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i nvention 5 The present invention relates to an inhal ation device
conprising neans for_ breaki ng down aggregates of finel L\

powder ed rredi‘é’gr?é'ﬂ?”ﬁavi ng a particle size less than 10 pmt%cgééé&&g? ovi de
a finely divided nedi canent having a | arge anount of particles wthin the
respiratory range, i e. having particle sizks less than 10 [err]m 10
Background to the invention In inhalation therapy it is of utnost

| nportance that the dianeter of particles of the medi canent to be

I nhaled is Ies%%‘bﬂ%épwﬁ"éﬁ@to ensure the adequate penetration of the
particles intothe bronchial region of the lungs. 15 For particles
having a dianeter less than 10 [err]mthe interparticular forces are

general ly reai r..than . the force of gravity and consequently the
material is co n u aggl onerates or aggregates are
formed at random when this finely divided powdered medi canent is

handl ed, for instance during storage, conveying, sieving, sifting, mxing
or 20 gri ndi nghe present invéiion relates ¢p airinhglatiod devicedoaipasiag mahsdepireaking down
br eat h-act uat ed dr owder, i.nhal.ers . it .is., herefore_inportant that the’
i nhal ati on devPE@‘eg ¢1y dtyideA PR™rered medipgrosnt W%FSS%?”I R B e
or during i nhalpaiidah firafy divitich Meti4niERE Rivig QQhrg@ SbiEH6f Rarici VAR dhg OM  he
finely 25 divided powder into the primary pﬁarfgticl es h@?/tilng a part?i cles

si ze within theespizatpiyrrangs;ie. having particje sizesflessthag 10Ham 10 pm preferably |ess

than 5 pm If the particles are bigger than 10 [err]mthey will not
penetrate to the bronchial region of the
10 kgroun inventi

In inhalation therapy it is of utmost importance that the diameter of particles of the
medicament to be inhaled is less than 10 pm to ensure the adequate penetration of the
particles into the bronchial region of the lungs.
15
For particles having a diameter less than 10 pm the interparticular forces are generally
greater than the force of gravity and consequently the mateﬁal is cohesive, Non-defined
agglomerates or aggregates are formed at random when this finely divided powdered
medicament is handled, for instance during storage, conveying, sieving, sifting, mixing or
20 grinding.

‘When using dry powder inhalers and especially breath-actuated dry powder inhalers it is
therefore important that the inhalation device is provided with means which break down just
before or during inhalation the said agglomerates or aggregates formed from the finely

25 divided powder into the primary particles having a particles size within the respiratory
range, of less than 10 pm, preferably less than 5 pm.

If the particles are bigger than 10 pim they will not penetrate to the bronchial region of the
lungs but will end up in the oro-laryngeal tract or, if swallowed, in the gastrointestinal tract
3o where they could lead to unwanted side-effects. Particles could more easily be retained in



| ungs but will end up in the oro-laryngeal tract or, if swallowed, in the
gastrointestinal tract 30 where they could | ead to unwant ed si de-effects.

Particles could nore easily be retained in WO 97/ 05917
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the device whYOR789%% | eads to a | oss of particles which w lqcrﬁsgssergogss:
negative effect on the exact ness of the doses. Prior art
Means for breaking down aggl oner at es/ aggr egdt es of powder created in finely
di vi ded powder ed nedi canments having a particle size less than 10 pm
are known in the prior art One exanpl e of such neans is described in

EP- B- 069 715. | |: ' . s 1AL PEIREN ' i's
provi ded in theﬁg?9ﬁ§3ﬁ§§?§§§§“§gé§gﬁ%ﬁﬁ%&#?gR”ﬁ%ﬁﬁgngﬁﬁ?ﬁgﬁg%ggaﬁﬁgﬁ%|e
I s described i nexabnEssdBtheddses. where a stationary defl ector device is
provi ded in t he nout h-pi ece and/or the air conduit of a

breat h-actuated dry powder inhaler having a container for nmultiple
doses. These stgkl ry deflector devices will, during inhalation,
provi de a deaggﬁ%@%ﬁ?ng effect as they are constructed to create a
turbul ent nowenent in the air flow carrying the substance. Due to

this turbul ent venent the particles wi]J]l inmpact on,15 the s qf ,the
air conduit an fﬂ@f’F"é‘H\ W&é&%@?ﬂ&?)&%&%&ipwﬁﬂ E‘ﬂ‘"{ﬁl\’%&%ﬁﬁ in
this mann SRt WA P S edelthih 10 i pE e
In WD 92/ 04069%0“51’{%211% e %‘?eat - zitrﬁéat ed dry pom@ﬁ%ﬁ%‘?e{r‘ﬂpowsi ngl e
use i s di scl oseOne examplekdfisschimdaas 3rdescsibed imBRIB@69/715: Imthisrlecdment b retatinig) g
down aggl onerates / egates in the air_ 20, .conduif The deaggl Qqnerati ng
Toans are al so FRPAUATLkS Ghice grPrevisedin dheairopdicas dspeslomersion gy ARG
movenent i n ¢ Neexainblelik @At iR BP B $07) Where d Maforiay ARG R Hca TS pibliadlint he
deaggl onerati ng neans are constructed as planar surfaces oriented about
30[err] rel ati vibe mouthgiece and/or the gir contiuitaf a drcatheaciugied dfy powdet inhalechavingasi ng
of the inhaler " container for multiple doses. These stationary deflector devices will, during inhalation,
provide a deaggregating effect as they are constructed to create a turbulent movement in the
air flow carrying the substance. Due to this turbulent movement the particles will impact on
15 the walls of the air conduit and the deflector devices and collide with each other and in this

manner break down into particles within the respiratory range.

