Inhaler Description The present invention relates to an inhalation device for oral or nasal delivery of
medicament in powdered form. The invention also relates to an inhaler containing a strip of blisters
each having a puncturable lid and containing a dose of medicament for inhalation by a user of the
device-according to the invention and, to a method of using such a device. Oral or nasal delivery of a
medicament using an inhalation device is a particularly 10attractive method of drug administration as
these devices are relatively easy for a patient to use.discreetly and in public. As well as delivering
medicament to treat local diseases of the airway and other respiratory problems, they have more
recently also been used to deliver drugs to the bloodstream via the lungs thereby avoiding the need for
hypodermic injections. 13 In one type of conventional metered dose inhalation device, the powdered
medicament isihdidliexa reservoir within a dispensing device that is operable to measure out and
dispense a predetermined amount of powder for each dose. However, these devices suffer from poor
dose metering_capability especially when 20the size of the dose is relatively small as it is difficult to
accurately meas & B&mall amounts of dry powder in such a device. It is also difficult to protect the

drug from the ingsqss.ohmaistus.andiie.sealdtfiom ihe aumesehere yntilitis required for -
administration to % patient, 251t is common for dry powder formulations to be pre-pagkaged in

individual doséB USHARY it AR O bf ¥apstied biepliste dswirit eaereontala awingledose of the

powder which $taip béblisacsurate yaing a@iﬁisiﬁlauyem@agur&%t&hﬂ%t%&%@%?@%&Q&J ormed from

a ductile foil lapinate or, a plastics material. and includes a punctutable lid which is permanently
heat-sealed around t%élgg%gh%?ieéf(?ﬁghﬁl%%rc %fﬂ?ﬁ(r% %ﬁﬁﬁgfialém%”ﬁﬁoaﬁﬁéf’ intrstbetio of the dose

into the blisterPﬂ%iﬂﬂﬁ’sfe‘?e&iiﬁeferred over capsules as each dose is protected from the ingress of
water and

- Oral or nasal delivery of a medicament using an inhalation device is a particularly
70 attractive method of drug administration as these devices are relatively easy for a
patient to use discreetly and in public. As well as delivering medicament to treat
local diseases of the aitway and other respiratory problems, they have mote recently
also been used to deliver drugs to the bloodstream via the lungs thereby avoiding
the need for hypodermic injections.
15
In one type of conventional metered dose inhalation device, the powdered
medicament is held in a reservoir within a dispensing device that is operable to
measure out and dispense a predetermined amount of powder for each dose.
However, these devices suffer from poor dose metering capability especially Whén
‘20 the size of the dose is relatively small as it is difficult to accurately measure out
small amounts of dry powder in such a device. It is also difficult to protect the drug
from the ingress of moisture and to seal it from the atmosphere until it is required

for administration to a patient.

25 Itis common for dry powder formulations to be pre-packaged in individual doses,
usually in the form of capsules or blisters which each contain a single dose of the
powder which has been accurately and consistently measured. A blister is generally
cold formed from a ductile foil laminate or a plastics material and includes a
puncturable lid which is permanently heat-sealed around the petiphery of the blister

30 during manufacture and after introduction of the dose into the blister. A foil blister

1s preferred over capsules as each dose is protected from the ingtess of water and



penetration of gases such as oxygen in addition to being shielded from light and UV radiation all of
which can have a detrimental effect on the delivery characteristics of the inhaler if a dose becomes
exposed to them. Therefore, a blister offers excellent environmental protection to each individual chug
dose. Inhalation devices that receive a blister pack comprising a number of blisters each of which
contain a pre-metered and individually packaged dose of the drug to be delivered are known.
Actuation of the device causes a mechanism to open a blister so that when the patient inhales, air is
drawn through the blister entraining the dose 10therein that is then carried out of the blister through
the device and via the patient's airway down into the lungs. It is advantageous for the inhaler to be
capable of holdmgtafiumbieg:sfdoststoenahlaidtiee used crpaatedlyonsraperiadiafiime without

the requitement 4o 130penApd/or insert a blister into tEe evice each time it is used. Therefore, many
conventional devices include m%aﬁ%g%?ﬁgr%g%mﬁﬁ?ﬁ e St s %?s%é‘c’fﬁ%&%ﬁﬁ?f& % ifdividual dose

of medicament®\VRBHA Hdsis ks Baniphetoeseh indexing medhanismimevesapravitesly emptied

blister away fremvitae apeningsneabanisn goithatafreah,prg s moved into a position ready to be
opened for; inhalation of its 20contents. A problem with conventional inhalation devices is that they are

relatively large, heavy and difficult to operate. Despite their large size, many of them only have
sufficient capdeibyiesiholdeairelativety smalk mlisabng ek desesbeforertherde viceimust 25he opened and

a fresh set of blistgrs : rein,. A h.itmay be possible fo increase the number of blisters
imauniad therein. Althoyg b gxﬁﬁg DOEREP A0 TCeReg

by making them smaller, this can only be achieved at t xpense o??&é’ucmg #H8 tole payload or
capacity of eaBfB&IER PIROE hAMEEPY aishevinTiagevusseherctheisevicoisto bévsed to deliver

for example newe, desis:patenf.deigsiniiers eachiblisterist he.ahle:to haldiapaviead of
Josomevx;laeretjln the r i(:l)ptgf 10-20rn% of ttf]% d

rug.
ereifi t ed carried But of the ggster through the device and via the patient’s

airway down into the lungs.

It is advantageous for the inhaler to be capable of holding a number of doses to
enable it to be used repeatedly over a period of time without the requirement to
75 open and/or insert a blister into the device each time it is used. Therefore, many
conventional devices include means for storing 2 number of blisters each containiﬁg
an individual dose of medicament. When 2 dose is to be inhaled, an indexing
- mechanism moves a previously emptied blister away from the opening mechanism

so that a fresh one is moved into a position ready to be opened for inhalation of its

20 contents.

A problem with conventional inhalation devices is that they are relatively large,
heavy and difficult to operate. Despite their large size, many of them only have
sufficient capacity to hold a relatively small number of doses befote the device must
25 be opened and a fresh set of blisters mounted therein. Although it may be possible
to increase the number of blisters by making them smaller, this can only be achieved
at the expense of reducing the dose payload or capacity of each blister. This is
patticularly disadvantageous when the device is to be used to deliver for example
newer, less potent drugs where each blister must be able to hold 2 payload of

30 somewhere in the region of 10-20mg of the drug.

Due to their nature and method of operation, conventional inhalation devices have

a relatively complicated construction and consist of many separate components




making them difficult and time consuming to assemble as well as being expensive to manufacture and
purchase. A conventional inhalation device of the type described above is known from US 54,811,
731. This device is configured to receive a disc-shaped dose storage blister pack in which the doses
are arranged in a generally circular pattern. A plunger is provided which moves in response to the
actuation of a lever to puncture a blister disposed beneath it to enable the dose to be inhaled from the
punctured blister. The device also includes a separate indexing device operable to rotate the disc so
as to 10move a fresh blister to a puncturable position. A significant problem with this device is that the
number of doses is severely limited. As can be seen from the device shown in the Figures, it is
capable of recejyvin ight. dgses at a time so frequent replacement of the disc is necessary.
Although it willq#é%%)gg%%?g{%%éfﬁ%?%ﬁe iSC can Hénﬁ%gt&eafé?ﬁgjf é Sa‘é’égr%lsn%ﬁ’&téxﬁgfﬂértﬁumber of
blisters, this wobAHESHKE frradskynifieant increase in the overall size of the device making it very bulky.
It is also notable that the piercing and indexing steps ate controlled entirely independently of each
other making the device significantly harder to use and increasing the number of components forming
the device. 20 ncc())trhveernﬁlr?o%ﬁnln#ﬁ%%%&’é@i8@ﬁ}ée&égﬁﬁﬁéﬁlf??@&b%‘,’%?W%ﬁ%ﬂ%@ﬁ this device
receives a Striptd¥lBliSfersTithdsvavery cdipplichtedecorstidiionnsmibininesalis.eampenents making it
hard to assem : is.limite the. fact that access to the dose contained in each blister
is obtained by %Igce%%g%%?%ﬁ%%%%It%gra%?n{gg;ﬁ&ér fﬁ&rﬁﬁ%ﬁlé%%rrg ?Eﬁéndevpcé"}%%lé complicated
mechanism for588iisg tHEmoTRete pIRAEr el tRtingtaatite i spooltfopthetpeaiddidid:strip and a
complex clutchassangerent toieasurethahthe-samelength.ef id.is pesles from thestripigach time the
device is used as mor and more of the Iid.st(ELp.i vgtou‘nd around the take-up spool. These

s
components, together With the requitBMant 1o Stofe TR BERFINE Wit thEadiics itrcFeases its
complexity‘andreves alFsige s (80wedl ms niakibly jtosaider osigafiiicwdthheofirsh witipead blisters. 1t will
also be apprecigiad-thaghisdovias ca0r bR Usedlyyith.a.sirin of blisters in which the lid is peclably

attached to the plister. Not only does this require a suitable adhesive, it aiso redpuces the barrier to
moisture and offfEFeATRBAMeHFe8HEnA Gt Pime presEirsRalntiR séets 1 ptovideran inhalation

device that ovefieqmes epsubsiantialiyallpviatesthepoblamswith canventignakinhalafion devices of
the type discus&l%ddgsbove.blg jBgcl_iteiclular Ehe inventiocrp seeks to provéde a device having a 5significantly

carl acoct FoRdt/S i fas e of blisters

. Q,accommodate a jaroet um
simpler construction than known devites thafls capa'i’lb?e of §tor|ng
that are alSo capibtdtot esntbiringiectargeipalioentrall size of the device making it very bulky.

It is also notable that the piercing and indexing steps are controlled entirely
independently of each other making the device significantly harder to use and

increasing the number of components forming the device.

20 Another known inhalation device is described in US 6,032,666. Although this device
receives 2 strip of blisters, it has a very complicated construction with numerous
components making it hard to assemble and operate. It is limited by the fact that
access to the dose contained in each blister is obtained by peeling the lid off it
rather than by piercing it. Therefore, the device has 2 complicated mechanism for

25 peeling the lid from the blister including a take-up spool for the peeled lid strip and
a complex clutch arrangement to ensure that the same length of lid is peeled from
the strip each time the device is used as more and mote of the lid strip is wound
around the take-up spool. These components, together with the requirement to
store the peeled lid within the device, incteases its complexity and overall size as

50 well as making it harder to re-fill with a fresh strip of blisters. It will also be
appreciated that this device can only be used with a strip of blisters in which the id
is peelably attached to the blister. Not only does this require a suitable adhesive, it

also reduces the barrier to moisture and other environmental contaminants.




without any significant increase in the overall size of the device. The inhalation device of the present
invention should also be much easier to make, assemble and operate as well as being cheaper to
manufacture. 10 According to the invention, there is provided an inhaler comprising a housing to
receive a plurality of blisters each having a punctutable lid and containing a dose of medicament for
inhalation by a user, a mouthpiece through which a dose of medicament is inhaled by a user and, an
actuator operable to sequentially move each isblister into alignment with a blister piercing member,
said actuator also being operable to cause the blistef piercing member to puncture the lid of a blister
such that, when a user inhales through the mouthpiece, an airflow through the blister is generated to
entrain the dose contained therein and carry it out of the blister and via the mouthpiece into the user's
airway. 20 In a preferred embodiment, the actuator is pivotally mounted to the housing and may
comprise an arfrbWhickeptiagvibetpivotally mounted o thehoisindratconkiend.Ehg blister piercing

member may compiise.&,Paik.al RIEFEING Nads depening fIam o side of said arm, positioned so as

to extend through the aperture in the housing 25in a closed position, in which the arm (fié%pgubstantially

against the houSiHY 1 BiRTEE HRPREESHaTh HtERERGINEP S0 the EpefrrclErethpitreing head may

preferably compiiséfieaprimanputiing elemenirand opairelsecangdary GMiNg£lemenss extending

laterally across,each end of the primary 30cutting element. Convenpiently, the primary cutting element
I 1vely, arge nunﬁ))er Oafrg Sters ttnagare. queod(‘ﬁlg’aﬁ?% ?IECSPfﬁ]@lBﬁmW%HWHﬁ%IGmem

and the secondary cutting"elements each have a poin
extending beyolitfitpie fipe BEEbernoithese dottary caltingeeiéientsvideally theabereandary cutting

elements are pacallel do gaghatherand rensal Kightangles 0.5 thepimary cuing glement,

although the secondtary elements need not be parallel and could extend from the primary cutting
element at any SSRVEHENE ARG RS SY5AbrR P&MESEiTent, an opening is formed in the arm in the
vicinity of éach 5piercing head, at least one of said openings forming an airflow inlet into a blister

According to the invention, there is provided an inhaler comprising a housing to
receive a plurality of blisters each having a punctutable lid and containing a dose of
medicament for inhalation by a user, 2 mouthpiece through which 2 dose of
medicament is inhaled by a uset and, an actuator operable to sequentially move each

75 blister into alignment with a blister piercing member, said actuator also being
operable to cause the blister pietcing member to puncture the lid of 2 blister such
that, when a user inhales through the mouthpiece, an airflow through the blister is
generated to entrain the dose contained therein and carry it out of the blister and
via the mouthpiece into the user’s airway.

20
In 2 preferred embodiment, the actaator is pivotally mounted to the housing and
may comprise an azm which may be pivotally mounted to the housing at one end.
The blister piercing member may comprise 2 pair of piercing heads depending from
one side of said arm positioned so as to extend through the aperture in the housing

25 inaclosed position, in which the atm lies substantially against the housing, to pietce

the lid of a blister aligned with the aperture.

Each piescing head may preferably comprise 2 primary cutting element and 2 pair of
secondary cutting elements extending laterally across each end of the primary

30 cutting element. Conveniently, the primary cutting element and the secondary
cutting elements each have a pointed tip, the tip of the primary cutting element
extending beyond the tips of each of the secondary cutting elements. Ideally, the

secondary cutting elements are patallel to each other and extend at right angles to




and, at least one other of said openings forming an airflow outlet from a blister. Conveniently, the
secondary cutting elements upstand from the edge or periphery of said opening in the arm and the
primary cutting element extends across the opening and joins each of the secondary cutting elements
together. 10 Advantageously, the mouthpiece is on the arm and extends in a direction opposite to the
direction in which the piercing heads extend, the openings in the arm being in communication with the
inside of the mouthpiece. In one embodiment, the mouthpiece, the arm and the piercing heads are
integrally formed, although the 15 piercing heads rﬁary"also be formed on a separate piercing module
that is removably mountable on the arm or is at least separately attachable to the arm during
manufacture. Ttlgg r@pu?'gp icgggnprelg%rlabtly E@gludgstha primaQ/ chr—llmber having an outside air inlet in 20
communication, via the pﬁlmar chamber- Withdhe Br SaRh airtow Tist SFENitR i #f&%4fh and, a
secondary chafftSeioinl €enirndrioatiorewitkotine cor eachleirfion butlet openiag: imgid arm such that,
when a user inhales through the mouthpiece, air is drawn through the or each airflow inlet opening into
the blister via the outside ajr inlet and the primary chamber to entrain the dose in the airflow, said
entrained dose PAdSiAy THotGR IR 5P AR RIMBG TR thEhiRg & mtthe sssandafyeiamber of the
mouthpiece froplewherédtds cdrriectbinto thel dispEsiaiNaymi paritiening:wallimay separate the primary
and secondary _chambers within,the mouthpiece and at least one air bypass aperture may extend
through the par?‘ti':%(’)ﬁitr?aais’?oovr\ll%ﬁ%%eégmsrﬁér?%%%nﬁ%g{%ﬁlrﬁn Y C g%n%“é? gv"rlfﬁ'tu ﬁ%‘%@%ﬁtﬁﬁry chamber, As
air can pass dife@tyERGHhEhprinsanser thetser olnderytchastirer twhehea dserinhalgs;ineddition to
passing througkuthe plistes ithe offartreauiresitninhaleity enalthe modthriece isrsguged. 6 The or
each bypass ape(riture may, he cgnfigure such that the airflow from the primary chamber into the
secondary chamiber thicagh the s eaa By AL g e FHIFE S i0BHR irflow from the or each airflow outlet
openings Mieet substantially at right angles to each other. As the flows meet at an angle, the degree of
turbulence is ingreased whieh assistsinthe.sagglameration.ofthe dose and the creation of an
inhalable aerosol. In a prefefred embod ment the inhaler includes an méexmg mechanism including an
10 indexing mefmbEr HEE FEVESLEcESts Migvea i THBhllneramngititte Bistdeisgrcing

member. Most jrefesablyithi indexing: member is amhirehwhiclhroiates soiasa mave a blister into
alignment with I;Qe glister p@grcin m r&ber. Howeg/er it is also envisaged that other arrangements are
p

possible such as. Tor example -4 mechanism hat |ﬁac%sr66?éflé%g§a TidRiG 8 retisrsEaitiig member. 15 In

a preferreéembiseiingicatetinhaler iscdonfigd red secthat ingexing: ob tdelblisieissteipeadiirs when the
actuator is pivoed.inene irgction andsnierciag of 2 Llister.p6c4is whep Itis fotated in the opposite

direction. However, the device can also be configured so that the indexing wheel%otates, to move a

blister into aligriPRBREAGAKS

The mouthpiece preferably includes a primary chamber having an outside air inlet in
20 communication, via the primary chamber, with the or each airflow inlet opening in
the arm and, 2 secondary chamber in communication with the ot each airflow outlet
opening in said arm such that, when a user inhales thtough the mouthpiece, air is
drawn through the or each airflow inlet opening into the blister via the outside air
inlet and the primary chamber to entrain the dose in the airflow, said entrained dose
25 passing through the or each airflow outlet openings into the secondary chamber of

the mouthpiece from where it is carried into the uset’s airway.

A partitioning wall may separate the primary and secondary chambers within the
mouthpiece and at least one air bypass aperture may extend through the partitioning
30 wall to communicate the primaty chamber with the secondary chamber. As air can
pass directly from the primary to the secondaty chambers when a user inhales, in
addition to passing through the blister, the effort required to inhale through the

mouthpiece is reduced.



20said blister piercing member., in response to rotation of the actuator with respect to the housing in
one direction, movement of the actuator in the same direction also being operable to puncture the lid
of a blister aligned with the blister piercing member. 25 Preferably the indexing wheel and the actuator
include co-operating means thereon that engages when the actuator is rotated in one direction to
cause rotation of the indexing wheel  In one embodiment, the cooperating means comprise a set of
ratchet teeth on the 30indexing wheel and a drive pawl on the actuator. In one embodiment said
means comprises a first resiliently defartnable anti-rotation pawl on the housing that extends into one
of said recesses in the indexing wheel, the actuator including means for deflecting the first anti-rotation
pawl from the 5Srecess to permit rotation of the indexing wheel, when the drive pawl engages with the
ratchet teeth. The actuator may include a drive plate and the means on the actuator for deflecting the

first anti-rotatign pANVF MRS S BeFBIEREE DT GpafsRdE ROt trivelsisté 10tk engages with

and resiliently deflests the pavh ouihefsthe sasesstondliow rotation of thecindexing wheel. The inhaler
may also Com%i(?%h% §§ﬁg@,df{§§|£@%¥ geformgble anti-rotation pawl on %e o_uiin%and acam
a

ach aix e L EbREMnti-rotation

ow_outief eninoes meet s
member on the actuator, the cam member engaging wi TB AR surface
pawl whed thefigstsaiticrobaridnrpawtis doffocted ot of agBcess dogprevéntrbtidion of the indexing

wheel through; matesthap.a predetermined apglsThe: inhaler maydnglide. a cap aftached to the

housing pivotable between a closed
inhalable aerosol.

In a preferred embodiment the inhaler includes an indexing mechanism mcluding an

70 indexing member that moves so as to move a blister into alignment with the blister
piercing member. Most preferably, the indexing member is a wheel which rotates so
as to move a blister into alignment with the blister piercing member. However, it is
also envisaged that other arrangements are possible such as, for example, a
mechanism that incorporates a sliding or reciprocating membet.

15
In a preferred embodiment, the inhaler is configured so that indexing of the blister
strip occurs when the actuator is pivoted in one direction and piercing of a blister
occuts when it is rotated in the opposite direction. However, the device can also be
configured so that the indexing wheel rotates, to move a blister into alignment with

20 said blister piercing member, in response to rotation of the actuator with respect to
the housing in one direction, movement of the actuator in the same direction also
being operable to puncture the lid of a blistet aligned with the blister piercing

member.

25 Preferably the indexing wheel and the actuator include co-operating means thereon
that engages when the actuator is rotated in one direction to cause rotation of the

indexing wheel.

In one embodiment, the cooperating means comprise a set of ratchet teeth on the

30 indexing wheel and a drive pawl on the actuator.

Advantageously, means depend from the housing to substantially prevent rotation

of the indexing wheel other than by movement of the actuator in said one direction.




