1- Inhal er Description The present invention relates to inhalers and,
in particular, to inhalers for the 5 delivery of dry powder nedi canent to
the lung. Oral or nasal delivery of a medicanment using an inhal ation device
is a particularly attractive method of dryg admnistration as these devices
are relatively easy for patients to use discreetly and in public. As well
as delivering nedicanent to treat 10 | ocal diseases of the airway and ot her
respiratory prepjgos, they have nore recently been used to deliver drugs to
the bl oodstream via the |lungs, thereby avoiding the need for hyodermc
injections. For a nedicament in particulate form the provision of an

i nhal abl e aero?ﬁlscgﬁ qbgeduires an inhaler that can produce a repeatabl e dose
of fine particle n order for the particles of nedicanent to reach the
deep | ung ar eaThalpvesottiipveatidn réletss treinhbissrapddinipattisulzhao bitebds fardhen  t he
particles st j he range of approximately 1
to 3 m crog El%gvot?ﬁr %Eg’?%‘ﬁgdlginﬁxﬁggghge@n 5ol which includes this range
of particle size is known as the "fine particle fraction" 20 (FPF). If the
particles are | ron n tran r t he
i nhal ed airfl ovcvﬁ (a:ilgoetpm’llgarll%g1 Weit'yn%ﬁ: I% dic nté%ng)tglssgg e%aglr%gnldfﬁgfgoa ga?%cumﬁrya pped
in the respi rahnra;tumsﬁngésf Ideigmdmmlemxmnmg théve ddeep drairedptivEigreagdanyl e,

particles of the. order u%ﬁle A’ élkaeslélehvfg‘l further than

tient se dlsc ee

r d
the trachea angapar 16576 {Hﬁe order - of m-crons r%en%{‘?%l ep osit on the
back of therot hﬂmldlﬁﬁsmwmha dhedyetid oﬁﬂr&é@urmpprqbtentshéepamd mbas are | ess

than 1 mcron in effective, di ane t he ti,c es nay, not be absorbed into
t he | ung, becaﬁ%cgmfl%g ngped gorr%ihv c?‘nﬂd Wt%lgg{%’dgreﬁ&Y]e ep‘rl%ﬁ'ﬁé&lyung with
t he exhal ed ai mtdiding tHhecedffbt Byodanyic dijeaiclsy powder i nhal er may be neasured
in terns of the fine 30 particle dose (FPD) or the FPF. The FPD is the
total mass of active agent which is emtted fromthe device follow ng
act uati on whi clFok 8 npiRs@Bht ihrpaaftuaeerfmdmnﬁm;eoﬂabﬁ bf heichhblcamisbler t han a

it i en_.to be 5

a1 though paPt | EYBLehsR Piges HaP rararodeanier AU SSRoeFORSRaPE Jrarirr ed, for
the reasons st abeglc phaNRs of BRIIBReAtS o FBRE uh@deepau@aram(ampmrﬁrth@g be
IPLRGEr | SUEh B B Sh e LR nger (1S ) A 12 2k age poger (M),
the range of approximately 1 to 3 microns. The portion of the emitted aerosol
which includes this range of particle size is known as the “fine particle fraction”
20 (FPF). If the particles are latger than 5 microns, they may not be transported by
the inhaled zirflow deep into the lung, because they are likely to be trapped in
the respiratory passages before reaching the deep lung. For example, particles of
the order of 10 microns are unlikely to progress further than the trachea and
particles of the order of 50 microns tend to deposit on the back of the throat
25 when inhaled. Furthermore, if the particles are less than 1 micron in effective
diameter, the particles may not be absorbed into the lung, because they are small

enough to be expelled from the lung with the exhaled airflow.

The efficiency of 2 dry powdet inhaler may be measured in terms of the fine
30  particle dose (FPD) or the FPF. The FPD is the total mass of active agent which
is emitted from the device following actuation which is present in an

aerodynamic particle size smaller than a defined limit. This limit is generally



5 Each inpactor or inpinger has a pre-determ ned aerodynam c particle size
collection cut points for each stage. The FPD val ue is obtained by
interpretation of the stage-by-stage active agent recovery quantified by a
validated quantitative wet chem cal assay,where either a sinple stage cut
is used to determine FPD or a nore conplex mathematical interpolation of

t he stage-by-stage deposition is 10used. The FPF is normally defined as the
FPD di vided by the enitted el iyer i i h ss of
active agent t ﬁaé(fe 8 itosm:etf-’riﬂgi ré)§£ ?lglooﬁﬁ%{%gggleeg?%‘gn%Idfagnvﬁt%glésggkt‘a&g% I?l&)cﬁg%nd does
not include powdgrefdapdsiot da remshegawd abovd Abe FBDsiamfcapwed ofing fre devi ce.

The FPF may al $0. howeve be defined.a L . : ered
dose which is ?zﬁ%acf%}tlo\gllmhglgg’% C%e{’lé{l ief?/wejn %@%ﬁ& PE'Ergleg% ngtﬂ’?lﬁlcli I'E%g%re@%g%eg form
present ed by t ES)Hnhadlesendenscxle ImpaguestiChor 2 Foxt Gcamplien InpretargNelpd dose
could be th of active agent, present in a.foi |ister ., 20 In

convent ronar | Lagt Bt ol FuBHER R PR BRE N el ahtoedi ielicte 8 " o
enters the pat celivction aht iy forSeaali ewagd T8O ¥PDov At obtairded hytdserregtetdred from
the inhaler. Ho ver, t.he FPF ngy oql be aroug&(?@@boﬁitpg eni%g;d dose
but the vari at PO EERY 188 BrT B 5 S0 B IRRBHA Phh gt SPET SRA AT - 20 to
30% Such vari akt ciemice] geagivatde tithaCepinalel seage Rut hesabwaleodfrmast I odugs and
the Iike. 25 However, it wi.ll he appreciated that for the pul.oonary
delivery of sySehfengs FIERAaET FRCTRIF ISP OF & SascTpuE CHEOWE or for

t he adm ni sfor atbgdin of drugs such as insulin, growh hornone or norphine,
this amount of variation in respirable dose is unacceptable. This is not
only because it is considerably nore inportant to ensure that the patient
recei ves the same FPPtieAceshld dsenddf astthe BRDtdiaasd B thdreddteB6: @dictreli Ne t he

i nhal er is used, so that. a redictgble and consi st ent theragggiic effect is

achi eved, but O?Ge‘ff]%f’flﬂﬁet?‘?t‘?%wl?séé’ PRSI SBY 1% epitted SFams the dEFI5Ri £ i cant

wast age of whatolRYindft@icd A8 ASEVEtdhdIgde powddr depdsittd Inkidt bebefey e be
appreci ated that for sg;terrjc ul_monary delivery, the provisign of an
i nhal abl e ar o8@tacceglithessvissn TasHdTepay tlsr: hoarvdebs et petheriddin a highly

efficient, accunaded 13Nde hRREA @bk S HIAN O GKe 10BAMMBYof Rtide BRNEpREQAIETHRDI € 5
and consi st ent theraPeutl c effect which mnin ses any_potentially harnful

