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
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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
this is%gﬁh%eﬁlﬁgﬁ?%g%r iqnee%r @Pow&g{) air tkraoug(ﬁ trheccor@ﬁpt% as a
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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 Peswee Rharecopteis f %E%i%é‘&%b??a@?é&a%gwt@r-gm 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

preferably fr aboyt 5 to abgut 16 mmR2, and ev re preferably from
Bbout o AR ABACONS! orgo STy AT §Yon e CauE FEOBLEP AHPH 2 atput
Cross- S%Fﬁ{e r@sru%goz{{%ﬁJv@% éi?&géd drouPRBhé & 18RPBhe SPirMTHAMURE 8%&{5&@&&. from

about 30 to about nm2, and nost preferably from about 3 to about
45 nhiR.

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



In an enbodi ment the deaggl onerator further conprises vanes at the first
end of the swirl 25chanber extending at least in part radially outwardly
from t he wwi2s11afs432he chanber, each of the vanes havi ng aoTarkeigoes7sarf ace
facing at least in part in a direction transverse to the axis. In a further
enbodi mrent the at | east one inlet port conprises tw dianetrically opposed
inlet ports. 30 In a still further enbodi nent the airfl ow adaptor conprises
a conduit having a circunferential flange, and wherein the at | east one

swi r| chdrblenstlopp apartyrey prefesabilyiat lhast fvwo apertite Olot¢ ped&abP@ETIdaR2A000/ 006744

of at |east one erture, preferably at |east two apertures, nore
preferatﬁpﬁmérﬁsﬁllgg}%tC'T"BH&"@E@‘ﬁtfg’P&“ in the circunferential flange. In a

further aspect the invention provides a breath-actuated dry powder inhaler.
Typically a Sreservoir breath-actuated dry powder inhaler. In a still
furt her lagdedkertaspedt theanvénsionproviilciesbrratieachuted by pdedenighalen rbypicaydr y

powder in a breath-actuated dr 0 r inhaler, conprising: directing a
fi rss brrs%?f‘fﬂ‘%llﬁﬁe@l@f@@ag#‘?W@\%“%S'ngﬁ't%?ai ning a dry powder from an inhaler
into a first end of a swirl chanber extending along a 10l ongi tudi nal axis

fromthe first end to a second end, the first airflowdirected in a .
| ongi t udnnatilldurteestaspest thei ingentiongrevidescomgthod der de-2galeraeratng iry pvelar in @

uch ¢ nareiobed PR RAR o R, Rinbife el R b B abliRed Mt A"

subst antdndhiningCoaB)i pravded ifoacar Mblaler o6 & ifiedt eAd of hewirbetintted ericnding\wtongn a
spiral path towards the second end of the swirl chanber; delivering all the

conB3iOnedorgiudinahaxis Srogn the st eadyo g sagrnd cads thy ffisg @irflawrdiresteddp sgreitid it | et
ort in }he,.: . f ] : . ks t k.. and

G rect 1 rii R ARG AL s ond Baliho T RERGY if 2By S SR el i 1

br eat h- aatouth¢ Gest ahd HT the skvant ichamibyr-spels thadthie Hastsanid ithe scoambbreathPratdaedabl y, t he

third breat h-actuate jrflowis conbiped.with the nbi ned fjrst and

second ?th?ﬁ”éa?f’ ldgcaflaéta‘léﬁa’glam' COROING tReChRGEY PHLOR Oﬁg}chﬂﬁgn%d Py na

adapt or . o IN PR tdwardd B8 sEdbniEnf ro?ﬁ{erk'vﬁﬂtcﬂﬁ%ﬁ% @&l'i\fehﬁé’a}]lsth&@dmi)i'ﬂﬁﬂj aitfléWs t he

conbined first and second breath-actuated airflow in the nouth of a

pat ilént .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.



In an enbodi ment, the third breath-actuated airflow represents at | east
about 5 % preferably 25 at | east about 15% nore preferably from about 5%
t o about OISR preferably from about 15%to about 4®UI/ERAAOSIETH4 nor e
preferably from about 20%to about 30% of the airflow | eaving the airflow
adapt or. Thr oughout the description where references are nade to
percentages they refer to the percent 30 by volune. WO

2011/ 054527PCT/ EP2010/ 006744 I n an enbodi nent, a portion of the conbi ned

first ang,sem80dinfint,f PMidsoNEE LeabREdd #idt Mas&ondANRMbRLIAHEMN oif Vhxadl y
attached to the first 'end of the swirl chanmber and extending at |east in

part r adionirbtationdllyafixtidly ttaghed teghefirss end of the swwil chanshes ané extenflisg @t leagtach of

t he vanes has obl i urface facing at |east | art in di rection

tr ansvendent Bl s @y B B deis B errit e BB 1 BrRBr e BsrsRehts
airflow a'h%bﬂgﬁé Q1206 facinatSeHRS fnARd ilal direcQOWirhnideRako thea i b\wh thawae figst t he
second end of the swirl chanber. In a further aspect the invention provides

a nefhodoftinn ofshi egmbigedipirflowis deflesigghn eisebssantialy longitudipnl diressian §0wHe? at or
of a dr 0 i [.: 1he hod conprises the steps of 10 providing an
ai rfIow)ﬁéégsae\égrg({re%%%}i‘#’?%?%%“&%%duit havi ng a proxi mal end and a di st al

end, the airflow adaptor further conprising neans for allowing air to flow

froma proximal end of the adaptor to a distal end of, the adapt&rﬁ
i ndependBathghesmspsct thednventiop meoddssdunethod forapedifyang dieflew tyareh isatiehar i ¢
provi de | L | cat | rator to
the di stspé)}t ogﬁgieggg’tgﬁg}ag%ndﬁ%t& E’gﬁgéﬂg%%‘f @I’ g{% gﬁ%a@#éﬁg%%gg%%\%ﬁgr essure

