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| nventi on The field of the irivention is inhalers. Mire
specifically, the invention relates to dry powder inhalers for

delivering drugs in a finely divi deQESQRIRTMON or fluid form
I nhal ers are used to deliver drugs into a patient's lungs. Typically, an

i nhal er contai ns or provides a m xture of drugs and air or

propel lants. The m xture is deIive;ggpq#a#ﬁmhﬁptient 10 inhaling froma
nout hpi ece on the inhaler, for tre ous ‘conditions, for
exanpl e, bronchi al asthnma. However, delivery of drugs via inhalation
can be usgd,for her.. treatments, including those unrelated to
| ung con Ha?ﬁmﬁ%emmOn One wel | known inhaler, described in PCT
appl|gatqqadMgﬂmﬁgﬁgyﬁﬁﬁ/09751 cont ai ns i ndi vi dual -nmedi ci ne doses
stored within a plurality of apertures in_a nedicine containing

cartridge. TheThﬂaﬁGlﬂlegfbellqumﬁnali Illghﬂéﬂ!%aM@G specifigelbe Jhe weag%gelsgﬁs to dry

bove dodpidstimoator s dptieril Uil Xl bfvidilny BEMEKASr QRO 00

di sadvant ages halets dregédto delivetldigs gntora paiieﬁt'h:lmgs t rrypmany,raindgham tdntains

t he inhal er, and in rellablg dellverlng rec_lsegggtl tg

fr om t he @4neyideye mixture of drugs and gjror Pmeélﬂ{l e mixbye 1y “’ea%’d

bot h jignc ein SRfder, reflfnh aidéhs' tﬁﬁ]ﬁh 'é?ﬁm?:l
spi nnll ngqlhﬂrr%{é%t er. rf‘"leuum %cig @o@r spl nn’ng tﬁe | n%te) Ieer | séysﬁ\?\n gj\f e
by a sai |bren¢Hislhasthima.t ﬁéowbm,edeia&rjg of drixgs viai inhalation lvahdw wsedafor moany Io&pr
whi ch is noved by, ) he fl f r c sed by the patient inhaling. The
nmechani Ca}}‘e%g@ﬁ,@ﬁﬁlu@gﬁf\@ ‘ﬁ) ]g‘g ﬂ’é‘ﬁ S “switch, thereby turning on
the notor. }\‘Hl ERWISindAlet, %@éﬁﬁ’eﬁ WMECT Bpplicatisn M. ‘P'@WUS%/OWS] contains

resulting i n drug m xi ng and drug particle deaggl omeration. As the
i nhal er iindividuel an¢dicine ;dOSGS storeslywithine aj pluralign of apertured ineg msh@mecpoatmmagy

| ow fl ow r h .must v sensi ti t, f |

PRI CH o R AiiAhged fo mctEfiVe, iies oy, Bidsiry B rpedicine
remai n t OcopGaifiRg RattfidgeM H6We v Whilé'he @Bove-described device hadiindtavith Waryingadegrees
used vari ous technlagwes for stori ng, drugs to be delivered., Sone

i nhal er s m:l:ass,ehs antages sgillse Wm@@@m&@ﬁ adyanging thesrairidgavithin the iphaler, g
t oS d
Sopar ar o P rpibly g Bhg A ke STt or dbe it BPRMRGR 1B 00T ) 0 )

and 5, 327, 883. USR.i Pdtent' Nbs.a5327,888] amh$j5597407, bethi incospordted] demin dfy deforence,

20 deécribe an inhaler having a spinning impeller. The motor for spinning the impeller is switched

(

on by a sail-switch. In the above design, the sail switch has a sail or flap which is moved by

the flow of air caused by the patient inhaling. The mechanical movement of the flap closes the

switch, thereby turning on the motor. The motor spins an impeller within a mixing chamber,

resulting in drug/air mixing and drug particle deagglomeration. As the inhaler is substantially

25 flow rate independent, and may be used at very low flow rates, the switch must be very

sensitive to air flow. Although the sail-switch has performed well in the past, improvements
remain to be made in switch performance.

Inhalers have also used various techniques for storing drugs to be delivered._ Some

inhalers have used bulk drug storage reservoirs and mechanisms for dividing out individual

30 doses with each use. Other inhalers have used separately packaged drug doses, such as in U.S.

