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Inhaler

The present invention relates to an inhaler according to the preamble of claim 1, 7 or
11.

WO 2005/080001 A1 discloses an inhaler having a monitoring device for detecting
actuations. The known inhaler comprises, as a reservoir for a medicament
preparation that is to be nebulised, a rigid insertable container having an inner bag
containing the medicament preparation and a pressure generator having a drive
spring for conveying and nebulising the medicament preparation. Nebulisation is
carried out without the use of a propellant gas, namely by the force of the drive
spring. The drive spring can be tensioned by rotating an actuating member in the
form of a lower housing part of the inhaler and the medicament preparation can be
sucked into a pressure chamber of the pressure generator. After manual operation
of a blocking element, the medicament preparation in the pressure chamber is put
under pressure by the drive spring and atomised, i.e. expelled, forming an aerosol.
During the tensioning, on the one hand, and the subsequent nebulisation, on the
other hand, the container performs a lifting movement each time. The monitoring
device is installed in the lower housing part and may comprise a flow sensor in a
mouthpiece of the inhaler for detecting a stream of supply air and hence an

inhalation.

The aim of the present invention is to provide an inhaler having an improved and/or
simplified monitoring device, particularly allowing improved reliability in use and/or

more information as to the user and/or improved monitoring of the user.

The above aim is achieved by an inhaler according to claim 1, 7 or 11.

Advantageous further features are the subject of the subsidiary claims.

According to one aspect of the present invention, the monitoring device comprises a
pressure sensor for measuring the air pressure in a housing of the inhaler or the
monitoring device, particularly in a mouthpiece of the inhaler, for detecting
inhalation. This results in a very simple design that is cheap to produce. In
particular, a pressure sensor of very simple construction can be used instead of a

flow sensor. Moreover, the pressure sensor can be arranged separately from the
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mouthpiece, in particular outside the mouthpiece, but preferably within the inhaler in
another region, most preferably in the lower actuating or housing part. This
preferred arrangement of the pressure sensor outside a path for supply air allows a

particularly simple construction.

According to another aspect of the present invention, the monitoring device
comprises at least one position sensor for detecting a position, orientation and/or
acceleration of the inhaler. This allows improved monitoring of actual use. In

particular it makes it possible to determine a path of movement of the inhaler.

According to another aspect of the present invention, the monitoring device
comprises a sensor or switch for waking up, activating or switching on the monitoring
device particularly during tensioning of a drive spring of the inhaler or when a
particular container position is reached or during other activation of the inhaler for
use, for example when opening a mouthpiece cover. This results in a particularly
low-energy or low-powered mode of operation. In particular, the monitoring device is
at least substantially switched on or woken up or activated only when the inhaler is
actually about to be used or being used. Accordingly it is readily possible to

achieve increased security of use or increased security in user monitoring.

Preferably, the inhaler or the monitoring device is designed so that after use has
ended or a use has been detected, particularly after an inhalation, and optionally
also after a predetermined length of time, the monitoring device is switched off or

deactivated or switched to standby mode, particularly automatically.

According to another aspect of the present invention, the monitoring device is
designed to cover one or more supply air openings in the inhaler, particularly supply
air openings in a mouthpiece of the inhaler, and/or to form a supply air pathway,
particularly preferably the only supply air pathway of the inhaler. This makes it
possible in particular to fit the monitoring device to existing inhaler constructions.
Thus, a stream of supply air during inhalation can be very easily measured or
detected outside a mouthpiece or inhaler and in this way use of the inhaler can be

detected or determined.
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According to another aspect of the present invention, the monitoring device can be
placed or fitted onto the mouthpiece. In particular, the monitoring device comprises
a separate housing that is detached from or detachable from the inhaler. This allows
easy modification of existing inhaler constructions and/or easy separation of the

monitoring device, for example in order to read out data from the monitoring device.

According to an alternative aspect of the present invention, the monitoring device is
mounted on a detachable housing part of the inhaler, particularly firmly connected
thereto, preferably installed therein, for example cast therein. This permits easy
release of the monitoring device together with the housing part from the inhaler, so
that the monitoring device can very easily be switched on, programmed, reset and/or
read out - separately from or independently of the inhaler - and/or so that it is very
easy to carry out total replacement of the monitoring device together with the
housing part or retrofitting of an inhaler with a monitoring device, provided that the

housing part is compatible.

The monitoring device or the inhaler may comprise an actuator in order to initiate the
nebulisation of fluid automatically when an inhalation is determined or detected, i.e.
to carry out breath-controlled nebulisation, and/or temporarily block actuation of the
inhaler or nebulisation, for example in order to adhere to a waiting time or avoid

overdosing.

The above-mentioned aspects of the present invention and the further aspects of the
present invention that will become apparent from the following description may be

implemented independently of one another, but also in any desired combination.