side effects f@rewrpbigym presrnteddnibe inhgler dedercinmyettins: Botpls théost |y dr ug

required to dely¥&Ld AodNBLRAIRRULE MatOSEctiV O RAS F’fe@er;t hal f1 payder ed _
medi canent is delivered with an accurately controlled 10 range of particle

sizes in order that they are absorbed effectively in the lung, it is

necessary tg deggglRuRsH GibiRe, &@é&i&le@%&%gﬁéﬂﬁ't%%&ﬁi&%% thfte device
prior to entry into the patient's airwa is known to separate particles

of medi cament  kytegcthe patidnty 2iswemis froraoR0% 50 BBTARIGhE o ofrstedi fevraghe f or
exanpl e by pr OYﬂ}glqu{&vévlép,scflé‘ﬁf)F %ay\é%qus:ei ¥l 6%, ©Rthe emitted dose but the
variation in the respirable dose of known inhalers can be +/-20 to 30%. Such
variation is generally acceptable in the case of asthma drugs and the like.
25 However, it will be appreciated that for the pulmonary delivery of systemic small
molecule and protein and peptide drugs or for the administration of drugs such
as insulin, growth hotmone or morphine, this amount of variation in respirable
dose is unacceptable. This is not only because it is considerably more important
to ensure that the patient receives the same intended dose of these types of drugs
_________ 30  each time the inhaler is used, so that a predictable and consistent therapeutic

effect is achieved, but a relatively low respirable dose represents a significant

wastage of what may be an expensive drug.



across the particles. One way to achieve this is to provide the inhaler
with a cyclone chanber having an axial outlet and a tangential inlet. The
drug is entrained in an airflow and allowed to enter the cycl one chamber

t hrough the tangential inlet. The high sﬂiﬁr forces generated between the
particles as they 20 spin around the cha in the airflow are sufficient
to break-up agglonerates of particles before they pass out of the chanber
through the outlet. An inhaler having a cyclone chanber is known fromthe
Applicant's own earlier patent EP1191966 Bl. A device for the pulverisation
of particles oft wijghonerabesprotcizeddndéregstémivgivdmpony dedicgarent is al so
known from EPO477 T evice i t npri ses
a rotationall ypro Sgo %a@al Q@%b?? aetosc}ll%er%lg:eégrl %%Sgr g@t %I'ﬂl éelhg%ctﬁgg& uﬁl(get
ports. The i nl bighlyaffiserd] xoeaﬁatwlarnugepadﬂt @hinejr hatadmghe avmorrt gredgddddber in a
direction at a t ent. or, close to of th e. present

i nvention sédek&" dgﬁFgﬁftgﬁlﬁu?% (%“%ﬁﬁ nuﬁsanﬁib%n%ggﬁmr ?gbcg 30
generating an efféuad ﬁhlthae paicas o wﬂ]fasa:gqhmngeuhedmmdu cfametht dwietdamrded f ect i ve
particle size éﬁi suff|C|entIy smal| for the nedicament to be delivered
to and absorbe Vﬁf% eﬁngﬂﬁﬁgmbf a patient. - 4 - According to the

i nvention, there is provided an inhaler for producing an i nhal abl e aerosol
of pomdered me |canent i ncludin aerosol,sin Vi ce havi.n er
SubStant! a1y SpEEtAmas s oY eat eregisanen SEeROUEN & SURrey St Bl oot 1 o
ends of thQOChaaHTQEBff)ﬁﬂclEBﬁesf inczwmfth@krtugy 4ra@BsbrBed cffdttioslgh theeuhanber

bet ween said ports and, Rg pass ﬁir i &@r t he f|0ﬂ/0f clean air into

t he chanber, sa?cassaglfpfaﬁa merpfedpe %tinfr::]@s 50) Y&B?’éhroélg Hadeviee Prghi%r i ng

t he chanber thagggmusakthahghgkapns a cyclone in the chanber that
interacts with the drug |aden air flow ng between the inlet and outl et
ports. 10 Preferably, the bypass air inlet is arranged so that air enters
the chanber thiQughowiddsehiabl pastided dnhiBdanent BRgantitaly sheurttbesal | of the
chanmber. In a preferred enbodinment, the chanber Is configured sp that the
cycl one 15 #nt g‘l"%’éf%ﬂ\fv‘nﬂaﬁmﬂ%ef‘ﬁFﬁﬁnﬂ’léééﬁf‘ﬁi“ihng Pé\i\?%%“’é%"@?‘t?“&mnf he drug
laden air flow,d0ssa88 PiicRs.9hd €8 toRRhRvamid & b bewsdd thefaH.Re widhl.et port to
the outlet port. Although it is Known to provide an inhal er with a bypass
air entry inl e?YClqnﬁéhélﬁg@ huiogsaexish O‘tth‘éﬁn‘i‘ rasgewial ifgr Ehe @iy i cal Iy, the
bypass air whi gy fil W 2h iAo N8 2BoPaVicCEd RO rIehﬁEmb&l #tough$hd O reduce
the overal | pressure drop across the device and so nake it eaS|er for the
patient to i nheoegentihialasyPreshighphear freesgensrated henyrsedhsiprrtitien 2stthey bypass
airflowis flo xﬂgrduﬂdttltf'ceclﬁﬁmérgf trh@%frﬂ% a@ésutfhaeﬂrtaq)réa@dgﬁagg jomcphign the two

airflows neet so that there is Iimted interaction betwe he bypass air
and the drug | aflesstieleyt before they pass out of the chamber through the outlet. An inhaler

having a cyclone chamber is known from the Applicant’s own earlier patent
EP1191966 B1. A device for the pulverisation of particles or agglomerates of 2
powdered inhalation medicament is also known from EP0477222 A1, The device
25 disclosed in this document comprises a rotationally symmetrical vortex chamber
with spaced inlet and outlet ports. The inlet ports direct drug laden air into the

vortex chamber in a direction at a tangent or close to a tangent of the chamber,

The present invention seeks to provide an inhaler which is capable of reliably
30 _ generating an inhalable aerosol of a2 powdered medicament with an effective
particle size that is sufficiently small for the medicament to be delivered to and

absorbed into the lungs of a patient.