Patent Nos. 4,778,054 and 5,327,883. Still, reliable and consistent delivery of doses of dry

powder drugs has remained as an elusive objective.
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Accor di nalyps/stees S an obj ect of the invention to provide ggq Bgﬁg '

i nhal er. Statement O The | nvenbi on To these ends, the
present inhaler includes a housing containing a m xing or

aerosol i zi ng ghawh ifis ! 'e'cpéﬁﬁé Rdh G | ﬁﬁ'oq,gq idge is
advant ageously 5 Eél%’tlt gchgg" on t eﬁ'yop g@?ﬁﬁ%&?’:ﬂ g. e cartridge has

i ndi vi dual dosages radially spaced apart in a cartridge ring. Alid

S adva%ﬁ)y L ¥RbAhdy attached to the housing and is used to

I ndex o dge ring to a next aperture for delivery of
successi ve drTy tHeseagads, the present inhaleisciudes hhhmingldﬁbntaﬁﬁd%ya papaeg or
iR

i nhal er incl ydes venturi air  passage . cont ai hed .. within an inhal er
hous n?.wef%&t%@mﬁr-éﬂ&%gﬁaﬁgep%% FORtAIRIAg, Rrfidecs ds (advantagoRsivon,
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nout hpi ece on t.he inhal e a pressure differential devel ops agross the
vent ulroi 1g$qx or advancﬁggesm ?‘%ﬁﬁ‘éﬁn[”ﬁé‘l’m;ﬁ? IW’EYI‘H%“F s’V%a{"lgr&s’f‘%e&phes
a predet er m ngdo (@'thBe ehd a' @Yy Powder inhaler ibdHIdEh PEhtidy glﬂlxs;asmg%% 'Bnfaedch-

Accordingly, the inhaler accurately and reliably sense I'nhaf ation and
swi t cheswithin andehalerdipusing. The venturi ainpassagewnyl pfeferablyrhasajtapsred inlét| sectigms ar
her ghnafd er . Br.j ef Liptkon The Draw.ngs | n the
dr a\e/ivlbngsd;"%\% &L, g‘f%l%‘fer?‘gfgiﬁ%f%%n% a&gﬁeginge 5@#8’3 gs @Wo'éﬁl% ﬁgﬂ@ed
t hr oughawithih fthe $ehaderchougingVend @tuates a motor WhidhUSgsins! ah dinpeHerd MAHeRPE Gatid
view of the inhaler with the detachabl e nouthpi ece portion removed;

Fi gur e 1nkales o armenthpises eptherinhalery p pressre differential devalons aeoss the ventun gisd

in the i ' kg - +aFl O c) i .

per specth veh\s/\‘?% ‘34"?3‘5@%% sfm enotflét@ ripuri reaches 3, predetstr '?’fgf& g’%%lg’s%‘g\ﬁio@%m in
Fi g. 1(bjuned on by the pressire gawiteh2 ( Apcardinglyp dhes prdmldrvazcuiately ahd trelably hehsss
sho% ' qnlfa'l%ionléﬁ)sw%c ehs tLQ ?noltcl)r%n(.)f the

Other and further objects will appear hereinafter.

Brief Description Of The Drawings

In the drawings, wherein similar reference characters denote similar elements
throughout the several views:
20 Figure 1(a) is a perspective view of the inhaler with the detachable mouthpiece portion
removed; _
Figure 1(b) is a front perspective view of the detachable mouthpiece used in the inhaler
shown in Fig. 1(a); '
Figure 1(c) is a perspective view of the back side of the detachable mouthpiece shown
25 inFig. 1(b);
Figure 2(a) is a perspective view of the inhaler shown in Fig. 1(a) with the lid of the
inhaler in the open position, and the mouthpiece covered;
Figure 2(b) is a perspective view of the inhaler shown in Fig. 2(a), wherein the lid is in
a partially opened position;
30 Figure 3 is an exploded perspective view of the inhaler of Figs. 2(a) and 2(b);



i nhal er in the open position, and the nouthpi ece covered;

Figure 2(.b) is a perspective view of the inhaler shown in Fig. 2(a),

wher ei n t VeOL8/d1265 i n a partially opened position; 30PCT/US98/05133

Figure 3 is an expl oded perspective view3f the inhaler of Figs. 2(a) and
2(b); WD 98/ 41265

PCT/ US98/ 0513 Figure 4 is an exploded perspective view of the medicine containing cartridgd assembly
Figure 4 is an expl oded perspective view of t he medi ci ne cont ai ni ng

cartri dgshewndadig 2A;  shown in Fig. 2A Figure 4Ais a’

section view O f | A,
Figure 4B is ;ﬁn enﬁéiétggeg%%ﬂgﬁ'ogﬁgﬁwﬁ?{ﬁﬁ% Fég}ﬁ“ke SBOE’P Fﬁ%‘r?fer ring
shown in Fig. Figure¥B 1sanerﬂargedl§egwn_ev16ﬁ ofa ﬁrglehdlalhgﬂ!é cener riag shewn iy Bigy 4ew

of the bottom eal ate s ig. 4; . Figyre 4D is

bot t oth per spe ‘@1 1870 %‘gf “sgect“’e view °ﬁl‘§bpﬁ°@l§e¥l§’1§ﬁ SB?.WME&E- fop
perspectlve Vi@ f n Fig. 4, Figure
4F is a bottom ghﬂs‘%je%%i%ogﬁw ew hereeifeléﬂﬂwaOf Figure 4Gis an

enl arged top Rigeedd isws enlargeddop perspdntive vieveaf the tppeal platershowniin Fig.¢f; 10