The present invention relates in particular to a so-called soft-mist-inhaler (SMl), i.e.
an inhaler which produces a spray mist (aerosol) that spreads out relatively slowly.
Inhalers of this kind for the purposes of the present invention are, in particular,
inhalers in which an aerosol is delivered at a speed of less than 2 m/s, preferably
about 1.6 m/s or less and most particularly preferably less than 1 m/s, (measured in
each case at a spacing of 10 cm from a delivery nozzle) and/or wherein the delivery
or nebulisation of a dose - of preferably 10 to 50 ul of a medicament preparation —

lasts longer than 0.7 s, more particularly about 1 s or longer.
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Further advantages, features, properties and aspects of the present invention arise
from the following description of preferred embodiments with reference to the

drawings, wherein:

Fig. 1 is a schematic section through a proposed inhaler according to a first

embodiment in the untensioned state;

Fig. 2 is a schematic section, rotated through 90° compared with Fig. 1, through the

10 inhaler in the tensioned state;

Fig. 3 is a block circuit diagram of a monitoring device of the inhaler;

Fig. 4 is a perspective front view of a proposed inhaler with a coupled or added

15  monitoring device according to a second embodiment;

Fig. 5 is a perspective rear view of the inhaler according to Fig. 4;

Fig. 6 is a schematic section through the inhaler according to Fig. 4 in a section

20  plane corresponding to Fig. 1; and

Fig. 7 is a schematic section through the inhaler according to Fig. 4 in a section

plane corresponding to Fig. 2.

25 Inthe figures, the same reference numerals have been used for identical or similar
components, where corresponding or comparable properties and advantages are

obtained even though the associated description is not repeated.

Figs. 1 and 2 show a proposed inhaler 1 for nebulising a fluid 2, particularly a

30 medicament preparation, a highly potent drug or the like, in a schematic
representation in the untensioned state (Fig. 1) and in the tensioned state (Fig. 2).
The inhaler 1 is constructed in particular as a portable inhaler and/or preferably

operates without propellant gas.
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During the nebulisation of the fluid 2, preferably a liquid, a respirable aerosol 14 (Fig.
1) is formed which can be breathed in or inhaled by a user or patient (not shown).
Normally, inhalation takes place at least once a day, but particularly several times a
day, preferably at specified intervals of time, more particularly depending on the

complaint.

The inhaler 1 is constructed in particular as a soft mist inhaler as described

hereinbefore.

The inhaler 1 comprises a preferably insertable and optionally exchangeable
container 3 holding the fluid 2. The container 3 thus forms a reservoir for the fluid 2.
Preferably, the container 3 contains a sufficient quantity of fluid 2 for multiple
application or several doses of the fluid 2, particularly for a predetermined period of
administration, such as a month, or for at least 50, preferably at least 100, doses or

nebulisations.

The container 3 is preferably substantially cylindrical or cartridge-shaped and/or may
be inserted in the inhaler 1 from below, for example, after the inhaler has been
opened, and may optionally be replaceable. It is preferably of rigid construction, the
medicament preparation 2 being held in a collapsible bag 4 in the container 3. A
typical container 3 as disclosed in WO 96/06011 A1 holds a volume of about 2 to 10
ml. With regard to the preferred construction of the container 3 reference is
additionally made to WO 00/49988 A2.

The inhaler 1 preferably has a conveying device or a pressure generator 5, for
conveying and atomising the fluid 2, particularly in a predetermined, optionally
adjustable metering quantity, i.e. for metered nebulisation or nebulisation in a

plurality of defined doses. One dose is delivered on each actuation of the inhaler 1.

The inhaler 1 or pressure generator 5 is particularly designed so that the conveying,
pressure generation and/or nebulisation take place without the use of propellants,
mechanically and/or by the energy or force of an energy store, particularly a spring
store, most preferably by the spring force of a drive spring 7, in the embodiment

shown. However, other design solutions are also possible.
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The inhaler 1 or pressure generator 5 comprises in particular a holder 6 for the
container 3, the associated drive spring 7, which is only partly shown, preferably
having an associated trigger element 8 which is manually operable to release it, a
conveying element, preferably a conveying tube 9 in the form of a capillary, with an
optional valve, particularly a non-return valve 10, a pressure chamber 11 and/or an

expulsion nozzle 12, particularly in the region of an outlet or mouthpiece 13.

The container 3 is fixed in the inhaler 1 by means of the holder 6, particularly by a
clamping or latching action, such that the conveying tube 9 protrudes into the
container 3. The holder 6 may be constructed such that the container 3 can be

exchanged.

For tensioning the drive spring 7 the inhaler or pressure generator 5 preferably
comprises a tensioning device. When the drive spring 7 is axially tensioned, the
holder 6 with the container 3 and the conveying tube 9 is moved downwards in the
figures and the fluid 2 - or more precisely the next dose - is sucked out of the
container 3 into the pressure chamber 11 of the pressure generator 5 through the

non-return valve 10.

During the subsequent relaxation of the drive spring 7 after operation of the trigger
element 8, the medicament preparation 2 in the pressure chamber 11 is placed
under pressure by moving the conveying element or conveying tube 9 back up, with
the non-return valve 10 now closed, by releasing the tension on the drive spring 7,
so that this conveying tube 9 now acts as a pressure ram. This pressure expels the
fluid 2 through the expulsion nozzle 12, where it is nebulised into the preferably

respirable aerosol 14, as shown in Fig. 1.

The user or patient (not shown) can inhale the aerosol 14, while preferably supply air
can be sucked into the mouthpiece 13 through at least one supply air opening 15, as

indicated by dotted arrows 44 in Fig. 1.