In WO 92/04069 a disposable breath-actuated dry powder inhaler for single use is disclosed.
This inhaler is provided with means for breaking down agglomerates faggregates in the air

20  conduit. The deagglomerating means are also in this inhaler constructed to create a
turbulent movement in the air flow during inhalation. This is achieved as all of the
deagglomerating means are constructed as planar surfaces oriented about 30° relative to the
longitudinal direction of the tubular housing of the inhaler.

25 Tests have shown that the above mentioned deaggregation means do not give an optimum
deaggregation effect. In some cases retention in the inhaler could reach an unacceptable
level. This could lead to different dosages with different inhalations.



25 Tests have shown that the above nentioned deaggregati on neans do not

gi ve an optinmum deaggregation effect. In sonme cases retention in the

i nhal er coul d reach an unaccept abl e | evel. This could lead to
different dosages with different inhalations. WO 9 -%ﬁ%
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The i nvention It is therefore an object of the present invention to
provi de deaggregati on neans which opti3m ze t he deaggregation and

which mniniise the retention and the flow resistance at a 5 typical gas
or air flow rate which depends on the inhalation force of a patient
According to th@mﬁ&ﬁiﬁﬂ# I nvention there is provided an inhal ati on device
conpri si ng mean or breaki ng down aggregates, the device being
characterised in that said neans conprise at | east one pair of

surfaces in a gas/air_flow path, the first surface of the pair providing an
inlet |0 surfachisgthersfozeanabjectafithepresent iyenfion;to provide depagErgAtionBeans whidhe
speed of gas/ ai ' . By 06 SR LGI 1 on
I s increased, aépﬁ@%imgg%ag%gggg? ace o %glﬁugﬁ%a@?k:&ghm %lhpﬁaé eﬁ tgﬁ'or
near the outs ettypicaligaeorainBdw raet which deptngy enthel inhalation fopecif apatidnice so t hat
I n use aggregates or particles inpact said second surface whereby

said first and second surfaces are oriented at different angles to

t he | ongi t udi naj ~di.4: itﬁlﬂ:r.r%@ : ; 2 iaahd ki d
second surfaceskg%?@ﬂoente %ﬁ%@?@?‘gﬁ’?kgﬁg esﬁgh%ﬁ%b?%ﬁg?éﬁwﬁﬂ
direction of t hier bieakingddvm aggregates, thedevivebejng ehaactarised indbati said meansicoinprise at
adavant ages are, clear from the .depend) cl ai to 11 20 .. Brief
escr | bt fon of Ao B o qutsces n 3 Aol he s siacg of tisPAE Dpw iag 41 et
i nvention wd | Seieder A8a&HHRASh thé giQkr Abw S3HWHeReby the spédd dt ghliFpARRE aloRg

t he appended draw ngs, erein
the flow path through the constriction is increased, and the second surface of the pair is

situated at or near the outlet of the constriction and provides an impact surface so thatin
use aggregates or particles impact said second surface whereby said first and second
surfaces are oriented at different angles to the longitudinal direction of the flow path and

15 whereby said first and second surfaces are oriented at different angles to the longitudinal
direction of the flow path.

Further preferred embodiments and adavantages are clear from the depending claims 2 to
11.

Brief description of the drawings

The device according to the present invention will now be described by way of example
with reference to the appended drawings, wherein

Figure 1 shows a preferred embodiment of the deaggregation means according to the

* present invention;

Figure 2 shows first deaggregation means according to the invention as shown in figure 1;

36 and



25 Figure 1 shows a preferred enbodi nent of the deaggregati on nmeans

according to the present invention; Figure 2 shows first
deaggregati on neans according to the invention as shown in figure 1; 30
and 05917

T L PCTISESEIPS
Figure 3 shows the two bodies of the second deaggregati on neans according
to the i nvention as shown in figure 4. Det ai | ed description of

t he draw ngs It is generally known in powder technology that the
br eakdown of aggregates forned from powder ed substances can be

achi eved by giving aggregates an acceleration prior to inpact wth a

surface, for exanple walls placed in the direction of the novenment of the
aggr egat es. 10 Figvee3 shivivg theetwiorholdies pf the secopd deaggregationitadans acsarding tortheal s

so-cal | ed deaggregati on neans, ar pl aced in the gas/air flow path of
the inhal ation . Slregat I on nmeans can be provi ded as
wal | s, as described in the above nentioned docunents. Tests have

shown that the breakdovvn of aggregates into primary particles is related to
t he 15 posi i oDetailed desoiptios dmawingsir f aces as well as the di nensions of
the cross sections of gas/ air flow path of the inhaler at different
positions. A preferred enbodi nent of deaggregati on neans in

accordance Wi t ik B&ePiilg X3t¥m iﬂ'ﬁfﬁi}w REhnMidgly thie thid BrcakdPslofdigkit gates formed from

reference to flgures 17 2 and
powdered substances can be achieved by giving aggregates an acceleration prior to impact
with a surface, for example walls placed in the direction of the movement of the aggregates.

10 When this technology is applied to inhalation materials so-called deaggregation means are

placed in the gas/air flow path of the inhalation device, Such deaggregation means can be

provided as walls, as described in the above mentioned documents.

Tests have shown that the breakdown of aggregates into primary particles is related to the

1s  positions and angles of said surfaces as well as the dimensions of the cross sections of
gas/air flow path of the inhaler at different positions. A preferred embodiment of
deaggregation means in accordance with the present invention will be described with
reference to figures 1, 2 and 3.

20  The deaggregation means of the present inveation are in the preferred embodiment designed
to be placed in the gas/air flow path of a unit dose dry powder inhaler but the construction
of the deaggregation means could easily be adapted to be placed in the gas/air flow path of
any dry powder inhaler having a dose 8 which comprises aggregates of a powdered
substance placed in an gas/air flow path 10, an air inlet 5 and an air outlet 6. Said air inlet 5

25 and air outlet 6 are positioned at a distance from each other, whereby the gas/air flow
during inhalation will pass in said gas/air flow path between the air inlet and the air outlet
thereby lifting the dose so that it'can be carried along by the gas in the gas/air flow. The
description of the device is related to this embodiment but this is only given as an example

and for the matter of clarity.