20 position in which it covers the actuator and mouthpiece and an open position in which the actuator
and mouthpiece are revealed to enable a user to inhale through the mouthpiece. In another
embodiment of the invention, the indexing wheel rotates to move a blister into alignment with the
blister piercing member in response to rotation of the cap with respect to the housing from the open to
the closed position. This embodiment simplifies the operation of the device even further by providing
that the piercing and indexing steps are performed in response to opening and closing of the cap that
locates over the mouthpiece. 30 Preferably, the cap and the actuator include co-operating means to
couple the actuator to the cap such that the actuator rotates relative to the housing in response to
rotation of the cap between the open and closed positions - 8 - The cooperating means may comprise
a cam guide slot on the cap and a cam follower on the actuator slideably located within the cam guide
slot. Ideally, thétant gueledishspisssisapetnsserthaewhérsthesBap iy detateadformitstelesed to its open

5position, the camifgliawer sravelsiplonadhe cam guide slot fo-ratate the.actuator andgause the blister
piercing membe}rl to pierce.a Iiizter aligned therewith the aperture and, when the cap is rotated from its

open to its clos8Y BoSHSh B CARTIAVEIL hAER ARt ELMPYITAE YRSt RS EASR thé actuator to
rotate in thé oppusitetdipectionandowitifdiaiireipierdiag miesmbie tam thevblistes-Fuithermore, the
cam 10 guide gjat may.be configured so that the actuator does not rotate until towards the end of the
movement of the cap from its closed to its open position and rotates at the beginning of the movement
of the cap from its open to its closed position. In a preferred arrangement, the indexing wheel and the

cap each includena {oetheshgganaeaiphermopnied therrancngaged.such.thatsotationafthe cap
between the opgn gnd closed positions causes rotation of the gear member on the indexing wheel. A

clutch member prefarably cotpies B yeuPRAEH BdF R RIS ARG IEMAthE ™6 Matxing wheel
such that the indexitgaghesltrotates:tdgatitedsfithtthb gearimemiiehcoupleddthérstoavhemthe cap is
rotated from th%p&gqggpe%q,@égg position to move a subsequent blister into alignment with the
blister piercing member. The housing advantageously includes a chamber to receive used blisters.
The 25 chamber may be covered by a lid attached to the housing which is openable to

The inhaler may also comprise 2 second resiliently deformable anti-rotation pawl on

the housing and a cam member on the actuator, the cam member engaging with a
75 cam surface on the second anti-rotation pawl when the first anti-rotation pawl is

deflected out of a recess to prevent rotation of the indexing wheel through more

than a predetermined angle.

The inhaler may include a cap attached to the housing pivotable between a closed
20 position in which it covers the actuator and mouthpiece and an open position in
which the actuator and mouthpiece are revealed to enable a user to inhale through

the mouthpiece.

In another embodiment of the invention, the indexing wheel rotates to move a

25 blister into alignment with the blister piercing member in response to rotation of
the cap with respect to the housing from the open to the closed position. This
embodiment simplifies the operation of the device even further by providing that
the piercing and indexing steps ate performed in response to opening and closing of
the cap that locates over the mouthpiece.

30
Preferably, the cap and the actuator include co-operating means to couple the
actuator to the cap such that the actuator rotates relative to the housing in response

to rotation of the cap between the open and closed positions.

i



facilitate removal of a portion of used blisters from the blisters remaining in the device. In one
embodiment, a separating element is mounted on the housing, which is 30operable to enable
detachment of said portion of used blisters. The separating element preferably includes a resilient
blister grip that is operable to press a blister strip against the housing to facilitate separation of said
portion from said remaining blisters. 9 - The inhaler according to the invention may also incorporate a
coiled strip of blisters, each having a puncturable lid and containing a dose of medicament for
inhalation by a user, located in the housing. 5 According to the invention, there is also provided a
method of using an inhaler according to the invention including the step of rotating the actuator to
move a blister into alignment with a blister piercing member in the housing and to puncture the lid of a
blister aligned with the blister piercing member and inhaling through the mouthpiece to generate an
airflow through the BRRE e Mears e desersontafmetancresirand tarryritthoughnthe aperture and

via the mouthpfeteiaiathe: tisers @inuak. TheRieROLFeatNG theaciuatarmay.inciude the step of
rotating it in a firsltdlgl%i{%ctigan E% Euqic'%g[re trklle lig of a blister %Jriﬁ‘gne with the blister piercing member
and, once the iAhalation Stepiis complets, Toftng it 'a DebAd freéisiresthiove arstbsequent blister
into alignment iMtiitite Blisterpieloimg: memberldinghlechausingdAdditionally.the step.efotating the

actuator may campiise. the s1Re.oLrolaling.s:an eoyRled toyths acuator. 20 Acgording to another
aspect of the invention, there is provided an inhaler comprising a hoﬁsmg 0 receive a blister having a

puncturable lidBRAEEARINTAYE Hsebitheticdriernt for imralatisa Bysaduseitithe devies comprising a

piercing head ferpinsitking thetid ahadiistelsadhatthadosa centained;therein cap bg.dnhaled 23 by
the user from the blister through Itgw“g %%Vi?e‘?;bi‘ﬁ'hﬁfei%”g& Pierc}ilngﬁlé]ead comprises a primary cutting
element which is configured to cut, as te plel%lnar?\e%\ eterst Sbel’fsfe‘i’ft};\&ﬁ’f%?q?n Stitin the lid
and, secoffdarg Edtine elementseligvelimy disralty=fromt thel primary cutting:elementswhich are

configured to cutdas ihe pisrcinaheashcontinuss 10 enterthe Rlister, segend linear slits that extend
across each eng q;‘ the . ,
the beginning of the movement of the cap from its open to its closed position.

In a preferred arrangement, the indexing wheel and the cap each include a toothed
75 gear member mounted thereon engaged such that rotation of the cap between the

open and closed positions causes rotation of the gear member on the mndexing

wheel.

A clutch member preferably couples the gear member on the indexing wheel to the
20 indexing wheel such that the indexing wheel rotates together with the gear member
coupled thereto when the cap is rotated from the open to the closed position to

move a subsequent blister into alignment with the blister piercing membert.

The housing advantageously includes a chamber to receive used blisters. The
25 chamber may be coveted by a lid attached to the housing which is openable to

facilitate removal of a portion of used blisters from the blisters remaining in the

device.

In one embodiment, a separating element is mounted on the housing, which is
30  operable to enable detachment of said portion of used blisters. The separating
element preferably includes a resilient blister grip that is operable to press a blister

strip against the housing to facilitate separation of said portion from said remaining

blisters.




30first linear slit formed by the primary cutting element, the primary and secondary cutting elements
together forming a pair of flaps in the lid which are folded aside by the piercing head upon further entry
of the piercing head into the blister. The inhaler may be capable of receiving just a single blister.
However, in a preferred embodiment, it receives a strip of blisters each containing a dose of
medicament. In this case, the inhaler may include a blister strip indexing mechanism, such as those
described with reference to other embodiments of the invention, which is operable to cause the blister
strip to sequentially index the blisters into a position i which each blister will be pierced by the
piercing head. In a preferred embodiment, the piercing head comprises a pair of secondary cutting
elements. The secondary cutting elements may be spaced from each other and the 10 primary cutting
element is mounted on and extends between said pair of secondary cutting elements. Preferably, the
primary cutting ‘dieftéateisfsaribdeftorthaibladtotheplate of the btade: lyingssibgtaritially at right
angles to a plapgsacsupiesibythe.lid.of a.blisten £ovbiehilslocaigd.indhe ihaler ina position ready

for piercing The primary cutting element advantageously has a sharpened edge for cutting the first
linear slit in the TG e BT TG EHyE May ta@Etowards a pointed tip which may be located
midway between the secondary cutting elements. 20 The secondary piercing elements are positioned
so that they eagh extend laterally across,either end of the primary piercing element. Each of the
secondary piercincg e!ergentsemayebeof%rmee% r(?rﬁoapéfa"é%?%tﬁerépﬁélr%{a S ﬁgﬁﬁeaﬁlén & ]Ii‘/’ing substantially
at right angles 6 0/E BBt tHechticifslrding the ssemaryosisranbesietrent anchattight angles to the

lid of a blister logatadiinapiersng PRSION:AS watbitheniman Pigroing elsmenteach.afthe

secondary piercing. ele ts may haye a sharpened edge to cut the second linear slits in the lid of a
blister. .30 Thegé%%lg 8%2% t%rf%ﬂgec%%d%rey DGR BT BHS b5 P o ABBBAR AP a preferred

embodiméft, teepomttnbtipeaberohraftie dgbondaryypiertinglister to entrain the dose
contained therein and carry it through the aperture and via the mouthpiece into the

uset’s airway.

The step of rotating the actuatot may include the step of rotating it in a first

75 direction to puncture the lid of a blister aligned with the blister piercing member
and, once the inhalation step is complete, rotating it in a second direction to move 2
subsequent blister into alignment with the blister piercing member in the housing.
Additionally, the step of rotating the actuator may comprise the step of rotating a
cap coupled to the actuator.

20
According to another aspect of the invention, these is provided an inhales
comprising 2 housing to receive a blister having a puncturable lid and containing a
dose of medicament for inhalation by a user, the device comprising a pietcing head
for puncturing the lid of a blister so that the dose contained therein can be inhaled

25 by the user from the blister through the device, wherein the piercing head comprises
a primary cutting element which is configured to cut, as the piercing head enters the
blister, a first linear slit in the lid and, secondary cutting elements extending laterally
from the primary cutting element which are configured to cut, 2s the piercing head
continues to enter the blister, second linear slits that extend across each end of the

30 first linear skt formed by the primary cutting element, the primary and secondary
cutting elements together forming a pair of flaps in the lid which are folded aside by

the piercing head upon further entry of the piercing head into the blister.




elementsthe plane occupied by the primary piercing element. Conveniently, the pointed tip of each of
the secondary piercing elements lie at the same height as the primary piercing element at the point at
which the primary 5piercing element and secondary piercing element meet each other. In another
embodiment, the primary cutting element divides each secondary cutting element into first and second
cutting members that extend laterally from opposite sides of the primary cutting element. Preferably,
the first and second cutting members converge towards each other at an angle and the primary cutting
element upstands from the top of the secondary cﬂt}i%g members from a point on each secondary
cutting element at which the first and second cutting members meet. The secondary cutting elements

may be angledfggvgﬁgb&t_gnvg r@escgg&qﬁogq%g lo assist in the fpr ationz?nd folding of thrII%ps in the lid

of the blister as the piercing head enters the bﬁg?egr."%fﬁg%%a]lléifeﬁre 8rabif cOmMprises 8 pair of

piercing headspstimditig frsasiacpie sty Thekber. Rebferabiipithe pasy ahthsécamdaryicutting
elements are integeally mouldad:imone piege. 2a:.a pigiarashemiodiment. fhe secpndary cutting

elements exten Iat%readl%ggoygfthe primarégg:uttlng element at an_angle of 90 degrees to the primary

5 S ET A IR KB e EtiAG ATBAEHS PR Extend

cutting element. Hfowever, it 1§ Higy efvig
laterally frofm thie privvathe blitimgselementatcandinglelef lsdHaans armnoi tham 90 3Rdegrees. The

primary cuttingeg@@g%pgg{%@g%gig&d%stgg h.of the secondary cutting elements into secondary
cutting members that extend laterally from th primfry cutting element by different distances so that

the flap cut in the lid of a blister by

In a preferred embodiment, the piercing head comprtises a pair of secondary cutting
elements. The secondary cutting elements may be spaced from each other and the
70 primary cutting element is mounted on and extends between said pair of secondary

cutting elements.

Preferably, the primary cutting element is formed from a blade, the plane of the
blade lying substantially at right angles to a plane occupied by the lid of a blistet,

75 which is located in the inhaler in a position ready for piercing.

The primary cutting element advantageously has a sharpened edge for cutting the
first linear slit in the lid of the blister. The edge may taper towards a pointed tip
which may be located midway between the secondary cutting elements.

20
The secondary piercing elements are positioned so that they each extend laterally

across either end of the primary pietcing element.

Each of the secondary piercing elements may be formed from 2 blade, the plane of
25 the blade lying substantially at right angles to the plane of the blade forming the
primary piercing element and at right angles to the lid of a blister located in 2
piercing position. As with the primary piercing element, each of the secondary
piercing elements may have a sharpened edge to cut the second linear slits in the lid
of a blister.
30

The edge of each of the secondary piercing elements taper to a pointed tip.

In 2 preferred embodiment, the pointed tip of each of the secondary piercing




the secondary cutting members extending laterally from one side of the ;primary cutting element is of a
different size to the flap cut in the blister by the secondary cutting members that extend laterally from
the other side of the primary cutting 5 member. According to any of the embodiments of the invention,
the piercing member may comprise a discrete piercing module which is moulded separately and then
subsequently attached to the actuator either permanently during assembly or so that 70 it may be
removed from the actuator by the user for replacement, if necessary. The piercing module
conveniently comprises a main body portion with fird and second piercing heads upstanding
therefrom. Preferably, an air inlet and an air outlet aperture extends through the main body portion of

the piercing mgpule one of fae%enrgin(gcheag%fgaendin% fram the periphery of the air inlet and
n g

extending over the air infet and the other Piercaing Neae depRISIREFOHITRE periphery of the air outlet

and extending over the air outlet. The main body portion may include a recessed region around the

air inlet, the 20piecing Nigad dppencing s, petiphenh L ing:alL ek oM e Igqgesed region.

The air outlet aperture is preferably in communication with an air outlet tube extending from the main

body in an opp3&ife HRCHOAYD REE AR RIFG AB AL BLIEAAITG ARSI o PEHpIeD) R e air outlet
aperture iry a ppéferiredebmbodimenic the-air piatleh jube-comprises axiatheextending ridges formed on
its outer surface, which locate'the piercing head within a walled recess in the mouthpiece. 30 A space
formed between the ridges and the walled recess advantageously oomph e. a bypass air conduit for
the direct flow HF 2kt fidpideipicte frameoutsidendena pdiiehtsinhalesdttrdugtrthénmouthpiece.

- 13 - In a prefersed ambediment dthe-idexingngechanism.comprises ablister strip Jocator chassis
defining a pathsfggstg?t%tgigrof blisters rPast the aperture in the housing.

imary cutting element.

10
Preferably, the first and second cutting members converge towards each other at an
angle and the primary cutting element upstands from the top of the secondaty
cutting members from a point on each secondary cutting element at which the first
and second cutting members meet.

15
The secondary cutting elements may be angled inwardly towards each other to assist
in the formation ar}d folding of the flaps in the lid of the blister 2s the piercing head

enters the blister.

20 The inhaler preferably comprises a pair of piercing heads upstanding from a

piercing membert.

Preferably, the primary and secondary cutting elements are integrally moulded in
one piece.

25
In a preferred embodiment, the secondary cutting elements extend laterally from the
primary cutting element at an angle of 90 degrees to the primary cutting element.
However, it 1s also envisaged that the secondary cutting elements may extend

laterally from the primary cutting element at an angle of less than, or mote than, 90

30  degrees.

The primary cutting element preferably divides each of the secondary cutting

elements into secondary cutting members that extend laterally from the primary




5 Preferably, a resiliently deformable arm extends from the blister strip locator chassis and the ;
indexing mechanism comprises an indexing wheel totatably mounted to the free end of the resiliently
deformable arm over which a strip of blisters is passed. 10 The indexing wheel may comprise a set of
spokes and the actuator includes a drive tooth engag,eable with a first spoke when the actuator is
pivoted relative to the housing into an open position to cause the indexing wheel to rotate together with
the actuator to index the blister strip. 15Preferably the inhaler includes an anti-rotation ramp on the
housing which is engaged by another spoke of the‘ii"u%lexing wheel when the indexing wheel rotates
thereby causing the arm to deform to allow said spoke to clear the anti-rotation ramp, the arm
returning to its un gfo%l]ned stgté once thg_ spoke has cleared the ramp, thereby preventing rotation of

|

e eemc?ﬁbo%i‘iié% LISt i iR fhe arive (S6thoor thelistttEtor is shaped so

the indexing wheel |
that, when the Hetaetonis rotatedgmiheboppositeditircttian ffavitsoapeniino its glosae position, the

dive tooth sideg:oxgrelhalop. ob fepieqeding. spoke gl the Indexing.whee). 25Conuaniently, the edge
e a

of each spoke is shaped to allow the drive tooth to pass over it when uator 1s plvgted from its
open into its clGEET PRI b1 S S rB deirreRt a0 Ehtiothramipernaybbe positionatradjacent to but
spaced from theanlbierotation ramp. In this case, the drive tooth may be operable to cause the 30arm
to resiliently deform as the drive tooth slides over the top of the spoke to cause another spoke of the
indexing wheel to extend into the space between the anti-rotation and location ramps and prevent
rotation of the iefexifigavieealyinfeitherdirdotionts o1 4hE mbedimenteqfitheipveatior-wilnow be
described, by waypfiexample-anye With FSferencs;ia, he.aceemnanying drawinds, in which:-
FIGURE 1is a p%rspectlve view of an inhaler according to an embodiment the Sinvention;
subsequently attached to the actuator either permanently during assembly or so that
70 it may be removed from the actuator by the user for replacement, if necessary. The

piercing module conveniently comprises 2 main body portion with first and second

pietcing heads upstanding therefrom.

Preferably, an air inlet and an air outlet aperture extends through the main body
75 portion of the piercing module, one of the piercing heads depending from the
petiphery of the air inlet and extending over the air inlet and the other piercing head

depending from the periphery of the air outlet and extending over the air outlet.

The main body portion may include a recessed region around the air inlet, the
20 piercing head depending from the periphery of the air inlet from the recessed

region.

The air outlet aperture is preferably in communication with an air outlet tube
extending from the main body in an opposite direction to the piercing head

25 extending from the periphery of the air outlet aperture.

In a preferred embodiment, the air outlet tube comprises axially extending ridges
formed on its outer surface, which locate the piercing head within a walled recess in
the mouthpiece.

30

A space formed between the ridges and the walled recess advantageously comprises
a bypass air conduit for the direct flow of air into the mouthpiece from outside

when a patient inhales through the mouthpiece.



FIGURE 2 is a perspective view of the inhaler illustrated in Figure 1 with the cap open to reveal the
mouthpiece and the actuator in a closed position; FIGURE 3 is a perspective view of the inhaler
illustrated in Figure 2 with the actuator in an open position; 10FIGURE 4 is a perspective view of the
inhaler shown in Figure 1 with used blister chamber cover open; FIGURE 5 is an exploded perspective
view of the inhaler illustrated in Figures 1 to 4 also showing a coiled strip of blisters used with the
device according to the invention; 15FIGURE 6 is a rear cross-sectional view of the inhaler illustrated
in Figures 1 to 5 with the actuator shown separately;!EIGURE 7 is a front cross-sectional view of the
inhaler illustrated in Figure 6 in which the actuator is pivotally mounted to the housing; FIGURE 8A and
8B shows the configuration of the piercing elements on the 20actuator and a small portion of a strip of
blisters to illustrate the type of cut made therein by the piercing elements, respectively; FIGURE 9 is a
side sectional view pfeheedauthpitce anechadidatoredidni from eohlisies; » BIGIIREL0A. to 10C show a

series of front grogsssegtionalviews, of the inhaler 25according to the invention with a blister strip
located therein to sk?owg'?helpat#;%‘)l%l sed Ii%re%{gefr%ﬁ?tﬁq&%asisn %sﬁf&ifﬁﬁtﬁelén%eexploded side
cross-sectional RA&HN"6f an inhaler according to another embodiment of the invention; FIGURE 12A and

128 are side cross-sectional views of the inhaler according to the 30second embodiment with the cap
i iti ively;
in the closed aqget%greagl?,oas ;:telzgzj&%x{t?ys aggm?agle arm extends from the blister strip locator chassis

and the indexing mechanism comptises an indexing wheel rotatably mounted to the

free end of the resiliently deformable arm over which a strip of blisters is passed.

10 The indexing wheel may comprise 2 set of spokes and the actuator includes 2 drive
tooth engageable with a first spoke when the actuator is pivoted relative to the
housing into an open position to cause the indexing wheel to rotate together with

the actuator to index the blister strip.

75 Preferably the inhaler includes an anti-rotation ramp on the housing which is
engaged by another spoke of the indexing wheel when the indexing wheel rotates
thereby causing the arm to deform to allow said spoke to clear the anti-rotation
ramp, the arm returning to its undeformed state once the spoke has cleared the
ramp, thereby preventing rotation of the indexing wheel in the opposite direction.

20
Preferably, the drive tooth on the actuator is shaped so that, when the actuator is
rotated in the opposite direction from its open into its closed position, the drive

tooth slides over the top of the preceding spoke of the indexing wheel.

25 Conveniently, the edge of each spoke is shaped to allow the drive tooth to pass over

it when the actuator is pivoted from its open into its closed position.

In one embodiment, a location ramp may be positioned adjacent to but spaced from
the anti-rotation ramp. In this case, the drive tooth may be operable to cause the

30 arm to resiliently deform as the drive tooth slides over the top of the spoke to cause
another spoke of the indexing wheel to extend into the space between the anti-

rotation and location ramps and prevent totation of the indexing wheel in either

ditection.




