WO 2011/ 054527PCT/ EP2010/ 006744 Airfl ow Adaptor for a Breath-Actuated Dry
Powder Inhaler Field of the Invention 5 The present invention relates to an
ai rfl ow Nappovoske? a breat h-actuated dry powder i nhal ePCTIER2pJ&/0067d4] ar
the present invention relates to an airflow adaptor for a deaggl onerator of
a breath-actuated dry powder inhaler; a deagglonerator for a

breat h-actuated dry powder inhaler; a nethod for deaggl onerating dry powder
medi canments; and a method for nodifying 10 airflow through the outl et port
of a deaggl orer at oAidiova AdaptirifonatBrehed Adtuat@bDie PowdbalskialeBackgr ound to
the Invention Breath-actuated dry powder inhalers are used to deliver

medi canent to the respiratory tracts 150f patients. Typically such inhalers
conprise a reservoir, or reservoirs, for storing dry powder nedi canent,
means for aerosolising the dry powder nedi canent for inhalation, and neans
for deli ¥ield nfithelavesti@sol | sed nedi canment to the patient, such as a

nmout hpi ece. Typically, in use, the dry powder nedi canent is dispensed from
a reservoir and then aerosolised as a result of a breath-induced | ow

pressur eTat plesht MhNBH BGftes (i FRIWP 2 @Ik SEr a Bﬂﬁth%aqaﬁmtpo‘w&e% inhaler,

20general Iy | eave the inhaler through the nouthpiece and bé i nhal ed. Known
dry powdér partidilamthemresent myeposodlatds to en pirfowladapar for @l desgglnohemitdrenf a

rovided, in,a co ition including a carrier, such_as |actqse.
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There has therefore been a need for breath-actuated dry powder inhalers

wi t h1Greapisflow threpghntbicpytlefawit effredesgglonsatar el breathwgivatadediy powdenabaleament

and carrier, prior to inhalation. Deagglonerators for breath-actuated dry
powder inhalers are disclosed in WO01/97889. 30

Background to the Invention

Breath-actuated dry powder inhalers are used to deliver medicament to the respiratory tracts
15  of patients. Typically such inhalers comprise a reservoir, or reservoirs, for storing dry powder
medicament, means for aerosolising the dry powder medicament for inhalation, and means
for delivering the aerosolised medicament to the patient, such as a mouthpiece. Typically, in
use, the dry powder medicament is dispensed from a reservoir and then aerosolised as a result
of a breath-induced low pressure at the mouthpiece. Once aerosolised, the medicament will

20  generally leave the inhaler through the mouthpiece and be inhaled.

Known dry powder medicament is composed of very small particles and often provided in a
composition including a carrier, such as lactose. Consequently, non-defined agglomerates or
aggregates of the dry powder medicament may form at random prior to being delivered to the -

25  patient. There has therefore been a need for breath-actuated dry powder inhalers with means
for breaking down the agglomerates of medicament, or medicament and carrier, prior to

inhalation.

Deagglomerators for breath-actuated dry powder inhalers are disclosed in WO01/97889.
30
There is, however, a continued need to reduce the flow rate dependence of breath-actuated

dry powder inhalers and, in particular, the flow rate dependence of the delivered dose of the
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There is, however, a continued need to reduce the flow rate dependence of
breat h-actuated dry powder inhalers and, in particular, the flowrate
dependenceoabittdses2del i vered dose of the 1 CONFI RVATI ON @CPYEP20AD006744

2011/ 054527PCT/ EP2010/ 006744 nedi canment they deliver. In particular, there
is a need to ensure that different patient groups receive substantially the
sane delivered dose fromthe sane breath-actuated dry powder inhaler.
5There is also a need for providing breath-actuated dry powder inhalers,
and in paéditdmdn thelylielieetMr Partledlgg thefeisal es to whsuedthar diffectat paticheproups
delivered dose characteristics. Particularly, there is a need for

br eat h- de¢aive B@sanyallydiesms deliyessddaspitiom hesomadreatpevaiad dof PRISEd dose
uni form A0 These and other problens are addressed by an airflow adapt or
for a brea"%% actuated dry powder inhaler; a deagglonerator for a

breat h-actuated dry powder inhaler; a rret hod for de-agglonerating dry

povvder in a breath-actuated dry, po er | | er rrethodfor i fying
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' ndepen%ﬂ& g%so%ratgf‘ér WARh @9%@9Bageﬂr%ﬁv&g@egger&aﬁaaeﬁrsﬁcsdpm:efaasi ihBret he
dependent c arfms. 15 Sunmary of the Invention Accordingly, in a first
aspect tibe npedfoe bteathnaamated dryppaovded eshakoms whichlpyovidel approved delivgred dose
br eat h- act yat ed dry powder inhaler. The airfl ow adaptor conprises a conduit
havi ng d‘“p‘#’ end 20 and a distal end, wherein the proximal end of the
conduit all ovvs fI uid communi cation froma deaggl onerator outlet port to the

di stal end of the conduit. The airfl ow adaptor further conprises neans for
al | 0B ngThese an@ othesvproblsmsaarprasidrassed bycnodirflowe adepier der 8 Preathiasmatedediy of

t he adaptor endently of the airf] th r )
| nduced TStep 8t Lo eeksibhTrd braRiiclu Ex iR, futaf Rellodibise,
25 |t haafggwmlid?ﬁtirﬁg dgy Ypobelen ih cuingeditnattulgd pirgvpelidig mhalet;r indw adépidoforw t h

means for | ow nH air to flowfromafprom mal end of the adg)ptor to . a

di st al gdlévrmg Rutlawproyeh ithriepdi dort ofya eeasglomeantor peaprding (hEccBARAPICHhen
a breat he airfl ow
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Summary of the Invention

Accordingly, in a first aspect the present invention provides an airflow adaptor for a breath-
actuated dry powder inhaler. The airflow adaptor comprises a conduit having a proximal end
20  and a distal end, wherein the proximal end of the conduit allows fluid communication from a
deagglomerator outlet port to the distal end of the conduit. The airflow adaptor further
comprises means for allowing air to flow from a proximal end of the adaptor to a distal end of
the adaptor independently of the airflow in the conduit when a breath induced low pressure is

applied to the distal end of the airflow adaptor.

25
It has surprisingly been found that by providing an airflow adaptor with means for allowing
air to flow from a proximal end of the adaptor to a distal end of the adaptor independently of
the airflow in the conduit when a breath induced low pressure is applied to the distal end of
the airflow adaptor the flow rate dependency of the device is reduced.

30

Without being bound by any particular theory, this is believed to be because while the airflow

adaptor of the invention causes an increase in the volumetric flow rate, i.e. the volume of air



30 Wt hout being bound by any particular theory, this is believed to be
because while the airfl ow adaptor of the invention causes an increase in

t he vol urNEORdt/BSkeN rate, i.e. the volume of air WO PCT/EP2010/006744

2011/ 054527PCT/ EP2010/ 006744 passi ng through the airfl ow adaptor per
second, for a given breath induced | ow pressure at the distal end of the
airflow adaptor, it actually lowers the |inear flow rate through the
conduit, i.e. the velocity of air passing through the conduit, for a given
br eat h- ipaskicgethrduply the esSow adapibepar csecedufonaggin tirkath indiced biw pregiweat the

i ncrease, or decrease,. i.e, a change, [n the breath- 5induce oW pressure
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br eat h- act uat e y powder T nhal’er is reduced.” It has further been
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10from a proxi mal end of .t he adapt to distal end of the a tor.
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delivery characteristics of a breath-actuated dry powder inhaler, and in

parti culdsy powderinkalemis seduged-ed dry powder inhaler's delivered dose
uniformty, are inproved. 15This is particularly surprising because, as
expl ai ned above, for a given breath induced | ow pressure, the linear flow

rate t hriphghtuither seendutiptisingly fodhd et by Brovidibgithd rheine fheflowdngeaie teflowo
reduce the performance of the breath-actuated dry powder | nhal (Er, r at her
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t he spr eddptof, thedise alebvdry lcharactegstidsef adnchtih-tctusted dry p@dddrynhaie, selcdondar y

ai rflow fornmed t he neans, for al |l ow ,ar.to ow froma proxi mal end of
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the conduit when a breath induced | ow pressure is 25applied to the distal
end of the airflow adaptor. In a preferred enbodi nent of the invention, the

mear$ f dFhigslpaviiquiprbi surprising breatiseons exphainsd aheive diota giventheeatl msiuerd oy a
REN R e e
adapt or to reduce the performance of the breath-actuated dry powder inhaler, rather than improve it,
because higher flow rates were thought to typically lead to more deagglomeration and better
dose delivery.
20
Without being bound by any particular theory, the improvement is believed to be because, in
use, the spread of medicament leaving the conduit is limited by the secondary airflow formed
by the means for allowing air to flow from a proximal end of the adaptor to a distal end of the
adaptor independently of the airflow in the conduit when a breath induced low pressure is

25  applied to the distal end of the airflow adaptor.

In a preferred embodiment of the invention, the means for allowing air to flow from a
proximal end of the adaptor to a distal end of the adaptor independently of the airflow in the
conduit when a breath induced low pressure is applied to the distal end of the airflow adaptor
30  comprises at least one second conduit. Preferably, the at least one second conduit comprises
two, three, four or six conduits. Typically, the conduit and at least one second conduit are

substantially parallel, preferably parallel.



30conprises at |east one second conduit. Preferably, the at |east one
second conduit conprises two, three, four or six conduits. Typically, the
conduit oW 28at1/ds¢x28t one second conduit are substanti al PETFERREI0/064744
preferably parallel. WD 2011/054527PCT/ EP2010/ 006744 Miulti pl e second
conduits are preferred because, in use, they provide inproved control of

t he nmedi canent | eaving the conduit and therefore better delivered dose
characteristics. Wthout being bound by any particular theory, two second
conduits will control nedicanment spread in 5one plane, three second
conduits will control the medi canent spread in two planes, and four_ second
condui t Muiitiple seoond windwitsiire praferredsbrcenst, imusewibey peavide imwrevad qontral efithee

d its, d i id : .
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first cipefisHonh@BYiad} phktidtigLthebry, Bo sdkdn@ obailiidRyiLl cohtiél raéditaast spriead econd
conduit isin the formof at |east one aperture in the first
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Ccr 0ss- seehdwiaFusiaRecontl cohduitsgirovile edsndhore whtrbbast ndicageaospdeadondui t i s
circular, triangular or square, nost preferably circular. The di aneter of
the conduit and/or at |east one second conduit may vary along the | ength of

the condiirfiigiaidh chgas {he%ggl?it?%}ﬂeri%g A circLfiferbo Mg 1HEn cONAUT L

and/ or one second con ma rustroconi ca hough t he
di anet erentfodirhentcthadulieast anel seond tohdratsis imthe feme ofiat least dog epertmye il tho fibst

const ant , 20al.ong. their | engt ILn preferred er iments the conduit and/or
ot T oas TGHB IO At AT Abe ey P RHERAeN ] TnEY rap 6 SRnOM St .t he
ratio ofy,thgresum of the cross-sectional areas of the at |east one second

o a . o
condui t Po the cross-sectional area of the conduit is such that when a
breath induced 25 low pressure is applied to the distal end of the airflow

adaptor .gt |east about .5 % preferabl.y. at l.east about 15% erably at
| east a tcoﬁg'é/’é a?f@?reat bt %r}egsgr:?/nc# ?O%X%gbﬂthagé/c??%aé)g%ﬂ C%g%%%%%r’ e
pr efigr alpryfefdbpyinakests-séafinhbshapo bt thé R¥mdianghdeores 168r éheseedil abbyit iy om about
20% to about 30% of the resulting airflowis through the at |east one
second cdnedlar.ttriangular or square, most preferably circular. The diameter of the conduit and/or at
least one second conduit may vary along the length of the conduit and/or at least one second
conduit, for instance the conduit and/or at least one second conduit may be frustroconical,
although the diameter of the conduit and/or at least one second conduit may also be constant

20  along their length. In preferred embodiments the conduit and/or at least one second conduit

are cylindrical.