20 The deaggregati on neans of the present invention are in the preferred
enbodi nent desi gned to be placed in the gas/air flow path of a unit
dose dry powder inhal er but the construction of the deaggregation
means coul d easily be adapted to be placed in the gas/air flow path of

any dry pomde?vqsiﬁ’a?'é'r having a dose 8 which conpri ses aggreﬁﬁf’g?@f”‘a
powder ed subst ance placed in an gas/air flow path 10, an air inlet 5
and an air outlet 6. Said air inlet 5 25 andair outlet 6 are positioned at
a distance fromeach other, whereby the gas/air flow during inhal ation
will pass in said gas/air flow path between the air inlet and the air

out | et t he bEL) e dose so _that..it can be.carried alagng by the
gas in the gas/%‘ﬁ?gﬁ F}(.)ey%a gﬁg&ﬁmeﬁ{ saveegailrsg&o? Shhqye P sﬂ’&ﬂeigcﬂwr‘éﬁ%#%ﬁ%

t hi s« enbodi ment gasfair flob sathi 10 infthe/inBalste The8ose '8 iS¥lasaalif a magazir® (Aot sBéwh) \Shich
matter of clarity, 30 WD 97/ 05917

PCT/ SE96/ 00969 could be a unit dose magazine or a magazine which could be refilled for the following

In the preferre‘gﬂﬁ i ment several sets of oblique planar surfaces are
provi ded al ong e gas/air flow path 10 in the inhaler. The dose 8 is

pl aced in a smgazi ne (not shown) which could be a unit dose nmgazi ne
or a magazi ne which could be refilled for the foll|ow ng I nhal ati ons.

5 Sai d obtaidollique syrfasesproyi thetgayais flow path avhighowilliresult/iman

ip
path which wil| L1 . i f. +he inhal ati.on [air
fl ow and gui dan@%ﬁ%ﬁ%@s‘%ﬁggﬁ??f’ g{fg’h g?ﬁg?m dhm?g ’ésa%a/s%ﬁ? L‘??‘é?ﬁ%\t h.
The aggr egat es gasdirflownati. The egpregatds ahdyer pinicleewillahees) teFoicBPRGimpas dnfike

wal | s and surfaces of the gas/air, flow path. 10 In the preferred
enbodi nent st he¥allsapd petpses o thegasialr flowpathy ubst antial |y two different
forms and cgnstructions. As shown in Figures 1 and 2, the first

deaggregati on neans 20 and 30 are formed as pairs of 15 walls 2l1la, 21b and

3la, 31b respedhiteprifesed anistdirtienté thb dedgaipatich @it have3mbtdnfilly two different

respectively, to the main direction (Arrow A in the figures) of the
gas/air flow afermsandicensguctionsnal centre axis of symmetry of the
gas/air flow path 10 and the device seen fromthe air inlet to the air
outlet. Said longitudinal centre axis is marked with X-X in figures 1-3.

Preferably sai dAyxhown in Figures 0 and\2) the fisx deaggrebitomnidas 204G 30ate fonned fairs of
on both si d]ess C\)xfrallts rZl(i‘a, %?g Qx% ?Elaf :lif)bvg'es%%ggvely extending with an angle o, and o, respectively, to
the main direction (Arrow A in the figures) of the gas/air flow and the longitudinal centre
axis of symmetry of the gas/air flow path 10 and the device seen from the air inlet to the air
outlet. Said longitudinal centre axis is marked with X-X in figures 1-3. Preferably said pairs
of walls extend from the edges of the housing on both sides of the gas/air flow path
20 symmetrically and are spaced apart so as to provide a passage for the gas/air flow and a
restriction in the gas/air flow path. The first pair of walls 21a, 21b are placed adjacent the
release area of the dose 8. Said pairs of walls 21a, 21b and 31a, 31b are connected to a part
22a, 22b and 32a, 32b respectively being longitudinal in the main direction A of the gas/air
flow. Said longitudinal parts extend parallel to the main direction A of the gas/air flow and
' 25 are spaced apart so as to provide a passage for the gas/air flow. The other end of said
longitudinal parts 22a, 22b and 32a, 32b are connected to a wall 23a, 23b and 33a, 33b
respectively which together with the first wall and the longitudinal part of each |
deaggregation means form a quadrangle 20, 30 respectively. In figures 1 and 2 a preferred
embediment of these first deaggregation means are shown. The angle and form of the walls
30 23a, 23b and 33a, 33b are only of importance for the construction and geometry of the



20 symmetrically and are spaced apart so as to provide a passage for the
gas/air flow and a restriction in the gas/air flow path. The first
pair of walls 2la, 21b are placed adjacent the rel ease area of the
dose 8. Said Ir f_walls 2l1a, 21b and 31a, 31b are connected to a part
22a, 22b and 5889%%5357 respectively being longitudinal in thepﬁg{sﬁs’ﬁm"?‘gct I on
A of the gas/air flow Said |ongitudinal parts extend parallel to the
main direction A of the gas/air flow and 25 6are spaced apart so as to
provi de a passage for the gas/air flow. The other end of said

| ongi tudi nal parts 22a, 22b and 32a, 32b are connected to a wall 23a, 23b

d 33a, 33b ' ' - e ] ' | d.t.h
?gngi tﬁdi nal pardte a%gﬁwﬁwndegg%(&éggﬁgﬁ&#ﬁ%%& °¥gfpﬁ+é§{“ ?ﬁ’a'ﬁ’?a 8?02' nf&eeSO

