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The present invention relates to a device for inhalation of a pharmaceutically active

substance comprising means for generating a negative pressure or vacuum and to a method

s by which any suitable substance may be prepared in a dispersed state.

Inhalable pharmaceutically active substances are generally used for the treatment of diseases
in the bronchial and pulmonary area, such as asthma and chronic bronchitis. Various types
of inhalation devices or apparatus are used for this purpose.

10 ‘
One type of inhalation device is the breath-actuated inhaler, particularly but not necessarily
a dry powder inhaler, containing multiple doses of a medicament containing an active
substance. The inhaler has a manoeuvring means comprising a manoeuvring element for
loading one dose of the medicament to a dosing unit and providing said dose in a position

15 for inhalation. An inhaler of the prescribed type is described in EP-A-0 069 715 and EP-A-0
237 507.

The function of this type of known device depends on the creation of an airflow through the
inhalation device resulting from inhalation by the patient. The airflow causes the active

20 suobstance to be moved from a release position in a dosing unit into the airflow in which it is
dispersed. A break down of aggregated particles must also be achieved during inhalation,
because aggregates always occur in powders having fine particles, especially finely divided
powders of the type generally used for inhalation. A particularly advantageous inhaler of the
above mentioned type is the dry-powder, breath-actuated, multi dose inhaler Turbuhaler®,

25 generally described in the above mentioned EP-patents.

Some patients such as small children and elderly people with diseases in the bronchial area

are not able to use breath-actuated inhalers as it can be hard or even impossible for these

patients to achieve the necessary inhalation flow. Airflow needed is about 30 - 60 ¥/min and
30  many patients such as small children and elderly people are not capable of producing the
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to provide dispersion chambers having a considerable volume, e.g. up to 2000 ml, into
which the substance, with the pressurised gas, is dispersed. These devices are generally
called "spacers" and a typical spacer is known from GB 1 565 029.

10
Inhalation devices including dispersion chambers have also been developed for breath-
actuated, dry-powder inhalers of the above mentioned type. Such an inhalation device is
described in EP-A-0 548 152. This device comprises a reservoir for the active substance
(this can be part of a dry powder inhaler arranged inside the inhalation device) and a

15 dispersion chamber. The dispersion chamber has a movable wall part which varies the
volume of the dispersion chamber between minimum and maximum volumes so as to draw
active substance into the dispersion chamber from the dry powder inhaler. The movement of
the movable part is achieved by the movement of a piston which when lowered creates a
negative pressure within the dispersion chamber. The active substance is thereby drawn out

20  into the chamber. A patient may then inhale the dispersed substance in the dispersion
chamber through a face mask or mouth piece. This device is complicated and difficult to
use. Furthermore, contact with powder and the design of several mechanical parts make the
function of the device less reliable.

25 Itis therefore an object of the present invention to provide an inhalation device including a
dispersion chamber which can be used by patients having reduced ability and which can
create the air flow necessary to lift a dose from a release position into an inhalation channel,
disperse it in the air flow and achieve the required break up of aggregated particlés when
using a breath-actuated inhaler. Preferably, the device should be simple and reliable to

30  activate for inhalation and to use. The device should preferably be light, robust and |
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having:

a section for receiving the inhaler;
a dispersion chamber in fluid connection with said section; and
a suction chamber of variable internal volume and in fluid connection with said
1o dispersion chamber; wherein
by increasing the internal volume of said suction chamber, a negative pressure is
produced in said dispersion chamber, thereby drawing substance from the inhaler into the
dispersion chamber for subsequent inhalation.

15 According to the present invention, there is also provided an inhalation device having:
an inhaler for providing a dose of a substance for inhalation;
a dispersion chamber in fluid connection with said inhaler; and
a suction chamber of variable internal volume and in fluid connection with said
dispersion chamber; wherein
20 by increasing the internal volume of said suction chamber, a negative pressure is
produced in said dispersion chamber, thereby drawing substance from the inhaler into the
dispersion chamber for subsequent inhalation.

The significance of this is tﬁat the substance for inhalation does not come into contact with

25  any parts of the suction chamber creating the negative pressure. Furthermore, the dispersion
chamber may have fixed simple internal surfaces which minimize retention of substance.
Preferably, the suction chamber displaces a smaller volume than the volume of the
dispersion chamber and is connected to the dispersion chamber substantially at an opposite
end to the connection with the inhaler. In this way, dispersed substance drawa into the

30  dispersion chamber does not reach the connection to the suction chamber.
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The device according to the invention may be especially designed for patients who are not
capable of using a breath actuated inhaler of the above mentioned type for the reason that
they are not capable of creating the inhalation flow necessary to release and lift the dose of
the substance into the inhalation channel and to the lungs.

10

It is also an object of the present invention to provide a method of preparing a substance in

a dispersed state.

According to the present invention, there is also provided a method of preparing a
15 substance in a dispersed state in a dispersion chamber by drawing the substance into the
dispersion chamber from a dispenser, wherein a suction chamber of variable internal volume
is provided in fluid connection with the dispersion chamber and the method includes the
steps of:
increasing the intemal volume of the suction chamber so as to produce a negative
20  pressure in said dispersion chamber to thereby draw said substance from the dispenser into
the dispersion chamber.

As mentioned above, inhalation devices, including those with expandable dispersion
‘chambers, can include moveable parts which allow a substance to be sucked into a
25 dispersion chamber. Of course, these parts may be operated manually with the force for
filling the dispersion chamber being provided directly by the user. However, this force is
preferably provided by a sprung device such that the user merely has to release the tension
in the device. Unfortunately, however, due 1o the very nature of elasticity, the force
provided by a spring decreases as the spring expands. Thus the gas ﬂow into the dispersion
30  chamber is much higher for the first part of the filling of the chamber. This is particularly
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present invention, there is provided an inhalation device for use with an
5 inhaler, twO97IB2er being for providing a dose of a substcIRES6/#1984

i nhal ati on, the device havi ng: a section for receiving
t he inhal er, ' a di spersion clsanber in fluid connection with
said section; and a suction chanber of variable internal

volume and in fluid connection with said 10 dispersion chanber, wherein

by increasing the .internal, vol .0f said suction chanber, a.negati.ve
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provided an inhalation device having: _ an inhaler for _
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a sprung device for creating a change in pressure so as to cause said dispersed
substance to flow into said dispersion chamber; and
a flow regulating valve of variable restriction for restricting said flow of said dispersed
substance into said dispersion chamber; wherein .
10 the restriction of said flow regulating valve is arranged to vary in conjunction with

operation of said sprung device so as to compensate for characteristics of the sprung device.

In order to restrict or regulate the flow, the valve may be located anywhere in the fluid path,
i.e. in the inlet or outlet of the dispersion chamber or upstream or downstream thereof.

15
The position, construction and characteristics of the valve should be chosen according to
the type of inhalation device, the characteristics of the sprung device and the substance. In
general though, a sprung device will tend to create a much higher flow into the dispersion
chamber during the first part of the its operation than during its last part. Therefore, the

20 flow regulating valve should be designed to compensate for this and offer the most
restriction during the first part of the operation of the sprung device. For instance, where
the sprung device includes a piston moveable from a first to a second position, the

_ . Testriction should decrease as the piston moves from the first to the second position.

25 Inany device with a dispersion chamber, including those of the prior art using an
expandable dispersion chamber, some of the dispersed substance can fall out of its
suspended state in the gas and collect on intemal surfaces of the dispersion chamber. If the
user then tips the device, the collected substance, which might be powder or liquid, can be
poured out of the dispersion chamber outlet and, if fitted, a mouthpiece. This is undesirable.
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PCT/ SE96/ 01184 .15 defining a dispersion chamber for containing said dispersed substance and
defining an outlet in said dispersion chamber through which said dispersed substance may
s leave said dispersion chamber in a dispersed state; wherein
said walls also define at least one channelled region at least partly surrounding said
outlet such that any substance on said walls cannot be caused to travel across the walls
defining said channelled region and to pass through said outlet.