25 I'n one enbodi nent, the chanber is tapered. However, the walls of the
chanber may al so be straight, i.e. parallel to the |longitudinal axis of the
chanber. The chanber may be tapered in a direction extending fromthe
outlet port 30 towards the inlet port. Hopever, they may also taper in the
opposite direction. - 5 - The inhaler of the invention preferably includes
a base and the inlet port is forned in said base. A nmesh can be fornmed in
the base and the inlet port can be formed fromb5 openings in that nmesh. The
mesh can be fornmed in a separate conponent attached to or inserted into an
aperture in thdcbadmgoo the ihvﬁaimnb'élefeds mfetd'ideldtaegn}aalletr;fot pradneinpase. The inl et

A ter ot ve Coaﬁhfitlew IOSOI OH st |n0§a %Iyi Rldmgtqﬁ a%{]%ﬁ}?ﬁ%#l’nal axi s of

Al ternatively, ern nay be 0 from
t he chanber. Chmigna ehmhﬂl;ex of klé)stalnhelly qmnlar c:cnmpsacses, ialket hrahsdtleopertequem ng in

db 15 Th
isglngl i 33?nal§ agp}gosgt% 6?% ﬁg amq%r 1yth to%noq' dalég lagerf algthra{léhn%eé}{ m%% tt ﬁe

| ongi tudi nal akktsveat sa@aapbrtonehnrbgpass apa:ﬂed ﬂoethetﬂnw of cleesit mlo wiet h, t he
| ongi t udi nal ax s of t rises an
end wal | opposf ”énl?e& ﬁaﬁgbylg’ﬁss“émdfﬂef R%m%f‘?{gjrgugg Sé’nt “f"fcﬁerm t%ﬁﬁﬁam Fhe

outl et port betgudtodittidld: Sorsal xcyeldede Wtk cha'rhher&hﬁ in@tdctsveiyh denjing se a mesh
and the outlet ort. can, be%forma from he openl ngs in the nesh. 25 The

mout hpi ece may g% &t go eSREPHAE USHBATEIHRPEY the end wal | in a
direction apay fromthe inlet port That port| on may taper outwardly away
fromsaid end wall to ma djf preferre t he
bypass air inl Efefgiably ()‘E‘&E’EEPS&?“ f‘H%t ’Bé@%"gﬁ‘fi ¢ H[é“ §’(5 °Bir4 Wéfga‘ﬁ%‘?t}f\fg’fﬂugﬂt ly,
the base fornmssad slidawBdthatiily thhgedaDaSthedtall Jf Rhethamber.

In a preferred embodiment, the chamber is configured so that the cyclone
15  interacts with the drug laden air flow so as to cause the drug laden air flow to

assume 2 helical path as it flows from the inlet port to the outlet port.

Although it is known to provide an inhaler with a bypass air entry inlet, the sole
putpose of that inlet or, more specifically, the bypass 2ir which flows into the

20 device through that inlet, is to reduce the overall pressure drop across the device
and so make it easier for the patient to inhale. The bypass air inlets are arranged
so that the bypass airflow is flowing in the same direction as the drug laden air
when the two aitflows meet so that there is limited interaction between the
bypass 2ir and the drug laden air.

25
In one embodiment, the chamber is tapered. However, the walls of the chamber

may also be straight, i.e. parallel to the longitudinal axis of the chamber,

The chamber may be tapered in a direction extending from the outlet port

30 towards the inlet port. However, they may also taper in the opposite direction.




- 6 - In another enbodi nent, the bypass air inlet is spaced fromthe base
closer to the end wall. I n one enbodi nent, the bypass air inlet is adjacent
to the end wall and can be partially formed fromthe end wall. 5 The
tangential bypass air inlet nay be formed. froman arcuately shaped fl ow

pat h. I n other enbodi nents, there can be nore than one tangential bypass
air inlet. Preferably, there are at least two inlets on dianetrically
opposite sides..of.the 10.chanber. |n a preferred enmbadi ment., the chanber is
Porned wi thi n At e P e RERo rteAnR AR o hE R nck® o Tt por
of the chanber farmeddmmédbed. t 0 a separate nout hpiece. If the chanber is
formed within the nouthpiece, it can 15 be a separate conponent within the
nout hpi ece. That conponent may be separable from the nout hpiece.

Preferably, tha mehakebedangdiisese basbhadtlerinipt porc cagbefcemedfrooper abl e to

puncture the Iid of a qg?ster &gntaHping}qﬁdoggmpf nqg;ﬁ%qug.&p enable a
user to i nhal e®BE R Hio L85t nf BuGiE AP CIRERBE! 2 PREGH "SS5 ent , t he
bl i ster pierci agachedrbes: iaedradiiseSnappitefedh fify ledse 0e it cad petfarmkdig wdgeadin a
surface and clean air inlet and drug |laden air outlet flow passages

ext endi ng t hr olfghi®CR%" bl i ster piercing menber fromsaid surface in the 25
vicinity of each piercing elenent, said piercing el enent being operable to

puncture a cle ai.r inlet opening .and a dr | aden .air outlet opening in
the blister su%ge f‘ﬂeétp,or'i/\?r’i‘&r}n’eéoﬁ’garg““%hﬁﬁngg?&igﬁlé‘é of the %"éﬂl%le’l" ow t hrough the
clean air il el dAIBaB: ipbriihgy BY offdcefropl @E tidpguampals ¢nle Cl ean air
inlet opening intg the blister to entrain the dose contained in the
blister, the dFff®¥&den air flowing 30 out of the blister through the drug
| aden air outlet opening in the blister and drug |laden air outlet flow
passage in the blister piercing nenber. - 7 - Preferably, the drug | aden
air outfl ow paSearisnsly; the iUFTRANT CARPERS ti 1635t PRROPSHAR NPT t he chanber .

75 'The or each opening may extend at an angle relative to the longitudinal axis of
the chamber. However, in a preferred embodiment, the longitudinal axis of each

opening is parallel to, or coaxial with, the longitudinal axis of the chamber.

Preferably, the chamber comprises an end wall opposite to the base at the other

20 end of the chamber, the outlet port being formed in said end wall.

The end wall may comprise a mesh and the outlet port can be formed from the

openings in the mesh,

25 'The mouthpiece may have 2 portion that extends beyond the end wallin a
direction away from the inlet port. That portion may taper outwardly away from

said end wall to form a diffuser.

In a prefetred embodiment, the bypass air inlet is located at the base of the

30  chamber. Conveniently, the base forms a sidewall of the bypass air inlet.



In one preferred enbodi ment, the clean air inlet opening conprises a
plurality of 5 peripheral clean air inlet openings that surround the drug
| aden air outlet opening. Advantageously, the clean air inlet openings are
arranged symetrically around the drug | aden air outlet opening. In one
enbodi nent, the inhaler further conprises a housing configured to 10
receive a strip having a plurality of blisters, each blister having a
puncturable |id and, cont,ai,nin ose_of . i Ok _h.N0 i y a
sor . reans opdh SBaS R Ao SO0s B (IRCLSRET hopPhe bEOMALL Y B
i nto alignnent exd tvhil.tThenbleinbbéimept,ahe bygsnanindar ismtkcant toahé e welhersl
operable to causeath%igl”%te&igggaﬁgg%igpﬁber to pierce the |lid of said

al i gned bl i st ef*™ 1P R dnother efbodr ment,” the inhal er conpri ses a housing
configured to receive a single blister having a puncturable Iid and

