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(57) Abrege(suite)/Abstract(continued):
supply channels entering the chamber substantially tangentially to its sidewall. A powder channel extends through a powder dose

supply region of the inhaler tangentially into the chamber. An air outlet axially extends from a discharge and connects to a
discharge channel that extends to a mouthpiece. The polygonal sidewall comprises at least six straight line segments, each straight
ine segments being spaced at the same first distance from an adjacent one forming the plurality of air supply channels. The air
supply channels have the same width. The powder channel is defined by two straight line segments which are spaced from each

other at a second distance which Is larger than the first distance.
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(57) Abstract: A breath actuated dry powder mhaler with a single air
circulation chamber for de-agglomeration of entrained powdered medic-

ament using the energy of the mspiratory air stream. The chamber has a
substantially polygonal sidewall, a plurality of air supply channels enter -
ing the chamber substantially tangentially to its sidewall. A powder
channel extends through a powder dose supply region of the mhaler tan-
gentially into the chamber. An air outlet axially extends from a discharge
and connects to a discharge channel that extends to a mouthpiece. The
polygonal sidewall comprises at least six straight line segments, each
straight line segments being spaced at the same first distance from an ad-
jacent one forming the plurality of air supply channels. The air supply
channels have the same width. The powder channel 1s defined by two

gy straight line segments which are spaced from each other at a second dis-
T tance which 1s larger than the first distance.
.f”wﬁ
18
?\w\m
1
Fig. 1



CA 02951036 2016-12-01

WO 2015/187025 A1 IO} A0 000 DY

LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL, SK, Published:
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,

GW, KM, ML, MR, NE, SN, TD, TG). —  with international search report (Art. 21(3))



CA 02951036 2016-12-01

WO 2015/187025 PCT/NL2015/050413

Title: A breath actuated dry powder inhaler

The invention relates to a breath actuated dry powder inhaler
according to the preamble of claim 1, wherein high doses of a powdered
medicament are de-agglomerated 1n an air circulation chamber using the
energy of the inspiratory air stream.

Such a breath actuated dry powder inhaler 1s known from EP-A1-
1,488,819 and 1s used to deliver drugs to or via the respiratory tract. Such
pulmonary drug delivery 1s not only advantageous in treatment of disorders of
the lungs, but 1s also advantageous for many other types of treatment that
conventionally includes oral or parenteral administration of medicine.

Advantages of drug delivery via the pulmonary route over the oral
route 1nclude rapid delivery to the site of action, higher local concentrations at
reduced dose and the possibility to administer relatively large molecules, 1n
particular molecules that exhibit poor or no biovailability when administered
through the oral route.

Advantages of drug delivery via the pulmonary route over the
parenteral route include higher ease and better acceptance of the
administration and increased patient adherence to the therapy.

De-agglomeration of the inhalation powder in the air circulation
chamber or "classifier" chamber 1s effectuated using the energy of the
inspiratory air stream and 1s necessary to reduce agglomerates and lumps of
the unprocessed cohesive powder into a particle size that allows etfective
penetration and deposition in the target area, e.g. a size smaller than 5 pm,
preferably a size within the range from 1 to 3 pm.

Although highly efficient for most powdered medicaments, it
appears that specific powdered medicaments which are extremely hygroscopic,
and in particular powdered medicaments which also are highly cohesive and
adhesive and/or exhibit a high degree of compaction under pressure and tend
to stick to the walls of the classifier chamber of the known 1nhaler. In addition,

1t appears that even during storage in closed containers large, sott
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agelomerates of the powder are formed comprising such highly cohesive
powdered medicaments which agglomerates clog the powder channel and make
the inhaler hard or impossible to use.

The present invention generally aims to alleviate the disadvantages
of the known 1inhaler when using highly hygroscopic and/or adhesive and
cohesive materials with a high compaction propensity, while maintaining its
advantages.