respectivel y. | deficeTheimforande@um forthé funceich is the aim ndomitinge theqétedtioase i r st
deaggregati on neans are shown. .The angle and formof the walls 3Q 23a, 23b
and 33a, 33b ar é‘%?ﬁ"ﬁe Wf‘ﬁ? 5#8?’@:9??’6@3'{‘ %Lﬁffﬁ’ée wm%m@%ﬁ%ﬁésa&ewwwbm
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deaggregati om neans and the gas/air flow path and is not inportant for the

function of the vice., The inportant_ feature for the function i

e S
the aimto nini Mheseconddeaggragationmegns 40, 50 are formed:as paizs of walls 412,41 and,S1p, My
ath. Therefore =Yan]| 4,‘%]% : | ' ' .
Punction can be ugeg.aag'?cwg ﬁﬁ*@%@%ﬁ,ﬁ@g‘%@g@gﬁ%ﬁﬁamﬂgg@?y
f olr lmed. as paihr soppoimaGZLleltmptimljn Saintti;ﬁdraao:xﬁ%, Szhmp?;f&dhme ?ene’eysfm;c'bﬁ/ﬁﬂ\o
wall's in eac ir o s .ar.e cannect ed, ag er a rma ti
o poi nt 5. soapkaR i Botides R lopfici el 250 of svmaiess X od rusavaik owe
centre of the gpsthand also with thelnftith Sisdchiod & ¥k FaBfalt BloWASen¥rdrh tedfr intet 5 to the air

| ongi tudi nal axis of symmetry X-X of the gas/air flow to path and also
with the main dpwtes6i on A of the gas/air flow seen fromthe air inlet 5 to

the air outlet 6. In the preferred enbodi nent said second
deaggregati on neans 40, 50 are forned as guadr angl es bei ng
symmetrical ar oliile prefirfed bmBadiineal Rl sedonid HedgeYe aomeagﬁao,%%f?&.éq&ures 15
3. Said quadrangles will thereby be forned sgogyt%at t he | ongi tudi nal axis of

each quadr angl equadranglegbeing symmesrical aropnditheir longitwdinabaxis ¥rY atican ibb setn irefigures

coincide w t | ' | f tr - X of the gas/ai

f1 ow pat h. W 5%l I Ee i r%g%lo%?}'r‘%gglém%fg tﬁ% E%qg'}%tuéféangthﬂl%gg{l@g e

deaggr egat i on nwillise paratielund in the greférred embodiment coincide with the longitudinal axis of
symmetry X-X of the gas/air flow path.

The impaction surface 41a, 41b and 51a, 51b of said deaggregation means are provided at

20 angles B and 5, respectively, to the main direction A of the gas/air flow and the longitudinal
axis of symmetry X-X of the gas/air flow path and the device seen from the air inlet 5 to the
air outlet 6. The preferred embodiment of the second deaggregation means 40 and 50 are
shown in figure 3.

25 The first and second deaggregation means 20, 30 and 40, 50 are positioned in the gas/air
flow path in a manner which give rise to acceleration areas for the gas/air flow and the
aggregates/particles as well as guidance whereby the aggregates and particles are forced to
impact on the walls of said deaggregation means.



20 angles [err] and [err] respectively, to the main direction A of the
gas/air flow and the | ongitudinal axis of symmetry X-X of the gas/air
fl ow path and the device seen fromthe air inlet 5 to the air outlet
6. The preferred enbodi mrent of the second deaggregati on neans 40 and 50 are
shown in figuve9es9n725 The first and second deaggregati on PEeSHEH6% 30
and 40, 50 are positioned in the gas/air flow path in a manner which
give rise to acceleration areas for the gas/mir flow and the
aggregates/particles as well as gui dance whereby the aggregates and
particles are forced to I mpact on the walls of said deaggregation

means. 97/.05917
PCT/ SE96/ 00969 The form of the deaggregation means has been determined by tests and the most optjmal

The ,formof t hefo@ﬁ@f@&rtﬁa@a&@ﬂeﬁm&& BWs%QEsm%ﬂﬁégnWmﬁﬁgn&d%ﬁF%E‘%e

nost opti nal orns for the above nentioned purpose have shown
t he ones repr es®h fordms of the Jeaggregation means Fealsh of imsponthncelfor mitzation efabstance in

| f i t f ] b ' . _th
Gasl ai 1 ow paltf EAVRE Y PG o SEN ahtor e gRSF 1PN SNePRs Shag fehmiesin which ) o
in which thes SdesgfrgstionGidahdite Wﬂ&eﬁiﬁﬂéﬁ%de&%eﬁaﬂﬁkﬁasi&efohﬂedas

deaggregation neans are forned as tri angj es W e tip of the

triangl es faci ngiangles with thetipof theftriangles facing the o1 ofithe sinflowiduting inhalation the
backsi de of the ans will have ener al flat surf.ace positi.one

per pendi cul ar tBarégﬂge°%°WWEFW%&F°3F@¥%WP&WP@€?W%§W?Q§%?‘8
substanti al r et RRila6dh air fldw) Thikeillighvelrse fdstdstalehtiod. t he val ues of the
angles [err], [err] and especially the values of the angles [err]

and [err] are of utnost inportance for good functioning of the
deaggregati on n nd.t here t functionin f _the jnhal er.
Several tests %eéﬁtg%ve&gﬁ%n W{]ﬁe a%?seé}g'wt an@fes a,,ncé{fgg?%@g@y t\'ﬁa e°f\9§I ues
of the angles hﬁg&smsi?é&f@a&%g&nﬁeeﬁﬁbmmoﬁﬁg%gu{e%agm tion megns

s th 0 m?if'now

di fferent paraneters which I nfluenc e performance the gas7alr
duri ng i nhal at i and théréby the fumationisgeofcahe/inbalemn Sevepad testa havet bwemilonenwithedifferentnt | on

of substance and,the fl ow,resist e || as Xi m.se the
deaggregati on a‘ef“bgm?% A egég;saq%?ferarngfﬁs P%l‘feebe\ei%\&mg YLORTERTOn of the
i nhal ati on f or cdiffefentpap@hdt@which influencet it pREfoimante $falid gasiaid PRwedvoing idh@aton, he

[err] and [err]_should be substantial]y about 30[err] to the .
15 It has thereby been important to minimise retention of substance and the flow resistance as

well as maximise the deaggregation at a typical gas/air flow rate which depends on the

inhalation force of a patient.