contai ning a dgse of nedicanent.for inhalati by a_ user and uat i ng
means oper abl e%?‘ﬁ t@&fﬁé@ﬂ’?@%‘l‘lf ls”tl%rmaﬁ’{]’ee?tjc?fr?@é)%gﬁlbagramfug%& Sghra ge ﬁ%‘g lid of
said blister reggived in the housing. 20 Enbodi nents of the invention will
now be descri bed, by way of exanple only, with reference to the
acconpanying drawings, in which:- FIGURE 1 is a sinplified cross-sectional
side view of alpetHet embodinRAts| MR @hibemmete thavomaengedtisldbypas alr islabodi ment
of the present ugve ti%n; 25 FIGURE 2.is a .Cross- ectionaLdvie of the
devi ce Shown | REHFgwehete iR rieatf Sy then Sipietelly pposte 510 FPE ot f ve
vi ew of theybl cBiekerpi erci ng head of the inhaler shown in Figure 1; and
FIGURE 4 is a perspective view of the cycl one chanber w thout the

nout hpi ece 30 of the inhalation device shown in Figure 1 or 2. 8 -

Referring now g bhdedéAihhgBmeid) Sethhsmbedi0\Wrnidd Witlgalk enchildpiger tion 1 of an
i nhal ati on device according to_an enbodi nent of the present inventjon

havi ng a nout hpioSeaeD ngrothie s PdiMRRIR OBleRPrtRf the EfS REAPFC'%a, a drug

l'aden air inl et RQtdardle nﬁ;ﬂtl%&@cle.qff tROFHamD e AR Ao RYRPSBhiditke Bh@bRc.it An
cross-sectional view taken along the line X-X in Figure 1 is al so shown

in Figure 27 Theasepastes9magrent wisdisthe mauthpieccal P2teRE@ereRs B4 Bugh t hese
inlets 6 is cl gl Al froh the nfuthpidc@m out side the device 1 which does not
have drug entrained in it.

Preferably, the inhaler comprises a blister pietcing element operable to puncture
the lid of a blister containing a dose of medicament to enable a user to inhale

20  said dose through said chamber.

In one embodiment, the blister piercing member comprises a piercing element
upstanding from 2 surface and clean air inlet and drug laden air outlet flow
passages extending through the blister pietcing member from said surface in the
25  vicinity of each piercing element, sald piercing element being operable to
puncture a clean air inlet opening and a drug laden air outlet opening in the
blister such that, when a user inhales, clean air can flow through the clean air
inlet flow passage in the blister piercing member and clean air inlet opening into
the blister to entrain the dose contained in the blister, the drug laden air flowing
30  out of the blister through the drug laden air outlet opening in the blister and

drug laden air outlet flow passage in the blister piercing member.



10 The device includes a base 7 extending across a | ower end of the
nout hpi ece 2 and cl osing the chanber 3. The drug |laden air inlet port 4 is
formed in, and extends through, the base 7. In the illustrated enbodi nent,

t he drug | aden air inlet port 4 is coaxi with the longitudinal axis (A -A
in Figure 1) of the chanber 3, although it will be appreciated that the
drug laden air inlet port 4 may 15 be offset or othermﬁse spaced fromthe

| ongi t udi nal a The axis 0 ug laden air inlet port | so be
angled with r e)gre oo hf—‘ﬁé”% oélegrﬁ atlrodthog PAXE” IS? u ar Oenrwﬁﬁ lﬂ"I‘:}jkﬂh(%‘ugh in
the preferred pah@ﬂnmsdmumhe axis of the drug Iaden alr inlet port 4 is
parallel to the longitudinal axis of the chanber 3. It is also possible
that the base 7 may have multiple drug |aden air inlet ports 4 positioned
20 around the I[magei pmédrfhdlenaaddsnﬂft, thh eleed airbeet @enihgtcbmpglmstar;éuﬂaﬁtsseaﬁ coul d
be forned |nte r al t he nout hpi ece rably forned as a
separate corp h‘%ﬂ”ﬁ?ﬁn Pt ‘ﬁ?ttoé’c?ﬂl gs ﬁl&t f‘ﬁtoundutb'ﬁdgl ela‘%ﬁ A uar{"’lﬂﬁtg assenbl y.
The nout hpi eceofalenasl@ Aiarageosly, tht sleabsir Bﬂﬁarpaﬂhgs ireamifzdepmmeoiday by a
user to facilitate, cle n|n of,thg i nside of the chanmber 3. As can be seen
most clearly fPEHPEIRFLTES 138len Al oftlet GHieB8shows an under si de perspecti ve
view of the nouthpiece 2 w thout the base 7, the bypass air inlets 6 are
channel s fornmed in the i des of %ﬂ pa% iece 2 and.the hase.7 forns the
30 | ower nost PR FRDIHEERS 8 ipfrden 5 T5es 2 ARSBEREApAr t from the
drug | aden @ir rdcBivel sRQ Kavig 2 Flbaligd mhtefma&r@s{eewlngupﬁmmmfe lidhe
channels 6 so that the chapnel 6 are o ggf each of their ends. In

t he |IIustratean%ﬁ%HﬂPW§ﬁtcmeo ed”?ﬂ@? %W’ Wﬁf@&b&§§lﬁﬁwsoﬁF@?§t% so as
to direct cl eaﬁn@é &e'sfﬁﬁ)tot ﬂﬁu&ﬁﬁﬂ@&bv@wch@ﬂ@ﬁéﬁfmo B@fnﬁbnﬂﬁr}’th(lﬂé plideg one or
several bypass air inlets 6., The bypass air .inlets preferably

tangential to PRECiRHBEHEE: gd aémaﬁesjgﬁaﬁomrﬂh ‘iﬁ’eca&if"pﬁhééﬁ%ff’relﬂe’i‘:ﬁ’&t t he

desired air fl gwiirPiPhieRe e RPSRINLMHicasd Bligt@sul t of positioning the bypass
5 air inlets 6 so that they are not at an exact tangent to the chanmber 3

but are of fdet fromit. In the illustrated enbodi nent, the bypass air

inlets 6 are ajgualifed dnifa@Rent, @E&M&&Qo&@ﬁyesm%u% Qoirustd & @hdive AThey may
al so be circular in cross-section 10 and/or taper ong their length in

ei ther directi oingleAdistenbavingrapancaiteble fidepd centwgaarﬁi%ﬁ@éewfl&ﬁ@e?ﬁ Blly or
so as to di et aﬁﬁomgmeﬁn 2btBafin ggha@a{s%ua@,é%cta@gzqgm)mr sLkggt i on into

t he chanber e clean air flown hrough these inlets 6 into the
chanber 3 spi n@emb@undpltmthmlahh@ﬂ%@% reqeiveg i grehaasiegel one or vortex (as
indicated by arrow "B" in Figure 1). The outlet port 5 may be in the form
of a nmesh extending across the end of the chanmber 3 through which the
entrai ned dr ugEmbpedithows ofithe dfiventien wilhnire be Zejcnibed.tiyavay&f example oplyr way .

Preferably, thg;fQutRlEeSuf LOSAERHFeRwiRed hPWLRL T user 5a

FIGURE 1 is a simplified cross-sectional side view of a portion of an inhalation
device according to an embodiment of the present invention;

25 FIGURE 2 is a cross-sectional view of the device shown in Figure 1 taken along
line X-X;
FIGURE 3 is a petspective view of the blister piercing head of the inhaler shown
in Figure 1; and
FIGURE 4 is a petspective view of the cyclone chamber without the mouthpiece

30 of the inhalation device shown in Figure 1 or 2.