10  The channelled region may be provided as an inwardly extending funnel or cone or merely
as an inwardly extending pipe. The important aspect is that, if the user tumns the device
upside down, any substance which has collected on the sides will travel along the walls and
into the channelled region rather than out through the outlet. Since the outlet is positioned
inwardly of the general periphery of the chamber, substance cannot be poured out of it.

15
The inhalation device according to the present invention will now be described by way of
example with reference to the accompanying drawing, in which:

Fig. 1 is a side view of an inhalation device when the device is retracted and closed in its

20 inactive position,
Fig. 2 shows the first step of the activation of the device,

Fig. 3 shows the inhalation device of fig. 1 in

2s  position for inhalation,

Fig. 4 shows schematically the flow of the air when the substance is released and dispersed
in the dispersion chamber just after the device has been activated for inhalation,

30 Fig. 5 shows a device with a preferred mouthpiece valve,



Further preferred features are described in the appended clains 3 to 16.
Thus, there nay be provided an inhal ati on device which facilitates the use
of especially a Turbuhal er tor patients presently having 1o use
pressuri sed netered-dose inhalers 5 The device according to the
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di spenser |nto t he di spersion cha
comresponding to fig. 2,

Fig. 8b is a view along lines IV-IV in fig. 1 in the position where the spacer has been
activated and the dose released corresponding to fig. 3,
10

Fig. 9 shows a gear linkage for the mounting element of the device,
Fig. 10 shows a device with an insert to prevent collected powder falling out,
15 Fig. 11a and 11b show variations of the insert of Fig. 10.

The inhalation device comprises a housing 1 containing a first chamber 2, in which a suction
chamber of variable volume is formed, and a second chamber 3, the dispersion chamber,
having a constant volume. In the preferred embodiment the chambers are cylindrical but any

20 other form is possible. The two chambers 2 and 3 are arranged axiatly and telescopically
movable in relation to each other and a fluid connection is provided between the two
chambers.

The second, or dispersion, chamber 3 is provided w1th a lid 31 covering its upper part. Thé
25 lid 31 may be a separate component or formed integrally with the chamber 3. Said lid 31 is

provided with a mouth piece 32 intended to be inserted into the mouth of the user when the

device is to be used. The ri_touthpieoc is preferably detachable from the lid 31 for instance by

means of a bayonet fitting. In this way, it may be removed for cleaning.
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dispersion chamber 3 and the mouth piece 32. When the device is to be used, said mouth
piece is moved between a retracted position as can be seen in fig. 1 and 2 and an active
position as can be seen in fig. 3 and 4. If an infant is to use the inhalation device a face mask
5 of any known kind can be mounted on the mouth piece or the mouth piece can be

exchanged for such a face mask.

A one way valve 5 is provided in said inhalation channel 33. When the device is used and
the user inhales through the mouth piece 32, the valve opens in order to let the inhalation air

10 cntc.r through the mouth piece into the mouth of the user. When the user exhales, the valve
5 closes in order to prevent exhalation air to enter into the channel and the dispersion
chamber 3. In the preferred embodiment, the one way valve 5 is a so called flap valve, but
any other type of valve could be used, such as a torpedo or ball valve.

15 Fig. 5 shows a device with a preferred mouthpiece valve and Fig. 6a to 6¢ illustrate the
components of a similar valve. The valve comprises an insert 51 having a valve seat 52, an
aperture 53 and a bearing 54. The valve flap S5 shown in Figs 6b and 6¢ comprises a shaft
56 for insertion into bearing 54 such that the flap may freely rotate. When the insert 51 is
fitted in the mouthpiece, the wall of the mouthpiece closes bearing 54.

Inside the housing 1, means 6 are provided for mounting and activating an inhaler 7 which
may be an internal part of or detachably mounted in the housing 1. In the preferred
embodiment, the inhaler is of the type sold under the trademark Turbuhaler® and is
mounted in a chamber provided adjacent chamber 2. The inhaler 7 comprises a reservoir for

25 the substance to be inhaled, a dosing unit provided in the inhalation channel of the inhaler,
manoeuvring means 71 for feeding a dose of the substance to the dosing unit and to place it
in position for inhalation in the inhalation channel and a mouth piece 72. Although the
inhalerisa Turbuhale@ in the preferred embodiment any other inhaler of this or similar
types could be placed in a device according to the invention.
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device is in its retracted position, the opening 34 is located remote from the L-shaped
10 channel 8 and a fluid tight seal is established between the inhaler and the dispersion chamber
3.

Many pharmaceutically active substances are hydroscopical. They are sensitive to humidity
and must be kept in an environment with a stable humidity. In order to avoid moisture

15 entering into the inhaler the chamber in which the inhaler is arranged is scaled against
environmental air in an air tight manner. This sealing is broken when the device is activated
for inhalation, i.e. when the dispersion chamber 3 is turned to the active position. When in
the active position, an opening in the wall adjacent the first chamber 2 is opened and an air
inlet 75 is created. When inhalation has been completed and the dispersion chamber is

20  turned and lowered into its retracted position, the opening or air inlet is closed again and the
air tight sealing is achieved again.

_ As mentioned above, the first chambe;_‘ 2 and the dispersion chamber 3 are movable and
telescopically arranged in relation to each other Guiding elements are preferably provided
25 which guide the movement of the chambers in relation to each other. These guiding
elements can be provided as a pin on the surface of one of the chambers and a |
corresponding groove provided on the surface of the wall of the other chamber. The
function of the guiding means will be further described below in relation to the function of

the device.
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According to the present invention, there is provided an inhalation device
for providing The disper§ioWctiaiber3 itiapanged ditidethefirgechamber 2 sdiihdr diie LORomwall 35

devi ce conpri si n‘%z o . )

of the dispersion chamber defines the top wall of the first chamber. A piston 4 is arranged
inside the first chamber 2. The piston 4 is movable between a retracted first position and a
released second position as can be seen in fig. 2 and 3 respectively. The piston 4, the wall

s 35 and the sides of the first chamber 2, together define a suction chamber. The volume of
the suction chamber is varied by the movement of the piston. The piston 4 is provided with
a seal 41 providing a fluid tight seal against the walis of the first chamber during most of the
movement of the piston. Between the bottom wall 35 of the dispersion chamber and the
piston 4 biasing means 43 are provided which force the piston to its released second

10 position when the piston is released from its retracted first position. The biasing means is
preferably a spring. Lugs 42 are provided on the piston latching into grooves 21 provided
on the bottom of the dispersion chamber 3 thereby holding the piston against the biasing
force of the spring and locking it in its first position.

1s  In order to achieve the optimum flow profile for the air and/or gas drawn through the
inhaler where the flow rate increases in a controlled way to a maximum rate about 60 1/min,
an air/gas flow regulating device 9 is arranged in the dispersion chamber 3. This
compensates for the characteristics of the sprung device, i.e. the piston 4 and biasing means
43, described above.

The air regulating device is preferably constructed as a flow regulating valve 9 and is
attached to the piston 4. The flow regulating valve 9 is formed as a needle valve having a
stand pipe 91 and a cone shaped needle 92 arranged inside the stand pipe 91. The stand pipe
is mounted in the bottom wall 35 of the dispersion chamber 3 and protrudes upwardly inside
25 the dispersion chamber 3. A one way valve 93 is arranged at the upper part of the stand pipe
allowing fluid, i.e. air or even gas, to enter into the stand pipe and down into the variable

volume of the suction chamber.