In a preferred embodiment, the ratio of the sum of the cross-sectional areas of the at least one
second conduit to the cross-sectional area of the conduit is such that when a breath induced
25  low pressure is applied to the distal end of the airflow adaptor at least about 5 %, preferably
at least about 15%, preferably at least about 20%, more preferably from about 5% to about
50%, more preferably from about 15% to about 40%, and even more preferably from about

20% to about 30% of the resulting airflow is through the at least one second conduit.

30  Typically, the sum of the cross-sectional areas of the apertures in the first circumferential
flange will be from about 0.75 mm? to about 20 mm?, more preferably from about 5 mm?® to

about 16 mm?, and even more preferably from about 9 mm? to about 11 mm”. Where the at



30Typically, the sumof the cross-sectional areas of the apertures in the
first circunferential flange will be from about 0.75 mmRto about 20 mm2,
nore prefwoablyosiszom about 5 MR to about 16 mmR, and ePem/EPRI16/0p67e¢4 er abl y
fromabout 9 rnn2 to about 11 m®P. Where the at WO

2011/ 054527PCT/ EP2010/ 006744 | east second conduit is in a formother than
apertures in the first circunferential flange, the sum of cross-sectional
areas of the at |east one second conduits may al so be in the above
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in the secq CII‘CU erential 15 flange wll be from about 0.75 mm2to about

20 M2, mor e groat 45 aishy from about 5 M2 to about 16 mM®, and even nore
preferably fromabout 9 mm2 to about 11 mmR. Typically the sum of the
cross-sectional areas of the apertures in the second circunferential flange

will be fphensasEentodidiatt, Bk aiffo§eadaptor Bemprisesta setomielfcantdeieh@dl flahgogtethe 201 n
a further enbodi nent, the ratio of the sumof the cross-sectional areas of
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nore preferably from about 15%to about 40% and even nore preferably from
about 20%to about 2530% of the resulting airflow is through the apertures.

Preferably, the sum of the cross-sectional areas of the apertures in the second circumferential
15 flange will be from about 0.75 mm? to about 20 mm?, more preferably from about 5 mm” to

about 16 mm>, and even more preferably from about 9 mm?” to about 11 mm’. Typically the

sum of the cross-sectional areas of the apertures in the second circumferential flange will be

the same as that of those in the first circumferential flange.

20 In a further embodiment, the ratio of the sum of the cross-sectional areas of the apertures in
the second circumferential flange to the cross-sectional area of the conduit is such that when
a breath induced low pressure is applied to the distal end of the airflow adaptor at least about
5 %, preferably at least about 15%, more preferably from about 5% to about 50%, more
preferably from about 15% to about 40%, and even more preferably from about 20% to about

25  30% of the resulting airflow is through the apertures.

Typically the airflow adaptor is in the form of a single unitary structure, although in some
embodiments it may comprise more than one part. Preferably, the airflow adaptor is in the
form of a single, injection moulded unitary structure.

30
In a further aspect the invention provides a deagglomerator for a breath-actuated dry powder

inhaler comprising an airflow adaptor according to the first aspect of the invention. Typically



Typically the airflow adaptor is in the formof a single unitary structure,
al t hough in sone enbodinents it may conprise nore than one part.

Pr ef er ablyo 20hieosad2rf | ow adaptor is in the formof a sin@Ce&EPRMOOETHON

noul ded unitary structure. 30 In a further aspect the invention provides a
deaggl onerator for a breath-actuated dry powder inhaler conprising an

airfl ow adaptor according to the first aspect of the invention. Typically
WO 2011/ 054527PCT/ EP2010/ 006744 t he deaggl onerat or conprises an i nner wall
def i ni nghadaigglometdtantenprises anl éaggivaltelefihingg sthd cambgdadéeagglomexating the
enbodi neé’l%)té thg deaggl omerator preferably conprises an inner wall defining a
swirl 5RERP¥EFCText endi ng al ong an axis froma first end to a second end; a
dry powder supply port in the first end of the swirl chanber for providing
fluid conmuni cati on between a dry powder delivery passageway of an inhaler
and t he Ifilansmbedunant thetdeagglomeratdraprbferablyacorprisss an mreer walltdefomg a switlhe

i | of th i rl chanb dj t,to the first end of th i 1l
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providing fluid conmuni cati on between the second end of the swirl chanber

and t he delivéry passageyparoef aninbaletsndsthp fisdend phthgsudrl cbambareatd egsé oag indgte
di stal end .of, the airfl dapt i ' ) ' hanb
*hr ougn BeRR db ARetll SEHS SRR LR UARRRR' el St SrHERh PEERMPEL 10 e

benef i t Hreaampifhied cahmvgichion bétean i tdgiom edediorad thd de-hiotheratorfand thvefirst ound
that by introducing the airflow adaptaor.in, conbination with a
dead§l orfed & dhe swid chamberi amAvdetporinsavidngdhid panausication betvepn thesgeond

| pr ovedsy, 4 WetONin ke fle BYNADUGRAGL Lttty aHERR Ynducld Icty Bebduey &d that
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velocity of the 20 airf| ow. t hrough the swirl chanber of the
deaggl orROMAIEHFUPRYY BOTE %%‘LW%F ”ggt RYFr espondi ng changes in the breath induced
| ow pressure. During use, this has the effect of reducing the flow rate
dependence of the delivered fine particle dose. Furthernore, the | ower
| i ndar flhadditiabéo therbeuefits deseribed dodve fonthealiflowhadaptor hehasf fegn furdfer 2@meduci ng
the formption of secogdar vortices and.stall eghaidrfl?w vvithithn the swirl
chanber that by introducing the airflow adaptor in combination with a deagglomerator the

performance of the deagglomerator itself can be improved. Without being bound by any

particular theory, it is believed that this is because the lower linear flow of air through the

conduit as a result of the airflow adaptor has the effect reducing changes in the velocity of the

20  airflowing through the swirl chamber of the deagglomerator as a result of corresponding
changes in the breath induced low pressure. During use, this has the effect of reducing the

flow rate dependence of the delivered fine particle dose.

Furthermore, the lower linear flow rate through the conduit may also have the effect of
25  reducing the formation of secondary vortices and stalled airflow within the swirl chamber,
and areas of high sheer on the walls of the swirl chamber, both of which may adversely affect

the performance of the deagglomerator.

In an embodiment the deagglomerator further comprises vanes at the first end of the swirl
30 chamber extending at least in part radially outwardly from the axis of the chamber, each of

the vanes having an oblique surface facing at least in part in a direction transverse to the axis.



and areas of high sheer on the walls of the swirl chanber, both of which
may adversely affect the performance of the deaggl onerator. In an
enbodi mrernwothe/dérggl omer at or further conprises vanes aPCrhi@2010/08¢74€nd of
the swirl 30chanber extending at least in part radially outwardly fromthe
axis of the chanber, each of the vanes having an oblique surface facing at
|l east in part in a direction transverse to the axis. WD

2011/ 054527PCT/ EP2010/ 006744 I n a further enbodi ment the at | east one inlet
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15  independently of the swirl-chamber from a region exterior to the deagglomerator to a distal

end of the airflow adaptor when a breath induced low pressure is applied to the distal end of

the airflow adaptor.

Preferably, the breath induced low pressure at the distal end of the airflow adaptor also causes
20  air to flow into the swirl chamber through the dry powder supply port and the inlet port.
Typically the at least one swirl chamber bypass port will comprise at least two, preferably

four swirl chamber bypass ports.

It has been found that by introducing a swirl chamber by-pass port to a deagglomerator

25  comprising an inner wall defining a swirl chamber, the performance of the deagglomerator
can be improved. Without being bound by any particular theory, it is believed that this is
because the swirl chamber bypass port lowers the linear flow rate of air through the
deagglomerator outlet port. A lower linear flow of air through the outlet port has the effect of
reducing fluctuations in the velocity of the airflowing through the swirl chamber of the

30 deagglomerator as a result of changes in the breath induced low pressure. During use, this

has the effect of reducing the flow rate dependence of the delivered fine particle dose, i.e. the



25conprising an inner wall defining a swrl chanber, the performance of the
deaggl onerator can be inproved. Wthout being bound by any particular

t heory, iWOiI28118sk328ved that this is because the sw rl cREFFEPROIOPHESS port

| owers the linear flow rate of air through the deaggl onerator outlet port.
A lower linear flow of air through the outlet port has the effect of
reducing fluctuations in the velocity of the airflowng through the swrl
chanber of the 30deaggl onerator as a result of changes in the breath

i nduced rhasy of tlesstive sutbtancayelosel pnhThe fias partieleafobecdn od meauhuzi avgotdiveg f | ow
rate dependence of the deliyered fine rticle dose, i.e. e WO

2011/ 054827%&-1*&#2‘51 e K harmesopeis h %E%i@é’&%b??&ﬂ?&a‘{?gwt@r'm The
fine particle dose can be neasured according to s. 2.9.18. of the European
Phar macopoei a 6.0 usi ng an Anderson Cascade | npactor. Additionally, the

| ower | iAdditioddliynthedowert lmesufjowirate timouglethepaitiet pary may stsothave theredteef dfect of

5 reducing the faornmati on_.of secondary vortices .and st.alled ai.rnflow wi thin
Che Swi 1O TOME e af SerongRromogres AR FeRe prdowa et B S cbifbe
chanber , gl ared@for WMphGhe & tBEWANS Bf thealii® charhbd, ALHf Whi¥ARER a@ferddPaffect
deaggl onerator. In an enbodi nent, the ratio of the sumof the

cr oss- sebe pernferimaaceoSthefdeaggomeratosast one swirl 10chanber bypass ports to
the cross-sectional area of outlet port is such that that when a pressure
breath induced | ow pressure is applied to the distal end of the airflow

adapt or Iatanlegfdirdifthe Patld offh€figh @b the crbsslseasdnabiens oflth¥mt lkastenpieirer abl y
from about 5% to about 50% nore Ereferabl from about 15%to about 40%
P

and 1&verrhamber pirnasepartsity the grssatsstional augas cagRorze syt thatibar when 4 ng
ai rflow ;%/r?ssﬁhertﬁgz;tﬁ%c#lx@%(ﬁg}g\h?rtegﬁlr@k e{p?ﬁé& footﬂg dst4l re*gd ?ﬁﬁ%ﬂﬂogyﬂﬁﬁﬁ)r ROfehst |15

Typi cal | e sumo cross-sectronal areas o e at least one swr
chanber dbppas %o, pesferablyi dt lleabeafono hs%4bmote refebabiyBom atontd%X0 abo@, S0%Rmeore

Bbout o RRYEy igBaboss! o asnt gt and sren et FEpOLBPT Ak 2fadeatout "
Cr 0ss- sefjo, 9Pde rAduBithirtidP Tt aPQYEd dirodPkZhd & 18RPBhe $9irl chamber bypass port.
15
Typically, the sum of the cross-sectional areas of the at least one swirl chamber bypass ports
will be from about 0.75 mm?® to about 20 mm?, more preferably from about 5 mm? to about 16

mm?, and even more preferably from about 9 mm” to about 11 mm?.

20  Typically, the outlet port will have a cross-sectional area of from about 25 mm’ to about 50
mm?, preferably from about 30 mm’ to about 45 mm?, and most preferably from about 35

mm? to about 45 mm>.

In an embodiment the deagglomerator further comprises vanes at the first end of the swirl
25  chamber extending at least in part radially outwardly from the axis of the chamber, each of

the vanes having an oblique surface facing at least in part in a direction transverse to the axis.

In a further embodiment the at least one inlet port comprises two diametrically opposed inlet
ports.