20 that extends beyond the outlet port 5 and has a cross-sectional area
that gradually increases towards the top edge 2a of the nouthpiece 2. The
wal ls 2b of the diffuser 5a in this region may be curved in shape. The
chanber 3 may be straight, i.e. the innerg curved surface 3a of the chanber
3 25 may extend parallel to the |ongitudinal axis of the chanber 3.
However, in ot her enbodi rrents the chanber 3 nay taper in either direction.
In particular, may w d s .1 _extend r r inlet 4
towards the ou]t{? ?rmﬁonrotw ﬂﬁ'ﬁra“ﬁngo?rre (a're'arlsg}rlfI rﬁm Iglﬁ'? red u?%gg%ﬁgﬁﬁ%r 3 have
been shown to mhﬁibumnd:@udehec@:ﬂmgeoes@mbsameonobélﬁfpmsmmwnﬂ@n@faemgbl y the
di ameter of the gtrlllairpgeﬁd ﬁrIn% be%%ﬁer vmn & gm%%@;ﬂ \E'%lag'&f gpt I's 20
mm or nmore. HoWeVer, f 6 “fé t'0 evi ce onveni ent

vol une, smal | emladipatret, en euﬁaq:olnei grhils;zplmvar 1nletsl®Ac:a>lsss:ecbemh viggadkdno get a

sufficient increase in nc ess man |ng therapies. In these
cases di anefer%] %%%SB%%@nﬁ?hseails%stho‘v& 5rnm have been shown to
give significant inprovenments in aerosol i sation over a device wt hout
cyclonic bypasg, air. . rrenS| 0N 6 nm
 oh have. boonTapisth “Bebitn: RoUBI T It Mo GORTRE HRprR g Plert i <R a7

aer osol i sat i oni.efffesnrangiieithe H65& BenﬁhHbyﬁldtmatrélerugreﬁ&mn&emht onal area of
the air inlets 6 which may then be advantageously varied to nodify the

resi stance of the device to suit a particular therapy / patient 10 group
with littlegi NMPAEH:vAR iRELARIITRBE B exBndih @ bE&rbib 166%{61&:1&'&118 nthusipose@ beneat h
t he nout hpi ece 2 qn the opposite,side of . the bas an y,.extend from or
be connect ed t6“dc‘f?l‘é5“b?a gamg\‘i‘ é[ﬁ‘ %ﬁﬁla‘éﬁl"‘e"é‘? t188rt 4e‘égorln}egr1r?lfin ure 3, the
pi ercing devi CextSndsARRukB ke Ba@?emtmguhe@ed&nﬂ&dhaaﬁmge Aigyleddagiel ement s
10 depending therefrom The piercing he d 9 h e air l.et flow
passages || spatd P&F‘o‘mﬁ&"%’“@é‘ﬁ‘t}’r%ﬁ I%giﬁj ipalfEh 31 Hﬂﬁ 1ﬁ)ﬁggﬁge 12 (see

Figure 3). In ognRFBOMINGBEN it Wil Be hphiatifed thdt ShCORE ilQleh @ idler fRELNILS a
single blister 13 containing a dose of nedi cament which is It% gt ed beneath
e

the blisterpi B¢ effefg oe P@Wﬁ‘f‘r‘ﬁ% strged frpe the fasglpdiptienti e ot ) are

configured to ﬁHE&?Elelﬁet%Qrttha}/ hido b3anEd $ah desBbdrSb @ke bAgibRdNALs ofvhen a
patient inhales through'the nout hpiece 2, clean air enters the hljster 13

t hrough the ai thejghpmbperd, @W@w&ea@'&p@%ﬂ@ﬂ sobRdinggng gha #éreighe diugdidenc' in
Figure 1) and %%ﬂ&oﬂbit 4 ﬁ%agﬂl%letoctﬁgl tgﬂ@(ﬁnél'les Re i dsbder 3.3¢ isW@ drug | aden

air then flows out 1 ster hrough the central drug |aden_ air
outl et passagepdibld thatﬂne h@ﬁfr’éelai’ bﬁ"ed?lu@r’k(ﬁﬂ}lg Ipdyn airipdetqrogy 47sitgaeh air

outl et passgge Po% $heSIBR £ 5L0.F He HiHG.1aden air inlet port 4 of the
chanmber 3 so th n?t o ﬁﬁ]itln an gx?lac di rerctlon into the chanmber 3 (in the

direction indi cated by arrow "E"). At the sanme tinme, clean bypass air

enters (he Chanieh.dh SDLAHONcREL! ANIRRLBluYRRR AkbubBlcll 5 iBwand spi ns

around the cha n the rectron o rrow "B") ng a vortex or
cycl one. preferably formed as a separate component which is attached to the mouthpiece

2 during assembly. The mouthpiece 2 and base 7 may also be separable from

25 each other by 2 user to facilitate cleaning of the inside of the chamber 3.

As can be seen most cleatly from Figures 2 and 4, which shows an underside
perspective view of the mouthpiece 2 without the base 7, the bypass air inlets 6
are channels formed in the sides of the mouthpiece 2 and the base 7 forms the
30  lowermost wall and encloses the lower end of the chamber (apart from the drug
laden air inlet port 4), but also forms the lower surface of the channels 6 so that

the channels 6 ate open only at each of their ends. In the illustrated embodiment,



30 no dependence on the orientation of the inhaler around the chanmber axis
at the tine of inhalation. The blister piercing elenents 10 extend over or
bridge the air inlet flow passages 11 and drug outlet flow passage 12. The
drug outlet flow passage 12 may be |argergthan the total conbined area of
the air inlet flow 5 passages to increase flow area and to ensure that as
much as possible of the dose is entrained in the airflow and renoved from
the blister 13, Althqu reference s de. t ni e [ whi ch
receives only BIE ﬁf?ggg?'pafémétmqgstﬁis%g%? ﬁléecgﬁ]\%}%%?f%nﬁg?@e Ceh%gl\zfﬁe Sg/ appl i cabl e
to a nulti-dosé@osireyerptwelenayl Gnly bhahepr sdverl bxarplieinldtthé Tevbypessmity have a
housi ng configured to regcei,ye a strj avi n plurality .of ISt spaced
along its | engf%Etéﬁéten%fg%ﬁab\\/fHag enélraj el%otg%Fféabnﬂjecgébhglralu%fégttvﬁg bg'? HD%E? %ﬁ
sequential |y mehe tleathird] disflew chmbiso &k bhnimedtas wiréshlttdfi obitiosihe theghyprsi ng

nmenber. Such a devic so be provided with an,actuator ,.to cause the
blister piercif§ lpfljrﬁtﬁgéwgé%'fyeﬁrﬁéw{)ﬁ@nleim 5BER tgﬂP%‘%}éa&lj%S??s}atug?r.e A 15