The earlier tests have shown that the &, and o should be substantially about 30° to the

20  main direction of the gas/air flow seen from the air inlet to the air outlet and to a
longimdinal axis being parallel to the longitudinal axis of symmetry of the device. The
choice of 30° for these angles is dependent on minimising the flow resistance and retention
of substance as well as optimising the acceleration of the air/gas flow upon entry into the
first constriction in the gas/air flow path.

v 25
The value of the angle B is substantially about 45° to the main direction of the gas/air flow
‘ seen from the air inlet to the air outlet and to the longitudinal axis of the device.

The value of the angle 8 is substantially about 60° to the main direction of the gas/air flow

30 seen from the air inlet to the air outlet and to the longitudinal axis of the device.



20 main direction of the gas/air flow seen fromthe air inlet to the air
outlet and to a | ongi tudi nal axis being parallel to the |ongitudinal
axis of symetry of the device. The choice of 30 for these angles is
dependent on mnimnising the flow resistance and retention of
substance as WEPP78170pt i mi sing the accel eration of the air/BEESE6806pon
entry into the first constriction in the gas/air flow path. 25

The value of the angle [err] is substantiallgy about 45[err] to the nain
direction of the gas/air flow seen fromthe air inlet to the air
outlet and to the longitudinal axis of the device. The value of the

angle [err] is ant i.al | out, 60[ er.r the main ect the
gas/air flow 30%1%‘3@# eof W@‘éfsrba °é't'c% ff's{’)l fed ﬁm%f’fj %‘5“’% ?‘B“

| ongi tudi nal axis of the device. WD 97/ 05917
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The choi ce of tHummaryxftheresults fromdestscarmedgut inos etermine thenoptin dlires|
shown bel ow. 'y of the results fromtests carrled out in order
to deternineth’@%ﬂf‘mwes of the angles [err] and [err]:
Several tests have been carried out in order to decide the optinum val ues
of the angles of the second and third deaggl oneration neans, ie. the

angl es [err] andeveel WQBQW&CQDMWWIOIIW & the optisyn valudsiof thetanglseof est

are shown in t tsthe.fr t a and [err

have been keptatng&P%?“]ao'{mégfa@F %Fﬁ%’#‘ 'rcoﬁﬁraBg?ﬁ@“ﬁ){§hd°w§mkﬂtry
for the ai r/gasmék@mum@mglﬁégaﬁnﬁﬁﬁmegath. Tests were carried out

usi ng substances having different properties and the substances used

in each test is indicated in the t abl e.
10 In all tests the first angles &, and oy, have been kept constant at 30° in order to provide a

smooth entry for the air/gas flow into the air/gas flow path. Tests were carried out using
substances having different properties and the substances used in each test is indicated in the
table.

15 In order to be able to compare the results from the different tests an index was introduced.
Said index is based on the following calculation:

1= (F> +(Re * C) )*10000

20  where I is the Index, F is the fraction of fine particles, Re is the retention in percentage of
total dose, and C is the inhalation resistance (C-value). By multiplying the result with 10000
an “easy-to-read” value was provided.



15 In order to be able to conpare the results fromthe different tests an

I ndex was i ntroduced. Said index is based on the follow ng
cal cul ati on: [err] 20 where | is the Index, Fis the fraction of fine
particles, etention in percentage of total dose, and Cis
the I nhal at i or'fbég%&gfénce (Gvalue). By nultiplying the resul prﬁsgﬂo 2000
an "easy-to-read" val ue was provided. WO 97/ 05917
PCT/ SE96/ 00969 9 9
St udy 1. Table 1 5 In this study one substance -
Ter but al i nesul phate - was used and the aimof the tests was to
determne the r } pnshi p between the values of the angles [err] and [err]
Test Val ue of ue Value Fraction of Retention Inhalation Index
No. ¢« angles of angle of angle fine (% of resi stance (1)
[err], [err] [err] particles t ot al (C-val ue)
(F) ~ dose) Tablel 30[ err] 75 60[ err] 44
18 - 15395 70 2 30[err] 45[ err] 60[ err]
44 15 14424 89 3 30 75[ err] 21
36 518 In this studyldh%@ﬂ:stanc&-ﬂrerbutahncsulplﬁtc was us&Dand the mﬂ%ﬁﬁé iestis was tol
35 14 12488 5 [err
30[err] 4 Sletermine crglguonshlp betweorpthe values tgghe anglesBand 8.
Test | Valueof | Value Value | Fraction of | Retention | Inhalation | Index
Ne. angles | ofangle | of angle fine (% of | resistance | (I)
0, Uy B 3 particles total (C-value)
® dose)

1 30° 75¢ 60° 4 18 15395 70

2 30° 45° 60° 4 15 14424 89

3 30° 75° 21° 36 18 14765 70

4 30° 45° 21° 35 14 12488 49

5 30° 60° 30° 43 21 12825 69

As can be seen test no. 2 with B being 45° and & being 60° showed the highest index. On
10 the other hand test no. 4 with B being 45° and § being 21° showed the lowest index. This
indicates that B < § is more favourable then p > §.

Study 2.