to tibe girstidingandirflowafdaptoe campfisiogva adagtioavingchprokabal@nd ahd evisstallendubh t he

conduit and the nmeans for al.l.owing ajr o flow fromithe proximl end.of the
adapt or Aot BIoE fathes A RS R apLr SOV NSRRI o SpBNER s of e

met hod 1.Q5nBD d diktPerd &ff th@%ép%ﬂ%eﬁ(ﬂ'@lﬂ?%tflaﬁHOQQﬁ theXondullSAe@lRiFRhAL O

wi Il reduce the linear flow rate through the outlet port. 20 Description of
t he Fi guoaduiFsughrtieat it prowvides Huidi commdni¢ationdiom the catldt prrt ethaidesgabomerdtost or .
25 Figure 2 a w of . the d ai rfl ow

ows Vi e . 1 roximl e f .or. Hgure
3" shows aiferias syt S St HEREBInd R s T sboss S SHRRSE el e’ 2
deaqgl orggriad AFfldwohddpsst soth thalhii flowtiadagh k. conduit and the means for allowing air
to flow from the proximal end of the adaptor to the distal 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



30 Figure 5 shows a deaggl onerator including a swirl chanber bypass port.
WO 2011/ 054527PCT/ EP2010/ 006744 Figure 6 shows a breath-actuated dry powder
i nhal er. Wogores#s23hows a section through a breat h- act uacedprdog/opcrwder

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 proximal end and a distal end, wherein the
proxi mal end allows fluid communication froma deaggl onerator outlet port
to the diigirale shows i ®reth-atreated deupdwdeaarshatdrer ei n t he airfl ow adapt or
further conprises neans for allowing air to flow froma proxi mal end of the
adaptor to a distal end of the adaptor independently of the airflow in the
condui t e 73nBA S 3 BeddAdHEn b Ok 850MEE dhppAPRighibo the distal end of
the airflow adaptor. 15Figuré 1 shows an ai Pf T ow aollaptor according to the
invention, in particular it shows the distal end of the airflow adaptor
(100).. The aifflow adaptor conprises a conduit (101) with a first

ci rcanf é?'éﬁil?‘{:\ eSr{® (106). The conduit shown has a circul ar
cross-section; however, it may have any cross-sectional shape, for instance
circular, square or triangular. 20 The airfl ow adaptor al so conpri ses neans
for al | SMiergesent inventfdngwoYidemamaipfilox adapitoreiaria bfeathhactaateddoyrpowslenindialeral  end

of the aptor independently of the airflow in the conduit when breat h
hduced e aEa R 8obdS Rividg QptauiiPg AR MR AR RE
(102, 1Q3exitfd endBRws fliie coMAimidadion FonPidegeRinierhtdr bty pbftednt distakényal
end of the adaptor to a distal end of the adaptor independently of the

ai r fl0ow dfithe ¢pnduisrandi wherpia theaipiley edanterdiyetber qompriseessaisdor allowiaggintad t o
the distgal end o i Lt [ : i form
of -t our 6 Rt Sercl iy Fat o RURBE 1 (5Fend e MtborsgepcRbhu e Lo7 T
enbodi Neditf®w ihahe cominitbehedtaigreathuiheed lof papsairé israpplied arthe dstdrad obthe, t wo,
three, five, six, eight or nore. The apertures shown have a circul ar
cr oss- sedtiodnadapifever, they may have any cross-sectional shape, for
instance circular, square or triangular. 30 Figure 2 shows a view of the
proxi mal end (201) of the airflow adaptor (200). The airfl ow adaptor
condsi seligaredahdws n @08 adaptor acdordisg tacthe cuveheorrinipaitichlaaitgbo2d®)distahe
condui t 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



WO 2011/ 054527PCT/ EP2010/ 006744 shown has a circul ar cross-section;
however, it may have any cross-sectional shape, for instance circular,
squar e orwonbamguszar. The airfl ow adaptor al so conpri seprge@ap30onc7ad | ow ng
air to flow froma proximal end of the 5adaptor to a distal end of the
adaptor independently of the airflow in the conduit when a breath i nduced

| ow pressure is applied to the distal end of the airflow adaptor (204, 205,
206, fourth not shown). The neans for allowing air to flow froma proxi nal

end of tiRviEa Afcul® crosdisédtith; BoWewdk, it Ry ddepimy crosdepaoskt shdpe, fifr t he
airflowin the conduit when a breath induced | ow pressure is applied to the
di stal &mstange cireidara bGURKLY t&a%&tléfr (204, 205, 206, fourth not 10shown) are
in the formof four apertures in the first circunferential flange (203). In
alternative enbodi nents there may be ot her nunbers of apertures, for

i nst anc @heagflowwdaptohile® comptis, medns, foeilpiwing nirnwflew fidre agppexrimat el sitben

have a circul ar c¢cross-section; however, they nmay have any cyoss-sectional
shap®, péptoreRstal cadiof thendaptos indegengdently Pgﬂ’ﬁlﬂ"ﬁg‘” ‘féﬁqf{%“({&‘i‘tr‘?l?eé‘v@ adapt or