devi ce of thisoffypdrdnsitknown, for exanple, fromthe Applicant's own earlier
application published as WO05/037353 Al. The cyclone interacts with the
drug laden air flowing in a generally axial direction between the inlet and
outl et ports 4Ib&qQll@Srated ceiolenddierhe byipash aid@fletaicrard drowett in MApé,wi st or

o o e b G o B ERhE S e ot
| aden air fﬂgo%wgirmlc@rmbﬁgﬂkwtb@gkth&Ei&leaﬂiradtioal di recti on has been found

by the Applicant to provide a marked i nprovenent in perfornmance of the
i nhal er. Experinmental results have shown that the drug |aden air is

accel erated as Alstihd bypass AOintdi OB riaRgeChRTEABEIoradds €x pREd EREBPabnCr eased
shear forces and differential velocites whi cgf%‘rﬂ&ger deagl% omer,ates the
particles and Pipe dvestangals eagenyal difecHen e s fr 3:1iBe €t HEHOHS8e. The

graph bel ow coppahgs:hassiake 4 584 HRNHRRLEOCT SBRCAoudPiheahbMBiCsdl 2sds U and
fill 30 weight, of the cyclone bypass air invention and an otherw se

»

simlar device oot evdlans asypees (3iirdifased PeatfIul nif Figutend sane direction as
the drug laden air with limted interaction between the bypass air and the

drug laden air. - 12 - Fine Particle Performance Conparison Between
I n-1i ne & Cycl dhe oBjgrawst Amay beid thedorm of a mesh extending across the end of the

chamber 3 through which the entrained drug may flow out of the chamber 3 into

the patient’s airway. Preferably, the mouthpiece 2 incorporates a flow diffuser 5a
20  that extends beyond the outlet port 5 and has a cross-sectional area that

gradually increases towards the top edge 2a of the mouthpiece 2, The walls 2b of

the diffuser 5a in this region may be curved in shape.

The chamber 3 may be straight, i.e. the innet curved surface 3a of the chamber 3
25 may extend parallel to the longitudinal axis of the chamber 3. However, in other
embodiments, the chamber 3 may taper in either direction. In particular, it may

widen 2s it extends from the drug laden air inlet 4 towards the outlet port 5.

The diameter and height of the chamber 3 have been shown to influence the

30 aerosolisation performance. Preferably the diameter of the chamber 3 is between

15 mm and 25 mm and the height is 20 mm or more. However, to be able to

package a device into a convenient volume, smaller diameters and heights have
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also been used to get a sufficient increase in performance with less demanding
therapies. In these cases diameters down to 9.5mm and heights down to 5.5mm
have been shown to give significant improvements in aerosolisation over a

device without cyclonic bypass air.

Air inlets 6 of dimensions 3.7 mm wide and 5.6 mm high have been shown to
wotk well although, surprisingly, the aerosolisation performance is less sensitive
to the cross sectional atea of the air inlets 6 which may then be advantageously
varied to modify the resistance of the device to suit a particular therapy / patient

group with little impact on performance.

A piercing device 8 is disposed beneath the mouthpiece 2 on the opposite side of
the base 7 and may extend from or be connected to the base 7. As can most
clearly be seen from Figure 3, the piercing device 8 comprises a piercing head 9
having piercing elements 10 depending therefrom. The piercing head 9 has clean
air inlet flow passages 11spaced around a central drug laden air outlet passage 12
(see Figute 3). In one embodiment, the inhaler 1 is configured to receive a single
blister 13 containing 2 dose of medicament which is located beneath the blister
piercing elements 10. The blister piercing elements 10 are configured to puncture
the lid 132 of said blister 13 so that, when a patient inhales through the
mouthpiece 2, clean air enters the blister 13 through the air inlet flow passages
11 (in the direction of atrow “C” in Figure 1) and entrains the dose contained in
the blister 13. The drug laden air then flows out of the blister 13 through the
central drug laden air outlet passage 12 (in the direction of arrow “D”). The drug
laden ait outlet passage 12 is connected to the drug laden air inlet port 4 of the
chamber 3 so that it flows in an axial direction into the chamber 3 (in the
direction indicated by arrow “E”). At the same time, clean bypass air enters the
chamber 3 through the tangential bypass air inlets 6 and spins around the
chamber 3 (in the direction of arrow “B”) forming 2 vortex or cyclone.

It will be appreciated from Figure 3, that the air inlet flow passages 11 and drug

outlet flow passage 12 are symmetrically arranged so the emitted drug dose has
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no dependence on the orientation of the inhaler around the chamber axis at the
time of inhalation. ‘The blister piercing elements 10 extend over or bridge the air
inlet flow passages 11 and drug outlet flow passage 12. The drug outlet flow
passage 12 may be larger than the total combined area of the air inlet flow
passages to increase flow area and to ensure that as much as possible of the dose

is entrained in the airflow and removed from the blister 13,

Although reference is made to a unit dose device which receives only one blister
13 at a time, the invention is equally applicable to 2 multi-dose dty powder
inhaler. For example, the device may have a housing configured to receive a strip
having a plurality of blisters spaced along its length and means which are
opetable to drive the strip to sequentially move each blister into alignment with
the blister piercing membet. Such a device may also be provided with an actuator
to cause the blister piercing member to pierce the lid of an aligned blister. A
device of this type is known, for example, from the Applicant’s own earlier

application published as WO05/037353 Al.

The cyclone interacts with the drug laden air flowing in a generally axial direction
between the inlet and outlet ports 4,5 so as to cause the drug laden air flow to
twist or follow 2 helical path towards the outlet port 5. The interaction of the
vortex formed from the bypass ait spinning around chamber 3 on the drug laden
air flowing into the chamber 3 in an axial direction has been found by the
Applicant to provide a marked improvement in performance of the inhaler,
Esxperimental results have shown that the drug laden air is accelerated as it flows
through the chamber 3 and expetiences increased shear forces and differential
velocites which further deagglomerates the particles and improves the fine

particle fraction of the emitted dose.

'The graph below compares aerosolisation performance, for a typical drug and fill

the bypass airflow is flowing in the same direction as the drug laden air with

limited interaction between the bypass air and the drug laden air.
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Fine Particle Performance Comparison Between In-line & Cyclone Bypass Air Devices
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Fine Particle Fraction (FPF) Fine Particle Dose (FPD)

||n-|ine Bypass Device E Cyclone Bypass Device|

This graph illustrates approximately 200% increase in fine particle fraction with

the cyclone bypass device

In the illustrated embodiment, the chambet 3 is provided within the mouthpiece
2. This has the advantage that the contact area between the device and drug dose
is minimised as there is no additional airway to carry the deagglomerated drug
into the mouthpiece for delivery to the user and the device is compact. However,
it will be appreciated that the mouthpiece 2 could be separate to the chamber 3
in which case a futther flow path extends from the outlet 5 of the chamber 3 to
the inlet of the separate mouthpiece. The chamber 3 may also be a separate
component that is inserted within the mouthpiece 2 and could be detachable
therefrom. A separate chamber unit is shown in Figure 4, which locates within

the mouthpiece 2, as shown in Figures 1 and 2.