FIGURE 13 shows a short portion of a strip of blisters for use in the inhaler according to any
embodiment of the invention; FIGURE 14A and 1413 are perspective views of another embodiment of
inhaler according to the present invention; FIGURE 15A and 15B show a side cross-sectional view of
the inhaler illustrated in Figure 14A and 14B with the actuator in a closed and open position
respectively. FIGURE 16 is another side cross-sectional view of the inhaler shown in Figure 14A. and
14B; FIGURE 17 is a side sectional view of the mouthpiece and actuator during inhalation from a
blister; FIGURE 18 'shows an alternative configurat}én“ of piercing elements on the actuator according
to any embodiment of the invention, and 10FIGURE 19A shows the airflow into the blister using the
piercing elements of Figure 8A and Figure 1.9B shows the airflow into the blister using the piercing
Clement of Figure 18. FIGURE 20 illustrates a perspective view of another embodiment of inhaler
according to thEmpbedentimventicriwithtihe edproper:ahdctiie ddtyater inftheuelosecdySposition in which
it lies against the-hoysing glfetpgcgg%gag[g hglﬁ%l;‘gg}ni%ggt_es a perspective view of the inhaler shown

in Figure 20 but after the actuator has been pivoted with respect to the body into an open position;
FIGURE 22 illUStratesah sth @ perspee e rbitortidcitarif & ol merigafa o eh#21 with a strip
of used blisterspraitiading from the housing and a used blister 20door in an open position; FIGURE 23
illustrates a ad&zg%\ﬁ}%tg% inhaler shown in Elgure 0 tR 22 wit .one half of tﬂ? Eousmg omitted so

that the internal components arenisible together with a colled strip of Bisters Yocatdd #the housing,

the actuator is showi deted edthorhthechooditiy artdatre wsediblisigresover:is omitted altogether for
clarity; 25FIGUR & 2dalllustiagtes & hartiallexploded.perspestive vigwglithe iphalar.shown in Figures
2010 23; actuator in an open position;
70 FIGURE 4 is a perspective view of the inhaler shown in Figure 1 with a used blister
chamber cover open;
FIGURE 5 is an exploded perspective view of the inhaler illustrated in Figures 1 to
4 also showing a coiled strip of blisters used with the device according to the
invention;
75 FIGURE 6 is a rear cross-sectional view of the inhaler illustrated in Figures 1 to 5
with the actuator shown sepatately;
FIGURE 7 is a front cross-sectional view of the inhaler llustrated in Figure 6 in
which the actuator is pivotally mounted to the housing;
FIGURE 8A and 8B shows the configuration of the piercing elements on the
20 actuator and 2 small portion of a strip of blistets to illustrate the type of cut made
therein by the piercing elements, respectively;
FIGURE 9 1s 2 side sectional view of the mouthpiece and actuator duting inhalation
from a blister;
FIGURE 10A to 10C show a series of front cross-sectional views of the inhaler
25 according to the invention with a blister strip located therein to show the path of
used blisters from the housing;
FIGURE 11 is an exploded side cross-sectional view of an inhaler according to
another embodiment of the invention;
FIGURE 12A and 12B are side cross-sectional views of the inhaler according to the
20 second embodiment with the cap in the closed and open positions respectively;
FIGURE 13 shows a short portion of a strip of blisters for use in the inhaler
according to any embodiment of the invention;

FIGURE 14A and 14B are perspective views of another embodiment of inhaler




FIGURE 25 illustrates a fully exploded perspective view of the inhaler shown in Haute 24; FIGURE
26A to 26E each illustrate an enlarged portion of the inhaler shown in 30Figure 23 and show the
various positions of the indexing wheel during operation of the device; FIGURE 27 illustrates a
perspective view of a piercing head module primarily intended for use with the embodiment described
with reference to Figures 20 to 27 16 - but which may also be used with any of the previously
illustrated embodiment”, FIGURE 27A illustrates a side view of the piercing head module shown in
Figure 27;  FIGURE 27B illustrates an end viewofthe piercing head module shown in Figure 327
and 27k; FIGURE 28 illustrates a perspective view of the actuator used with the embodiment shown in
Figures 20 to 26 Wit-lé]‘ the piercing head module of Figure 27 mounted thereto;  FIGURE 29 is a side
sectional view tz‘bc%chiowgtﬁet§§§§§s§8to¥1§fflfh?8119h the piercing 10 head module of Figure 27, and
FIGURE 30 is &'5idéRiielfokan ihRaleshaving arendlessildopedrveraccakdingiiosanathér embodiment

of the inventionzwith.on half pf glge?}g@lu&ipg&gmgr\/%datgig?gg%mg internal.components. 75 A first

embodiment of the inhaler according to the invention will be descf?lﬁti)le%l with re é ence to Figures 1 to
10. This emboditferit prévidesashiife, asysesineimeratibiasviels trhrindexBizard plerces a

blister using thesam@ actuator. Furthermore, the actuator both indexes and pierces a blister during the
same stroke OI’IQ{ETE(? g\%nlgfig %tgitc.&grge%ftighn%lavglgwjvagofr ihzeomouthpiece and actuator during
| inhalation from a blister;

FIGURE 18 shows an alternative configuration of piercing elements on the actuator
according to any embodiment of the mvention, and

70 FIGURE 19A shows the airflow into the blister using the pietcing elements of
Figure 8A and Figure 19B shows the airflow into the blister using the piercing
element of Figure 18.
FIGURE 20 illustrates a perspective view of another embédiment of inhaler
according to the present invention with the cap open and the actuator in the closed

75 position in which it lies against the housing of the inhaler;
FIGURE 21 illustrates 2 perspective view of the inhaler shown in Figure 20 but
after the actuator has been pivoted with respect to the body into an open position;
FIGURE 22 illustrates another perspective view of the inhaler shown in Figures 20
and 21 with 2 strip of used blisters protruding from the housing and a used blister

20 door in an open position;
FIGURE 253 illustrates 2 side view of the inhaletr shown in Figures 20 to 22 with one
half of the housing omitted so that the internal components are visible together
with a coiled strip of blisters located in the housing, the actuator is shown detached
from the housing and the used blister cover is omitted altogether for clarity;

25 FIGURE 24 illustrates a partially exploded perspective view of the inhaler shown in
Figures 20 to 23;
FIGURE 25 illustrates a fully exploded perspective view of the inhaler shown in
Figure 24;
FIGURE 26A to 26E each illustrate an enlarged portion of the inhaler shown in

30 Figure 23 and show the various positions of the indexing wheel during operation of
the device;
FIGURE 27 illustrates a perspective view of a piercing head module primarily

intended for use with the embodiment described with reference to Figures 20 to 27




Referring now to the drawings, there is shown in Figure 1 an inhaler 1 according to a first embodiment
of the invention comprising a housing 2 to which is pivotally mounted an actuator 3. Acap 4 is
integrally hinged to the top edge of the housing 2 and is pivotabie between a closed position, as shown
in Figure 1, to an open position, as shown in Figure 2, to gain access to a mouthpiece 5 integrally
formed with and upstanding from the actuator 3. The cap 4 completely covers and protects the
mouthpiece 5 when closed and prevents cOntamin_a{ig[m thereof or the possible ingress of dirt into the
housing 2 which could otherwise be inhaled when the device is used. 30 The inhaler 1 is intended for
use with a strip 6 of moisture proof blisters (set Figure 13) each containing a pre-measured dose of
powdered medi fari tion. lister-Pa in the strip.6 comprises a.generally
hemispherical?dggtgﬁg% &gggﬂe?téq()l% %ﬁ%%%%%%%ért& fa%igvﬁ%u%flg‘ésrtrﬁaéﬁcgﬁﬁé %cé%rtleéléﬁled to the pocket
GU to hermeticd I4he Hyseatsereiifl cTHe st e iiprefarhbryg maritadtaret ifrdigdoil laminate or a
combination offgil laminate, such as aluminium, and plastics material. 5In a preferred embodiment the

blisters consis nd a lid. The base material is. a laminate comprising a polymer layer in
contact with thtgqé} gyl FRA O?atyeerpé?fal%lheeﬁf Pﬁ%ﬁﬁﬁlﬁ}fﬁ@’ﬂ%gﬁg"}*ﬁ‘e aluminium

ustrates a, §al
rlig; a’soft tempered aidminiuny
provides tHe nmbistirie?and oxygen barrier, whilst the polymer provides a relatively inert layer in contact

with the drug. Sefitemparadaluminiynisductie:so hatit can.bs. cald Joformed;info a blister shape.

It is typically 45tim thick. The outer polymer layer provides additional toughness to the Taminate. The
lid material is & HERAbIEGEFAIrEHhTHsITG irsatseatddeqter of fagareclibaramifihium layer
(typically 20- 3Quraxshick) and an external lacquer layer. The heat seal lacquer bonds to the polymer

layer of the bage feilJaminate during heat sealing. Materials for the 15palymer layer in contact with the
drug include poly \()ilkny ¢ %Sri?jél%f’\gi% N Egﬂfﬁ?gpﬁesngv(ﬁlb-’e) %’hsaaé%@%%hpy?téﬁél %,é%/e i tHé"ase of PE,
the heat séal ldcgdereahriheffBiblieridsepldced with a further layer of PE. On heat-sealing, the two

layers of PE mettcangmeld e ﬁé@bi@&h@f-amﬁkﬁl@?m@k@%@@&ﬂ%%@ﬁ%ﬁ%b&%&@ﬂﬁ&y pically
oriented polyamid %@% 0 The a}ctua,tor 3 comprises a lever arm 7 having one end pivotally

(o
mounted to thé ROUSME™> 16 IFAbR it (o PERE oM _rsshtifidiioRYSERI FRRTGMES 1, 2 and 4 into
an open positiosvshiowwn inrdriglire:3psscan be seen from Figure 3, the housing 2 has an aperture 8
therein to receive a piercing member comprising a pair of 2.5piercing heads 9 that extend from the
lever arm 7 when the actuator 3 is in a closed position and penetrate the lid 6¢ of a blister located

within the’housinf*stirfrhediamsty Behminbateapretifeng to the invention will be described with

refetence to Figures 1 to 10. This embodiment provides a simple, easy to use
inhalation device that indexes and pierces a blister using the same actuator.
Futrthermore, the actuator both indexes and pierces a blister during the same stroke
or direction of rotation of the actuator.

20
Referring now to the drawings, there is shown in Figute 1 an inbaler 1 according to
a fizst embodiment of the invention comprising a housing 2 to which is pivotally
mounted an actuator 3. A cap 4 is integrally hinged to the top edge of the housing 2
and is pivotable between a closed position, as shown in Figure 1, to an open

25 position, as shown in Figure 2, to gain access to a mouthpiece 5 integrally formed
with and upstanding from the actuator 3. The cap 4 completely covers and protects
the mouthpiece 5 when closed and prevents contamination thereof or the possible
ingress of dirt into the housing 2 which could otherwise be inhaled when the device
1s used.

30
The inhaler 1 is intended for use with a strip 6 of moisture pfoof blisters (see Figute
13) each containing 2 pre-measured dose of powdered medicament for inhalation.

Each blister 62 in the strip 6 comprises a generally hemisphetically shaped pocket




The shape of the piercing heads 9 will now be described with reference to Figure 30 8A. This is
important because the openings that are made in the lid 6¢ of a blister Ga must be of a sufficient
cross-sectional area and shape to promote the free-flow of air through the blister 6a and to ensure that
all of the internal volume of the blister Ga is swept by the airflow and consequently that all, or
substantially all, of the dose is entrained and carried out of the blister 6a. Each piercing head 9
comprises a generally "B" shaped element having a flat blade-like central tooth or primary cutting
element 10 and a pair of fiat blade-like end teeth or géCondary cutting elements 11 extending laterally
across each end of the primary piercing element 10. 5Each of the primary and secondary cutting

elements 10,1 taper t ointed tip, The pointed tip 10a of the primary cutting element 10 may be
located in its ceﬁtrél%.é%r%gﬁzé@ j& v%ehegr:gt%geéré%Sﬁ’a%%}‘E’ﬁﬁﬁﬁﬁe IEMBARCEE 18R ver, it may be

advantageous fsfostictie prihthrydosttingrelerignts10rsd ithatits pojnied diaHadsalasesito one of the
secondary piercing.eledients.h:hapdhe aihersecendary 10stting element 1L, for example in order

i
to facilitate correct piercing when the angle of approach of the piercing heads 9 is not normal to the
foil. The height of each of the secondary cutting elements 11 is such that the pointed tips 11 a of the
secondary‘cutting: elerfents didbare-adthersame-heightas dhe sdges of the primarycutting element 10

where dm primz%@(a?&?ﬁ?%‘i?@ﬁ%@ gurtrtlin 1ltglegne(r)’its 19,111 meet e:talch 15 theraThe pointed tip 10a of
the primary cutting element ﬁfa is therefore aBove the pomtad WPTa"BFeHéH Bz & ondary cutting
elements 11 séRacthe Prmayneinrieiredementar0asiitslyorcnday at |Thsthitidtady the fidtslinear slit in

the blister befong-eitbar.at the: wg@a&y&;&m@m%@%%@m@ LG seend lipgar slits in the
blister. The top egges of e,%gh primary and secondarélc. ting 20elements10,11 are sharpened to

enable them to e&2INSeREtAlS A cOPIhEMPRE OB austlean hetdesrriiFigele 8A, the
secondarydcuttirgreddinents: ibbfteadinpiertingtheiad 9 tpsiandcromheppesitesadgas gkan aperture 12

in the lever arm 7 so;enable the flow of air through the arm.7 into and out of the blister 6b via the holes
made in the ”gg Eric‘of the blister 6b with the Biter%%ﬁrgmrlﬁaet%rt;%}?g 5&%@66#7%%)? %ﬁﬁﬁal%%ge element 10 is

attached to, arfdE™ipFORBE BREVESA: Bath sitiessheshitdiy elntpielempnteybicdhd2he primary

cutting elemens@xierdsiaciesstbe:apertueg.t2 1and sqis Retaltached.diresly; e the lever arm 7.
Figure 8B iIIustra}eI%a hort t%g%g %ffgiﬂri%g of %Iis,ter Ga to show the shape and size of the

Diz AESLPRE Rithsratie nte o ERtre A cut in the lid 6¢ of

openings that &ach of th piercing elements
a blister 65. Thecptimalyyeuitirgetemeiitsth pegetdtele poly vinyl chloride (PVC),

polypropylene (PP) and polyethylene (PE). In the case of PE, the heat seal lacquer
on the foil lid is replaced with a futther layer of PE. On heat-sealing, the two layers
of PE melt and weld to each other. The external polymer layer on the base foil is
typically oriented polyamide (oPA).

20
The actuator 3 comprises a lever arm 7 having one end pivotally mounted to the
housing 2 to enable it to rotate from a closed position shown in Figures 1, 2 and 4
into an open position shown in Figure 3. As can be seen from Figure 3, the housing
2 has an aperture 8 therein to receive 2 piercing member comprising a pait of

25 piercing heads 9 that extend from the lever arm 7 when the actuator 3 is in 2 closed
position and penetrate the lid 6¢ of a blister located within the housing 2

immediately behiﬁd the aperture 8.

The shape of the piercing heads 9 will now be described with reference to Figure

50 8A. This is important because the openings that are made in the lid 6¢ of a blister 6a
must be of a sufficient cross-sectional area and shape to promote the free-flow of
air through the blister 62 and to ensure that all of the internal volume of the blister

Ga 1s swept by the airflow and consequently that all, or substantially all, of the dose




- 19 - the lid 6c first (point A in Figure 813) and, as they enter the blister 6a, two linear cuts or slits are
made by each of them, as indicated by arrows "B". As the piercing head further enters the blister, the
secondary cutting elements 11 penetrate the blister 6a and further linear cuts are made at each end of
the linear cuts 5 perpendicular to the first linear cut formed by the primary piercing element 10, as
indicated by arrows "C". These cuts have the effect of creating flaps 12a that are folded back into the
blister Ga as the piercing head 9 enters further into the blister. These piercing heads 9 are capable of
forming openings that extend to over 30 to 50% of the-surface area of a lid Gc of a blister 6a. For
example, in the embodiment toof Figure 27, the blister lid area is 67rniri2 and the piercers open an
area of 29mm2 which is equivalent to 43% of the surface area of the lid. As shown in Figure 4, a cover

13 is pivotally SHEHEBcH S St driHe hBtishig e drdtent I Bias assirde’ ierrerEn@ Used blisters 6d
that are fed intgesaidlispace thipugbldb-asiatibg infthewall pEdhehensing2o The.space within the
covet 13 is Iarqg t%go%gegntgngg om odaa;;eO PBLX %Jggv Lilfseed Iig,gt rsogid therein antgmso a resiliently
flexible blister grip 1% ‘extends from the housmg é‘ acilitates removal of Sofne of the used blisters
6d from the blisterssitHat seterdirinithredipusing 22 Foershrd vk apsevtiorpof asediblisters6d, the blister

grip 15 is pressediagainstihe. styip R 208andwich it betweem the: blister.grin, 4a.and the sidewall of
the housing 2. The visible section of used blisters Od can then be grasped in'the hand, torn off and

discarded withd0f IREGVEHERtY HRICIAG RIHBE fEFEa0HMMEYeMaRThG DRTGIR BIStR Strip 6 that
would tend to pulldiidubphbthe dousinge2ofigtyres A oG IO dhreedrantoross-sectional views

through the Innalelt, J0oGIa 8.1 (Neie, 29ale.0. iRty blatels od praftuding (higyoh the slot 14.
e

Figure 10B, the deviceé has been activ Wice mote and so two empty biisters ave now passed
through the slot' 2521 Eigtifd TCethebiiERic e EEmnasthéérnlprestedtheaipstfirshousing 2 in the

direction abarrewiAy te-eRable the-twasppty blisters Sclitobesdetachedy pulling.themdn the
direction of arro¥v "B", 3Q It }ngl be. aIpBlregia'Efdgthat acovet 13 i%f??t essentjal and the used blisters 6d
S4 HREFSH 85 e SRaRgEHom thaCABSHIR AT IRE WHIC YRR ROGERE. In another

may be removed HEEY6R 8s
embodiment, thsintraledd-may e plewictssd With sduttingtimpleimenttips 11a of the secondary

cutting elements 11 are at the same height as the edges of the primary cutting
element 10 where the primary and secondary cutting elements 10,11 meet each

75 other. The pointed tip 102 of the primary cutting element 10a is therefore above the
pointed tip 11a of each of the secondary cutting elements 11 so that the primary
cutting element 10 slits, or has at least initiated, the first linear slit in the blister
before either of the secondary cutting elements 11 begin to cut the second linear
slits in the blister. The top edges of each primary and secondary cutting

20 elements10,11 are sharpened to enable them to easily penetrate and cut the lid 6¢c of

a blister 6a.

As can be seen in Figure 8A, the secondary cutting elements 11 of each pietcing
head 9 upstand from opposite edges of an aperture 12 in the lever arm 7 to enable
25 the flow of air through the arm 7 into and out of the blister 6b via the holes made
in the lid 6¢ of the blister 6b with the piercing members 9. The primary cutting
element 10 1s attached to, and is supported between, each of the secondary cutting
elements 11 and the primary cutting element extends across the aperture 12 and so
1s not attached directly to the lever arm 7.
30
Figure 8B illustrates a short section of a strip 6 of blisters 6a to show the shape and
size of the openings that each of the piercing elements 9 described with reference to

Figure 8A cut in the lid 6¢ of a blister 6b. The primary cutting elements 10 penetrate




- 20 - (not shown) such as a blade or serrations against which the section of used blisters 6d to be
removed may be pressed to facilitate their detachment. In a preferred arrangement, a blade may he
mounted to and extend from the blister grip 15 so that when it is pressed against the housing 2 it cuts
the strip 6d located between the 5blister grip 15 and the housing 2. In yet another embodiment, the
inhaler | may incorporate a larger chamber possibly with a take-up spool around which the used blister
strip 6d may be wound so that it can be removed as a whole from the device and so avoid the need to
detach sections of the strip 6d as each short sectioridf blisters 6a are used up. However, in order to
keep the device as small as possible, it /Ois preferable to provide an arrangement in which at least
some of the used blisters 6¢c1 can easily he removed from the device whilst unused blisters remain in
it. Referring MBitd FEgtite BotrehsuEiag 2 Tormplisesthcysniratiye dimerizalty shimsed chamber 20 to
receive a coiledas woslng stripof-hlistacs @me&pmtﬂmag@w@f&wsq@%ogs@f% edicament to
be delivered us}ilggdtp&ighaler 1. %‘er]feading end 6% of the strip 6 is received in a blister feed inlet path

Sgeneralfy CYtndrcar Sanhy 23 StjRERRTE AN ih REHFIREStion with the

21 which opens up into s genera
aperture in the henisifg 2narid-thwhictrisrotatabhpdeceivet andindexingnwheet23. A used blister feed

outlet path 20 exigndstam the.evindiical.cau zzand I6adsiadhelappriiig i 1b te wal of the

housing 2. The chamber 20 has a cover (not shown in %Jre 5) that forms’part of the 'housing 2.
Preferably, the ‘@6V358 PEHSONBIyQttddtrat Tt e mhairides oF s tmadig 2 8 St access to the
inside of the inHalésdlbabaebtainad te enable afresh stip & 2ookhlisters-1q.he inseiedtherein.
However, it is %’é%@%%gcéﬁa%@% vice, %)ngb f(%rfnra dlsposablesutglattln Which case g strip of blisters 6

could be mounted in fhe device duting assembly and the doverpermanentsy SHAched <8 that once the

strip has been ékHatisthel stheswhste device bs tHrows by, The simplleitinohthentodstretion of the

device anddhe selriivelyfew senaiate Companents. make:the 30devige.yety heap s9 manufacture and
so a disposable niitli,s a viable Erop(é§itiog. The indexing wheel 23 is a generally cylindrically shaped

member with a SBtBrbiSETHEReRifg Griotiss B 75takeed saditending longitudinally along its outer

As shown in Figure 4, a cover 13 is pivotally attached to the side of the housing 2
and encloses a space to teceive used blisters Gd that are fed into said space through

75 aslot 14 in the wall of the housing 2. The space within the cover 13 is large enough
to accommodate only a few used blisters 6d therein and so a resiliently flexible
blister grip 15 extends from the housing 2 and facilitates removal of some of the
used blisters 6d from the blisters 6 that remain in the housing 2. To temove a
section of used blisters 6d, the blister grip 15 is pressed against the strip 6 to

20 sandwich it between the blister grip 15 and the sidewall of the housing 2. The’
visible section of used blisters 6d can then be grasped in the hand, torn off and
discarded without inadvertently placing undue force on the remaining part of the
blister strip 6 that would tend to pull it out of the housing 2. Figures 104 to 10C
show three front cross-sectional views through the inhaler 1. In Figure 10A, there

25 are no empty blisters 6d protruding through the slot 14. In Figure 10B, the device
has been activated twice more and 50 two empty blisters 6d have now passed
through the slot 14. In Figure 10C, the blister grip 15 has been pressed against the
housing 2 in the direction of arrow “A” to enable the two empty blisters 6d to be
detached by pulling them in the direction of arrow “B”.