The cone shaped needle 92 is provided on the piston 4 and protrudes npwardly into the
30  stand pipe 91. In the retracted first position of the piston 4, the needle 92 is provided inside
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restriction will decrease as the needle moves downwardly out of the stand pipe and into the
first chamber. In order to make the most optimal use of the inhaler arranged inside the
device, the air flow during the suction of air through the device should be the same every
time the device is used. This can be achieved by the arrangement of the stand pipe and the

10 needle. With the described construction, the speed, force and air flow profile of the air flow
through the device is optimised. The shape and length of the needle 92 has been determined
out of the object to achieve said optimised inhalation air flow.

Fig 7a illustrates a partial cross section through the standpipe 91 and shows the conical
15 shape of needle 92. Of course, any other form with any other cross section could also be
used as long as the requirement of flow restriction is achieved. Other possible valve
arrangements are illustrated in Figs 7b to 7f. Figs 7b and 7c show variations on the
embodiments of Fig 7a. Fig 7d shows a valve with a variable cross section standpipe. Figs
7e and 7f iliustrate a valve having a hollow needle and a series of apertures down the side of
20  the standpipe. For this latter embodiment, to avoid dispersed' substance being drawn into the
standpipe, the device of Figs. 1 to 4 should preferably be modified to move the dispersion
chamber inlet away from the series of apertures. These and other suitable regulating valves
_ can be used with other dispersion chambers such as described above in conjunction with
EP-A-0548152. ' | |

The mounting and activating means 6 mentioned above comprises a shaft, having a square
or rectangular cross section 11, mounted in the bottom wall of the housing 1 and protruding
into the first and dispersion chambers 2, 3 through holes 44 and 36 arranged in the piston
and the bottom wall 35 of the dispersion chamber respectively.

k]



Fig. 3 shows the inhalation device of fig. 1 in 25 position for

.inhakation, Fig. 4 shows schematically the flow of the air when the
substance is rel eased and di spersed in the dispersion chanber just
after the device has been activated for inhalation, 30 Fig. 5 shows a
device with a preferred nout hpi ece val ve, WO 97/ 11732

PCT/ SE96/ 0118W0 9711732 PCT/SE96/61184
Figs. 6 a-c show conponents of a nnuthpiecgzvalve,

According to one embodiment. a lever 61 is connected to the shaft 11 at its lower end. As
illustrated in Figures 8a and 8b, at least one, preferably two, further levers 62a, 62b are
connected to the first lever 61 at their first ends. The second ends of these further levers
62a, 62b are connected to a mounting element 63 in which the manoeuvring means 71 of

5 the inhaler 7 is arranged. The further levers are connected to the mounting element 63 in
such a manner that movement of the levers 62a and 62b will cause the mounting element 63
to turn, whereby the manoeuvring means 71 of the inhaler will also be tumed. The turning
movement of the manoeuvring means 71 corresponds to the required movement of the
means for feeding a dose into the inhalation channel of the inhaler. The length and form of

10 the further levers is determined by the required turning movement of the manoeuvring

means 71.

An alternative embodiment is illustrated in Figure 9. In this embodiment a gear 261 is
connected to the shaft 11 at its lower end. The gear 261 is then connected via an
15 intermediate gear 262 to a mounting gear 263 which is attached to an integral part of

mounting element 63.
The function of the device will now be described.

2 Initially the inhalation device is in the position shown in fig. 1 with the dispersion chamber 3
retracted into the first chamber 2 and with the mouth piece 32 placed in its retracted
position. When the user is to inhale, the dispersion chamber is raised in relation to the first
chamber 2 as shown in fig. 1. Thereafter, the mouth piece 32 is tuned by an angle of about

* 90° from its inactive to its active position. In the preferred embodiment, the mouth piece 32

25 is mounted to or formed as a part of the Iid 31 and the lid 31 which is rigidly connected to
or formed as a part of the upper part of the dispersion chamber 3. The movement of the
mouth piece 32 will release the locking means of the piston 4 from its first locked position.

In the preferred embodiment, the dispersion chamber 3 is rotated by about 90° in a plane
30 parallel to the horizontal as illustrated in the Figures, but the angle can be made less or more



Figs. 7 a-f show various flow regulating valves, 5 Fig. 8ais a view
-along lines 1V-1Vinfig. 1inthe first step of activation of the device

corresponding to fig. 2, —  Fig. 8b1s a view along. TTnes TV-TV in fig.
1 in the position where the spacer has been activated and the dose
rel eased corresponding to fig. 3. 10 Fig. 9 shows a gear |inkage for
t he nounti ng wosTams2of the device, Fig. 10 shows a daisegsonigd an
insert to prevent collected powder falling out, 15 Fig. 1laand 1 1b
show variations of the insert of Fig. 10. 13 The i nhal ati on devi ce
conprises a housing 1 containing a first chanmber 2, in mhich a suction
chanber of variable volune is fornmed, and a second chanber 3, the

di spersi on chanberyo . Vi r
i per i on chatiacionssmply WA SET Mo B ¥k BEPRGHRS bPlprery
The two chanmbelpihé nividting MdAcivating 8Rshs X Tk slbeddse the hesin Movéihdny of the
novable in relation to each other and a fluid connection is tErow ded
bet ween t he t wsnanoeuvring means 71 to feed a dose to its release position determines the
movement of the mounting element 63. The mounting element 63 is turned by the
s movement of the lever arms 61, 62a and 62b or the gears 261, 262, 263 when the device is

activated, i.e. when the dispersing chamber 3 and the mouth piece 32 are turned.

When the lid 31 and the mouth piece 32 are turned to activate the inhalation device, the
movement of the dispersion chamber 3 and the piston 4 is transferred 1o the first lever 61 or

10 geai' 261 via the shaft 11. The first lever 61 tums and transfers this movement to the further
levers 62a and 62b or the gear 261 transfers this movement to gears 262, 263 which then
turn the mounting element 63 and the manoeuvring means 71 of the inhaler 7.

As described above the mounting and activating means 6 for the inhaler is arranged in such

15 manner that the manoeuvring means 71 of the inhaler 7 is turned when the mouth piece 32
is turned to its active position. In this way a dose of the substance to be inhaled will be fed
from the reservoir of the inhaler into the dosing unit and positioned for inhalation in the
inhalation channel of the inhaler.

20  In the initial retracted position, the lugs 42 of the piston 4 are latched into the locked
position in the bottom wall 35 of the dispersion chamber. When the dispersion chamber is
moved in relation to the first chamber, the piston 4 will follow the dispersion chamber

_ upwardly until an end posmon is reached thn the end posmon has been reached, the
mouth piece is tumed and the arrangemcnt of the gmdmg means between the two chambexs

25  will unlock the lngs 42 such that the piston 4 is released. Due to the biasing forces of the
spring 43, the piston is forced downwardly away from wall 35 inside the first chamber
increasing instantly the volume of the suction chamber. A negative pressure or vacoum is
thus created in the suction chamber. Through the stand pipe 91, air is drawn from the
dispersion chamber down into the suction chamber and a negative pressure or vacuum is

30  created in the dispersion chamber. As mentioned above, air inlets 75 are arranged in the



chanber s. The second, or dispersion, chanber 3 is provided with a
.+id, 31 covering its upper part. The 25 |id 31 may be a separate conponent

or formed integrally with the chanber 3. Said lid 31 is provi ded with
a nmouth piece 32 intended to be inserted into the nouth of the user when

t he devwbewhz 320 be used. The nout hpiece is preferably detachable from
the lid 31 fo° 1NsFAnce by nmeans of a bayonet fitting. PGELHPLS4qy ¢
may be renoved for cl eaning. \‘\Q 97/ 11732

PCT/ SE96/ 01184 8

Inside the lid, an inhalation channel 33 is arranged between and in fluid
connection with the di spersion chanber 3 and the nouth piece 32. \Wen

the device is betoaewalbefthe hausihg 10 Thése air inletpare formied toguidehaitigis\is ®rthéchamber
retracted position as can be seen in fi %’eall and, 2 and an actjve
in which the inhaler is housed. Due to a 73 provided around the inhaler, the only path
for the air is through the inhalation channel of the inhaler. A dose of the powder has already
been placed in the inhalation channel during the activation of the device. This dose will be
s  lifted out of its position, mixed with the air in the air flow and will travel with the air flow
up through the mouth piece 72 of the inhaler via the L-shaped connection means 8 into the

dispersion chamber through the opening 34.

