N
DS

e

J%A’VBLE | NHALER | |

10

15

20

25

-30

35

{ _ o
Disposable ihhaler II.

At

RTnmPls copy
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The present invention relates to a breath-actuated
disposable inhaier of the kind having a generally
tubular shape and having two ends, one end forming an
air inlet and one end forming an air outlet, the
inhalér qontaining'a pharmaceutical powder comprising
particles of a respirable size'which is to be inhaled.

Background of the invention.

Disposable, breath-actuated inhalers of the kind
described above are for instance disclosed in WO
89/01348, US-A-4,265,236 and EP-A-0404454.

EP-A-0404454 discloses a disposable, breath-actuated
inhaler comprising a chamber for a pharmaceutical
powder; said chamber being provided with an air inlet
and with an air outlet. The air inlet and outlet are
covered by a common cover. The powder is disposed
loosely in said comparatively large chamber which means
that the powder not necessarily will be located at that
location at which the air flow is most efficient.

Us-A-4,265,236 discloses a tubular disposable, breath-

_actuated inhale:'comprising a flexible tube, the ends

of which normally being sealingly inserted into each
other. This kind of seal will not hecessarily be
moisture-proof..There furthermore is a risk that some
amount of the powder may fall out of the inhaler when
the ends of the tube are pulled apart.

Wwo 89/01348, in the embodiment most of interest here,
discloses a_tubular, disposable inhaler which is sealed

in both gnds_by means of twist-off caps. The
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pharmaceutical powder is loosely disposed in the
inhaler and, as in the other inhalers described above,
there is a risk that some powder is lost when the
inhaler is opened.

The objeote'of'the invention are to provide a

disposable inhaler of the kind described above in which

the dose of pharmaceutlcal powder can be determlned
accurately and in which the pharmaceutical powder can
be stored hermetically sealed and moisture-proof. The
dose delivered by different specimens of the same
inhaler"should generally be constant. The inhaler
finally should be easy to prepare for use and easy to
use as well as being easy and cheap'to manufacture.

§£ie§-description of the inventive concept.

The above'objects are achieved in that the disposable
inhaler is provided with the features set forth in the
appended'main_claim. Advantageous embodiments are set
forth in the dependent claims. '

Brief-deSoription of the appended drawings.

Fig 1 shows a perspective view of an inhaler according
to the invention,

Fig 2 shows a perspective view of an inhaler according
to Fig 1 but showing the two main parts of the
inhaler in an unassembled state,

Figs 3A - 3C show different stages in the opening of
the powder compartment of the inhaler of Fig 1,

Fig 4 shows an end view of the air inlet of the inhaler

1n Fig 1,
Figs 5§ - 7 show different possible embodiments of the
constriction adjacent the powder compartment.

havi ng
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s
open at both ends, one end forming an air inlet and one S end
formng an air outlet, said housing conprising Ehs&wafhsB conpartnent

R
for storing a pharnaceutical powder to be ey sai d
uﬂ" Jacent t he
r stream at

housing i s being shaped with a constric-
conpartment in order to obtain a tur-

the constriction upon inhalation 3 ', thereby lifting the powder

out fromthe indentation and mxing it into the air stream
Detailed description of a preferred embodiment of the
invention. '

A preferred embodiment of the invention is disclosed in

5 Figs 1 - 4. In Fig 1 the inhaler can be seen in a fully
assembled condition and ready for use. As can be seen,
the inha;er esSentially comprises two elongate main
parts, an upper part 1 which is made of a moulded sheet
of plastic.material and a lower part 2 preferably made

10 of aluminium foil laminated with plastic. The upper
part 1 is U-shaped with a substantially rectangular
shape. The width of the upper part is several times the
height. The lower part is generally flat and the two
parts thus form a tubular housing defining an air

15 conduit or air flow path with an air inlet 4 and an air
outlet 5. A part-spherical depression or recess 3
indicated with a dashed line is located close to the
air inlet 4. The recess 3 forms a powder compartment
and is coVéred by a tape 6 which preferably is made of

20 aluminium foil, also laminated with plastic. The recess
3 may also be'provided with one or several small
through-holes 24 in the bottom. The hole or holes 24
should be large enough to allow the entry of air into
the recess from the underside of the lower part, but

25 sufficiently small to prevent any part of the powder
from falling out through the hole(s).

As indicated, the end of the part of the tape 6

covering the.recess 3 is located between the recess 3
30 and the air inlet 4. The tape is attached to the lower
part 2 around the powder compartment by means of a
relatively weak weld 22 which can be seen in Fig 2. The
end of thé tape is attached by a comparatively large
and thus stronger weld in front of the compartment, as
seen in the intended direction of the air flow. The
free part of the tape 6 is bent backwards over the
recess 3 and extends out through the air inlet 4. The

35
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“Background of the invention. - Disposable; — -

breat h-actuated inhalers of the kind This Sheet #ESEdeh RESLAP0Ve are for
|nstance di scl osed in WO 89/ 0134 6,

*EP- A- 0404454, US-A-5 ' 042 472 and mﬁnﬁﬁ%ﬁ

EP- A- 0404454 di scl oses a di sposabl e, - breat h-

4

free part of the tape is guided and held by two conical
projections 7,8_extending downwards from the upper part
1. The free part of the tape may be bent in a loop to
the underside of the lower part 2 and attached to the
lower part all around the recess 3-by.a relatively weak
weld, thus sealing the hole 24 and the recess 3. The
tape should be sufficiently long to extend past the
recess 3, thus fdrming a tab 25 to serve as a grip for
tearing the tape away.

A constriction in the flow path in the form of a ridge
9 oriented perpendicularly relative to the direction of
the flow path is located above the powder compartment.
The ridgefis formed_as a depression 9 in the upper part
1. The ridge is délimited at each end by an abutment
10.

The inhaler is further provided with deaggregation
means after thé:powdet compartment, as seen in the
direction of the intended air flow through the inhaler.
These deaggregation'means comprise a number of oblique
planar surfaces which are oriented at an angle of about

" 300 relative to the longitudinal direction of the

inhaler, it surprisingly having been found that the
most efficient angle of a planar surface relative to
the air flow direction for disintegrating powder
agglomerations is about 300, since the air flow will be
deflected to some extent by the planar surface, the
flow direction will not coincide fully with the

The planar surfaces'are oriented generally
perpendicularly relative to the lower part 2, or at
least as perpendicularly as the method of manufacturing
the inhaler allows. The planar surfaces are located in
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actuated I nhal er conprising a chanber for a pharna- S ceutica
powder, said chanber being provided with an TMs&mﬂ}hsB&quﬁmt i nlet and

with an air outlet. The air inlet and outlet ar covered by
a conmon cover. The powder is di sposed "M”‘ﬂ gHIH,” in said
conparatively | arge chanber which he. powder not
necessarily wll be | ocated at 5 that | ocation at which the

air flowis nost efficient. US- A- 4, 265, 236 di scl oses a
tubul ar di sRe#ply way that their projections onto a cross-

sectional plane substantially cover_the entire cross-
section of the inhaler. The projections prefefably
should overlap to some extent in order to ensure that

5 eny larger particles or agglomerations entrained in the
air flow will impact on at least one such surface. In
the preferted'embodiment the planar surfaces 11, 12,
13, 14, 15, 16 are located on the upstream ends of two
pairs of indentions 17, 18} 19, 20;_formed into the

10 sides of the uppet part ljand on the upstream end of a
central depression 21 located between said indentations
forming an island in the flow path. The downstream ends
of said indentations and said depression taper in the
direction of the air flow and have a smooth, rounded

15 shape in order to obtain good aerbdynamic conditions
without any areas where the powder entrained in the air
flow could settle.

The two main parts of the inhaler are shown separated
20 in Fig 2. Apart from the details shown in Fig 1, the
powder compaxtment 3 is shown opened, the tape 6 having
been pulled outwardly through the air inlet. The shape
of the (broken) weld 22 can be seen on the tape 6 and
around the powder compartment 3. As can be seen, the
25 shape of the weld has been chosen to be the perimeter
of a square oriented with one diagonal parallel with
the longitudinal extent of the inhaler. This means that
the disengagement of the tape from:the lower part 2
will be facilitated since the tearing action will both
30 start and end at a corner. Since the weld holding the
inner end of the tape is broad and strong, the user
will feel when the compartment has been uncovered by
means of the increased resistance.

Figs 3a - 3C show different stages in the opening of
the powder compartment 3 by pulling the tape 6, thus
exposing the powder 23. Fig 3A shows the tape 6
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Breaﬁh-actuated I nhal er conprising a flexible tube, the

of which normally being sealingly inserted into

ends

- each ot her.

“This kind of seal will not necessarily be . ]msmwﬂfi e RQWEﬂDrOOf
There furthernore is a risk that sone u e powder
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attached around the recess 3 on the under side of the

lower part, thus covering the hole 24 whllst leaving a
tearlng tab 25.

The end view in shown in Fig 4 more clearly illustrates
the inter-relationship between the upper part 1, the
lower part 2, the powder compartment 3, the tape 6, the
conical pro:ectlons 7, 8, the ridge 9 and the abutments
10.

When the inhaler is to be used, the inhaler is held
more or less horizontal with the flat half 2 facing
downwards. Thé free end of the tape 6 is pulled by
means of the tab 25, thus expoéing the hole 23 and the
powder in the powder compartment 3. The two conical
projections 7, 8 will hold the tape 6 flat against the
lower part 2 and thus prevent the tape from occluding
the constriction in front of the powder cémpartment. .
The user then inserts the air outlet into the mouth and
inhales through the inhaler. The resultant air flow
through'the_inhaler_will become very turbulent in the

region of the constriction and the pharmaceutical

powder will be lifted out of the powder compartment and
mixed with the air flow. Any particles adhering to the
tape may also be entrained with the air flow since the
part of the tape originally covering the powder
compartment also will lie directly in the flow path. By
admitting air into the bottom of the recess 3, the
through-hole 24 will counteract any subpressures in the
bottom of the recess which mlght impede the lifting of
the powder out of the recess.

Tests have shown thét the dose leaving a typical

powder compartment (about 0.5 mg) located at a
constriction having an area of about 10 - 12 mm? will
remain essentially constant at air fow rates varying
from 30 1/min to 60 1l/min.
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The powder-laden air will then flow from the

_COnstriction to;the'de;ggregation means. The angle of
attack of the oblique surfaces will entail that the

lighter particles, i. e. the particles within the
respirable range, < 6um, will be deflected from the
surface without sticking thereto and thus mainly will
follow the air flow, whereas the heaver barticles and
agglomerates will’impact on and rebound from the pPlanar
surfaces and in this way be broken up into smaller
particles. As mentioned above, an angle of about 30°
may be optimal. ' |

In this case'tests'again have shown that the percentage
of particles within the respirable range in the dose to
be inhaled will remain substantially constant at air
flow rates ranging from 30 1/min to 60 1l/min.

That the dose of respirable particles remains
substantially constant over a wide range of air flows
is important in order to minimize the difference
between patients with different inhalation capacities.

It should be noted that the tubular shape of the
inhaler makes'it-possiblé to mount a rubber ball or
similar bve: the-air inlet. By the means thereof.the
powder could be ejected from the inhaler into the
throat of the patient in synchronization with the
breathing of the patient by a helper if the patient

'should be incapable to use the inhaler by himself.