30
In a still further embodiment the airflow adaptor comprises a conduit having a

circumferential flange, and wherein the at least one swirl chamber bypass port is in the form



m2, preferably fromabout 30 m®2 to about 45 mm2, and nost preferably from
about 35 mMRto about 45 mt. I n an enbodi nent the deaggl oner at or
further cwopoiigsssavanes at the first end of the swrl 2Pcharben/oesstendi ng
at least in part radially outwardly fromthe axis of the chanber, each of

t he vanes having an oblique surface facing at least in part in a direction
transverse to the axis. In a further enbodi nent the at | east one inlet port
conprises two dianetrically opposed inlet ports. 30 In a still further
enbodi mesftat lehst oni apérowe getaferably atdegmt itge spartures) duire prefarably adleastrfount er ent i al
fl ange, and wherein .the at Lﬁgft one swirl chanber bypass port is in the
form WBPOGBUIES.(B M eisemipiedtaldjae8744 of at | east one aperture, preferably
at |east two apertures, nore preferably at |east four apertures, in the
circunferential flange. In a further aspect the invention provides a

br eat h- dotaaited adpact fwvideentiontpadades arymeptbedchuatesl By powdeninhalgr. dapicatlyruat ed
dry powder inhaler. In a still further aspect the invention provides a

net hgd oo HRE @rﬁﬁﬁhoar‘fgfaéffq %@' pSWieb'é’&?ﬂgF' in a breath-actuated dry powder

i nhal er, conprising: directing a first breath-actuated airflow for
entraining a dry powder froman inhaler into a first end of a swirl chanber
ext endi g astidfyrther popest gietineintigh pagvidest & mathod dor de-agglemerating dryspevsied inndd,

xt endi ig askibfyrterzopeshgie iuintien peeides s mihon Sorder aaslemeratiog e |
br ca . SEReEt AR BV FE b sPRRiTHE §Reudl A DEs bRy SLURE oo (670"

first enghaiidd®dsvowdee fidrbal inhslehintdatirdtlead bf 4 swirbeithnibee eseading along a
breat h-actuated airflows collide and substantially conhine; .directing

por tli0on lengitudinat axip ifiome thei first eagdo pseeongsndgthe Gisstirflgwedieestedia adeRgRWIghg of
the swr/. ap‘qﬁr'- L i i W i . dry
powder é%F%glﬁe e?ﬁ&%é?%%§%?%ﬁnggﬁﬂﬁaﬁ?g?Wgﬁgfﬁﬁiéﬁﬁ@§gé@%ﬁ§g§ﬁ§&5 t he
swi rl chattthe fitsy ead ofithefshinvchataipdranch thadtheifirstanid nige secoid btathraawdtedact uat ed

airflowto the airflqw adaptor, the thjrd breath-actyated airfl.ow having
by pass et i coflidiand upisanialpicambriy hieciings prtPg ob Hiombtesd At | ow
i's conmbiggd; ik w48 GRRBEAARnE of fe SNF B8HBAY delivering all the combined airflows
15 and any dry powder entrained therein through an outlet port in the second end of the swirl
chamber to an airflow adaptor; and directing a third breath-actuated airflow to the airflow

adaptor, the third breath-actuated airflow having by-passed the swirl chamber.

Preferably, the third breath-actuated airflow is combined with the combined first and second
20  breath-actuated airflows after they have left the airflow adaptor. Typically, the third breath-
actuated airflow is combined with the combined first and second breath-actuated airflow in

the mouth of a patient.

In an embodiment, the third breath-actuated airflow represents at least about 5 %, preferably
25  at least about 15%, more preferably from about 5% to about 50%, more preferably from
about 15% to about 40%, and even more preferably from about 20% to about 30% of the

airflow leaving the airflow adaptor.

Throughout the description where references are made to percentages they refer to the percent

30 by volume.



20 breath-actuated airflows after they have left the airflow adaptor.
Typically, the third breath-actuated airflow is conbined with the conbi ned
first andaweedond4izfeat h- actuated airflow i n the nout h ofPCI/EP21080G744 | N an
enbodi ment, the third breath-actuated airflow represents at | east about 5
% preferably 25 at | east about 15% nore preferably from about 5% to about
50% nore preferably from about 15%to about 40% and even nore preferably
from about 20%to about 30% of the airflow | eaving the airfl ow adaptor.

Throughqyty, E&%o&'ﬁw,iagadr%h YHEE GofmBinRl FRAARd 3EQnRAR (WIS BENERIY 3 9andshey
refer to the percent 30 by volune. WD 2011/054527PCT/ EP2010/ 006744 I n an

enbodi mewn-rotatipuallyi fixedbyf attdebedtiorthé fiest end pSthe swirl chanahed and exteoding ot l¢ast| ect ed

of f vanes non-rqtationally fixed|:. tached, to the, first end.,of the swrl

chanber TR B gREY Hate fd of e Padodes ol iAss R AT 4R vESHRs o
the swifgh obhgid&irfackfiRigl &t €A @it ihA”iiNASS rARSeRE tDtheiafise sthth@cRe figei Ng
at least in part in a direction transverse to the axis, such that the first

5por Bi oportion dfdhe eerbbined aisflow indeflesteddn psubsiantialy dongiydinghdiregtioy towards
| ongi tquensaelgggé%xﬁcfzcgf@tﬁgs&v?ry\@l{agﬁ)eghe second end of the swirl chanber. In a
SP )

further einvention provides a nmethod for nodifying airflow
through the outlet port of a deaggl onerator of a dry powder inhaler. The
met hod conprises the steps of 10 providing an ajirflow adaptor conprising a
condui t IRavimgeraspachhietayensing pagiades agnethad fordpoditying %zrf?w Ma@a@mﬂlﬂm t her

conpris ip%g d;ﬁgflég%éﬁ&gﬂag&ggamﬁg@d&qnﬂlg’ﬁf\’gﬁlé %Jﬂ)d&{o%rggg tHeRfkpebrt he

adapt or °t aptor 1 ndependently of airflowin the

cond0i t ;pravidiag @ ndrfloheadaptod vompssiag a ichaduii haviprgoy prdesndllend cind amintialicpd then

fromthe qutlet port of the.deagglongrator.to.the distal end.of the

condul t it S3ploy Ehes BBt Re Hikatt o A1owrgAL e e FofhEouirS s Bhters of

the ai rfligWoAaPdisfl ?Qi’lxépé'f th@ﬁ&ap%hrrinaép@ii@enrtl ro(P‘dgho#vhﬁ‘ 1A, ARmhgldyaneeans
end o

for allowng air to flow fromthe proxim the adaptor to the distal
end of tcoedutisyshdhatiirprepidasiBnid opmrTymp¢ationlfiom theeuttet pastiof be daagsilomenatpr

irflow.t h t t] et t. of a d t i ]| the |j
1 ow r aith HegALratasdht tiauR kg Podg RRSHIRIGH by v i iabttend o°F'
shows a gfitiemidfow he@ptirsuah tRngir @ows thraligh theWwoAdlapArel the Afeafts Mtfatloviruins a

view of the proximal end of an airflow adaptor. Figure 3 shows an
al t er nattp flewelier dhhpsexinadl end of theradppigr tadthplistal end of the adaptor independently.

Typically, the method for modifying airflow through the outlet port of a deagglomerator will

reduce the linear flow rate through the outlet port.

20

Description of the Figures
Figure 1 shows a view of the distal end of an airflow adaptor.

25  Figure 2 shows a view of the proximal end of an airflow adaptor.
Figure 3 shows an alternative embodiment of the airflow adaptor.
Figure 4 shows a deagglomerator for use with airflow adaptor.

30

Figure 5 shows a deagglomerator including a swirl chamber bypass port.

10



Figure 4 shows a deaggl onerator for use with airflow adaptor. 30 Figure 5
shows a deaggl onerator including a swirl chanber bypass port. WO

2011/ 054520R0T/(EP2010/ 006744 Figure 6 shows a breat h- actraatepdoidnyspowder
inhal er. Figure 7 shows a section through a breath-actuated dry powder

i nhal er. 5Detail ed Description The present invention provides an airflow
adaptor for a breath-actuated dry powder inhaler, the airfl ow adaptor
conprising: a conduit having a proxinmal end and a distal end, wherein the
pr oxi malFigud 6ahbwya bidath-dctasteddny pawdevinfalem a deaggl onerat or outl et port
to the distal end 10 of the conduit, and wherein the airfl ow adaptor
further conprises neans for allowing air to flow froma proximal end of the

adapt or ﬁ\;\guerg 7%&12&@[‘1 sﬁ&ﬂ)n&flroqlgﬁla%‘f'@a%-%tuht@@%ﬂew i cja@gr the airflowin the

I
condui t r eat nduce OW pressure 1I's app ile to the distal end of
the airflow adaptor. 15Figure 1 shows an airflow adaptor according to the
invention, jIn partjcular it shows the distal end of the airfl ow adaptor
( 100Y. fwga%?*ﬁFﬁmﬂﬁw§ptor conprises a conduit (101) with a first
circunferential flange (106). The conduit shown has a circul ar
cross-section; however, it may have any cross-sectional shape, for instance
ci r cul arTheggessntinyentioni paayidessan aipfow hdapson fot ahreathapetoateddyponsiep iiheles, neans

for allowing,air ,to flow froma proxjiml end of the adaptor, to a distal end
of the abRREAR et s ofAd hiVhe SRfodhen a0 ANl Pufk il 1
i nduced droxnml BSEMIRVS BuidRBminfithidabioh MiRntth délgloitaet ot paitid kirvdiadipgdor
(102, 103, 104, 105). The neans for allowing air to flow froma proxinal

e_ndfllef tqféh%ﬁmvmawl@r@inéhmir@w a&pt@mﬂa@WSPm@y@rmgmvng1a1r_ttﬁ3
Fhe. i oci i SRREILY TP of, L4880 0 4 PEBEER pOe BYRRSBEIRuanBITE", o7,

of four auilitnrtBs comiluitiehehi o tatathiindueed dove picssure id appiied (clthe distdl endlbf thenat i ve
enbodi ments there may be ot her nunbers of apertures, for instance one, two,
three, faiflow adaptorej ght or nore. The apertures shown have a circul ar
cross-section; however, they may have any cross-sectional shape, for

i nstance circular, square or triangular. 30 Figure 2 shows a view of the

pr oxiSmal Figurd 1(sB0%} anhirflow adaptol aceoating taothe (R&D)ion, th@adicnfar gwhows the distal

end of the airflow adaptor (100). The airflow adaptor comprises a conduit (101) with a first
circumferential flange (106). The conduit shown has a circular cross-section; however, it may

have any cross-sectional shape, for instance circular, square or triangular.

20  The airflow adaptor also comprises means for allowing air to flow from a proximal end of the
adaptor to a distal end of the adaptor independently of the airflow in the conduit when a
breath induced low pressure is applied to the distal end of the airflow adaptor (102, 103, 104,
105). The means for allowing air to flow from a proximal end of the adaptor to a distal end of
the adaptor independently of the airflow in the conduit when a breath induced low pressure is

25  applied to the distal end of the airflow adaptor (102, 103, 104, 105) are in the form of four
apertures in the first circumferential flange (106). In alternative embodiments there may be
other numbers of apertures, for instance one, two, three, five, six, eight or more. The
apertures shown have a circular cross-section; however, they may have any cross-sectional
shape, for instance circular, square or triangular.