The stand pipe 9 is constructed in such a manner that the volume of air passing down to the

10  suction chamber is less then the air volume of the dispersion chamber before air is entered
from the inhaler. In this manner the amount of aerosolised substance which enters into the
stand pipe is minimised.

As illustrated in Fig 10, in order to further improve the device, an insert 100 can be

15 provided in said dispersion chamber 3 in order to provide a channelled region and to
prevent powder particles which have collected on the bottom of the dispersion chamber
from falling out of the dispersion chamber into the inhalation channel 33 of the lid or into
the mouth piece 32. Preferably, the insert 100 has a funnel-form and is placed with its tip
directed downwardly towards the bottom 35 of the dispersion chamber 3. However, any

20 form producing a channelled region around the outiet 102 will have an equivalent effect,
such as a curved cross section as fllustrated in Fig 11a and a ridge as illustrated in Fig 11b.
These channelled regions may be used with other dispersion chambers such as described
above in conjunction with EP-A-0548152.

25 Possible modifications
The inhalation device according to the invention as described above could of course be
modified within the scope of the appended claims.

Thus, although in the preferred embodiment, the mouth piece and the dispersing chamber
3  are turned through an angle of about 90° when the device is activated for inhalation, by a



position as can be seen in fig. 3 and 4. If an infant is to use the

-inhal ation _device a face mask s of any known ki nd can be nounted on the
nout h pi ece or the nouth piece can be exchanged for Such a face mask
A one way valve 5 is provided in said inhalation channel 33. Wen the
device is used and t he user inhales through the nouth piece 32, the
val ve opens iwoorders2to |let the inhalation air 10 enter thmrecrgkeddiessnout h
piece into the mouth of the user. \Wen the user exhales, the valve 5
closes in order to prevent exhalation air t¥§ enter into the channel and the
di sper si on chanber 3. In the preferred enbodi nent, the one way valve 5
Is a so called flap val ve, but any ot her type of valve could be used,
such as a torpedq.or _.bal]l, valye. 15. Fig. shows device with.a
preferred nout ﬂ}?ﬁlﬁ%én%?‘]\ﬂée &V’ﬁ‘.‘"ss'g“ﬁ%@srf’?F%‘f”PgFgﬁ toany OfiSt 1 onent s
of a.simlar va&mgmcgggavalve conprises an insert 51 having a valve seat

52, an aperture and a bearing 54. The valve flap 55 shown in Figs
6b and 6c¢ conprises a shaft 56 for insertion into bearing 54 such that

the flap may freely . rotate. \Wepn the i.nser 1.s Lfitted in fhe

mout hpi ece, t hé‘iﬁﬁ%{ﬂh agl?“?'ﬁ'@“%ﬁf WT‘@E’Q”C‘P‘E?&%’Z%@&? Fffﬁngeﬁl_. a%?ff_’ any °&“F_ﬁ§}fa£fé
the housingsl, cHRABE nsederel do¥é SsubstincB RIBY ihkiledds lih YinhBkcH chamiep! er
7 whi ch may be an internal part of or detachably nmounted in the

housing 1. |n férdnhmlationandis which aixorigasiis deawn, throngh the inbrlation chauyiel inqasdaryymix
sol d under the trade Tur al.er[ernr]. and | ..fmounted in a chanber
provi ded adj acé}fﬁ‘{%&ﬁgﬁﬁ@c’%’a?%hoﬁlﬁgf’éémf’mmas%a&%@reservoi r for 25

t he substance to be inhaled, a dosing unit provided in the inhalation
channel of the inhaler, manoeuvring neans 71 for feeding a dose of the

subst ance to t e deyi¢erhys bennidescribied for pseaich 4ix drawn from the environment around the

10 device. However, if necessary or required, a gas source could easily be connected to the air

inlet of the device and gas could be drawn into the device instead of or together with

outside ambient air.

1t is also possible to modify the device so that the air contained in the chamber 2 under the

15 piston 4 is used to equalize the negative pressure or vacuum created in the inhaler during
the drawing of air from the inhaler into the dispcrsing chamber 3. In this case, air from thg
chamber 2 will be drawn through air inlets close to the inhaler and will pass through the
inhaler in the same manner as described above. An advantage of this arrangement is that the
increased pressure created in the air volume beneath the piston provides an extra force to

20  release and transport the dose and the air up through the inhaler and further into the
dispersion chamber.

In the described embodiment, - mounting and activating means consists of a lever
mechanism comprising lever arms or a gear drive. However, other activating mechanisms
25  for the manoenvring means of the inhaler conld be used, such as different types of drive

mechanisms, e.g. drive belts and similar.



in bosition for inhalation in the inhalation channel and a nouth piece 72.
. Al t hough t he I nhal er |s.aquLbuhaLeL_Ln_Lhe preferred enbodi nent any

ot her inhaler of this or sim rr aced in a device
according to the invention. 3 97/11732
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The manoeuvr MY HEHRs 71 of theé ihhaler" 7°%i s mounted in a nBCAEESEIEh]
activating neans 6 of the inhalation device in a manner which will be
described in nore detail bel ow. Wh mounted in the housing 1, the

nmouth piece 72 of the inhaler 7 is connected to the 5 dispersion chanber
3 viathe first end of a substantially L-shaped channel 8. Wen the
device is rea?‘msi nhal ation, the other end of the channel 8 is arranged
to be in flui

1.  Aninhalation device for use with an inhaler, the inhaler being for providing a dose of
a substance for inhalation, the device having:
5 a section for receiving the inhaler,
a dispersion chamber in fluid connection with said section; and
a suction chamber of variable internal volume and in fluid connection with said
dispersion chamber; wherein
by increasing the internal volume of said suction chamber, a negative pressure is
10 produced in said dispersion chamber, thereby drawing substance from the inhaler into the
dispersion chamber for subsequent inhalation.

2.  Aninhalation device having:
an inhaler for providing a dose of a substance for inhalation;
15 a dispersion chamber in fluid connection with said inhaler; and
a suction chamber of variable internal volume and in fluid connection with said
dispersion chamber; wherein
by increasing the internal volume of said suction chamber, a negative pressure is
produced in said dispersion chamber, thereby drawing substance from the inhaler into the
20 dispersion chamber for subsequent inhalation.

3.  Aninhalation device according to claim 1 or 2 having a first chamber and a piston
movable within said first chamber, wherein said suction chamber is defined by said first
chamber and said piston. '

4.  An inhalation device according to claim 3 whezein the dispersion chamber is mounted
telescopically within said first chamber and is movable between a retracted position within
said first chamber and an extended position.