. AS mentioned'aboﬁe, the lower part 2 of the inhaler as

well as the tape 6 preferably are made of aluminium
foil laminated or cqatéd with a suitable plastic. The
aluminium will ensure the desired protection against
moisture whereas the plastic will ensure that the tape
can be welded to the lower part and that the lower part
can be welded to the upper part. The lower part may for




i scl oses a tubul ar, di sposabl e i nhal er mhlch s . -

sealgd in both ends by neans of tw st-off caps. %‘ ceutlcal
powddr is | oosely disposed in the Tmsseﬂfﬁs *hnd, as in
t he her inhal ers described above, there is a r| l"“ owder is

| ost gwhen the inhal er ' IS o

US- A5 042 472 di scl oses a breath-act uat egl I nhal er
havi jg a pharnmaceutical active powder provided

instance consist of a aluminium fo@l having a thickness
of 45 u which on one'sidg is covered with a layer of
oriented pblyamide which is 25 u thick and on the other
side is covered by a layer of polypropene which is 60 u

5' thick. The upper part is preferably made of polypropene
being 300 or 400 u thick. The upper part can be
transparent so that the user can see if the dose has
been ejected from the powder compartment.

10 The tape may be made of a laminate having a "peel"-
effect comprising polyester, aluminium and a layer
comprlsing a polymer mixture of polybuten and
polypropene.

15 The choice of material in the inhaler should be adapted
‘ to the drug to be used. The above materials have been
chosen with a specific drug (budesonide) in mind, these
materials releasing a dose of this drug more easily.

20 The COmposition of the pharmaceutical powder of course
is quite éptional and the powder may for instance
comprise a pure active substance, a mixture of
different active substances or a mixture of active
substance(s) with adjuvant{s). It should be pointed out

25 that the scbpé of choice of drugs is widened
considerably_due to the moisture-proof containment of
the drug in the powder compartment.

The inhaler may be manufactured in the following way. A
30 series of half-spherical indentations are formed in a
strip of laminated aluminium foil in order to shape
powder compartments. If the indentations are to be
provided with through-holes, these are also formed at
this stage. The indentations are filled with drugs and
35 are topped off.by means of scrapers, which will ensure
a substantiaily uniform size of the different doses. An
aluminium tape laminated with plastic is then welded
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d above. The di sadvantages with a device |ike
| ready been di.scussed above. 9 WO A-9 204 069
i bes an inhaler of the type ' described in the
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,'bnpartnent which is i.ncludes the inhal ation inlet
utlet as well as the inhalation chanber. TheTROSKeet Has Been
s provided | ooese in.the chanber in a manner ﬁ@ﬂ”’

Repl

L

outside of the lower part.

The lower parts are then welded to upper parts and the
strip is cut t¢ form individual inhalers which are
ready for'packéging and use. The upper parts are
moulded from sheets of plastic. In the moulding
procedufe_care'should be taken to ensure that the side
walls of the upper part are as perpendicular as
possible relative to the upper side in order to ensure
an air flow whidh is as uniform as possible throughout
the entire érOSS-section of the inhaler. The function
of the abutments 10 primarily are to prevent that the
ridge formlng the constriction is distorted during the
welding process.

Possible modifications of the invention.

The invention of course can be modified in many ways
within the scope of the appended claims.

Thus the ridge 9 forming the constriction can be
designed in different ways in order to enhance the
lifting action of the air flow on the powder. Some
examples thereof can be found in Figs 5 - 7.

Fig 5 illustrates how the ridge 9 can be provided with
a small hole 24 centrally above the powder compartment
3. When the patient inhales through the inhaler,
additionai air will be directed more or less
perpendicularly down into the powder compartment, thus

" enhancing the turbulent action in the vicinity of the

powder compartment.

Figs 6 and 7 illustrate two alternative embodiments
wherein the ridge has been provided with an edge 25

resp 26 oriented along the longitudinal extent of the
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it rffﬁ&@?@n&hQﬂ@cﬁhéisbhﬁlﬁﬁmﬁgiengﬁ'Qdiﬂ} flow more

dlrectly into the powder compartment.

‘These embodiments will however require a higher degree

of precision in the manufacturing in order to obtain
the desired effect than the embodiment described above
and will therefore be more difficult to manufacture.

The ridge 9 forming the constriction has been
illustrated as being generally trapezoid in cross-
section and as being generally rectilinear in
longitudinal section. It should however be pointed out
that the constriction may be shaped in many different
ways within the scope of the appended claims.

The powder C6mpartment can of course have another shape
than a haif-spherical shape and may for instance be
elliptical, the minor axis thereof being parallel with
the direction of the air flow, or may be otherwise
trough-shaped. It is of course also possible to have
several indentations, for instance if it is desired to
increase the dose in an exactly defined way. As
mentioned above, the powder compartment can be designed
without the hoie(s) 24. Two separate tapes furthermore
can be used td seal the recess 3 respectively the
hole(s) 24.

The projections 7,8 can be shaped otherwise than
conically and may for instance be shaped such that
they direct a greater part of the air flow more
directly past the powder compartment. They also could
be integrated with the abutments 10.

The deaggregation means can be designed in other ways
than in the form of planar surfaces oriented at an

angle of about 200 - 400 relative to the direction of
the air flow. This angle can of course also be varied
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th identation wll during handling and storage be com™™ — " - -~
pact@d to | arge powder aggregates. During inhaIaEMﬂﬂwa}hsBaqummm

t.hi sfcould lead to that not all powder is 1ifted
air ptream by the inhalation air force. The resul ﬂmﬁ”ﬁ,”m
“coul §l be a significant inaccuracy of the inhal ed dose
The ¢bjects of the invention are to protilde a di spos-
abl eji nhal er of the kind described above in which the

dose] of pharqute&decshipomagecandbé:heets(shrrﬁm do not necessarily
have to be planar.

The_material in the lower part and the tape does not
5 necessarily have to comprise aluminium and may be any
i plastic materiél_having the necessary impermeability
% ‘and stiffness'qr_having been treated to have these
: properties.

;10 It is also conceivable to make.the'inhaler from a
| single sheet which is rolled or folded after having
been moulded in an appropriate way.



ac Urately and in which the pharnmaceutical powder can
be stored hernetically seal ed and noi sture-proof. The
dogde delivered™ by‘ﬁ*frerent speci mens of the sane

i nHal er sho onstant The inhaler finally =~ "7~
shqul d be e u ama I|! use and easy tO USEhi@Sheet Has Been Replaced
n

vel| as bei sy ia eap to manuf ackdrre. ”I” lIII, ”I”"

1

1. Disposable breath-actuated inhaler comprising a

5 =tubu1ar_housing forming an air flow path being open at
both ends, one end forming an air inlet (4) and one end
forming an air outlet (5), said housing'comprising a
compartment (3) for storing a pharmaceutical powder to
be inhaled, characterized in that the

10 compartment'(3) for storing the pharmaceutical powder
-is located close to the air inlet (4) and is covered by
a thin foil (6) sealing the compartment in an airtight
way which can be removed from the compartment from
outside the housing, said housing being shaped with a

15 constriction (9) adjacent the powder compartment (3)
such that a turbulent air stream will be obtained at
‘the constriction upon inhalation which will 1lift the
powder out from the compartment (3) and mix the powder
into the air stream.

CLAIMS.

20 .
2. Inhaler accordihg toclaiml, characteriz
e d in that said powder compartment (3) is connected
to the ambient air in its deepest part by means of one
or several through-holes (24). '

- 25

3. Inhaler according to claim 1,
characterized in that said housing is
formed of two main parts, one moulded upper half (1)
_ and one generally flat lower half (2) héving an
30 indentation (3) forming_the powder_compartment, said
two halves (1, 2) being joined together along their
longitudinal sides.

4. Inhaler according to anyone of claims 1 to 3,

% characterized in that the upper part (1)
is moulded from a thin sheet, preferably of plastics
material.
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5. Inhaler according to claim 4,
characterized in that said constriction
(9) is formed as a depression in the upper side of
said upper part (1) which is oriented transversely
relative to the longitudinal extent of the tubular
housing and located above the powder compartment (3)
formed in the lower half (2) of the housing.

6. Inhaler according to any one of the preceding
claims, characterized in that the lower
half (2) is made of aluminium foil laminated with
plastic.

7. Inhaler according to any one of the precedind
claims, characterized in that the thin
foil is in the shape of a tape (6) having one free end
extending out through the air inlet (4), said tape
being attached around the edges of the powder
compartment (3) by means of relatively weak welds (22).

8. Inhaler according to claim 7,
characterize d in that the inner end of the
tape (6) is attached to the lower half (4) between the
air inlet (4) and the powder compartment (3), the tape
(6) extending past, and being attached around, the
powder compartment (3), the tape then being bent
backwards about so as to extend out through the air
inlet (4).

9. Inhaler according to claim 8, ,
characterized in that the weak welds (22)
form a point facing downstream in order to facilitate
the initiation of the tearing action along the welds
(22) when the tape (6) is to be pulled out through the
air inlet (4) in order to expose the powder.

is Sheet Has Been Replaced
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10. Inhaler according to any one of claims 7 - 9,
characterized in that projections (7, 8)
extend downwards from the upper half (1) between the
powder compartment (3) and the air inlet (4) for
holding the tape (6) against the lower half (2) of the .

'housing in order to prevent the tape (6) from

obstructing the air flow path.

11. Inhaler according to any one of the preceding
claims, characterized in that
deaggregation means (11, 12, 13, 14, 15, 16) are
located in the air flow path between the powder
cbmpartment (3) and the air outlet (5).

12. Inhaler according to claim 11,
characterized in that said deaggregation
means comprise planar surfaces (11, 12, 13, 14, 15, 16)
oriented 20 - 400, preferably about 300 relative to the
longitudinal direction of the tubular housing, said
surfaces being disposed generally perpendicularly to a
plane through the longitudinal axis of the tubular
housing, a projection of the planar surfaces onto a
cross-section of the housing substantially covering
said cross-section.

heet Has Bem Re] laced
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Fig ! shows a perspective view of an inhaler ;

accoriding to the invention, Fig 2 . shows a perspective view of an
I hhal‘er according to Fig 1 but showing the two
main parts of the .inhaler in an unassenbl ed state, Figs 3A
- 3C° show different stages in the opening of t he powder
conpartnment of the inhaler 15

ABSTRACT

-The'invention relates to a disposable breath-actuated
inhaler comprising a tubular hdusing forming an air

5 flow path being open at both ends, one end forming an
air inlet (4) and one end forming an air outlet (5),
said housing comprising a compartment (3)'for storing a
pharmacéuticai powder to be inhaled. The compartment
(3) for storing the pharmaceutical powder is located

10 close to the air inlet (4) and is covered by a thin
foil (6) seéling the compartmeht in an airtight way
which can be removed from the compartment from outside
the housing, said housing being shaped with a
constriction (9) adjacent the powder compartment (3)

15 such that a_tufbulent air stream will be obtained at
the constriction upon inhalation which will 1ift the
powder out from the compartment (3) and mix the powder
into the air stream.

20
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of le Fig 4 shows an end view of the air inlet of the
inhaler in Fig 1, Figs 5 - 6. show different possr bl e enbodi nent s
of the constriction adjacent the powder - conpart nment .
Det ai | ed description of a Preferred enbodi nment of t he
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I nventi on. A preferred enbodi mrent of the invention is dis- closed in
Figs 1 - 4. In Flg 1 the inhaler can be seen in a fully assenbl ed condition
and ready for use. As can be seen, the inhaler essentially conprises two
elongate main parts, an upper part 1 which is nade of a noul ded sheet of
plastic material and a |ower part 2 preferably .

