adjacent the housing wall 202, the end wall 208 also
being integrally formed with the side wall 206. The second end wall 208 is pierced
by a be or needle 210 which establishes an air passage into the interior of the
bellows 200. The needle 210 advantageously is a stainless stee] tube similar to a

5  hypodermic needle and s integrally affixed at one end to the end wall 208 by welding
or other suitable technique. The free end 212 of the needle 210 extends is attached
via an extension tube 213 to the throat 214 of a venturi 216. The venturi 216 is
disposed within a tube 218 which extends from an inlet end 220 which draws air from
outside the inhaler housing, to an exit end 222 which is arranged within the conduit

10  (not shown) opposite the nozzle discharge orifice 30. The tube 218 and venturi 216

may also be formed of stainless steel.
A support/release platform 224 is attached to the blind end wall 204 of

the bellows 200. The support/release platform 224 contacts the canister neck 158
throughout the range of motion undergone by the canister in moving from a rest or

15  ready position to a discharge position. The bellows 200, via the support/release
platform 224, exerts a spring force on the canister neck 158. The force of the
bellows 200 acts in a direction tending to move the canist-er neck 158 away from the
actuator 26. Additionally, as is well known, the canister 18 contains an internal
spﬁng (not shown) which acts between the canister body and the hollow outlet stern

20 19 in a direction tending to move the canister 18 away from the actuator 26. The

spring constant of the bellows 200 is selected such that the sum of the spring force
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end of the canister 18 in the direction to tend to move the canister 18 toward the
acruator 26 into its discharge position. Thus, at rest, with ammospheric pressure
5  acting both inside and outside the beflows 200, the bellows 200 and internal spring
overcome the force of the spring 126 and thereby keep the canister 18 in a ready
position preventing discharge of medication therefrom.
However, when a user inhales through the outlet (not shown) of the
inhaler, air is drawn through the mbe 218, as previously described in connection with
10 the inkaler 10c, which creates a low pressure within the throat 214 of venturi 216.
This low pressure is communicated via the extension tube 213 and needle 210 to the
interior of the bellows 200. As a result, the pressure within the bellows 200 is less
than the atmospheric pressure which surrounds the outside of the bellows 200, and
therefore there is an air pressure force exerted on the blind end wall 204 in the
15  direction toward the housing wall 202, The sum of this air pressure force and the
force of the spring 126 exceeds the spring forces exerted by the bellows 200 and the
canister internal spring, causing the blind end wall 204 of bellows 200 to be
compressed toward the housing wall 202. By virtue of the force exerted on the
canister 18 by the spring 126, the canister follows the end wall 204. With continued
20  evacuation of air from the bellows 200, the canister 18 is moved into its discharge

position. Once the user completes his inhalation and air flow through the venturi 216
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across the bellows 200 is sufficient to compress the bellows 200 by an amount of

10 about 0.010 inch to about 0.080 inch. With a standard canister 18, only about 0.010
inch of relative movement is required between the discharge stem 19 and the canister
body in order to cause discharge. Accerdingly, the venturi 216 must be sized to
create a gage pressure within the throat 214 of about one pound per square inch.

While the present invention has been illustrated by a description of

15  various embodiments and while these embodiments have been described in
considerable detail, it is not the intention of the applicants to restrict or in any way
limit the scope of the appended claims to such detail. Additional advantages and
modifications will readily appear to those skilled in the art. For exami:le. while the
inhalers which are illustrated and described have the venturi inlet in communication

20  with ambient air via a passage through the conduit wall, the venturi inlet may

alternatively draw air through one of the auxiliary air inlets 46 in the end wall 24, or
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5  bellows 200 being attached to the forked igger 154, and the spring 152 being
eliminated by virtue of the resiliency of the bellows 200. The invention in its broader
aspects is therefore not limited to the specific details, rcpreseﬁtative apparatus and
methods, and illustrative examples shown and described. Accordingly, departures
may be made from such details without departing from the spirit or scope of

10 applicant's general inventive concept.

What is claimed is:
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nozzle to direct a plume of aerosolized medication into the conduit; and

at least during the discharging step, directing ambient air from
outside the conduit through a tube supported within the conduit the tube having a
single outlet arranged opposite to and along the same longitudinal line as the
nozzle discharge orifice so as to create an air jet directed generally against the
direction of the plume so as to impinge on the plume, the air jet being formed by

an inspiratory effort exerted on the open end of the conduit by a user.

2. The method of claim 1, wherein the discharging step comprises
discharging the plume in a direction generally toward the open end of the conduit,
and the directing step comprises directing the air jet along a direction generally

away from the open end of the conduit.
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4, The method of claim 1, wherein the discharging step comprises
discharpging the dose of medication into a conduit which has a substantially closed end
opposite the open end, such that upon an inspiratory effort being exerted on the open

end of the copduit, substantially all of the air flow through the conduit is drawn from

the tube.

5. The method of claim 1, wherein the discharging step comprises
discharging the dose of medication into a conduit which has 2 substantially closed end
opposite the open end and inner walls extending between the substantially closed end
and the open end, and further comprising the step of:
providing auxiliary air flow into the conduit via auxiliary air
inlets formed in the substantially closed end of the conduit, the auxiliary air flow
* tending to reduce adhesion of medication on the substantially closed em:l and on the

inner walls of the conduit.
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by an inspiratory effort exerted by a user on the open end of the conduit.