15 In this test three different substances was tested Terbutalinesulphate, Budesonide, and
! Formoterol mixed with Lactose. The aim of the tests was to determine whether an optimum
value of the angles could be found in the range 21° - 75°.
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St ud

2.
ate,

Budesoni de, and Fornmoterol m xed with Lactose. The aimof the tests
was to determ ne whether an optinmum vdlue of the angles could be
found in the range 21[err] - 75[err] WO 97/ 05917
PCT/ SE96/ 00969 10
Table 2 Sub e: Terbutalinesul phate Test Value of Val ue
Vail ue Fractioi O Retention Inhalation |ndex No. angl es of
angl e of angl e Substanoe: Terbutalin8suphateot al resistance (1)
[err] [err] particles (F) dose) (C-val ue) 1
30[err] 21[ epld 21lerr] ?% 10630 71
2 30[ err 9l er 21[ery . 24 ) 1 . 1111
50 [3 ] Tesgc[ealruLofAS %lp?][ Vilue } gqqorof Retention jlnhal.mtm gexr
12420 76 INo. (4 angles |3fangle|ofagdle!  fiml €' 'll(% of total P Tesis 1¥
13120 86 5 g 30 & 7% 75 (®oo ?0 tance (Ill
14400 107 L5 Jalfaes B§“%§; dcel patides (filde dose) (C-value)
1 30° 21° 21° 24 8 10630 71
2 30° 75° 21° 24 11 11110 50
3 30° 45° 45° 32 11 12420 76
4 30° 21° 75° 37 12 13120 86
5 30° 75° 75° 40 11 14000 107
s Table3
Substance: Budesonide
Test | Valueof | Value | Valuc | Fractionof | Retention | Inhalation | Index
No. angles | of angle | of angle fine (% of total | resistance | (1)
Ca, O B8 d | particles (F) | dose) (C-value)
1 30° 21° 21° 17 12 10630 22
2 30° 75° 21° 22 22 11110 20
3 30° 45° 45° 27 17 12420 36
4 30° 21° 75° 37 28 13120 39
5 30° 75° 75° 43 31 14000 42




Test Val ue of Val ue Val ue Fraction of Retention |Inhalation |ndex

No. angl es of angle of angle fine (% of total resistance (n
[err],[err] particles dose) (C-val ue)

30[err] J7]'o . 21[ err] 17 12 10630 22
2 30[ er ST 750 err] 21[ err] 22 PCH/SES6/00969
11110 30[ err] 45[ err] 45[ err] 27

17 12420 36 4 30[err]l1 21[ err] 75[ err]

37 28 13120 39 5 30 75 75[ err]
43 31 14000 42 WD 97/ 05917

PCT/ SE96/ 00969 ~.pje 4 11
Table 4 Substance: Fornoterol mxed with Lactose Test Val ue
of «Value  VaBulsstancé:Fanhoterol mixed Rathdaktosd) | nhal ation | ndex No.
angl es of angle of angle fine (% of total resistance (1)

[err], [err] . oL [ ] particles (F) Qse)

(G val ue) l+7.30 ] . 3L

16 10630 5@“4‘?{ Value, Inhalation. | Index

42 28 1hAgdies | of sidancer ']
45[err] o o) afﬁ resiftancg (1)
21[ err] 75] — b DB] it (C-value) 5

30 75[err 73Lerr 14000 86 S
The result of t -t-eé-és—a s3lehe ghvel0638e1 | o 58
result than [err]z [ gh ] - Tls,go vyl Ugyo of42[ errl d%s npt f uence t e
result to a sigmriTtamt extent oot-teresut-t—for—ferit+—= r]
= 45[ err] pet 8@ tharsexgec4sed. |1 n f49ct t|hi s29as | heJaegt jonegf qr
t he substance Hor noterol m xéd w thjLactose. T0 ThE resurts
obtained in thdf4rkt 8%n < ndd%s |shBW that Mlerrl] s@mth 3120e lopTamim
for the s ] 30 | 752 | 750 63 30 14000 | 86

5 Theresult of these tests also showed that B < 3 gave a better resnit than B > & . The value
of B does not influence the result to a significant extent but the result for p = 45° and 8 =
45° was better than expected. In fact this was the best one for the substance Formoterol
mixed with Lactose.

10 The results obtained in the first two studies show that 45° seem to be the optimum for the
angle B.

Study 3.

15 This study was carried out in order to determine the upper limit of the value of the angle 5.
The substances used was conditioned and unconditioned Terbutalinesulphate
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PCT/ SE96/ 0096 3Y0 97705917 PCT/SE9$/00969
Table 5 Subst ance: conditioned Terbutal i nesul phate Test
Val ue of Val ue Val ue Fraction of RetEntion Inhalation Index
No. angl es of angle of angle fine (% of total resistance ()
[err], [err] particles (F) dose) (C-val ue) 1
30[ err] 45 Mﬁ 60[ err] 49 14 13342 129
2 - 30[err] 45[ err] 70[ err] 49 20 14825
81 3 Substandé conditidned Terbutalinesulphiter r ] 52 17
15502 103 4 30[err] 45[ err] 80[err] 50
27 1518 75 o 30l err] 4o0lerr] 85[err]
52 23 b 7 . 30[ efr 5[err]
90[ err] z'ges%‘ A@'ﬁ“"’ﬂf Value 1¥%gise, | Fraction o g"‘@%‘?ﬂ 1 tion | Index
Subst ance: unconNptio Tef Stinglel IngTaksipMat € gine % o€olal : f ajue
Val ue Fracti ;;Nof Ret ent} on giI nhal ati ¢n | ndex ¢ ho %éa*%g?es (IYOH
angl e of angle [in&a o Y% Bf tlotad 1 eeiticles {C-value)
[err], [err] o r“garticleos ) -yal ue) 1
30[err] 45[f111 30 RQF i 60° %2 114 119342 | 1290}
2 30° 45° 70° 49 20 14825 81
3 30° 45° 75° 52 17 15502 103
4 30° 45° 80° 50 22 15183 75
5 30° 45° 85° 52 23 15482 76
6 30° 45° 90° 26 16 15872 83
s Table6
Substance: unconditioned Terbutalinesulphate
Test | Valueof | Value Value { Fractionof | Retention | Inhalation { Index
No. angles { of angle | of angle fine (% of total | resistance | (I)
Ola, O B ] particles (F) dose) {C-value)
1 30° 45° 60° 53 11 13342 191
2 30° 45° 75° 49 12 15502 129
30° 45° 90° 55 13 15872 147

10

The result of these tests also showed that the best results are achieved with the values of the

angles B and 8 being 45° and 60°, respectively.