2/3
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rr;aof alumniumfoil lamnated with plastic. The upper part 1 is U-shaped
with a substantially rectangu- |ar shape. The width of the upper part is
séveral tinmes the height. The lower part is generally flat and the two
parts thus forma tubular housing defining an air conduit or air flow path
with an air inlet 4 and an air outlet 5. A \
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echnica ield of the inv io ' 1

The present invention relates to a breath-actuated
disposable inhaler of the kind having a generally
tubular shape and having two ends, one end forming an
air inlet and one end forming an air outlet, the
inhaler containing a pharmaceutical powder comprising
particles of a respirable size which is to be inhaled.

Background of the inventign.

Disposable, breath-actuated inhalers of the kind
described above are for instance disclosed in WO
89/01348, US-~A-4,265,236 and EP-A-0404454.

EP~A-0404454 discloses a disposable, breath-actuated
inhaler comprising a chamber for a pharmaceutical
powder, said chamber being provided with an air inlet
~and with an air outlet. The air inlet and outlet are
covered by a common cover. The powder is disposed
loosely in said comparatively large chamber which means
that the powder not necessarily will be located at that
location at which the air flow is most efficient.

UsS-aA-4,265,236 éﬁé&loses a tubuiar'dispdéabié; breath-
actuated inhaler comprising a flexible tube, the ends
of which normally being sealingly inserted into each
other. This kind of seal will not necessarily be
moisture-proof. There furthermore is a risk that some
amount of the powder may fall out of the inhaler when
the ends of the tube are pulled apart.
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part of the powder fromfalling out through the hole(s).
I ndi cated, the end of the part of the tape 6 cov-
ering the recess 3 is |ocated between the recess 3 and
the air inlet 4. The tape is attached to_the |ower part 2}
around the powder conpartnent by neans of a rel a- : v
weak weld 22 which can be seen in Fig 2. The end
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discloses a tubular, disposable inhaler which is sealed
in both ends by means of twist-off caps. The
pharmaceutical powder is loosely disposed in the
inhaler and, as in the other inhalers described above,
there is a risk that some powder is lost when the
inhaler is opened.

The objects of the invention are to provide a
disposable inhaler of the kind described above in which
the dose of pharmaceutical powder can be determined
accurately and in which the pharmaceutical powder can
be stored hermetically sealed and moisture-proof. The
dose delivered by different specimens of the same
inhaler should generally be constant. The inhaler
finally should be easy to prepare for use and easy to
use as well as being easy and cheap to manufacture.

Brief description of the inventive concept.

The above objects are achieved in that the disposable
inhaler is provided with the features set forth in the
appended main claim. Advantageous embodiments are set
forth in the dependent claims.

jef descript t appended drawings.

Fig 1 shows a perspective view of an inhaler according
to the invention,

Fig 2 shows a perspective view of an inhaler according
to Fig 1 but showing the two main parts of the
inhaler in an unassembled state,

Figs 3A - 3C show different stages in the opening of
the powder compartment of the inhaler of Fig 1,
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in the intended direction of the air flow The free par
the tape 6 is bent backwards over the recess 3 and

| REPLACEMENT SHEET

ext ends out through the air inlet 4. In this particular] 18 NOV 1996
enbodi ment, the free part of the tape is guided and hel {

by two conical projections 7,8 extendi ng dlownwar ds . T gm
the upper part 1. The free part of the tape nay be . be

in aloop to the underside of the |lower part 2 and
attached to the Fighet shows aan enduvitev hef rthe i iylet of the inhaler

in Fig 1,
Figs 5 -~ 7 show different possible embodiments of the
constriction adjacent the powder compartment.

Detailed description of a preferred embodiment of the
invention.

A preferred embodiment of the invention is disclosed in
Figs 1 - 4. In Fig 1 the inhaler can be seen in a fully
assembled condition and ready for use. As can be seen,
the inhaler essentially comprises two elongate main
parts, an upper part 1 which is made of a moulded sheet
of plastic material and a lower part 2 preferably made
of aluminium foil laminated with plastic. The upper
part 1 is U-shaped with a substantially rectangular
shape. The width of the upper part is several times the
height. The lower part is generally flat and the two
parts thus form a tubular housing defining an air
conduit or air flow path with an air inlet 4 and an air
outlet 5. A part-spherical depression or recess 3
indicated with a dashed line is located close to the
air inlet 4. The recess 3 forms a powder compartment
and is covered by a tape 6 which preferably is made of
aluminium foil, also laminated with plastic. The recess
3 may also be provided with one or several small
through-holes 24 in the bottom. The hole or holes 24
should be large enough to allow the entry of air into
the recess from the underside of the lower part, but
sufficiently small to prevent any part of the powder
from falling out through the hole(s).

As indicated, the end of the part of the tape 6

covering the recess 3 is located between the recess 3
and the air inlet 4. The tape is attached to the lower
part 2 around the powder compartment by means of a’
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rel atively weak weld, thus sealing the hole 24 and t e REPLACEMENT SHEET

recess 3. The tape should be sufficiently long to extlengd
past the recess 3, thus formng a tab 25 to serve asjal 148 NOV

grip for tearing the tape away. A onstr lon{ip the
flow path in the formof a ridge 4 9 |or+ented

perpendicularly relative to the direction of the floyw
path is | ocated above the powder conpartnent. ) —__The ridge
is formed as ar@dpFé¥elynweaknwepd g nngPiEBrFan be seen in Fig 2. The

end of the tape is attached by a comparatively large
and thus stronger weld in front of the compartment, as
‘seen in the intended direction of the air flow. The
free part of the tape 6 is bent backwards over the
recess 3 and extends out through the air inlet 4. In
this particular embodiment, the free part of the tape
is guided and held by two conical projections 7,8
extending downwards from the upper part 1. The free
part of the tape may be bent in a loop to the underside
of the lower part 2 and attached to the lower part all
around the recess 3 by a relatively weak weld, thus
sealing the hole 24 and the recess 3. The tape should
be sufficiently long to extend past the recess 3, thus
forming a tab 25 to serve as a grip for tearlng the
tape away.

A constriction in the flow path in the form of a ridge
9 oriented perpendicularly relative to the direction of
the flow path is located above the powder compartment.
The ridge is formed as a depression 9 in the upper part
1. The ridge is delimited at each end by an abutment
10.

The inhaler is further provided with deaggregation
means after the powder compartment, as seen in the

direction of the intended air flow through the inhaler.
These deaggregation means comprise a number of oblique
planar surfaces which are oriented at an angle of about
30° relative to the longitudinal direction of the
inhaler, it surprisingly having been found that the
most efficient angle of a planar surface relative to
the air flow direction for disintegrating powder |
agglomerations is about 30°. Since the air flow will be
deflected to some extent by the planar surface, the
flow direction will not coincide fully with the
longitudinal direction, but the above angle has been
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1. The ridge is delimted at each end by an abut nment

The inhaler is further provided with deaggregation
after the powder conpartnment, as seen in the

the intended air flow through the inhal eg.
deaggregati on neans conprise a nunber of

"surfaces which are oriented at an angle

lﬂFPLACEMENT SHEET
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obl i que pl anar

relative to thechosgnt agéi Balingi thet bastotoinpeomise. The angle can

however be varied between 20° and 50° with a preferred
range of 25° - 35°.

The planar surfaces are oriented generally
perpendicularly relative to the lower part 2, or at
least as perpendicularly as the method of manufacturing
the inhaler allows. The planar surfaces are located in
such a way that their'projections onto a cross-
sectional plane substantially cover the entire cross-
section of the inhaler. The projections preferably
should overlap to some extent in order to ensure that
any larger particles or agglomerations entrained in the
air flow will impact on at least one such surface. In
the preferred embodiment the planar surfaces 11, 12,
13, 14, 15, 16 are located on the upstream ends of two
pairs of indentions 17, 18; 19, 20, formed into the
sides of the upper part 1 and on the upstream end of a
central depression 21 located between said indentations
forming an island in the flow path. The downstream ends
of said indentations and said depression taper in the
direction of the air flow and have a smooth, rounded
shape in order to obtain good aerodynamic conditions
without any areas where the powder entrained in the air
flow could settle.

The two main parts of the inhaler are shown separated
in Fig 2. Apart from the details shown in Fig 1, the
powder compartment 3 is shown opened, the tape 6 having
been pulled outwardly through the air inlet. The shape
of the (broken) weld 22 can be seen on the tape 6 and
around the powder compartment 3. As can be seen, the
shape of the weld has been chosen to be the perimeter
of a square oriented with one diagonal parallel with
the longitudinal extent of the inhaler. This means that
the disengagement of the tape from the lower part 2
will be facilitated since the tearing action will both
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start and end at a corner. Since the weld holding the
inner end of the tape is broad and strong, the user
will feel when the compartment has been uncovered by
means of the increased resistance.

Figs 3A - 3C show different stages in the opening of
the powder compartment 3 by pulling the tape 6, thus
exposing the powder 23. Fig 3A shows the tape 6
attached around the recess 3 on the under side of the
lower part, thus covering the hole 24 whilst leaving a
tearing tab 25.

The end view in shown in Fig 4 more clearly illustrates
the inter-relationship between the upper part 1, the
lower part 2, the powder compartment 3, the tape 6, the
conical projections 7, 8, the ridge 9 and the abutments
10.

When the inhaler is to be used, the inhaler is held
more or less horizontal with the flat half 2 facing
downwards. The free end of the tape 6 is pulled by
means of the tab 25, thus exposing the hole 23 and the
powder in the powder compartment 3. The two conical
projections 7, 8 will hold the tape 6 flat against the
lower part 2 and thus prevent the tape from occluding
the constriction in front of the powder compartment.
The user—then inserts the air outlet into the mouth and
inhales through the inhaler. The resultant air flow
through the inhaler will become very turbulent in the
region of the constriction and the pharmaceutical
powder will be lifted out of the powder compartment and
mixed with the air flow. Any particles adhering to the
tape may also be entrained with the air flow since the
part of the tape originally covering the powder
compartment also will lie directly in the flow path. By
admitting air into the bottom of the recess 3, the
through-hole 24 will countg:gg;_gpy_subpressures in the
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efficient angle of a planar surface relative to the a rREPLACE ENT SHEEL
dEsintegrating powder aggl onerations is about 30. Sinte tge air flowmil
be deflected to sone extent by the planar surface, the flI B BOV09%60r i | |
not coincide fully with the Iongitudinal7direction, buti the above andl § has
been chosen as being the best com prom se. The angl e} can however be vgried
between and 50[err] with a preferred range of 25 - 35%e++t- :

bottom of the recess which might impede the lifting of
the powder out of the recess.

Tests have shown that the dose leaving a typical
powder compartment (e.g. about 0.5 mg) located at a
constriction having an area of about 10 - 12 mm? will
remain essentially constant at air flow rates varying
from 30 1l/min to 60 1l/min.

The powder-laden air will then flow from the
constriction to the deaggregation means. The angle of
attack of the oblique surfaces will entail that the
lighter particles, i. e. the particles within the
respirable range, < 6um, will be deflected from the

z surface without sticking thereto and thus mainly will
follow the air flow, whereas the heaver particles and
agglomerates will impact on and rebound from the planar
surfaces and in this way be broken up into smaller
particles. As mentioned above, an angle of about 30°
may be optimal.