30 ,
It will be appreciated that 2 cover 13 is not essential and the used blisters 6d may be
removed as soon as they emerge from the aperture 14 in the wall of the housing 2.

In another embodiment, the inhaler 1 may be provided with a cutting implement




- 21 - surface parallel to its axis of rotation. Each groove 24 is shaped so as to receive a blister 6a
therein as the indexing wheel 23 rotates, as will be explained in more detail below. The recesses 24
are spaced at a pitch which is equal to the distance "d" between the centre lines of a pair of blisters, as
indicated in Figure 13, so that as the 5 indexing wheel 23 rotates, a strip 6 extending through the
blister feed path 21 and over the indexing wheel 23 is pulled so that a blister 6a locates in the recess
24 of the indexing wheel 23 situated immediately opposite the aperture 8, as will be explained in more
detail below. To enable the indexing wheel 23 to rotaté in response to rotation of the actuator 3 in one
direction, ratchet teeth 25 are formed 700on one end face thereof for cooperation with the actuator 3 as
will shortly be églasgrggﬁ)es%cp ggot@ 2C§ com rising an arcu. teI}Y haped ramp section 26 and a
shoulder 27. The indexing wheel 23 is 2 a8 s T the Sy hinarcar 8adit s 8b st e Etip 6 is
securely held Bytiebngexivgdwivsds 28rardeach blister Baiisismelly secéivegaiicklaéld in the recess

24 opposite the. apesture, 8 whilst allgwing,fr-1arqtation.of the indexing wheel 16 10 feed the strip of
blisters 6 througlgﬁthe device. As thég;ndexingn_wheel 23 reotates, the lglsegb(}y blisters é% f’fr%gfétd out of the

cavite, 22 down 1158 tideABIEEFAUBH SR B E Bty hE SRt d eriedibure tioubing 2. A drive
plate 27a depebidsdrgrpa jongithdinatedge. of the Jexeraranbantkcarigs 3,201 drive.pawl 28 thereon
for cooperation yith the ratchet teeth 25 on th indl%gl(iggaﬁvheel 23 urin%trot%gir n gf the actuator 3 from

the open to the closed position. The driveé pawl 28 is intagrally IBrmed Hhe aiive BidtsS7a by cutting

a U-shaped sIdtltrigreiisind fomy & sesiiiastise dbiorinaisld taboer frbm whichi¢ieodrite pavit28 upstands.

25 The mouthpigee Sasiatagralfesmead.with theJeven atm s @f 1he actuator 3 ang, Yestands from one
side thereof op‘g)l?ssit(::S té%the side from which the piercing heads 9 extend. The interior of the

mouthpiece 5 cah b6 S&&H o tRe CPOSE EeltiSHATVIRNI 6P ERG e s atiosraiviesils drimary and
a seconddfy chamioen81¢32 pyaidopartitioningavalh33hialn 0utsidedi-ibletherifiee Bdsierthe sidewall of
the mouthpiece;$ se.ln WhRIe b iaiasof Ascames iR PYELAIT, Lisn communication with the
primary chamber 31. The primary chamber 31 is also in communication with-one of the apertures 11a
in the lever arm 7 that is formed in the vicinity of a piercing head

Referring now to Figure 5, the housing 2 comprises a generally cylindrically shaped
chamber 20 to receive a coiled or wound strip of blisters 6 each containing a pre-
75 measuted dose of medicament to be delivered using the inhaler 1. The leading end
6e of the strip 6 is received in a blister feed inlet path 21 which opens up iato a
generally cylindrical cavity 22 adjacent to and in communication with the aperture 8
in the housing 2 and in which is rotatably received an indexing wheel 23. A used
blister feed outlet path 30 extends from the cylindrical cavity 22 and leads to the

20 aperture 14 in the wall of the housing 2.

The chamber 20 has a cover (not shown in Figure 5) that forms part of the housing
2. Preferably, the cover is removably attached to the remainder of the housing 2 to
enable access to the inside of the inhaler 1 to be obtained to enable a fresh strip 6
25 of blisters to be insetted therein. However, it is envisaged that the device could

form a disposable unit in which case 2 strip of blisters 6 could be mounted in the
device during assembly and the cover permanently attached so that once the strip
has been exhausted, the whole device is thrown away. The simplicity of the
construction of the device and the relatively few separate components make the .

30 device very cheap to manufacture and so a disposable unit is 2 viable proposition.

The indexing wheel 23 is a generally cylindrically shaped member with 2 set of

blister receiving grooves or recesses 24 extending longitudinally 2long its outer




- 22 - 9. The secondary chamber 32 makes up the main internal volume of the mouthpiece 5 and is in
communication with the other aperture lib in the lever arm 7. A bypass aperture 35 extends through
the partitioning wall 33 to communicate the primary chamber 31 with the secondary chamber 32 for
reasons that will become apparent. The path of the blister strip 6 through the device and the way in
which it is disposed within the chamber 20 can be most clearly seen in Figure 7. It will be appreciated
that the coils of the blister strip 6 are loosely wound in the chamber 20 so that the blister strip 6 will
unwind in response to a pulling force applied to the féading edge 6e of the strip by the indexing wheel
23 as the indexing wheel 23 rotates. To prevent rotation of the indexing wheel 23, other than due to
rotation of the actuating member 3, the housing 2 is provided with an integrally formed resiliently
flexible arm 36 BARSIRG dHeAii bR paT Py ﬁ?&rgr&iﬂ?ﬁéql%éﬁzalﬁésﬁﬁ o of tises3 recesses of the
indexing wheebZ3witickhisdiotoecupieckhy, asblisten 63:a8 shown i Eigue & Engagement of the pawl
37 with the indgx&r{tlgk\)/v%p)%elﬁg E)gce(ysgggszihegndexi g twheel h23grqnm rotating. A release pin 38 upstands
from the drive pf:ate 27a which engages the afm 37 10 push tﬁelﬁaﬁl%aélﬁ? SpHe Ftsssstto allow
rotation of the wriExingivreet23inherf theraicthator 8 approdiches its figly-opars positian 1120 When the
pawt 38 is geflacted {ionnbesrerase 24, Jp istel:siip G.ould be Bl flom.ihe fiowsing 2. To

aw

prevent this, a second resiliently deformable anti-rotation pawl 39 is provided on the housing 2. The

second and-rof 6 5d S RILECR SuFrales 40 thatadisinndn le@rydaebesyasah shember 41 on
the actuator 3 whendhefi sthaeidzbotaticadawh a7s pushediaumhelihe kecess240hthe indexing wheel
23. The second apti-rotation pawl 39.is therefore locked into position and protrudes into another
recess 17 of the}%:%eiinlg wheel i Tﬁllg%rg?eﬁggt%egfﬁ ré‘)%ﬁ%l whee ?239 f?’ofﬁ%?alﬁng by more than
approximately Z5Rfe§edes nticsothdsadsteas sniyrbdisediad through terdBvice foyrabbut half a

blister width. It wilbhe appreciated frag: dis.friegeing ihakihe.inhalaiiqo gevigs,acarding to this
embodiment of th?ailnvgnticf)# has, a very simple construction with relatively few components. If the cap

4 is integrally formag SWitFERe WO iSRG TIRE GGl U4y AhaBtdiftrmer tHa et pd 2 3 is formed

together with theawdettijiedd Sitthexpigreingl #8ads 8]dhefdrivebplaptita aravihexiriverpaw! 28 in
another moulding g device 6o hefuned fTam.as Gk asd 2 Lo MoMIde plagli parts. S

Operation of the inhaler 1 will now be described. When the inhaler 1 is not in use, f’hé}' ap 4 and the
lever arm 7 aré B6theh A i drpdsitiensin AWmeRisecap 2esvers wblviodthpiexéos and the lever arm

7 lies generally-againsbthacsitle-ehtheheusng Zwithibe:piersingsheadsig sxtenging through the
%ter cl Iyir%% Immediately below the

ture 8 in th ing 2 and | evious| ted b '
et & andh Do e e B e G PR T 1O aG SR 2B Boant Lo the

aperture 8 and 10 constrain uppermé‘s recess t
aperture 8. Theldivgt Hrvdhsecbhdearitieropatiod pawls3%;39 preventirbtatiorn ofcthedsidexing wheel 23 in
either direction and so locate the blister in position.

A drive plate 27a depends from a longitudinal edge of the lever arm 7 and carries a

20 drive pawl 28 thereon for cooperation with the ratchet teeth 25 on the indexing
wheel 23 during rotation of the actuator 3 from the open to the closed position. The
drive pawl 28 is integrally formed in the drive plate 272 by cutting a U-shaped slot
therein to form a resiliently deformable tab 29 from which the drive paw] 28
upstands.

25
The mouthpiece 5 is integrally formed with the lever arm 7 of the actuator 3 and
upstands from one side thereof opposite to the side from which the piercing heads
9 extend. The interior of the mouthpiece 5 can be seen from the cross-sectional
view of Figure 9 and is divided into a primaty and a secondary chamber 31,32 by a

30 partitioning wall 33. An outside air inlet orifice 34 in the sidewall of the mouthpiece
5 close to where it joins or becomes the lever arm 7 is in communication with the
primary chamber 31. The primary chamber 31 is also in communication with one of

the apertures 11a in the lever arm 7 that is formed in the vicinity of a piercing head




When the cap 4 is opened, the lever at can be pivoted into the position shown in Figure 3. As the
lever arm 7 pivots, the drive pawl 28 on the drive plate 27a rides up the ramp section 26 forming one
of the ratchet teeth on the end of the indexing wheel 23 and so no rotation of the indexing wheel 23
occurs. Once a fully open position has been reached, as shown in Figure 3, the drive pawl 28 has
reached the end of the ramp section 26 and drops down against the face of a corresponding
20shoulder 27 so that as the actuator 3 is rotated back in the opposite direction from the open to the
closed position, engagement between the drive paw#28 and the shoulder 27 causes the indexing
wheel 23 to rotate. It will be appreciated that if the lever arm 7 is not opened to its fullest extent before

being returned()t 'gs closed position, the indexing wheel 23 will not rotate because the drive pawl. 28
will not 25 have dropped HoWn Ty BhGage BhdHRIEe o724t tREF1BY GPinetahisasivhrRe:cIust before

the lever arm 7reathes tsdullysdpeinpesitiahs theerelpase:pin 88 Omthediiye.plate 24aangages with
the arm 36 fro%gmgp ibe firstand-rotation gaw '37.exterﬁi§€nd deflects it so that.the anti-rotation

pawl 37 moves out of the recess 2430 In th a|f1m exing wheel 23 §8 %%%ﬁétfnﬁéﬂﬁlgn%&ﬂeel 23 can

rotate and the SPAPBEaRA B&bndhexseonfrs thentbvepafar Ters votated niliHeoppositedirection. At the
same timesthe cam member 41 engages with the cam surface 40 of the second anti-rotation pawl 39

and locks it intrlxtlpositti n ﬁgher@:r_e that ttée strip 6 cannot be 24 - pulled from the inhaler 1 by mote
than approximately half the - WidtH S 5Bl toF Bi5 AR REisserdreriargn stighraikdiirrreciosed
position, the indekingvheehlg i fotatee: through:99 degraesias:a Testitiniengagement between the

drive pawl 28 angk the coils of the blister strip 6 are loosely wound in the chamber 20 so that the
blister strip 6 will unwind in response to a pulling force applied to the leading edge

70 Ge of the strip by the indexing wheel 23 as the indexing wheel 23 rotates.

- To prevent rotation of the indexing wheel 23, other than due to rotation of the
actuating member 3, the housing 2 is provided with an integrally formed resiliently
flexible arm 36 carrying an anti-rotation pawl 37 that normally locates in one of the

75 recesses of the indexing wheel 23 which is not occupied by a blister 62, as shown in
Figure 6. Engagement of the pawl 37 with the indexing wheel 23 prevents the
indexing wheel 23 from rotating. A release pin 38 upstands from the drive plate 27a
which engages the arm 37 to push the pawl 38 out of the recess to allow rotation of
the indexing wheel 23 when the actuator 3 approaches its fully open position.

20
When the pawl 38 is deflected from the recess 24, the blister sttip 6 could be pulled
from the housing 2. To prevent this, a second resiliently deformable anti-rotation |
pawl 39 is provided on the housing 2. The second anti-rotation pawl 39 has a cam
surface 40 thereon which is engaged by a cam member 41 on the actuator 3 when

25 the first anti-rotation pawl 37 is pushed out of the recess 24 of the indexing wheel
23. The second anti-rotation pawl 39 is therefore locked into position and protrudes
into another recess 17 of the indexing wheel 23. This prevents the indexing wheel
23 from rotating by more than approximately 45 degrees and so the strip 6 can only
be pulled through the device by about half a blister width.

30
It will be appreciated from the foregoing that the inhalation device according to this
embodiment of the invention has a very simple construction with relatively few

components. If the cap 4 is integrally foxmed with the housing 2 in 2 single




the shoulder 27 on the indexing wheel 23. Whilst the lever arm 7 is rotated back into its closed
position, the anti-rotation pawls 37,39 have returned to their original positions locking the indexing
wheel 23 in place. This rotation of the indexing wheel 23 brings the next blister 6b into position
immediately below the aperture 8 in the housing 2. 10 In the final stage of the return stroke of the lever
arm 7 back to its closed position, he piercing heads 9 pass through the aperture 8 in the housing 2 and
penetrate the lid 6¢ of the blister Ga that has just been moved into position by the indexing wheel 23.
The dose is now ready for inhalation, as will now be’described. 15 When a user inhales through the
mouthpiece 5, a low pressure region is created in the secondary chamber 32 causes ait to be drawn
through the blister 6a from the outside air inlet 34 via the primary chamber 31 and the airflow opening |
la in the lever S SRR RE B Arrof RREkERBS L TRy e Do Thi et o EPistiEIAR0the blister
Gb entrains the«ldse,cbataired:-therein, ahich isarped intaihe secondaniebambearde.and from
there into the %H%rgtts alrway . The tyrbulegtbagflgvr\égelr&e@?d through the aperture llb in the lever atm

7 around the piercing Oeﬁ%’r%enf&‘haéslp%%gsdéaggrlomenlieff dose Bhd create a respirable aerosol. The

air bypass orifice 35 in the partitioning wall 33 between the primary and secondary chambers 31,32

reduces the ovefrlpigssyredrop.acrossithe deviaesandSo wakes.it sasier far the patient to inhale. It
also increases turbulence in the secondary chamber 32. In a particularly preferred arrangement, the

bypass orifice 35 it 84S0 s 1 diffioRPiidretrroagh PRIASR BY b6 o 45 Figisre o,
30meets the aitftowcenbeling thensederidary chahieergdeiim dhadlistersaicafangeatongght angle so

as to create a gyglonic effect oy ingrease the airflow turbulence to assist deagglometarion, - 25 - Once
the device has beenﬁgecf a number o.fe:g(,3 thé%ié‘éog \}er chfpr%g;rﬁaegénpéhﬁgldp %%agr%eea r\llclisllgfg section 6d
of used blister¢ Rfay e Hetsietisdeftisthbee ifieg femathadnireive tevieerRS Ragdlready been

explainedso  constrained in the uppermost recess 24 of the indexing wheel 23 adjacent to the
aperture 8, The first and second anti-rotation pawls 37,30 prevent rotation of the

indexing wheel 23 in either direction and so locate the blister in position.

When the cap 4 is opened, the lever arm 7 can be pivoted into the position shown

15 in Figure 3. As the lever arm 7 pivots, the drive pawl 28 on the drive plate 272 rides
up the ramp section 26 forming one of the ratchet teeth on the end of the indexing
wheel 23 and so no rotation of the indexing wheel 23 occurs. Once a fully open
position has been reached, as shown in Figure 3, the drive paw! 28 has reached the
end of the ramp section 26 and drops down against the face of a cotresponding

20 shoulder 27 so that as the actuator 3 is rotated back in the opposite direction from
the open to the closed position, engagement between the drive pawl 28 and the
shoulder 27 causes the indexing wheel 23 to rotate. It will be appreciated that if the
lever arm 7 is not opened to its fullest extent before being returned to its closed
position, the indexing wheel 23 will not rotate because the drive pawl 28 will not

25 have dropped down to engage a shoulder 27 at the top of the ramp section 26.

Just before the lever arm 7 reaches its fully open position, the release pin 38 on the
drive plate 272 engages with the arm 36 from which the first anti-rotation pawl 37
extends and deflects it so that the anti-rotation pawl 37 moves out of the recess 24

30 in the indexing wheel 23 so that the indexing wheel 23 can rotate and the strip 6 can
be indexed when the lever arm 7 is rotated in the opposite direction. At the same
time, the cam member 41 engages with the cam surface 40 of the second anti-

rotation pawl 39 and locks it into position to ensure that the strip 6 cannot be




5 A second embodiment of the inhaler according to the invention will now be described with particular
reference to Figures IA and 12. In this embodiment, the actuator is coupled to the cap covering the
mouthpiece so that a blister is pierced when the cap is opened and indexed to move the next unused
blister into position beneath the aperture in the housing when the cap is closed. This provides a device
10that is very simple to operate, as the user does not have to open the cap before pivoting the
actuator to index and pierce a blister. Referring to the exploded view of Figure 11, the inhaler 1 i5
similar to the device described with reference to thedfrst embodiment except that the ratchet teeth on
75the indexing wheel 23 have been replaced with a toothed gearwheel 40 which is attached to the
indexing wheel via a one-way or clutch mechanism (not shown) so that the indexing wheel 23 will
rotate togetherRENAtHEGaRTHEEr4b 1R BIRRF Sher dipsear e Fobatibfetiadge afvHdet tiefhg free to
rotate in the opposite direction relative to the indexing wheel 23. 20 The actuator has a similar
construction to A@ghaeqteuator 3 gfghe first em odiment mfprises a lever arm 7 with the mouthpiece

nd co .
) Upstal o ESEAE 436 Ofﬁé:%o SERY ST RSSRDAdithent, the user

5 and piercing heads 9 upstanding from opposite sides o
does not directif pigdi ekttt s dnsteadsd cahvmiredt protrrdesiftbendthe: sidel aftthed25lever arm

7 adjacent o thesemateend oppositathe eod pivesakymountad 19 the hqusing2, The cam pin 41 is
located in a cam track or groove 42 formed on the inside surface of a cap 43 pivotally attached to the

side of the hougig'? 8]toﬁ?é BRI BB bR SPaEe e framT Ihe ToddtSA HevRRth thehsisteizena is pivotally
attached to thephsisinglaciTietsamda-aigontaies mipatictigeaswheslA4ialtached fhareto for
30rotation togeﬁ@q}rm\{_ygg H}%Qﬁpbﬂésﬂewmcﬁtlke dn tmgslmg% C(131£1tg1'§/gbement with the %ealrwheel 40 on the

. . 5 t . .
indexing wheel 23. - inhalanon device according 1o the Second enBodRREREalsS i3S a vet) simnie
Ouslng .

10

In the final stage of the return stroke of the lever arm 7 back to its closed position,
the piercing heads 9 pass through the aperture 8 in the housing 2 and penetrate the
lid 6¢ of the blister Ga that has just been moved into position by the indexing wheel
23. The dose is now ready for inhalation, as will now be described.
15
When a user inhales through the mouthpiece 5, a low pressure region is created in
the secondary chamber 32 causes ait to be drawn through the blister 6a from the
outside air inlet 34 via the ptimary chamber 31 and the airflow opening 11a in the
lever arm 7, as indicated by arrows marked “X” in Figure 9. This airflow through
20 the blister 6b entrains the dose contained therein, which is carried into the

secondary chamber 32 and from there into the patient’s airway.