4; H.is a bottom.perspective view thereof;
Figure 4l is af;ﬂg'é‘i‘?%?lﬁé OFBIBPﬁéﬁpgﬁé‘fﬁ‘flg‘é' rﬁ%t’of the top spring pI ate shown

in Fig. 4 Fig@edG is an enlarged top'peddplebtivelview 6F @B&%&gﬁ%&ay shwn

Fi gure 5(a) |s a perspectlve view'of "the venturi air pa
showd0i n 45 g. Figure 5(b) is a geonetric constructlon

f th t h . Figure 6 is a partial
gect [ gnv\?lne\l/Jvr {ng'éﬁ%% gbqtﬁglﬁ(r%btévezwgwtkpaoﬂz( a). ) Det ai | ed
Description OFigte 411Has ik %éﬂ %P perspectlve vxewﬂme%ﬁlgﬁi‘m@pﬂ&t ﬁ'lo'wﬂ fh F@e 4;

drawi ngs, as shown i n Figs. dry powder i nhaler I ncl udes
lid 20 plaﬂdtally m)unted via hi nge 7 a housing 5. Lid 20 I ncl udes a

transparent &é | .ng i ndi vidual drug dosages 67 within a
ﬁmngjcar plr g%&e&%

medi ci ne cont ai supported on the housing 5. A slide

grools assenblBigiré H(@)ciaaqerspectivecviewddthé dentari airipassapewaP assembly shsinHeBiga
groove G_ ocated between a first vertical face 26 and a second verti cal

face 28, s 25 shown in Fig. 2(a) and 3. Both the first vertical face 26
and the seconcriygklsGk algBGRertR contthion of the venturi shown in Fig. 5(a); and

Figure 6 is a partial section view taken along the line 2-2 of Fig. 2(a).

Detailed Description Of The Embodiments _

20 Turning now in detail to the drawings, as shown in Figs. 1-3, a dry powder inhaler 1 -
includes a lid 20 pivotally mounted via hinge 7 a housing 5. Lid 20 includes a transparent
window 22 for viewing individual drug dosages 67 within a medicine containing cartridge 60
supported on the housing 5. A slide groove assembly 24 located on the underside of the lid 20
includes a groove G located between a first vertical face.26 and a second vertical face 28, as

25  shown in Fig. 2(a) and 3. Both the first vertical face 26 and the second vertical face 28 extend
at an angle with respect to the longitudinal centetline of the inhaler. Ribs 29 and a vertical
support wall 30 support the vertical face 28 and, a vertical support wall 31 supports the first
vertical face 26. Extensions 21 help to hold a cartridge 60 down onto the housing 5, when the
lid 20 is closed.

30 Turning now to Figs. 1(a), 1(b), 1(c) and 3, the housing 5 includes a mixing, or
aerosolizing chamber 8. Mixing chamber 8 is formed on the back side by a rear wall 9 molded

in the housing 5, and on the front by the rear wall 101 of a removable mouthpiece 100, as



at an angle with respect to the |longitudinal centerline of the inhaler.

Ri bs 29 and a verti cal support wall 30 support the vertical face, 28
and, a vegbiogdjaesupport wall 31 supports the first Vﬁffmgﬁyosigce 26.
Extensions 21 help to hold a cartridge §0 down onto the housing 5, when the
lid 20 is closed. 30 Turning now to Fi gs 1(a), 1(b), 1(c) and 3,
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shown i g.port 10 on the top of the
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the nunbér of i1 nhalation cycles of device (e.qg. 00 10 cycles) has
not beerposver endiramaining life:wycles tp dghver idmag deses omamo mme qasﬁmes;rAmmt board

doses. fropabeb e bonorBBY Bl ol ST lfkaio de EEBYTelha 7, BRI Fs vhiits

bot t om Gindft6 ehe1R6tdE, A6 contidl thdse Rarktibs.t he LEDs 16 and 17 and to the
batteries and to the notor, to control these functlons