In this case tests again have shown that the percentage
of particles within the respirable range in the dose to
be inhaled will remain substantially constant at air
flow rates ranging from 30 l/min to 60 1l/min.

That the dose of'respirable particles remains
substantially constant over a wide range of air flows
is important in order to minimize the difference
between patients with different inhalation capacities.

It should be noted that the tubular shape of the
inhaler makes it possible to mount a rubber ball or
similar over the air inlet. By the means thereof the
powder could be ejected from the inhaler into the
throat of the patient in synchronization with the
breathing of the patient by a helper if the patient
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The pl anar surfaces are oriented generally perpen-
the lower part 2, or at |east as per- pendicul arl
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manuf acturing the inhaler allows. The planar surfdc
way that their projections onto a cross-sectional
cover the entire cross-section of the inhaler.
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should be incapable to use the inhaler by himself.

As mentioned above, the lower part 2 of the inhaler as
well as the tape 6 preferably are made of aluminium
foil laminated or coated with a suitable plastic. The
aluminium will ensure the desired protection against

moisture whereas
can be welded to
can be welded to
instance consist

of 45 u which on one side is covered

with a layer of

the plastic will ensure that the tape
the lower part and that the lower part
the upper part. The lower part may for
of a aluminium foil having a thickness

oriented polyamide which is 25 u thick and on the other
side is covered by a layer of polypropene which is 60 u
thick. The upper part is preferably made of polypropene
being 300 or 400 u thick. The upper part can be

transparent so that the user can see

if the dosefhas

been ejected from the powder compartment.

The tape may be made of a laminate having a "peel"-
effect comprising polyester, aluminium and a layer
comprising a polymer mixture of polybuten and

polypropene.

The choice of material in the inhaler should be adapted
to the drug to be used. The above materials have been

chosen with a specific drug (budesonide) in mind, these
materials releasing a dose of this drug more easily.

The composition of the pharmaceutical powder of course

is quite optional and the powder may

for instance

‘comprise a pure active substance, a mixture of
different active substances or a mixture of active

substance(s) with adjuvant(s).
that the scope of choice of drugs is

considerably due to the moisture-proof containment of

the drug in the powder compartment.
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aggl onerations entrained in the air flow wll in 4EPLAEENﬁNTI§BE§T ne such
surface. In the preferred enbodi ment the planar

19, 20, forned into the sides of the upper part
of a central depression 21 |ocated bet weeh said
island in the flow path. The downstream ends of

The inhaler may be manufactured in the following way. A
series of half-spherical indentations are formed in a
strip of laminated aluminium foil in order to shape
powder compartments. If the indentations are to be
provided with through-holes, these are also formed at
this stége. The indentations are filled with drugs and
are topped off by means of scrapers, which will ensure
a substantially uniform size of the different doses. An
aluminium tape laminated with plastic is then welded
over each indentation and around the indentation on the
outside of the lower part.

The lower parts are then welded to upper parts and the
strip is cut to form individual inhalers which are
ready for packaging and use. The upper parts are
moulded from sheets of plastic. In the moulding
procedure care should be taken to ensure that the side
walls of the upper part are as perpendicular as
possible relative to the upper side in order to ensure
an air flow which is as uniform as possible throughout
the entire cross-section of the inhaler. The function
of the abutments 10 primarily are to prevent that the
ridge forming the constriction is distorted during the
welding process.

ossible ificatio of the invention.

The invention of course can be modified in many ways
within the scope of the appended claims.

Thus the ridge 9 forming the constriction can be
designed in different ways in order to enhance the
1ifting action of the air flow on the powder. Some
_examples thereof can be found in Figs 5 ~ 7.

Fig 5 illustrates how the ridge 9 can be provided with
a small hole 26 centrally above the powder _compartment -
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sai d depression taper in the direction of the air fI(ﬁEPh%EMWeSQEgntoth,
rounded shape in order to otain good aerodynam c copdftrons w thout] gny
areas where the powder entrained in the air flow coyl & Nov- 1996 |[THe two
main parts of the inhaler are shown sepa- rated in Fi ?. Apart fragmlt he
details shown in Fig 1, the powder conpad@nent 3 is|she hel t ape
6 having been pulled outwardly through the air inlef. The .

3. When the patient inhales through the inhaler,
additional air will be directed more or less
perpendicularly down into the powder compartment, thus
enhancing the turbulent action in the vicinity of the
powder compartment.

Figs 6 and 7 illustrate two alternative embodiments
wherein the ridge has been provided with an edge 27
resp 28 oriented along the longitudinal extent of the
ridge and which also will direct some air flow more
directly into the powder compartment.

These embodiments will however require a higher degree
of precision in the manufacturing in order to obtain
the desired effect than the embodiment described above
and will therefore be more difficult to manufacture.

The ridge 9 forming the constriction has been
illustrated as being generally trapezoid in cross-
section and as being generally rectilinear in
longitudinal section. It should however be pointed out
that the constriction may be shaped in many different
ways within the scope of the appended claims.

The powder compartment can of course have another shape
than a half-spherical shape and may for instance be '
elliptical, the minor axis thereof being parallel with
the direction of the air flow, or may be otherwise
trough-shaped. It is of course also possible to have
several indentations, for instance if it is desired to
increase the dose in an exactly defined way. As
mentioned above, the powder compartment can be designed
without the hole(s) 24. Two separate tapes furthermore
can be used to seal the recess 3 respectively the
hole(s) 24. ' ‘

The projections 7,8 can be shaped otherwise than
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shape of the (broken) weld 22 can be seen on the tape qv§£1c$ggﬁngg;€F
b

powder conpartnment 3. As can be seen, the shape of th h-'cHosen
to be the perineter of a square oriented with one di oral paral - lell jith

the | ongitudinal extent of the inhaler. This nmeans that] t 8 NOVe19989gqmgnt
of the tape fromthe lower part 2 will be facilitated] sj nce the teari|ng
action will both start o1

conically and  may for instance be shaped such that
they direct a greater part of the air flow more
directly past the powder compartment. They also could
be integrated with the abutments 10.

The tape 6 could also be arranged in such a manner that
it can be removed entirely from the lower part 2. In
this case the projections 7,8 are not needed, at least
not for the purpose of guiding and holding the tape.

The deaggregation means can be designed in other ways
than in the form of planar surfaces oriented at an
angle of about 20° - 50° relative to the direction of
the air flow. This angle can of course also be varied
outside this range and the surfaces do not necessafily
have fo be planar.

The material in the lower part and the tape does not
necessarily have to comprise aluminium and may be any
plastic material having the necessary impermeability
and stiffness or having been treated to have these
properties.

It is also conceivable to make the inhaler from a
- single sheet which is rolled or folded after having
been moulded in an appropriate way.
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~and end at_a corner. Since the weld holding the
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CLAIMS.

1. Disposable breath-actuated inhaler comprising a
tubular housing forming an air flow path being open at
both ends, one end forming an air inlet (4) and one end
forming an air outlet (5), said housing comprising a
compartment (3) for storing a pharmaceutical powder to
be inhaled, characterized in that the
compartment (3) for storing the pharmaceutical powder
is located close to the air inlet (4) and is covered by
a thin foil (6) sealing the compartment in an airtight
way which can be removed from the compartment from
outside the housing, said housing being shaped with a
constriction (9) adjacent the powder compartment (3)
such that a turbulent air stream will be obtained at
the constriction upon inhalation which will lift the
powder out from the compartment (3) and mix the powder
into the air stream.

2. Inhaler according to claiml1l, characteriz
e d in that said powder compartment (3) is connected
to the ambient air in its deepest part by means of one
or several through-holes (24).

3. Inhaler according to claim 1,
characterized in that said housing is

formed of two main parts, one moulded upper half (1)

and one generally flat lower half (2) having an
indentation (3) forming the powder compartment, said
two halves (1, 2) being joined together along their
longitudinal sides.

4. Inhaler according to anyone of claims 1 to 3,
characterized in that the upper part (1)
is moulded from a thin sheet, preferably of plastics
material. : SN
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end of the tape is broad_and streng, the user will feel
when t he conpartnent has been uncovered by neans e - --of-the

crages in the or MU III\\\\I\H\\“\ e ponhdS 3R 3 Hﬁ«ﬁ'gm el.izgﬁg

the tape 6, thus expbsilng " h& pomder 23.13Fi g 3A shows the
attached around the recess 3 on the under side of the .
| ower part, thus covering the hole 24 whilst |leaving a

5. Inhaler according to claim 4, .

characterized in that said constriction
(9) is formed as a depression in the upper side of
said upper part (1) which is oriented transversely
relative to the longitudinal extent of the tubular
housing and located above the powder compartment (3)
formed in the lower half (2) of the housing.

6. Inhaler according to any one of the preceding
claims, characterized in that the lower
half (2) is.made of aluminium foil laminated with
plastic.

7. Inhaler according to any one of the preceding
claims, characterized in that the thin
foil is in the shape of a tape (6) having one free end
extending out through the air inlet (4), said tape
being attached around the edges of the powder
compartment (3) by means of relatively weak welds (22).

8. Inhaler according to claim 7,
characterized in that the inner end of the
tape (6) is attached to the lower half (4) between the
air inlet (4) and the powder compartment (3), the tape
(6) extending past, and being attached around, the
powder compartment (3), the tape then being bent
backwards about so as to extend out through the air

inlet (4).

9. Inhaler according to claim 8,
characterized in that the weak welds (22)
form a point facing downstream in order to facilitate
the initiation of the tearing action along the welds
(22) when the tape (6) is to be'pulled out through the
air inlet (4) in order to expose the powder.

10. Inhaler according to any one of‘claims 7 - 9,| REPLACEMENT SHEETj
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tearing tab 25. The end vi ew i n” shown Fig 4-1or e

clearly illustrat the inter- re&ﬁggggiggﬂ%pﬁgmﬁgp t he
spoer vart 5 Coe TN +orer et 2. e

3, the pe 6, cal prolec [ ridge 9
and the abutnents 10 n the
inhaler is to be used, the inhaler is heftd ﬁ _ nore or |ess
horizontal with the flat half 2 facing down-

characterized in that projections (7, 8)
extend downwards from the upper half (1) between the
powder compartment (3) and the air inlet (4) for
holding the tape (6) against the lower half (2) of the
housing in order to pre?ent the tape (6) from
ocbstructing the air flow path.

11. Inhaler according to any one of the-preceding
claims, characterized in that
deaggregation means (11, 12, 13, 14, 15, 16) are
located in the air flow path between the powder
compartment (3) and the air outlet (5).

12. Inhaler according to claim 11,
characterized in that said déaggregation
means comprise planar surfaces (11, 12, 13, 14, 15, 16)
oriented 20° - 50°, preferably 25° - 35°, most
preferably 30°, relative to the longitudinal direction
of the tubular housing, said surfaces being disposed
generally perpendicularly to a plane through the
longitudinal axis of the tubular housing, a projection
of the planar surfaces onto a cross-section of the
housing substantially covering said cross-section.

REPLACEMENT SHEET
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wards. The free ehd of the tape 6 is pulled by nmeans of

the tab 25, thus exposing the hole 24 and the powder in
t he powder conpartnment 3. The two conical projections 7,
8 wll hold the tape 6 flat against the | ower part 2 and

t hus prevent .the tape from occluding the_constriction in
front of the powder conpartnent. The usem>t hen inserts REPLACEMENT SHEET
outlet into the nouth and inhal es through the .
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the air

i nhal er.