The turbulent airflow generated through the aperture 11b in the lever arm 7 around
the piercing element 9 helps to deagglomerate the dose and create a respirable

25 aerosol. The air bypass orifice 35 in the partitioning wall 33 between the primary
and secondary chambers 31,32 reduces the overall pressure drop across the device
and so malkes it easier for the patient to inhale, It also increases turbulence in the
secondary chamber 32. In a particularly preferred arrangement, the bypass orifice 35
1s situated so that the airflow therethrough, indicated by arrow “Y” in Figure 9,

50 meets the airflow entering the secondary chamber 32 from the blister at 2 tangent or

right angle so as to create a cyclonic effect ot increase the airflow turbulence to

assist deagglomeration.




construction with relatively few components. For example, if the gearwheel 44 is integrally formed
together with the cap and the actuator 3 is formed together with the mouthpieces and the piercing
heads 9, the whole device can be formed from as 5few as 4, 5 or 6 moulded plastic parts. Due to the
small number of parts and simplicity of the device, there is more storage room within the device for
blisters thereby reducing the frequency thaE it must be re-filled or replaced. It is intended that the
devices of the present invention will 10 have a capacity to hold between 1 and more than 100 doses
although preferably it will be capable of holding between 1 and 60 doses and most preferably between
30 and 60 doses. The payload of each blister may be between Ipg and 100mg. However, preferably,
the payload is in the region of ling to 50mg and most preferably between 10mg and 20rrig. It will also
be apparent th&tHiid 16 H e ﬁéﬁﬁsﬁﬂ%‘“‘d}é’\ﬁﬁé’ VB eiS50Edhe BHicE anrthBesRte?S contained
therein have beeid usedsitge ke dhis case; thedhousingamay be-dacmadasapesmanendysealed
enclosure to prgy&@t tam C%Eiré%s gegﬁggg %é}'gz@}ee}i{nQaler according to the second embodiment will now
be described 20 with particular reference to |gure% 5K and 12B. As can be seen in Figure 12A,
when the cap 43 is closed, the piercing heads 9 on the actuator 3 are held cleat from the aperture B in

the housing 2 by means-affhe.cann Hindldacried . the.camtrack-424n the Gap 43. The cam track 42
is preferably shaped so that the can 43 can be injtially pivoted relative to the housing 2 by at least 90

degrees without ER§ IHOVEThBRESH e SistiAtsS TEduting the reby aIowinG isieabrisr cleaning of
the mouthpiece.&withostcpigicing ohadalister & Hbweveithpibensthercap Kidis: rotaiederelative to the

nousing 2 beyagel 90;degiiees, e eamRin AL is,gyided By he tragk 42 causing the actyator 3 to pivot
. yidod by

. - t . iy S1f1on .
into a position shown in Figure”12B in which the piercing elements ext_enéthrou@ﬁ tﬁe aperture 8 in
the housing 2 aifdfiéhébeatecataubinstet Brrsitsatddttimsaparetopehind it apdrsa@itithin the

housing 274t this:.slagesythe.grse Biay.dee iBhalad thiough theMowhpiece:d. .4/ sef4on the cap 43.
However, because of th one-walytclutgh meghanism, tﬁ]e indexing wheel 23 does not rotate as the

cap 43 is openéd ahaahs GeRRVHERI 0TS FotaREETh et direction. However, once the cap 43 is

rotated in the opposite direction, i.e. from the open to the closed position following inhalation, drive of

the gearwheel M&H@%;g%ree%@o% ipdexingwheel 2339 4hatit 191igR 1 ANE, MVES e next blister

6a into alignment with the aperture 8. It will be appreciated that during initial movement of the cap 43

from its open to RS ERFSEU Fositiorthe bt Ssr Fahimdfirgnt except that the ratchet teeth on

75 the indexing wheel 23 have been replaced with a toothed gearwheel 40 which is
attached to the indexing wheel via a one-way ot clutch mechanism (not shown) so
that the indexing wheel 23 will rotate together with the gearwheel 40 in only one
direction of rotation, the gearwheel being free to rotate in the opposite direction
relative to the indexing wheel 23.

20
The actuator has a similar construction to the actuator 3 of the first embodiment
and comprises a lever arm 7 with the mouthpiece 5 and piercing heads 9 upstanding
from opposite sides thereof. However, in this embodiment, the user does not
directly pivot the actuator 3. Instead, a cam pin 41 protrudes from the side of the

25 lever arm 7 adjacent to the remote end opposite the end pivotally mounted to the
housing 2. The cam pin 41 is located in a cam track or groove 42 formed on the
inside surface of a cap 43 pivotally attached to the side of the housing 2 at the same
end but spaced from the location at which the actuator 3 is pivotally attached to the
housing 2. The cap 43 also carries a toothed gearwheel 44 attached thereto for

30 rotation together with the cap 43, which lies in meshing engagement with the

gearwheel 40 on the indexing wheel 23.

As has already been mentioned with reference to the first embodiment, the




be pivoted, due to the engagement of the cam pin 41 in the cam track 42, so that the piercing
elements 9 are lifted out of the aperture 8 and back into the position 10 shown in Figure 12A. Itis
envisaged that, in either embodiment, an opening or window could be provided in the housing 2 and a
dose number printed on each blister 6a readable through the opening or window so that the user can
monitor the number of doses that have been used or that remain in the device. This avoids the need
for a complicated dose counting mechanism often found in conventional devices. Alternatively, the
housing 2 could be wholly or partially formed from‘éf’ransparent material so that the number of blisters
6 remaining in the device can clearly be seen through the walls of the housing 2. 20 As shown in the
Figure 13, the lblkil%gtr, strip 6 provided for use with the inhaler 1 of the invention ma){ be provided with

serrations, cut-fines 59 or %ﬁ#egrcﬁ% O8I ErER SPERTS TRGIREIR TR LSt SAto F e blisters Ga from
each other. Alternsitivelpporin additiely tethe frangible fEaturesntile, étigie pftha blisterstrip 6 may be
25provided wi lister 6a to,make the strip easier to teat Angther
embodiment oﬁﬁgﬁgﬁ%ﬁﬁeﬁﬁﬁpﬁ’g&%&ﬁ %fhg?&%?éﬁ%zgﬁb%Fiﬁgﬁgnf ,&Ol%e%.r %ﬁ% version of the
device has the'ParietiaPsenereorberigsmaitindside the athvd woltris nernbefomrmistarsthat it may
contain. Insteattohplacing the.sddsdexipg-whael in its own cavity adjacent to the aperture in the
housing through which the piercing beads extend, the indexing wheel is formed integrally with the
hinge, which, pivotally connects the actuating lever to the housing. This frees up more space within the
housing for blidéee stotegenfbranbbe Sopntirend thepli@sy-drawidgsctheiaevica isablerdigecontain a

coil of at east 69dalistens. Referring ffs%tges&@%&%@&Q&g%hm@ggﬁ@n%l;%pimg%g%%répective views

of the inhaler accordipg to this embodiment The inhaler 50 issio the inhaler 1 of the first embodiment
and comprises'& Hetsiig SRty afi Eerrstohas shn dREit6h igha Resemaiy S3pBiRily mounted to
the housirg 5lhatonespad:/piesting rembescomprises apaidet pieraipg:heads dithat extend from

the lever arm §3,a0d g 180 ApEryre, 55,1 ihe Poysing when e sctustor 52 s n g dosed
position with the lever arm 53 lying stibstantially against the ﬁousmg , as shown
and 60 doses. The payload of each blister may be between 1ug and 100mg.
However, preferably, the payload is in the region of Img to 50mg and most
preferably between 10mg and 20mg. It will also be apparent that due to its
75 simplicity, the device may be disposable once all the blisters contained therein have

been used up. In this case, the housing may be formed as a permanently sealed

enclosure to prevent tampering.

Operation of the inhaler according to the second embodiment will now be described

20 with particular reference to Figures 12A and 12B. As can be seen in Figure 124,
when the cap 43 is closed, the pietcing heads 9 on the actuator 3 are held clear from
the aperture 8 in the housing 2 by means of the cam pin 41 located in the cam track
42 in the cap 43. The cam track 42 is preferably shaped so that the cap 43 can be
initially pivoted relative to the housing 2 by at least 90 degrees without any

25 movement of the actuator 3 occurring thereby allowing inspection or cleaning of the
mouthpiece 5 without piercing of a blister 62. However, when the cap 43 is rotated
relative to the housing 2 beyond 90 degrees, the cam pin 41 is guided by the track
42 causing the actuator 3 to pivot into a position shown in Figure 12B in which the
pietcing elements 9 extend through the aperture 8 in the housing 2 and penetrate 2

50 blister 6b situated immediately behind the aperture 8 within the housing 2. At this

stage, the dose may be inhaled through the mouthpiece 5.

As the cap 43 opens the gearwheel 40 rotates due to engagement with the gearwheel




10in Figure 14A. A cap 36 is pivotally attached to the housing 51 and is operable to cover the
mouthpiece 57 when the inhaler is not in use. As with the first and second embodiments, the
mouthpiece 57 is integral with the lever arm 53 although it has a triangular or semicircular section
against which the 15lips can be placed, as opposed to a tubular section which is placed in the mouth.
The shape of the mouthpiece and the airway construction within it is illustrated in the cross-sectional
view of Figure 18. It will be appreciated that the airway construction is very similar to the construction
of the airway described with reference to the first arit¥ second embodiments and so no further
description of it 20will be made here. However, it will be appreciated that because the indexing wheel
is now located away from the region where the blister is pierced, the blister to be pierced is now

supported in a Hlistersuppott bfder 58 fserrig et prreat shice Seeieides @ indesirg wheel (not

shown) incorparatifl @ satched irechanism as hasAlisady heendescribed wWithsefesence, to the first
and second em%o imegts, except that in this embodiment the indexing wheel has been made integral

FWNICA HHE IeVaY 8Ff B35S0 that TPFTtd] REARPPRE A U as the lever

with the hinge 5o
arm 53. 30Whesn-themap S6plras heancopehedsanch thélteviep ispiloted from its dlogedbsifion (as

shown in FiguresldA) inta ifs.open, Pasiian (s shown Inukigyre A4B), e, indexing wheel rotates

together with the lever due to engagement between a ratchet mechanism between the indexing wheel
and the lever 53858 Gotarakisza Braterithtie oo tumignthamt Ritrpiecisefttve 95 inudimbEses in the
blister support bleeabd.: However whenthesleyer is refuped inisiclosed Rasition the indexing wheel
does not rotatebgu%to eth draetc%(k)let cr:neencha&lsm S ttge blister sﬂip remains staéiq1r ary. @ second ratchet
connection between the indexing Whesland the NoUSg Prevents backwaits rotatioh fhe indexing
wheel. During die Piersiparicohthes Rureriifrdket tHalpiemingelémehts Sdexténdtbsiowgh the aperture
55 and piegce thelid of tﬁglgggl@gg blister. The dose is now ready for inhalation through the
mouthpiece 57. As described with reference to the previous embodiments, the device may
10incorporate a chamber to receive used blisters. However, this is not essential and the used blisters
may simply be fed eutisighd device cAhetitisigp oty 5 A{sae Higuse window could be provided

in the housing 2 and a dose number printed on each blistet 62 readable through the
opening or window so that the user can monitor the number of doses that have

75 been used or that remain in the device. This avoids the need for a complicated dose
counting mechanism often found in conventional devices. Alternatively, the housing
2 could be wholly or partially formed from a transpatent material so that the
number of blisters 6 remaining in the device can cleatly be seen through the walls of
the housing 2.

20
As shown in the Figure 13, the blister strip 6 provided for use with the inhaler 1 of
the invention may be provided with serrations, cut-lines 50 ot other frangible
features to facilitate the separation of the blisters 6a from each other. Alternatively,
or in addition to the frangible features, the edge of the blister strip 6 may be

25 provided with notches 51 between each blister 62 to make the strip easier to tear.

Another embodiment of the device will now be described with reference to Figure
14A to 19. This version of the device has the particular benefit of being small in
size relative to the number of blisters that it may contain. Instead of placing the
30 indexing wheel in its own cavity adjacent to the aperture in the housing through
which the piercing heads extend, the indexing wheel is formed integrally with the
hinge, which pivotally connects the actuating lever to the housing. This frees up

more space within the housing for blister storage. As can be seen from the




16) may extend from the aperture against which used blisters may be torn off by puffing them against
the edge in the direction indicated by the arrow in the drawing. The cutting edge may be serrated to
facilitate detachment. It will be noted that the strip is prevented from being pulled out of the device by
the piercing heads, which are located in a blister, and secures it in position. It will be appreciated that
any configuration of piercing member may be used including solid or hollow pins as well as piercing
blades. However, it is desirable to 20include features that enhance the flow of air into the blister to aid
entrainment and deagglomeracion by, for example; #troducing a swirling airflow into the blister. One
particular arrangement of piercing head 60 which may be employed with any embodiment of the
invention and which allows a freer flow of air into the blister will now be described with reference to
Figures 18 and F8¥25ade 4 i seebifronsFgine t8il ierplerein§ hiember 60 is preferably integral
with the lever arm that has a pair of apertures 61 therein for the flow of air into the blister and the flow
of air together Vﬁit?etgg dgs? toulg‘o_f th%lplisteé.&ge lercing member 60 comprises a pair of piercing
heads each of which cemprises &5&it bt 48&on afg%ﬁtffns CEhIBREBBPEp AT NI den other and
extending in a |atersk direction frothia pointédhpriniBiy outtiag dlémenti63wvhichnisameounted on and

extends betwea ie.secondanteuling slements £2. Thesiman; and secondary, g glements

~ r
62,63 extend over gne of the apertures 61'in the lever atm 53.. -30 - Each 0 the. secon%llary cutting
elements 62 diiadF o st ARd SedBiacRmag Tikmbrte B3l BoprharExiaridansrally from opposite

sides of the primanyteutiingpeiemept b Haadirst indsecond euttinormembers,62a.62b are upwardly
angled away fromdtpe lever arm and t rimary cutting .element upstands from the secondary cutting
member 62 at the pglcﬁ%ewlﬁg?eaﬁ%p ﬁ%?gr? g@c%%‘ﬁ%ﬁtl%r}fﬁnn%% Cte‘? t%’zr]é%ﬁ?ﬂao‘f%%?@n secondary
cutting elementiGRiseetithtid sseonaanséuttimg salomend 6 2gmuting sriwasitly fowardheach other so that

the centralpiercingignember 83 has diamendishapede side v afile: Assshown,in Figyre 198, this open

construction allows more air to flow around the sides of the blister in"comparison 70with the piercing
member arrang&MentErRIIR A A theh sfe fRalH radipictiaiffow into the blister (as shown in Figure

19A). It will be appreciated that the dimensions of the piercer of the present invention can be chosen to

suit different sizgs. g shapes,gfRlisters. Eythermore fhe number. 15and arrangement of piercers can
be varied within the scope of the invention. For example, a argept:ﬁlster may Have'a pair of larger

piercers, or multié {4irs of Shaute ihercersatsriex amisiaisiouiie reero forghiesaivimtbttand two for the

air outlet. 75 lips can be placed, as opposed to a tubular section which is placed in the mouth.
The shape of the mouthpiece and the airway construction within it is illustrated in
the cross-sectional view of Figure 18. It will be appreciated that the airway
construction is very similar to the construction of the airway described with
reference to the first and second embodiments and so no further description of it
20 will be made here. However, it will be appreciated that because the indexing wheel
is now located away from the region where the blister is pierced, the blister to be

pierced is now supported in a blister suppozrt block 58 (see Figure 17).

The device 50 includes an indexing wheel (not shown) incorporating a ratchet

25 mechanism as has already been described with reference to the first and second
embodiments, except that in this embodiment the indexing wheel has been made
integral with the hinge about which the lever arm 53 pivots so that it rotates about

the same axis as the lever arm 53,

30 When the cap 56 has been opened and the lever is pivoted from its closed position
(as shown in Figure 14A) into its open position (as shown in Figure 14B), the
indexing wheel rotates together with the lever due to engagement between a ratchet

mechanism between the indexing wheel and the lever 53 and so draws a blister into




It will be further appreciated that the use of the piercer of this invention is not 20 limited to the inhalers
described in the embodiments and may be used with any inhaler comprising a puncturable blister.
Referring to Figures 20 to 26, there is shown another embodiment of the vention that will now be
described in detail. 25 The inhaler 70, according to this embodiment, comprises a housing 71 having
an actuator 72 pivotally mounted thereto for rotation relative to the housing 71 about an axis indicated
by the line marked "A" in Figures 20 to 22. A cap 73 is pivotally attached to the housing 71 and may be
moved between an open position, as shown 30in F¥jure 20, and a closed position in which the cap 73
covers a mouthpiece 74 to protect it and to prevent the ingress of dirt into the housing 71 through the
mouthpiece 74. In Figure. 21, the actuator 72 has been pivoted about axis "A" from its closed position
shown in FiguréSPeriith WML OB ER B oSN toFeved & pidiirig ireribeiceb At it = pair of
piercing headsyhan Upstandingfremethe, astuaiad (2 sind ANRpedue  GiBdhe housing:/L through
which. the pieré:ing h?ads 75 extends.when ?ﬁtpg actuator 72 is.in its closed Rositior&. A finger grip 77 is

integrally mou e Cl]n%etﬁécﬁ%rﬁl Ticphzé?l he Actlia ol%srﬁ {5 fAcTrAle MEvERi&Tit of the actuator 72 by the

user between idpencand closedpositibag s Asawithviire prelibas emivgdiments, thesleusing 71
contains a,coiled,sirip Qf Blisiers 10028, (Breifigue23) pnd anesHeh RISISL s 8a.(5re figure 21) is

located in a piercing position i.n which it is visible through the aperture 76. It will be noted that each of
the blisters in (HESH 78 AFEPAURTBERE M EPHE HuMBESREE Bhetdd Richtetimed fiktkihg position is
also visible throhgldbeiapestueadsGoOnveage ahibeghptetuenfiGisqerovided with a cutout 79 (see
Figure 21) to enable the number of this blister 1578a to be seen by the user when the actuator 72 is in
its open position. As has already been described with reference to the embodiment of Figure 4, a
cover 80 is pivétafissatfechedtecfsecnousing Tnraviduerrsibsddesiatie eeréweive used blisters 78b that

are fed infg thig, spaeg-tRrouah.a$let aldsee Faurgi3)famned i, 20the wall.ofthe housing 71. It will
be appreciated that t eéspace encl,oseid gy Ehf covefr EO (iis suffi&iently Iar%e enough to accommodate
only a few use@%ﬁ?f’ hfgﬁsa&may stmply bé fed out of the device. A cutting edge 59 (sée Figure

16) may extend from the aperture against which used blistets may be torn off by

pulling them against the edge in the direction indicated by the arrow in the drawing.

The cutting edge may be serrated to facilitate detachment. It will be noted that the
75 strip is prevented from being pulled out of the device by the piercing heads, which

.are located in a blistet, and secures it in position.

It will be appreciated that any configuration of piercing member may be used
including solid or hollow pins as well as piercing blades, However, it is desirable to

20 include featutes that enhance the flow of air into the blister to aid entrainment and
deagglomeration by, for example, introducing a swirling airflow into the blister. One
particular arrangement of piercing head 60 which may be employed with any
embodiment of the invention and which allows a freer flow of air into the blister
will now be described with reference to Figures 18 and 19.

25
As can be seen from Figure 18, the piercing member 60 is preferably integral with
the lever arm that has a pair of apertures 61 therein for the flow of air into the
blister and the flow of air together with the dose out of the blister. The piercing
member 60 comprises a pair of piercing heads each of which comprises 2 pair of

30 secondary cutting elements 62 spaced from each other and extending in a lateral
direction from a pointed primary cutting element 63 which is mounted on and
extends between the secondary cutting elements 62. The primary and secondary

cutting elements 62,63 extend over one of the apertures 61 in the lever arm 53..




a time and so a section of used blisters 78b must periodically be removed from those unused blisters
78 that remain in the housing 71. In this embodiment, as shown in Figure 22, the cover 80 is pivotally
hinged to the housing 71 for rotation 23about an axis which is substantially parallel to the direction of
movement of used blisters 78b out of the housing 71. Even when the cover 80 is closed, there is a gap
(not shown) between the cover 80 and the housing 71 so that if a user does not remove a sip of used
blisters 78'0 when the space is full, the used blisters 78b will pass through this gap and protrude out of
the housing 71. .30 As can be seen from Figures 23@nd 25, the housing 71 is preferably formed in two
halves which, as with all the embodiments, may be formed from a translucent plastic such as
polypropylene and which are held together using suitably positioned and - 32 - integrally moulded
clip-in mounting i< fribe shraRA) theittEoapatawith eordespoim iy irmolnig heste®3. In the side

view of the devigesshawepin Eigure23onehalliof thehousing./ldas been remaved:sa.that the
location and paép of a f%%l%%g\%lp of blisters 78 through t using 71 is clearly visible, as are the
ie

eh
internal compofieht&™s &Sé.a*f’ﬁéeﬁ%’lﬁitﬁ‘bﬁ%%%%ﬁﬁﬂ?@%&oat OVt IAVA 5EEN omitted from
Figure 23 for th@zpulﬁg@se@@ie@iarhtym&ﬁh@ntghﬂimeﬂmnﬁgﬁm@zﬁahﬁesgmaﬁbérmpﬁmble by the user to
enable them (0 4efi s heusing. Wil freshial R oL USRS i Alsp.envisaosd ipt the innaler could
|

10be of the "single use 'ﬁté/pe in which a strip of blisters is located in the housing dining assembly,

which is then sH5&RRfIE AdY Seard 2 Erics R EFIB TSRS hed BeEn ERRaERted the whole device is

simply thrown. awvayy Kiwilthe appreciated-thay the-simpliaity okthe pefered embpdiments of the
device and the fact h?%g‘ﬁ&’s re magesgrom ar Iatlvet{ esxlsalilhrgumbe of corlr&%;)nﬁrs]ts no more than

. cmper (0] 13 in side pro. . 10 fiour t. n
nine), all of 15 Which aré made from a plastics makenal. means that it i1$ very chéap 18 Manufacture

and so renderingitsthisposable wfter s smglefstrip ofublisteessiias bedrn bithtaustedisparisiable
proposition Se@iagtmepn%ﬁ%glguﬁa%mge@g%@ alsq.renders dhe deviceiamperproof. 20The

blister strip 78 passes over a blister strip locator chassis 84 received in the housing 71 and mounted
adjacent to the 4R ELAREE (e theBrdf By St from the exploded view of Figure 25, the
chassis 84 comprises two arcuately shaped

It will be appreciated that the dimensions of the piercer of the present invention can
be chosen to suit different sizes and shapes of blisters. Furthermote the number

75 and arrangement of piercers can be varied within the scope of the invention. Fot
example, a large blister may have a pair of larger piercers, or multiple pairs of

smaller piercers, for example two piercers for the air inlet and two for the air outlet.

It will be further appreciated that the use of the pietcer of this invention is not
20 limited to the inhalers described in the embodiments and may be used with any

inhaler comprising a puncturable blister.