Many modifications and vatiations of the invention falling within the terms of

the following claims will be apparent to those skilled in the art and the foregoing

" description should be regarded as7a description of the preferred embodiments of

20

the invention only.

SI



Fine Particle Fraction (FPF)Fine Particle Dose (FPD) El In-line Bypass

Devi ce D Cycl one Bypass Device This graph illustrates approxi mately 200%
increase in fine particle fraction with the cycl one bypass device 5 In the
illustrated embodi ment, the chanber 3 is provided within the nouthpiece 2.
This has the advantage that the contact area between the device and drug
dose is mnimsed as there is no additional airway to carry the
deagglonerated rug into the nouthpiece for delivery to the user and the
device is conpa However, 10 it will be appreciated that the nouthpiece 2
coul d be separate to the chanber 3 in which case a further flow path

ext ends fromt u f th anbe to the i.nlet of t parate
nout hpi ece. d{%@ﬁ“ g i IRV IS ucm aenlgﬁ%lgtﬂ%ra% & (?(gIEFdeeref] n}eﬁ%?gjl < inserted
within the rmutd&pjdﬁigan&emdlmmgjﬂdn&&admtgaodhahba dfhabghauaily cAcdapacat e
chanmber unit is shown 0ocC t hpi ece
2, as shown’ |nsﬁ?aﬁﬁ8§tT“gﬁ%ﬂﬁpoﬁﬁﬁyqﬁﬁﬁ?? cﬁf&gnslgﬁﬁmﬁéFﬁ% ﬁ%ﬁggof t he

i nvention fall Hfl@ lNe&lMﬂ‘l:hf:chfghttEé’ dnter bawetobdidpbngamd, aibypassiair linlbefoappar ent
to those skill n art. and the foregoi descr i ption sh ul d, be
regarded as a F&S‘ﬁ‘ Bt mlt‘hg‘epcﬁ‘é’f“BF‘i’ d Eﬁ?fﬁﬁflﬁﬂﬂ thefiie 5 %‘ﬁ%d Phventi on
only. - 13 - @la@-laiﬂ’&nteﬂmgﬁ[b dhahdkethrigph spidaaMeidighs arvytlohainaht ehaicesol  of

powder ed nedi cament i ncl udi ng an aerosolising device .having a chanber of
DSt anti al 1y AHF Slra cHoehe dBBIa o Ao PRE Be R S b BT AT opposi t o

ends of thegchanber for the flow of drug | aden air through the chanber
bet ween said paorts and, a bypass air inlet fqor the flow of clean air into

the chamber, sé&id b‘%/’bé?é‘@leé??cof Peto Herhl EWHET e B SH RSt SHPREH er i ng

the chanber thgough.sah@sd Mk @hadid:MBrodgk VAL &8 substhdiellg hagbedal tdak

interacts with the dru% | aden air f|OWI ng between the inlet and outl et
ports. wall of the chamber.

5 3. An inhaler according to claim 1 or claim 2, whetein the chamber is
configured so that the cyclone interacts with the drug laden air flow so as to
cause the drug laden air flow to assume a helical path as it flows from the inlet

port to the outlet port.

20 4. An inhaler according to any preceding claim, wherein the chamber is
tapered.
5. An inhaler according to claim 4, wherein the chamber tapersin a direction

extending from the outlet port towards the inlet port.
25
6. An inhaler according to claim 4, wherein the chamber tapers in a direction

extending from the inlet port towards the outlet port.

7. An inhaler according to any preceding claim, comprising a base, the inlet

30 port being formed in said base.



10 2. An inhaler according to claiml1, wherein the bypass air inlet is
arranged so that air enters the chanber through said inlet substantially
tangential to the wall of the chanber. 15 3. An inhaler according to claim1
or claim?2, wherein the chamber is configyred so that the cyclone interacts
with the drug |l aden air flow so as to cause the drug |laden air flowto
assune a helical path as it flows fromthe inlet port to the outlet port.

20 4. An inhal e accprding to a recedi ng _claj,m rel chanber is
tapered. 5.An ?'nhal‘g? mélécf)?ccﬁ)ﬁdgy%%%% m“%ﬁere\}%{el}eeq%@lﬁﬁgdg%%%gse}} tapersin a
di recti on ext epditiog, fhedumet fret beibg irmpd by thowamdss itherid mlegt. port. 25 6. An
i nhal er according to claim4, wherein the chanber tapers in a direction
extending fromthe inlet port towards the outlet port. 7. An inhaler
according to apy priecedbiRgaehaling tocdspr§, sitrgiattedsles pédaes doakiet widda por t
bei ng fornmed igosailg %as.e. - %% - 8. An inhaler according to claim7,
wher ei n t he” ba2eTwEP4l 488 o4 MeA™B8Fti on, the inlet port being formed by
t he openings in said nesh. 9. An inhaler according to claim@8, wherein
the inlet port is cpaxi with,a 5 l.angjtydi nal, axis of .t chanber. 10.
An i nhal er accéb'di rfg“{“(_})‘  25CRT0s Wn“é?g’igén “fli‘r‘?éel? Fheéf’febB?rtt 5 gs][%c?f H?’éﬂtt?‘f’ romt he
| ongi t udi nal axngitedinilheis G @E@ambd) 11. An inhal er according to any of
claims 7 to 10, wherein the inlet port conprises at |east one opening in
sai d base.

76 11.  An inhaler according to any of claims 7 to 10, wherein the inlet port

comprises at least one opening in said base.

12.  An inhaler according to claim 11, wherein the or each opening extends

through the base at an angle relative to the longitudinal axis of the chamber.
15

13.  An inhaler according to any of claims 7 to 12, wherein the chamber

comprises an end wall at the other end of the chamber opposite the base, the

outlet port being formed in said end wall.

20 14.  An inhaler according to claim 13, wherein the end wall comprises 2 mesh,

the outlet pott being formed from openings in the mesh.

15.  An inhaler according to claim 13 or 14, wherein the chamber has a

portion that extends beyond the end wall in a direction away from the inlet port.
25

16.  An inhaler according to claim 15, whetein said portion tapers outwardly

away from said end wall to form a diffuser,

17.  An inhaler according to any of claims 7 to 16, wherein the bypass air inlet

30 is located in a wall of the chamber adjacent to the base.



