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200309247 1 5 MEDI CAMENT DI SPENSER 10 BACKGROUND

I nhal ers provide an alternative drug-delivery nethod
that permts patients to aspirate nedication rather
than swallow a pill, or drink or inject nedication. In
sonme cases, such as with nedications that directly

t 35,9R%,t he patient's lungs, aspiration enables the
medi cine to reach the target area more quickly. In
addition, 15 aspiration is fypically considered to be
| ess painful than ot her drug-delivery nethods. Many

i nhal ers rely upon nechani cal atom zers or a

pressuri zed cartridge to dispense nedication. The
dose delivery of such nmechani sns can be dependent
upon the force exerted on the activation nmechani sm
the pressure of 20 carrier gas, and the inhalation
force exerted by the user. As such, the dose delivery
is generally inprecise, and such inhalers are
typically o nmy useful with nedications having a broad
dosage tolerance. As an alternative, electronic

i nhal ers, such as MEP4CGAMENT DISRENSER bubbl e jet or

pi ezoel ectric ejectorsghpkereRAse nedi cation, nay
offer a nore advantageous 25 nethod of dose deliver
Howev dnhalefs peyide; apealigEngiivatiareppesBeied Hay Peradia pety
Wb%‘ate&ﬂe&j.&ﬁi@h rr‘é}hérrt@éﬁ évhﬂomaqml; er di@riki cfrluqag nefdidabién. In
i nhal er. The inh % qg%g EPF %eeg:% tient's lungs,
mEAEsEEEh Weh 25 ST gReoReRe B ALY (S e patients lung
prasmmnumenablmwmmedncmem mmhbmgetpreasswaaundy In eddition,

‘Slll:é?oﬁ Ji e%;p?é’agy %énstl&?’ed EH]%leeIFssb ﬁblﬂﬂll tl'ﬁa%a&ﬁgrd dRth -delivery

ectors are
demﬂmwﬁd inthis way, 30 the inhaler may subsequently

m sfi rl\ﬁanyrlﬁl‘?‘élgrg dl9 ubcﬂw Hn@%ﬁféélaéiymizgrstd?% ﬁb@&ﬁl?&i &PGi8ge
Excessi ve ck pressure may caus alr

s iR KUPeNsh d“?dr‘f@“?ﬁ‘w ha'i*eerd%e??"vq%tof. RS pg}eai‘?ws can be
C@uﬁér’fﬁigntajdon hmeofolce @@tté(ﬁﬁmﬂﬂtactl\lmbn cephdnisad theopressure of

Sl S P BT O S0l B SP08s by, oo,
suplpleyy wgedetally in@ecigs aind habremhaiavi areitypicadly o elv qshfell wnth
gg@%%gg%lﬂa\\/iﬁé 84 RUQbsddafolbiah&d. i me of the supply.

As an alternative, electronic inhalers, such as those that utilize bubble jet
or piezoelectric ejectors to dispense medication, may offer a more advantageous
method of dose delivery. However, a positive medication pressure may result in
medication leaking from the ejector orifices of the inhaler. The inhaler may
therefore keep the medication at a slight back or negative gauge pressure.
However, too much back pressure may result in the ejectors of the inhaler being
starved of medicament, and “deprimed”. If the ejectors are deprimed in this way,
the inhaler may subsequently misfire, resulting in inaccuracy in the ejected dose.
Excessive back pressure may also cause air to be sucked into the inhaler when
not in operation, causing air bubble entrapment that can lead to ejection
problems and/or errors in dosage.

In addition, variations in the pressure of the medication supply used by the

inhaler may still alter the dosage delivered over the lifetime of the supply.
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2 Variations in nedication pressure may al so effect
the size of the individual droplets generated by the
inhaler. Droplets that are too small may not be
retained by the lungs, and may be exhal ed out of the
body instead. Simlarly, droplets that are too |arge
mayesddsy be absorbed by the lungs, and may al so be
exhal ed out of 5 the body. BRIEF DESCRI PTI ON CF THE
DRAW NGS Fig. | depicts an fnhal er according to an
enbodi nent of the invention. Fig. 2is a

sem -schematic depiction of the inhaler of Fig. 1.