' ET WAS BEEN
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connection with the dispersion chanber 3 via an opening 34 provided in the
wal,l 37 of the di spersion chanber 3. A seal 81 is arranged close to
t he end of theé channel 8. Wen the device 1s 1n its retracted

position, the opening 34 i 4 1 Lromthe L-shaped 10 channel 8
and a fluid tight seal is iﬂlﬂlﬁm mﬁlm,lm n the inhaler and the

di sper si on okhewtreriaz 3. * “ Y My pharnaceutical |y ®crisEssmaigast ances
are hydroscopical. They are sensitive to humdity and nust be kept in
an environnent with a stable humdity. Inlbrder to avoid noisture 15

entering into the inhaler the chanber in which the inhaler is arranged is
seal ed agai nst environnental air in an air tight manner. This sealing

i's broken when the device js, activated , . or. i .20, el he
di sper si on ckﬁanbeﬁ‘“’ﬁh‘;{%“qnd‘ma‘icﬂmﬁ}gﬁmegﬁ’ﬁ is@??ﬁ?&‘{?@gﬁwﬁ"‘mt e
active poSi Ui Bfyind%h fRAE Blid first Shabrber, Y84 bisidfl béisrlcatably dohnéctodiljaoine saidwilb
opened and an air Inlet 75 1s created. en i nhal ati on has been

conpl et ed ancandimoveble pithsaiddispersioh chamber #ben copnested. and | owered into its
reacted position, the opening or air inlet is closed again and the air
tight sealing is achieved again As nentioned above, the first

chanber 2 andg t hex g Enseni defics MRBieg 18 cRineS RVt reledsivl mechanismifarzelepingal | y

arranged in relation to each other. Qui ding el ements are_ preferabl
provi ded 25 thbcainegtionondtht said pissereandra biasingimemberforbiasing

y \
said piston away,from sdid . h

ot her. These | di n .el.ement ' ' surface
of one of -t he ik EhEER svhan geif dRPESI0S cfelbel  fRvat i i Eufind fosfiin e
surface of thgydiatd pdaftion)e plsttAmdveaWRE the dispérsion chanibenaatiltire dipetsivm gui di ng
neans W ll be further described belowin relation to the function of
chamber reaches the extended position, whereupon the releasing mechanism operates to
10 release the connection with the piston, such that the piston is biased away from the wall and

the internal volume of said suction chamber is increased.

7.  Aninhalation device according to any preceding claim having an element for
controlling the fluid flow from said dispersion chamber to said suction chamber.
15

8.  Aninhalation device according to claim 7, wherein said element is formed as a fluid
regulating valve.

9.  Aninhalation device according to claim 7 or 8, wherein said element is formed as a
20  stand pipe and a cone shaped restriction element on said piston protruding into the inside of
said stand pipe, thereby regulating the fluid flow through the stand pipe when the piston

moves from its first to its second position.

10. An mhalauon devicé accordmg to any preceding claim, wherein the inhaler inclﬁdes a
25 manoeuvring element for feeding a dose of the substance to an inhalation channel of the
inhaler, the device further including a mounting and activating means comprising a
mounting element for mounting the manoeuvring element and a lever arrangement being in
movable connection with the mounting element wherein said lever arrangement is connected

to the first and dispersion chambers.

30 —
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t he device. 30 WO 97/ 11732
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The dlsper5|on chanber 3 is arranged inside the first chanber 2 so that the
bott om wal | of thﬁlﬂl HJIHL EH’IH er defines the top wall of the
first Chanb%\?@bﬂ%i ston 4 inside the first chanber 2. The
piston 4 is # bet ween a re'tract &d first position andPEV/SE96/N01}84| cased
second position as can be seen in fig. 2 gﬁd 3 respectively. The piston 4,
the wall s 35 and the sides of the first anber 2, together define a

suction chanber. The vol une of t he suction chanber is varied by the
novenment of the piston. The piston 4 is provided with a seal 41

providing a flyi dAh infalatiSeddvice adtoiding td Raitell0l, Ravirig d shaft iwhich s cohimethdito ther | Ng

nost of the novenent of the piston. Between the bottomwall 35 of the
di spersi on chl¢mesarrangamenpand which isimaugted an g batom walhehseid dispersion ghamherand

whi ch force t Qﬁa‘d ﬁgtiﬁ,%&&yiatlﬁdeﬁleﬁm tﬁ?p(‘e&?(gi and first chambers in relation to the -

inhaler is transferred to the manoeuvring element via said shaft and said lever arrangement.

12. Aninhalation device according to any one of claims 1 to 9 wherein the inhaler
includes a manoeuvring element for feeding a dose of the substance to an inhalation channel
of the inhaler, the device further including a mounting and activating means comprising a
gear arrangement in moveable correction with the mounting element wherein said gear

10 arrangement is connected to the first and dispersion chambers.

13. An inhalation device according to any preceding claim, having an insert provided in
said dispersion chamber, said insert being funnel-shaped and provided with its tip directed
away from an inhalation outlet of the dispersion chamber.

15
14. Aninhalation device according to any preceding claim, wherein the substance is a

pharmaceutically active substance.

15. Aninhalation device according to any preceding claim, wherein the inhaler is a dry-
20 powder inhaler.

16. An inhalation device according to any of the preceding claims, wherein the inhaler is a
Turbuhaler®.

25 17. A method of preparing a substance in a dispersed state in a dispersion chamber by
drawing the substance into the dispersion chamber from a dispenser, wherein a suction
chamber of variable internal volume is provided in fluid connection with the dispersion
chamber and the method includes the steps of:

———

i
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10 position when the piston is released fromits retracted first position.

. Thes biasing neans is preferably a spring. Lugs 42 are provided on the
pi ston | atching into grooves 21 provided on the bottomof the

di spersi on chanber 3 themﬂnﬂ “" pi ston agai nst the biasing .
force of the spring and | I ﬂl "ﬁm ﬂll first position. 15 1In order to
achi eve the oyopuums2f | ow pgrofilke f'or sthe air and/ or gas dr arcrsEveough t he

i nhal er where the flow rate increases in a controlled way to a maxi numrate

about 60 1/m n, an air/gas flowregul®ing device 9 is arranged in the
di spersion chanber 3. This conpensates for the characteristics of the
sprung device, i.e. the piston 4 and bi asi ng neans 43, descri bed

above. 20 The air regul ating device s ptef onstructed a
flow regul ating val W‘ﬁgﬁ‘%‘mg v°ﬁ‘§fet m&&&o&%@ﬁé&ﬁ%ﬁﬁ%ﬁ _‘\'/cv
regul ating valprgsite hﬁsafdﬂi?&io%&hﬁnﬂ&%ﬂh&egﬁhmw siid\shbstande from theésdigpasepinite 91
and a cone shaped needl e 92 arranged inside the stand pipe 91. The stand

pi pe i s redispersianchemberhot t om wal | 35 of the di spersion chamber 3 and
protirudes upwardly inside 25 the dispersion chanber 3. A one way val ve 93
I s arranged at the upper part of the stand pipe allowing fluid, ie.

air or even g3s, (A ifNMAibn déVice cofPrisihgdnd pi pe and down into the variable
vol ume of the suction chanber. The cone shaped needle 92 is provided

on the piston 4 aRdWFMW@WBHFM@@MEM%i pe 91. In the
retracted Tirst pQgLbhoBevide thi\Gedting b QRarde if HEssBESH hftoWaude Sail'dRpbAGT ' NSi de

substance to flow into said dispersion chamber; and
a flow regulating valve of variable restriction for restricting said flow of said dispersed
10 subétance into said dispersion chamber; wherein
the restriction of said flow regulating valve is arranged to vary in conjunction with

operation of said sprung device so as to compensate for characteristics of the sprung device.

19. An inhalation device according to claim 18 wherein;
15 said flow regulating valve is located at an outlet of said dispersion chamber.

20. Aninhalation device according to claim 18 or 19 wherein
during a single use of the sprung device, the force provided by the sprung device
decreases and the restriction provided by said flow regulating valve is arranged to decrease

20  simultaneously.