ABSTRACT

The invention relates to a disposable breath-actuated
inhaler comprising a tubular housing forming an air
flow path being open at both ends, one end forming an
air inlet (4) and one end forming an air outlet (5),
said housing comprising a compartment (3) for storing a
pharmaceutical powder to be inhaled. The compartment
(3) for storing the pharmaceutical powder is located
close to the air inlet (4) and is covered by a thin
foil (6) sealing the compartment in an airtight way
which can be removed from the compartment from outside
the housing, said housing being shaped with a
constriction (9) adjacent the powder compartment (3)
such that a turbulent air stream will be obtained at
the constriction upon inhalation which will lift the
poﬁder out from the compartment (3) and mix the powder
into the air stream.
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becone very-t'HE_M_lNCﬁmENtrBHEIEE Vegi on of the constriction

and the pha riwll be lifted out of the
powder conpdr e L xe ith the air flow Any
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ing of the powder out of the recess. Test g have
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The powder-laden air will then flow fromthe
-7-
cgn-
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The present. invention relates to a disposable breath-
actuated inhaler comprising a tubular housing having at
least two parts forming an air flow path being open at
both ends, one end forming an air inlet and one end
forming an air outlet, said housing comprising a
compartment for storing a pharmaceutical powder to be
inhaléd, said housing is being shaped with a constriction
adjacent the indentation in order to obtain a turbulent
air stream at the constriction upom inhalation thereby
lifting the powder out from the indentation and mixing it

into the air stream.

Disposable, breath-actuated inhalers of the kind
described above are for instance disclosed in WO
89701348, US-A-4,265,236, EP-A-0404454 and US-A-5 042

472.

EP-2A-0404454 discloses a disposable, breath-actuated
inhaler comprising a chamber for a pharmaceutical powder,
said chamber being provided with an air inlet and with an
air outlet. The air inlet and outlet are covered by a
common .cover. The powder is disposed loosely in said
comparatively large chamber which means that the powder
not necessarily will be located at that location at which
the air flow is most efficieni:. '
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ttests again have shown that the per- cent age of
particles within the respirable range in the 03 DEC 199!;)5% fo be
inhaled will remain substantially constant at aif fl ow
rates ranging from30 |/mn to 60 1/ m n. Fat |t he
dose of respirable particles remains sulg ~ stantialjy
constant over a wide range of air flows is I mportant in

order to mnigszg-4Neeql b86" 805E188LYCE"tubular disposable, breath-
actuated inhaler comprising a flexible tube, the ends of
which normélly being sealingly inserted into each other.
This kind of seal will not necessarily be moisture-proof.
There furthermore is a risk that some amount of the
powder may fall out of the inhaler when the ends of the
tube are pulled apart.

WO 89/01348, in the embodiment most of interest here,
discloses a tubular, disposable inhaler which is sealed
in both ends by means of twist-off caps. The
pharmaceutical powder is loosely disposed in the inhaler
and, as in the other inhalers described above, there is a
risk that some powder is lost when the inhaler ‘is opened.

US-A-5 042 472 discloses a breath-actuated inhaler having
a pharmaceutical active powder provided in a compartment
which is includes the inhalation inlet and outlet as well
as the inhalation chamber. The powder is provided loose
in the chamber in a manner which is similar to what is
shown in EP-A-0 404 454 as mentioned above. The
disadvantages with a device like this has already been
discussed above.

WO-A-9 204 069 describes an inhaler of the type described
in the upper part of claim 1 and which constitutes the
background to the present invention. This is a disposable
breath-actuated inhaler having a tubular housing defining
the air flow path. An air inlet and an air outlet is
provided at each end of the tubular housing. A
pharmaceutically active powder is placed in a compartment
located adjacent the air inlet; The powder compartment is
formed as an indentation or recess. However, it has been
shown that the powder provided in the ifidentation will
during handling and storage be compacted to large powder
aggregates. During inhalation this could lead to that not
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1 powder is lifted up into the air stream by the
inhalation air force. The result of this could be a
significant inaccuracy of the inhaled doses.

The objects of the invention are to provide a

. disposable inhaler of the kind described above in which
the dose of pharmaceutical powder can be determined
accurately and in which the pharmaceutical powder can
be stored hermetically seaied and moisture-proof. The
dose delivered by different specimens of the same
inhaler should generally be constant. The inhaler
finally should be easy to prepare for use and easy to
use as well as being easy and cheap to manufacture.

Brief description of the inventive concept.

The above objects are achieved in that the disposable

inhaler is provided with the features set forth in the
appended main claim. Advantageous embodiments are set

forth in the dependent claims.

e es [e) nded \74 .

Fig 1 shows a perspective view of an inhaler according
to the invention,

Fig 2 shows a perspective view of an inhaler according

' to Fig 1 but showing the two main parts of the

inhaler in an unassembled state,

Figs 3A - 3C show different stages in the opening of
the powder compartment of the inhaler of Fig 1,

Fig 4 shows an end view of the air inlet of the inhaler
in Fig 1,

Figs 6 - 7 show different possible embodiments of the
constriction adjacent the powder compartment.
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A preferred embodiment of the invention is disclosed in
Figs 1 - 4. In Fig 1 the inhaler can be seen in a fully
assembled condition and ready for use. As can be seen,
the inhaler essentially comprises two elongate main
parts, an upper part 1 which is made of a moulded sheet
of plastic material and a lower part 2 preferably made of
aluminium foil laminated with plastic. The upper part 1
is U-shaped with a substantially rectangular shape. The
width of the upper part is several times the height. ‘The
lower part is generally flat and the two parts thus form
2 tubular housing defining an air conduit or air flow
path with an air inlet 4 and an air outlet 5. A part-
spherical depression, recess or indentation 3 indicated
with a dashed line is located close to the air inlet 4.
The recess 3 forms a powder compartment and is covered by
a tape 6 which preferably is made of aluminium foil, also
laminated with plastic. The recess 3 is provided with one
or several small through-holes 24 in the bottom. The hole:
or holes 24 should be large énough to allow the entry of
air into the recess from the underside of the lower part,
but sufficiently small to prevent any part of the powdexr
from falling out through the hole(s). |

As indicated, the end of the part of the tape 6
covering the recess 3 is located between the recess 3
and the air inlet 4. The tape is attached to the lower
part 2 around the powder compartment by means of a
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thick. The upper part is preferably made of pol yprogdene
being 300 or 400 [err] thick. The upper part can be it
parent so that the user can see if the dose-has beer

ej ected from t bg1ReWNRNYC WERR' WeRAl 22 which can be seen in Fig 2. The

end of the tape is attached by a comparatively large
and thus stronger weld in front of the compartment, as
seen in the intended direction of the air flow. The
free part of the tape 6 is bent backwards over the
recess 3 and extends out through the air inlet 4. In
this particular embodiment, the free part of the tape

" is guided and held by two conical projections 7,8
extending downwards from the upper part 1. The free
part of the tape may be bent in a loop to the underside
of the lower part 2 and attached to the lower part all
around the recess 3 by a relatively weak weld, thus
sealing the hole 24 and the recess 3. The tape should
be sufficiently long to extend past the recess 3, thus
forming a tab 25 to serve as a grip for tearing the
tape away.

rans-

A constriction in the flow path in the form of a ridge
9 otiented.perpendicularly relative to the direction of
the flow path is located. above the powder compartment.
The ridge is formed as a depression 9 in the upper part
1. The ridge is delimited at each end by an abutment

10.

The inhaler is further provided with deaggregation
means after the powder compartment, as seen in the
direction of the intended air flow through the inhaler.
These deaggregation means comprise a number of oblique
planar surfaces which are oriented at an angle of about
30° relative to the longitudinal direction of the
inhaler, it surprisingly having been found that the
most efficient angle of a planar surface relative to
the air flow direction for disintegrating powder
agglomerations is about 30°. Since the air flow will be
deflected to some extent by the planar surface, the
flow direction will not coincide fully with the
longitudinal direction, but the above angle has been
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chosen as being the best compromise. The angle can
however be varied between 20° and 50° with a preferred
range of 25° - 35°.

The planar surfaces are oriented generally
perpendicularly relative to the lower part 2, or at
least as perpendicularly as the method of manufacturing

" the inhaler allows. The planar surfaces are located in

such a way that their projections onto a cross-
sectional plane substantially cover the entire cross-
section of the inhaler. The projections preferably
should overlap to some extent in order to ensure that
any larger particles or agglomerations entrained ‘in the
air flow will impact on at least one such surface. In
the preferred embodiment the planar surfaces 11, 12,
13, 14, 15, 16 are located on the upstream ends of two
pairs of indentions 17, 18; 19, 20, formed into the
sides of the upper part 1 and on the upstream end of a
central depression 21 located between said indentations
forming an island in the flow path. The downstream ends '
of said indentations and said depression taper in the
direction of the air flow and have a smooth, rounded
shape in order to obtain good aexrodynamic conditions
without any areas where the powder entrained in the air
flow could settle.

The twogmhin parts of the inhaler are shown separated
in Fig 2. Apart from the details shown in Fig 1, the
powder compartment 3 is shown opened, the tape 6 having
been pulled outwardly through the air inlet. The shape'
of the (broken) weld 22 can be seen on the tape 6 and
around the powder compartment 3. As can be seen, the
shape of the weld has been chosen to be the perimeter
of a square oriented with one diagonal parallel with
the longitudinal extent of the inhaler. This means that
the disengagement of the tape from the lower part 2
will be facilitated since the tearing action will both
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start and end at a ég¥ﬁéé¥ﬁgiﬁﬁe the weld holding the
inner end of the tape is.broad and strong, the user
will feel when the compartment has been uncovered by

means of the increased resistance.

Figs 3A - 3C show different stages in the opening of
the powder compartment 3 by pulling the tape 6, thus -
exposing the powder 23. Fig 3A shows the tape 6
attached around the recess 3 on the under side of the
lower part, thus covering the hole 24 whilst leaving a

tearing tab 25.

The end view in shown in Fig 4 more clearly illustrates
the inter-relationship between the upper part 1, the

lower part 2, the powder compartment 3, the tape 6, the
conical projections 7, 8, the ridge 9 and the abutments

10.

When the inhaler is to be used, the inhaler is held
more or less horizontal with the flat half 2 facing
downwards. The free end of the tape 6 is pulled by
means of the tab 25, thus exposing the hole 23 and the
powder in the powder compartment 3. The two conical
projections 7, 8 will hold the tape 6 flat against the
lower part 2 and thus prevent the tape from occluding
the constriction in front of the powder compartment.
The user then inserts the air outlet into the mouth and
inhales through the inhaler. The resultant air flow
through the inhaler will become very turbulent in the
region of the constriction and the pharmaceutical '
powder will be lifted out of the powder compartment and
mixed with the air flow. Any particles adhering to the
tape may also be entrained with the air flow since the
part of the tape originally covering the powder
compartment also will lie directly in the flow path. By
admitting air into the bottom of the recess 3, the
through~hole 24 will counteract any subpressures in the
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bottom of the recess which might impede the lifting of

the powder out of the recess.

Tests have shown that the dose leaving a typical
powder compartment (e.g. about 0.5 mg) located at a
constriction having an area of about 10 - 12 mm? will

.remain essentially constant at air flow rates varying
from 30 1l/min to 60 l/min.