F'\/Q&at?bnh Sn améjo%)cftlsﬁ 'p?&s@rfe hag a‘i’éoeé?ﬁé%'f E‘thé)fszé hg thé hﬁdl\%ual

is a sem-schemati c iction of
ﬁr@ﬂegwrr@rﬁt%d %%9 inhalge DRt Epat /e dep S’E?PUB%}F RE rejpined
t lng ftﬂeﬂuﬁtﬁE hfmaybg exré&gsdmﬁmrmé ?ﬁdy\mtm Smmilarhg [decspids that
conr| ration. e
SOt LRSS R novafe SispibEy ] HEdI kAT ik p8 B hut of

othesrodynhal er, accordlng to an enbodi nent of the
| nvention. 15gRieg D[ﬁsq:rﬁlpﬁ‘ldrxl élﬂfrh@de/(wrNc?s met hod of

manuf acturing an in according to an enbodi nent

of theig- ril\ﬁl@mcrsm inegeT APSQEinRSORANIPATpe e’ e inverion-

initi aiw Isasangsch&maﬁmddpr&la{ EMtheiBRMIdf FG. 10 an
shown at 10.

nbodi
?nhgléyegﬁsﬁﬁswﬂﬁ@§? 2%%%V"ﬁ%“'%ﬁb§ﬁﬁ§§@n&1ose 20 the
i nhal effig.afpiparsatisschemstindictibe obgypeientioatt #alveigoerrdieg ti ary
[ WfbdBinent 1AL forkidnBY. D SAARTHS VEIRLn' LoibldBhiguration.

ejection o ect dosage o di canent /i nhal ant
ffﬁhﬂBﬁhWESWGN@éBm@n@pgngﬁﬂgm§@ﬁt by a controller.

Su' tablie sediCARALS b feUsferatioh Asteart mnane.alécxomgne ah
qui d, " solid, powder, paste or other forns. Inhaler

16"Wﬁ?"@ﬁﬁﬂd@@“ﬁ”@?%play 14 that is configured to
provi dag. 628 aiflbiveHaitebr Dmethod bhRatlBgoturby ah irhalen Rat@ding to

such as doses adm nistered and/or the
nﬁﬂﬁg$ %Pea%gﬁ? H&Wh in the inhaler, or the
dosage that will bdDEhMUﬂﬁaédCBwTWQM i nhal er upon
act | Va\iéf@fﬂn% Bitl%ﬁv BYFid 4, BR¥nHRled Qcclfb‘?du%fﬁ‘)oir?gm%’duﬁéﬂvdf%

the user w I nf ornati on such I ent nane
parasentinyegtian is shevt atdR- hatereto 'nclﬁeqeésﬁctrqdbﬂﬁghaémauee?'aw

n %@nha@r%gﬁérb@lb Nk RIS biratiatb 8858 Eh@iRd fuRRerNHARGT 10 may
nmedj cat i on, reconnend d dosa

ré@,%?pureé{,féﬂ piigst @Jegpqnep R iSElgsted djotsﬂ%e ) (rened%ament/mhalant

from in response to a signal sent by a controller. Suitable medicaments include
those typically found in liquid, solid, powder, paste or other forms.

Inhaler 10 may include a display 14 that is configured to provide
information to the user of the inhaler, such as the number of doses administered
and/or the number of doses remaining in the inhaler, or the dosage thatwillbe
provided by the inhaler upon activation. Display 14 may also be adapted to provide
the user with information such as patient name, patient identification number,
prescribing physician name, prescribing physician identification number, type of
medication, recommended dosage, dose regimen, available alterations to the
recommended dosage and/or dose regimen, etc. As will be appreciated, display 14

may be located in any convenient location on body 12.
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recommended dosage and/or dose reginen, etc. As wll
be appreciated, display 14 nmy be |located in any
conveni ent | ocation on body 12. 200309247 3 The

i nhal er may include one or nore input mechani sns, such
as a depressible button 16, to permt the user to
sebe@bsrt he i nformation to be displayed by display 14,
or to nodify the operating paraneters of the inhaler.
For exanple, pushing button 16 may permt the user to
change the operator paranmeter 5 currently displayed,
and/ or change the dosage delivered by the inhaler.