(200 Sﬁ}ﬁé’é(ﬂl fnau@g%svﬁ)re’sgwg ueaqgmé A8 SRS bW gamt&r@n,i A5, bb@nge
(208). e second clrcunterential flange conprises four apertures (210,
211, 21Zourflonstishowot Thémeans fof hdowingaintodtenfronl a prloaingd endpf themdepter to a

conprise. any nungber of apertures, f i ngt ance one,, two, three .four, six
or ei ghtisepd 8?&@?‘1‘%@ g’g%ﬁ“&?‘&y %ﬁ%ﬁvﬁ‘rﬁg‘(yén acoélfi}"%\tg‘i?’ﬁp a@(%aglg 1“_&38?‘1 on;
hovever o BRXFRYs HRYi8d ffihe €A $nd ¢ Hicdows AR (O, 209 S108) Euirthi ot ul ar
square or triangul ar. The first and second circunferential flanges may be

of a0y shape)arbovthedorm offoyr apestunesaindhefitsy cisgumaferinsipeflange €20Bnabl es t hem
mate with the nout hpi ece of a dry powder inhaler. 25Preferably, they mate
such that during use air will not flow across the mating surface. The

pr oxi maly eREARRBmMYdihaes dRidal bé 38R} nainbewsf bpertdes; Goritsthatdnentwa,om a
deaggl onerator outlet port to the distal end of the conduit., In particular,
the ai rfthreqv fin¢agik ovighitagmore nEhvappeFurss §hewn haypacisculalicroRg-s§eHIMa ABWEYST4) f or

mating wih th QL ator gutlet nowdaPreferably,
R T e e o
15
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.

12



the mating surface. It is understood that in certain enbodi nents, the
outlet port and the airflow adaptor may be a unitary structure. WO
2011/ 054520R0T/(EP2010/ 006744 Figure 3 shows a view of tireTmprociomad74€nd
(301) of the airflow adaptor (300). The airfl ow adaptor conprises a conduit
(302) wth a first circunferential flange (303). The conduit shown has a
circul ar cross-section; however, it may have any cross-sectional shape, for
5i nstance circular, square or triangular. The airflow adaptor al so
conprises neans for allowng air to flow froma proximal end of the adaptor
to a distal end of the adaptor independentnﬁ gfgthe airflow in the conduit
gy

when a bfigwer shawsaedew shthsmeesmabend(39hhof oy dapfPp¢390)-ditg aylophe
airflow : f : - nﬁﬁQ%
aIIomﬁndﬁgﬁg}?@néﬁgéﬁfégéfgégg%xﬁﬁaiﬂgﬁangﬁﬁ%ﬁgﬁggg%'%gh?% a |g?§F end of
t he adapthownihasle peradendroys-sectidinchomienvén, dunaynhavieang ordsHséctivhelhshapdfeat h

i nduced | ow pressure is applied to the distal end of the airfl ow adaptor
are Pn ARG SECERLSgYRre 98 Bnduits (304, 305, 306, fourth not shown)
running fromthe second circunferential flange (308) to the first
circunferential flange (309). The second conduits shown have circul ar

15cr oss- Blectiiftovsadapid als® kompBikes meansrfohallooving hiwn flowhoew agroxintfadyndrefthhav e

oY o S5 PR RS AgR e S n SRR ke bARER, ™ T
comuni cgkatR e dwBreSdird BlappREd todthe disth® 88UbPINR aatiew Rhp@r (04, BOSVEOE,
inhaler. In particular, the airflow adaptor 20 (300) shown in Figure 3 has

a mai ngfoynih hacshopd).(hhefrogangder allpwing air snflowtiam a poeximek engl efdheadaptastasor
of a dry,powder Jdnhaler. . f I t he Iy g| ' - ir
wi || notdl?t%%l%aogl rt%es%dap Loé 'r}fiae Fl(rfal%e%g ¥)F glce ea.? ot(ga llnghigj g‘?jngrugtt‘g%e&diuwgggilﬁ&gggt ain

enbodi melatvspredshiRe i uipplRdd tp G distalerdd s theé ditflOwadsiapt 4€ invthy foren af foak sevoyd
structure. 25The airflow adaptor of the invention may be noul ded from any
sui t abl ecPERMBRHSUrnd & ifaurth not shawnbrusgingfgm thesseend aircaimfarentigldlange

pol yprop : it : ! Com
BASF) . BT 89?@ i gﬁg%éﬂﬁgg&é‘% fuld (56 e?ﬁ%%‘%‘ﬁ?‘?gﬁ‘ﬁgg%ﬁ ?%‘,‘Jgfﬁ?‘lg?ﬁg Che
ai r fllsow adspdeotion(si(®10, 311, 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



30 shown). The deaggl onerator (400) conprises: an inner wall (412) defining
a swirl chanber (414) extending along an axis (A froma first end (418) to
a second ¥AAR(143@&27 a dry powder supply port (422) in tRETEPR&H/08GTd4 (418)
of the swirl chanmber (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); at least one inlet port (424, 425) in the inner wall (412) of the

swW r | chaiiifini{AibA)betdercadty powdehdeliveryspasedpdwiag b8an fthalehend wierfirscenadnber
(414) praovidi ng fluid conmuni cati on betwe [
(S

| ween a region exterior to the
de- aggl dAEP)atfdhe swighghagbgr (H4):rat feast nednlst Rarg (4245 42 Hdn & ‘F‘Perc‘?ﬁ%lﬂﬁglz) eh14) ;
an outl QY idl i } i : h ad, end
(420) ofing Rairkstetitel (EUPAIHN o d s RITN TR AR IHERARBE: 1) Bk (e
wher eby fluith cemirdunidadon betwleonva pegiors exteriad tottheddagglamemns (400)tdnd the fifsk end
adapt or (é}not shown) cag&gs air to flow i . Chanber. %4) t hr ough

nto the. sw ﬁl (t
the. dry (okrenats shagbier (4] 422n outlat part (433 provistog Npidpmpmigyica
Pref er abAerTetnhﬁe %cohg egd F% of Me%ki@gﬁﬁmﬁéz}g)ﬂlﬁ%é)an%ﬁﬁgw afaptor (bt shown);

dianetrically opposed inlet ports (4 4 tthat extend in a direction
subst antwidrtlyy 4 bzatvMedsedtow phassaxias tha dstal endied therdirfliw gdaptordeettshavn) o t he