The results of the above described tests gave the basis for choosing the following values on

the angles in the inhalation device according to the present invention:
o, and o, being 30°, B being 45° and 8 being 60°.



2 30 45 75[err] 49 12 15502 129

3 30[err] 45 90[ err] 55 13 15872

147 The result of these tests also showed that the best results are
achieved with_the values of the 10 angles [err] and [err] bein 45h§rr]
and 60[err], PP vely. The results of the above d 0P est s
gave the basis for choosing the foll ow ng val ues on the angles in the
i nhal ati on device according to the present i¥vention: [err] and ab
being 30[err], [err] being 45[err] and [err] being 60. : WO

97/ 05917

PCT/ SE96/ 00969 . . . N . 13 ..

The devi ce acco}hd% ‘?1"’5‘ (;[eoac (t:cﬁgmg Fﬁltgﬁmvg?lmlngs glfnl‘?tlﬁ te‘)p{((’)d uﬁer'(l)tcfﬁgrecfmfbtly P’gd iced in two
preferably prodpieed, 4 first substantially flat paeeand adedond phrt i Btk die aitiflow pathowitp et
and a second part in_ whi CE the air flow path with the . constrictions
and t he deaggr eSPastrigHonsand the; deageseaation pastsiis formed during; ampoulding o1 ¢pld forming
procedure. The ﬁm\‘i@ed&ﬁ{ | t
provides a air s t.@ﬁ?“g’gﬁ?&ﬁgﬁg‘%g‘?’ﬁé&%@ﬁﬂﬁgﬁﬁg ﬁurq'g‘{%é eat -
or col d- seal $ ngtight sead betwetnithe gwo parts. For this ipurpessiwsat-or veli dealing Jaser-tveliingisre d

as well as any ather suitable sealing nethod. The two . parts of the
device are pref‘@%m‘:ﬁ@%ﬁ“@l%ﬁ?&%@??y°ﬁﬁs%mmﬁ%mmqn

whi ch { Gt Gl viBd, ire heitoll iikaé B pibitic Gk pmﬂa i

The device could al so be fpl'e?orrrg y%c ent %%‘%t%arts%\?%?'%ﬁm;?@&
seal i ngl y conneb¢ exjuired ainflow pathean bel¢nsily fosmidd canvberusél The deviveconkingsoibeat ed
met hod. t is alsq,passible to produce the devjce in one_part

wher eby i nj ect |{8ﬁ“‘?ﬂsﬂx 'ﬁ‘f"rfﬂgﬁﬁcgllﬂaﬁwh"’h g"rfﬁ#imwt tp gachother. This;is however
Modi ficati ofs amore cotlplicH&dmEodCCOrding to the invention as described
above can of course be nodified within the scope of the appended

cl ai ns.
It is also possible to produce the device in one part whereby injection moulding or blow
molding could be used.

15 Modifications

The device according to the invention as described above can of course be modified within

the scope of the appended claims.

20 Thus in the preferred embodiment the first and second deagglomeration means are formed
as quadrangles having the described form. It is however clear that the form of the
deagglomeration means can be varied. For example, the "backside™ of the deagglomeration
means can have any form which preferably does not give raise to a significant reduction in
the speed of the gas/air flow or substantial retention of substance as mentioned above. The

N 25 second deagglomeration means could for example be formed as triangles or being V-formed
whereby the top of the triangle or the tip of the V is placed in the center of the gas/air flow
* path of the device.



20 Thus in the preferred enbodinent the first and second deaggl onerati on
nmeans are forned as quadrangl es having the described form It is
however clear that the formof the deaggl oner ati on neans can be

vari ed. For eW‘ﬁ t he "backsi de of the deaggl oneration nmeans can
have any form Whi referably does not give raise to a si gnPFT/EER00969
reduction in the speed of the gas/air flow or substantial retention of
substance as nentioned above. The 25 second ldeaggl onerati on neans coul d for
exanple be forned as triangles or being V-forned whereby the top of
the triangle or the tip of the Vis placed in the center of the gas/air
flow pat h | R

bCY SE96/ 0969 The Vdies PRS0, and B, & conlfbecaflged Llthough the performed tests show

The val ues of athgt the mjostroplimajecvalde afisks¢ sriglds are{ the 6resasthid Msovehanged

al t hough the perforned tests show that the nost optimate val ue of

t hese angles are the ones as stated above. Furthernore, it is easy

for th Ki ot | f t] 5
ne! desci bad abor i bmhte, 15 o8l foh fhe s sk IRl arl 54l B8 B B2 GeaBitneton Fars,
be used in asy asdesqibedistove alibasvlaimedinihe dppended tlathiscaR B¥HdHifiel Rbefsdt in any

WO 97/ 05917 . . ] '
PCT/ SE96/ 00969 Powder inhaler, in particular dry powder inhalers. 15