30
Figure 2 shows a view of the proximal end (201) of the airflow adaptor (200). The airflow

adaptor comprises a conduit (202) with a first circumferential flange (203). The conduit

11



adaptor conprises a conduit (202) with a first circunferential flange
(203). The conduit WO 2011/ 054527PCT/ EP2010/ 006744 shown has a circul ar

Cr oss- secwoanii/dsesaever, it nmay have any cross-secti onal pelmape)i0foes744 nst ance
circular, square or triangular. The airfl ow adaptor al so conprise nmeans for
allowing air to flow froma proxinmal end of the 5adaptor to a distal end of
t he adaptor independently of the airflowin the conduit when a breath

i nduced | ow pressure is applied to the distal end of the airflow adaptor

(204, 2QRowrR%s a dirldrRrdieie@ivanndwevdigit RgMavé iy absosictignatishagepfdrl ow from
a proximal end of the adaptor to a di stal end of the adapt or independently
of the #stancogir¢ylan pauaroidipRguilfen a breath induced | ow pressure is applied
to the distal end of the airflow adaptor (204, 205, 206, fourth not
10shown) are in the formof four apertures in the first circunferenti al

fl ange ([.’159Birﬂowradalbtbﬂil@@tmmpnﬁrr’ﬁedlsrfenilhamhgae tasrﬂywtfeomtarpeoxmlahtmfsf thé
apertures, for instance one, two, three, ht nore. The

aper ? ur edansprdans digidlend of itheadagtor indspendeatly Pgﬁ‘e P 'é‘r ’tﬁW%ve any
Cross- S%Fega'tlpfﬁahce?ggg%resfﬁﬁ){e il ASIRAGS J&Hi Ha ofStHéJQiEﬁo@'édéﬂtb@(QGWﬁfs 28 The
ai rfl ow adaptor shown |

Figure 2 further conprises a second
ci r cunf émetit natlshéwanFoe (28 for Thewmecint foaw Gonf eprenimallenfl & thysdeptoptd & es

four apert 10,, 211, 212, sho nft tia
flange &R eﬂa\ﬂéé‘@ﬁdalﬁtB‘Fw‘ﬁ‘fiF&e@dﬁ‘?‘@y ?l{fﬂﬁ gy lﬁwﬁoﬂ?&g W%F %r?@f Hﬁ(‘:‘gedone
two, thige Pszﬁlh‘E is aﬁipl‘xe@fo Bk ka1 2R8 o tHeOFrloWNEIapRR (204, 285 STHBMb UMDt 202
circul ar oss-section; however, they may have any cross- sect i onal shape,

f or 10 nstshowgm) are frcihk dorm efjfoar apastures inAhgyfitsaeircumfereatial flange 42QB)s econd
circunferential flanges may be of any shape; however, they are preferably
of a shape which enables themmte wth the nout hpiece of a dry powder

i nhal er 1n k2SR @ adiméis thef@in@y HY ©thet Radbelid fof ﬁgertlﬁr&s gorrinsthihde ame; twid, ow
across the mating surface. The proximal end (209) of the conduit (202)

al | ows fhrge, di\@omnmgl@talrurmref?fmﬁp&ﬂa@égmmm%ﬁslr%%ﬂrlcgi’%ﬁsﬁt% BOVR¥ETd; st al
end of ;htﬁl HEWe any R)SQQ;: étlo%ﬂ‘(%ffﬁs tfptem@faﬁéé HWu?ﬂaﬁfUQ{] &r%ﬁgﬁguﬂ}o"m in

Fi gure mating Surtface of mating wt e outl®et port of a
The airflow adaptor (200) shown in Figure 2 further comprises a second circumferential
flange (208). The second circumferential flange comprises four apertures (210, 211, 212,
fourth not shown). The circumferential flange may, however, comprise any number of
apertures, for instance one, two, three, four, six or eight apertures. The apertures shown have
20 acircular cross-section; however, they may have any cross-sectional shape, for instance

circular, square or triangular.

The first and second circumferential flanges may be of any shape; however, they are
preferably of a shape which enables them mate with the mouthpiece of a dry powder inhaler.

25  Preferably, they mate such that during use air will not flow across the mating surface.

The proximal end (209) of the conduit (202) allows fluid communication from a
deagglomerator outlet port to the distal end of the conduit. In particular, the airflow adaptor
(200) shown in Figure 2 has a mating surface (214) for mating with the outlet port of a

30  deagglomerator outlet port. Preferably, they mate such that during use air will not flow across
the mating surface. It is understood that in certain embodiments, the outlet port and the

airflow adaptor may be a unitary structure.
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30deaggl onerator outlet port. Preferably, they mate such that during use
air wwll not flow across the mating surface. It is understood that in
certain ewbadimsmi2g, the outlet port and the airfl ow adaprmp2empodyes a
unitary structure. WO 2011/054527PCT/ EP2010/ 006744 Figure 3 shows a view
of the proximal end (301) of the airflow adaptor (300). The airfl ow adaptor
conprises a conduit (302) with a first circunferential flange (303). The
conduit shown has a circular cross-section; however, it nay have any
cross-sectional shape, for 5instance circular square or triangular. The
arrfIOM/adaptor al so conFrrses means for allowing air to flom1fron1a

pr oxi mal Figwg 3oshoys @ vigyas Ehe%malaamct(éplbmhﬁﬁlrﬂﬂw adapter GO0)-ndwpeii9snt | y of
the i ook Eorhiiee ARGHAL, K00 Rl 18} e Rt Gl GPTRETUIR qohadpP | OF 3O

The meanshofvarhash kovalagerass-secto;| mwel e inmmayphiayveianglcrassdea@fonahshapeldpt or to a
distal end of the adaptor independently of the airflowin the conduit when
a bréatHnﬂﬁﬁﬁééﬁukﬁﬁﬂb?@§§Hﬁ@gsg Tapplied to the distal end of the airflow
adaptor are in the formof four second conduits (304, 305, 306, fourth not
shown) running fromthe second circunferential flange (308) to the first
ci r cunf eflendirfiw ddaptga@lsp308iprisshmeasdonallayang airtts flowdiwm hgprexiviat end off the

15 t . h h
any. or oBBE i SANRT Siene aditorofefisndedtBrarReRr Gy SEHE Bhait PR e The
proxi mal preff ikdHe8d 109 prebRir& RNPRIitd 3R Nista® efdIbE @b IaﬁﬂBWadqu@r 4 bos, 306,

comuni cation with the outlet port of a deaggl onerator of dry owder
i nhdlOer . fourth pat showm).alrhe mmsér)rrallomna@ram dow ome 3@09xn@hbwd ofrthpepptas t3ahas

gf ngt :j::lgdl l\rl\dgcoeftn%%ﬂo étofr(i)rll_g},eg?ttlden P,\le }}e aar'?logvu tﬁé &) chu% h\glienZa lgjr%gtg%(ﬂf@(ﬁ at or

era ES C I'Ng use air

wi Il notlofv pre¢saerioagplicdao ml&tcnlagl éddif(ff&h‘@anrﬂldw dapiocae i e dotnhaf foun sedht ai n
enbodi ments, the outlet port and the airfl ow adaptor may be a unitary

struct urén 2@@9@% ﬁ%fw&p%trshervni Reningfeae tmseresd %urrﬁaree%l f}'crnsrn any
sui t abl e3pg) AR &t gt fe?elntlaﬂsﬂérf&@ )pPlllé’ ﬂ%%&h&c&ﬁr?; 5t IEAV%I h\R! dt'r]@ﬁla{r om

pol yprop I ne and acry n| tri ene styrene aval |
BASH)5.  cross-sections (310, 31 1, 312, fourth not shown) however, they may have any cross-sectional

shape, for instance circular, square or triangular.

The proximal end (309) of the conduit (302) is suitable for making fluid communication with
the outlet port of a deagglomerator of a dry powder inhaler. In particular, the airflow adaptor
20 (300) shown in Figure 3 has a mating surface (310) for mating with an outlet port of a
deagglomerator of a dry powder inhaler. Preferably, they mate such that during use air will
not flow across the mating surface. It is understood that in certain embodiments, the outlet

port and the airflow adaptor may be a unitary structure.

25  The airflow adaptor of the invention may be moulded from any suitable polymeric material.
Suitable polymeric materials include polypropylene and acrylonitrile butadiene styrene (both
available from BASF).

Figure 4 shows a deagglomerator (400) suitable for including the airflow adaptor (not

30  shown). The deagglomerator (400) comprises: an inner wall (412) defining a swirl chamber
(414) extending along an axis (A) from a first end (418) to a second end (420); a dry powder
supply port (422) in the first end (418) of the swirl chamber (414) for providing fluid

13



Figure 4 shows a deaggl onerator (400) suitable for including the airflow
adaptor (not 30 shown). The deaggl onerator (400) conprises: an inner wall
(412) defwoiat/@42A r1 chanmber (414) extendi ng al ong anPaXIEP2¢1A00474om a
first end (418) to a second end (420); a dry powder supply port (422) in
the first end (418) of the swirl chanber (414) for providing fluid WO
2011/ 054527PCT/ EP2010/ 006744 conmuni cati on between a dry powder delivery
passageway of an inhaler and the first end (418) of the swirl chanber

(414); adommafitatdi®etwidenta @9 powdddelivéRbpassagetviag ofﬂrﬂﬁﬂxal@bhd {relfayt aid t he
swirl chanmber (414) adjacent to the first end ‘{2418%7?) the swr| chan‘foer
(414) pr@V¥nfibe swith @aﬁ&%ﬁ(ﬂif‘bé’ﬁ ie@ﬁ %@tlm}@énora( gt 18 shednpegrwalh(4lgeo

de- aggl gp@E@ﬁféh(a&ﬁp%? 41% E'e%tic” s nﬁu@%@ s»&n@%hﬁ%éx‘ ?Ql%@fdu( 414)?

an outl por | ng ni‘cati on between econ
(420) offldid eommumicaﬁhﬁibﬁWeelﬁ 41égloma:dera'0r taithd dougglomptacor (Q@Q)tanﬂhhmﬂx)st end
whereby a breath induce ressure at the distal d of the airflow

|
adaptor (@hdrofdhgswiyl ‘E%’éﬂg’éégévi“ an’uF POROTT (14t35) PrpIAnG FIP‘ ARIHBEHCAP)  t hr ough
the dry Wo%hhé H&B}ﬁ eRP(420§ 6121%%: g cﬁznﬁbér l4194) aﬂ@ rah atfid aﬂi%ét)or (14(9 shown);

Preferab e at l[east one inlet port conpri ses
di ametr iwladrélyy mbma&ﬂdqucﬂéow poassire (@t the, dlstﬂ@dtdﬁ dte &mcnhddapmra(nm srhewmi) on

i T oul arcsursie RN B te stk o A TR ER AT vadosy bR B (2r) e

|IIustrat},@qllg;b0@tr(q9m2% and 3 in Figure 4, entering the swirl chanber (414)
t hrough 15the inlet ports are at |east |n|t|aIIy directed transverse with
respdct to the axis A of the swirl chanber and collide with the airflow

enterin t I ort [ € & ned
o1 onePreRRIE e ASeBE DR A Rbl (494225 Sorfffa b Wb ROTS coP a0 Tt
wal | (4 1pxtsqh24, hes;smiaféxt@ﬂzﬂm&nre(cﬁw},ubsfasntlmlyatrumelex to thedixraane additi onal
turbul ence as they nove towards the second end (420) of the swirl chamber.

20 Ref ersubﬁgnte%lynaweauo tharqydar sEepswaetion ofrthg sm'@l) cfiam?m@éé) vaneesplkoe)  at
he fi
the Tir S&lrff‘o@g {lg%égt]pﬁ)i)%taﬂﬁw%\ﬁdaﬁlh 3292’?@.&& 4( é[iltél)i Charrgr'(lar arfiber |g$g4f§tthll ﬂglﬁ)art

radi al | y outwar e axl s e’ sw r t he“vanes
(4265 hahe aﬂetqhxlmsqcfe'atslwst ftteal (yAR f)tetlarinagerse witk aespedt o fieraxis A o theti svadt i on
transver e o the swirl Chanbg%ége The, vane 426% are sized

such t hathapwsg ar f‘a"‘@aﬂtﬁi% O8¥ enterAng bg SAPHY BRIL 220 $TERE wi t h t he
obl i que g, flé?ﬁgsl“l{e%%)bm&)!' ﬁifﬁfv@sbhmsnades bYARSH £ RARELRS, fmewconme\ﬁnﬁ fR6) ,

each extending between a hub (430) alignéd with thé axis A and the wal |
(412) oflnn¢rezvzﬂl/\(4rll2) ofthriseirl ¢kababer (st) sfoowwa vanteRj apdrazeats admnom?énaggleomr at or

(400) f ursttEey m'09§ lolexga?gs t%g sgc%tnld %Bd P&’Ot) o% ﬁl%zs)wiltl%flamber.