11 ust r gty vt crmper PE hRueh hedgob LRBirorn Brpli® 1a)

through @etidi& gord @b4aposy s are at least initially directed transverse with
respect to the axis A of the swirl chanber and collide with the airflow
ent dili ng through the supply port (422) to create turbul ence. The conbi ned

irfl Ll lustrated i, 0, Ei 4. th | ] . i t '
aal 1 (arptesptfheaiEed bnflniad ort R o8 Glmpisel 850 afeniGl Sehbiddlfict 0T
t ur bul engetsds24,Aey) thavextémvaradiirectien segentabndadsdety tofhetaR® Swvhd | chanber.

20 Referring to Figure 4, the de-aggl onerator (40,0])&%ncl udes vanes (426) at
the firstubaartiallytaygegtiak thehagirqular crassisestiquoaishe ewirkbshambgr (l4) o resiltpar t
radially,. I ' - L AVRP bharkRs anes
(426) ha%ﬁgb%ygggﬁﬁs%f%%a ;B?ra Egg’gaﬁggﬁn? é%‘lirgg" g&rﬁ%@? I'n E%art |E4§{)éwg§l;{i on
t r ansverthe idlet gos aexatdeadt itidllyaliseied|trankearirewith fdspeot am e akd28 of gressvailzed

h that 25at | { ti f th nbi i | l1id ith th
obi 1 que. Dambaad Gl Rbier G saeine Nt Sirply BT (0 R REE (a26) .
each ex;ﬁf@é&gsﬁbﬂfe%%iﬁemgdﬁﬁm&gmeﬁ BGAridint it B8R, $het ANt bieh wRl |

(412) o ri- chanber (4 shown in Figure 4, the de-aggl onerat or
(400) f uinhérewall @dRudfthe awirbcltdneher (b4, fodd2) vdrtsx, 8@ queates adilinenal turbdlence

conmmuni cat j on bet ween the second 0) of the swirl chanber (414) and
the air fPJ0FEEIPt Wa(‘?‘?ot?eéﬁc&ﬂﬁ)epdﬁ&gp éﬁﬁﬁ) %“HE]&@%‘B"‘FOW pressure at the
di stgl end of the airflow adaptor (not shown) causes the airflow through

the supply port (422) and the airfl ows )
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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WO 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
t hen exi tWOtAH/S¥4271 chanmber (414) through the outl et p@CI/EPABRN06744
Preferably the outlet port (432) extends substantially transverse to the
axis A such that the airflow 4 will collide with an inner wall of the
outlet port (432) and create further 5turbul ence. During use of the
de-aggl onerator in conbination with a breath-actuated dry powder inhal er

i ncl udi g 3ahugh fRIBRE peted and&irywpmw zﬁﬁ‘[bva4¢l{r§6ugiﬂwdewm1 esanbai r for
exposi ng a predeterm ned amount of dry powder to the deliyv @assageway,

pati ent (#ihallhe pembiaed arlowddhen ﬁ’f‘tsethl S\Ufrl ehagnbsr (4149 raugty
airfl ngl(ég%)ﬁ?gféfllgl& tﬁ@&lﬁge_t ngﬁ %’eﬁfe%a {a\’lﬁlll:l'){ ﬁﬁ&%eg? Yo Qm%véﬁ%rA %’d@]ﬁ’ kﬁﬁt port

(422) e 1 nlet por e alr rough

suppl y pbe hirfléw 2)widlrdotladensitl hneuﬁheywpbwﬂdfe dutieopdrh@3@vamd crehtarﬂmelner(414) The
airflow and entrained dry powder are directed by the supply port (422) into
the Swi rtbreieag®er in a | ongi tudi nal direction, while the airflows 2 and 3
fromthe inlet ports are directed in a 15transverse direction, such that
the airflows collide and substantially conbine. A portion of the conbi ned
ai r f | ow Buringlusehd thender aggherderdtoy iqoowmbirnatitbtewitb@IHréaﬂbavﬁuaﬂ@dtdrBep@bdidrqnimler

f th 426 t | t f
The dry BURGRE sy PRBGECehe e e bR e B BaE RAS Zes N aier oL 6P Rt - each
ot her. TheJAGRTRIS an@int %@dg&m td thehR ph&hddwH2 passnt iR RRAR: frd

airflow'4 and the entrained dry powder to follow a turbulent, spiral path,
or Mért edistak dudcnfglme aitflove adantorcqaam@nrﬂom 2van|d|3 toentes ghreughrespectively, the

decr easi 98S:5€ tion h ( es
the diré ip8 sﬁfd‘PPﬁ( Oéta@gg)f?[}#;[‘ﬁs [\fli% VA gﬂg ?lf%l s(%lzl%% |q frlléggco(#‘g:t l%lrg al rgf | ow
4 and endupplyiRet (dw) POERthe Eﬁlwﬁxwdéairttb ﬂimnﬂmﬂambyr (@yg). ahenaflew a0l t he dry
powder constantly act against the wall 412) of the swi rl chanber

