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(57) Abstract

The present invention refers to a device in connection with an in-
haler intended for measuring and recording the course of inhalation of
a patient. The device is intended for use in medication, e.g. in clinical
tests, where there is a need of afterwards being able to control if the pa-
tient has taken medicine in a prescribed way. The device comprises an
electronical unit provided in the inhaler for recording of the time for
each dosage of the medicine of the inhaler. A detector (16, 32, 36) is
provided in the inhaler in connection with a passage for the airflow of
the inhalation, whereby the detector detects the airflow of the inhalation
through the inhaler as well as the availability of the medecine at the in-
halation, so that a combination of these two detected values decides if

and how the performed inhalation should be recorded in the electroni-
cal unit (11, 33, 35).
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DEVICE IN CONNECTION WITH AN INHALER

Field of the invention

The present invention relates to a device in connection with an
inhaler intended for measuring and recording of the inhalation
course of a patient. The device is intended for use in medical
treatment, e.g. in clinical tests, where there is a need for
recording a course of events afterwards in order to be able to
verify if the patient has taken medicine in the prescribed way.
The device can also be used to detect the level of trouble of
the patient between the patient's visits to a doctor.

Background of the invention

The omission of a patient to keep up to a medication prescribed
by a doctor might be the reason for an unsuccessful treatment
e.g. for cronical deseases. With a desease as e.g. asthma, where
a continous medication program is necessary, it is especially
important that the medication is performed in a prescribed way.
Investigations have proven that between 30 and 50 % of the
patients take medicines irregularly and incorrect when they take
the medicines themselves, which fact often is not discovered by
the doctor in charge. The difficulty of recording how well the
patient follows the presériptions for the medication results in

an unsatisfactory security in the evaluation of clinical tests.

One type of control systems for the medication of patients, used
today, the so called MEMS® system, comprises different types of
ordinary standard medicines containers, which are provided with
microprocessors, which record date and moment for each opening
and closing of the containers.

Another known control system, called Nebulizer Chronolog®, con-
sists of a small portable device, in which is contained a stan-

dard aerosol container. At each release of an aerosol dose, a
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contact device is actuated, whereby an electronical memory unit

stores date and moment for each dosage fed out.

For a patient inhaling his medicine to recieve an acceptable
dosage to the lungs, however, it is necessary that the release
of an aerosol dosage is coordinated with the inhalation of the
patient. When using a powder inhaler device, the inhalation flow
must reach a "critical flow" to make the powder dose follow the
airflow and for the formation of a favourable particle picture,

which can reach far enough down into the lungs.

The above disclosed known systems used today record the moment
for each event when a medicine package is opened or each time a
medicine dose is released, but these known systems lack the pos-
sibility of detecting if and when a satisfactory medication has
been performed of the patient. With these systems one has not
been able to recieve a confirmation of that the patient really
takes his dose and that the patient takes his dose in the pre-

scribed way in order to get a medical effect.
Basic concept of the invention

The object of the present invention is to solve the above prob-
lems by a device in connection with an inhaler, which can
measure and record if and when a satisfactory medication has

been performed in a patient.

A device of the kind discussed in the beginning is according to
the invention characterized in that a detector is provided in
the inhaler in connection with a passage for the inhalation air-
flow, whereby the detector is arranged to detect the inhalation
airflow through the inhaler as well as the accessibility of the
medicine at the inhalation, whereby the combination of the de-
tected values determines if and when the inhalation should be

recorded in the electronical unit.

Further advantageous features of the invention will be evident

from the following description of embodiments and the sub-
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claims.

A change of sound or pressure occuring at the feeding of a pow-
der dose, at the release of a pressure aerosol or at the punc-
tuation of a powder capsuie can be detected by a detector and
the generated signal can subsequently be treated and recorded by
the components in an electronical unit. A characteristic back
noice or a pressure drop, which occurs in the inhaler at inhala-
tion can be detected by the detector and can thereafter be trea-
ted and recorded by the electronical unit.

In order to obtain a satisfactory picture of how a patient has
performed a planned medication with the aid of an inhaler, it is
thus important to be able to detect the patient's own inhalation
in combination with a detection of the availability of the medi-
cine dose for the patient. In certain cases it is also important
to be able to read how the course of the inhalation looks, that
is how strong and how long it is, in order to be able thereby to
determine if the inhalation of the patient has enough strength
and duration for the obtaining of a correct deposition of active

substance in the lungs.