12. An inhaler according to claim1l, wherein the or each opening extends

t hrough the base at an angle relative to the |longitudinal axis of the
chanber. 15 13. An inhaler according to any of clains 7 to 12, wherein the
chanber conprises an end wall at the othgt_end of the chamber opposite the
base, the outlet port being forned in said end wall. 20 14. An inhaler
according to claim 13, wherein the end wall conprises a nesh, the outl et

port being foripd TLoMOReNlNdR.d ) A8 FRMerctPalBalMANEL sta&s;aggmg to

claim 13 or 14, whérein t as a por at "ext ends beyond the
end wall in a dmganmlbnmammwnkmontthe |nIet port. 25 16. An inhaler
according to claim15, wherein said portion tapers outwardly away from said
end wall to forma diffuser. 17. An inhaler according to any of
clainms 7 to 1619. \Aheotxeinma]teheccbmm alyrof ichined 7 83016, SVHeoaazatlectaxhgtnaaiwal | of the
chanber adjacegt to.th acgording to claim

17, wherei n° t h&/BaRH Pi?rlrsssf’ﬁceéii f’a‘fé’ﬁgﬂm B}fejltaﬁe % é‘ﬁ%sgﬁfl ag “Bypass air inlet.
19. An inhaler according to any of clalns 7 to 16, wherein the tangentlal 5
bypass air inl IS s ced avay fro ase. t rds t he 20. An
i nhal er accord?%g tQP Affrcrgrd %&Eﬁé?l ﬁ?ﬁh §??“aﬁﬁﬂ1”s é{Yg%f"nétcent to
the end wal | . 4&0ihREndRailnhal er accordlng to claim 19, wherein the bypass
air inlet is partly forned fromthe end wall.

10 21.  An inhaler according to claim 19, wherein the bypass air inlet is partly

formed from the end wall.

22.  Aninhaler according to any of claims 17 to 21, whetein the tangential
bypass air inlet is formed from an arcuately shaped flow path.

15
23.  Aninhaler accotding to any of claims 17 to 22, comprising at least two

bypass air inlets for the flow of clean bypass air into the chamber.

24.  An inhaler according to any preceding claim, wherein the chamber is

20 formed within a mouthpiece.

25,  An inhaler according to claim 24, whetein the chamber is a separate

component received within the mouthpiece.

25 26,  An inhaler according to claim 25, wherein said separate component is

sepatable from the mouthpiece.

27.  Aninhaler according to any of claims 1 to 23, wherein the outlet port of
the chamber is connected to a separate mouthpiece.

30



22. An inhaler according to any of clains 17 to 21, wherein the tangenti al
bypass air inlet is fornmed froman arcuately shaped flow path. 15 23. An

i nhal er according to any of clainms 17 to 22, conprising at |east two bypass
air inlets for the flow of clean bypass gir into the chanber. 24. An

i nhal er according to any preceding claim wherein the chanber is 20 forned
within a nouthpiece. 25. An inhaler according to claim24, wherein the

chanber is a sgparate. coponent. cei v it hi;_t ' : 6. An

i nhal er accor d?ﬁ'g t%ﬂ Eq%gg?naﬁcg,tén\}\%%%ﬁyr?%g%wﬁggﬁeagméf%i%leé%g{ hagl%llg%t@pf%ég par abl e
from the nout hplemest o@¥ablntd pivatuee thadtbolti btd coamining 2 désaiofis 1 to 23,
wherein the oulgl ROkl Qb hiDe ENATRELJ SiLAN0SELES, Loy BrdgRarate

nout hpi ece. SR8 SAR T AiRAT er Tadcor Ing to any preceding claim
conprising a blister piercing elenent operable to puncture the lid of a

bl i ster contai gjng dose of di canent .4 0,enabl.e user to inhale said
dose thr ougﬁ sg%)‘d c%é?{béi i~ A50Xgh ?10 ‘fq%lﬁla‘l? ar hgrceé%lrhg i b%éte? RO %elﬁg?r wher ei n
the blister piesopfigsapideing ebnpent sessandingi fess iangrfedcemenriean pgtidladindg from a
surface and cl gan la(%jr i, Nl e{ ?nd drsug I axdeﬁj&ait{1 out ltheetbhf le?Wie assages
ext endi ng t hr oG# ‘tHE W1 TEEF OBiPEFEERG* HRABE P8 Eal 4 SHITad% in the
vicinity of ea@lnfeefroingidcefiedin, ths aicthifi dreatingieigraaienahidpiop@egabl e t o
puncture a cl eaf air inlet q:ﬁeni ng and a dr ug . |.aden air .

element being operablie to puhcture a clean aff inlet opening and a drug laden air

70 outlet opening in the blister such that, when a user inhales, clean air can flow

through the clean air inlet flow passage(s) in the blister piercing member and

clean air inlet opening(s) into the blister to entrain the dose contained in the

blistet, the drug laden air flowing out of the blister through the drug laden air

outlet opening in the blister and drug laden air outlet flow passage in the blister

15 piercing membert,

30.  An inhaler according to claim 29, wherein the drug laden air outflow

passage is in communication with the inlet port of the chamber.

20 31,  Aninhaler according to claim 29 or 30, wherein the clean air inlet opening
comptises a plurality of clean air inlet openings that surround the drug laden air

outlet opening,

32.  An inhaler according to claim 31, wherein the clean air inlet openings are

25 arranged symmetrically around the drug laden air outlet opening.

33.  Aninhaler according to any of claims 28 to 32, comprising a housing
configured to receive 2 strip having a plurality of blisters, each blister having a
puncturable lid and containing a dose of medicament for inhalation by a user,
30 means operable to drive the strip to sequentially move each blister into
alignment with the blister piercing member and actuating means operable to

cause the blister piercing member to pierce the lid of said aligned blister.



10 outlet opening in the blister such that, when a user inhales, clean air
can flow through the clean air inlet flow passage(s) in the blister

pi erci ng nenber and clean air inlet opening(s) into the blister to entrain
t he dose contained in the blister, the drug |laden air flow ng out of the
blister through the drug |aden air outlgt opening in the blister and drug
| aden air outlet flow passage in the blister 15 piercing nenber. 30.An

i nhal er according to claim?29, wherein the drug | aden air outfl ow passage
is in comunication with the inlet port of the chanmber. 20 31. An inhal er
according to claim?29 or 30, wherein the clean air inlet opening conprises
a plurality 3f clieaihalct addokdibhg epemt adainiads BB e driting 2 dbugng aden air

out | et openi ng. 32. _An inhal er according to im 31, wherein the
clean air i n‘i"g’tﬁgt}fﬁéﬁi’ﬁ&‘s"“’&*’eﬁ‘?@e gﬁ?ta’gbaé'dngs%/Hﬁ’é‘{fﬁa@LﬂalF‘{/gré%?ﬂPﬁﬂn’tnﬁé‘ drug

| aden air oWldselof aRAMaAGNT fo33nhMtiddHi2d Ber 368 AERhAEL 2 VpepfblelRl Ms 28 to
32, conprising a_housing configured to receive a strip having a plurality
of blistets,casicthehlisee piertiag mrgpher punicterhplid afisgiddiigtes serelicAimeica dose of
medi canent f@fmh%galation by a user, 30 neans operable to drive the strip
to sequentially ffove each blister into alignment with the blister piercing
menber and actuating neans operable to cause the blister piercing nenber to
pierce the Iid of said aligned blister. - 17 - 34. An inhaler according to
any of clainms 28 to 32, conprising a housing configured to receive a single
blister having a puncturable |lid and containing a dose of nedicanment for

i nhal ation by a user and actuati ng neans operable to 5 cause the blister

pi erci ng nenber to pierce the lid of said blister received in the housing.