(414) arrntgisefl .dasepw oF agdirecirdhy therSéBRlb’tPPﬁég?z’? igtorthe il ehamher Hy? or
shatteri lgg%ﬁ.gﬁﬁa? H}I‘Q&{O\PF%IIE E}?eﬂqmows? ﬁfdff‘ﬂﬁ :1 oﬁ’itsef? ditdbt@ddiqt i on,

particles oner ates ecte e surftaces (428) of t he
vands (%v@@&l&nﬁecilun,tdmeh tharpeectisfloawsccotlidel ansllsubstant'ﬁlﬂg cootpgteant i npacts and
collisions cause any agglonerates to break into additional particles, and
cause the particles to be substantially mcronised. 30 Upon exiting the

swirl rﬁgﬁfon(olﬂl@ corhblBedAiFHES '404'ﬁd(?lf1e LRy peder theh emide and thdre

entralne I'S agal n ch ange to a transverse direction with
r espect (bhhq’uh eur&qes (428) of the vanes (426) causing particles and any agglomerates of the dry

powder to impact against the oblique surfaces and collide with each other. The geometry of
20  the swirl chamber (414) causes the combined airflow 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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WO 2011/ 054527PCT/ EP2010/ 006744 A, through the outlet port (432). The
conbined airflow 4 and the entrained dry powder retain a swrl conponent of
the fl owweueh/ask®r the airflow 4 and the entrai ned dryPodERee109pi74al | y
swirls through the outlet port (432). Since the mcroni sed powder and any
remai ni ng aggl onerates maintain the swirl inparted fromswrl chanber
(414), the swirling flow causes 5additional inpacts in the outlet port
(432) so as to result in further breaking up of any renaining aggl onerates
prior t e\ kiongh theraitletipdy (482 p dtheeombimidgurflowss sinbths eatrainad dhopaw %{raﬁtai(nSOO)

i ncl udin e airfl tor (5 ace rd| the .in ntlon

deagg| Oﬁ%wa{{i(gpmegm Oggﬁgtfqvﬁégéhg'ﬁ erafr ‘g%}fﬁﬁ’SFm(%‘Bi 'B’r R dsr rs‘n‘ﬁraflllyw d 10
communi Gk PMrABhUEEButldd BoR 43291 SIAGE the(mideonid o dee@idmmyasin@inigy to the
deaggl onerator; an inner wall (512) defining a swirl chanber (514)

ext endl mggbmn@emamf@@ themyvirl imparied fremswarl ghshe)(414), thesedding flavicausen) ; a

dry f sgjl&?)g@m pQLt th%g)%(a:%t n(l.t4l§§ {d & t% ? W@ elé ?&rﬁ*} r%];ea}(nl e"?pv%(]‘; alln?,C hamber

(514 |on very

passagewamamingaaggmﬁahtes pA&tottRhgfinhaled bnd pabdi) of the swi rl chanber
(514); at least one inlet 15port (524, 525) in the inner wall (512) of the
swirl chanber (514) adjacent to the first end (518) of the swirl chanber

to- agal GErEsafols f Ep SRTRHAICE TRARIERR, S P B EDRtotbe e,
port ( 53@\)enpbﬁ)\frl(h dugg@lbmahtmc(ﬁﬁ@:)mommirlsem anetinfloenadapeor $80 lpdmedndg fmd) and

the airflow adaptor (501); and at t one swrl chanber ort (502
503,105040mspypycat R deteen b ounish o 19 az@eﬁmr:xtworptagge FRebh FiSgHOr: 38

504, 50%&;% L SQQfdetff?m{é Qg%lhsdmmepys 13} Eﬂ‘éﬁdlh?%hk af aRis (f35 foha ﬁfs%ﬁcmal

end of ow adaptor to di stal end he airflow adaptor (501
i ndependé?)ity acsécctddeenQMEO) a:dammvde(rsa_pnlymemS%Z)m thetfirst end (6 &%) dfdhe pwiekssur e
is appl | reat h i nduced | ow

h
pressur & ﬁl?lb?rh(é %) g’f gfovghag gf“dtcr?émﬁlu?llc?tb%qéea‘ﬁ%e(“oar 8?’5?(9 ﬁrae% U Pauses air to

f1 ow i ntfasdaBewsybf dn RAABDAI the Fiflor eh@(DLEY df tHees vl hahBEVE e4); aUIRRM: Yne ailét
(522) ar%%sta e ?t%l enast one inl et eor"t( lLt?>24 525). The conb)l ned ai ?flow

(ar rldw prt (@343 5) Hethgiinfer Wléélb%)t(lf ithg SUII) Chlﬁmbéu@H 4) aiacsehiube firsend (sh ovvn
b
e i THE S 579, I e BB 1015

ci rcunf ahedé- aggloxfnbmﬂngan(i@%ﬁrsoéncb(sqe)\dﬂuhe seR0@antter;t dneowliet poroyd3®Padapt or

(501). The airflow adaptor (501) shown |n Figure 5 further conprises an
opt i onalPrewdmsdluid Femmuaication between Higseeons: %W(Bﬁngﬁ%al@iﬂm Adapber (f5§b)|5

aper t ur 6g46GpRAst ondQwirt tamber bypass port (502, 503, 504, 505). The at least one swirl

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
vo 2011/10k1564?)gr7c§%/geE F())%Oa%i?fll(?vg 6 é\ff'ing 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™,

17



Figure 6 shows the external appearance of a breath-actuated dry powder

i nhal er (600) according to the invention. The breath-actuated dry powder

i nhal er cEORA11HS452aNn ai rfl ow adapt or (601) havi ng a con®GIT{EPL@EORY67ahd f our
second conduits (603, 604, 605, 606). In this instance, the conduit (602)
and the second conduits (603, 604, 605, 606) have circul ar cross-