Cont i nui ng t cContmuingte refeg to Big. 3, pdever recese2k iplpcated within the tpprsHrface pbtheop
fy

sur 13ce BinsiS: 2 versiOAl 'S Cuterts it B Suefid, SHoBLE o) g U B APoilh

rachet |feveatchéd levee 700 €Bhearatimet Hentr §0dnclidesaa forkedemd 7&nal c?lmdearedde% and a

tooth 75, tchet | 70 bou tical t 23 .t

v ementiopt 15, ieatchet 16ver70 8 pivoukhis S5 e hahcal ppso” e mRveroBRt i ited' 75

on the hgumeRdges dTUSRTedebf21.2ACIRE1 sﬁrﬁgten &pthe hous %gcﬁlﬁhésvme @a@néilwveer'rd

keeps the forked end 71 agai nst the pos he ratchet |ever 70 slides 20

al ong t nednauﬁﬁn\gq:dlmdd@epm@elfpd:ed end7d malnamhe PpeA3d . The ratchet lever 70 slides

presgure o LS on r,si de of housing 5, for actuating
t he e*}l tth Tea%sprftg i Q&gsccfprep%&]ﬁbcﬂggsefs The pressure switch 19, shown
in phant om i nA prégsuré swil&l&!ﬁ%ﬂbbated 6n &i¢ underside\dPlhobsiig 5, fbb adtuatirgd thelinpellerom

M cro Pneumatic Logic, _Lnc, Lauder dal Fl.or | da. Th re
switch 18 via elqcmgégoqoblﬁ.hg“hﬁmqgfurggwﬁch 18 s?n wn in phantom m%lg 3 prefgra%fyslg an

MPL-502-0.15 V available from Micro Pneumatic Logic, Inc., Ft. Lauderdale, Florida. The
pressure switch 19 is linked to the motor 15.

25 Referring now to Figs. 3, 5(a), and 5(b), the dry powder inhaler includes a venturi air
passageway assembly 40 preferably as a separately molded component. When the dry powder
inhaler is assembled, as shown in Figs. 2(a) and 2(b), the venturi air passageway assembly 40 is
attached e.g., adhered or, heat sealed ultrasonically welded, to the underside of housing 5,
forming a generally air-tight passageway from inlet holes 85 to the mixing chamber 8.

30 The venturi passageway assembly 40 allows for consistent and reproducible actuation
of pressure switch 19. Referring to Fig. 5(b), the venturi section of the assembly 40 includes a
tapered section 42 that initially receives atmospheric air when a patient inhales on the
mouthpiece 100. The tapered inlet section 42 preferable has a converging angle A within the



25 Referring now to Fi g_s.:’3, 5(a), and 5(b), the dry powder

I nhal er ;i.ncl uydes a venturi air .. passageway assenbly 40 preferably as a
separ at el YWO9IBMEBES conponent. Wien the dry powder I nhalPET/Us98/05133
assenbl ed, as shown in Figs. 2(a) and 2(bj, the venturi air passageway
assenbly 40 is attached e.g., adhered or, heat sealed ultrasonically
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passageway from'inlet holes 85 t he” m xi ng chanber 8.

vent uri pwsbg@ﬁmw ymﬁle%incmdsng mmmtmmlmhthoahd:ihbllﬂ:e

actuati on sSwWi tc 9. rr| o Fi vent ur
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angl e x \ihe thieat gection 44 may have a\wardety /pf@gss-sectional profiles. Preferably, the throat
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Cont i nui n r r .to Fi vent al r pa ssagevvay assenb
i ncl udes “ﬁ‘&p@ﬂ’éﬁ’ tgﬁﬁﬁ‘getl 1 the pr t, dashinlety ﬁm@ammowﬂgt.awg

chamhigr Semilfrchl@per ed outl et section 46 preferably has a diverging
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t aper ed out | etPrsfemblnrthéﬁna:ammiIEmalwﬁmhebys off bath dhs taperdd outlet spetinhi 46 and

or ot or o0 oSk Sectign 42 are Sl ThE & ab@deﬁa?é‘a%éuﬂ%ié ofihe thiost seetipn
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section 46 and the tapered inlet ction he ra ‘IiO
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maxi pum di anet er ?‘;‘bﬁg a {2 i.nl et SEﬁthﬂ shoul d vary between 1/4 and
1/ 2, “dnd Rressprestd {ﬁ?'a rietopsistently priavats thermotos) 15sunger pperatioral flow
above- spephlitieds. ange, the 20 pressure switch 19 can reliably and

consistently activate the notor 15 under operational flow condi tions.
Ref erring now ReferFingmovatcaFigs43 andrd di medieine containing gartridger 6(dipeludes arvatttidgs

a cartri q'ﬁlg 63 having sawtooth edges 65 located circumferentially around its perimeter. Holes 67 in
the ring 63 are filled with dry powder medication. The cartridge ring 63 is sandwiched
25  between a top seal plate 68 and a bottom seal plate 69. Both the top and bottom seal plates 68,
69 are preferably made of transparent plastic and largely prevent contamination or leakage of
the powder from apertures 67. A top spring plate 110 having a slotied central hub 112 is
positioned on top of the seal plate 68. A bottom spring plate 114 having a receptacle 116 is
positioned under the bottom plate 69. The receptacle 116 is adapter to receive and snap-lock
30 onto the hub 112 of the receptacle 116, to hold the ring and plates together in a-sandwich
construction. Anti-rotation holes 62 and 64 extend throughout the entire medicine containing
cartridge 60, preventing the plates 110, 68, 69, and 114 from moving during indexing.