Referring to Figures 20 to 26, there is shown another embodiment of the invention
that will now be described in detail.
25
The inhaler 70, according to this embodiment, comprises a housing 71 having an
actuator 72 pivotally mounted thereto for rotation relative to the housing 71 about
an axis indicated by the line marked “A” in Figures 20 to 22. A cap 73 is pivotally
attached to the housing 71 and may be moved between an open position, as shown
30 in Figure 20, and a closed position in which the cap 73 covers a mouthpiece 74 to
protect it and to prevent the ingress of dirt into the housing 71 through the

mouthpiece 74.




parallel wall members 84a, 84b joined to and spaced from each other by a width which is only slightly
greater than the width of the blister strip 78 so that the strip 2578 (only a short section of which is
shown in Figure 25) passes between the wall members 84a, 84b and is guided and supported by them
and by the upper wall of the housing 71 as the strip 78 passes therethrough. Each wall member 84a,
84b is provided with integrally moulded lugs 85 that locate between corresponding lugs 86 integrally
moulded into the housing 71. Similarly, each wall m 7g%nber 84a, 84b has 30slots 87 which mate with
corresponding locating features 82 on the housing 71 to firmly mount the strip locator chassis 84 in
position. - 33 - between the wall members 84a 84b. The arm SS is preferably integrally moulded

together with tE‘§15 iR I%att%r c 2 lfro lasti . NE terial SuG acetal The free end of the
arm 88 is divided ifito two forks 8%1 yetween which Er?lgnde’j})j(mgl%v |s mtata%sly mounted. 3
Referring now k6 ¥i§areb o the fimdesitiiorheat @@haﬁem’t@@ﬁ@l@ee Waﬂramgedm aretieshape and it.

is positioned substaialy %M'ﬁMEBAQ%@@JﬁA" outamieh thenaciuates /2 rafatgs with respect to

the housing 71. The h sm iS also rOV|de gdexm g wheel anti-rotation and location ramps

92,93 which th& 10 ng W 8F§6gi {eFAtG |ﬁﬁ SRS pRASIERT AR BRI Tt YStation of the
indexing wheeBQEOacasamH Beiexplaingddi pporecdetaiflater. ¢The’ actuata:712 includes apair of flanges

94a,94b. One ﬁ@@%&‘&%%@%}% ahaned opeoingfa baldogaies direatly.en g.corssaondinaly shaped
spigot 96 integrally formed on one-half of the housing 71. The ot ?Iange 94b I1s {)rowae with a

larger opemng@?"fﬁ%{t 1 Srspedicisceivesi#iedtpling plate 98 therein. The flange 94h is provided with
a recess 99 in the edge of the opening 97 in which is received a locating tab 100 protruding from the

coupling plate %8 V-rl;phet g%@é@gtpslatebggjmaegtg the housing 71 contains a coiled strip of blisters
10 78 (see Figure 23) and one such blister 78a (see figure 21) is located in a pietcing
position in which it is visible through the aperture 76. It will be noted that each of
the blisters in the strip 78 are numbered and the number of the blister located in a
piercing position is also visible through the aperture 76. One edge of the aperture

76 is provided with a cutout 79 (see Figure 21) to enable the number of this blister

75 78ato be seen by the user when the actuator 72 is in its open position.

As has already been described with reference to the embodiment of Figure 4, 2
cover 80 is pivotally attached to the housing 71 and encloses a space to receive used
. blisters 78b that are fed into this space through a slot 81 (see Figure 23) formed in

20 the wall of the housing 71. It will be appreciated that the space enclosed by the
cover 80 is sufficiently large enough to accommodate only a few used blisters 78b at
a time and so a section of used blisters 78b must petiodically be removed from
those unused blisters 78 that remain in the housing 71. In this embodiment, as
shown in Figure 22, the cover 80 is pivotally hinged to the housing 71 for rotation

25 about an axis which is substantially parallel to the ditection of movement of used
blistets 78b out of the housing 71. Even when the cover 80 is closed, there is 2 gap
(not shown) between the cover 80 and the housing 71 so that, if a user does not
remove a strip of used blisters 78b when the space is full, the used blisters 78b will
pass through this gap and protrude out of the housing 71.

30
As can be seen from Figures 23 and 25, the housing 71 is preferably formed in two
halves which, as with all the embodiments, may be formed from a translucent plastic

such as polypropylene and which are held together using suitably positioned and




shaped opening 98a that locates on a correspondingly shaped spigot 101 on the 20 other half of the
housing 71. An arcuately shaped opening 105 in the housing 71 surrounds the spigot 101 through
which extends an angularly shaped drive tooth 102, which protrudes inwardly from the coupling plate
98. The drive tooth 102 extends into a space between two spokes 91 of the indexing wheel 90 and its
function will now be described with reference to Figure 26. 25 Figure 26 illustrates a series of drawings
to show how the indexing mechanism wotks when the actuator 72 is rotated between its closed and
open position and back to its closed position once aé%\in. The blister strip 78 has been omitted from
Figure 26 for clarity although it will be apparent that, as the indexing wheel 90 30rotates, a blister will
be located between a pair of spokes 91 and pulled through the housing 71. - 34 - with the indexing

wheel mounted THEFALS, e s A HHSBLLEH W RERIRRT SEAT I IIEARE &% SFHAI forces are applied
to it. The drive tooitsdfORicanbeseen pesiithdd betweenitwe bflihe spokes-QtanFHiband spoke 91d

is positioned betwveen the anti-rotation an lIoc%\tion ramps;92,93,. 1 elanti-.rotati n lamp 92 prevents
any 5rotation of the i%déxingtw?]e(élllsgl(r)l%n a gécke\?\ﬁsléera?reecti?n a%t\fle?(vgc fhofhzéngr 2\l/?/‘kllng. When the
actuator 71 is retéted towarddistso gt posith Hhih e eirébor O AT A 2 i FigiréoPBBlthe drive

tooth 102 contacisspake:khnFueiet.rotation.afiprAcuator bk @s sbewndnHgwea26C, causes the
indexing wheel 90 to C{?tate,};jn an Z%%nti-églockwise dir§ tion as viewed in the drawing, due to the
arive 166

engagement b&tween the i 202"5H0 the’ Spdke b, thereby indexing the blister strip 78. As

theindexing wheel 90 rotates, spoke 91c comes Into contact With the anti-rotation ramp 92. When the

anti-rotation ramﬁh%%garpﬁlm§ra%9§ﬁa@g;%9;ebé%@p&w@&tqﬁ%&fttaeeﬁgﬁweatﬁgnlmetﬁﬁ direction of
arrow marked "A" causes the arm 8 ‘ _ o
the housing with a fresh strip of blisters, it is also envisaged that the inhaler could

10 be of the “single use” type in which a strip of blisters is located in the housing
during assembly, which is then subsequently sealed. Once that strip of blisters has
been exhausted, the whole device is simply thrown away. It will be appteciated that
the simplicity of the preferred embodiments of the device and the fact that they are
made from a relatively small number of components (no more than nine), all of

75 which are made from a plastics material, means that it is very cheap to manufacture
and so rendering it disposable after a single strip of blisters has been exhausted is a
viable proposition. Sealing the housing during manufacture also renders the device

tamperproof.

20 The blister strip 78 passes over a blister strip locator chassis 84 received in the
housing 71 and mounted adjacent to the aperture 76. As can be most cleatly seen
from the exploded view of Figure 25, the chassis 84 comprises two arcuately shaped
paralle] wall members 844, 84b joined to and spaced from each other by 2 width
which is only slightly greater than the width of the blister strip 78 so that the strip

25 78 (only a short section of which 1s shown in Figure 25) passes between the wall
members 842, 84b and is guided and supported by them and by the upper wall of
the housing 71 as the strip 78 passes therethrough. Each wall member 84a, 84b is
provided with integrally moulded lugs 85 that locate between corresponding lugs 86
integrally moulded into the housing 71. Similarly, each wall member 84a, 84b has

30  slots 87 which mate with corresponding locating featﬁres 82 on the housing 71 to

firmly mount the strip locator chassis 84 in position.

The strip locator chassis 84 includes 2 resiliently deformable arm 88 depending from




to resiliently deform and deflect in an upward direction (in the direction of the arrow marked "B" in
Figure 26C) so that the spoke 91c can clear the and-rotation ramp 92. When the actuator 71 has been
rotated into its fully open position, the indexing wheel 90 has rotated through a full 90 degrees and
spoke 91c clears the 20anti-rotation ramp 92 thereby allowing the indexing wheel 90 to drop back
down and the arm 88 to return to its original undeformed state. The actuator 71 is now rotated back
into its closed position, in the direction of arrow "C" in Figure 26E. The drive tooth 102 is shaped so
that, on the return 25 stroke of the actuator 71, it stidés over the top of the preceding spoke 91a and
does not rotate the indexing wheel 90 in a clockwise direction. As shown in Figure 26E, engagement

of the drive too{)h 102 wijth thﬁ indexing wheg| 90 actually causes the arm 88 and the indexing wheel
etWeencﬁ%/ei‘rxfz’t SGIPEEHOR S Ao thAFREEE B P Rigbie oiserally tHiR5t5Sition, spoke 91c

90 to deflect downwar
is pushed downdgetietwvegntBOthe ahtiaotationangh | Geatiapramp 92,93 thekeby el anting any
rotation of the indexing wheel 904dn either direction. 3RS Used.blister that has just been ndexed
into place and is visiblec_)thrlougrh thelzlpevrltuere 76 irﬁ“’tﬁeoﬁc{)sugﬁlg 71 Tt will %agplﬁgsé%fg%ed that, if the
actuator 71 is r&fiféd t&ﬁ%t%ﬂ%édﬂﬁééiﬁén before 5 the full stroke is completed, the tooth 102 will
engage thesspoke 91a and cause the indexing wheel 90 to rotate in a clockwise direction back into its

original position, This ensures that a partial index cannot t lace and so the piercing heads 75 will
always enter a ?%éf?%ﬁﬁ‘ﬁﬁ%l&%%ufﬁég %ié}he:ilnng Hedad lnggj“ gﬁ%‘f&&?ﬁﬁ?@?rﬁ’éﬁ%ﬁ& er with the
actuator 71, it istaf6’ ehvisaged thap thei piercingsmembermaizbeiforninedas a separately moulded

component 105,35 shQWR.IN:FIoues:. 2L, &1A and27B, whigh Jacates ina walled recess 103 in the

actuator 72, as shown in Figure 28. The piercing heads then extend from this separately moulded
component. ThRESViT soW BerfssibBlsH ATsreeian Fre iprefig e ber 10%istatPbe used with any
of the embodimedtsiof the-unkalatiencteviee destithedippreraanddasshowsdaddgyras 7, 27A and
27B, comprises %gnain bﬁéje}’ (Rprgioniﬂ.%% havizg. .an upper §Urf§‘?ﬁ 107 which lies flush 20against the

upper surface of alid of a pierced biister W enrfheorlileerf;teafl has fully

The actuator 72 includes a pair of flanges 942,94b. One flange 942 has a shaped
opening 95 that locates directly on a correspondingly shaped spigot 96 integrally

75 formed on one-half of the housing 71. The other flange 94b is provided with a
larger opening 97 that is shaped to receive a coupling plate 98 therein. The flange
94b 1s provided with a recess~ 99 in the edge of the opening 97 in which is received 2
locating tab 100 protruding from the coupling plate 98. The coupling plate 98 has a
shaped opening 98a that locates on a correspondingly shaped spigot 101 on the

20 other half of the housing 71. An arcuately shaped opening 105 in the housing 71
surrounds the spigot 101 through which extends an angularly shaped drive tooth
102, which protrudes inwardly from the coupling plate 98. The drive tooth 102
extends into a space betweeﬁ two spokes 91 of the indexing wheel 90 and its
function will now be described with reference to Figure 26.

25
Figure 26 illustrates 2 series of drawings to show how the indexing mechanism
wotks when the actuator 72 is rotated between its closed and open position and
back to its closed position once again. The blister strip 78 has been omitted from
Figure 26 for clarity although it will be apparent that, as the indexing wheel 90

30 rotates, a blister will be located between a pair of spokes 91 and pulled through the

housing 71.

Referring to Figure 26A, the actuator 71 is in its closed position and the arm 88,




entered the blister 119. The piercing heads comprise one piercing tooth 108 upstanding from the
upper surface 107 and another piercing tooth 109 upstanding from a relieved 'or recessed region 107a
of the upper surface 107. The geometry of teeth 108,109 is similar to the geometry of the teeth already
described with reference to Figures 18 and 19. Apertures 110,111 are formed in the upper surface 107
and recessed region 107a beneath teeth 108,109 respectively. As can be seen in Figure 27A and 27B,
the angles of the piercer are chosen to facilitate effective and clean cutting of the foil without tearing
the foil in an 30uncontrolled manner. The preferred ?l‘énges and values for these angles are given in

the table below: - 36 - Angle Preferred range Value of embodiment ofn Figures 27, 27A, 27B 150 - 45
330 b 15 - 45 34

with the indexing wheel mounted thereto, lies in an unstressed or relaxed state in
which no external forces are applied to it. The drive tooth 102 can be seen
positioned between two of the spokes 91a, 91b and spoke 91d is positioned between
the anti-rotation and location ramps 92,93. The anti-rotation ramp 92 prevents any

5 rotation of the indexing wheel 90 1n a clockwise direction as viewed in the drawing.

When the actuator 71 is rotated towards its open position, in the direction of atrow

“A” in Figute 26B, the drive tooth 102 contacts spoke 91b. Further rotation of the

actuator 71, as shown in Figure 26C, causes the indexing wheel 90 to rotate, in an
70 anti-clockwise direction as viewed in the drawing, due to the engagement between

the drive tooth 102 and the spoke 91b, thereby indexing the blister strip 78.

As the indexing wheel 90 rotates, spoke 91c comes into contact with the anti-
rotation ramp 92. When the anti-rotation ramp 92 and the spoke 91c engage, further

75 rotation of the actuator 71 in the direction of atrow marked “A” causes the arm 88
to resiliently deform and deflect in an upward direction (in the direction of the
arrow marked “B” in Figure 26C) so that the spoke 91c can clear the anti-rotation
ramp 92. When the actuator 71 has been rotated into its fully open position, the
indexing wheel 90 has rotated through a full 90 degrees and spoke 91c clears the

20  anti-rotation ramp 92 thereby allowing the indexing wheel 90 to drop back down

and the arm 88 to teturn to its original undeformed state.

The actuator 71 is now rotated back into its closed position, in the direction of
arrow “C” in Figure 26E. The drive tooth 102 is shaped so that, on the return

25 stroke of the actuator 71, it slides over the top of the preceding spoke 912 and does
not rotate the indexing wheel 90 1n a clockwise direction. As shown in Figure 26E,
engagement of the drive tooth 102 with the indexing wheel 90 actually causes the
arm 88 and the indexing wheel 90 to deflect downwardly in the direction of atrow
marked “D” in Figure 26E. In this position, spoke 91c is pushed down in between

30 the anti-rotation and location ramps 92,93 thereby preventing any rotation of the

indexing wheel 90 in either direction.

At the completion of the return stroke, the ptercing heads 75 pierce a previously




50-3015d5-3016" It may be advantageous to form the primary cutting element 63 so that it is
positioned asymmetrically with respect to the secondary cutting elements 62. The first and second
cutting members 62a,62b .of each secondary cutting element 62 each extend laterally from the
primary piercing element by different distances such that the two flaps formed by a piercing head are
not the same size, as can be seen in Figure 27A .As shown in the drawing the piercing heads 108,109
are arranged so that smaller flaps are formed towards the ends of the blister's major axis where the
depth of the blister is shallower, and longer flaps aré¥ormed towards the centre of 10the blister where
the blister is deeper. The relative length of the first and second cutting members 62a,62b is defined by
the ratio kij in Figured 71A. Preferably this ratio is between 1 and 2. In the embodiment of Figures 27,
27A and 27B thé fatio 16°1°2 .t%/ kPS8 nfsE uhefualse e dyghierkeusdt fhedicament are less
likely to get trappedudtifnithd dlisteing B1A short tubular section 112 depends from the other side of
the main body portion 106 in the opposite direction to the tooth 108 and is in communication with the
aperture 110. The outer surface of the tubular section 112 has axially extending spacer ridges 113 for

reasons that wilf BECSmaraprraredthatmbihstrigupinlidaissoeddpdnaiofshy ehdiendintbisdy portion

106 to facilitateradtaahraeieaf the.pietcing membakOniothe Actualpbit2oYyhen awseminhales
through the moluw%}){ilece %éﬁ'r Is sucked thrqu%h apec{ture.ll%?;%d intq the blister 119 via an opening
in the lid 119a o1 the Biister 119 SrE278a By oSt T8 “FETHA™ Ot FERAGS R PASEL%ed region of
the main body pottionst@6 serthatarghpiscreated bétwéen tid blister fidtiQshantt fiievdlirface of the
recessed regiondQ7a.igalloyy;free and unrestricted flow of air into the blister 119 through

70 Although the piercing heads 75 may be integrally formed together with the actuator
71, it is also envisaged that the piercing member may be formed as a separately
moulded component 105, as shown in Figures 27, 27A and 27B, which locates in a
walled recess 103 in the actuatot 72, as shown in Figure 28. The piercing heads then
extend from this separately moulded component. This will now be described in

75 more detail.

The piercing member 105 may be used with any of the embodiments of the
inhalation device described herein and, as shown in Figure 27, 27A and 278,
comprises a main body portion 106 having an upper surface 107 which lies flush
20 against the upper surface of a lid of a pierced blister 119 when the piercer has fully

entered the blister 119. The piercing heads comprise one pietcing tooth 108
upstanding from the ﬁppe: surface 107 and another piercing tooth 109 upstanding
from a relieved 'or recessed region 107a of the upper sutface 107. The geometry of
teeth 108,109 is similar to the geometry of the teeth already described with

25 reference to Figures 18 and 19. Apertures 110,111 are formed in the upper surface

107 and recessed region 1072 beneath teeth 108,109 respectively.

As can be seen in Figure 27A and 27B, the angles of the piercer are chosen to
facilitate effective and clean cutting of the foil without tearing the foil in an
30 uncontrolled manner. The preferred ranges and values for these angles are given in

the table below:




- 5'7 - the aperture 109. The drug 119c contained in the blister 119 is entrained in the airflow entering
the blister 119 formed by tooth 109 and is carried out of the blister 119 through the opening cut by
tooth 108 through the aperture 110 and tubular section 112 into the mouthpiece 74: from where it
passes into the patient's airway. 5 The upper surface 107, around tooth 108 is shaped to fit closely
against the blister lid when the teeth 108,109 have entered the blister 119 to their fullest extent so that
leakage of air into the exit airflow between the upper surface 107 and the blister lid 119a is minimised.
- 10 As already described with reference to Figure 9,16 reduce the overall pressure drop across die
device and make it easier for the patient to inhale a dose, outside air is introduced into the exit airflow
through a bypass-conduit-118. In this embodiment, the piercing-head 105 is mounted to the actuator
72 via the tubuilar sB8§0N 112/ thAETSEAEES HRRin the WAIRHTBRELE TS oFhe ridges 113 form an
interference fit with 15 the walled recess 103 butgapsgirspaces/betaveen the ridges 113 form a
bypass conduit-t18-throtugh-whichb) '“qs%air tS-tirawn-hto t%‘g" mouthpieee 74 together with the airflow
passing through the blister 119. It wi ?dbe appreciated that the%ypass air does not pass through the
blister 119 but entersithe mouthpiec®74468parately. This redifées the overall resistance to inspiratory
flow, making the device 20easier to gse ;A6 Nas been descriged wittrreference to the embodiment of
Figure 9, mixing-of bypass airlwith air that has passed through the blister 119 also enables more
efacient dispersion of-drug in the insf)oire%joair. A mesh 115 (sééoFigure 29) may also be moulded into
the mouthpiece 74 through which all the inspired air passes so as 6 provide additional dispersion.
Holes 114 are Qr?ﬁ/id?id ig a region Wtheﬁe th%hmouthft)iece 74 jo{ns theq%ctuaglor 72 through which air is
fed via the aperturé 11150 Thebiistst 118 and Vi e bl Piss TBRBLI LS 18FH&d by the spaces
between ridgesp? 18 oirnd thvenmetthpie cuth4e88The dirflevwdhroughwarpigrdeddolister. ThO and into the
mouthpiece 74 isJllysirated schematicaliy.in FiguEe 29 M&?@emwy&m%eéemgm the

mouthpiece 74, air is drawn from outside through the holes 114 between the mouthpiece 74 and the

actuator 72 froff WHETETE BEWE I {5 MR i BILPAT OOt A tms Aperitiderers, digancsg such

that the two flaps formed by a piercing head are not the same size, as can be seen in

Figure 27A . As shown in the drawing the piercing heads 108,109 are arranged so
that smaller flaps are formed towards the ends of the blister’s major axis where the
depth of the blister is shallower, and longer flaps ate formed towards the centre of
70 the blister where the blister is deeper. The relative length of the first and second
cutting members 622,62b is defined by the ratio kij in Figure 27A. Preferably this
ratio 1s between 1 and 2. In the embodiment of Figures 27, 27A and 27B the ratio
1s 1.2. By making the flaps unequal sizes, agglomerates of medicament are less likely

to get trapped within the blister.

A short tubular section 112 depends\ from the other side of the main body portion
106 in the opposite direction to the tooth 108 and is in communication with the
aperture 110. The outer surface of the tubular section 112 has axially extending
spacer ridges 113 for reasons that will become apparent. A mounting pin 114 also
20  depends from the main body portion 106 to facilitate attachment of the piercing

member105 to the actuator 72.