20
Referring to Figure 4, the de-agglomerator (400) includes vanes (426) at the first end (418) of
the swirl chamber (414) extending at least in part radially outwardly from the axis A of the
swirl chamber. Each of the vanes (426) has an oblique surface (428) facing at least in part in
a direction transverse to the axis A of the swirl chamber. The vanes (426) are sized such that

25  atleast a portion of the combined airflows 4 collide with the oblique surfaces (428).
Preferably, the vanes comprise four vanes (426), each extending between a hub (430) aligned
with the axis A and the wall (412) of the swirl chamber (414).

As shown in Figure 4, the de-agglomerator (400) further includes an outlet port (432) for
30  providing fluid communication between the second end (420) of the swirl chamber (414) and
the airflow adaptor (not shown). A breath induced low pressure at the distal end of the

airflow adaptor (not shown) causes the airflow through the supply port (422) and the airflows
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30 providing fluid comunication between the second end (420) of the swrl
chanber (414) and the airflow adaptor (not shown). A breath induced | ow
pressur e WO 20hH&5dh28t al end of the airflow adaptor (not FREERRIOANETEE t he
ai rflow through the supply port (422) and the airflows WD

2011/ 054527PCT/ EP2010/ 006744 2, 3 through the inlet ports and draws the
conbined airflow 4 through the swirl chanber (414). The conbined airflow 4
then exits the swirl chanber (414) through the outlet port (432).

Pref er alg g thidagltiel itlet portd arldAdrdws ﬁ?etc%lﬂﬁﬁneiidiﬁloaﬂﬂ itlbligh theansnt ehaiﬁbetro t he
axis A, suchtﬁat the airflow 4 will colli with an i nner wall t he

outl et fét4)- Thaoymbined arBavd thep @ﬁ@rthsmrrbehagm?é(‘“ﬂ). thrageh e OHFlettﬂ?ét
de- aggl 33?@%&%& 999%?}, %ﬁg the%d?Etﬁﬁ{antlglwaH%?s%grsg'E(}'th@%‘ﬁﬁez& dubhalapr

i ncl udi dry po assageway an y powder reservolir for
exposi nghaaipfleddtveillndotiait it aminnef wdl yf fevabelet pat (432) ded createfuplessageway,
patient inhalation at the 10distal end of the airflow adaptor causes

ai r f PowduPUlERge-3 to enter t hrough, respectively, the dry powder supply port
(422) and the inlet ports. Al though not shown, the airflow through the
supply port (422) entrains the dry powder into the swirl chanber (414). The
ai r f | ow Burihgawserodlithresdt-aiggjorperatbe in eorsbiatiar Wil aﬁmyeatlhrectgaquldyy p@wder(iMQr into

the swirl 11Elarrbe gle(i)ﬁ}gitudinal dlretlon V\(T tl% |l ows 2 and 3
o t hanelRABE assy piw el pasterwik MEs BN s Bt BipiRa Tha
the airflonSeffthdd Ao ds §l3yb&;vﬂféfr 't@iﬂe)ﬂeﬁ@éf?'pﬁ%a?é\v&mbbh&ﬂ igtaldtida a€ €H¥bi ned

airflow'4 and the entrained dry powder then collide with the oblique
sur fl@c esdigtaixgid offthet dieflavaadaptqraaaies aiflomsg andrd toentes thraughhmespagfiiicbmhat es of

the d wder. t t bl i f h
e O A oY TR 8P I R N A RS M FBM polheec

ai rf1 ow ghpgRGokh@2Byentainiare diyyponalse éito tie Mﬂlcmmaert(uwp Tashirflspiand! pat h,

or vortex, through the swirl chanber. As Erem at ed, the

decr easi tFatned sy pewdar gradiggctadiy Bgisppply maﬁtsw)(la@z! e pwiit Shamdgs 2 ¢ hanges
the direg 8}1%' nerganglrla&ﬁ)r Sgﬁﬁé tﬁls:hcﬁrﬂlo%s%éﬁ&'?r fbmi € i Jfo@és a @@ir&?émhrﬁed ai rflow

4 and ent hus articles and any aggl onerates of the dry
powder ctedistvad dilyedtlﬁp,aaut:h agmthtsetlrﬂdws avdlide 2@ (sdb@intallytcombswi. r | chanber
(414) and collide with each other, resulting in a mutual grinding or
shattering action between the particles and aggl onerates. In addition,

particl eg é)@ﬂg)na&gﬁ@é@ﬁlﬂh@&algﬁg\b q(%lhﬁ(ih@étftrarl&% d?plprH@r thel EGI68S wﬁt‘ﬁzﬁé of the

vanes (426) cause furt acts and collisions. The constant rri?acts and
col | i si osidiqoassfacan(428ygf tblnmaatse(ﬁébcausmgbpartwdf@ and dny agglamepsdgstafdhedry and

caiee N BRrLY KL Ly RE BT ALY o GHRRL R b TyESHARLOP

20  the swirl chamber (414) causes the combined alrﬂow 4 and the entrained dry powder to
follow a turbulent, spiral path, or vortex, through the swirl chamber. As will be appreciated,
the decreasing cross-sections of the swirl chamber (414) continuously changes the direction
and increases the velocity of the spiralling combined airflow 4 and entrained dry powder.
Thus, particles and any agglomerates of the dry powder constantly impact against the wall

25  (412) of the swirl chamber (414) and collide with each other, resulting in a mutual grinding
or shattering action between the particles and agglomerates. In addition, particles and
agglomerates deflected off the oblique surfaces (428) of the vanes (426) cause further
impacts and collisions. The constant impacts and collisions cause any agglomerates to break
into additional particles, and cause the particles to be substantially micronised.

30
Upon exiting the swirl chamber (414), the direction of the combined airflow 4 and the

entrained dry powder is again changed to a transverse direction with respect to the axis
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entrained dry powder is again changed to a transverse direction with
respect to the axis WD 2011/054527PCT/ EP2010/ 006744 A, through the outl et
port (432y02Thés¢nibi ned airflow 4 and the entrai ned dr PCHaERAS0/0PEHAI N a
swirl conponent of the flow, such that the airflow 4 and the entrained dry
powder spirally swirls through the outlet port (432). Since the m cronised
powder and any remaining agglonmerates maintain the swirl inparted from
swirl chanmber (414), the swirling flow causes 5additional inpacts in the
out | et porthropgls e @ilebport (432 Jibletcombiedraitftow %amhmewgtrmlpe@ﬂrsamwdeem@am ng

Aaag0l orav sprmp8tis) 3 eI i ra. ool kb e BT o Rl ety e

i nvent i QRrlsf dﬁ%@ﬁ&g@b&m@ b8t 0432)50@ke BRMAICkSifsEd paWda# dd zﬁw regapliny (501)
providing fluid 10 comruni cati on between the outl%wgort (530) and a region

exteri oraggbntemema@gal@ rl@rsawd impaited fipmyswie (charpber ethicsmiding flowy gguses
h di
geggﬁ gjf C)}g%lngntp%&s y ”{%e ‘%P(é%é ?o ésEil) é%@gh@&ﬂerr%heaﬁﬁgrlﬁspt enéit ?5i‘8) of

the swi rrkm@dﬁﬁ@@fgldn&léﬂes f)ﬁdir tbl‘déiﬂgdhﬂged bwaqmtmmmm cation between a dry
powder delivery passageway of an inhaler and the first end (518) of the
swirl chanber (514); at |least one inlet 15port (524, 525) in the inner wall

g\?\nlrzl) gLFé%J(}@ 5%&\%5f%@?%§?&ﬁe&%}?%0u@g$%gﬁﬂ tﬁeoaixtfn)%v gdb@ﬁ;r (?(511(3 a@é&rﬁ §QB tl’;ehe .

I ng ni cation tween “a regi On exterior
to the d&v@gghdrm:rcte‘agglomechtcbﬂ(éomj dompresest apsl@lowoddaptoe (S04) prowtiagitleud an
outl et port (530) I’OVI di hg fl %Harunl cati.on between the SE)cond end
(5209 akGmmnEAonY 6 esa A tle B@rﬁ A8d aregiemexteordodly saggPMABUPT Hpass
port (S5Qgner3il (55% efﬁ@a swi lf’l%h%ﬁlble?@ﬁhz @ﬂ@ncﬁﬂ‘% hlong 4 Q%@QBE fx@)ﬁ sPﬁ?s? elRPrt

(502, 503, 504 all'ow air to shown arrows d 5 froma
pr oxi mal(5 E$)do cafsectdmd cad(52Qya dgamivater sepply 003(5922)emdledirsttdmd (él%)fdféh@ swdialpt or
eat h-i nduced | ow

br esbur STRBSEIS Pl B idiGe B comatiegton RV darrd F RudeE BN eThe “br eath

i nduced Ja9¥opWSpSLdEinBhlef AR telb ﬁmlen@(lsil@foftm“aﬂrchdnﬁwerqemt af e Ohg imbts 0
causes air to flowinto the swirl chanber é!gmb thro h the dry 25powder
er

supE:Sy port (524,22)5) amide inner wall|(2bdtof drreswinl &51(‘)5 acegpt) the TiFd eBdnbi ned
4
R e e S O AL S

i N Fi gurtRe Ge-agglometaier andiime fifst émi(S 18pef theseir] (ihther mutﬁﬂﬂon 653@) ina
first circunferential flange (506) of a conduit 507) of gl rfl o&v
30adapt droyidme)fluidpemayupicptiop ws%léhe(ssw o doe0)iand Hregi vsa WeHeP);

ggm : >Shadl 5?9‘?88 Igt@:ljrrl 2&&?@8 g%éﬁ g%g;gy t403! 534, 309 Tho A8k adMdhe bwhl SO
20  chamber by-pass port (502, 503, 504, 505) allow air to flow (shown by arrows labelled 5)
from a proximal end of the airflow adaptor to a distal end of the airflow adaptor (501)
independently of the swirl-chamber (514) when a breath-induced low pressure is applied to
the distal end of the airflow adaptor. The breath induced low pressure at the distal end of the
airflow adaptor (501) also causes air to flow into the swirl chamber (514) through the dry
25  powder supply port (522) and the at least one inlet port (524, 525). The combined airflow

(arrow 4) leaves the airflow adaptor (501) through the conduit (507) (shown by arrow 6).