ring 63 having sawtooth edges 65 located circunferentially around its
perineter. Holes 67 in the ring 63 are filled with dry powder
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exert a clamping or normal force on the seal plates, to hold the seal plates flat against the ring

25 63, and specifically against the rims R, on top and bottom. This force is created and maintained
by the snap engagement of the hub 112 into the receptacle 116, during assembly. The 5-layer
sandwich cartridge can therefore reliably contain and deliver accurate doses of drug powder.

Referring now to Fig. 3, to load the medicine containing cartridge 60, the patient aligns
anti-rotation holes 62 and 64 over slotted anti-rotation pegs 25 and 26 and presses the cartridge

30 down. Tabs on the ends of pegs 25 and 26 spring outwardly after clearing the top spring plate
110 of the cartridge 60, and securely fasten the cartridge 60.to the housing 5.

Referring still to Fig. 3, a housing cover assembly 80 is attached to the under-side of

housing 5, enclosing the motor 15, the venturi air passageway assembly 40, the batteries and



seal the powder in the holes 67, before, during, and after each novenent of
the ring.. The spring plates 110 and 114 are independent of the
seal plat %0987111265;pr| ng pl ates exert a clanping or nopcwiusbs0s183 ON
the seal plates, to hold the seal plates?7flat against the ring 25 63, and
specifically agai nst the rine R on top and bottom This force is created

and mai ntiei chedit board 650 YA BjectisrEutNGSERE 8D Tcoﬁthniﬂgeadqéctﬂo%uﬁbh@otxb focated on
receptacle 116, during _assenbly. The 5-1ayer :sandwi ch cartridge can

t her ef or therkattomnsurtace Af therhosiag &everr\péserahlrz 80aThe sisstion button 99 imdwdasia pair of

pat ont | SorioR bongs 52 ok oibice 1 RGO o ok B T o gl
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t he ends spring qQutwardly after,  clearing the top spring
pl at 60 ﬁogage%f?z%mg% IPERES 5% Push agajst the-s}idilat betiomisuriace of the hettom
to the hg%.gi%n@a Referring still to Fig. 3, a housing cover
assenbly attached to the under-side of housi ng 5, encl osing the

mot or 15, t heReforting nowi to Bigssh@pvb),aarlefo),ya detactidbte houttpi¢cesl Gnihcludes a

WO 98/ 41
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prongs 92 push agai nst e solid tlat bottom surface of the bottom
spring pmeuthpiers 100 when the inhaler jgpotinuseg now to Figs. 1(a), 1(b), and 1(c),
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cartridge 60 to a next, successive dose, atient sinply first
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over a sawtooth on the cartridge ring. The forked end 71 allows radial movement away from
25  the post 23. Friction prevents the ring from moving with the tooth 75 on the ratchet lever 70.
When lid 20 is fully opened to a position shown in Fig. 2(a), the tooth 75 has passed
over a sawtooth and moved back radially inwardly to form a mating, or matching fit with a
sawtooth edge 65 of cartridge ring 63. The spring 72 drives the tooth portion inwardly behind
the sawtooth after it has cleared the sawtooth. Once the matching connection has been made,
30 the patient closes the lid 20, to the position shown in Fig. 1(a). When pivoting lid 20 towards
the closed position, the tongue 73 of ratchet lever 70 is progressively pushed in the direction of
arrow B due to the sliding contact with the second vertical face 28.