When 2 user inhales through the mouthpiece 74, air is sucked through aperture 111

and into the blister 119 via an opening in the lid 1192 of the blister 119 created by
25 tooth 109. Tooth 109 upstands from a recessed region of the main body portion 106

so that a gap is created between the blister lid 1192 and the surface of the recessed

region 107a to allow free and unrestricted flow of air into the blister 119 through




indicated by arrow marked "F". In addition to inlet airflow through the aperture 111, air is also drawn
into the blister 119 through the space between the lid119a of the blister 119 and the recessed surface
107a, as indicated by arrow marked "G". In addition to airflow into the blister 119, air is also drawn
through the bypass conduit 5118 (in the direction of the arrow marked "H") formed by the spaces
between the ridges 113 of the tubular section 112 of the piercing head 103 and joins the exit airflow
leaving the blister 119 through the aperture 110 in the piercing member 105, in the direction of arrow
marked "1". The dose is entrained in the exit airflow>dnd this airflow from the blister 119 together with
the air that has Bowed into the 10 mouthpiece 74 via the bypass conduit 118 passes through the mesh
115 and out of the device into the patient's airway, in the direction of arrows marked "J". This

embodiment a$"d&8&fBEH as Thset s dithsacesrasdnisaRtiiethis is sryrmedrtyféwer than other

devices with a siffitlar sndanberted Hases it 5 fpessible, 16tehredoea dhe Gompanent ensptisiid further. The

case halves caﬂ,gf r example, be mould S a,Si moulding connected b oulded-in hinge at
the base of the cor%hﬁ%% %%?IO a5se Cﬁf?/g%ateoigv&})lfr%@%%o\?\%%%%bag %I‘éreeﬁ ?gg%%%é%%{%rm the housing.
Similarly, the cay &l Bisteicdberearitiracerd grampnidsidad 2ok sdditmpeshidsasen-described the

piercing element,cap he maulded as,part ohile.adualqr.inthis waydhe,mber.ef gguded
components c% Qgéreduced o five or six. A final embodiment of an inhaler according to the

invention will n SUHELEFISEY D3With FeretSRitetd Biybiratsot 1 Wil dppiracratent tathts
advantageous ferkugediblistets thdecejectedfienvthe devigp assthissesiiltada ensmaber iahd simpler
construction. If the deyice is to retain used blisters, then a take-up spool is required onto which the
used blister strip is wound. The obvious disadvantage of a take-up spool is that at all times during use
of the device there is an empty space within it. When the device is first used, the take-up spool is

empty, anghat the 2rd &f ds difecthetead spockisamphe Acsadingynthe device.must bemade larger
to accommodate thg Qxlieséer strig) oth. - 39 before and after use..In ernative. embodiment of the

present invention, the mh§f§%nn§e%§ fofiiig for the patient to inhele fgme, outsice air 1s
introduced into the exit airflow through a bypass conduit 118. In this embodiment,
the piercing head 105 is mounted to the actuator 72 via the tubular section 112 that
locates within the walled recess 103. The ridges 113 form an interference fit with

15 the walled recess 103 but gaps or spaces between the ridges 113 form 2 bypass
conduit 118 through which bypass air is drawn into the mouthpiece 74 together
with the airflow passing through the blister 119. It will be appreciated that the
bypass air does not pass through the blister 119 but enters the mouthpiece 74
separately. This reduces the overall resistance to inspiratory flow, making the device

20 easier to use. As has been described with reference to the embodiment of Figure 9,
mixing of bypass air with air that has passed through the blister 119 also enables
more efficient dispersion of drug in the inspired air. A mesh 115 (see Figure 29)
may also be moulded into the mouthpiece 74 through which all the inspired air
passes so as to provide additional dispersion.

25
Holes 114 are provided in a region where the mouthpiece 74 joins the actuator 72

through which air is fed via the aperture 111 into the blister 119 and, via the bypass

conduit 118 formed by the spaces between ridges 113, into the mouthpiece 74.

30  The airflow through a pierced blister 119 and into the mouthpiece 74 is illustrated
schematically in Figure 29. When a patient inhales through the mouthpiece 74, air is
drawn from outside through the holes 114 between the rﬁouthpiece 74 and the

actuator 72 from where it flows into the blister 119 through the aperture 111, as




used blisters in a more compact arrangement in which there is no unused space. This is achieved by
forming the blister strip into an endless loop and mounting the loop in the housing in a state in which it
has been wrapped around itself, as shown in Figure 30. Referring to Figure 30, it can be seen that the
housing 120 contains two spaced 70parallel walls 121, 122to define a pair of parallel spiral channels
123,124 therebetweea. The inner end of the channels 123,124 open out into a central chamber region
125 in which is rotatably mounted a feed spool 126 and a feed sprocket 127. The blister strip 130
passes from one channel 123 to the other channel 12% through the chamber region 125 and extends
around the feed spool 126 15and the feed sprocket 127 in an "S" shaped configuration. The blister
strip 130 also passes out of one channel 124 and is wrapped around an indexing wheel (shown_

generally by ref8faHEE MIMEIRAT P28 i Guré st beferé gakding s kamestn B e fRsF ©hannel 123. The
connections at bbthaends.iis effech ireatd arsingtel endiess ghannehterihe blistar stip 113020 The

blister strip 130 mqylg)t% pp@ven&i&nallﬁy formed before, its ends, ar bsequently joingd together. If the
length of the strtip 13b rﬁa’t(;héré theeéofﬁi)sl%es e?%cté@fat’haes %\r/lvcicgh%gr:gnyeflsrr §’3n1% ,e(iphe8 str%l 130 can be
loaded into the ¥fHHRARIE PEBIRAnsmhipbhtest AtSumd theltedihiyacbstrahripobtiresndexdng wheel 128

and the inner 25sprecket 24::a5 welkas heing-avidedaroupdiherspel 126, Thedndexing wheel 128
indexes the strip 130 y@ a_mouthpiece/actuator arrangement, as has already been described above
B b 506 b

with reference o Figures BSEH othe P Ind&EHG 8 ARSI ey BB &ised. 30 If
suitable low frictiofowdterials threblised ! tetinnegis pook dauantiSprotkepit2ia neeshbet besdriven other
than by the strip,78 itself £ 8¢ong-stiR.¢& or-tognsyre reliable operation, the spool 126 and
sprocket 127 may be connected to the indexing - 40 - wheel 128 by a S|mpf'e drive train, belt or similar
mechanism (no’Ebéhé’xﬂﬁlﬁ.W from the blister 119 together with the air that has flowed into the

70 mouthpiece 74 via the bypass conduit 118 passes through the mesh 115 and out of

the device into the patient’s airway, in the direction of arrows marked “J”.

This embodiment as described has nine moulded components. While this is
significantly fewer than other devices with a similar number of doses it is possible
75 to reduce the component count still further. The case halves can, for example, be
moulded as 2 single moulding connected by a moulded-in hinge at the base of the
components. In assembly the two halves would be folded together to form the

housing. Similarly, the cap and blister door can be integrally moulded.

20 In addition, as has been described the piercing element can be moulded as part of
the actuator. In this way the number of moulded components can be reduced to

five or six.

A final embodiment of an inhalet according to the invention will now be described

25  with reference to Figure 30.

It will be appreciated that it is advantageous for used blisters to be ejected from the
device as this results in a smaller and simpler construction. If the device is to retain
used blisters, then a take-up spool is required onto which the used blister strip is

30 wound. The obvious disadvantage of a take-up spool is that at all times during use
of the device there is an empty space within it. When the device is first used, the
take-up spool is empty, and at the end of its life, the feed spool is empty.

Accordingly, the device must be made larger to accommodate the blister strip both




As the strip 130 is endless, with regularly spaced blisters, then the user will be able to index the strip
130 indefinitely. Including a blank section 129 in the strip 130 that 5has no blisters can provide a clear
indication that all blisters have been used. This could conveniently be provided at the point where the
ends of the strip 130 are joined together. When this blank section 129 of the strip reaches the indexing
wheel 128, the strip 78 will no longer be indexed as the indexing wheel 128 rotates, clearly indicating
that the strip 130 has been exhausted. In the drawing, the strip 130 is 10shown with the blank section
129 located just after the indexing wheel 128. This-i8%he position it will be in before the device has
been used for the first time. Many modifications and variations of the invention falling within the terms
of the following claims will be apparent to those skilled in the art and the foregoing 15description
should be regaRi&eFas4 d&&thistion of the preferred embodiments of the invention only. MCSLLP - 41
- Claims 1. An inhaler comprising a housing to receive a 'plurality of blisters each having a
puncturable lid fng cqptai ingezlgn 8§Iie of mefdt'itlzeament for inhalatiogep.na Ser, q}outhpiece through

. n an e t .
which a dose of medicament is inhaled by a User ahd: ‘dh et ator Bty FHotistsd Tt housing,

said actuator behtg plvetable acseguentiatlyamoveseach iblistertinte alignmentvedh sablister piercing
member, said agtuaior also-haing.piveiable B@i&@y%@&&'iﬁeénﬂkggg%%gnﬁm%&&ﬁ%"&ure the lid of

an aligned blister such that, when a user inhales through the mouthpiece, an airflow through the blister
is generated to 8RErSin IE USRS L AtkitiedPtEreh aRe &Y TEORR ST tHe Blistarlarid #ia te mouthpiece

into the user's airligy.:23An inhaler according to claim 1, wherein the housing is configured to receive
plurality of blisters in the form of an endless strip or loop. 3An inhaler according to claim 1, wherein the
housing is configured to receive a coiled strip of blisters and the actuator is operable to cause the strip
to unwind to sebtiEsstiany niberedbHtislisibe ipreralign ihe monitheal Blister piescing member.

10 parallel walls 121, 122to define 2 pair of parallel spiral channels 123,124
therebetween. The inner end of the channels 123,124 open out into a ceﬁtml
chamber region 125 in which is rotatably mounted a feed spool 126 and a feed
sprocket 127. The blister strip 130 passes from one channel 123 to the other
channel 124 through the chamber region 125 and extends around the feed spool 126

75 and the feed sprocket 127 in an “S” shaped configuration. The blister strip 130 also
passes out of one channel 124 and is wrapped around an indexing wheel (shown
generally by reference numeral 128 in Figure 30) before passing back into the other
channel 123. The connections at both ends in effect create a single endless channel
for the blister strip 130,

20
The blister strip 130 may be conventionally formed before its ends are subsequently
joined together. If the length of the strip 130 matches the combined length of the
two channels 123,124, the strip 130 can be loaded into the channels 123,124 and
located around the teeth (not shown) of the indexing wheel 128 and the inner

25 sprocket 127, as well as being guided around the spool 126.

The indexing wheel 128 indexes the strip 130 via a mouthpiece/actuator
arrangement, as has already been described above with reference to Figures 20 to
26, although other indexing mechanisms may also be used.

30
If suitable low friction materials are used, the inner spool 126 and sprocket 127
need not be driven other than by the strip 78 itself. For a long sttip 78, or to ensure

teliable operation, the spool 126 and sprocket 127 may be connected to the indexing




204.An inhaleraccording to any preceding claim, wherein the mouthpiece is on the actuator so that the
mouthpiece pivots together with the actuator. 5.An inhaler according to any preceding claim, wherein
the actuator comprises an arm pivotally mounted to the housing at one end 25 6. An inhaler according
to claim 5, wherein the blister piercing member depends from one side of said arm positioned so as to
extend through an aperture in the housing in a closed position, in which the arm lies substantially
against the housing, to pierce the lid of a blister aligned with the blister piercing member. 7. An inhaler
according to claim 5 or 6, wherein the piercing memiger comprises at least two discrete piercing heads
operable to pierce a corresponding number of holes in a blister aligned with the blister piercing
member. - 4? -MCSLLP 8. An inhaler according to claim 7, wherein each piercing head comprises a
ary cutting elenvértahith &pairiobsedondanicuttingelenientssektendinglateratiy)across each end of
the primary cutting element. 9. An inhaler according to claim 8, wherein the primary cutting element
and the secondary cutting elements each have a pointed tip, the tip of the primary cutting element
extending beyofidl thestips bi'dacn Yrirasdotaaiiy cnrag elstenisce 6ho B ifHaRks &t ording to any
of claims 7 to 9rsnhetgithas-openng i fonmgd inthe armindhe sdatnity 0f eash piescing fiwad, at least
one of said opepings fauping.an airflow inlet into,a blister and, gt least one aher.of said.openings
forming an airflow outlet from a Blister. 75T AR inRaler according to claim %e wheérein the mouthpiece
is on the arm andvektemdstisatigiretionidppesite: torthevdiectibn ¢ndyliththarpicringeeads extend,
the openings in; the. aT), being Wh.carmunicationwith s& inside.ah the MAUIPIess:h 2 AL inhaler
according to claim 10 or claim 11, wherein the mouthpiece 20includes a Primary chamber having an
outside air inlet]]-%SCél?ﬁmtﬁﬁiggt 1%&?H§er be indexed as the indexing wheel 128 rotates, cleatly

indicating that the strip 130 has been exhausted. In the drawing, the strip 130 is
70 shown with the blank section 129 located just after the indexing wheel 128. This is

the position it will be in before the device has been used for the first time.

Many modifications and variations of the invention falling within the terms of the
following claims will be apparent to those skilled in the art and the foregoing
75 description should be regarded as a description of the preferred embodiments of the

invention only.




primary chamber, with the or each airflow inlet opening in the arm and, a secondary chamber in
communication with the or each airflow outlet opening in said arm such that, when a user inhales
through the mouthpiece, air is drawn through the or each airflow inlet opening into the blistr A Fhe
outside air inlet and the primary 25chamber to entraihtthe dose in the airflow, said entrained dose
passing through the or each airflow outlet openings into the secondary chamber of the mouthpiece
from where it is carried into the user's airway. 13An inhaler according to claim 12, wherein a partitionall
s enara tes th€130psimary and secondary chambers within the mouthpiece. - 43 -MCSLLP secondary
chamber. 15. An inhaler according to claim 14, wherein the or each bypass aperture is configured
such that die airflow from the primary chamber into the secondary 5¢chamber through the or each

bypass aperture and tRéRirHvG HBRT iech RACH Mot Gttt BPEAMY S MES STLEEh AT &t right
angles to each ptheruribi-Anl inhalesaceording!ta Claim ddcwherei thehateachbyypass aperture is

configured such that airflow from the primary chamber into the secqndary chamber, 10 through the or
each bypdss ApeHlPah (ﬁil\l’t‘r?éJ %Erﬁ%%‘%r& m the Oo@%%‘cf”éﬁ%%%ﬁ% 31#&@%%5%%1%& Substantially
tangent_ially SQ@Saﬁ,@qﬁa&eaa;cyﬁlmmi&@ﬁfe@hemmmgseaiairﬁlmammbbwemg:@itovszééistheaggIomeration.
7. An inhaler accarding 16 any precesing claim, comprising.an dexing s meshanism pguding an

indexing member that moves a er into alignment with t Ister piercing'member.  18. An inhaler
according to claim b7 alvhdreingtpevindeking membbe cbiviprines angmeexing Wheehehaterdtates to move

a blister into %‘@%@ﬁ{] ta 1;;'%@3%1?{@%{18}9 %%Ef:wgemgr\g&@inhales through the mouthpiece, an

70 airflow through the blister is generated to entrain the dose contained therein and

carry it out of the blister and via the mouthpiece into the user’s airway.

2. An inhaler according to claim 1, wherein the housing is configured to receive
a plurality of blisters in the form of an endless strip or loop.

15
3. An inhaler according to claim 1, wherein the housing is configured to receive
a coiled strip of blisters and the actuator is operable to cause the strip to unwind to

sequentially move each blister into alignment with a blister piercing member.

20 4. An inhaler according to any preceding claim, wherein the mouthpiece is on

the actuator so that the mouthpiece pivots together with the actuator.

5. An inhaler according to any preceding claim, wherein the actuator comprises
an arm pivotally mounted to the housing at one end.

25
6. An inhaler according to claim 5, wherein the blister piercing member
depends from one side of said arm positioned so as to extend through an aperture
in the housing in a closed position, in which the arm lies substantially against the
housing, to pietce the lid of a blister aligned with the blister piercing membert,

30
7. An inhaler according to claim 5 or 6, wherein the piercing member
comprises at least two discrete piercing heads operable to pietce a corresponding

number of holes in a blister aligned with the blister piercing member.




19. An inhaler according to claim 18, wherein the indexing wheel is configured to rotate to move a
blister into alignment with the blister piercing member in response to rotation of the actuator in one
direction, movement of the actuator in 25the opposite direction being operable to puncture the lid of a
blister aligned with the blister piercing member. 20.%r inhaler according to claim 18, whEréld-the
indexing wheel is configured to rotate to move a blister into alignment with the blister piercing- member
in response to rotation of the actuator with respect to the housing in one direction, movement of the
a_ctuqtor in the same direction also being operable to puncture the lid of a blister aligned with the blister
piercing member. MGSIAR: Ak Jd:MHAdrbaRIAGarngitocatainidQ o 2@ aiheludingses cap attached to
the housing pivotable between a closed position. in Whié)h it covers tlhe moutf;{pie aqd an,ppen
position in wHIEHFHHE FHSURTECRR élB?;i”ié)%ﬁ%cﬁré A sceurt%lonﬁwﬁﬁf@etﬁtrsoﬁgﬁ%ﬁ%n%néﬁetfw%lece. T).An
inhaler accordingstocelainn2l, herpimthe indeixinglwheel. rotates to move a blister into alignment with
the blister piercing member in response to rotation of the cap with respect to the housing from the
open to the closed position. I0 23. An inhaler according to claim 22, wherein the cap and the actuator
include co-operating’meais ¢o coeplectheoadtiatSr tohteieapshEmiatctHe s tativotatbs felative to

the housing in response to rofation of.the, caR ketwee tbe gpemand closednasitions. Any 24. An
m_haler accorélng to a¥1y prec?édlng claim, wherein the housing includes a chamber to receive used
blisters. An inHaterrecorditigedelain 2he viRerdinatle UsBs BRStE e RAMBERFCE0ReYVEred by a lid

attached to the housing which is openable to facilitate removal of a

70 10.  An inhaler according to any of claims 7 to 9, wherein an opening is formed
in the arm in the vicinity of each pietcing head, at least one of said openings
forming an airflow inlet into a blister and, at least one other of said openings

forming an airflow outlet from a blister.

15 11, An inhaler according to claim 10, wherein the mouthpiece is on the arm and
extends in a direction opposite to the direction in which the piercing heads extend,

the openings in the arm being in communication with the inside of the mouthpiece.

12. An inhaler according to claim 10 or claim 11, wherein the mouthpiece

20 includes a primaty chamber having an outside air inlet in communication, via the
primary chamber, with the or each airflow inlet opening in the arm and, a secondary
chamber in communication with the or each airflow outlet opening in said arm such
that, when a user inhales through the mouthpiece, air is drawn through the or each
aitflow inlet opening into the blister via the outside air inlet and the primary

25 chamber to entrain the dose in the airflow, said entrained dose passing through the
or each airflow outlet openings into the secondary chamber of the mouthpiece from

where it is carried into the uset’s airway.

13. An inhaler according to claim 12, wherein a partitioning wall separates the

30 primary and secondary chambers within the mouthpiece.

14. An inhaler according to claim 13, wherein at least one air bypass aperture

extends through the partitioning wall to communicate the primary chamber with the




portion of used blisters from the blisters remaining in the device. 26. An inhaler according to claim
25, wherein a slot is formed between the lid and the housing when the lid is closed through which used
blisters may protrude 25when the used blister chamber is full. 27. An inhaler according to any
preceding claim incorporating a strip of blisters, eabﬁi3having a puncturable lid and cofft@#iing a dose of
medicament for inhalation by a user, located in the housing. 30 An inhaler according to claim 27,
wherein the strip includes a frangible feature between each blister to facilitate detachment of a blister
from an adjaéé?ﬂ‘ﬁi%’t%%%&ﬂtf"said line. - 45 - 29.An inhaler according to claim 27 or claim 28, wherein
the strip ineludes a notch to facilitate tearing of the strip between each blister. 3(1.An inhaler according

to any of claims 27 tp 29, wherein tlgl? strt'i(g)_cclorglp{llées eil%@r'g %esig(teg listers. 31.An 1Qhaler

according to any of A1AiMEY &5 S Wkcieinaie sC8 Befiiih 40 Shd'e0 bistars 1032, An inhaler

according to anyfofuctaimscR ttor3he win8reinfeachislistemhasdese payitadhof wptedt@0mg. 33. An
inhaler agcorgmagnﬁgera t rgtgé:llqa%msozljezttgh?’g‘yvﬁlglsesr%!)%r Q&halﬁldsx?ﬁé Qﬂ'ﬁ@w from the or each

airflow outlet openings meet substantially at right angles to each other.

16.  An inhaler according to claim 14, wherein the or each bypass aperture is

configured such that airflow from the primary chamber into the secondary chamber
10 through the or each bypass aperture and the airflow from the or each airflow outlet

openings meet substantially tangentially so as to create a cyclonic effect or increase

airflow turbulence to assist deagglomeration.

17. An inhaler according to any preceding claim, comprising an indexing
15 mechanism including an indexing member that moves a blister into alignment with

the blister piercing member.

18. An inhaler according to claim 17, wherein the indexing member comprises
an indexing wheel that rotates to move a blister into alignment with the blister

20 piercing member.

19. An inhaler according to claim 18, wherein the indexing wheel is configured

to rotate to move a blister into alignment with the blister piercing member in

response to rotation of the actuator in one direction, movement of the actuator in
25 the opposite direction being operable to puncture the lid of a blister aligned with

the blister piercing member.

20.  An inhaler according to claim 18, wherein the indexing wheel is configured
to rotate to move a blister into alignment with the blister piercing member in

30  response to rotation of the actuator with respect to the housing in one direction,
movement of the actuator in the same direction also being operable to puncture the

lid of a blister aligned with the blister piercing member.