The device according to the invention is also suitable for use
in measuring and recording the level of severity of a patient's
sickness state in periods between the patient's visits to a
doctor. By the recording of different inhalation parameters,
which correlates to the éeverity of the asthma desease, with the
aid of the device according to the invention, the doctor can get
a good picture of the development of the patient's desease du-
ring the time between the medical examinations.

The detector can be comprised of a sound detector, e.g. a micro-
phone of the type electret microphone, but also other types of
detectors, such as for example a pressure transmitter, are

feasible within the scope of the invention.

S} , s . {ng drawi
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One embodiment of the device according to the present invention
and modifications thereof are described more in detail below

with reference to the accompanying drawings, wherein

Fig. 1 shows an exploded view of a powder inhaler wherein the

airflow through the inhaler is marked with arrows,

Fig. 2 shows a cross-sectional view through a powder inhaler
according to Fig. 1 with a device for measuring and

recording sound according to the invention,

Fig. 3a show two alternative block diagrams of comprised

and 3b electronical components in Fig. 2,

Fig. 4 shows a diagram of how the microphone in Fig. 2 cat-
ches outside, disturbing noise,

Fig. 5 shows a diagram of how the microphone in Fig. 2 cat-
ches inhalation noise through the inhaler,

Fig. 6 shows a diagram of the measuring signal of the inhala-
tion after passage through filter and amplifier,

Fig. 7 shows a cross sectional view through a dose aerosol

with a device according to the invention, and

Fig. 8 shows a cross sectional view through a powder inhaler
for gelatine capsules with a device according to the

invention.
Detailed description of preferred embodiments of the invention
In Fig. 1 an exploded view of a powder inhaler is shown, which
is driven by the patient's own breath. The airflow through the

inhaler at the inhalation is marked by arrows A.

Figs. 1 and 2 show the different parts of the powder inhaler. A
pivotable control unit 1 with double grip rings 2 cooperates
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with a dosage unit 3, which, when the operating unit 1 is tur-
ned, feeds a powder dose to an inhalation channel 4. The active
substance is kept in a substance container 5. A mouthpiece 6 is
provided with an insert with narrow helical deflection devices 7
for decomposition of the substance powder into an inhalatable
powder fraction. The dosage unit 3 is shaped as a flat, rotat-
able disc with groups of dosage holes 8 and the disc is arranged
at the bottom of the substance container 5. The dosage holes 8
are filled with substance in the position below the substance
container 5. When the grip rings 2 are turned and fed one step
forward the dosage disc 3 is brought therewith in the rotation.
A number of scrapers 9 are arranged to abut the dosage disc 3,
whereby the scrapers remove excess powder substance above the
dosage holes 8 at the turning of the dosage disc 3.

When the patient inhales from the mouthpiece opening, air flows
through two opposite air inlets 10 in the operating unit 1 and
through the group of dosage holes 8, which at the moment are ex-
posed at the inhalation channel 4 situated above the dosage disc
3, further through the channel 4 and out through the mouthpiece
6. When the airflow passes the dosage holes 8 the dose of active
substance loaded in the holes will be released and will be
brought further on together with the air flow and will be decom-
posed in the helical passage in the mouthpiece 6.

Inside the two separable grip rings 2 of the operating unit an
electronical unit 11 with a battery 12 as the source of voltage
is arranged. Two contact surfaces 13 are arranged on the upper
and outer side of the upper grip ring 2. When the inhaler is not
used, a protective cover 14 is put over the mouthpiece 6 of the
inhaler and down over the air intakes 10, whereby the protective
cover 14 with its lower edge abuts the upper side of the upper
grip ring 2. The lower edge of the protective cover 14 is provi-
ded with a metal contact ring 15. The contact ring 15 abuts the
two contact surfaces 13 on the grip ring 2 when the protective
cover 14 is put on, whereby the two contact surfaces 13 get
electrical contact. A microphone 16 is arranged in direct
connection with an air channel 17 between the air intakes 10 and
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the dosage disc 3 and the microphone is connected to the elec-—
tronical unit 11 inside the operating unit 1. The microphone 16
can alternatively be placed in connection with the air channel,

but separated from this through a thin diaphragm.