21. Aninhalation device according to claim 18, 19 or 20 wherein the sprung device
comprises a moveable piston and a spring for moving said piston.

25 22, Aninhalation device according to any one of claims 18 to 21 wherein the flow
regulating valve comprises an elongate pipe and an axially moveable member within said
pipe, the relative cross sections of the pipe and the member being such that as the member is
moved out of the pipe, the smallest cross sectional area between the pipe and the member

increases in area.
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the stand pipe along its whole | ength. Wien the piston is released fromits
retracted position m ly so as to increase the vol une
of the sucti h_g er, tﬁ mﬂmamﬂmmuf move wWith the piston and out

of the stan%"éé. The needl e restrrcts thne cross section ISP ERy01184

stand pi pe and thereby restricts the val Vs cl earance in the stand pipe. The
air flowdowm s through the stand pipe Ts thus nost restricted at the

poi nt of release of the piston, but this restriction will decrease as
t he needl e noves downwardly out of the stand pipe and into the first

chanber. |n @sden rehadbdfprégatingn sibsaned imaldisparsedata ina dispassioachamben by ed
i nside the device, the air flow during the suction of, t hy ough t he

devi ce shoul gsipga sprung deviceforeroating a changg in PresurFsas o qause paid can be
achi eved by -gec&ﬁi i {:&% .needle. Wth the
descri bed co%‘?%‘raﬁ%t?on, ”yewﬁs?{)del , @@%@bﬁhﬁgﬁ% 0 rf)s?lgfi |l e of the air

ir
L

fl ow t hr ougdtyinp @ rekmiction offered pd theflewdnto THealisperzjpe charobelr énpnjunctiont he

needl e 92 has _been determ ned . out of the ob{,e%ﬁ to achio?ve sai d

opti ni sedS$i n Aith.operation of: sajd sprung device so as to compensate for charactenstics of the sprung
device.

24. An inhalation device for providing a substance dispersed in a gas for inhalation, the
device comprising:

10 walls defining a dispersion chamber for containing said dispersed substance and
defining an outlet in said dispersion chamber through which said dispersed substance may
leave said dispersion chamber in a dispersed state; wherein

said walls also define at least one channelled region at least partly surrounding said
outlet such that any substance on said walls cannot be caused to travel across the walls

15 defining said channelled region and to pass through said outlet.

25. An inhalation device according to claim 24 wherein said walls defining said channelled
region comprise a substantially conical section protruding inwardly of the dispersion
chamber, said outlet being formed at the apex of said conical section.

26. A method of preparing a substance in a dispersed state in 2 dispersion chamber and of
preventing the substance leaving an outlet of the dispersion chamber when notin a
dispersed state, the method comprising: |
providing walls in said dispersion chamber which define at least one channelled
25  region at Jeast partly surrounding said outlet.
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Fig 7a illustrates a partial cross section through the standpi pe 91 and

. shows the conical 15 shape of needle 92. O course, any other formwth
any otner cross section could also be used as long as the requirenent
of flowrestriction is achieved. O her possible valve arrangenents are
illustrated in Figs 7b to 7f Figs 7b and 7c show variations on the

enbodi nents &oéig73¢a. Fig 7d shows a valve with a vari abl ePCH/SES$/0H8€t | ONn
st andpi pe. Figs 7e and 7f illustrate a valve having a hol |l ow needl e
and a series of apertures down the side of/#B0 the standpipe. For this

| atter enmbodi nent, to avoid di spersed substance being drawn into the

st andpi pe, the device of Figs. 1 to 4 should preferably be nodified to nove

t he di spersion chanber inlet away fromthe series of apertures. These
and ot her suitable regul ating val ves can be used with other dispersion
chanbers such as described above in conjunction wth EP- A-0548152. 25
The nounting and activating neans 6 nentioned above conprises a shaft,
havi ng a square or rectangul ar cross section 11, nmounted in the bottom
wal | of the housing 1 and protruding into the first and di spersion
chanbers 2, 3 through holes 44 and 36 E?ig;n d in the piston and t he
bottomwal |l 35 of the dispersion chanber'wéspectively. 30
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AcTtordimg to one enbodi nent, a lever b6l 1s connected to the shaft 11 at its
| ower end. As illustrated in Figures 8a and 8b. at |east one,
preferably two, further |evers 62a, 62b are connected to the first

| ever 61 at woedmnifierst ends. The second ends of these fur tRESVSEIENESS
62a, 62b are connected to a nounting el enent 63 in which the manoeuvring
means 71 of s the inhaler 7 is arranged.zfﬂﬁe further | evers are connected

to the nounting elenent 63 in such a manner that novenent of the
| evers 62a and 62b will cause the nmounting el enent 63 to turn, whereby
t he manoeuvring nmeans 71 of the inhaler VE;' agzo be turned. The turning
novenent of the manoeuvring means 71 corr Jﬁan »to the required novenent
of the means for feeding a dqse intogthe inhalation channel of the
I nhal er. The |l ength and form of the fuxtherdd evers is determ ned by the
requi red turning novenment of t 71. An
alternative enbodinent is j ated in Fi O thp s enbodi nent a
gear 261 is connect o the shaft 1fL at\\\{s | end. The gear 261
I's then connected via 15 internedi at e|] gea 6to a nounting gear 263
which is attached to | al pa

3

S

/
i 1 Vi i
43 A 1 k =
28l - -
!ll 11 ’/f ; [
; | RS
f !
2/ menl | Iama B N
1 VvV }
] L/ v . 7
? 1 V f )
X A A fj ,
4 1 Y L
¢ /N o
f 7 y
2"7\ A / ’
'E [ a j !
4 / / {
v ) ¢ . 73
’ /B¢ L
, .
- / ‘/ l
Ql N Q - 5
SSSL s S5

6 61 63



nounting el ement 63. The function of the device will now be

descri bed. 20 Initially the inhalation device is in the position shown

i T g— T Wth the dispersion chanber 3 retracted 1nto the first
chanber 2 and with the nouth piece 32 placed in its retracted

position. When the user is to inhale, the dispersion chanber is raised in
relation to Wy»y7hifsst chanber 2 as shown in fig. 1. THrOTSED6/eNS4 t he
nout h piece 32 is turned by an angle of about 90 fromits inactive to
its active position. In the preferred engpgy nent, the nouth piece 32 25 is
nmounted to or formed as a part of the lid 31 and the lid 31 which is

rigidly connected to or fornmed as a part of the upper part of the
di spersi on chanber 3. The novenent of the nout h piece 32 will rel ease
t he | ocki ng nmeans of the piston 4 fromits first | ocked position. In
the preferred enbodi nent, the dispersionjﬂﬁgxﬁsy 3 is rotated by about
90[err] in a plane 30 parall the hdri"2hd as illustrated in the
Fi gures, but the angle can ess or nore '
/V\
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WD 97/ 11732 _
. PCT/ SE96/ 01184 _ 13

t k90T TSI nply by nodifying the arrangenent of the |ever arnms or the
nunber of gear teeth in the nounting and activating neans 6. This is
because the turning novenent of the manoeuvring neans 71 to feed a
dose to its @@)®AaIB2pOSition determnines the required REFRERMISDHT t he
nounting el ement 63. The nounting el enent gi is turned by the 5 novenent
of the lever arnms 61, 62a and 62b or the4é rs 261, 262, 263 when the

device is activated, i.e. when the dispersing chanber 3 and the nouth
pi ece 32 are turned. When the lid 31 and the nouth piece 32 are
turned to activate the inhalation device, the novenent of the

di spersion chanber 3 and the piston 4 is transferred to the first lever 61

or 10 gear 261 via the shaft 11. TF}J:;zst | ever 61 turns and transfers
this novenment to the further vers 62aﬁéﬂ9_ b or the gear. 261
transfers this novenent to gifrs 28% 263 whi ch *fhen turn the
nmounting el enent 63 and the noeuvki ng nmeans 71 of the inhaler 7.
As descri bed above the np ng and [vating nmeans 6 for the inhaler is
arranged in such 15 the ma ring means 71 of the inhaler 7
is turned when the tA pPHece 32 i's rned to its active position. In
this way a dose of t ubftance to be inhided will be fed

91 3
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fromthe reservoir of the inhaler into the dosing unit and positioned for

i.-nhal ation in the

i nhal ati on channel

of the inhaler.