7. ~ The method of claim 6, wherein the providing step comprises
providing auxiliary air flow along the inner walls of the conduit in a direction

generally toward the open end of the conduit.

8. The method of claim 7, further comprising:

imparting turbulence and vorticity to the auxiliary air flow.

9. The method of claim 8, wherein the imparting step comprises drawing

the auxiliary air flow over voriex generators located on the inner walls of the conduit.

10. The method of claim 9, wherein the providing step comprises drawing
air through a plurality of auxiliary air passages which extend into the interior of the

conduit adjacent the inner walls of the conduit upstream of the vortex generators.
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conduit, a method for delivering a dose of the medication through the open end of
the conduit as a dispersed aerosol, comprising the steps of:
discharging a dose of the medication from the exit orifice to form a
plume of aerosolized medication directed generally toward the open end of the
conduit; and
at least the discharging step, directing a single air jet arranged
oppoesite to and along the same longitudinal line as the nozzle discharge orifice,
substantially against the direction of the plume sc as to impinge on the plume, the

air jet being created by an inspiratory effort exerted on the open end of the conduit

by a user.

14. The method of claim 13, wherein the directing step comprises
directing air through a tube having an outlet within the conduit and an inlet in
fluid communication with ambient air cutside the condL;it, whereby an inspiratory
effort exerted on the open end of the conduit causes air to flow into the inlet and

out the outlet of the tube.
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10: canister contaimng medication, the apparatus comprising:

a housing adapted to support the pressurized canister and including
a generally tubular conduit having an open end, the housing further including an
actuator and nozzle assembly having a bore adapted to receive a hollow outlet
stem of the canister and a nozzle discharge orifice in fluid communication with the
bore, the nozzle discharge orifice being positioned to direct a plume of aerosolized
medication into the conduit; and

an air tube supported within the conduit and having a single outlet
arranged opposite to and along the same longitudinal line as the nozzle discharge
orifice and an inlet in fluid communication with ambient air outside the conduit,
the air tube being oriented so that air flowing out of the air tube outlet is directed
so as to impinge on a plume of aerosolized medication discharged from the
canister through the nozzle discharge orifice;

whereby an inspiratory effort exerted on the open end of the
conduit causes air flow into the air tube inlet and out the air tube outlet to
impinge on the plume and thereby enhance dispersion aqd mixing 01; the

medication within the conduit.



10: 10:/L10% & ()- -310% & ()- "kbC 10-u910% & ()-"10% & ()- 10: 10:

10: @O0% & ()-10% & ()- 10% & ()- G| dEbC 10-ul 10% & ()- , S

10% & ()-10% & ()-S 10% & ()-3 Z10% & ()- @O0% & ()-| _dEbC 10-u @

109% & ()-110% & ()-L10% & ()- @0% & ()-10% & ()-y10% & () <1 UNERIGL
10-u010% & ()-1.S 10% & ()- ,, 10% & ()y), 10% & ()- 0% & () -, # 10% & () -
SbC 10-uf 109%&' ()- @ 10%& () - 109%& () - F" Tove: ()- 10t 10t 10t310% & () - S6dEbC
10-uS' 109& ()..S  10%& (ﬁ: fz 109 ()-fylov& ()-f&10%& ()- f@O0% ()- D?dEbC
10- uSYA 0% ( )°s#109& ( )Ihednhatryaprararasafodem( )5, Shesdt b} aSAWRAL) ndtje @ 10- u!
10% ()- 10 10 10S/10%& ()-!PS, ml0% & ()-ZSs*f109%& ()- S3(y1l0% ()-EaBj @
10- u” 10%& () -asdeibhy {9 2rfubBiviin Ohai) soZdsh@Uhed)s JEAYE: baibi _ @

generally toward the open end of the conduit, and the air tube is positioned so as to

direcr air flowing therefrom generally away from the open end of the conduit.

17., The inhaler apparatus of claim 16, wherein the air tube is supported

within the conduit by at least one member connected to a wall of the conduit, the

member having an internal air passage connecting ambient air outside the conduit to

the air tube inlet.

18. The inbaler apparatus of claimi17) wherein the conduit is generally
cylindrical and includes an end wall defining a substantially closed end of the conduit
rermote from the open end, the actuator and nozzle assembly being supported on the
end wall with thc;- nozzle discharge orifice located approximately centrally on the end
wall, the air tube having a longitudinal axis which makes an angle of from about 90
degrees to about 180 degrees with the longirudinal axis of the conduit.

19. The inbaler apparatus of claim18 further ;:omprising a plurality of
auxiliary air inlets extending through the end wall and opening into the conduit

adjacent a generally cylindrical inner wall thereof, and a plurality of vortex

generators mounted on the inner wall downstream of the auxiliary air inlets, the
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20. The inhaler apparatus of claim 15, wherein the actuator and nozzle
assembly is arranged within the conduit so as to direct 2 plume of medication
generally away from the open end of the conduit, and the air tube is positioned so as

1o direct air flowing therefrom generally toward the open end of the condnit.

21. The inhaler apparatus of claim 2(, wherein the conduit includes an end
wall defining a substantially closed end of the conduit remote from the open end, and
the air tube is supported on the end wall, the inlet of the air tube being in fluid

communication with a passage which extends through the end wall to ambient air

outside the conduit.