The electronical unit is explained more in detail with reference
to the block diagram in Fig. 3a. The microphone 16 detects the
sound of the ®"click", which occurs upon turning forward of a new
dose and the sound of the airflow at an inhalation, and trans-
fers these signals. A band pass filter 18 separates one for the
inhalation typical and suitable working frequency (se Fig. 3).
An amplifier 19 lifts up the signal level from the microphone
16, which leaves signals of the order of a few millivolts and
the signals will here be amplified to about 1 V. The signal is
rectified and is low pass filtered in a detector. 20 so that the
envelope of the signal is obtained. The envelope signal is a
measure of the momentary air flow. A Schmitt trigger 21 quanti-
tizes the signal and leaves the values "approved" and "not
approved", respectively. The signal of the microphone is here
transformed to a binary signal which states if the strength of
the inhalation is sufficient. The hysteres of the Schmitt trig-
ger makes that small variations in flow will not make the signal

flutter between "approved" and "not approved"”.

With the need of more than two quantitizing leves (approved/not
approved) the Schmitt trigger 21 might be replaced by an ana-
logue-digital-converter (A/D converter) 22, which is shown in
Fig. 3b, the function of which is to measure the airflow one or
several times during the inhalation. These results are stored
together with a time notation in a memory 23 for further treat-

ment.

The microphone signal, which is generated by the sound of the

forward turning, is rectified in a detector 24 so that the abso-
lute value of the signal is obtained. An amplifier 25 lifts the
level of the signal from the microphone 16 to an order of about
1 V. This signal passes a puls stretcher 26, which stretches the

short, transient "click" sound to a signal with logical levels
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and a sufficient duration for a processor to record it.

The processor 27 shall keep track of acual time, i.e. be a
clock, collect the treated signals from the micorphone and
through these signals check that the patient takes his dosage in
the prescribed way. The prescribed way means that the patient
shall turn forward a dose and breath with a sufficient flow and
sufficient duration in order to obtain an effective deposition
in the lungs. The processor 27 performs the measurement of the
length of the inhalation and transfers the time for an approved
inhalation to the memory unit 23. The processor 27 also detects
if the contact surfaces are short circuited, that is if the pro-
tective cover 14 is put on, and takes care of the communication
with a reading unit, which reads the gathered information in the
memory unit 23. The processor 27 supplies the band pass filter
18, the amplifier 19, the detector 20 and the Schmitt trigger 21
with power only when the protective cover 14 is not put on in
order to save the battery 12 in this way.

The memory unit 23 is suitably comprised of an EPROM (Electri-
cally Eraseably Programmable Read Only Memory), which is an
electrically eraseable, fixed memory. An EPROM is preferably
used here since the information must not be lost if the battery
should be finished. In this memory the times of inhalation is
saved for approved inhalations and optional inhalation measure-
ment test results.

Fig. 4 shows a diagram of how disturbing noise from the outside,
in this case music from the radio at an extremely high sound le-
vel, is captured by the microphone 16 inside the powder inhaler
according to Fig.2.

Fig. 5 shows the corresponding diagram of how the microphone 16
reacts to the airflow through the inhaler at the inhalation. The
lower graph shows a sound spectrum for an airflow of 10 1/min,
and the other graphs, in the upward direction, show the corre-
sponding sound spectra for 20 1/min, 30 1/min and 60 l/min, res-
pectively. The measuring range which is of interest for the air-
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flow lies in the range of between 20 1/min and 100 1/min. Since
the measurements should be insensitive for outside noise distur-
bances it is evident from the graphs in Figs. 4 and 5 that a
signal at the frequency of 9 kHz is a suitable measuring signal

in this embodiment.

Fig. 6 shows the size of the measuring signal in Volts after
filter and amplifier at inhalation flows from 20 1l/min to 80

1/min.