The at least one swirl chamber bypass port shown in Figure 5 is in the form of four apertures
(502, 503, 504, 505) in a first circumferential flange (506) of a conduit (507) of the airflow
30  adaptor (501). The airflow adaptor (501) shown in Figure 5 further comprises an optional

second circumferential flange (508) which also comprises four apertures (509, 510, 511,
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WO 2011/ 054527PCT/ EP2010/ 006744 fourth not shown). Wen present, in use,
the apertures (509, 510, 511, fourth not shown) in the second

ci rcunf er®ot20al/os#i2zange (508) al so form part of the sw r PCEERROISN0ET¥pass
port. The airflow adaptor shown in Figure 5 nmay be replaced by the airfl ow
adaptor shown in 5Figure 3. In such an arrangenent the second conduits of
Figure 3 performthe function of swirl chanber bypass ports. |Indeed any of
the airfl ow adaptors descri bed herein when conbi ned with a deaggl onerat or
as set dutirth notshgwhi Whar prescihe, ia uss)ithd apeinandsd 609\ AsS! 1p boirth et shev@bhy, t he

ratio of the sum of {he cross-sectional areas _of th t least one swrl
chanber the EF;FB&‘E E“f}B?{egcntUB{ ﬁ%eég @@sa??eé’f'f‘(?ﬁﬁl‘)fg?ee%"‘afc% F@?YP&MOW- s such
that that when a pressure breath induced | ow pressure is applied to the

distal end of the airflow adaptor at least 5 % preferably at |east about
15% norEhemifosr adaptorshawm abbigtiresYmiay batveplace8 By therair@ow adépemdhioynfinom about

15% to out 40% and even nor referably.from about 20% t o .about 30% of
the PesdngiTRg: I st arengprrak utreembaapbin el HeRonae g R A nper

bypass n@ifl chamb REIfoRR!t RSPy thé Q16w QWARIErstdBsR1bed heield whent parts
of the airfl ow adaptor and deaggl onerat or may be cal cul at ed usi ng net hods

known i reonthnegrwith h deggplameratoans sdioput waliighie Acpipride asedrl khamerdypasipotthe
volunetric flow through an airfl ow adaptor according to the invention at a
gi ven pressure gradient and conparing it to the volunetric flow through a

20 si nmi | Befepdbly, R TR sum bftht Reoss-3B@ionaNgtedstof tha/dt 1843t oRANSIrT dhambet owi ng
air to flow froma proxinmal end of the adaptor to a distal end of the

adapfor byRasmoasddnthocress-septonal prep hontletpol it sirduhat thigterhea agresstre bridfliced
L ow pr eslﬁh'%cgfllrlléw”@g&%rg% %-ﬁ%éltegﬁ% ﬂ'{ezﬁ%%l e?rlgg)g %vﬁ %iﬁﬁ)tvﬁgcuglt&vgt pdepgor. In this

i nst ance, sur emne ame pressure gradient,
pr ef er aijryfeddbiRaat 1¢4ve alsauna 5% dveel proderably fappbbad SPto dbeut 3%, mbre preferably

e TN IR RN AN (T N U
el i m T e e R bt ot i nvent | on
are Idi scl osed in U56748947 and are sold under the trade 30 nane SPI ROVAXTm
The percentage of airflow flowing through different parts of the airflow adaptor and
deagglomerator may be calculated using methods known in the art. In particular they can be
calculated by measuring the volumetric flow through an airflow adaptor according to the
invention at a given pressure gradient and comparing it to the volumetric flow through a
20  similar airflow adaptor with the same conduit, but no means for allowing air to flow from a
proximal end of the adaptor to a distal end of the adaptor independently of the airflow in the
conduit when a breath induced low pressure is applied to the distal end of the airflow adaptor.
In this instance, both measurements should be made with the same pressure gradient,
preferably 4KPa. The same method can be applied in the case of deagglomerators comprising

25  airflow adaptors comprising swirl chamber by-pass ports. In this instance, however, it is the

swirl chamber by-pass ports that are removed.
Suitable breath-actuated dry powder inhalers for including the deagglomerators and airflow

adaptors of the present invention are disclosed in US6748947 and are sold under the trade
30 name SPIROMAXT™,
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WO 2011/ 054527PCT/ EP2010/ 006744 Figure 6 shows the external appearance of a
breat h-actuated dry powder inhaler (600) according to the invention. The

br eat h- acw0o20Hd5d2f powder i nhal er conprises an airfl owPQHAFROI/00EB4)
having a conduit (602) and four second conduits (603, 604, 605, 606). In
this instance, the conduit (602) and the second conduits (603, 604, 605,
606) have circular cross- 5sections. Figure 7 shows a breath-actuated dry
powder inhaler (700) conprising a deagglonmerator (701) including an airflow
adapt or Higii2)6 abows dhegxteondl heppearaact iofra bidiHiactaated |y poeder anhglg0 2§00)

conprises a conduit (703) with a first circunferential flange (704).
coggr! si%@orfi@tgrtoaﬁ‘@r. HFnone ﬂ%‘? tgﬁ%}l}\ﬁ?fmaﬁqqeglgﬁ pqutgﬁw 1&@%{& 8?1.1131.[}?5%% Yirflow
conpri S%a@oﬁﬁﬁ)‘s}ﬂﬂaﬁhg%#ﬁn@ﬁﬁ%(m'anﬁ'tﬁﬂﬂ?ec@c}?é&ncﬁu‘i@ Reo31B0u! goszgsotsp.qh this

apertures (no own). The apertures in the first and secon

ci r cunf dngariceathefcoadge §602¢ afid the sehend concluite (603F 684 605, 60@rHawe chigwaseroport s.
Accordingly, in use, a breath-actuated |ow pressure at the distal end (706)
of tRe aﬁg‘i%néW 15 adaptor (702) causes air to flow through the apertures
(not shown) in the first (704) and second (705) circunferential flanges.
The breath-actuated | ow pressure at the distal end (706) of the airflow
adapt or Kigw2)7 ahews edusah-agiuatedodrynpeveden inbalprc (1AM ccompaismgl # epgglemegtarhe

swrl c er 07). via a s I r{. 20ln first breath-actuated
airfl owht? @B lgﬂg‘alggﬁflﬁbr 8%%“58”8’6@%3 a%cro(gn%n 0 #B%ﬁ%Yeglrmlh's directed into a

first end of a swirl chanber extending along a longitudinal axis fromthe
first end to a second end. The first airflowis directed in a |ongitudinal

di r d®t i ofhe airfloxeadaptasr(@aDrromprisas agorduit (789 withadust ¢grquadeegtialflange (704)
L antial |y . at ed’ . : )
Son Tidofpring! AP MR frel GECARNY W, Abfiol ddBbroP Hineifr Lifipdiitsrd sEdAgLer

subst antdi@linfer2itiad flange(708) plso icomprisihg ttwer apertbies énbtahoWhpiheiapettimes in the
directed.in spiral. path tao ds the secgond _end of .the sw rl chanber, and
al | tho fhiissond FirCsHEraHl yEes oI fBrHom0 i dhamber Bupass potes.
deliver e&ccfomiﬂ%l?b iR s QYW bhthPRbtardd 10w Pr&sserend BOdisedl dlae(796) oF tkdariier to
an airflow adaptor. A'third breath-actuated airflowis directed to the

ai r flisow zldptpt ¢Y0Nacausey &y padload thrheghs wher apertuzasbioot sigypi)cl the, fiish (Uke andhe

(7 e W apb ok ol ot bR aAE RN BRI atubiaiaationy o
2011/ 05453KPLHIER 2300 Pt 41sbreatisss all 18, entraROmbdieamext dnbiletiosiit i thef swidlt

and second airflows 1s deflected off vanes non-rotationally fixedly

at t achecchembe@07) vigta supply@ortt he swirl chanber and extending at |east in
part radially outwardly fromthe axis of the swirl chanber. Each of the
vanes has an oblique surface facing at least in part in a direction

t r amgverigaisé, @ filsebr@xthsactimteeiniitfloat forleatrmairg adry pbwidsefrom an inhaler is directed

into a first end of a swirl chamber extending along a longitudinal axis from the first end to a
second end. The first airflow is directed in a longitudinal direction. A second breath-actuated
airflow is then directed in a substantially transverse direction into the first end of the swirl
chamber such that the first and the second breath-actuated airflows collide and substantially
25 combine. A portion of the combined airflows is then directed in a spiral path towards the
second end of the swirl chamber, and all the combined airflows and any dry powder entrained
therein are delivered through an outlet port in the second end of the swirl chamber to an
airflow adaptor. A third breath-actuated airflow is directed to the airflow adaptor having by-
passed the swirl chamber. Typically, in use, the third breath-actuated airflow will form before

30 the first breath-actuated airflow is sufficient to entrain medicament.
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5conmbined airflows is deflected in a substantially |ongitudinal direction
towards the second end of the swirl chanber. Typically, the dry powder
medi canerwoustds#i27t he breat h-actuated dry powder i nhal @CTEPRI0I8ES4 a
medi cament active selected fromthe group consisting of anti-inflanmmtory
10agents, anti-cholinergic agents, 2-adrenoreceptor agonists,
anti-infective agents, anti- histam nes and conbi nati ons thereof Suitable
anti-inflammatory agents include corticosteroids and NSAI Ds. Suitable

cor ti coskrefepdbly aypuridn ofthic bembied firstand decotnbaaﬂomsaé deffedtedrdflats non-

ot Vit yfoERBHI Gt A 5 ah RSO E P b G SOIORTE B (et n part
dexamet Nggang o, ARSATIE RYOR RO ofibcD 3 L Wor Ot/ Rl dplioy

furanyl car oxy] - oxy- 16a- net hyl- 3- oxo- androsta-1 4 di ene- 17
- car bot hduoface facing aBleaft 1ucp|antnnahiwectmcm mnsvﬁac; tothe dkis| suwhdhat the portlon of the

- hydroxy- 16a- net. hyl - 3- gx0- 17a- pr opi on ndr 0s

ar it S coRpeS RS B tister i o ana BA RS Siitin tgwarsyhesseand
20bec| ongldnFsSviashembed € 9. the 17-propionate ester or the
17, 21-di propi onate ester), budesonide, flunisolide, nonetasone esters (e.

g. the furoate ester) triancti nol one acetoni de, rofl eponide, ciclesonide,

buti xocoft .propj,.0 RPR- 10654 T-12 ferred c cost eroi ds
Cnel oo HEnSRlERR) Bowiirnedemie us @D i braRincpRdd FORF et

- hydr oxy, 6 MedicAmahi Abtive kilydied frodr thbi |c@n&i Sdnyil ihflamydat

3- 0x0- ancdogqgg{sa 1, 4rcd| ene- 117 8- cgr br(())t hi o%gf:wgmg Zﬁggfl uolromet h;IorZster and

6a, 19a- aieptsyantiochohiergioagenisa Ry AETERQISPRPLOT agQyists ] anti-FeRtyR LB H-anti-
met hy1- 31"91’5911&99593%@51118"0“9}9&39?| 17p-carbot hioic acid S-fl uoronethyl

ester, nore prefe uoro-17a- [(2-furanyl carbonyl) oxy]-11
-hydroxy 16a- net hyl- 3- oxoandrosta-1, 4-diene-17 - carbothioic acid
S-fluorometh ester. 30 Suitable NSAI Ds include sodium rom)gl ycat e,
nedocr on$‘!1ta§é‘(ﬂ1\}n‘fl flammeang aeeys g’r"(l%‘gé coppsestey %idtlﬁgéﬂ?% ugablE heophyl 1 i ne,

PDE4 | n(f}srogﬁ%og{e? 18f<wmc?ﬁ‘%g?%§s/eﬁri§ﬁuamb§€ 6r9raﬁl>d,mhzﬁyé<eérhb@§@roﬁﬂtaﬁa%yust S,

i nhi bit otriene synthesis, INOS inhibitors, tryptase and
201 1/50 54 2-tPags vaH2D havOosi7ifdl amnss oy sictivitgh iBxampies mdjedeamﬁthyhpregnusoione

snagon o5 S04, SdeneSi R LECERLCL B9ONSLE, O M aRanL e o adenosine
i nhi bit %&n@fcaﬁ‘)@n?b'oﬁ?] SVI]IH}@%X%—16a-methyl-3-oxo-androsta-1, 4-diene-17 -carbothioic
acid S- fluoromethyl ester, 6a, 9a-difluoro-11 -hydroxy-16a-methyl-3-oxo-17a-propionyloxy-
androsta-1, 4-diene-17p-carbothioic acid S- (2-oxo-tetrahydro-furan-3S-yi) ester,

20  beclomethasone esters (e. g. the 17-propionate ester or the 17,2 1-dipropionate ester),
budesonide, flunisolide, mometasone esters (e. g. the furoate ester), triamcinolone acetonide,
rofleponide, ciclesonide, butixocort propionate, RPR- 106541, and ST-126. Preferred
corticosteroids include fluticasone propionate, 6a, 9c-difluoro-11 -hydroxy-16a-methyl-17a-
[(4-methyl-1, 3-thiazole-5-carbonyl) oxy] - 3-oxo-androsta- 1, 4-diene-17, 8-carbothioic acid

25  S-fluoromethyl ester and 6a, 9a- difluoro-17a-[(2-furanylcarbonyl) oxyl-11 -hydroxy-16a-
methyl-3-oxo-androsta-1, 4- diene- 1 7p-carbothioic acid S-fluoromethyl ester, more
preferably 6a, 9a-difluoro-17a- [(2-furanylcarbonyl) oxy]-11 -hydroxy-16a-methyl-3-oxo-

androsta- 1, 4-diene-17 - carbothioic acid S-fluoromethyl ester.
30  Suitable NSAIDs include sodium cromoglycate, nedocromil sodium, phosphodiesterase
(PDE) inhibitors (e. g. theophylline, PDE4 inhibitors or mixed PDE3/PDE4 inhibitors),

leukotriene antagonists, inhibitors of leukotriene synthesis, iNOS inhibitors, tryptase and
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5Sui tabl e other (32-adrenoreceptor agonists include salneterol (e. g. as
the xi nafoate), salbutanol (e. g. as the sul phate or the free base),

f or not er oWO(2e11/0§452as t he fumarate), fenoterof or terbut aCirmP2andoeal t s
thereof. Suitable anticholinergic agents are those conpounds that act as
ant agoni sts at the nuscarinic 10 receptor, in particular those conpounds,
whi ch are antagonists of the ML and M2 receptors. Conpounds include the
al kal oid of the belladonna plants as illustrated by the |ikes of atropine,

scopol arddzeise hiFitorgdene innmmeaneagonsts driderienasinmgeceptsr ayoaistsorrantaggnists
adm nistered as a salt, being ﬁ(erti ary am nes. 15Parti cul ar,Ity suiph%bl e
ant i chol(friREEROSINe 73| agaRStsh CYIOKHIS; ARALORISES Gz g-ghemgking apiageRists) AR

t he na G tropium(e. g. as the brom de), glycopyrrolate (e.
as theng)rfgé\%og}e{s%%gﬁgé%i otropium (e. g. as the brom de) (CAS-139404-48-1).