Thereto, the invention provides for a breath actuated dry powder
inhaler as defined 1n claim 1. Particles and agglomerates entering the air
circulation chamber from the powder channel circulate by action of a drag force
1mposed by the air flows entering this chamber through the plurality of air
supply channels. They move along the periphery of this chamber by centrifugal
forces and collide with the straight line segments as a result of which they
break up in smaller fragments and the ratio of drag to centrifugal force
Increases.

By providing the polygonal sidewall with at least six straight sides it
appears that the contact surface area between circulating particles and the
wall 1s reduced such that a reduction of adhesion of powder against the wall
parts 1s obtained. In addition, the collision angle, 1.e. the angle between the
1maginary extension of the sides, has such a value, 1.e. 60° or smaller, that the
magnitude of the compaction force 1s also reduced and a higher residual
particle velocity after collision 1s obtained. The many air flows through the air
supply channels furthermore create a continuous air barrier for the smaller
particles which, in conjunction with the reduced ratio of the centrifugal to drag
force, keeps them away from the cylindrical classifier wall and prevents that
they contribute to the adhesion and compaction against the classifier sidewall.
Instead, 1t causes them to circulate at a certain distance from the polygonal
sidewall and to collide with each other and to disrupt by internal shear 1in
turbulent regions of air flow. Furthermore, since the powder channel 1s wider

than the air supply channels the risk of clogging of the powder channel 1s
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reduced, but the symmetry of the air circulation in the chamber 1s negatively
influenced. By providing at least six straight sides the number of air supply
channels 1s large enough so that the air flowing through the air supply
channels into the chamber corrects the asymmetry of the air circulation in the
chamber such that powder can be dispensed from the inhaler correctly.

In a preferred embodiment of a breath actuated dry powder inhaler
according to the invention the polygonal sidewall comprises eleven straight
line segments. In this manner compaction can be reduced optimally while
providing more air supply channels for an even further optimised air
circulation symmetry in the classifier chamber and a lower retention and
better dispersion of the powdered medicament.

In a further embodiment of a breath actuated dry powder inhaler
according to the invention the second distance 1s at least twice, preferably
three times the first distance. This means that the width of the powder
channel 1s at least twice, preferably three times the width of the air supply
channel to prevent at least largely clogging of the powder channel by large
agelomerates. As a result of said proportion the air flow 1n use 1s also
sufficiently strong to break up the large agglomerates in rare cases of clogging,
or in other words to open the passageway for the powder flow again. In
particular when the first distance (1.e. the width of the air supply channels) 1s
between 1 and 2 mm, preferably about 1.5 mm, cleaning of the walls of the
mhaler can be obtained even 1n case the powdered medicament does not
comprise so called sweeper particles. Such sweeper particles are large and
strong crystals or agglomerates which do not break up or fragment upon
collision with the classifier wall and are retained in the inhaler. They circulate
along the periphery of the classifier chamber during the entire inhalation
period and sweep adhering drug particles off the cylindrical classifier wall to
minimise inhaler retention. In contrast with carrier particles 1n adhesive
mixtures for inhalation, they are not part of the drug formulation and are

filled into the dose compartment separately.
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In a still further embodiment of a breath actuated dry powder
inhaler according the invention, the a surface of each of the projections forms a
respective straight line segment, each surface having a free edge, the free
edges of the surfaces of the respective projections being situated on a circle
around the central axis. Such a positioning 1s beneficial for the air circulation
1n the classifier chamber, thereby aiding in effectively dispensing the powdered
medicaments to the user and creating a sufficient drag of air for the smaller
particles further preventing collision thereof to the walls.

In an advantageous embodiment of a breath actuated dry powder
inhaler according to the invention the diameter of the chamber 1s between
about 20 to about 30 mm, preferably about 25 mm. In this manner a good air
circulation 1s obtained in the classifier chamber as a result of which higher
dosages can be used while still preventing sticking of material to the sides of
the chamber.