When the patient shall medicate with the aid of the described
powder inhaler, first he takes off the protective cover 14,
whereby the contact ring 15 at the lower edge of the cover
breaks the contact with the two contact surfaces 13 in the upper
side of the upper grip ring 2, whereby the voltage to the band
pass filter 18, the amplifier 19, the detector 20 and the
Schmitt trigger 21 are connected. A dosage of active substance
is fed forward to the inhalation channel 4 by turning the grip
ring 2 forward one step. This turning forward creates a
"clicking" sound which is detected by the microphone 16. When
the turning forward is recorded by the processor 27 in the elec-
tronical unit the microphone 16 "listens"™ for the noise arising
when the patient inhales through the inhaler and thereby inhales
the dosage fed forward. Since the noise has a characteristic
segment, only noise at this frequency is amplified by the ampli-
fier 19. The signal after the amplifier is quantitized in two
steps, insufficient flow or sufficient flow. Alternatively the
signal can be measured at several levels with optional grading.
When an approved inhalation is detected, the time for the inha-
lation is stored in the memory 23 and in the alternative case

also the "“value" of the inhalation is stored.

At the next coming visit to the doctor, the doctor can, by sepa-
rating the two grip rings 2, get access to the electronical unit
and read the memory 23 using a special reading equipment, which
is connected to the electronical unit. This reading equipment
reads the approved inhalation times and transfers the informa-

tion to a computer, which can process and present the material

<3
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in a way suitable for the doctor. In the alternative with quan-
titizing in more than two levels the "value" of the inhalation
is also read, which can be presented as a flow/time diagram or
as an inhalation measure, e.g. peak inspiratory flow, PIF of to-
tal volume (VC).

In Fig. 7 is shown a dose aerosol with pressure filled canister.
The pressure canister 28 is provided with a nozzle 29 and is
placed in a bracket 30 with a nozzle 31. The bracket 30 is sha-
ped with a separable unit, which comprises a detector 32 in
connection with the air channel for the inhalation flow and an
electronical unit 33. When the patient inhales from the mouth-
piece opening air flows past the gap around the pressure canis-
ter 28 and out through the mouthpiece 31.

In order to obtain perfect medication effect with a dose aerosol
the patient shall, during the introductory phase of the inhala-
tion, press the canister 28 down so that a dose is released
through the nozzle 29. The air flow aorund the canister 28 and
the bracket 30 give rise to a noise, which can be detected by a
noise detector 32. When a dosage is released through the nozzle
a sound arises, which can be distinguished from the noise and
can be detected by the detector. Since these sounds are diffe-
rent from each other, a microphone can be used as detector also
in this embodiment.

At inhalation through the inhaler according to Fig. 7 a pressure
drop is created between the ambient pressure and the pressure at
the mouthpiece opening, i.e. a sub-pressure arises inside the
bracket 30 when the patient inhales, which sub-pressure can be
detected by a pressure transmitter. At the release of a dose a
strong pressure change with short duration arises, which is also
detectable by a pressure transmitter. In the embodiment accor-
ding to Fig. 7 thus also a pressure transmitter can be used for
detection of both the inhalation and the release of a dose, i.e.
the information necessary for controlling that the patient uses
the dose aerosol in the prescribed way.
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Fig. 8 shows a powder inhaler, which is loaded with a gelatine
capsule 34 with powder substance. An electronical unit 35 with
detector 36, preferably a microphone, works in a similar way as

the powder inhaler shown in Fig. 2. When a capsule is placed in ,
the inhaler it is punctuated/broken by needles 37 brought
through the wall of the capsule. When the capsule has been punc- .

tuated/broken the substance will be available for the inhalation
flow. The punctuation/braking of the capsule causes a short and
intensive sound which is detected by the microphone 36. At inha-
lation here also arises a characteristic sound which is detec-
ted/measured in the same way as in the other embodiments.

Possible modifications of the invention

The device according to the invention is also suitable for use
in an inhalator with rotating parts, e.g. of the type Rotacaps‘®
in that instead of measuring the level of the sound one measures
the dominating frequency of the rotation sound. The recorded
frequency images and can be transformed into a measure of the
airflow through the inhaler.

In order to simplify the reading of the memory, any type of
external computer contact might be arranged in the cover of the
inhaler, thereby being accessible for reading without any need

of demounting the inhaler.