20 cylinder end 73 with the slide-groove assenbly 24 contained in the lid
20. As the lid is opened, the cylinder end 73 is progressively pushed

in the diwgedsges of arrow Ain Fig. 3 by the sliding PCaAiEog/ek13%i th the
first vertical face 26 of lid 20. The rg@tchet |ever 70 simultaneously noves

radially outwardly against the inward actlng force of the spring 72, as the

tooth 75 rid : | .
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he, d
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| nhed at iy thp i’eceatfob%to ﬁ@‘iﬁ&ﬁﬁ%nd%hdl&de}i.ﬁhé {i6er TBRHIGY, @ SQUFhwh thidkigh inlet

cartridge to nove next dose into the dellver osition'b
openi nghelesi8§ inte rthngvemm hir pagsagewayhassemblyr40. r Eheovelaaity °f enwvingrihrong
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pl ate GSOIinemmthMﬁé]ﬂms@hﬁﬁp]eGQ because chute hole 66 in the bottom pl ate

69 all ows access to m xi ng chanber After %gv gﬂqg%the
bl

cart ridge, tFiguesei(a luﬁme%ﬂéﬂf%ﬂlfwhéb%l%?fﬁd yertgd
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The reduced pressure in the throat section 44 is detected via a pressure tap 48 or tube

connecting the throat section 44 to the pressure switch 19. Accordingly, when the pressure
25  drop across throat section 44 reaches a sufficient magnitude, the pressure switch 19 closes,
thereby turning on motor 15. The spinning impeller attached to a shaft of motor 15 begins
spinning within mixing chamber 8. Preferably, the pressure switch 19 closes when the flow
rate in mouthpiéce 100 exceeds the approximate range of 4-8 liters/minute, a very low
threshold which virtually all patients can meet or exceed using the inhaler. The design of the
30  venturi allows independent selection of the flow rate which actuates the motor 15. The venturi
also serves as a control point for the flow resistance of the inhaler, preferably creating a

resistance of about 0.1 - 0.2 (cm Hzo)m. The value of the pressure drop at the venturi may also



Figures 5(a) and 6 illustrate the path of air through the inhaler and
venturi .40. Arrow C 20 in Fig. 5(a) shows the air path fromthe atnosphere -

t hrough t I'YEOQ¥MI26F i ai r passageway assenbly 40. Fi gur pCB/usbhs/osBs3 at es
this same flow path by arrow D, only thi 9 view shows a cross-
sectional view of the flowin the entire inhaler. The reduced
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Herr]. The vz{‘%’emﬁg RaYe t?)&gg’s Lce m\gé)er $1h &1r, RAsESsH pPutgf, thy mixing chamber 8
WO 98/ 41 %0 tflow holes 105 located in th - i i interi
PCT/ LIS98! 05% 30u ow holes ocated in the rear-wall 101 of mouthpiece 100 and mtogthe mteno:De

usedl®o @Ethsrmouthpices:10hand fiomdhere into/thepatientStinsgsi nf or mati on can be
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chanber ®1thoy gofiomtthe spisitrand soepe #f ithepresent inveptiven The dunention pthexdfored
drug i.Lb N saper trapsfer to m xing chanber 8 via
drug porFh%&hﬁewgﬁﬁcgﬁé&gﬁﬁfmﬂo%%ﬁ°aHn‘E'he m xi ng chanber by the

spi nbd ng inpeller. Referring nowto Fig. 1(c), powder |aden air
passes out of the m xing chanber 8 t hrough outfl ow holes 105 | ocated
in the rear-wall 101 of nouthpiece 100 and into the interior 10 ofthe

nout hpi ece 100 and fromthere into the patients |ungs. -Thus, a

novel inhal er has been shown and described. Various changes and
nodi fi cati ons can of course be made and various equival ents and
substitutions can be used, wi t hout departing fromthe spirit and scope
of the present invention. The invention, therefore, shoul d not be
restricted, except by the followng clains. 15



- 10 - CLAI M 1. An inhaler for delivering a
drug dose froma cartridge ring, conprising: a, housi ng
havi ng a6 98knes top, and a back; a | ipdTposesiosissy
attached to the housing, and pivotableproma closed position 5

wherein the lid covers the top of the housing, to an open position;

at | eas post on top of the hous-r—n-g—f—e-r—l—oea-t—r—ag- a cartridge ring on
t he topblﬁﬂﬁ of the housing; | THIS SHEET HAS BEEN | 3 ratchet |ever on
t he housing under the cartridge ring_and®efd¥&EPng both the lid

and the cartrr dge y Iﬂ.gﬁ@cr ng the cartridge ring with novenent of
the Iid; 10 1. Anxgﬂalexfgm a ratchet | enrais Sheetdizs Boen Repla

of the housing, WiatHousing; ratchet | ever posi t| mm ”Imu
within the ratchet |eyver : The im1l
wherein the |id i &mxpgcham ﬁﬂd@ﬁ%@h@&n}g@ t he back of the ousin

The i nhal er ‘i%esgﬁlﬁ'smt&h " d HoBSihg; J4sing a ratchet |ever recess on

t he ?op of t he *housi ng, w 'h t e ratchet |ever positioned partially
within the ratchetadenmarmnmsagewaywﬁhmsmdhoumg,and The inhaler of claiml

further conprisi n ovvder oLt on the of t housi ng and
i 5 o oR G g e esute Wvitch

ext endi ng through 5. An
i nhal er for deIiverlng a dose of a pharnaceutical powder froma cartridge
ring, conprising: 25

pivotal |y attachedhednbales %%rémgwaé%aﬂW%@R&S‘Pﬁ&%&%&“‘&@&ﬁ%wgace

and a b slide groove assenbly on the
Dot 1 om SULFEKAY R acpuated by eid pressure switd?