| nhal efpe ﬂ'lﬂalgp)’nag |F1<EIL|]@' h@colr Ugd6re lﬂ?lﬂcﬁ\léé{aﬂfsms&é%h ag A
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t Hepiepeble beiiProfo. & Rﬂﬁ@é ﬂ@rUSﬁﬁtﬂ.S@&&ﬁbth%' qsmatigngp be displayed

appldrplal ak eorft@ Fnodlf)nihabﬁéﬂaﬁm; Ftarh Btersus atie iMhaleraFor exam ple
take
et%r

th | d alt I
T A B (6B PRI B PotRPE AN (PP DT B
armmgmtlgtdiwrayed Burdfoo chdrgye 1tbe dnskigerdefiveredhy 1® lnm,}erbélhaler
! q%%ﬁ%ﬁfuﬂﬂer IJ:I]C?Ud%dg“l ac?njatcgrhgu hrggag &Bgfrp&ﬂ% ﬁ)nsil'ﬂ;o%t wﬂén

oSi t In Vi rtu ocati on
c@memdemults i théejegiipmrof a |dpsew>f| medigameppin dpra arpremigte for

N RRLE6PthE UsBBYa b ddRitRlebebDat itvR 1@ QbINE altRERRNEI tAKG thed
the particul ar nedi capent di spensed, the qﬁe of

u§%(F“ ohAJ99E SWiShi 8 f°”f? sefishish PUELl RPNy %%n?“tpon 16
| rzali/od butgpnf 18 mey aadoateidormtbe whieadi timaiphdder tidsly adsa phaa, o

rﬁoay%\:{aggos%orp%t h@uﬂf;}alrg gp?ﬁwgr IQ&%OR Eorﬂlgﬁignt t$ ﬂle%qglj tion,

rovide reg
accomﬂbd\dt be tdppreciated tmtjmutffplenge?ﬁsn@i/ tﬁ'lfﬂe aﬁ@é?twe forpes

‘é&ﬁ@lﬁg & ﬁﬁlp%ﬁlé[llgr fn%d@%eﬁt'd@p&ﬁé@dt aneta|§€ df&cLuser, and the

t1onal L-shaped i nhaler, n Fi
nﬂ@ﬁd&laétﬁe‘?tﬁ‘éf‘hféf‘é“q Mplegent n'PPéHdé\g fawag}%e f%m%.WZ‘PH “P?Yebe
rr%db@taﬂrwtlt @épal Qétubr& s gﬁﬂﬁh’ a:hd/cyr noseaheddrbgrgdy He rsant:

| Q
" Abfnrdas Pl PR R e Par e T epd AnbSBlfiRls ¥ the user
drTbpIpedsent difcldshug isl noteihied e tie, mers t@dppmﬁi éd;haped inhaler, as

Z%ﬂ;ﬁﬁ#qﬂ@ti Calt! Yhad rgls.% Boiude MES5 RARRET Bbisns, iviHerdifiase

' di canent supply 24, an ejector head 25 t hat
i meqdingarenbsupply i garetally Beateq alepging same ays g fhpanaBRigeSt
may belnhéierﬁ'O"Wﬂcé?l? maéé:éﬂ éj@&loWa'bBarbﬁh@ 22ffbr%j§’ctmg droplets
nmedi cament. su Pd%e accumrul at or Sﬁl 9 q
at dHd| medamey d%t%%a%m'ﬁape%%mﬁ g d “Thd’ apparatus
C Givudes cafiuie miaditdndrit supple QU a8, ejécterensar 253 2hdt Hadluderya
nfJi gur.ed [essure. E .% id.
7P BB 50 SRR o8 6B R bbb e
b dluid anddicarestisupplyopreaciumulates 30 dhay defings me sgeiadateiovaluee
that may be in fluid communication with the ejectors, a sensor 32 that may be
configured to sense the pressure of the fluid within the accumulator, and a
controller 34 that may be configured to operate the valve in response to the
pressure within the accumulator.
The ejectors of the ejection apparatus serve to generate the medicament
aerosol for inhalation by the user. As shown in greater detail in Fig. 3, each
ejector may include an ejector chamber 36 that is in fluid communication with the

fluid medicament accumulator 30. Fluid medicament 38 may pass from the
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pressure within the accunulator. The ejectors of the
ej ection apparatus serve to generate the nedi canent

30 aerosol for inhalation by the user. As shown in
greater detail in Fig. 3, each ejector may include an
ej ector chanmber 36 that is in fluid conmunication wth
t B§sgobdy Ui d medi canent accunul ator 30. Fluid nmedi cament
38 may pass fromthe 200309247 4 accumul ator into the
ej ector chanber itself. Each ejector may be adapted to
recei ve and contain a charge of fluid nedi canent
within the ejector chanber. This may be acconpli shed,