1. An inhalation device c 20; 30; 40; 50) for breaking down
aggr egat es of finel mmlgwm mg‘ d nedi canent having a particle
size less than 10 [err]mt finely divided nedi canent
having a | arge amount of particles within the respiratory range,

having particl¥0878%®7 | ess than 10 [err]m char a cﬂCf§ﬁ95’P°9§9e d
In that said neans (20; 30; 40; 50) conprise at |east one pair of

surfaces in a gas/air flow path, the first sis&rface of the pair providing an
inlet surface of a constriction in the gas/air flow path whereby the
speed of gas/air passing along the flow 10 path through the constriction
IS increased, apg.the second surface of the pair is situated at or

near the outl et he constriction and provides an inpact surface so that
i n use aggregates or particles inpact said surfaces, and whereby said
first and second surfaces are oriented at different angles to the

| 6ngi tudi nal di tecAnrdnhalgrion dryi @WS@,%MS@EEWWM@M@gam

claim1l wherein nt, at. | east t o _pairs sa sur f aces
(40, 50) in serloites Qg ﬁgﬂ’agg m ’B&’F‘Fl MP Pfé‘b‘k‘ﬁ‘h“%‘h‘f‘é O Rroxic o
device is s fihdly divided didhmei GivikgWiatgERSunBof particRS withih HRlrEGirdloryfanR ar
the outlet of af |east two constrictions wherein the vol Udne ffor The

gas/ air betweenl® I‘?E“P&B%@%Wﬁ@@ﬂ@ﬂslol@karranged such that the speed

of the gas/air onstr ion is ye uced
20 before the@iggggg %ﬁxt ﬁgl\q" ;al rm%n W@h&ﬁ é'o‘cti‘?s%""f’é’%
passage thr oughsm'faeesﬁﬁa(gadm ﬂowpmﬁﬁéﬁﬂscidrﬁas ofthepan' %&%XA infet ktﬂfdc@h?ﬁ er S
accordlngto claim?2 acter |n first

deaggr egati on reeRsEicionin %5“3@!‘@°Hrm ‘H’&!“??sﬂl?)m OffaS/%PaSS!pg along theflovaces

or walls (2]a thmgifgﬁ r R he haqusin

bot h si des of tlﬁép as/lair %%Wgﬁ&gﬁﬁgg%gﬂh en(%:@%«;ﬁ?&%ﬁfa qagrl?fﬁua%gra't?r
respectively, rndaathcmtlﬂmftheconﬂﬂitmoh@ﬂﬂpﬁowicﬂﬁinﬁbabmfmdaﬁoﬂ{atﬂlﬁeh '

(1) seen fromthe ali i.nl et a(ig()s\.:r}accsthe air out]et (6)

97/ 05917 es impact s , and whereby said first and second surfaces are oriented at
za§5?220926?ndlhgfrglrusanaccortgl ﬁ’é‘ ttugma{ alrm gnoftheﬂowpaﬂ: har acter 1i6 s e
dinthat the angle [err], [err] is preferably substantially about 30[err].
15 2. A device as claimed in claim 1 wherein there is present at least two pairs of said
surfaces (40, 50) in series so that aggregates or particles of medicaments when the device is
in use impact upon two impact surfaces situated at or near the outlet of at least two
constrictions wherein the volume for the gas/air between the two constrictions is arranged
such that the speed of the gas/air along the flow path from the first constriction is reduced
20 before the speed of the gas/air is further increased as a result of passage through the second
constriction.
3. Device in inhalers according to claim 2,
characterised in thatfirst deaggregation means (20, 30) are provided as pairs of
‘ 25 planar surfaces or walls (21a, 21b; 31a, 31b) extending from the edges of the housing on

both sides of the gas/air flow path and oriented at an angle o, &, respectively, relative to
the longitudinal direction of the housing (1) seen from the air inlet (5) to the air outlet (6).



5. Device in inhalers according to claim4, characteri sed

i n that second deaggregatlmlmmmﬂm are provided as pairs of
pl anar surfaces or walls ( " b) positioned symetrically

around the | ongi t udi nal ‘cehtr® aXi s* of the housing (1) and oriented
at angl es [err‘}’oaﬂﬁﬁg? 'rr] respectively, rel ative to t h®CTERA0Ii nal
direction of the housing (1) seen fromthe air inlet (5 to the air

outlet (6). 10 6. Device in inhalers HWccording to claimb5, c h
aracteri sedinthat the angle [err] is preferably substantially
about 45 and in that the angle 8 is preferably substantially about
60. 15 7. A gev of the preceding claims which

I & di sposabl e a%g Ilji.'ew{'?fhlﬁlk)st ant | @}@Qﬁlgg@?of pl astics material . 8.
A device as cl aicihiexh 4 o1t €1 i o'd i, thavhhecdngleso, fourls prefeeabfiasubstiitiallg ibsuesgeai ni ng at
| éast one dose of a nedicanment for use In treatnment of a disease. 20

9.” A device as clai med in claim7 or 8 wherein there is a magazi ne to hold
a purality of wu %ﬁ%ﬁgﬁﬁ}é’@"& 10. A device as clained in
any of clains 7 8 or erern ?armsnt conpri ses one 25 active
i ngredi ent aad ahQﬂrz{(tBdritsl”e&rﬁfthutseconddeaggreganonmcans(m,SO)arepravidedaspairsof
planar surfaces or walls (413, 41b; 51a, 51b) positioned symmetrically around the
longitudinal centre axis of the housing (1) and oriented at angles B and & respectively,
relative to the longitudinal direction of the housing (1) seen from the air inlet (5) to the air
outlet (6).
10
6. Device in inhalers according to claim 5,
characterisedin that the angle B is preferably substantially about 45° and in that the
angle d is preferably substantially about 60°.

15 7. Adeviceas claimed in any one of the preceding claims which is disposable and
substantially made of plastics material.

8. A device as claimed in claim 7, which is a dry-powder inhaler containing at least one
dose of a medicament for use in treatment of a disease.

20
9. A device as claimed in claim 7 or 8, wherein there is a magazine to hold a purality of

doses of medicament.

10. A device as claimed in any of claims 7, 8 or 9, wherein the medicament comprises one

25  active ingredient and a carrier therefor.