20

|n_the

|t

t he | ocked

retTacted position,

S

position in the bottom wall
When t he di spersion chanber

t he piston 4wydihifzel | ow the di spersion chanber
position is reached. When the end position has been reached,

piece is turned and the arrangenent of t5&0gui di ng neans between the two
w |

chanbers 25

the Tugs 42 of the piston 4 are latched into
35 of the dispersion chanber.
noved in relation to the first chanber,

upwar HCI/SESG#1184an end

t he nout h

unl ock the lugs 42 such that the piston 4 is rel eased.

Due to the biasing forces of the

downwardly away from wal |
instantly the volunme of the su

35 inside t
on c

spring 43,

chanber

the piston is forced

i ncreasi ng

. izgt
»A negative pressure or vacuum

oL
thus created in the suc#ion chanber. Thro the stand pipe 91, air

S

is drawn fromthe di sper si spicti on chanber and
a negative pressure or va 0 cregtie\Jflg t di sper §i on chanber. As
ment,i oned above, air in 75 are arrarng e WO 97/ 11732
PCT/ SE96/ 01184
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14 bottomwall of the housing 1. These air inlets are forned to

. guide air/gas in to the chanber ~in which the inhaler is housed. Due to
a Sear— 73 provided around the Tnhaler, the only path for the air is

t hrough the inhalation channel of the inhaler. A dose of the powder has

al ready been placed in the inhalation channel during the activation of
the device. Woemdese wll be 5 lifted out of its positiPCE/SEYSABE4 Wit h
the air in the air flowand will travel with the air flow up through
the mouth piece 72 of the inhaler via the/teshaped connection neans 8 into
t he di spersion chanber through the opening 34. The stand pipe 9
is constructed in such a manner that the volunme of air passing down to the
10 suction chanber Eigesahen the air volunme of the dispersion chanber
before air is entere omthe inhaler. In this rE; e anmount of
aer osol i sed substance mhlch ters into the st and e M ni m sed.
As illustrated in Figg rder to further inprove the device, an insert

100 can be 15 prOV|d.o¢”t/sa|d di spersion chanbersg in ordgp5to provide a
channel | ed region and [to R\ g53ent powder partifle | ect ed
on the bottom of the di spersNap chanber fro

di spersi on chanber intjo the |R“:Iat n channel 33 of the lid or into
the nouth piece 32. Prj 8 I nsert 100 has a funnel-formand is
placed with its tip

56 ] |
|




directed downwardly towards the bottom 35 of the dispersion chanber 3.

. However, any 20 form producing a channelled region around the outlet 102
wi [T have an equil val ent efrrtect, such as a curved cross section as
|lustrated in Fig 11la and a ridge as illustrated in Fig 11b. These
channel | ed regions may be used with other dispersion chanbers such as
descri bed wopAY@2i N conjunction with EP-A-0548152. 25 pCRvsE9é/E1h S

nodi ficati ons The inhal ati on device according to the invention as
descri bed above could of course be madiGi ed within the scope of the
appended cl ai ns. Thus, although in the preferred enbodi nent, the

nmout h pi ece and the dispersing chanber 30 are turned through an angl e of
about 90[err] when the device is activated for inhalation, by a

Sl Figle. g - Fig.7d.
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15 nodi fication of the guiding nmeans, the angle of rotation can be
. changed to any ot her desirable angle. Al t hough a :
brgatm-actruated dry- powder 1 nhal er has been descri bed above, any ot her
inhaler s could be used where a dose of a substance to be inhaled is

pl aced in an inhal ation channel for inhalation and in which air or gas
i's drawn thr Qugéydike | nhal ati on channel in order to mx PCT/SES6AIISE Wi t h
the inhalation flow and to transport it to a patient. The devi ce has

been described for use with air drawn fr&H@&he environnent around the 10
device. However, if necessary or required, a gas source could easily be
connected to the air i nlet of the device and gas could be drawn into
t he device instead of or together with outside ambient air. I t
is al so possible to nodify the device so that the air contained in the
chanber 2 under the 15 piston 4 is used to equalize the negative pressure
or vacuumcreated in the inhaler durgnﬂg Es the drawi ng of air fromthe

i nhal er into the dispersing chanber B."¥n ﬁis case, air fromthe

chanber 2 will be drawn through air inlets close to the inhaler and wl|

pass through the inhaler in the same manner gsadescribed above. An
advantage of this arran _ I ngreased pressure created
in the air volunme ben t he pi ston™Rrovi ceto
61 (%) ' O,
~ ©
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20 release and transport the dose and the air up through the inhaler and
Jfurther into the di spersi on chanber.. In the described

enbodi nent, the nounting and activating neans consists of a | ever
mechani sm conprising | ever arns or a gear drive. However, other activating
mechani snms 25 for the manoeuvring neans of the inhaler could be used, such

as different womarms2 drive mechani sns, e.g. drive bel tRCTASRI6/BNIS4 | ar .
16 CLAI M5 1. An inhal ation device for use with an inhaler,
the inhal er being for providing a dose of9/10 a substance for inhalation,
t he device having: 5 a section for receiving the inhaler,

a di spersion chanber in fluid connection with said section; and
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a suction chanber of variable internal volune and in fluid connection with’
.said di spersi on chanber, wherein by increasing the

i nfernal _volune of sald sucilon chanber, a negative pressure is 10
produced in said dispersion chanber, thereby draw ng substance fromthe

i nhaler into the di spersi on chanber for subsequent inhal ation.

2. An i nhal wbisenmi@deVvi ce havi ng: an i nhal er f ®CT{SEN1884ng a

dose of a substance for inhalation; 15 a di spersion chanber in fluid

connection with said inhaler; and 10/10 a suction chanber of

vari able internal volune and in fluid connectlon with said di spersi on

chanber, wherein by increaS| |$r ternal vol unme of said
~suction chanber, a negative pressure is *oduced in said dispersion

chanber, thereby drawi ng substaneg fron1tye inhal er into the 20 dispersion

chamber for subsequent inhal ation! . 3n inhalation device
accordlng to claiml1l or 2 havi ' I ston novabl e
. wWthin said first chanber, n said sju n chapberyis defined by said
first chanmber and s pi ston. 25 A | ati on devi ce
according to claim3 ein the dispersijon c I s nmount ed
telescopically within | TSt C ' vabl e between a retracted
position. within ' r an extended position.
3
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x
EPLACEMENT SHEET 17 5. An inhal ation device according to claim4

erein said d| m as a wall . div %MFFl
_ chanber, said pi HHIMIMTIMﬂHICabI y connect ed adﬂgg‘fAsm SHEETt
novabl e with said dispkrs?ors chamber whenjgonnect ed. 5 6. An

i nhal ation device according to claim5 having a rel easi ng rechani sm f or

rel.easi ng the connection with said piston and a biasing nenber for
bi asi ng said piston away from said wal | wherein when said dispersion
chanber is ghy@MISfromthe retracted position to the ext ended position,

the piston nmoves with the dispersion chanber until the dispersion
chanber reaches the extended position Wnereupon t he rel easi ng nechani sm

t t 10 | t th t that t
Peton s blaseAndNERRTmAYic BRISE Wik An thaler, B8 iffelés Hine Yo ol s e ot
suction Cha{'?tﬁfstﬁnée FRSRIBARERA, the dcv1cc havmg

5 a section for receiving the mhaler'

a dispersion chamber in fluid connection with said section; and
a suction chamber of variable internal volume and in fluid connection with said
dispersion chamber; wherein
by increasing the internal volume of said suction chamber, a negative pressure is
10  produced in said dispersion chamber, thereby drawing substance from the inhaler into the
dispersion chamber for subsequent inhalation.