The powder-laden air will then flow from the
constriction to the deaggregation means. The angle of
attack of the oblique surfaces will entail that the
lighter particles, i. e. the particles within the
respifable range, < 6um, will be deflected from the
surface without sticking thereto and thus mainly will
follow the air flow, whereas the heaver particles and
agglomerates will impact on and rebound from the planar
surfaces and in this way be broken up into smaller
particles. As mentioned above, an angle of about 30°
may be optimal. '

In this case tests again have shown that thé percentage
of particles within the respirable range in the dose to
be inhaled will remain substantially constant at air
flow rates ranging from 30 1/min to 60 1/min.

That the dose of respirable particles remains

substantially constant over a wide range of air flows
is important in order to minimize the difference - _
between patients with different inhalation capacitiesQ

It should be noted that the tubular shape of the
inhaler makes it possible to mount a rubber ball or
similar over the air inlet. By the means thereof the
powder could be ejected from the inhaler into the
throat of the patient in synchronization with the
breathing of the patient by a helper if the patient
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As mentioned above, the lower part 2 of the inhaler as
well as the tape 6 preferably are made of aluminium
foil laminated or coated with a suitable plastic. The
aluminium will ensure the desired protection against
moisture whereas the plastic will ensure that the tape
can be welded to the lower part and that the lower part
can be welded to the upper part. The lower part may for
instance consist of a aluminium foil having a thickness
of 45 p which on one side is covered with a layer of
oriented polyamide which is 25 g thick and on the other
side is covered by a layer of polypropéne which is 60 pu.
thick. The upper part is preferably made of polypropene
being 300 or 400 g thick. The upper part can be
transparent so that the user can see if the dose has
been ejected from the powder compartment.

The tape may be made of a laminate having a "peel"-
effect comprising polyester, aluminium and a layer
comprising a polymer mixture of polybuten and
polypropene.

The choice of material in the inhaler should be adapted
to the drug to be used. The above materials have been
chosen with a specific drug (budesonide) in mind, these
materials releasing a dose of this drug more easily.

The composition of the pharmaceutical powder of course
is quite optional and the powder may for instance
comprise a pure active substance, a mixture of
different active substances or a mixture of active
substance(s) with adjuvant(s). It should be pointed out
that the scope of choice of drugs is widened
considerably due to the moisture-proof containment of
the drug in the powder compartment.

is Sheet Has Been Replaced

R




m ni um tape | aninated-with ptastic is then wel ded ovef RH%ACEMENTSHEETV
each i ndentation and a&ﬂmﬂﬂzﬁﬁﬁ i ndentati on on the ouf -y

side of the lo o The | ojvef rts ar

wel ded to uppeWﬁﬁﬁMﬂMM the strip %c-'u 5501958

i ndi vi dual inhal ready fo ckagi_ng land
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In the noul di ng proce- dure care s

ensure that thepgi §An%8kkSmay be manufactured in the following way. A
series of half-spherical indentations are formed in a
strip of laminated aluminium foil in order to shape
powder compartments. If the indentations are to be
provided with through-holes, these are also formed at
this stage. The indentations are filled with drugs and
-are topped off by means of scrapers, which will ensure
a substantially uniform size of the different doses. An
aluminium tape laminated with plastic is then welded
over each indentation and around the indentation on the
outside of the lower part.

The - lower parts are then welded to upper parts and the
strip'is cut to form individual inhalers which are
ready for packaging and use. The upper parts are
moulded from sheets of plastic. In the moulding
procedure care should be taken to ensure that the side
walls of the upper part are as perpendicular as
possible relative to the upper side in order to ensure
an air flow which is as uniform as possible throﬁghout |
the entire cross-section of the inhaler. The .function
of the abutments 10 primarily are to prevent that the
ridge forming the constriction is distorted during the

welding process.

ossible mo cations of & vention.

The invention of course can be modified in many ways
within the scope of the appended claims.

Thus the ridge 9 forming the constriction can be
designed in different ways in order to enhance the
lifting action of the air flow on the powder.'SOme
examples thereof can be found in Figs 5 - 7.

Fig 5 illustrates how the ridge 9 can be provided with
a small hole 26 centrally above the powder compartment
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3. When the patient inhales through the inhaler,
additional air will be directed more or less
perpendicularly down into the powder compartment, thus
enhancing the turbulent action in the vicinity of the
powder compartment.

Figs 6 and 7 illustrate two alternative embodiments
wherein the ridge has been provided with an edge 27
resp 28 oriented along the longitudinal extent ‘of the
ridge and which also will direct some air flow more
directly into the powder compartment.

These embodiments will however require a higher degree
of érecision in the manufacturing in order to obtain
the desired effect than the embodiment described above
and will therefore be more difficult to manufacture.

The ridge 9 forming the constriction has been
illustrated as being generally trapezoid in cross-
section and as being generally rectilinear in
longitudinal section. It should however be pointed out
that the constriction may be shaped in many different
ways within the scope of the appended claims.

The powder compartment can of course have another shape
than a half-spherical shape and may for instance .be
elliptical, the minor axis thereof being parallel with
the direction of the air flow, or may be otherwise
trough-shaped. It is of course also possible to have
several indentations, for instance if it is desired to
increase the dose in an exactly defined way. t&s—.
rentioned-above;—the-pewder—compartment—can-be designed
without—the—hote(s)—22] Two separate tapes furthermore

can be used to seal the recess 3 respectively the
hole(s) 24.

The projections 7,8 can be shaped otherwise than
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conically and may for instance be shaped such that
they direct a greater part of the air flow more
directly past the powder compartment. They also could
be integrated with the abutments 10. :

- 12 -

The tape 6 could also be arranged in such a manner that

it can be removed entirely from the lower part 2. In:

this case the projections 7,8 are not needed, at least
not for the purpose of guiding and holding the tape.

The deaggregation means can be designed in other ways
than in the form of planar surfaces oriented at an

angle of aﬁout 20° -~ 50° relative to the direction of
the air flow. This angle can of course also be varied

outside this range and the surfaces do not necessarily

have to be planar.

The material in the lower part and the tape does not
necessarily have to comprise aluminium and may be any

plastic material having the necessary impermeabilitjf}”fwﬂﬁﬂﬁf'

and stiffness or having been treated to have these

‘properties.

It is also conceivable to make the inhaler from a
single sheet which is rolled or folded after having
been moulded in an appropriate way.
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1. Disposable breath-actuated inhaler comprising a
tubular housing having k—teesd two parts (1, 2) forming
an air flow path being open at both ends, one end forming
an air inlet (4) and one end forming an air outlet (5),
said housing comprising a compartment (3) for storing a
pharmaceutical powder to be inhaled, said housing is
being shaped with a constriction(9) adjacent the
compartment (3) in order to obtain a turbulent air stream
at the constriction (9) upon inhalation thereby lifting
the powder out from the compartmént (3) and mixing it
into the air stream, wherein the ‘compartment is provided
as an indentation (3) being'in contact with the ambient
air through at least one through-hole (24) provided in -
the bottom of said indentation, the indentation (3) being
located adjacent the air inlet (4), in that said
indentation {(3) and the at least one through-hole (24) is
covered by a foil (6) sealing the indentation and the at
least one through-hole in an airtight way, said foil
being removable from the indentation and the at least one
through-hole from outside the housing.

2. Inhaler according to claim 1,
charactezrisedin that the at least two parts
of the housing are formed as a moulded upper part (1) and
a generally flat lower part (2) in which the powder
indentation is provided, said upper and lower parts (1,

2) being joined together along their longitudinal sides.

3. Inhaler according to claim 1 or 2,
characterisedin that the upper part (1) is

moulded from a sheet of plastics material.

' 4. Inhaler according to claim 3,
characteri sed in that said constriction (9)

This Sheet Has Been Rerlaced
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is formed as a depression in the upper side of the said
upper part (1) which is oriented transversally relative
to the longitudinal extent of the tubular housing and
located above the indentation (3) formed in the lower

part of the housing.

5. Inhaler according to any one of the preceding claims,
characterisedin that the lower part (2) is
made of aluminium foil laminated with plastics.

6. Inhaler according to any one of the preceding claims,
characterisedin that the foil (6) is in the
form of a tape having one free end extending out through
the air inlet (4), said tape being attached around edges
of the indentation (3) by means of relatively weak

welds (22).

7. Inhaler according to claim 6,

characterisedin that the inner end of the
foil (6) is attached to the lower part (2) between tbe

" air inlet (4) and the indentation (3) the foil extending
past, and being attached around, the indentation (3), the
foil then being bent backwards about so as to extend out

through the air inlet (4).

8. Inhaler accordlng to claim 7,

he
and

characterisedin that the weak welds (22)
form a poznt facing downstream.

9. Inhaler according to any one of claims 6 to 8,
characterisedin that projections (7, 8)
extend downwards from the upper part (1) between the
indentation (3) and the air inlet (4) for holding the
foil (6) against the lower part (2) of the housing.
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The powder conpar ment can of course have

10. Inhaler according to any one of the preceding claims,
characterisedin that deaggregatioh means
(11, 12, 13, 14, 15, 16) are located in the air flow path
between the indentation (3) and the air outlet (5).

11. Inhaler according to claim 10,
characterisedin that said deaggregation

means (11, 12, 13, 14, 15, 16) comprise planar surfaces
oriented 20° - 40°, preferablj about 30°, relative to the

longitudinal direction of the tubular housing, said
surfgcés being disposed generally perpendicular to a

plane through the longitudinal axis of the tubular
housing, a projection of the planar surfaces onto a
cross-section of the housing substantially covering said
cross-section.

i
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the dose in an exactly defined way. Two separate tapes
furthernore can be used to seal the receﬁg 3 respec-

tively the hole(s) 24.
DISPOSABLE INHALER II

ABSTRACT

The invention relates to a disposable breath-actuated
‘inhaler comprising a tubular housing forming an air
flow path being open at both ends, one end forming an
air inlet (4) and one end forming an air outlet (5),
said housing comprising a compartment (3) for storing a
pharmaceutical powder to be inhaled. The compartment
(3) for storing the pharmaceutical powder is located
close to the air inlet (4) and is covered by a thin
foil (6) sealing the compartment in an airtight way
which can be removed from the compartment from outside
the housing, said housing being shaped with a
constriction (9) adjacent the powder compartment (3)
such that a turbulent air stream will be obtained at
the constriction upon inhalation which will lift the
powder out from the compartment (3) and mix the powder
into the air strean.

FIGURE 1.
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Utébd(?ﬁéhmr nge and the

g D

flow. This angl-e can of course al so Qe vari ed
surfaces do not necessarily have to
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The material in the lower part and the tape

necessarily have to conprise alum ni um and
havi ng the necessary i nperneabil - REPLACEMENT
avifng been treated to have these
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Description

It is alsg conceivahl e REPDAREMENT SHARTS"
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SG

Technical field of the invention.

The present invention relates to a disposable
breath-actuated inhaler comprising a tubular housing
having at least two parts forming an air flow path being
open at both ends, one end forming an air inlet and one
end forming an air outlet, said housing comprising a
compartment for storing a pharmaceutical powder to be
inhaled, said housing is being shaped with a constric-
tion adjacent the compartment in order to obtain a tur-
bulent air stream at the constriction upon inhalation
thereby lifting the powder out from the indentation and
mixing it into the air stream.

Background of the invention.

Disposabie, breath-actuated inhalers of the kind
described above are for instance disclosed in WO
89/01348, US-A-4,265,236, EP-A-0404454, US-A-5
042 472 and WO-A-92040683.