During the nebulisation process, which is independent of the inhalation or respiration
by the user, the container 3 is moved back into its original position by the drive
spring 7. The container 3 thus performs a lifting movement during the tensioning

process and during the nebulisation process.
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The inhaler 1 comprises in particular a first housing part (upper part) 16 and an inner
part 17 which is rotatable relative thereto (Fig. 2) having an upper part 17a and a
lower part 17b (Fig. 1), while a second housing part (lower part) 18, which is in
particular manually operable or rotatable, is releasably attached, in particular pushed
onto the inner part 17, preferably by means of a safety closure or retaining element
19. In particular, the safety closure or retaining element 19 is constructed such that
accidental opening of the inhaler 1 or removal of the second housing part 18 is
prevented. In particular, in order to release the second housing part 18, the
retaining element 19 has to be pressed in against a spring force. In order to insert
and/or replace the container 3, the second housing part 18 can be detached from
the inhaler 1. The second housing part 18 preferably forms a cap-like lower housing

part and/or engages around or over a lower free end portion of the container 3.

The drive spring 7, which is only partly shown, is held in the rotatable inner part 17
preferably by means of a ring 7a and/or acts axially preferably between the inner
part 17 or ring 7a on the one hand and the axially movable holder 6 on the other
hand.

The second housing part 18 can be rotated relative to the first housing part 16,
whereby the inner part 17 is also rotated. In this way the drive spring 7 is tensioned
in the axial direction by means of a gear (not shown in detail) acting on the holder 6,
which acts in particular via a screw thread on the holder 6 or indirectly or directly.
During tensioning the container 3 is moved axially downwards or with its end portion
(further) into the second housing part 18 or towards the end face thereof, until the
container 3 assumes an end position shown in Fig. 2. In this state the drive spring 7

or inhaler 1 is clamped and locked.

In the embodiment shown, the tensioning device for tensioning the drive spring 7 or
other energy or spring store comprises, in particular, at least one rotatable part
(actuating part), such as the second housing part 18 and/or inner part 17 and in this
case preferably also the gear for converting the rotary movement into the linear, in
this case axial, tensioning movement. Preferably, the rotary movement is always
continued in the same direction of rotation during tensioning; therefore, reverse

rotation is not required. However, other design solutions are also possible.
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The two housing parts 16 and 18 preferably together form the housing or an outer
housing of the inhaler 3. Preferably, the mouthpiece 13 is formed on the upper
housing part 16 or is formed thereby. The lower housing part 18 is preferably
arranged on the end of the inhaler 1 opposite the delivery end or the mouthpiece 13.
At this opposite end the inhaler 1 or its housing may also be capable of being
opened, particularly for the insertion of the container 3. The actuating member for
tensioning the inhaler 1 or the drive spring 7 is preferably also located at this
opposite end. This actuating member is formed by the housing part 18 in this case,

as explained hereinbefore.

The inhaler 1 preferably has a device for forcibly ventilating the container 3. When
tensioning first takes place, the container 3 is preferably pierced or opened in its
base. In particular, an axially acting spring 20 arranged in the housing part 18
comes to abut on the container base 21 and, with a piercing element 22, pierces the
container 3 or an in particular gastight seal provided in the base for ventilation

purposes when contact is first made.

The device for forcible ventilation is thus formed in this case by the piercing element
22, which is held or formed by the spring 20. However, other design solutions are

also possible.

It should be noted that during the piercing for ventilation purposes only the
preferably rigid outer shell 3a of the container 3 or a related seal or the like is
opened. The bag 4 containing the fluid 2 remains undamaged. As the fluid 2 is
removed from the bag 4 through the conveying tube 9 the flexible bag 4 collapses.
For pressure equalisation, ambient air can flow into the container 3 through the

ventilation or piercing opening.

In order to use the inhaler 1, first of all the container 3 has to be inserted. This is
preferably done by removing or pulling out the second housing part 18. The
container 3 is then axially inserted or pushed into the inner part 17. At the same
time the container 3 is opened at the head end or attached. This is done by means
of the conveying element, i.e. the conveying tube 9, which pierces a seal preferably

provided at the head end of the container 3 and is then inserted through a septum at
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the head end of the container 3 into the interior of the bag 4. Thus the fluidic
connection between the container 3, or more accurately between the bag 4 in the
container 3, via the conveying tube 9 to the pressure generator 5 or pressure

chamber 11 is produced.

Then the second housing part 18 is pushed on again. The inhaler 1 can now be
tensioned for the first time. At this stage the container 3 is then pierced at its base

by the piercing element 22, i.e. forcibly ventilated, as explained previously.

After the container 3 has been inserted and fluidically connected and before it is
used for the first time, the inhaler 1 is preferably tensioned and triggered several
times. As a result of this so-called priming any air present in the conveying tube 9
and in the pressure generator 5 is displaced by the fluid 2 to the expulsion nozzle

12. The inhaler 1 is then ready for inhalation.

The quantity of fluid 2 delivered per spray or nebulisation process is preferably about

10 ul to 50 ul, more particularly about 10 ul to 20 ul, most preferably about 15 yl.

The drive spring 7 is preferably installed in a biased state in order to achieve a high
spring pressure. In fact, in the proposed inhaler 1 the pressurisation and conveying
of the fluid 2 during the nebulisation process takes place preferably only by spring

force, and more particularly only by the force of the drive spring 7.