15dose payload of up to 50mg. 34. An inhaler according to any of claims 27 to 31, whekil$ ediéh
blister has a dose payload of between 10 and 25mg. 2035.An inhaler according to any of claims 27 to
34, wherein the strip is an endless loop. 36. An inhgler according to any of claims 27 to 34,
comprising a coiled strip of blisters located in the Hoﬁ‘sing. 37. An inhaler according to any preceding
c:aim formed from no more than five moulded components.  38. An inhaler according to any of
claims 1 to 36, formed from no more, that six 30 moulded .components. 39. An inhaler accordin

of claims 1 tc?i%, foraRPAEMAE 10! BRe Hah Rine Al lﬁdlél {gg%ﬁﬁgnceaﬁté.tt AE%LH?F}E:%G - 4(?.Ag oan
inhaler accongingite any preeesingectaim whetginsinehousihg isinholly orhpartial formed drom a
transparent or translucent material. allowing the remaining blisters to be seen throt e housing.
41An inhaleraéfc%%?aiﬁasfg%rhi/no\f% glrﬁg 1165 aRd 12 1o 38?%gerﬁ%ﬁgfngeaabﬁi%etg{%?g%i}rgg membr:agr for
puncturing théichgh ahblister $ptirat the dose contained therein can be inhaled by the user from the
blister through the device, wherein the blister piercing member comprises a primary cutting element
which is configured to cut, as the piercing member enters the blister, a first linear slit in the lid and,
10secondary?@utting\elémelstsiesesrtiagdatbialy frorhareopimh g cimeny aenentsirth are
configured to, cut, as,fhe pigrcing;memRetcentinues to:enteithe hlister. seceqsbliseas slits that extend
across each end of the first linear slit formed by the primary cutting element, th prié’nary and
secondary CGﬂMQ%éW§Wg@f%FeSPCCt to the housing ffom the open to the close

position.

70
23. An inhaler according to claim 22, wherein the cap and the actuator include
co-operating means to couple the actuator to the cap such that the actuator rotates
relative to the housing in response to rotation of the cap between the open and
closed positions.

15

24, An inhaler according to any preceding claim, wherein the housing includes a

chamber to receive used blisters.

25. An inhaler according to claim 24, wherein the used blister chamber is
20 covered by a lid attached to the housing which is openable to facilitate removal of a

portion of used blisters from the blisters remaining in the device.

26.  An inhaler according to claim 25, wherein a slot is formed between the lid
and the housing when the lid is closed through which used blisters may protrude

25 when the used blister chambet is full.

27. An inhaler according to any preceding claim incorporating a strip of blisters,
each having a puncturable lid and containing a dose of medicament for inhalation
by a uset, located in the housing.

30
28.  An inhaler according to claim 27, wherein the strip includes a frangible
feature between each blister to facilitate detachment of a blister from an adjacent

blister along said line.




forming a pair of flaps in the lid which are folded aside by the piercing head upon 15further entry of the
piercing member into the blister. 42An inhaler according to claim 41, wherein the piercinggaember
comprises a pair of secondary cutting elements. 2043.An inhaler according to claim 42, wherein the
secondary cutting elements-are spaced from each other and the primary cutting element is mounted
on and extends between said pair of secondary cutting elements. 44. An inhaler according to any of
claims 41 to 43, wherein the primary cutting 25 element comprises a blade, the plane of the blade lying
substantially at right angles to a plane occupied by the lid of a blister that is located in the inhaler in a
position readyfor pigrcing.#5. Anirhaleragenrdingioctlain d4vwhereimh theprimalydesting element
has a .30sharpened edge for cutting th gést Iinegr slit in thehliglo‘ftthe blister. MCSL LP -47 - 47. An
inhaler accorditfgtdCamt 4ae \Rﬂ%é’fé%nggt ing elémen

stry etween
coﬁ@ary piercing element extends laterally across each end
of the primary piercing element. 48. An inhaler according to claim 47, wherein the pointed tip is

midway between the secondary cutting elements. ,49. A&inha@r\gggqrgiplgetg V.9f.glaims 44 to 48,
J s : 1 ) t :
wherein the s%@ond&r‘f/ ﬁ%?c%ﬁgcél%lm%%téoa%gye%%ﬁ formed tf?om a blalcitle, the plﬁes of the blade lying

substantially atgtight angtes toltherplane of the primary piercing element and 10substantially at right
angles to the plane occupied by the lid of the blister.

31. An inhaler according to any of claims 27 to 29, whetein the strip carries
between 30 and 60 blisters.

10
32.  An inhaler according to any of claims 27 to 31, wherein each blister has a

dose payload of up to 100mg.

33. An inhaler according to any of claims 27 to 31, wherein each blister has a

15 dose payload of up to 50mg.

34. An inhaler according to any of claims 27 to 31, wherein each blister has a

dose payload of between 10 and 25mg.

20 35.  An inhaler according to any of claims 27 to 34, wherein the strip is an

endless loop.

36. An inhaler according to any of claims 27 to 34, comprising a coiled strip of
blisters located in the housing.
25

37. An inhaler according to any preceding claim formed from no more than five

moulded components.

38.  An inhaler according to any of claims 1 to 36, formed from no more that six

30  moulded components.

39. An inhaler according to any of claims 1 to 36, formed from no more than

nine moulded components.




50An inhaler according to claim 49, wherein each of the secondary piercing elements have a
sharpened edge to cut the second linear slits in the lid of a blister. 51. An inhaler accor%lﬁélté%laim
50, wherein the edge of the each of the secondary piercing elements tapers to a pointed tip. 52. An
inhaler according to claim 50, wherein the pointed fié of each of the secondary piercing elements lies
in the plane of the blade forming the primary 20piercing element. An inhaler according to claim 51
or claim 52, wherein the pointed tip of each of the secondary piercing elements lie at the same height
as the primarf‘biercitiy WBHERSPIHEBSMERY RITH the %ﬁﬁ%’g&i SIRWTER: 3 é%ooﬁdary )
piercing 25elgmentinesteachother:5dpAvdnbalesatcording o any.tbalaimshd kaa46inyherein the
primary cuttinggglemen divides eacha%eﬁondarsy cutting element into first and second cutting members
that extend Iabdr&i Aot o5HRIREHEL S RS fnary cutting element. 30 55. An inhaler according to
claim 54, wherein the first and second cutting members converge towards each other at an angle and

the primary cytting element.upstands. from the top f the,secondar tti from a point

! Alok (SECONdary £iting DRIS a point on
each MCSLL -48éfslelréic‘;ﬁlﬁzg)rayc(c::?ftﬁlrﬁ1 gn ement at which the first and second ¢ t%?nggn?\embers meet.
56. An inhalebhseondingite ctaimls5 fwheweirithe sdcohdard acbititry efethentbeare wrigletintvardly

towards each pther, 57-@&%@?9% Gerding £0, ANy, 0f slaimnsidl forof wherein {he seeendary cutting

elements extenarfértlecr%?ly om the primary cutting element at an angle of 90 degrees to the primary
cutting elemehtistob8itmiinhalemies orairyits ahy BREEIHE B1t6|SPeWHBPTh e SRLaHgar)

cut, as the piercing member enters the blister, a first linear slit in the lid and,

10 secondary cutting elements extending laterally from the primary cutting element
which are configured to cut, as the piercing member continues to enter the blister,
second linear slits that extend across each end of the first lineat slit formed by the
primary cutting element, the ptimary and secondary cutting elements together
forming a pair of flaps in the lid which are folded aside by the piercing head upon

15 further entry of the piercing member into the blister.

42.  An inhaler according to claim 41, wherein the piercing member comprises a

pair of secondary cutting elements.

20 43, An inhaler according to claim 42, wherein the secondary cutting elements are
spaced from each other and the primary cutting element is mounted on and extends

between said pair of secondary cutting elements.

44.  An inhaler according to any of claims 41 to 43, wherein the primary cutting
25 element comprises a blade, the plane of the blade lying substantially at right angles
to a plane occupied by the lid of a blister that is located in the inhaler in a position

ready for piercing.

45.  An inhaler according to claim 44, wherein the primary cutting element has a

30  sharpened edge for cutting the first linear slit in the lid of the blister.

46.  An inhaler according to claim 45, wherein said edge tapers to a pointed tip.




cutting elements extend laterally from the primary cutting element at an angle of less tham%)l_gggrees.
59. An inhaler according to any of claims 41 to 57, wherein the secondary 15cutting elements extend
laterally from the primary cutting element at an angle of more than 90 degrees. 60. An inhaler
according to any of claims 41 to 59, wherein the prl“rﬁglry cutting element divides each of the secondary
cutting elements into secondary cutting 20members that extend laterally from the primary cutting

element by different distances so that the flap cut in the blister by the secondary cutting members
extending latérally frofBRal&ide o tHeSprns ettt fd Blemant O B & HifsFeMEsiZe e the flap cut in

the blister by the.secondany,cutting members-thal-axtend-aienallyfromithe other side of the primary
cutting member. 25 61. An inhaler according to any of claims 41 to 60, comprisingleast nvo piercing

heads upstanding from a piercing member. 62. An inhaler according to any of claims 41 to 61, or to
any of claims 48to 9, Sowiatetn thergiapctog: memberdomyitisks pothscdet® perdihgambelstecn63. An

inhaler ac),cor(%ilrégsggé:l%iar? E%%,t&vhe%gpnl'éh%spiercing module comprises a main body portion with first
and second piercing hedds ups%ﬂ INg thérefrom. MCSLLP - 49 -

49, An inhaler according to any of claims 44 to 48, wherein the secondary
piercing elements are each formed from a blade, the plane of the blade lying
substantially at right angles to the plane of the primary piercing element and

10 substantially at right angles to the plane occupied by the lid of the blister.

50.  An inhaler according to claim 49, wherein each of the secondary piercing

elements have a sharpened edge to cut the second linear slits in the lid of a blister.

75 51.  Aninhaler accotding to claim 50, whetein the edge of the each of the

secondary piercing elements tapers to a pointed tip.

52.  An inhaler according to claim 50, wherein the pointed tip of each of the
secondary piercing elements lies in the plane of the blade forming the primary

20  piercing element.

53. An inhaler according to claim 51 or claim 52, wherein the pointed tip of each
of the secondary pietcing elements lie at the same height as the primary piercing
element at the point at which the primary piercing element and secondary piercing

25  element meet each other.

54.  An inhaler according to any of claims 41 to 46, wherein the primary cutting

element divides each secondary cutting element into first and second cutting

members that extend laterally from opposite sides of the primary cutting element.
30

55. An inhaler according to claim 54, wherein the first and second cutting

members converge towards each other at an angle and the primary cutting element

upstands from the top of the secondary cutting members from a point on each




64. An inhaler according to claim 63, comprising an air inlet and an air outlet aperture extendin

through the main body portion, one of the piercing heads depending from the periphery HGSE Hir inlet
and extending over the air inlet and the other piercing head depending from the periphery of the air
outlet and extending over the air outlet. 65. An inh fer according to claim 64, wherein the main body
portion includes a recessed region around the air inlet, the piercing head depending from the periphery
100f the air inlet from the recessed region. 66. An inhaler according to claim 64 or claim 65, wherein
the air outlet apentdresisintconemaricatbr hith e SiFsoAtetae SxEHEnGHRENIREHin body in an
opposite direction to the piercing head extending from the periphery of the air outlet aperture. 67. An
inhaler according to claim 66, wherein the air outlet tube comprises axially extendi gnridges formed on
its outer surfate whidh lodaterthes preiem§PHEaPWithii 3 WRIEY rSE8s I HBUINBIEE: 20 68. An
inhaler according 4@ ¢laimu7:vhessin.aispace formed between the ridges and the walled recess
comprises a bypass air conduit for the direct flow of air into the mouthpiece from outside when a
patient inhales through the mouthpiece. 2569.An inhaler according to any of claims 17 to 20, wherein
the indexing rgechanism.caneprises ahlistes sirif idcateridhassis defining t pathdedthe strip of blisters
past the aperture in the housing. 7Q.An inhaler according to claim 69, wherein. a resilientl formable
arm 30extendS' ot ?ﬂw%l’?gfe?%fzﬁlgi BESEEPC tgér}sigggﬁé%ﬁ%%c&le{pﬁl érlﬁé%%ngnaits%nngor%?pﬂli}syeﬂﬁan
indexing wheelgatatatlyimauintedytothenfredeendof the resiliently deformable arm over which a strip of
blisters is passed. 71. An inhaler according to claim 70, wherein the indexing wheel comprises a set
of spokes and the actuator includes a drive tooth engageable with a first spoke when the actuator is
pivoted relativésto the haisihg intooadipen pousitforatoedise the Faeserghihesry fstate together with
the actuator tg index the blister.striR. 1.72:A) ihaler Aciding faslaion £lcamprisingeast anti-rotation
ramp on the housing which is engaged by another spoke of the indexing wheel when the indexing
wheel rotates fherdby edusiatrthe arm to deform to allow said spoke to clear the anti-rotation ramp,
the arm returning to its undeformed state once the 10spoke has cleared the ramp, thereby preventing
rotation of the indexing wheel in the opposite direction. 73An inhaler according to clcfaim 72, wherein
the drive tooth on the\adibasE iasccordmg to any of claims 41 to 57, wherein the Secondary

75 cutting elements extend laterally from the primary cutting element at an angle of

more than 90 degrees.

60.  An inhaler according to any of claims 41 to 59, wherein the primary cutting
clement divides each of the secondary cutting elements into secondary cutting

20 members that extend laterally from the primary cutting element by different
distances so that the flap cut in the blister by the secondary cutting members
extending laterally from one side of the primary cutting element is of a different size
to the flap cut in the blister by the secondaty cutting members that extend laterally
from the other side of the primary cutting member.

25
61. An inhaler according to any of claims 41 to 60, comprising at least two

piercing heads upstanding from a piercing member.

62. An inhaler according to any of claims 41 to 61, ot to any of claims 1 to 9,

30  wherein the piercing member comprises a discrete piercing module.

63.  An inhaler according to claim 62, wherein the piercing module comprises a

main body portion with first and second piercing heads upstanding therefrom.




shaped so that, when the actuator is rotated in the opposite direction from its open 15into its closed
position, the drive tooth slides over the top of the preceding spoke of the indexing wheelCSLLFAN
inhaler according to claim 73, wherein the edge of each spoke is shaped to allow the drive tooth to
pass over it when the actuator is pivoted from its opétﬂ 20into its closed position. 75An inhaler
according to claim 73 or claim 74, comprising a location ramp adjacent to but spaced from the
anti-rotation ramp, the drive tooth being operable to cause the arm to resiliently deform as the drive
tooth slides over the top of the 25spoke to cause another spoke to extend into the space between the
anti-rotation and location ramps.apdipre vertsptatinn ohthesindexing wheel i either direetion. 76.An
inhaler comprising a housing to receive a pluralit (e)i{ blisters each having a puncturable lid and
containing a &B%@%F%ﬁ%%%m%?ghﬁgﬁﬂﬁ’ﬁ“béo LRI B thPIEdA I8 Which a dose of
medic;ment igiphaled; byoauserpanaaitaterandisadapadupled fnthe-actdataly thé:capdeing
rotatable to sequentially mave each blister, into.alignment with a blister piercing member, said actuator
being opérabldtd’ elﬁs%%é“ﬁligfé‘fp p??%?c%%m s %eﬁ% %eurﬂjcit'ﬁ% i%%%%% %ta%gar?éy(; blister such
MCSLI - 51 - thatpavhgn-euser nhalesethrough the mouthpiece, an airflow through the blister is
generated to entrain the dose contained therein and carry it out of the blister and via the mouthpiece

into the user's airway. sesAn inhaler according to claim 76, wherein the actuator is pivotally mounted
to the housing5.  An inhaler according to claim 64, wherein the main body portion includes a

recessed region around the ait inlet, the piercing head depending from the periphery

70 of the air inlet from the recessed region.

66.  An inhaler according to claim 64 or claim 65, wherein the air outlet aperture
is in communication with an air outlet tube extending from the main body in an
opposite direction to the piercing head extending from the periphery of the air

15 outlet aperture.

67. An inhaler according to claim 66, wherein the air outlet tube comprises
axially extending ridges formed on its outer surface which locate the piercing head

within a walled recess in the mouthpiece.

20
68. An inhaler according to claim 67, wherein a space formed between the ridges
and the walled recess comprises a bypass air conduit for the direct flow of air into
the mouthpiece from outside when a patient inhales through the mouthpiece.

25 69. An inhaler according to any of claims 17 to 20, wherein the indexing

mechanism comprises a blister strip locator chassis defining a path for the strip of

blisters past the aperture in the housing.

70. An inhaler according to claim 69, wherein a resiliently deformable arm
30  extends from the blister strip locator chassis and the indexing mechanism comprises
an indexing wheel rotatably mounted to the free end of the resiliently deformable

arm over which a strip of blisters is passed.




78. An inhaler according to claim 77, wherein the cap is rotatable between open and clq\%gmqssitions
and the actuator rotates relative to the housing in response to 70rotation of the cap between said open
and closed positions. 79. An inhaler according to claim 78, wherein the cap is mounted to the housing
and is pivotable between a closed position in which tlcovers the mouthpiece and an open position in
which the mouthpiece is revealed to enable a user to inhale 15through the mouthpiece. 80. An inhaler

according to claim any of claims 76 to 79, comprising an indexing wheel, wherein the indexing wheel
rotates in response forristhiibsh et Cagl e Bve BebHSsR R aEHEWT P BRStet piercing

member, Sa_idsl'@%%'%&\%hﬁ% 20bging, configurec to datatedomeve achlistavinta aligniment with the
blister piercing member in response to rotation of the cap with respect to the housing in one direction,

the actuator Behg Bifetablatqn feRFOHEE TASTALGTST AU IAtha sARTE HIRELHSh S Chlise the
blister piercing, mgmhes dapusctdresihe: lid ofias alignekkblistero258ihdin ihbalérraceoiding to claim
80, wherein the cap is rotatable relative to the housing prior to movement of the actuator. 82. An
inhaler according to any of claims 76 to 81, comprising an indexing 30wheel, wherein the indexing
wheel rotates7in, respangentoerotation! ohthe dajptd moveprblisgermintaiatignmentaith enlslister piercing

member, said indexing.wheel bein nfigured to rotate to,move a.hlister.i ' ent with the blister
piercing mem %‘r‘sllﬁlgegs}blc?nslé o %%%gbﬁ c%p ﬁ%eéas %%hor%gshﬁggtgtec%[%%gﬁ%oagﬁg@r%g c?lrgl@e - 52 direction,
the actuator hieihgiaperable inrespbrsetocrotatipnief the tag ifrte sppbsiteditettds, to cause the

blister pIercmglggmg%aggx%%ggg%r%atgx%,“t%gfag’g %Q@S&g%tﬁg undeformed state once the
10 spoke has cleared the ramp, thereby preventing rotation of the indexing wheel in the

opposite direction.

73. An inhaler according to claim 72, wherein the drive tooth on the actuator is
shaped so that, when the actuator is rotated in the opposite ditection from its open
15 into its closed position, the drive tooth slides over the top of the preceding spoke of

the indexing wheel.

74. An inhaler according to claim 73, whetein the edge of each spoke is shaped
to allow the drive tooth to pass over it when the actuator is pivoted from its open

20 into its closed position.

75.  An inhaler according to claim 73 ot claim 74, comprising a location ramp

adjacent to but spaced from the anti-rotation ramp, the drive tooth being operable

to cause the arm to resiliently deform as the dtive tooth slides over the top of the
25 spoke to cause another spoke to extend into the space between the anti-rotation and

location ramps and prevent totation of the indexing wheel in either direction.

76. An inhaler comprising a housing to receive a plurality of blisters each having
a puncturable lid and containing a dose of medicament for inhalation by a user, a

30 mouthpiece through which a dose of medicament is inhaled by a user, an actuator
and, a cap coupled to the actuator, the cap being rotatable to sequentially move each
blister into alignment with a blister piercing member, said actuator being operable

to cause the blister piercing member to puncture the lid of an aligned blister such
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that, when a user inhales through the mouthpiece, an airflow through the blister is
generated to entrain the dose contained therein and carry it out of the blister and

via the mouthpiece into the user’s airway.

77.  An inhaler according to claim 76, wherein the actuator is pivotally mounted

to the housing.

78. An inhaler according to claim 77, wherein the cap is rotatable between open
and closed positions and the actuator rotates relative to the housing in response to

rotation of the cap between said open and closed positions.

79. An inhaler according to claim 78, wherein the cap is mounted to the housing
and is pivotable between a closed position in which it covers the mouthpiece and an
open position in which the mouthpiece is revealed to enable a user to inhale

through the mouthpiece.

80. An inhaler according to claim any of claims 76 to 79, comprising an indexing
wheel, wherein the indexing wheel rotates in response to rotation of the the cap to
move a blister into alignment with a blister piercing member, said indexing wheel
being configured to rotate to move a blister into alighment with the blister piercing
member in response to rotation of the cap with respect to the housing in one
direction, the actuator being operable, in response to rotation of the cap in the same
direction, to cause the blister piercing member to puncture the lid of an aligned

blister.

81. An inhaler according to claim 80, wherein the cap is rotatable relative to the

housing prior to movement of the actuator.

82.  An inhaler according to any of claims 76 to 81, comprising an indexing
wheel, wherein the indexing wheel rotates in response to rotation of the cap to
move a blister into alignment with a blister piercing member, said indexing wheel
being configured to rotate to move a blister into alignment with the blister pietcing

member in response to rotation of the cap with respect to the housing in one
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direction, the actuator being operable, in response to rotation of the cap in the

opposite direction, to cause the blister piercing member to puncture the lid of an

aligned blister.