EP-A-0404454 discloses a disposable, breath-
actuated inhaler comprising a chamber for a pharma-
ceutical powder, said chamber being provided with an
air inlet and with an air outlet. The air inlet and outlet are
covered by a common cover. The powder is disposed
loosely in said comparatively large chamber which
means that the powder not necessarily will be located at
that location at which the air flow is most efficient.

US-A-4,265,236 discloses a tubular disposable,
breath-actuated inhaler comprising a flexible tube, the
ends of which normally being sealingly inserted into
each other. This kind of seal will not necessarily be
moisture-proof. There furthermore is a risk that some
amount of the powder may fall out of the inhaler when
the ends of the tube are pulled apart.



moul ded in an appropriate way. -RfPUCEMEHT'SHEE'{‘
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. WO 89/01348, in the embodiment most of interest
REPLACEME = tET here, discloses a tubular, disposable inhaler which is
' sealed in both ends by means of twist-off caps. The
27 JUN 1998 pharmaceutical powder is loosely disposed in the
| inhaler and, as in the other inhalers described above,
there is a risk that some powder is lost when the inhaler
is opened. '

US-A-5 042 472 discloses a breath-actuated
inhaler having a pharmaceutical active powder provided
in a compartment which is includes the inhalation inlet
and outlet as well as the inhalation chamber. The pow-
der is provided loose in the chamber in a manner which
is similar to what is shown in EP-A-Q 404 454 as men-
tioned above. The disadvantages with a device like this
has already been discussed above.

WO-A-9 204 069 describes an inhaler of the type
described in the upper part of claim 1 and which consti-
tutes the background to the present invention. This is a
disposable breath-actuated inhaler having a tubular
housing defining the air flow path. An air inlet and an air

outlet is provided at each end of the tubular housing. A
pharmaceutically active powder is placed in a compart-

ment located adjacent the air inlet. The powder com-
partment is formed as an indentation or recess.
However, it has been shown that the powder provided in
the indentation will during handling and storage be com-
pacted to large powder aggregates. During inhalation
this could lead to that not all powder is lifted up into the
air stream by the inhalation air force. The result of this
could be a significant inaccuracy of the inhaled doses.

The objects of the invention are to provide a dispos-
able inhaler of the kind described above in which the
dose of pharmaceutical powder can be determined
accurately and in which the pharmaceutical powder can
be stored hermetically sealed and moisture-proof. The
dose delivered by different specimens of the same
inhaler should generally be constant. The inhaler finally
should be easy to prepare for use and easy to use as
well as being easy and cheap to manufacture.
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Brief description of the inventive concept.
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~ The above objects are achieved in that the diSpos-
‘able inhaler is provided with the features set forth in the
appended main claim. Advantageous embodiments are
set forth in the dependent claims.

Brief description of the appended drawings.

Fig 1 - shows a perspective view of an inhaler
_ | according to the invention,
Fig 2 shows a perspective view of an inhaler

according to Fig 1 but showing the two
main parts of the inhaler in an
unassembied state,

Figs 3A-3C  show different stages in the opening of
the powder compartment of the inhaler
of Fig1,

Fig 4 shows an end view of the air inlet of the
inhaler in Fig 1,

Figs5-6 show different possible embodiments
of the constriction adjacent the powder
compartment.

Detailed description of a preferred emoodlment of the

invention.

A preferred embodiment of the invention is dis-
closed in Figs 1 - 4. In Fig 1 the inhaler can be seen in
a fully assembied condition and ready for use. As can
be seen, the inhaler essentially comprises two elongate
main parts, an upper part 1 which is made of a moulded
sheet of plastic material and a lower part 2 preferably
made of aluminium foil laminated with plastic. The
upper part 1 is U-shaped with a substantially rectangu-
lar shape. The width of the upper part is several times
the height. The lower part is generally flat and the two
parts thus form a tubular housing defining an air conduit
or air flow path with an air inlet 4 and an air outlet 5. A




outlet (5), said housing conprising a conpartnment REP{_ACEMENT SHEET 3)

for storing a pharmaceutical powder to be I nhal ed,
said housing is being shaped with a con- stricti on(9)
adj acent the conpartnent (3) in order to obtain a turbulent air stream at
the constriction (9) - 4 . upon inhal ation thereby lifting

the powder out from the corrpartrre F%‘\‘;’)I‘_Hand mxing it into the air
stream wherein the p,q; eprg £B8CasS A mdentat:on 3 indi-

cated with a dashed line is located close to the air inlet
4. The recess 3 forms a powder compartment and is
| ed by a tape & which preferably is made of alumin-
- HEET | Covere _ -
RE..PL’*GEMENT : ium foil, also laminated with plastic. The recess 3 is pro-
( 27 JUN 1998 vided with one or several small through-holes 24 in the

- bottom. The hale or holes 24 should be large enough to
allow the entry of air intg the recess from the underside
of the lower part, but sufficiently small to prevent any
part of the powder from falling out through the hole(s).

As indicated, the end of the part of the tape 6 cov-
ering the recess 3 is located between the recess 3 and
the air inlet 4. The tape is attached to the lower part 2
around the pcwder compartment by means of a rela-
tively weak weld 22 which can be seen in Fig 2. The end
of the tape is attached by a comparatively large and
thus stronger weld in front of the compartment, as seen
in the intended direction of the air flcw. The free part of
the tape 6 is bent backwards cver the recess 3 and
extends out through the air inlet 4. In this particular
embediment, the free part of the tape is guided and held
by two conical projections 7.8 extending downwards
from the upper part 1. The free part of the tape may be
bent in a loop to the underside of the lower part 2 and
attached to the lewer part all around the recess 3 by a
relatively weak weld, thus sealing the hcle 24 and the
recess 3. The tape should be sufficiently long to extend
past the recess 3, thus forming a tab 25 to serve as a
grip for tearing the tape away.

A constriction in the flow path in the form of a ridge
9 oriented perpendicularly relative to the direction of the
flow path is located above the powder compartment.
The ridge is formed as a depression 9 in the upper part
1. The ridge is delimited at each end by an abutment 10.

The inhaler is further provided with deaggregation
means after the powder compartment, as seen in the
direction of the intended air flow through the inhaler.
These deaggregation means comprise a number of
oblique planar surfaces which are oriented at an angle
of about 30° relative to the longitudinal direction of the




I ndentation (3) being in contact with the anbient air

through at |east one through-hole (24) provided in REPLACEMENT SHEET

the bottom of said indentation, the indentation (3)
being | ocated adjacent the air inlet (4), said inden-
tation (3) and the at |east one through-hdle (24) is

covered by a foilj S [aTsH ' '

at | east gne t hr o?%ﬁ%ﬁ?#?ﬁﬁ@( L%ﬁp%mggﬁ fég.ﬁgt l1?"((;a|tlthe. most

bei ng renovabl e f angla sl a(ﬂara&}w'qu:%rgl@txve to the air flow
direction for disintegrating powder agglomerations is
about 30°. Since the air flow will be deflected to some
extent by the planar surface, the flow direction will not
coincide fully with the longitudinal direction, but the
above angle has been chosen as being the best com-
promise. The angle can however be varied between 2G°
and 50° with a preferred range of 25° - 35°.

The planar surfaces are oriented generally perpen-
dicularly relative to the lower part 2, or at least as per-
pendicularly as the method of manufacturing the inhaler
allows. The planar surfaces are located in such a way
that their projections onto a cross-sectional plane sub-
stantially cover the entire cross-section of the inhaler.
The projections preferably should overlap to some
extent in order to ensure that any larger particles or
agglomerations entrained in the air flow will impact on at
least one such surface. In the preferred embodiment the
planar surfaces 11, 12, 13, 14, 15, 16 are located on the
upsiream ends of twao pairs of indentions 17, 18; 19, 20,
formed into the sides of the upper part 1 and on the
upstream end of a central depression 21 lccated
between said indentations foerming an island in the flow
path. The downstream ends of said indentations and
said depression taper in the direction of the air flow and
have a smcoth, rounded shape in order to cttain gocd
aerodynamic conditions without any areas where the
powder entrained in the air flow could settle.

The two main parts of the inhaler are shown sepa-
rated in Fig 2. Apart from the details shown in Fig 1, the
powder compartment 3 is shown opened, the tape 6
having been pulled outwardly through the air inlet. The
shape of the (broken) weld 22 can be seen on the tape
6 and around the powder compartment 3. As can be
seen, the shape of the weld has been chosen to be the
perimeter of a square oriented with one diagonal paral-
lel with the longitudinal extent of the inhaler. This means
that the disengagement of the tape from the lower part
2 will be facilitated since the tearing action will both start

REPLACEMENT -

[r————————,

27 JUN 1998




| east one t hr ough- hol e from out si de t he housi ng. 2.
Fnhal er according to claiml, char aggpNCEMENTBHERL

the at |least two parts of the ' housing are forned as a
nmoul ded upper part (1) and a generally flat |ower
part (2) in which the pOMF -6 - der indentatlon IS

provi ded, said upper over ts (1, 2) being

end of the tape is broad and strong, the user will feel
when the compartment has been uncovered by means
of the increased resistance.

——— SHEET - Figs 3A - 3C show different stages in the apening of
s -] the powder compartment 3 by pulling the tape 6, thus
{ 27 JUN 1998 exposing the powder 23. Fig 3A shows the tape 6

- attached around the recess 3 on the under side of the
lower part, thus covering the hole 24 whilst leaving a

tearing tab 25.

‘The end view in shown Fig 4 more clearly illusirates
the inter-relationship between the upper part 1, the
lower part 2, the powder compartment 3, the tape 6, the
conical projections 7, 8, the ridge 9 and the abutments
10. :
When the inhaler is to be used, the inhaler is held
more or less horizontal with the flat half 2 facing down-
wards. The free end of the tape 6 is pulled by means of
the tab 25, thus exposing the hole 24 and the powder in
the powder compartment 3. The two conical projections
7. 8 will hold the tape 6 flat against the lower part 2 and
thus prevent the tape from occluding the constriction in
front of the powder compartment. The user then inserts
the air outlet into the mouth and inhales through the
inhaler. The resultant air flow through the inhaler will
become very turbulent in the regicn of the constriction
and the pharmaceutical powder will be lifted out of the
powder compartment and mixed with the air flow. Any
particles adhering to the tape may also be entrained
with the air flow since the part of the tape originally cov-
ering the powder compartment also will lie directly in the
flow path. By admitting air into the bottom of the recess
3. the through-hole 24 will counteract any subpressures
in the bottom of the recess which might impede the lift-
ing of the powder out of the recess.

Tests have shown that the dose leaving a typical
powder compartment (e.g. about 0.5 mg) located at a
constriction having an area of about 10 - 12 mm? will
remain essentially constant at air flow rates varying
from 30 I/min to 60 l/min.



tudi nal si des. 3. Inhaler according to cREPRAREMENTSHEET
characterised in that the upper part (1) is noul ded

froma sheet of plastics naterial. 4. 1 nhal er according
to claim 3, characterised in that said constriction
(9) is forned -7 -

~ The powder-laden air will then flow from the con-
striction to the deaggregation means. The angie of
“attack of the oblique surfaces will entail that the lighter
particles, i. e. the particles within the respirable range, <
6um, will be deflected from the surface without sticking
thereto and thus mainly will follow the air flow, whereas
the heaver particles and agglomerates will impact on
and rebound from the planar surfaces and in this way be
‘broken up into smaller particles. As mentioned above,
27 JUN 1998 an angie of about 30° may be optimal.