The invention shall be elucidated by way of example only using a

number of preferred embodiments shown in a drawing. In the drawing 1s

shown:

Fig. 1 an exploded view of a first embodiment of the breath actuated
dry powder inhaler having a single circulation chamber;

Fig. 2 a top plan view of the bottom plate of a second embodiment of
an inhaler according to the invention; and

Fig. 3 an exploded view of the second embodiment of the breath

actuated dry powder inhaler having a single circulation chamber with the

bottom plate of Figure 2.

The drawings show schematical representations of exemplary
embodiments, which are given as non-limiting examples of the invention. In
the drawing, for the various embodiments, identical or corresponding parts are

denoted with the same reference numerals.
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Figure 1 shows a breath actuated dry powder inhaler 1, comprising a
single, substantially disc shaped air circulation chamber 2 for de-
agelomeration of entrained powdered medicament using the energy of the
mmspiratory air stream. The chamber 2 has a polygonal sidewall 3 extending
about a central axis 4 between a substantially parallel top wall (formed by a
substantially planar intermediate plate 18) and bottom wall (formed by a
substantially planar bottom plate 19) of the chamber 2 so that the height of
the chamber 1s smaller than i1ts diameter. In the embodiment shown 1n Figure
1 the diameter of the single chamber 2 1s about 25 mm, but 1t can 1n other
embodiments have another value between 20 mm and 30 mm. In the
embodiment shown 1n Figure 1 the polygonal sidewall 3 has seven straight line
segments or sides Ha — 5¢g, being formed by a surtace of a respective projection
20. The projections 20a-20b, 20b-20c, 20¢-20d, 20d-20e, 20e-20f and 20{-20g are
spaced at the same distance (also called first distance) from each other so as to
form a plurality of air supply channels 7 (in the embodiment shown in Figure 1
s1x) which have the same width and which are regularly disposed about the
circumference of the chamber 2, which channels 7 extend from separate air
inlets and which channels enter the chamber 2 substantially tangentially to 1ts
sidewall 3. Said distance, 1.e. the width of the air supply channels, 1s in the
embodiment shown 1n Figure 1 about 1.5 mm, but can in other embodiments
be between 1 and 2 mm. The projections 20a and 20g, however, are spaced at a
larger distance from each other forming a powder channel 7a. In the shown
embodiment this larger, second distance (i.e. the width of the powder channel)
1s about three to four, preferably 3.5 times the first distance, 1.e. about 5 mm,
but can 1n other embodiments be at least twice the first distance, 1.e. at least 3
mm. The powder channel 7a extends from a joint air supply inlet to the powder
dose region 8 of the inhaler 1. The chamber 2 further comprises an air outlet 9
axially extending from a discharge opening 10 in the centre of the top wall of
the chamber 2 and that connects to a discharge channel 12. The discharge

channel 12 extends to a mouthpiece 13. Please note that in Figure 1 an
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embodiment 1s disclosed with seven sides, but that the invention 1s not limited
to this number and any number of sides can be provided as long as there are
more than six sides.

The discharge channel 12 connects substantially transversely to the
air outlet 9 of the chamber. The axis MP of the mouthpiece 13 1s orientated
transversely to the central axis 4 of the classifying chamber 2.

By means of an assembling element 14a which can be inserted 1n
respective openings 14b of the parts of the inhaler 1 the inhaler 1 can be
assembled such that 1t comprises a substantially planar housing having the
shape and size of a thick credit card, being constructed as e.g. a disposable
unit. Please note, that the invention 1s not limited to the manner 1in which the
parts are connected to each other and that e.g. a construction with which the
parts are clicked together with flexible lips or tapered pins falling in
corresponding holes 1s also possible. The chamber 2 1s disposed 1n the housing
such that the central axis 4 of the chamber 2 extends transversely to the
bottom plate 19. The discharge channel 12 1s disposed in the housing such that
1t extends 1n a plane parallel to the bottom plate. The mouthpiece 13 1s
provided on a peripheral edge 15 of the housing. The discharge channel 12 and
the circulation chamber 2 extend 1in substantially parallel planes. During
inhalation, the mouthpiece 13 discharges an aerosol cloud of de-agglomerated
powder particles entrained from the air recirculation chamber 2 1n a direction
parallel to the longitudinal axis of the inhaler housing which coincides with
the axis MP, while the axis of the classifying chamber 2 1s perpendicular to the
longitudinal axis of the inhaler housing 14.