2.  Aninhalation dc.vice having:
an inhaler for providing a dose of a substance for inhalation;
15 a dispersion chamber in fluid connection with said inhaler; and
a suction chamber of variable internal volume and in fluid connection with said
dispersion chamber; wherein |
by increasing the internal volume of said suction chamber, a negative pressure is
produced in said dispersion chamber, thereby drawing substance from the inhaler into the
20 dispersion chamber for subsequent inhalation.

3.  Aninhalation device according to claim 1 or 2 having a first chamber and a piston
movable within said first chamber, wherein said suction chamber is defined by said first
chamber and said piston. ' |

4.  An inhalation device according to claim 3 wherein the dispersion chamber is mounted
telescopxca.ﬂy within said first chamber and is movable between a retracted position wnhm

said first chamber and an extended position.
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7- . An inhalation-devi:ce atcording to any precedi X T KK

elenent for - controlling the fluid flow from saﬁa%g%%%gﬁ-ro
sai d suction Cummlju",ﬂﬂmuulg An inhal ati on device according to claim
7, wherein sai tflehlelgil fed as a fIWld - regulating val ve.

9. An inhalation devicé aécofding to claim?7 or 8, wherein said elenent is
formed as a 20 stand pipe and a cone shaped restriction elenent on said

| st t pudi .nto.the |nside. of . ,d stand.pipe, t eb

Fequl at | ng. She MPIEARIAR e SEOHARE et WIFT ALASPASop BRBRF bas 2 wall e
‘ Y et ton e _ . . . -

acoor di ng. t SvigihEsthom S8 69 R Qb pisuon bring fekasfly bBNRCRY AcHF Kl Sl

nManoeuvr i Ngakd MigPble With shidefiigetkich dlaabeOwhéhdonfedied. ance to an inhal ation

channel of the i nhal er, 'the device further including a nounting and
activating means conprising a nmounting el enment for nounting the
manoeuvri ng_el enent, and a_ | ever arrangenenf. bein

£ oREms B

n . vahl .
connectidn Qith A'E‘H’éhmtqq'iﬁe éF"éH‘if%‘H : 2vdag ’qaﬁ%’é’lg %@%&%@fﬁh@g
connect ed the cohf?ecﬁgg u];i{hr ssﬁd ﬁ&gn q}mé % Sfaﬁnﬁ Wﬁb@ r!:ézisir?gosaid' piston away from said

wall wherein when said dispersion chamber is moved from the retracted position to the

extended position, the piston moves with the dispersion chamber until the dispersion
chamber reaches the extended position, whereupon the releasing mechanism operates to
10 release the connecton with the piston, such that the piston is biased away from the wall and

the internal volume of said suction chamber is increased.

7.  An inhalation device according to any preceding claim having an element for
controlling the fluid flow from said dispersion chamber to said suction chamber.
15 |
| 8.  Aninhalation device according to claim 7, wherein said element is formed as a fluid

regulating valve.

9. ~ Aninhalation device according to claim 7 or 8, wherein said element is formed as a
20  stand pipe and a cone shaped restriction element on said piston protruding into the inside of
said stand pipe, thereby regulating the fluid flow through the stand pipe when the piston

moves from its first to its second position.

10. An inhalation device according to any preceding claim, wherein the inhaler includes a
25 manoeuvring element for fecdiﬁg a dose of the substance to an inhalation channel of the
inhaler, the device further including a mounting and activating means comprising a
mounting element for mounting the manoeuvring element and a lever arrangement being in
movable connection with the mounting element wherein said lever arrangement is connected
to the first and dispersion chambers.
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n aI ation device according to clai R&’Q shaf t '
-Vyhl chis con m ml u m ,w | ever arranggment an LA&E\%HT@%E&T
bott om wal | n chanber and sai d piston, whereby a
novement of the dlsperS|on and first cha8ers in relation to the

inhaler is transferred to the manoeuvring el enent via said shaft and said
| ever arrangenent 12. An inhal ati on device accordi ng to any one of

FLoing a. dboo A nEAasl detareeortnge SARCILbrons aABRT e f Snfe Rk
nhal er, the d f |
lzorrpri si ngl eV| ce UE%,H‘? W&nc lﬁg{xﬂ%dﬁg\%g h@%ﬁwo#ﬁéﬂ&}aﬁ%ﬁouml ng

el enent Wh%]q f%a@'%a@éya &Qvetﬁérﬁ%ﬁ SR HHerdién SAIAREERAGDe ih Mdatdd Bithend

di spersion ¢ ers . An inhal"ation device according to any
precedi ng Ghialenis ransfergedeo thmmdcupnng elteetnt via said shafnandl sdidsieeerarmangehentber
said insert being funnel -shaped and provided with its tip directed

away frém an inhal ation outlet of the dispersion chanber.

D}

12. Aninhalation device according to any one of claims 1 to 9 wherein the inhaler
includes a manoeuvring element for feeding a dose of the substance to an inhalation channel
of the inha.ler, the device further inclﬁding a mounting and activating means comprising a
gear arrangement in moveable correction with the mounting element wherein said gear

10  arrangement is connected to the first and dispersion chambers.

13. An inhalation device according to any preceding claim, having an insert provided in
said dispersion chamber, said insert being funnel-shaped and provided with its tip directed
away from an inhalation outlet of the dispersion chamber. '

15 |
14. An inhalation device according to any preceding claim, wherein the substance is a

pharmaceutically active substance.

15. An inhalation device according to any preceding cléim,'whuein the inhaler is a dry-
20 powder inhaler.

16. An inhalation device according to any of the preceding claims, wherein the inhaler is a
Turbuhaler®. '

25 17. A method of preparing a substance in a dispersed state in a dispersion chamber by
drawing the substance into the dispersion chamber from a dispenser, wherein a suction
chamber of variable internal volume is provided in fluid connection with the dispersion
chamber and the method includes the steps of: ' '

REPLACEMENT SHEET
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15 . 14. An | nhalatiomdevice-accor di ng to any preceding claim. wherein

4-he substance i eutical ly -active S%EPD#CEM NT SHEET
i nhal ati on devi’ﬂmauﬂ’gﬁ mmi‘any precedi-ng cl ai Wheéreirn the inhaler is
" a.dry- 20 powder enha M " 16. AA%i nhal ati on devi ce according to any
of the preceding clains, wherein-the inhaler is a - Tur buhal er[err].

25 17. A nethod of preparing a substance in a dispersed state in a

chanber 1 om a GRERNNEShS IWRTBRSIGHIEE SCI0E Shmon chambHiiss o BIocp A AYRAYe
chamber from a dMSFENEdhe MTBHCIoHT f Sham oy # et
chanbor aftFSHE H3tROBOFRER Fot 2 e Ea s stblhck Hepg RRE 2P nt

the dispersion chamber.
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incr ea5| ng the |nternal voI ume of the suction chanber ?@R}Zg roduce a
segati ve pressure in said di spersion chanber to thereby d Q d 'subst ance

fronrthe di spenser into the di spersion chanber.
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