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DESCRIPTION

[0001] The present invention relates to inhalers. In particular, the present invention relates to a
method for measuring flow features of a flow supplied to an inhaler, a corresponding inhaler
and a corresponding system.

[0002] Inhalers are known, e.g., from WO 2005/113042 A1. This document discloses an
inhaler having a chamber into which a capsule containing a formulation can be placed. Once
the capsule is placed in the inhaler, the inhaler may be closed. The capsule may be pierced by
respective needles. A user may then place the mouthpiece of the inhaler in his/her mouth and
inhale. This creates an airflow which makes the capsule spin in the chamber to release the
formulation to the user.

[0003] In such a configuration, it would be desirable to obtain information about the user's
breath, i.e. about features of the user's inhalation. Such features may include, e.g., the
duration of inhalation, the overall inhalation volume, the maximum volume flow during the
inhalation and the volume flow profile. By means of such features of the user's inhalation, the
inhalation efficacy may be assessed, i.e. it may be assessed whether the inhaler has been
used in such a manner that the formulation has been aerosolized sufficiently.

[0004] Patent documents EP2686049 and US2015/196724 disclosed inhalers.

[0005] In light of the above, it is an object of the present invention to provide a method to
obtain features of the user's inhalation, particularly in a capsule based inhaler. It is also an
object of the present invention to provide a corresponding inhaler and a corresponding system.

[0006] These objects are fulfilled by the method for measuring at least one inhalation flow
feature, the inhaler and the system of the present invention as defined by the appended
claims.

[0007] According to a first aspect, the present technology pertains to a method for measuring
at least one inhalation flow feature in an inhaler. A capsule containing a formulation is located
in the inhaler. In particular, the formulation may be a pharmaceutical formulation. A capsule
relates to a container allowed to move freely (e.g., spin) when located in the inhaler. The
method comprises the steps of sensing an impact feature relating to impacts of the capsule on
the inhaler and correlating the impact feature to at least one inhalation flow feature. In other
words, the capsule may be effected to spin in the inhaler. Such a spinning may in particular be
effected after the capsule has been opened. The user may then inhale, which may cause the
capsule to spin and to release its formulation. When spinning, the capsule impacts on the
inhaler, e.g., on inner walls of the inhaler. Such impacts may be sensed by the present method,
e.g., by an impact sensor. One non-limiting example is the sound which may be sensed by a
microphone. That is, the capsule impacts on the inhaler and causes a sound (an impact
feature). The present technology relates this impact feature generated by a spinning capsule
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to a flow feature, e.g. the instantaneous flow.

[0008] Such a method and the corresponding inhaler and system may be advantageous for a
plurality of reasons. It allows to get additional information relating to the flow in a convenient
fashion and without requiring any extra work from the user. That is, the impact feature (e.g.
sound) generated by the spinning capsule is sensed and used as a measure for a flow feature
(e.g. instantaneous flow, flow volume).

[0009] As discussed, the impact feature may be a sound generated by the impacts of the
capsule on the inhaler. Such an impact feature may be sensed easily, e.g., by means of a
microphone.

[0010] Correlating the impact feature to at least one inhalation flow feature comprises
determining at least one characteristic of the sensed impact feature and relating the at least
one characteristic of the sensed impact feature to at least one inhalation flow feature.

[0011] The at least one characteristic comprises a mean value of the impact feature, a peak
value of the impact feature and/or a duration of the impact feature above a threshold. Such
impact features may be simple to obtain and may allow a convenient and simple derivation of
the inhalation flow feature (e.g., instantaneous inhalation flow).

[0012] The at least one characteristic may comprise two or three of the characteristics
mentioned in the previous paragraph and at least one inhalation flow feature may be
determined by a combination of the characteristics. Such a combination of characteristics may
yield a more robust and improved result than when only one characteristic is used.

[0013] The at least one characteristic may comprise a peak to mean value of the impact
feature, a peak count of the impact feature, a variance of the impact feature and/or a kurtosis
of the impact feature. Such statistical values of the impact feature may be particularly
advantageous to use. The capsule spinning in the inhaler impacts on the inhaler, as discussed.
Such impacts may cause distinct signals peaks in the impact feature. It will be appreciated that
a capsule impacting on the inhaler will cause a distinct "rattle”, that is a peak in the sound
signal. That is, a capsule spinning in the inhaler and impacting on the inhaler causes distinct
peaks on the signal causing distinct results for the characteristics discussed in this paragraph
(peak to mean value, peak count, variance and kurtosis). This is why these characteristics of
the impact feature are particularly suitable to derive inhalation flow features from the impacts of
a spinning capsule. With particular reference as regards the kurtosis and the variance of the
impact feature, reference can also be made to EP 2 686 049 B1, where these characteristics
are described to be used for the detection of the presence of a capsule (not, however, for the
derivation of a flow feature).