The inhaler 1 is preferably constructed such that the fluid 2 in the pressure generator
5 or in the pressure chamber 11 reaches a pressure of 5 MPa to 60 MPa,
particularly about 10 MPa to 50 MPa during delivery. Particularly preferably, during
the delivery or nebulisation, a pressure of about 5 MPa to 60 MPa, more particularly
about 10 to 30 MPa, is reached at the expulsion nozzle 12 or at the nozzle openings
thereof. The fluid 2 is then converted into the aerosol 14, the droplets of which have
an aerodynamic diameter of up to 20 ym, preferably about 3 ym to 10 ym. The
nebulising activity or nebulising effect is achieved or further assisted by preferably

intercepting jets delivered by the expulsion nozzle 12.

The inhaler 1 is preferably constructed such that the aerosol 14 is delivered at low

speed, particularly at a speed of less than 2 m/s, most preferably about 1.6 m/s or
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less (in each case measured at a distance of 10 cm from the expulsion nozzle 12).
The inhaler 1 is thus preferably in the form of an SMI. The low dispensing speed
can be obtained or assisted by intercepting jets of the fluid 2, which are delivered by

the expulsion nozzle 12 and/or by a suitable choice of spring force.

Particularly preferably, the construction of the inhaler 1 is such that the aerosol
generation lasts for more than 0.7 s, preferably substantially 1 s or longer, in
particular for more than 1.5 s. The time taken to nebulise a dose or to actuate the

inhaler 1 is thus preferably more than 0.75, more particularly about 1 s or more.

The inhaler 1 preferably comprises a counter 23 as schematically shown in Fig. 1.
The counter 23 preferably operates purely mechanically and/or counts the
tensioning of the inhaler 1 or the drive spring 7. For example the counter 23
comprises a threaded spindle with an associated slider, the threaded spindle
preferably being drivable by the rotation of the inner part 17 relative to the upper

housing part 16. However, other design solutions are also possible.

The inhaler 1 preferably comprises a monitoring device 24 for detecting uses of the
inhaler 1. The monitoring device 24 in the first embodiment shown is preferably
installed in the inhaler 1 or its housing, particularly preferably in the actuating

member or housing part 18, as indicated in Figs. 1 and 2.

The monitoring device 24 is preferably fixedly installed and/or cast, glued or clipped

into the housing part 18. However, other design solutions are also possible.

The monitoring device 24 preferably forms a module or unit.

The monitoring device 24 preferably comprises, in the embodiment shown, a printed

circuit board 25 with components mounted thereon.

The monitoring device 24 preferably operates electronically.

A preferred construction of the monitoring device 24 is described in more detail

hereinafter with reference to the schematic block circuit diagram shown in Fig. 3.
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The monitoring device 24 preferably comprises a processor or microcontroller 26 for
controlling the monitoring device 24, a time base or clock 27 (which may also be a
timer or the like), a memory 28, a sensor 29 for measuring measured values
corresponding to the current of supply air or dependent thereon, particularly
pressure values (in the form of a pressure sensor in the embodiment shown), and/or

at least one position sensor.

The monitoring device 24 preferably has at least one position sensor, in this
embodiment two position sensors, namely an acceleration sensor 30 and/or a GPS

sensor 31, in particular.

The memory 28 is preferably non-volatile and/or rewritable.

The acceleration sensor 30 is, for example, a preferably three dimensionally
measuring so-called MEMS-gyro-sensor. A sensor of this kind is able to detect the
acceleration of the earth, for example, and thereby make it possible to detect the
orientation of the inhaler 1. Moreover, accelerations can be measured or detected in
every three dimensional direction using a sensor of this kind. A path of movement of
the inhaler 1 can be determined from these acceleration values taking account of the
respective times. This determination may take place, as desired, in the monitoring
device 24 or subsequently, by means of the corresponding data and information

outside the monitoring device 24 or outside the inhaler 1.

Acceleration sensors of this kind are used for example in cars, particularly for
activating airbags in the case of accidents, and are therefore available at low cost.
The GPS sensor 31 makes it possible to detect the position of the inhaler 1 on Earth.
The sensor 31 makes use of the so-called Global Positioning System. However,

position can be determined by any other suitable method.

The charging of an accumulator preferably takes place by induction.

Particularly preferably the temperature measurement or detection is carried out
directly by means of the pressure sensor 29. Combined sensors of this kind are
available at low cost. However, once again other solutions or constructions are

possible.
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The monitoring device 24 preferably also comprises a temperature sensor, a

moisture sensor 32 and/or an actuator 33.

The monitoring device 24 preferably also comprises an energy or current supply 34,
particularly in the form of an accumulator or a battery, preferably a button-cell and/or

comprising a photo-electric cell or solar cell or the like.

The monitoring device 24 or inhaler 1 preferably comprises at least one display
device particularly an optical display device, particularly preferably a digital or other
display such as a monitor screen or a display (display field) 35, preferably in the
form of an LCD display, and/or at least one light-emitting diode, or a plurality of light
emitting diodes 36 and 37 with different colours, as required, and/or an acoustic

indicating means such as a loud speaker, buzzer 38 or the like.

The monitoring device 24 or the optical display 35 may if necessary also act as a
dosage counter, particularly to indicate the number of doses of fluid 2 that have

already been dispensed or are still to be dispensed.