' %caﬁﬁl}l?}op%tot {?1@ nﬂ@&&ﬁéﬂ’a%bgﬁ .téé?e Egbr?%}egfor 'njiaﬁje!)é adﬂ}ﬂécﬂb
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reSo ejector C I as a
vapor |E/er¢aivedea9anemt0drlwlld@s 416 leaph cong eigictiat jetpment 44
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may take the form of heati'ng el ement opposite the
ejcREesPERdiRg jefectop. ChP’ﬁb?'hP% aeM%R?ﬂ?%ﬁ’eﬁled'C?’ﬁe'?te%’BB'ﬁ% &6. e
aléje!éhcﬁﬁélérﬁéht%algj’h@l‘erffeﬂ msi:@t?d;foﬂkdtﬁﬁ eBéelt® may xaka the form of

h
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héatn rejectione digoal rfent controtldre Afiecd.ra tpyedefermined h/emcqer@p_hed
e'aS@EQtthe""ﬂbéifﬁg élé}nérﬂ)r r{he ‘ﬁé&ﬁ‘.ﬂdeﬁerh&}%%% %E dcagat&d, arktig)

over posi ng orces O e neni scus
amedicamentig thm%mtyaméhﬂ hegting eememevhigheBttignexpands wajd,

a fttﬂsr Sj@ﬁﬁbtna&tﬁ}ée Sd)\f'é%n'm{go B;L&tsmg TbReSio? %eanﬂmswsawcto%mg
(0] SuUcC an

D BB HEOEHS Boctin Orrpe AT PR B Tte frgend

e Jtra;et:mry afrsuéh seejeatsd deplet asaytbheelpbmredmhtembqsad ed thensize
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e] ect emsn deactivate
wﬂmqtlambﬁlt may again flow into the ej ector chanber,

ef fectondgl ¥ {dpol 'd?&plétt ha¥ bBef YL NGO theOkjcBBRM @@m%m
upon for rratl on of meni scus adj acent the ejectjon

oRpRGtiged £5-@caorl5H). @re@ﬁéwnwzaxra@a"t %ﬂxbmgﬂﬁb‘e giocips chaymger
f effedively FMing Gt RGhT &me@X aEP§E ,of medicament upon formation of a

meniscus adjacent the ejection orifice.

Ejection element 44 may take any of various forms, including for example,
a resistor, a piezoelectric transducer, vibration of a porous membrane, or other
ejector capable of independent activation by the inhaler’'s controller. In each case,
the presently-described inhaler is typically able to produce an inhalant stream
without the use of an aerosol carrier or propellant.

It should be appreciated that each ejection element may be controlled
independently, in groupings, or in selected subsets of the full ejector set. By
electronically controlling the rate of ejection element activation, it may be possible

to control the rate of medicament ejection, and thus the medicament dosage
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25 a resistor, a piezoelectric transducer, vibration
of a porous nenbrane, or other ejector capable of

i ndependent activation by the inhaler's controller. In
each case, the presently-described inhaler is
typically able to produce an inhalant stream w thout
t hensssse of an aerosol carrier or propellant. It should
be appreciated that each ejection el ement nay be
controlled 30 independently, in groupings, or in

sel ected subsets of the full ejector set. By

el ectronically controlling the rate of ejection
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;ﬁ%@cﬁél’wttﬂg IUEB'PB?% b e\% rtolﬁd&oolgl% %%I’J{ﬁ&@&é r pﬁé}Fnamst either

0 provide processor
iﬁﬁ@ﬂhﬁvﬁ@m¢@Wrectlon 10 regardi ng the dosage of

medi Ca@@rﬁﬁollér%@n’ﬁa& Bb ﬁﬁ%ﬂnur&é‘ﬁ&l Mﬂrﬁ @feH{%Fs' ﬁ‘sd'@é/ tcb@rovnde

provided b y the user rovid y
pmog'arce! .oéﬂlest'qn e&mwﬁsa‘é‘f §t/p'@a"|v¢ w&? d'r%ﬁt%ew?ﬁ Bﬁhe orm of an
| nglictremit kignal Geadtédiol die dﬁ%dﬁamebﬁm dlemmnmﬁeat addivatioh oh

t id t
o oG APeg” Fyb i o ot Afctaf ALl Pl FeBEMh Sy pree
f ovhen @f usan deﬂr5selsexctotr@nmse gétiyatas thei activatiod inpot dHecoptroller
MO4En &) %&gi' é?\r‘ar@ll'mtréte?eétlgn Pﬁé? ¢ a@iBhdt AL 'efér&tlé?f eIéMSr’i} 44,

ejection o0 opl ets
ofUneBdpesithofen eistian signgheaqch ejpstign Q!%’ﬁ?'éé’é%‘c%? a droplet of