The housing 1s thus built up of a stack of substantially planar
elements 16. These elements 16 include the bottom plate 19, the intermediate
plate 18 and a top plate 17. The planar bottom plate 19 1s provided with
projections 20 and an opening 10, that in the stack form the chamber 2, the air
supply channels 7, the air supply region for the powder flow 8 and the
discharge channel 12 of the inhaler 1. The top surface of the bottom plate 19
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e.g. forms the bottom wall of the chamber 2, and carries the projections 20 that
form the sides 5a-5g. The free edges of the sides can be rounded off pointing
towards the centre of the chamber 2 and are substantially positioned on an
1imaginary circle. The chamber 2 1s closed off by the bottom surface of the
imtermediate plate 18, forming the top wall of the chamber 2. The intermediate
plate 18 forms a division between a bottom plane in which the chamber 2
extends and a parallel top plane in which the discharge channel 12 extends.
The discharge opening 10 in the intermediate plate 18 forms a passage for air
and entrained, de-agglomerated medicine particles exiting the chamber
through air outlet 9 extending co-axially with axis 4.

The bottom plate 19 comprises peripheral ridges 21, defining an
aperture in which intermediate plate 18 1s placed. Top plate 17 1s stacked on
top intermediate plate 18 and bottom plate 19. The assembly of the plates 16-
18 1s such that the housing 1s substantially airtight.

The powder dose supply area 8 1s, 1n the embodiment shown 1n
Figure 1, formed by a sealed dose compartment 23 containing a pre-measured
dose of powdered medicament. Please note that for clarity of drawing the
sealed dose compartment 1s shown upside down with regard to the use
position. The dose compartment 23 1s included in the powder channel 7a and 1s
blocking air passage through the channel 7a until removal of the seal 24 of the
dose compartment 23. The sealed dose compartment 23 1s shown as a blister
pocket sealed with a removable cover foil 24 . The blister pocket 23 1s included
in the stack with the cover foil 24 extending out of the inhaler 1 as a pull off
portion. As shown i1n Figure 1, the housing forms a disposable unit for a single
dose. Please note, that the invention 1s not Iimited to the use of blister pockets
as compartments for the powdered medicament.

An air inlet 27 1s provided on the rear 25 of the inhaler, generally
opposite the mouth piece 13. The thickness of the top plate 17 1s reduced
locally, so that during inhalation through the mouth piece 13, air may enter

between the top plate 17 and the intermediate plate 18 to entrain powder from
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supply region 8 and carry 1t into the powder channel 7a. Please note, that
other embodiments for creating an air inlet are also possible.

The flow of air entrains the powder and carries 1t through the wide
channel 7a formed between the bottom 19 plate and intermediate plate 18 to
the classifying chamber 2. In the embodiment shown 1in Figure 1, the tflow of
alr passes via aperture 11 in the intermediate plate 18 and trough the supply
region 8 formed by the opened blister pocket. The air passes through aperture
11 into the opened blister for entrainment of the powder and the powder flow
1s guided over the downstream wall of the blister cup through a channel
profiled at the bottom side of the centre plate. This channel with inclining and
declining depth starts at approximately %2 the length of the blister pocket and
ends over the declining part of the powder channel towards the classifier and
has 1ts maximal depth at 50% of its length.

An air flow without powder flows from the central inlet 27 at the
rear 25 of the housing through a joint channel 7b to the supply channels 7
formed between the projections 20 and bottom plate 19 and the intermediate
plate 18 to the chamber 2. In the shown embodiment the joint channel 7b runs
parallel to the powder channel 7a which latter 1s situated opposite the joint
channel when seen from the longitudinal axis MP of the inhaler.