When the flow resistance is known, the flow rate of the breathing, i.e., the flow speed
when breathing in or the volume flow during breathing in can be determined from the

pressure measurement.

The monitoring device 24 preferably comprises an interface 39 for the transmission
of data, particularly for inputting or outputting data, particularly for outputting data
relating to the use of the inhaler 1. The interface 39 preferably operates optically or
in the infrared range. This is particularly secure against unwanted listening-in or
eavesdropping. However, the data transmission may also be effected by any other
method, for example by radio or electrical contact of the transmission device 24 or
printed circuit board 25 or via another electrical connection such as a plug or the
like. For the issuing or transmission of data it is also possible to use generally
known or special protocols or interfaces such as Bluetooth, USB, SATA or the like.

Alternatively or additionally, the inductive transmission of data is also possible.
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Preferably, most or all of the components and parts of the monitoring device 24 are
arranged on the printed circuit board 25 or connected thereto. However, individual
components or parts may also be arranged separately from it, particularly an optical
display device such as the display 35 and/or the actuator 33 or the like. These parts
or components are then preferably electrically connected to the transmission device
24 or printed circuit board 25 and/or are actuated accordingly by the transmission

device 24.

Individual components of the monitoring device 24, for example the clock 27, the
memory 28, the pressure sensor 29, the position sensors and/or the moisture sensor
32, are preferably connected to the micro-controller 26 via a bus 40. However,

connection may be made by some other means.

The inhaler 1 or monitoring device 24 preferably comprises a sensor or switch 41 for

switching on, waking up and/or activating the monitoring device 24.

Particularly preferably, the monitoring device 24 is woken up, switched on or
activated when the drive spring 7 of the inhaler 1 is tensioned and/or when a certain
position of the container is reached, more particularly the bottom end position of the
container or the position that the container 3 occupies when the inhaler 1 is
tensioned (as shown in Fig. 2). This is carried out, particularly preferably, by the
switch 41 being actuated and/or formed by the container 3 or the spring 20
associated with the container 3. For example, the spring 20 may form or comprise
an electrical contact which opens and closes depending on the position of the
container or the position of the spring 20. Fig. 2 schematically shows how the switch
41 co-operates with the container 3 or spring 20 or can be actuated thereby, for
example via a contact or switching pin 42. In particular, the switch 41 is in the form
of a microswitch. However, any other suitable contact, switch or the like may be
used here. Furthermore, the switch 41 may also be formed by a different sensor or
the like. In particular, the switch 41 in the sense of the present invention forms a
sensor for waking up or switching on the monitoring device 24 when the drive spring
7 is tensioned or when a certain container position is reached, in this case the end

position of the container when the inhaler 1 is tensioned.
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The spring 20 may, if required, also form a unit with the monitoring device 24 and/or
may be mechanically connected to the printed circuit board 25 or may be supported

by or mounted on the latter.

The monitoring device 24 preferably comprises the pressure sensor 29 for
measuring the air pressure in the housing of the inhaler 1, particularly reduced
pressure or a pressure drop as the user (not shown) of the inhaler 1 breaths in or
inhales. The pressure sensor 29 serves to detect a current of supply air and hence

an inhalation and thereby detect use of the inhaler 1.

Instead of the pressure sensor 29, however, any other sensor 29 may also be used,
particularly a flow sensor or the like. For example, a flow sensor may be
incorporated as a sensor 29 of the monitoring device 24 for detecting the flow of
supply air into the mouthpiece 13, as disclosed in WO 2005/080001 A1, in particular.
This sensor 29 can then be connected to the monitoring device 24 for example via
corresponding connections or a cable and/or it may transmit measured values by
wireless operation. Alternatively, the monitoring device 24 may also be inserted or
incorporated directly in the mouthpiece 13 together with the sensor 29, particularly if

it is suitably miniaturised.

In the embodiment shown, however, the sensor 29 used is not a flow sensor but a
pressure sensor. Tests have shown that sensors of this kind also make it possible
to determine the flow of supply air and thereby detect breathing in or inhalation by a
user in a surprisingly effective manner. As pressure sensors are available more

cheaply than flow sensors, this results in a simpler and cheaper construction.

Particularly preferably, the pressure sensor 29 is mounted not in the mouthpiece 13
but outside the mouthpiece 13. Particularly preferably, the pressure sensor 29 is
arranged in the inhaler 1 or its housing separately from the mouthpiece 29,
particularly in a separate spatial region which is fluidically connected to the
mouthpiece 13 or a supply air pathway of the inhaler 1. In the embodiment shown,
the pressure sensor 29 is arranged in the actuating part or housing part 18. In the
embodiment shown, this space is fluidically connected, for example, via a bore or
opening 43 in the upper housing part 16 to the mouthpiece 13 or supply air pathway

44 indicated by dotted lines in Fig. 1. The expression "fluidic connection" in the
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present invention is to be understood as meaning that a gaseous connection is
provided which allows a sufficiently good equalisation of pressure and hence
pressure measurement. Thus, the pressure sensor 29 preferably provides a
measurement or detection of a reduced pressure in the inhaler 1 or mouthpiece 13
which occurs during inhalation or breathing in by user (not shown) as a result of a
throttle effect on the supply air opening or openings 15 for the current of supply air
44,

The spatial separation of the pressure sensor 29 or other sensor from the
mouthpiece 13 or delivering region of the inhaler 1 gives rise to a number of
advantages. Unwanted soiling of the sensor 29 can be avoided. Retrofitting of
existing inhaler constructions is often easier. The monitoring device 24 may form a
module with the sensor 29. This in turn makes construction easier and particularly

retrofitting.