Otrﬁ?ﬁdﬁ:nl%ﬁt %QHbé’@b@@aM‘]f@ %tc'aﬂ&afh'e(?&cé BPHé edshnding change of
contro

er te ejection_sj
C GredimeRt e 58, etEr Bind oPIRHEH, ClArDeT e B AUBETo R
anuegjessfuliyogjiesti e airqpleaaﬂhn@jncmmemb froml| theesjdctipn ctlarokes. dhe

drd?lpdtlgfl ﬂ{en%&égﬁ&j/blc Q{EEPEh Q&er%ﬁ(? i 't&egleﬁp&% s%?al may be

Typic orce of the expanding C
n@éi?f@énéfht effgict h¢henaes o8 s at\%ftzpae]e@t:tqi%ﬁg%ha%@r aigpfion

benhatatiktistice8dpeh@ing on the type of ejection element used, and the dosage
desired.

Inhaler 10 may further include a power supply (not shown). The power
supply may be a battery or other suitable power supply, whether disposable or
permanent. In some cases it may be desirable for the power supply to be a
replenishable power supply, such as a rechargeable battery.

The medicament pressure within accumulator 30 may be at least partially

regulated by fluidically coupling the medicament supply within the accumulator to
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successfully eject the droplet of nedicanment fromthe
ej ection chanber. The duration, intensity, and/or

ot her characteristic of the electronic signal may be
altered to effect changes in the nedi canent dosage
and/ or ejection 25 characteristic, depending on the

t vgoor ej ecti on el enent used, and the dosage

desired. Inhaler 10 may further include a power supply
(not shown). The power supPly nmay be a battery or

ot her suitable power supply, whether disposable or
permanent. In sone cases it nay be desirable for the
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S WiohrAfhk fhnAleP 88t SAtaNbdbie Whe Sresquad EHange withio et dreuradiape
i S .oV

o PaBdiEtr g e Me R ePoT e AR R Sty
I hirepde@umulator itesttumpy be ntatmefaamtadrfmnaamuﬁlcenweﬁlllmWaterlal

f Ll'ﬁb(fttﬁe% f %e%hlﬁtg ué@ﬁ@@%s td e Elgétth%@sgﬁg%ﬂhmw

be eJ ecte fromt I nhal er at eas once before
t [RECPdaiel A indicategabare Mibaretthr eigetion mgcharsm usethinfisston

r %Eb@r%ﬂb ngp trh% %%rﬁﬁ@ﬁfbtfao?d#ﬁp'uﬁdéﬁﬂ f&yltﬂetﬂiﬁ pressure the
accunul at or imlarl t he "accunul at or it sel ¥Sure

nERTPIRTE eabef ManbS %"f@‘f"%‘i‘ Enproyide @4 epyiaiRd pﬁﬂi“’@rﬂ il
t Mathintiecadaodyiatot, réther thgrcalnedatiteoback psedkilireser ves to

regul aéye régr&%tlﬁgr %ﬁes%eedlcve\aﬁrr%eh{ pretslguere at the ejector, the operation
parameters of the inhaler may be rendered relatively insensitive to the orientation
of the inhaler itself. That is, the inhaler may operate efficiently even when held at
an angle. In addition, by monitoring fluid pressure within the accumulator, the
inhaler controller may be further configured to permit detection of low
medicament levels, and therefore disable operation of the inhaler before the
adverse effects of operation without medicament can occur.
The action of the compliant member may assist in eliminating short-term
surges (or ‘spikes’) in medicament pressure, and therefore may help regulate the

fluid being delivered to the ejectors. In one embodiment, the compliant member
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accunul ator. As indicated above, where the ejection
mechani smused in ejection 20 apparatus 22 nmay perform
satisfactorily under positive fluid pressure, the
conpl i ant nenber may be configured to provide a