Powder particles are thus introduced into the chamber 2 by
entrainment with air entering tangentially into the chambers 2 through the
powder supply channel 7a. Additional air 1s supplied to the chambers 2
through supply channels 7, which also enter tangentially into the chambers.
This way, a circular air flow 1s created in the chamber 2 during inhalation and
as a result of the relatively large diameter of the chamber 2 the circulation 1s
sufficient for higher doses of medication. By distributing the relatively large
number of supply channels 7 evenly about the circumference of the chamber,
the circulation of the flow in the chambers 2 is further enhanced.

In addition, as a result of the seven line segments or sides Ha-5g the

contact surface area between circulating particles and the wall 1s — compared
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to the prior art — reduced which attributes to a reduction of compaction of
powder against the wall parts. A further reduction of compaction 1s obtained in
that the collision angle, more detailed explained with regard to Figure 2, 1s
only approximately 45°. The high number of air channels results 1n an
improved symmetry of the flow within the classifier chamber 1in which the
smaller particles circulate at a certain distance from the polygonal sidewall.
This prevents that they do collide with the sidewall, thereby preventing
adhesion and compaction against this wall. Flow symmetry can be further
influenced by lengthening the wall 20g” of the projection 20g forming one of the
walls of the powder channel 7a.Due to the relatively wide powder channel 7a,
which 1s at least twice as wide as the air flow channels 7 and preferably three
times as wide, clogging of the powder channel 7a 1s strongly reduced.

Due to the polygonal shape of the chamber 2, the at least six sides 5,
and the relatively large diameter of the chamber the powder particles break up
correctly, 1.e. they are correctly dispersed while retention 1s strongly reduced,
so that the inhaler 1s suitable for strongly hygroscopic and compacting
powders. Furthermore, finer particles are effectively entrained with the air
flow exiting the chamber 2 axially through the air outlet 9 under the action of
dominant drag forces.

Larger particles, including sweeper crystals used to clean deposited
particles from the walls of the chamber 2, remain 1n the chamber 2 under the
action of dominant centrifugal forces unless they break up. A further
advantage of the inventive inhaler 1s that even 1n case the dry powder does not
contain sweeper crystals the sides 5 of the chamber can remain clean.

The air flow exiting the chamber axially though the air outlet flows
into the discharge channel leading to the mouth piece 13.

As the discharge channel 12 has a central axis MP that extends
perpendicularly to the central axis 4 of the chamber 2, the discharge 12
channel connects transversely to the central axis of the air outlet 9 of the

chamber 2, which coincides with the central axis 4 of the chamber 2, 1t 1s
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achieved that the flow from the air outlet 9 to the discharge channel changes
direction from coaxial to the chamber axis to transverse to the chamber axis
before exiting the mouthpiece 13. This way, the tangential component in the
flow 1s decreased, so that mouth deposition 1s reduced without the need to
provide a sheath flow. This increases the etficiency of the actual delivery of
medicine to the lungs.

The powder 1n the dose compartment 23 may be the active
mmgredient or a formulation with the active ingredient being e.g. an
unprocessed powder, a spherical pellet formulation, an adhesive mixture or a
physical mixture, and/or a carrier excipient respectively a sweeper excipient,
whereby the properties of the powder (formulation) may be adjusted to the
specific properties of the classifier. A single dose of the active ingredient (with
or without excipients) may be divided over a plurality of dose compartments
pocket 23 for either simultaneous or subsequent inhalation. Each
compartment may contain the same component or mixture, or may contain
different components or mixtures. The compartments may be loaded from a
metering apparatus in the housing, but are preferably pre-filled.