If the inhaler 6 is not in use, the monitoring device 24 is preferably switched off,
deactivated or in stand-by mode. It is switched on or activated or woken up, for
example, by the switching on of the power supply 34. Preferably, the monitoring
device 24 is automatically switched on, woken up or activated when the inhaler 1 is
used, particularly when a mouthpiece cover (not shown) is opened or when the
inhaler 1 or the drive spring 7 is tensioned, most preferably when a predetermined
position of the container is reached, particularly the end position or tensioned
position of the container 3 shown in Fig. 2, with the inhaler 1 tensioned. Detecting
the tensioning of the inhaler 1 or the reaching of a certain position of the container,
such as the above-mentioned end position, is preferably done by the means of the
sensor or switch 41. If in the embodiment shown the inhaler 1 is brought or
transferred from the untensioned state shown in Fig. 1 into the tensioned state
shown in Fig. 2, the container 3 or the spring 20 operates the switch 41, particularly
by means of the switching pin 42, thereby switching on or waking up or activating the

monitoring device 24. However, other design or method solutions are also possible.

After being switched on or activated or woken up, the monitoring device 24
measures the pressure (air pressure) preferably continuously or at short intervals,
over and over again, by means of the pressure sensor 29. The monitoring device 24

is thus designed particularly for determining a pressure pattern.
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If, after the tensioning of the inhaler 1 or after the monitoring device 24 has been
switched on or activated, a user breaths in or inhales through the mouthpiece 13 or
other delivery section of the inhaler 1, air is sucked in through the supply air pathway
44. A reduced pressure is thereby produced in the inhaler 1 or mouthpiece 13. This
reduced pressure is measured or detected or determined by the pressure sensor 29
which is fluidically or pressure-connected to the supply air pathway 44 or
mouthpiece 13 and hence by the monitoring device 24. By suitable calibration it is
possible to determine the corresponding flow volume or current of supply air from
the pressure pattern or from the reduced pressure that occurs during breathing in or
inhaling. Accordingly it is possible to tell whether, how powerfully and/or how long

the user breaths in or inhales.

Preferably, the pressure is measured before the nebulisation of the fluid and then
again during the fluid nebulisation. The pressure measurement may optionally also
take place before the breathing in or inhaling, e.g. sporadically at certain times or
when the inhaler 1 is moved. The monitoring device 24 is thus designed in particular
to detect a pressure pattern beginning before inhalation and during inhalation and/or
nebulisation and/or nebulisation. This is preferably achieved in terms of construction
or process by the fact that the pressure values measured by the pressure sensor 29
after the switching on or activation and after optional resetting or calibration of the
monitoring device 24 are continuously written or stored in the memory 29 and after a
certain capacity or quantity of data has been reached, older memory values can be
overwritten again by the most recently measured or detected memory values. This
is also known as so-called cyclical storage and can be achieved by using a so-called
cyclical buffer or cyclical memory as the memory 28. However, other design

solutions or software solutions are also possible.

In the embodiment shown, for example, after the tensioning of the inhaler 1 or after
the monitoring device 24 has been switched on or activated, there is a continuous
storing of pressure data in the memory 28 operating or formed as a cyclic buffer or
cyclic memory. At the same time there is continuous monitoring or checking as to
whether the inhaler 1 has been initiated, i.e. whether any nebulisation of fluid 2 is
occurring. This is ascertained or detected preferably by means of the sensor or

switch 41 in the embodiment shown. After the initiation (by pressing the initiating
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element 8) the nebulisation stroke is carried out, in the course of which the container
3 moves away from its end position or tensioning position as shown in Fig. 2. This is
detected by the switch 41.

The detection of the nebulisation may, however, take place in some other suitable
manner, alternatively or additionally. Instead of the switch 41, a proximity sensor
may be used, for example. However, it is also possible, for example, for an
(additional) switch to be associated with the initiating element 8 or other suitable
element of the inhaler 1 in order to detect the start of the nebulisation of fluid 2 or the
actual nebulisation of fluid 2 or the triggering of the inhaler 1. It is also possible to
provide a spray sensor or moisture sensor or the like in the mouthpiece 13, for

example, in order to be able to detect the actual production of the aerosol 14.

After the triggering of the inhaler 1 and/or the start of nebulisation has been
detected, preferably measurement of the time of breathing in or inhaling is started. It
is thus possible, for example, to detect and/or indicate, by means of the monitoring

device 24, whether inhalation has continued for a sufficiently long time.

Alternatively or additionally, the monitoring device 24 can also evaluate and
optionally indicate whether and to what extent there has been correct or adequate or
proper co-ordination of the actuation of the inhaler 1 or nebulisation on the one hand

and the breathing in or inhalation on the other hand.