Al so of interest are: nethantheline (CAS-53-46-3), propantheline brom de
(CAS-50-34-9), anisotropi ne nmethyl. bromi de or Valpin 50 (CAS-80-50-2),

1 abni Sl s (FRptrebormcordaboniss 3ugs sl in e USGORIBRALI )

I sopr Op%mbﬂ%nﬁcﬂ‘@é.c%? ad HBSuipha br Hlo frEEPRBY, CbdtdterBl &”‘gd@ th&funfaraeptfentterdf 918,
408), tridi hexethyl chloride (Pathilone,” CAS-4310-35-4), and hexocyclium
met hyl sudrftabetalifie and saiaetdd- 63- 9) . See al so cycl opent ol ate hydrochl ori de
(CAS-5870-29-1), tropicam de (CAS-1508-75-4), trihexyphenidyl hydrochloride
(CAS- 144- 11-6), pirenzepi ne (CAS-29868- 97-1), tel enzepine

(CAS- BO%QI_Q'aaiicho‘Hﬁe%% AdeBits 26 tHHRE bOMpb@itsMeat adiud dnbgoR MR dtitdAuscarinic
25di scl osed in WO01/04118. Suitable anti histamnes (also referred to as

HI - l8c e peesptarninagatinudarshose sempgundsnvhishearg antagenists pt thgdM hang Mpussceptors.

ant agoni sts _kn i ki by n use.

A “ar o G BRphstltie3he WROR! e bl pEIERBRAE o BRI TY NG BkeqBITEC, 08,
wi th H Jtropgeesiopshmin) Esmapbgiac, iyobeydenint; hbese lcampowsds ag¢ hyrineatlgdi ani nes,
and al kyl am nes. In addition, other first generation antihistam nes include
t hose whidaHnigtsredds a3ty Bringiertiy aBdngSased on pi peri zi ne and phenot hi azi nes.
Second generati on antagoni sts, which are non-sedating, have a simlar WO
2011/ 054527PCT/ EP2010/ 006744 structure-activity relationship in that they
ret disn thueticudarty satifableansclyplmergi¢stineludé kprataopivmd} : grasrtherbromide), s@dundery

o e SRRt A BLRSCLEAS, O, B RS B0 EYBTRL G B0 S0 205,808
di pheny! fandioa@hien (Y 8r 8ché Bdntie) @NE-13 9aasin ). Padsof iRterest are: methantheline
(CAS-53-46-3), propantheline bromide (CAS-50-34-9), anisotropine methyl bromide or
Valpin 50 (CAS-80-50-2), clidinium bromide (Quarzan, CAS-3485-62-9), copyrrolate
20  (Robinul), isopropamide iodide (CAS-71-81-8), mepenzolate bromide (U. S. patent 2,918,
408), tridihexethyl chloride (Pathilone, CAS-4310-35-4), and hexocyclium methylsulfate
(Tral, CAS-115-63-9). See also cyclopentolate hydrochloride (CAS-5870-29-1), tropicamide
(CAS-1508-75-4), trihexyphenidyl hydrochloride (CAS-144-11-6), pirenzepine (CAS-29868-
97-1), telenzepine (CAS-80880-90-9), AF-DX 116, or methoctramine, and the compounds
25  disclosed in WOO01/04118.

Suitable antihistamines (also referred to as H1-receptor antagonists) include any one or more
of the numerous antagonists known which inhibit H1-receptors, and are safe for human use.
All are reversible, competitive inhibitors of the interaction of histamine with Hl-receptors.
30  Examples include ethanolamines, ethylenediamines, and alkylamines. In addition, other first
generation antihistamines include those which can be characterized as based on piperizine

and phenothiazines. Second generation antagonists, which are non-sedating, have a similar
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Et hyl enedi am nes : pyrilamne am eate, tripel ennam ne HCl, and
tripelennamne citrate. Alkylam nes : chlropheniramne and its salts such
as the naweapva/sad2r, and acrivastine. 10Pi perazi nes: hy®#ComP20108041G)

hydr oxyzi ne panoate, cyclizine HCl, cyclizine |lactate, meclizine HCl, and
cetirizine HCl . Piperidines: Astem zole, |evocabastine HC, |oratadine or

i ts descarboet hoxy anal ogue, and terfenadi ne and fexofenadi ne hydrochl ori de
or anot her pharmaceutical acceptable salt. 15 Azel astine hydrochloride is
yet anotshactutd-adtwite pélatiomshipaig ot sheywhtaihthewprdoahylseagrionp ¢thaialkykamioes)wirt h a
PDE4 inhibLtﬁ%. Particul arl su%tabLe.anti:hLa%ﬁnEneslincl de thagyrilene
and | or 4RUERIF HIE CHEDCHARE ZIPYP WSO RIPSFERE QL BIPCHAEY EHATR'P) BLEORISEAT 8° £ or

del i ver ¥ofiowd NEnMBRARGHS cabindk¥BRleahaltf0tieMatineifat) dighRMAh§dramine
aerodynam c dianeter of less than 10 micronmeters, preferably less than 6

m cr omethydmchiorideyandidimdnipairinatel es may be used if delivery to other
portions of the respiratory tract is desired, such as the nasal cavity,
mout B or throat. The nedi canent may be 25delivered as pure drug, but nore
appr opr igh@kNedidrhink$: PrRh@ieaehitAatripeldhsmime HCIadR! diptlenirtide cpged.her with
excipients (carriers) which are suitable for inhalation. Suitable

exci pients include organi c excipients such as pol ysaccharides (e.g. starch,
cel lul osg,and..the | .| act 0sa,:. ql : ' : j ' and

mal t odoxtF AT gl iRl CRE s alif Q08 as TROBM e so R RAHEASRe. EPY g U
chloride. Lactose is a preferred excipient. 30 Particles of powdered

medi canent and/ or exci pi ent _may be produced by ponventioqaL t echni ques, for
exarfl e Biperazingso Avdraxyzne HEl hydegrygmedagpatsy cyclizg HE b gxelizne Re@ice anent

and/ or exciipl eHCPWE,RiZARYyeE engineered with particular densities, size
ranges, or c aracferlstlcs.]gafticles may conprise active agents,
surfactants, wall formng materials, or other conponents consi dered

desi rabl e by those of ordinar Ki : :
Piper¥dines: stemizo e,qevocalgastslne HCI, loratadine or its descarboethoxy analogue, and

terfenadine and fexofenadine hydrochloride or another pharmaceutical acceptable salt.

15
Azelastine hydrochloride is yet another H1 receptor antagonist which may be used in
combination with a PDE4 inhibitor.
Particularly suitable anti-histamines include methapyrilene and loratadine.

20

Generally, powdered medicament particles suitable for delivery to the bronchial or alveolar
region of the lung have an aerodynamic diameter of less than 10 micrometers, preferably less
than 6 micrometers. Other sized particles may be used if delivery to other portions of the
respiratory tract is desired, such as the nasal cavity, mouth or throat. The medicament may be
25  delivered as pure drug, but more appropriately, it is preferred that medicaments are delivered
together with excipients (carriers) which are suitable for inhalation. Suitable excipients
include organic excipients such as polysaccharides (e.g. starch, cellulose and the like),
lactose, glucose, mannitol, amino acids, and maltodextrins, and inorganic excipients such as
calcium carbonate or sodium chloride. Lactose is a preferred excipient.
30
Particles of powdered medicament and/or excipient may be produced by conventional

techniques, for example by micronisation, milling or sieving.
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WO 2011/ 054527PCT/ EP2010/ 006744 Clainms 1. An airflow adaptor for a

breat h-actuated dry powder inhaler, the airflow adaptor conprising: 5a
condui t HaOI20t/@4927oxi mal end and a di stal end, wherei nPCREPRIIONDGTHS end
allows fluid comruni cation froma deaggl onerator outlet port to the distal
end of the conduit, and wherein the airflow adaptor further conprises neans
for allowng air to flow froma proximal end of the adaptor to a distal end
of the adaptor independently of the airflowin the conduit when a breath

i nduced |l ow pressure is applied to the distal end of the airflow adaptor.

10 2. An |rflom1 tor a ording to claim1l wherein the neans,for
al | owi ng“ ﬁ‘or’caé)‘yf ‘1“8 ;S’F 8&?‘?{%“ €5 meR ke SH%‘B?%F‘E pathpagicar;” ong of

the ada Hémwéﬁg?ﬂg%mdrxh%aw&@ PArioNs iy BRpFOSUIvE BRE, ArfRERALN
|nduced ow pressure i’'s applied to the distal end of the airflow adaptor
conpr i sewlbformarshatenials.seatir compdugnts caBide®d deniralile by thosa @b prdonarnslidr di ng
to claiml1l or 2 wherein the ratio of the sumof the cross-sectional areas
of the at |east one second conduit to the cross-sectional area of the
conduit is such that when a breath induced |ow pressure is applied to the
distal end of the airflow adaptor at least 5 % preferably at |east 20% of
the resulting airflowis through the at | east 20 one second conduit. 4. An
ai rflow adaptor according to claim2 or 3 wherein the distal end of the
conduit conprises a first circunferential flange and the second conduit is
in the formof at |east one aperture in the first circunferential flange.
25 5. An airflow adaptor according to claim4 wherein the first
circunferential flange conprises two, preferably four apertures. 30 6. An
ai rfl ow adaptor according to any preceding claimwherein the airfl ow
adaptor conprises a second circunferential flange at the proxi mal end of
the airflow adaptor, the second circunferential flange conprising at |east
one aperture, preferably four apertures.
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WO 2011/ 054527PCT/ EP2010/ 006744 7. An airflow adaptor according to claim®6
wherein the ratio of the sumof the cross-sectional areas of the apertures
in the seyondugisu2ant erenti al flange to the cross-secti @0RIEPAVIOA0EH4 condui t
is such that when a pressure breath induced | ow pressure is applied to the
distal end 50f the airflow adaptor at least 5 % preferably at |east 20%
of the resulting airflowis through the apertures. 8. A deagglonerator for
a breath-actuated dry powder inhal er, the deaggl onerator conprising an

ai rfl ow@aiapt or according to any one of clains 1 to 7. 10 9. A

deaggl onerat or according to claim38, the deaggl omerator conprising: an
inner wall defining a swirl chanber extending along an axis froma first
end to d-S@rleweatptos forra brsaiicacruatadliy popiet inhaler, e #irflaw adadorof the swirl
chanber cf)ﬂ{pn mgw ding fluid 15 conmuni cation between a dry powder delivery
passageway O n inhaler and the first end of the swirl chanber; at |east
one bnl etcopduit having herdxinelrendeank a(ﬁisthh&lds%Bﬂeimﬂhamlmaﬂirﬁl%mstfhud he first

end of the swi.rl anber viding fluid communi cati on between a region
ext er | orcoF‘(S‘“tnI‘l‘@t‘Elggﬁ’ ﬁ“éefg& %?eraﬁea opflet portte thedistabend ofdhe genduitetndrver ;. 20

an out | %hepaﬁ&heoglﬁw@awtarlfuhﬂer%g @émgaxgrropﬁid«»ﬁﬁ a&@@ﬂaﬁgﬂ aﬁ%g\lx iffat t he

swirl chanber and the airflow adaptor; whereby a breath I n
pr essur endpf theaddptet til a dinwl erfid d;fhbe adarft¢mmd@¢a¢¢rmky af dbsasflaw in the cbhdwit | nt o

510, A ST OB IR POy PES B AROLE (PElI RSBl PGP or no.

deaggl onerator conprising: an airflow adaptor providing fluid comunication
bet ween the outlet port and a region exterior to the deaggl onerator;
an i nner- falairfloutadapieg agcosding to elaim i evhassindheimaensdboallpeing aite flowoiom af i r st

end to %r&g&gpgldg& tﬁ@gdaptor to a distal end of the adaptor independently of the airflow in the
conduit when a breath induced low pressure is applied to the distal end of the airflow adaptor
comprises at least one second conduit.