5sections. Figure 7 shows a breath-actuated dry powder inhaler (700)
conprising a deaggl onmerator (701) including an airflow adaptor (702)

accor di riigire 6 aowsuhatdxamnal 14ppearaace folf cwbeghtiphanat¢d Gy monderiisbaen (6Ndui t
(703) with a first circunferential flange (704) co i.sing four apertures
(not  shGkFArdingne r‘F‘V?}WOngg‘Fot?re?tﬂi"’FWé edcé’r’fp?%"%&qgﬁ%lﬁrcf) PRYS U PET Kt i al
flange (AQxbr fo39 haRRB" Hinfgit (60Y) AMREHhUERSd BEHAUHE P8M), 60516055065 Un s N
the first ‘and second Circunferential flanges performthe function of swrl
chanber ibstpassthpaonduit K2dand fgl secondcanslajts £03¢ 664,1004¢ 60GIthage covnlpr erosuir e

at the distal end (706) of the airflow 15 adaptor (702) causes air to flow
t hr odgh e Spertures (not shown) in the first (704) and second (705)
circunferential flanges. The breath-actuated | ow pressure at the distal end

(706) of the airflow adaptor (702) also causes air to entrain nmedi canent
and del iKigurei? shows hebreathractugtedndbiar pgwdrer)inbaler 6709) ppmprisingt a deagglomeratorg

first br h- actuated. ai rf| f n h0in .dry.powder from an inhal er
is dir ec(? @@ 'P%Pémg afliallrzlf’wearﬁ%mgf @22\?\,,&:‘1%‘@%”{%%#9‘@)(t‘gﬁ-di ng along a

| ongi tudi nal axis fromthe first end to a second end. The first airflowis
directed in a | on(g tudinal direction. A second breath-actuated airflow.is

t herlOdi rEvetaidloMhadapsard{OBromarisgs  cardiie(’88) with adirsorirqumigrential Hange(70d of

th i t i t y = AC

b1 one onP RNy RS bl Shodf)S TIRMAGE SEERPHRRGZLARGALY Stkon

ai r f | onsciicamffdrenmtialiffaagé €105) alsa cemiprising fattapecues dsottshewsap diwedipertaresin thee
swirl chanber, and all the conpi ned airfl ows.and any dr owder entrained
ther ei n fFleAndeterons g w&ﬁ"ﬁwgsamé?%ﬁﬁﬁwlq%@y %@%ﬁ@ff@ﬁa Bt RESwi r |
chamber A&ofm&g\gr {d Qe %‘H&Q&&Eacnﬁté@lw RISk it Et{ié WAl @hpwf 'tli%e Qirﬂi&gt ed

to the airflo dapt or havi ng bypassed the swr chanber. Typically,
use,l5t headpptior 702) eatibesaait tatfloav ghrphglothenapdrtufesr (mobeli@we) @Othigefifst (&4) and

br eat h- act uat ai.rflqw i fficient to entrain nmedicament. ..

2011/ 05 AETRETI e v TsEs Atseet P rorh-BULER Pl P SERE b nleme (700,
and secoifdh@hiflbW\Wlaptdr (RS akbeduskhaivenasraiomnediciméntamal deyivéd i eslthe swirl
attached to the first end of the swirl chanber and extending at |east in
part radihambgr GQTweip@Isypplydertt he axi s of the swirl chamber. Each of the
vanes has an oblique surface facing at least in part in a direction
transverse to the axis, such that the portion of the 5conbined airflows is
def I20ct ad usé) aXirsthshthnichakddyaitflovgfdredirmaingdi drg poiwder fromeandahdléreis deeand

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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end of the swirl chanber. Typically, the dry powder nedi canent used in the
breat h-actuated dry powder inhaler conprises a nedi canent active sel ected
from t he §yoaop/ise523i sting of anti-inflammatory 10agent s PCaMPRO10M0GITHNEr gi C
agents, 02-adrenoreceptor agonists, anti-infective agents, anti- histam nes
and conbi nations thereof Suitable anti-inflamuatory agents include
corticosteroids and NSAIDs. Suitable corticosteroids which nmay be used

i nclude those oral and inhaled corticosteroids and their 15pro-drugs which
have antPreferdb!grnpririsryoftht icwmbined Eixstrantl escond alrfldes ieddfldctadraftivares home,

B oo Koy P Bns ot s ad SE sy awaR (haber and Btending at leastin part
- hydr Oxyr-a%@ﬁy Bhiwhtdty Frox ﬁfea%?s][ fﬁh@-s»%irl GiatiRPEalH of BRI RAEIRA dn GMftigHe S

fl uoronet ester, "6a, 9a- uoro-11
- hydr oxysutfaee faetnigydt 1@star patt 18 a phirepii@ntydnsxgraa tr the tizis 1such that the portion of the

4-di ene-17p-. haot hi ai cid S - 0x0-1 etrahydr o-furan-3S-yj), ester
Sobeo! ororibiaa Aasds Skt R a yEs@atabIar SR dire RN Wl SeGha
17, 21- di QIqpiienadie &amgkp. . budesoni de, flunisolide, nonetasone esters (e.

g. the furoate ester), triantinolone acetonide, rofleponide, ciclesonide,
buti xocort propionate, RPR- 106541, and ST-126. Preferred corticosteroids

i nclude fluticasao ropi onat.e, 6 9c-di fluoro-11 .