10 . 3. The inhaler according to claim 2, ﬁnther comprising an impeller fixedly attached
to a shaft of the electric motor, wherein the impeller is located within said mixing chamber.

4, The inhaler according to claim 1, wherein said pressure switch contained within

said housing is a pressure transducer.

5. The inhaler according to claim 1, further comprising a cartridge ring rotatably
15 mounted on said housing, wherein the cartridge ring contains a plurality of powder filled
apertures.

6. The inhaler according to claim 5, further comprising an ejector button within said
housing for ejecting the cartridge ring.

7. The inhaler according to claim 1, further comprising a light emitting diode in said
20 housing, wherein the light emitting diode indicates to a user when a battery needs replacement.

) 8. The inhaler according to claim 1, further comprising a mouthpiece, the mouthpiece
being removably attached to said housing over said mixing chamber.

9. The inhaler according to claim 8, wherein said pressure switch closes when a flow
rate in the mouthpiece exceeds approximately 4.0 liters/minute.
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assenbly including a first wall and a""S"éCd'nd'vv'aI;I extending fromthe bottom

surface; 30 . of the lid and forming a groove between them and
- 11 - WO 98/41265 a ratchet lever having an end sPC@AISH8/05133
positioned in the slide groove. 11 6. The inhaler of claim5

further conprising a ratchet tooth on the ratchet |gqve S 1t he
cartridge rind0. 5Anmhalercompnsihg The i nhal er Qf___cngll =) ﬁer

conprising a spri ng |a5| ng the ratchet tooth on
into the cartridgeﬁo nhal er of cIa|m2furth

conprising a fork g ch&ﬁbéﬁh@ﬁ!ﬁ‘l‘xohﬂﬂgr 10 |hateral ly suptiﬂm! wiwl HE'H"I

post on the top of the housi ng 9. An i nhal
a housi ng havi ng aapyssureswitehecontained within said housing; a 1id pivotally
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housi ng; lurahtyofpowderﬁlledapertu?escartrl dge on the top surface of the housing,
t he cartrldge havi ng at | east one g ate and a cartridge ring

rotatabl e rel ati vemegns f advancingssaid eastrisiggring:frem tarfirstpemderfilled aperture to an

and W|th hrough the at | east one plate and preventing
t he at Agfengﬁakd&)ﬁﬁ@g%e pl'ate fromrotating; nmeans

for advanC| ng the cartridge as the lid is noved between the open and

cl osed positi The inhal er aim9 er el t he
means for advig mérhgc}%q’l?rsggcﬂoqodé"hf%enb %%%%3%’%# t‘)te‘,g gﬁd’“‘.ﬁ
ratctiet tempdiseb:avi ng an end positioned in the slide groove assenbly and

a tooth engaged agai nst the cartri d%le_ ring
a ratchet lever having a first end and a second end with the first end pivotably

attached to the housing and having a tooth engaging the cartridge ring; and
a lid pivotably attached to the housing and including first and second spaced apart
curved walls, with the second end of the ratchet lever positioned between the first and second
15  walls.

12.  The inhaler of claim 10 wherein the cartridge ring has a sawtooth edge and the
ratchet lever has a tooth portion for engaging the sawtooth edge.

13.  The inhaler of claim 10 further comprising:
a top plate and a bottom plate slidably positioned on the cartridge ring; and
20 an anti-rotation post on the housing extending through the top and bottom plates.

14. A dry powder inhaler comprising:
a housing;
a mixing chamber in said housing;
a pressure switch contained within said housing; and
25 a venturi air passageway contained within said housing for actuating said pressure
switch, said venturi air passageway comprising:
@ a tapered inlet section;
®) a throat section; and