15

3. An airflow adaptor according to claim 1 or 2 wherein the ratio of the sum of the cross-
sectional areas of the at least one second conduit to the cross-sectional area of the conduit is
such that when a breath induced low pressure is applied to the distal end of the airflow
adaptor at least 5 %, preferably at least 20%, of the resulting airflow is through the at least

20  one second conduit.

4. An airflow adaptor according to claim 2 or 3 wherein the distal end of the conduit
comprises a first circumferential flange and the second conduit is in the form of at least one
aperture in the first circumferential flange.

25
5. An airflow adaptor according to claim 4 wherein the first circumferential flange comprises

two, preferably four apertures.

30 6. An airflow adaptor according to any preceding claim wherein the airflow adaptor
comprises a second circumferential flange at the proximal end of the airflow adaptor, the

second circumferential flange comprising at least one aperture, preferably four apertures.
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WD 2011/ 054527PCT/ EP2010/ 006744 a dry powder supply port in the first end
of the swirl chanber for providing fluid communi cati on between a dry powder
delivery woassagswkey of an inhaler and the first end of wrhe/EPMwloocThanber ;
at least one inlet port in the inner wall of the swirl chanber adjacent to
the first end of the 5swirl chanber providing fluid conmuni cati on between a
region exterior to the de- agglonerator and the first end of the swrl
chanber; an outlet port providing fluid communi cati on between the second
end and the airflow adapt or; and wherein the airflow adaptor corrpri ses at

| t nb t f | | 0 a fl
or oxi malt- ARCHGION HOPY ArSURRANBRGR Sy aeia et BHoGE et s FIRF 505 R0kpt or
i ndependgn| tlf%&p%ﬁ@reﬂﬂ the SEQRTRECUMRS Entfal l?l%p%é - th@&%@@%cb@ﬂél%&s&ur eis

applied to t stal end of the airflow ada . A deaggl oner at or
accor di rngndwt tslsaclmhm)whtrea picssurt bregtheiat bcedr dwqeessisvis m@@dd@@ istaband

chanfor ASRGHIGI REPB: BAere Brgary dbleasatherdtafs BFubBg Brhoe i§ibuen

deaggl orfggaﬁe@ﬁlre%pcordl ng to clains 10 to 11 wherein the ratio of the sum of
the cross-sectional areas of the at | east one swirl chanber bypass ports to
the cross-sectional area of 20outlet port is such that that when a pressure

breath indueced | ow | t airflow
adapt or At aagsROTREY BfalT o 0Re) Bculsyfotdlet; e Bl 1] 01
direct e@otﬂiﬂi@ﬁ@hnhﬂﬁo@ﬁacﬂaﬁ@ﬁhc@ﬂ@ng\m fdy @ﬂmacsﬂmlmlsypags port. 13. A
deﬁggl onerator according to clains 10 to 12 wherein the airfl ow adaptor

i ses a 25conduit having a f| rst circunferential flange, and wherein

the 2t L¢aSe@Bumii5)acEORTRED BURRE P Obolofrerllof Afnfiiggof at 1 east one

aperture, pre four, the I'r st erentia ange. 14. A
br eat h- amtnuﬁerm@hllctteyinprgvmmrh ahlamiber extemding sliong) amaxiaifroint @ firsidaghtoa swoodr di ng
to clainms 301 to 7.
end;
a dry powder supply port in the first end of the swirl chamber for providing fluid
15 communication between a dry powder delivery passageway of an inhaler and the first end of
the swirl chamber;
at least one inlet port in the inner wall of the swirl chamber adjacent to the first end of the
swirl chamber providing fluid communication between a region exterior to the de-
agglomerator and the first end of the swirl chamber;
20  an outlet port providing fluid communication between the second end of the swirl chamber
and the airflow adaptor;

whereby a breath induced low pressure at the distal end of the airflow adaptor causes air to

flow into the swirl chamber through the dry powder supply port and the inlet port.

25  10. A deagglomerator for a breath-actuated dry powder inhaler, the deagglomerator
comprising:
an airflow adaptor providing fluid communication between the outlet port and a region
exterior to the deagglomerator;
an inner wall defining a swirl chamber extending along an axis from a first end to a second

30 end;

24



WO 2011/ 054527PCT/ EP2010/ 006744 15. A breath-actuated dry powder inhaler
conprising a deaggl onerator according to any of clains 8 to 13. 16. A
nmet hod f owodetizigeioner ati ng dry powder in a breat h-act uaCedrdotg/opower

i nhal er, 5conprising: directing a first breath-actuated airflow for
entraining a dry powder froman inhaler into a first end of a swirl chanber
extending along a longitudinal axis fromthe first end to a second end, the
first airflowdirected in a |ongitudinal direction; directing a second
br eat h- actryavwdersupplyqwrt in the Srsbsndhof thalsiwyrl thaamtsy dorguodidmegcliidn i nto t he

first 10end of th i rl nb h that the fifst. t h d
br eat h- ETGHEHIET PEMSTE *BY PPYLerr ey eserar P RARR s W TR
portion pf sikEchHanibei;ned airflows in a spiral path towards the second end of

the swirl chanber; ~delivering all the conbined airflows and any dry
powder a@hteastanednlehporeinthe fimsuynll of theswidichamperradjjosnt tedhe Beso aryd eftlieof t he

chamber to,a i rflow,adaptor: and. di.recting a third.breath-actuated

oo b BRuRbdrr AR R hom GicRhS B A Bt it B2 o4
net hod aggnfbrater il tht dirsNedd of @ERKIS chambdie step of deflecting a portion of
the 20 conbined airflows off vanes non-rotationally fixedly attached to the

first ermdoytletpnst proxiding flud gommunicatian batwaes sha secpndyend andthe arrflowout war di y
fron1th% §§5§a85 t he chanber, wherein each of the vanes has an obli que
surface F cirig at least in part in a direction transverse to the axis, such
t hat t hevHer¢if thepairflovo adaptortdompeioesit nedt and fwiclvehamberdsf-pass pect fonalbowing

substantially | ongitudinal direction towards the second_ end. of the chanber
25 198, aK tﬂé&ﬂ‘bﬁ"@&d&ﬁ’&% epdofihspHrtlovedapio o aistLER pR@e girlpy adaptor

br eat h- i RES i 1 ! i bl nd

br oat h- e o bR et KbloA I A AP bl S ST,

met hod fdistalrendioff yheregrfliw &daptort hr ough t he outl et port of a deaggl onerator of
a breath-actuated dry powder inhaler conprising the steps of:

11. A deagglomerator according to claim 10 wherein the breath induced low pressure at the
15  distal end of the airflow adaptor causes air to flow into the swirl chamber through the dry

powder supply port and the inlet port.

12. A deagglomerator according to claims 10 to 11 wherein the ratio of the sum of the cross-

sectional areas of the at least one swirl chamber bypass ports to the cross-sectional area of
20  outlet port is such that that when a pressure breath induced low pressure is applied to the

distal end of the airflow adaptor at least 5%, preferably at least 20%, of the resulting airflow

is directed through the at least one swirl chamber bypass port.

13. A deagglomerator according to claims 10 to 12 wherein the airflow adaptor comprises a
25  conduit having a first circumferential flange, and wherein the at least one swirl chamber
bypass port is in the form of at least one aperture, preferably four, in the first circumferential

flange.

14. A breath-actuated dry powder inhaler comprising an airflow adaptor according to claims

30 1to7.
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WO 2011/ 054527PCT/ EP2010/ 006744 a) providing an airflow adaptor conprising
a conduit having a proximal end and a distal end, the airfl ow adaptor
further cwoppigismip7neans for allowing air to flow from acpmezémbe7end of
the adaptor to a distal end of the adaptor independently of airflowin the
conduit; 5b) arranging the conduit such that it provides fluid

communi cation fromthe outlet port of the deagglonerator to the distal end
of the conduit; and c) applying a breath induced | ow pressure to the distal
end of te Abreithawhacdcapirg posdehinhilat canprisihgadedggtomayhtot hecoodingl tn anyasfd t he
means for allowing air to flow fromthe proximal end of the adaptor to the
di stal el tore- adapt or independently. 10 20. A nethod according to claim
19 wherein the linear flow rate through the outlet port is reduced. 15

16. A method for de-agglomerating dry powder in a breath-actuated dry powder inhaler,
5  comprising:
directing a first breath-actuated airflow for entraining a dry powder from an inhaler into a
first end of a swirl chamber extending along a longitudinal axis from the first end to a second
end, the first airflow directed in a longitudinal direction;
directing a second breath-actuated airflow in a substantially transverse direction into the first
10  end of the swirl chamber such that the first and the second breath-actuated airflows collide
and substantially combine;
directing a portion of the combined airflows in a spiral path towards the second end of the
swirl chamber;
delivering all the combined airflows and any dry powder entrained therein through an outlet
15  port in the second end of the chamber to an airflow adaptor; and
directing a third breath-actuated airflow to the airflow adaptor having by-passed the swirl

chamber.

17. A method according to claim 16 comprising the step of deflecting a portion of the

20  combined airflows off vanes non-rotationally fixedly attached to the first end of the chamber
and extending at least in part radially outwardly from the axis of the chamber, wherein each
of the vanes has an oblique surface facing at least in part in a direction transverse to the axis,
such that the first portion of the combined airflows is deflected in a substantially longitudinal
direction towards the second end of the chamber.

25
18. A method according to claims 16 or 17 wherein the third breath-actuated airflow is
combined with the combined first and second breath-actuated airflows once they have left the

airflow adaptor.

30 19. A method for modifying airflow through the outlet port of a deagglomerator of a
breath-actuated dry powder inhaler comprising the steps of:
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20.

a) providing an airflow adaptor comprising a conduit having a proximal end and a
distal end, the airflow adaptor further comprising means for allowing air to flow from
a proximal end of the adaptor to a distal end of the adaptor independently of airflow in
the conduit;

b) arranging the conduit such that it provides fluid communication from the outlet
port of the deagglomerator to the distal end of the conduit; and

c) applying a breath induced low pressure to the distal end of the airflow adaptor such
that air flows through the conduit and the means for allowing air to flow from the

proximal end of the adaptor to the distal end of the adaptor independently.

A method according to claim 19 wherein the linear flow rate through the outlet port is

reduced.
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