regul ated positive pressure wthin the accunul ator,

r 3§da@bszt han a negati ve back pressure. By regul ating

t he nedi canent pressure at the ejector, the operation
paraneters of the inhaler mhy be rendered relatively
insensitive to the orientation 25 of the inhaler
itself. That is, the inhaler may operate efficiently
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Vatheveflgld) medicament supply. Fluid medicament may then flow into the
accumulator, increasing the medicament pressure. When the backpressure is
greater than a second, acceptable value, the valve may close. In this way, valve
28 and compliant member 52 may act as an active pressure regulation
mechanism. Typically, the fluid within accumulator 30 may be maintained at a
pressure that varies within the operational limits of ejectors 26, regardless of the

pressure within the fluid medicament supply.
Valve 28 may be an electronically controlled valve. In particular, small

solenoid activated fluid valves are appropriate vaives for use in the disclosed
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sol enoi d val ves, or any other valve that can be
actuated automatically. It should be appreciated that
whil e the val ve mechani sm nay be such that the
control | abl e val ve mechanism 28 is either open or
closed, it should be appreciated that nore costly
vabd@o.aechani snms with variable flow control can be 20
substituted for an "on/off' valve nechanism The inlet
of valve 28 may be fluidicaPly coupled to fluid

medi canent supply 24. When the backpressure in the
accunul ator reaches a nininun1acceptab|e val ue, val ve
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sensor that is disposed adjacent to the ejector head 25, so that the fluid pressure
measured by the sensor closely corresponds to the fluid pressure at the ejectors.
This may help ensure that the regulated fluid p ressure at the e jectors may lie
within the operational parameters stored in the controller. The fluid pressure may
be sensed continuously, sensed at discrete intervals, or sensed in response to
specified actions of the controller or of the user.

The fluid medicament supply may be integrated with the accumulator and

the ejectors, or may be separately removable. In particular, it may be useful to
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inlet 56 to valve outlet 58. However, when a potentia
is applied between electrode 72 that is connected to
the boss plate and el ectrode 74 connected to 15 the
fixed top plate, the boss plate nmay be
electrostatically flexed, as shown in Fig. 4B. As a

r esdddsbsy the seal may be lifted away fromthe fixed
ground plate, and fluid nay be permtted to flow from
the valve inlet to the valv@ outlet. The inhaler may

i nclude a sensor 32 that may be positioned to neasure
a characteristic of the accunul ator. The sensor nay
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SthANHe tefl $UpSaM@y FBnskdht as the bag empties. Although a variety of

pressurized fluid supplies have been discussed, it should be appreciated that a

fluid medicament supply that permits the fluid to be actively pumped, or to flow

gravimetrically into the accumulator may also be useful for the purposes of the
disclosure.

The operation of the disclosed inhaler may include steps such as are set
out in flow chart 80 of Fig. 5. The user may trigger an ejection of medicament, at

82. The controller may then measure the fluid pressure within the accumulator
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initial fluid volune in the fluid nedicanment supply.
This may be an inportant consideration where the
nmedi cament fornmulation is costly, as a small anount of
stranded fluid may be worth nore than the entire
I BhEdees nMechanism I n addition, sonme countries may
regul ate the disposal of enpty fluid containers having
more than a certain amount 1915 of stranded fluid. For
these reasons, the fluid supply may include a
pressurizing elenent 76, sot hat the fluid
medi ¢
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pressure measured. If the sensed accumulator pressure does not lie within the
25 defined operating range, the valve may be opened for an additional defined
period of time. Typically, if the measured pressure lies below a predefined first
pressure, then the valve may be opened to permit additional fluid medicament to
flow into the accumulator, and the accumulator pressure may be sensed again to
determine when the accumulator pressure rises to at least a predefined second

30 pressure.
The pressure-regulating inhaler disclosed herein may be manufactured

according to the flowchart 110 set out in Fig. 6. The method may include coupling
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i nhal er, at 90. Once an appropriate pressure is
neasured, the valve may be closed, at 92, and the
nmedi canment ej ected, at 94. \Were the valve may be
open, and the pressure may fail to reach a defined
m ni mum accunul ator pressure after 10 a set period of
t iofBacos@an error nessage nay be generated that inforns
the user that the nedi cament supply nay be enpty, at
95. To prevent damage to th¥ inhaler, the ejector
mechani sm may then be di sabled, at 96. After an

ej ection event occurs, the controller may determ ne

\M’tl'(fé R&d el féartn%taéupglyl '@S rmé?iflcaﬁieﬁpédcgmﬁlatd? Wtf\ %WEW@ HtS‘I 129