(c)  atapered outlet section. This Sheet Has Been ReIp




11. A dry powder inhal er comprims HEET a housing; 30

a m xi ng chanber in the housing; . @REPL HgsBEﬁq ’ ‘g L

- 12 - wo 98141265 an arT—rHet—R the fhousi ng; PCT/USI8/SI33

an air flow path |n the housi ng connecysng the air inlet to the mxing
chanber; o : amotor in the housing having a notor shaft
ext endi ng in t i X rdlﬁé‘ oPE e}ehﬁﬁmn
the m xi ng ch%nbgfhon tgghe acr‘r%)tor ?hzgﬁn 145Nhamnsmdmroatsecuoﬁ P isaﬁturl in the
air fl memmmnmmmmmwmmnmegﬁm@nm@xwmoo 13"

section and an outlet section; and a pressure switch in
the housing linked to the notor and to the throat section

the venturi, 16.or Ih&mh@rmm&&ng@tdmmulﬁ)mdmsed@ﬁm@bhﬁ@ﬁen@gdlﬂﬁﬂ he

throat 10 section dur| ng i nhal atj on. | er
of clai WPWM@%WH“% Vet tw wﬂ?sﬁ?h of th@ hal
di argate to 0 13" The i nhal er
accordi ng o C al m 1 erel n the inlet sect | on and the out | et section
have a nmaxi num di aneter of twice that of the internal dianmeter of the
throat secti mﬂé‘m mﬁhfu 'fﬁmér% fisifig ah RledtticWhsto bonthihed
venturi has gﬁBeta val ue a?oor y mB lﬁ% An i nhal er

conpr i swithin said housing, wherein the elec’mc motor 1sa,cmd byigaid pressure switch.

a cartridge ring rotatably nmounted on said housing;

a lid pivotably attached to the housing;

mat chet devi ¢& | i Té hthalehacdordingtal claire 1dafitrthed gemprising facnartadgamgrrgtawbd

mounted on said housing, wherein the cartridge ring contains a plurality of powder filled

10  apertures.
a plurality of spaced apart holes in the cartridge ring for holding a dry powder;
a top seal plate on the top side of the cartridge ring ;
a bottom seal plate on the bottom side of the cartridge ring;
a top spring plate overlying the top seal plate; and

15 a bottom seal plate underlying the bottom seal plate.

19. A medicine containing cartridge for use with an inhaler, comprising:
a cartridge ring having a top side and a bottom side;
a plurality of spaced apart holes in the cartridge ring for holding a dry powder;
a top seal plate on the top side of the cartridge ring ;
20 a bottom seal plate on the bottom side of the cartridge ring;
a top spring plate overlying the top seal plate; and
a bottom seal plate underlying the bottom seal plate.

20. The cartridge of claim 19 further comprising sawtooth edges located
circumferentially around the perimeter of the cartridge ring.

25 21.  The cartridge of claim 19 wherein the top and bottom seal plates and spring
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plates are made of transparent plastic.




25 cartridge ring; an ISS T HAS BEEN | an
ejector button on a bottom surface of sal ACED and prong

at t ached M‘D?&lﬂza ector button and extepretrg—throogiTthe hoPCTN§IR/A513he |

cartridge ring. 30 16. An i rﬂl‘}al er for delivering a drug dose

froma cartridge ring, conprising:

- 1|3 d I I22 The hcartnd idge thdim'ﬁﬁlmg/hbﬁm' oge of thetw;i andbdttgm spﬂﬁlgl plavexcias a
alid pivaota attached to the housi eat ane
post on hepang theiptherdas p aepeptiel qqs‘eatﬁiﬁgswdaﬁlf Pmegbe hwbydo hgld ge ring,

Of e "GUS bl ah spring plates togedied i sSRwloR (Ghseible hoUSt o under the

cartridge r and the cartridge
ring, for advanC| ng the cartridge ring with novenent of the lid;

2>r<lgenldi ng thr% ugh t-[ﬁle cm&d%gvﬁe["hﬂ%oum ng 0&,&,&&&#% g&“:‘éﬁ g‘sﬁ&gn%%s

17. %n bxtbﬂdmgﬂﬁomﬂﬁlsédplatesandtheclampplates a h0u3| ng having at op
surface; lid pivotally attached to the housi ng and

novabl e from a cl osed position to an open position; 15

a post on thezpop ghefcaffdsd of £lainh 99 Furflebr comprising a delivery hole in @h& Bbftdrn Aesl
on the to1p surface of the housing, the cartridge having at |east one

pl ate anplate ansa ehuiryepeningjinithe betiom spring pleteve to the at | east one plate and
t he housi ng, and with the post extending through the at | east

one plate and preventing the at | east one plate fromrotating;
and 20 25.  The ocarttidgeof claimrl Sbwheveiarthe learttidge ting comprisesiDelrin ayl the

top and bottom seal plates comprise polycarbonate, to provide an appropriate lubricity between
10  theéir sliding surfaces.

26.  The cartridge of claim 19 wherein the cartridge ring includes a top recess and a
bottom recess adapted to receive the top and bottom seal plates.

_ 27.  The cartridge of claim 25 further comprising lip formed around each hole on the
top side and the bottom side of the cartridge ring.

15 28.  The cartridge of claim 27 wherein the lip has a height of about 0.2mm and a
width of about 0.2 mm.
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