In this case tests again have shown that the per-
centage of particles within the respirable range in the
dose to be inhaled will remain substantially constant at
air flow rates ranging from 30 I/min to 60 I/min.

That the dose of respirable particles remains sub-
stantially constant over a wide range of air flows is
important in order to minimize the difference between
paﬁents with different inhalation capacities.

It should be noted that the tubular shape of the
inhaler makes it possible to mount a rutber ball or simi-
lar over the air inlet. By the means therecf the powcer
could be ejected from the inhaler into the throat of the
patient in synchronization with the breathing of the
patient by a helper if the patient should be incapatle to
use the inhaler by himsalf.

As mentioned above, the lower part 2 of the inhaler
as well as the tape 6 preferably are made of aluminium
foil laminated or coated with a suitable plastic. The alu-
minium will ensure the desired protection against mois-
ture whereas the plastic will ensure that the tape can be
welded to the lower part and that the lower part can be
welded to the upper part. The lower part may for
instance consist of a aluminium foil having a thickness
of 45 u which on one side is covered with a layer of ori-
ented polyamide which is 25 u thick and on the other
side is covered by a layer of polypropene which is 60 p
thick. The upper part is preferably made of polypropene

being 300 or 400 u thick. The upper part can be trans-
parent so that the user can see if the dose has been

ejected from the powder compartment.

REPLACEMENT SHEET




as a depression in the upper side of the said upper _
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The tape may be made of a laminate having a
“peel”-effect comprising polyester, aluminium and a
layer comprising a polymer mixture of polybuten and
polypropene.

The choice of material in .the inhaler should be
adapted to the drug to be used. The above materials
have been chosen with a specific drug (budesonide) in
mind, these materials releasing a dose of this drug
more easily.

 The composition of the pharmaceutical powder of

course is quite optional and the powder may for
instance comprise a pure active substance, a mixture of
different active substances or a mixture of active sub-
stance(s) with adjuvant(s). It should be pointed out that
the scope of choice of drugs is widened considerably
due to the moaisture-proof containment of the drug in the
powder compartment.

The inhaler may be manufactured in the following
way. A series of half-spherical indentations are formed
in a strip of laminated aluminium foil in order to shape
powder compartments. If the indentations are to be pro-
vided with through-holes, these are also fcrmed at this
stage. The indentations are filled with drugs and are
topped off by means of scrapers, which will ensure a -
substantiaily uniform size of the different doses. An alu-
minium tape laminated with plastic is then welded over
each indentation and around the indentation on the out-
side of the lower part.

The lower parts are then welded to upper parts and
the strip is cut to form individual inhalers which are
ready for packaging and use. The upper parts are
mouided from sheets of plastic. In the moulding proce-
dure care should be taken to ensure that the side walls
of the upper part are as perpendicular as possible rela-
tive to the upper side in order to ensure an air flow which
is as uniform as possible throughout the entire cross-
section of the inhaler. The function of the abutments 10
primarily are to prevent that the ridge forming the con-
striction is distorted during the welding process.

- X0
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relative to
housi ng and
in the

| nhal er according to any one of the pr%cgding

5.
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part (1) which is oriented transveﬁﬁfﬁ%’”gﬁﬁﬂ

the | ongitudinal extent of HER

| ocat ed above the indentation (3) forned

| ower part of the housing.

Possible madifications of the invention.

- The invention of course can be modified in many
ways within the scope of the appended claims.

Thus the ridge 9 forming the constriction can be

designed in different ways in order to enhance the lifting

-action of the air flow on the powder. Some examples

thereof can be found in Figs S - 6.
Figs S and 6 illustrate two alternative embodiments
wherein the ridge has been provided with an edge 26

resp 27 oriented along the longitudinal extent of the

ridge and which also will direct some air flow more
directly into the powder compartment.
These embodiments will however require a higher

” degre_e of precision in the manufacturing in order to

obtain the desired effect than the embodiment
described above and will therefore be more difficult to
manufacture.

The ridge 9 forming the constriction has been illus-
trated as being generally trapezoid in cross-section and
as being generally rectilinear in longitudinal section. It
should however be pointed out that the constriction may
be shaped in many different ways within the scope of
the appended claims.

The powder compartment can of course have
another shape than a half-spherical shape and may for
instance be elliptical, the minor axis thereof being paral-
lel with the direction of the air flow, or may be otherwise
trough-shaped. It is of course also possible to have sev-
eral indentations, for instance if it is desired to increase
the dose in an exactly defined way. Two separate tapes
furthermore can be used to seal the recess 3 respec-
tively the hole(s) 24.

The projections 7.8 can be shaped otherwise than
conically and may for instance be shaped such that they
direct a greater part of the air flow more directly past the
powder compartment. They also could be integrated
with the abutments 10. '



cl ai nB,
made of

I nhal er according to any one of the preceding clains,
is in the formof a
free end extending out through the

that the foil

(6)

characterised in that the | ower £puACHMﬁNﬁ§ﬂEET

alumniumfoil lamnated with plastics.

- 10 -

‘The tape 6 could also be arranged in such a man-
ner that it can be removed entirely from the lower part 2.

In this case the projections 7,8 are not needed, at least
not for the purpose of guiding and holding the tape.

The deaggregation means can be designed in other

ways than in the form of planar surfaces oriented at an

angle of about 20° - 50° relative to the direction of the air
flow. This angle can of course also be varied outside
this range and the surfaces do not necessarily have to
be planar.

The material in the lower part and the tape does not
necessarily have to comprise aluminium and may be
any plastic material having the necessary impermeabil-
ity and stiffness or having been treated to have these

- properties.

It is also conceivable to make the inhaler from a sin-
gle sheet which is rolled or folded after having been
mouided in an appropriate way.

characterised in
t ape havi ng one



Cair inlet (Q——%ﬁpe—bvrng attached around edges REPLACEMENT SHEET

of the indentation s of relatively weak
wel ds(22) . “‘“H“I ‘m . Inhal er according to claim 6,
characterlse er end of the foil (6) is

attached to _the Iower part (2) between the air inlet
(4) and the indent atie&iﬁ;}g the foil extdndi ng past,

1. Disposable breath-actuated inhaler comprising a
tubular housing having two parts (1, 2) forming an
air flow path being open at both ends, one end
forming an air inlet {4) and one end forming an air
outlet (5), said housing comprising a compartment
(3) for. storing a pharmaceutical powder to be
inhaled, said housing is being shaped with a con-
striction(9) adjacent the compartment (3) in order to
obtain a turbulent air stream at the constriction (9)
upon inhalation thereby lifting the powder out from
the compartment (3) and mixing it into the air
stream, wherein the compartment is provided as an
indentation (3) being in contact with the ambient air
through at least one through-hole (24) provided in
the bottom of said indentation, the indentation (3)
being located adjacent the air inlet (4), said inden-
tation (3) and the at least one through-hole (24) is
covered by a foil (6) sealing the indentation and the
at least one through-hole in an airtight way, said foil
being removable from the indentation and the at
least one through-hole from outside the housing.

2. Inhaler according to claim 1,
characterised in that the at least two parts of the
housing are formed as a moulded upper part (1)
and a generally flat lower part (2) in which the pow-
der indentation is provided, said upper and lower
parts (1, 2) being joined together along their longi-
tudinal sides.

3. Inhaler according to claim 1 or 2,
characterised in that the upper part (1) is moulded

from a sheet of plastics material.

4. Inhaler according to claim 3,
characterised in that said constriction (9) is formed
as a depression in the upper side of the said upper



and being attached areund, "the indentation (3), the

foil then being bent “MWS about so as to BEPLACEME"B?HgﬁE
[3 *

8Iu;i ';nhr7f)ugh “‘*““?‘“‘\,\_‘ ,. 8. Inhaler according to

_ characterised in that the weak wel ds (22)
forma : poi nt faci Iilg downst ream

part (1) which is oriented transversally relative to
the longitudinal extent of the tubular housing and
located above the indentation (3) formed in the
lower part of the housing.

5. Inhaler according to any one of the preceding
claims,
characterised in that the lower part (2) is made of
aluminium foil laminated with plastics.

REPLAGEMENT :ET . Inhaler according to any one of the preceding

R claims,
27 JUN 19987 characterised in that the foil (6) is in the form of a
- | tape having one free end extending out through the
| ' air inlet (4), said tape being attached around edges
of the indentation (3) by means of relatively weak
welds(22).

7. Inhaler according to claim §,
characterised in that the inner end of the foil (6) is
attached to the lower part (2) between the air inlet
(4) and the indentation (3) the fail extending past,
and being attached around, the indentation (3), the
foil then being bent backwards about so as to
extend out through the air iniet (4).

8. Inhaler according to claim 7,
characterised in that the weak welds (22) form a
paint facing downstream.

9. Inhaler according to any one of claims 6 to 8,
characterised in that projections (7, 8) extend
downwards from the upper part (1) between the
indentation (3) and the air inlet (4) for holding the
foil (6) against the lower part (2) of the housing.

10. Inhaler according to any one of the preceding



9. Inhal er -aceemlkﬂg—{e—any one of claims 6 to 8, LREPLACEMENT SHEET

characterise |nthat oectlons(7 8) extend
downwards fr Qm ﬂl (1) bet ween t he
i ndent ati on nI et (4) for holding the
foil (6) against the Iower part (2) of the housing. 10.
| nhal er according to any one of the precedny
claims,
characterised in that deaggregation means (11,
12, 13, 14, 15, 186) are located in the air flow path

between the indentation (3) and the air outlet (5).

11. Inhaler according to claim 10,

characterised in that said deaggregation means

(11, 12, 13, 14, 15, 16) comprise planar surfaces
e 62 AR oriented 20° - 40°, preferably about 30°, relative to
REPLACEMENT SHEET the longitudinal direction of the tubular housing,
said surfaces being disposed generally perpendicu-
27 JUN 1998 - lar to a plane through the longitudinal axis of the
tubular housing, a projection of the planar surfaces
onto a cross-section of the housing substantially
covering said cross-section.
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ABSTRACT

The invention relates to a disposable breath-actuated
inhaler comprising a tubular housing forming an air
flow path being open at both ends, one end forming an
air inlet (4) and one end forming an air outlet (5),
said housing comprising a compartment (3) for storing a
pharmaceutical powder to be inhaled. The compartment
(3) for storing the pharmaceutical powder is located
close to the air inlet (4) and is covered by a thin
foil (6) sealing the compartment in an airtight way
which can be removed from the compartment from outside
the housing, said housing being shaped with a
constriction (9) adjacent the powder compartment (3)
such that a turbulent air stream will be obtained at
the constriction upon inhalation which will 1ift the
powder out from the compartment (3) and mix the powder
into the air stream.

FIGURE 1.



cl ai ns. characterised in that deaggregati on neans

(11, 12, 13, 14, 15, 16) are located i SLARERENT SHRRT
pat h bet ween the indentation (3) and tﬁr:ie al Fﬁgﬁglget
(9). . 11. Inhaler according to claim 10,

characterised in that said deaggregati on_neans (1 1,

12, 13, 14, 15, 16) conprise planar surt dcés
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oriénted 20[err] - 40[err], preferably about 30[err], relative to th

I'ongi tudi nal direction of the tubular housing, REPLACEMEN’HSHEET
surfaces bei ng di sposed general ly perpendi cu- lar to a plane through the

| ongi tudi nal axis of the - _ t ubul ar housing, a

proj ection of the planar surfaces onto a

cross-section of the hou5|ng substantlarTg - covering

sai d cross-section.
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