In Figures 2 and 3 another embodiment of a breath actuated dry
powder inhaler 201 1s shown, 1n which the polygonal sidewall has eleven
straight line segments or sides 205a — 205k (only the sides 205a and 205k are
shown for convenience of drawing),which are formed by a surface of a
respective projection 220. The projections 220a-220b, 220b-220c, 220c-220d,
220d-220e, 220e-2201; 220£-220g; 220g-220h; 220h-2201; 2201-220j and 2203-
220k are spaced at the same distance from each other so as to form a plurality
of air supply channels 207 (in the embodiment shown in Figures 2 and 3 ten)
which have the same width and which are regularly disposed about the
circumference of the chamber. The projections 220a and 220k are again spaced
at a larger distance from each other forming a powder channel 207a. As a
result of the eleven side sides 205a-205k the contact surface area between

circulating particles and the wall 1s even further reduced which attributes to a
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reduction of compaction of powder against the wall parts. With regard to the
embodiment of Figure 1 a further reduction of compaction 1s also obtained in
that the collision angle ca —1.e. the angle between the 1imaginary extension of
the sides, 1s approximately 30°. This high number of air channels results 1n
even better flow symmetry in the classifier chamber 1in which smaller particles
circulate at a certain distance from the polygonal sidewall to prevent that they
do collide with the sidewall thereby preventing that they contribute to
adhesion and compaction. Again, the free edges of the projections are all
positioned on an 1imaginary circle (indicated by broken lines). Please note that
1n order to avoid unnecessary repetition of the description of components
reference 1s made to Figure 1 in which the other analogous components of the
inhaler are described. In Figure 3 a locking clip 290 1s additionally shown as

the assembling element 214a.
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Claims

1. A breath actuated dry powder inhaler, said inhaler comprising a
substantially planar housing built up of a stack of substantially planar
elements, said planar elements including a bottom plate, an intermediate plate
and a top plate, said planar elements being parallel to each other, at least one
planar element being provided with projections and an opening, that in the
stack form a substantially disc shaped air circulation chamber for de-
agelomeration of entrained powdered medicament using the energy of the
inspiratory air stream, a plurality of air supply channels, an air supply region
for a powder flow and a discharge channel of the inhaler, the chamber having a
substantially polygonal sidewall extending about a central axis between top
and bottom walls of the chamber, the central axis extending transversely to
the bottom plate, the height of the chamber being smaller than 1ts diameter,
the plurality of air supply channels being disposed about the circumference of
the chamber, which channels extend from an air inlet and which channels
enter the chamber substantially tangentially to its sidewall, the housing
comprising a powder channel extending through a powder dose supply region
of the inhaler to the chamber, which powder channel enters the chamber
substantially tangentially to 1ts sidewall, the chamber further comprising an
air outlet axially extending from a discharge opening and connecting to a
discharge channel that extends to a mouthpiece, wherein the discharge
channel connects substantially transversely to the air outlet of the chamber,
characterized 1n that the inhaler comprises a single air circulation chamber
and 1n that the polygonal sidewall comprises at least six straight line segments
or sides, each straight line segments being spaced at the same first distance
from an adjacent one forming the plurality of air supply channels, the air
supply channels having the same width and being regularly disposed about the

circumference of the chamber, the powder channel being defined by two
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straight line segments which are spaced from each other at a second distance
which 1s larger than the first distance.

2. The breath actuated dry powder inhaler according to claim 1,
wherein the polygonal sidewall comprises eleven straight line segments.

3. The breath actuated dry powder inhaler according to claim 1 or 2,
wherein the second distance 1s at least twice, preferably about three times the
first distance.

4. The breath actuated dry powder inhaler according to any of the
preceding claims, wherein the first distance 1s between 1 and 2 mm, preferably
about 1.5 mm.

D. The breath actuated dry powder inhaler according to any of the
preceding claims, wherein a surface of each of the projections forms a
respective straight line segment, each surface having a free edge, the free
edges of the surfaces of the respective projections being rounded oft and
situated on a circle around the central axis.

6. The breath actuated dry powder inhaler according to any of the
preceding claims, wherein the diameter of the single chamber 1s between about

20 mm to about 30 mm, preferably about 25 mm.
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