After the start of the nebulisation or after detecting the initiation of the inhaler 1, the
pressure data go on being recorded and stored for a further period, for example,
and/or until a certain threshold or a certain proportion of memory values in the
cyclical buffer or cyclical memory (which may also be a predetermined memory
region within the memory 29) of current memory values has been exceeded after the
initiation of the inhaler 1 or the start of nebulisation. For example, an absolute
number of memory values or a percentage number of memory values can be
provided as a limit. In this way, it is possible to ensure that even before atomisation
starts, pressure values measured continue to be stored, i.e. are not overwritten to
more recent pressure values. However, other technical or procedural solutions or

software solutions are possible here as well.
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Preferably, the pressure data and/or flow data or the like formed from them are
stored by the monitoring device 24 and/or issued particularly through the interface
39.

In supplementary manner, preferably other data or parameters are detected, stored,
indicated and/or issued, in particular the present time of day, date, duration of
breathing in or inhalation or the like. These further data may alternatively or
additionally also include statistical data or evaluations, for example a lung volume
calculated or estimated from the data, the dosage presumably taken by the user, or
the like. Moreover, the additional data may also include the time delay between the
start of breathing in or inhaling on the one hand and the start of the nebulisation or
initiation of the inhaler 1, on the other hand, or other information or sensor values of

measured values, particularly of the other sensors of the monitoring device 24.

The further data or information may include in particular relative or absolute times

and/or durations between different events such as different uses of the inhaler 1.

Alternatively or additionally, the further data and information may also relate to the
position, orientation and/or acceleration of the inhaler 1 or a path of movement of the
inhaler 1. Using the position sensor or sensors the monitoring device 24 can
preferably detect and correspondingly store and/or indicate an absolute position
and/or orientation of the inhaler 1 in space and/or alterations or accelerations or the
like relating to it. For example, a path of movement of the inhaler 1 can also be
determined from acceleration values or data, taking account of the time of the actual
detection or measurement. This provides useful information, for example, with

regard to correct handling of the inhaler 1.

Preferably, in the present invention, the expression "detecting uses of the inhaler 1"
refers to the measuring, detection, storage, output and/or evaluation of one or more
of the above-mentioned data and/or items of information. Particularly preferably, it
includes, at least, detecting the breathing in or inhaling and/or detecting actuations

of the inhaler 1 or movements of the container 3.

As already mentioned, the various data and information are preferably displayed,

stored and/or given out. In particular, they may be provided through the interface 39
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and/or by any other suitable method. The output or transmission of data may take
place after every use of the inhaler 1 or at any other desired time or event, for

example after the emptying of the container 3.

For reading out the data or information, the transmission device 24 may
communicate with or be coupled to a corresponding communications or reading
device (not shown), particularly via the interface 39. For this purpose the monitoring

device 24 or the housing part 18 may be separated from the inhaler 1 as required.

The monitoring device 24 may also be designed for user information or user
guidance. In particular, user guidance may take the form of an acoustic and/or
optical display or the issuing of corresponding data, information and/or instructions.
For example, a status or an error or a possibility of improvement can be indicated
using the display 35 or some other method. Moreover, the respective status of the
monitoring device 24 can be indicated for example by means of the light emitting
diodes 36 and 37 or in some other way. The monitoring device 24 can also indicate
to the user optically and/or acoustically, for example, how long and/or how
powerfully he has to breath in and/or inhale and/or when the end of the (required)

inhalation is reached.

In the embodiment shown the housing part 18 is preferably at least partly
transparent in construction. Accordingly, an optical display through the housing part
18 may be provided as necessary. Corresponding components such as the display
35 and/or the light emitting diodes 36 and 37 may therefore be arranged directly on
the printed circuit board 25.

The initiation of the inhaler 1 or drive spring 7 or the start of the nebulisation may
also take place automatically, if necessary, in the embodiment shown, particularly if
the monitoring device 24 detects (sufficiently strong) breathing in or inhalation by the
user. In this the monitoring device 24 or the micro-controller 26 may initiate the
nebulisation of fluid 2 via the optional actuator 33, for example. For this purpose the
actuator 33 may release the tension on the drive spring 7 or actuate the initiating

element 8 accordingly. In this way, breath-controlled nebulisation can be achieved.
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Alternatively or additionally, the actuator 33 and/or another optional actuator may
also be used to prevent further actuation or triggering of the inhaler 1, for example at
the end of a specified period of use or after a certain predetermined number of
doses has been given, and the inhaler 1 is then controlled accordingly by the
monitoring device 24. Blocking may alternatively or additionally be provided, for
example, as a temporary measure to prevent overdosing, particularly when active

substances with an addictive potential are being administered.

The housing of the inhaler 1 or the lower housing part 18 is preferably sealed off
from the housing part 16 by means of corresponding seals or the like (not shown),
particularly relative to the housing part 16, such that the pressure that can be
measured by the pressure sensor 29 at least substantially corresponds to the
pressure in the mouthpiece 13 or supply air pathway 44. Besides a "sufficient” seal
this may also be achieved or at least assisted by correspondingly large connecting
cross-sections, particularly between the mouthpiece 13 and the spatial region in
which the pressure sensor 29 is located, and, in the embodiment shown, particularly

by a sufficiently large opening 43.