| hyar oxy A GERR Iy BOSRRALy T psctnth B dichihied dry ppridepipprer

3- 0X0- anghnifiisads 4 medicdineRCactive séle@ad BOthe kfoupotlsidfsy 6f dnei-@Mematorgst er and
6a, 9a- difluoro-17a-[(2-furanyl carbonyl) oxyl-11 -hydroxy-16a-

net hyP1- REERIS- antidehedingrgic agentsg Prpdrengrgcepionagenistsi anthifertsefagenss.@it hy|

ester, f - -di fl uoro-17a- [(2-furanyl carbonyl) oxy]-11

- hydr ox;%ﬁtgrg?ﬂﬁgtaﬁ‘g/?&%%lg@%% g}%%t,g_ 1, 4-diene-17 - carbothioic acid
S-fluoronethyl ester. 30 Suitable NSAIDs include sodi um cronogl ycate,
nedocroni |, sodi um phosphodi esterase (PDE) inhibitors (e.. g.. theophylline,
PDE4 i nhifablsrantigntlam W%tbmﬁlqeﬁﬁﬁlfpftﬁ’f%‘is, aqdéﬁ%{é%éﬁga@ﬁt agoni sts,

i nhi bi t ofS; [ i ' Lnhigai ; :

o011, 05 A tser EHE BhichAS. /T ide hDcriiid ?2*}*9%‘?;% %‘?'28?%‘??3#?? Fheit0

ant algoni posiragsiwhbide haei anti-inflampiavoryagowins ttxampleantdgdninsthyl prednigoloaglenosi ne

28 20N S5 BRI ke ST RS AR

agoni st sfyrdhGldfRngBloR®T €1 PlhydPoxydl 6aemethr3 %xBahaR)sR) 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

19



sal butamol (e. g. as the sulphate or the free base), fornoterol (e. g. as
the fumarate), fenoterof or terbutaline and salts thereof. Suitable

ant i chol iwengiiwsagpent s are those conpounds that act as aoragenosve4at t he
muscarinic 10 receptor, in particular those conpounds, which are

ant agoni sts of the ML and M2 receptors. Compounds include the al kal oid of
the bell adonna plants as illustrated by the |ikes of atropine, scopol am ne,
homat r opi ne, hyoscyam ne; these conpounds are normally adm nistered as a
sal t, beidgsé @ihibieory, bari-Dasegrihdmedgdonistd ard adesesineadeteptamigoalsal armaragbnists
include ipratropium (e :. g. as ,the bronmde), sold under the naneBﬁ%rovent,
oxi t r opi(Eré- @denagineza agaRsts), GO, an&g\yw&y@r%wg?l@om? aptagauissher IFRHPEe) |
and tio%ﬁgﬁ&ﬁﬂ%g thdsjs. @S the brom de) (CAS-139404-48-1). Also of interest
are: nethantheline - 53-46-3), propantheline brom de (CAS-50-34-9),

ani sotropi ne nethyl brom de or Val pin 50 (CAS-80-50-2), clidinium brom de

Quar_zan, .CAS- 3485-62-9), copyrrol ate 20(Robi nul )., i 1 jodid
( Cass 1 itahle oties o 3P A e SR e PR CIBIC BBIfFdSe o 8 URORTAORE) i hevet hyl

chl ori de, gty 'é@.fg? as (HASubBAQ 03 thediree BRE), RErhRANS] (R A¥BAO MirSathieR tfendidronl |
CAS- 115-63-9). See al so cycl opentol ate hydrochl ori dé (CAS-5870-29-1),

t r opi carmirderb@t@i®: argD@Ity hetdof. t ri hexypheni dyl hydrochl ori de (CAS-144-11-6),
pi renzepi ne (CAS-29868- 97-1), telenzepi ne (CAS-80880-90-9), AF-DX 116, or
nmet hoctram ne, and the conpounds 25di scl osed in WO01/04118. Suitable

ant i hi stQififaPRSnflidhsiReFeed BEchBthré thods cihpb@RBRhA hctdilaageohstssr thenalistdeinany
one or nore of the numerous antagoni sts known which inhibit H -receptors,

and 18r e reesptorf irpartigular thess comppungse whisheare ppipgonists ahbieiN | gad MihiessRtenss of
the interacti f..hi L e W IS I Y de

et hanol i Teetds st THEMAS R R blibuoh i FRRAS TR REKATACE
gener at i apdpine} $dopslaaiing) smaticpiticlchyoboaenind)ithdse campbendshane acheillyzed as based
on piperizine and phenot hi azi nes. Second generation antagoni sts, which are
non- sedadmpistereshas asall; bingfertiafhanaes; 054527PCT/ EP2010/ 006744
structure-activity relationship in that they retain the core ethylene group
(the alkylam nes) or mmc the tertiary am ne group with piperizine or

pi pdiSi di Baeticulachnplitable aatickxdmerg¢ssnelude gratiapitmwe : g. Htthahwinzide ), esld under
car bi noxam ne | eat, clemastjne fu at e, di phenyl hydram ne  hydrochl ori de,
ond i B aiPe Ao RRRHS e A o arorfh PRI A B B HEATHE B han ne
HC . andipliftioR@pRMDEITENS thé bfoatiBe) (CAS-139404-48-1). Also of interest 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

20



Al kyl ami nes : chlropheniramne and its salts such as the naleate salt, and
acrivastine. 10Pi perazines: hydroxyzine HCl, hydroxyzine panoate, cycli zine
HCl, cyclweoiag/dsa2vat e, neclizine HCl, and cetirizi ne HECI/EPR@eM0DeHhes:
Astem zol e, | evocabastine HCI, |oratadine or its descarboet hoxy anal ogue,
and terfenadi ne and fexof enadi ne hydrochl ori de or anot her pharnaceuti cal
acceptabl e salt. 15 Azel astine hydrochloride is yet another H receptor

ant agoni st which may be used in conbination with a PDE4 inhibitor.