nmedi canen y I's equal or greater
mmhuww%ﬁurmf@m%éq 19P PReskPamsPt ARRTAT @éi‘rie‘htang ﬁﬁltﬂ"g}g
useontdfier98. thbfsehm andner vable, seJ et vamesmgs Heeseratharin

th t

eSS Behensgh WEirg o {15 he e By PERSe ey
eqaaplinga cgmpbent membamntottiresaccmipton @t mtmber permtted
for t r\?/hrgegér%ﬁg%ﬂérnﬁtlﬂ,@pérﬂbodﬁrﬁ%tiQﬁ@%ﬁ’én nts"&Man inhaler,

generate an error nessage or the user replace t he
e oeatieasls of uging §n inbaler hage hepn shpwn §nq)g|q;s(g:rlbb%d above, it will be

apphRtiafdety Rk 6@ T tHeaBrt ARENhilBerbhie ot Unbodlimehis,
and t hen neasurlng t he accunyl at or pressure until

| iaFengRmeth anddmeifationsirie PaRYdle apf e v&ﬁo&h%ﬁﬁf’pﬁ o the
onﬁmdt fdRElosurs erhdsenskiledr inottle 4rt tieis will os@drstamd dtheth enaay
ccunmul at or

guwlnsatn"bary r g%é%r 5 %@%ﬁ%u?qe?érﬂn%#&“stﬁ@;ﬁﬂ and scope as
d@reifmﬂmlm @pﬂeioﬂnwnmggclalmg@he prigeeny épwphmyt%@éldd}séwéefsmﬁ to
?nncﬂ%' Li RAR| ag@fnbl‘f'@gmlﬂetfdn%a%nst d)f"@eméﬁ@'d@@drib&d hefein,

nmeasured pressure |lies bel ow a ﬁrede i ne J
prasd ipi|s mayds rresentpd| v BisRpyA lgter aa‘a APy aBVeP?Hei and non-
aCBﬂJIvaQr@mtfHatlder JTethesargmert Tiid duvepoibg dritepdiments are

lator and_.t he preo cumul r SSUL

'ﬁr‘ﬁ AVGyAnH P Sl 4 murrefeo\r/\%tée(r?l"?rﬁe'gag%ﬁrﬁrth %4 9 possivle
prceswweonsnbaisnaydnealﬂalme@@tthlaomle@eﬁpmlé@tlogecond 30
pressure. The pressure-regul ating inhal er discl osed
herein may be manufactured according to the flowchart
110 set out in Fig. 6. The nmethod may i ncl ude coupling
200309247 11 the fluid nedicanent supply to a
nmedi canment accumul ator with a valve, at 112, coupling
a pressure sensor to the nedi canent accunul ator, at
114, and coupling a controller to the sensor and the
val ve, so that valve may be operated in
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response to a sensed pressure, at 116. The nethod may
further include fluidically 5 coupling a conpliant
menber to the accunul ator, at 118. Wil e various
alternative enbodi nents and arrangenents of an
i nhal er, and nethods of using an inhaler have been
shawesand descri bed above, it will be appreciated by
those of skill in the art that nunerous other
embodi ments, arrangements,’?and nodifications are
possi ble and are within the scope of the 10 present
disclosure Those skilled in the art thus wll
% gﬂgg digat many variations may be nade therein
out nEartlng fromthe spirit and scope ? ,
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The di spenser of claim4 %r} dcrrTTP{ant rreg‘rtxhe
i yalve (28) that is in fluid communication W|tht e Iu1d medicament supply an
medicament accumulator; a sensor (32) configured to sense a medicament
pressure in the medicament accumulator; and a controller (34) configured to
operate the valve in response to the medicament pressure.
7. The pressure regulator of claim 6, wherein the compliant member is
a resilient member that is configured to regulate a negative medicament

pressure.
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configured to regul ate pressure by deform ng
elastically in response to changes in accunul ator
pressure. 6. A pressure regulator for a nedi canent

i nhaler (10) having a fluid nedi canent supply (24)
and a fluid nmedi canent accunul ator (30), conprising: a
26hoseapl 1 ant nmenber (52) fluidically coupled to the
nmedi canment accunul ator; a valve (28) that is in fluid
conmmuni cation with the flui'd nedi canment supply and the
medi canment accunul ator; a sensor (32) configured to
sense a nedi canent pressure in the nedi canent
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