Preferably the monitoring device 24 is constructed so that it automatically switches
off or is deactivated or goes into standby mode after a certain (first) period of time,
starting from the nebulisation or triggering of the inhaler 1. If after the tensioning of
the inhaler 1 there is no nebulisation or triggering, automatic switching off,
deactivation or switching to standby mode preferably also takes place after a
(second) period of time has expired after the waking up or activation of the
monitoring device 24, i.e., after the detection of the tensioning of the inhaler 1 or the
predetermined container position. If then the inhaler 1 or fluid nebulisation is still
initiated, the monitoring device 24 may optionally be switched on or activated or

woken up again.

Alternatively or additionally, the monitoring device 24 may be activated or woken up
or the power supply 34 may be switched on by the detection of movement of the
inhaler 1 (particularly if a change in the position and/or orientation of the inhaler 1 is
detected), particularly by means of the acceleration sensor 30 or by means of

another jolt or shake sensor.
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Preferably, the temperature and/or moisture values which are optionally additionally
measured are used as correction values, particularly for correcting when determining
the current of supply air and/or when determining the dose of fluid or active
substance taken by the user (so called lung dose). Alternatively or additionally,

5 these values may also be used to provide information as to the actual use or

ambient conditions under which the inhaler 1 is used.

The inhaler 1 or monitoring device 24 is preferably also designed to measure,
detect, store, determine, evaluate, indicate and/or issue the data, information,
10 numerical values and the like, as described in WO 2005/080001 A1.

Preferred ingredients of the preferably medicinal fluid 2 are listed in particular in WO
2009/047173 A2, which is hereby incorporated in full as a reference. In particular,
the fluid 2 may be an aqueous or non-aqueous solution, mixture, formulation with or

15 without solvents, such as ethanol or the like.
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PATENT CLAIMS

1. Portable inhaler (1) for a fluid (2)
having a preferably insertable container (3) containing the fluid (2) and
having a monitoring device (24) for detecting use of the inhaler (1),
characterised in that
the monitoring device (24) has a pressure sensor (29) for measuring the air
pressure in the inhaler (1) or the monitoring device (24) for detecting inhalation
and/or a position sensor for detecting a position, orientation and/or acceleration of

the inhaler (1), particularly to determine a path of movement of the inhaler (1).

2. Inhaler according to claim 1, characterised in that the pressure sensor (29) is

arranged outside a supply air pathway (44) and/or mouthpiece (13) of the inhaler (1).

3. Inhaler according to claim 1 or 2, characterised in that the pressure sensor
(29) is arranged in an actuating or housing part (18) of the inhaler (1) which is

fluidically connected to a mouthpiece (13) of the inhaler (1).

4. Inhaler according to one of the preceding claims, characterised in that the
monitoring device (24) or the pressure sensor (29) is designed to measure or detect

reduced pressure in the inhaler (1) during inhalation.

5. Inhaler according to one of the preceding claims, characterised in that the
monitoring device (24) is designed to detect a pressure pattern beginning before a

nebulisation and/or inhalation.

6. Inhaler according to one of the preceding claims, characterised in that the

position sensor is an acceleration sensor (30) or a GPS sensor (31).

7. Portable inhaler (1) for a fluid (2), particularly according to one of the
preceding claims,
having a preferably insertable container (3) holding the fluid (2) and
having a monitoring device (24) for detecting use of the inhaler (1),

characterised in that
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the monitoring device (24) comprises a sensor for waking up or switching on
the monitoring device (24) in the event of tensioning of a drive spring (7) of the

inhaler (1) or when a certain container position is reached.

8. Inhaler according to claim 7, characterised in that the sensor is a switch (41).

9. Inhaler according to claim 8, characterised in that the switch (41) can be
actuated by or is formed by a spring (20) associated with the container (3),

particularly for piercing the base of the container (3).

10. Inhaler according to one of the preceding claims, characterised in that the
inhaler (1) comprises a mouthpiece (13) for delivering nebulised fluid (2), the

mouthpiece (13) comprising at least one supply air opening (15).

11. Portable inhaler (1) for a fluid (2), particularly according to one of the
preceding claims,

having a preferably insertable container (3) containing the fluid (2)

having a mouthpiece (13) comprising at least one supply air opening (15) for
expelling nebulised fluid (2) and

having a monitoring device (24) for detecting use of the inhaler (1),

characterised in that

the monitoring device (24) is constructed so as to cover the at least one
supply air opening (15) and/or to form a supply air pathway (44) and/or can be

placed or fitted onto the mouthpiece (13).

12. Inhaler according to claim 11, characterised in that the monitoring device (24)

covers all the supply air openings (15) of the inhaler (1) or mouthpiece (13).

13. Inhaler according to one of the preceding claims, characterised in that the
inhaler (1) has a pressure generator (5) constructed in particular as a pump or
operating purely mechanically, for conveying and/or nebulising the fluid (2)

independently of any inhalation and/or while simultaneously moving the container

(3)-
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14. Inhaler according to one of the preceding claims, characterised in that the
monitoring device (24) comprises or actuates an actuator (33) for triggering a

nebulisation of fluid (2) when an inhalation or an intake of breath is detected.

5 15. Inhaler according to one of the preceding claims, characterised in that the
monitoring device (24) has a memory (28), particularly a cyclical memory, for
continuously storing pressure or flow data relating to the inhalation before and during

an inhalation or nebulisation.
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