Part i culsauttyresadtivitp rela@otshiphinsha nhayestaimtiewde ethylhagpgnoip éthe abiythnioeaitoadi ne.
20 Ceneral ly, pomdered.nedicanthHParIicles sHit | e for d?live to the

br onchi AMTYF the ERIBNEIMINE AP WD PISTIZIRS §T RIRSHAMS- EXTORIGYARASOBISIASTE 8% of

I ess t hag) s %ﬁﬁ@&ﬁ*‘gﬁ{é : cibfboRhRHMAIBRSCIERARIR fiinsfTRiNefylh(ARfinsi zed

particles may be used if delivery to other portions of the respiratory

tract i sydeshloede, adchmashytdiwateasal cavity, nouth or throat. The . nmedi canent

may be 25delivered as pure drug, but nore appropriately, it is preferred

t hat “medi canments are delivered together with excipients (carriers) which

are sui t]?ch*l@né‘(ﬁk{mihg@. ylhBihe adibdtatiBeletdniing BICT, ﬁdlﬂhﬁél@mfiﬁrﬂiaelcﬁra@e(m pi ents

such as pol ysaccharides (e.g. starch, cellulose and the |ike), |actose,

gl ucose, mannitol, amno acids, and naltodextrins, and inorganic excipients

such as | cium ca r - sodi. [ [ erred

ot py ettty EhBSIR B R TR e MBS e DR RRE e

produced by conventional techniques, for exanple by mcronisation, mlling

or sieving. Additionally, nedicanent and/ or excipient powders may be

engilfeerfaperazings: Brdroxwaing HChdneirexygine nempate, sydeie KL cielizing lapfats j cs.

Parti cl erﬁedm%eq%pgﬁgetg&gﬁevlqgggent s, surfactants, wall formng materials,
er

or ot her conponents consi ed desirable by those of ordinary skill.

Piperidines: Astemizole, levocabastine 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. WD 2011/ 054527PCT/ EP2010/ 006744
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7. An airflow adaptor according to claim6 wherein the ratio of the sum of
the cross-sectional areas of the apertures in the second circunferenti al

fl ange t owDRe11¢05¢3- secti onal area of conduit is such tREI/BRRE&E/006734 eSSur e
breath induced | ow pressure is applied to the distal end 5of the airfl ow
adaptor at least 5 % preferably at |east 20% of the resulting airflowis
t hrough the apertures. 8. A deagglonerator for a breath-actuated dry
powder inhal er, the deaggl onerator conprising an airflow adaptor according
to any &leinsf clainms 1 to 7. 10 9. A deagglonerator according to claimS8,
t he deaggl omerator conprising: an inner wall defining a swirl chanber
extending along an axis froma first end to a second end; a dry powder
suppl y pof 3iglopnadaptor dor abrgathractyatedsdiy powdsninbaler the alpflay pdamter f1uid 15
communi ¢at Pigin etween a dry powder delivery passageway of an inhaler and
the first end 6f the swirl chanber; at |least one inlet port in the inner
wal | 5of atdoedwtnhaving b pridxémalcahidaand ntdistal didewhereat the pebxainal diel Alowsfluidhanber

provi di 28 fluid .corimuni 1?iati n between a region exterjor to the
deagg! orffEPERWHCatAR komua fpgsg{onasiatop putletporhip the distahend of theycopdugyandst port

provi di Rghebdibkith £ATIR MR AR LOWRERed B@arﬁ%?ﬁl%&zﬁpg \2/1v9fto hB& Foth ra'pr&:ﬂﬂ'ﬁper

and the airfl ow adaptor,; whereby a breath i nduce pressure at the
di st al end obfhetadaptar tofd distahetabeiche edapgesindépentdantlyl afithé mitfbow lrethewionduic hanber

5228;?2%@&%@@?‘@% E’% ﬁrl-egs&‘?%‘r&ta‘?gﬂgq {%8@? %P‘ﬁﬁéﬁthg P%%%@‘@B@le oner at or

comppi sing: an airflow adaptor providing fluid conmuni cati on between the
outlet port and a region exterior to the deaggl onerator; ~an inner wall
def i ni n@- &Ansiflow adanivb @ecassing telFlagn Al vohegeianhamieanstipoallawihg agtto low frema

second %90)85131 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
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;
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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

chamer tolaﬁ a{érrflo\\//}/ %dgﬁlté)r'mand.cdg.(ge é&ng{garthinrgxtgﬁ(%%%ea tuated

ai r f Pow S8 £HED firpf?ow g ab gL Fid) rb@- pg SOFHASW YO Cianber. 17, A
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
fromthed gﬁ%ts .Qff the chanmber, wherein each of the vanes has an oblique
surface fi 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- [ ARE 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: WO
2011/ 054527PCT/ EP2010/ 006744

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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a) providing an airflow adaptor conprising a conduit having a proxi mal end
and a distal end, the airflow adaptor further conprising neans for allow ng
air to flwa2briosu®7pr oxi mal end of the adaptor to a di stralr/ereaondbsruhe
adaptor independently of airflow in the conduit; 5b) arranging the conduit
such that it provides fluid communication fromthe outlet port of the
deaggl onerator to the distal end of the conduit; and c) applying a breath

i nduced | ow pressure to the distal end of the airflow adaptor such that air
fl ows t hrougbreathexcanredidry pawdet inbaloeeomsprising atéapglomgeratior ad¢cordihg v dmyowfi t he
proxi mal end of the adaptor to the distal end of the adaptor independently.
10 20. AHBRYE lHecor di ng to claim19 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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15
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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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