&)
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Claims

1. Device in connection with an inhaler, comprising an elec-
tronical unit arranged in the inhaler for recording of the mo-
ment for each dosage of the medicine in the inhaler, char ac
terised in that a detector (16, 32, 36) is provided in
the inhaler in connection with a passage for the inhalation air-
flow, whereby the detector detects the airflow of the inhalation
as well as the availability of the medicine at the inhalation,
so that a combination of these two detected values determine if
and how the performed inhalation shall be recorded in the elec-
tronical unit (11, 33, 35).

2. Device acccordning to claiml, characterised

in that the detector (16, 32, 36) is comprised of a sound detec-
tor, which detects the sound of an out- or forward feeding of a
medicine dose as well as a sound arising at inhalation through
the inhaler.

3. Device according to claim 2, characterised in
that the sound detector (16, 32, 36) is comprised of a micro-
phone.

4, Device according to claiml, characterised in
that the inhaler is a dose aerosol and that the detector is com-
prised of a pressure transmitter (32), which detects a sub-pres-
sure in the inhaler at an inhalation as well as detects a momen-
taneous pressure change arising at the release of an aerosol
dose.

5. Device according toclaiml, characterised in
that the detector (16, 32, 36) is connected to a microprocessor
(27) in the electronical unit (11, 33, 35) for working of the
signals of the detector (16, 32, 36), whereby the treated sig-
nals are stored in a readable memory unit (23).

6. Device according to claim 2, characterised in

that the inhaler is a powder inhaler with a turnable dosage disc
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(3) with dosage holes (8), which step by step are fed to an in-
halation channel (4), whereby the sound detector (16) is arrang-
ed to detect a forward turning sound, which arises when the

dosage disc (3) is fed forward one step.

-

7. Device according to claim 6, characterised in .
that the sound detector (16) is arranged close to an air channel

(17) between the air intake (10) of the inhaler and the dosage

disc (3), whereby the sound detector (16) detects the noise ari-

sing in the air channel at the inhalation.

8. Device according to claim 2, character ised in
that the signal of the sound detector (16, 32, 36) from the in-
halation sound is quantitized to a binary signal, approved and
not approved inhalation, respectively, in a Schmitt trigger
(21) .

9. Device according to claim5, characterised in
that a battery (12) is arranged to provide the electronical unit
(11, 33, 35) with power, whereby the power supply is arranged to
be broken when a protective cover (14) with a metal ring (15) is
put on the inhaler to a position such that the metal ring (15)
abuts two contact surfaces (13) on the inhaler, which are short-
circuited by the metal ring (15).

10. Method of recording medication with an inhaler using a de-
vice in the inhaler, whefeby the availability of a medicine dose
is detected and the time for detection is recorded in an elec-
tronical unit, characterised in that a detector
(16, 32, 36) detects the inhalation flow through the inhaler and
that the signal arising hereby is combined with the signal from
the detection of the dosage availability in a processor (27) in
the electronical unit (11, 33, 35) so that the combination of
the signals determines if and how the performed medication shall

be recorded in the electronical unit.

11. Method according to claim 10, characterised in
that the processor (27) checks if the medication takes places in
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an approved way by combination of .the detected signals and, if
that is the case, the time of an approved medication is recorded
and stored in a memory unit (23).

12. 1Inhaler comprising an electronical unit for recording of
the time for each dosage of the medicine of the inhaler, ¢ h a -
racterised in that a detector (16, 32, 36) is provided
in the inhaler in connection with a passage for the inhalation
airflow, whereby the detector detects partly the airflow of the
inhalation through the inhaler and partly the accessibility of
the medicine at the inhalation, so that a combination of these
two detected values decides if and how the inhalation performed
should be recorded in the electronical unit (11, 33, 35).

13. 1Inhaler according toclaim1l2, characterised
in that the detector (16, 32, 36) is comprised of a sound detec-
tor, preferably a microphone.

14. 1Inhaler according to claim 13, ¢ ﬁ aracterised
in that the inhaler is a powder inhaler with a turnable dosage
disc (3) with dosage holes (8), which step by step are fed for-
ward to an inhalation channel (4), whereby the sound detector
(16) is arranged to detect a forward turning sound, which arises
when the dosage disc (3) is fed forward one step.

15. 1Inhaler according to claim 14, characterised
in that the sound detector (16) is arranged close to an air
channel (17) between the air intake (10) of the inhaler and the
dosage disc (3), whereby the sound detector (16) detects the
sound arising in the air channel at the inhalation.
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