[0014] Again, two, three or four of the characteristics discussed in the previous paragraph may
be used and the inhalation flow feature (e.g., the instantaneous flow) may be determined by a
combination of such characteristics, which may lead to an improved and more robust result.
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[0015] Correlating the impact feature to at least one inhalation flow feature may comprise
dividing the sensed impact feature into time intervals, determining the at least one
characteristic of the sensed impact feature for the time intervals and relating the at least one
characteristic of the sensed impact feature to a flow for each time interval. The time intervals
may have a length in the range of 10 ms to 500 ms, preferably 100 ms to 300 ms and further
preferably 150 ms to 250 ms. This may reduce the required data storage requirements, as
only a limited number of values need to be stored, which number may be reduced to the
situation when the impact feature is continuously sensed and the flow feature, e.g. the flow, is
continuously determined. This may allow these steps to be performed by the inhaler itself,
without requiring the inhaler to have a sophisticated data processing and data storage means.

[0016] The steps of sensing an impact feature and correlating the impact feature to at least
one inhalation flow feature with its sub-steps may be performed for a plurality of inhalations, to
thereby arrive at a plurality of flows for each time interval, wherein the plurality of flows for each
time interval are combined to a combined flow for each time interval. Again, this may render
the method more robust. The plurality of inhalations may be at least 3, preferably at least 5
and more preferably at least 10 inhalations.

[0017] The at least one inhalation flow feature comprises at least one of a peak inhalation flow,
an inhalation flow duration and an inhalation flow volume. Such inhalation flow features may be
stored locally on the inhaler. Such features may be of particular interest to both the user and a
practitioner to monitor correct usage of the inhaler. The at least one inhalation flow feature
may comprise two or three of the features listed above.

[0018] The at least one inhalation flow feature may be displayed on the inhaler. This may
provide the user with a direct and convenient feedback as regards correct usage of the inhaler
and may therefore improve the user's engagement and compliance and correct usage of the
inhaler.

[0019] The method may comprise sending data relating to the impact feature or the at least
one inhalation flow feature to a device external to the inhaler. In other words, data relating to
the impact feature, e.g., the recorded sound, or the at least one inhalation flow feature, e.g.,
sound parameters, may be sent or "streamed” to an external device, such as a smart phone or
other smart device. This may have the advantage that applications ("Apps") can be changed
more easily and therefore potential changes and/or updates of the method algorithm would be
more straight forward. Furthermore, the data may be used by a practitioner to monitor correct
usage of the inhaler and the user's compliance.

[0020] The step of correlating the impact feature to at least one inhalation flow feature may be
at least partially performed by the external device. As an example, the inhaler may send the
discussed data to an external device (e.g., a smart phone, a computer, a tablet or another
"smart" device), which external device may then perform subsequent data processing. This
may reduce the requirements of potential data processing means on the inhaler, rendering the
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inhaler relatively simple and cheap.

[0021] However, the step of correlating the impact feature to at least one inhalation flow
feature may be performed by the inhaler, in case a stand-alone device is desired.

[0022] The method may further comprise the step of frequency filtering the impact feature
before correlating the impact feature to at least one inhalation flow feature, wherein the filtering
preferably prevents signals in the frequency range below 3 kHz and above 15 kHz to pass and
further preferably, wherein the filtering prevents signals below 4.5 kHz and above 10 kHz to
pass. It has been found that the signals in the described ranges are particularly representative
for the impacts generated by the capsule impacting on the inhaler and that by means of the
above described frequency filtering, other noises (such as ambient noise and air flow noise)
may be filtered out not to compromise the results.

[0023] The method may also comprise effecting the capsule to spin in the inhaler and to
impact on the inhaler. In particular, this may be done be a user inhaling.

[0024] The present technology also pertains to a use of the method above described method,
wherein the method is performed at least partially simultaneously with the formulation being
supplied to a user of the inhaler. That is, the capsule may be opened and the capsule may
release the formulation during spinning.

[0025] The present technology also pertains to a use of the method, the use comprising
considering the at least one inhalation flow feature to monitor the user's compliance. That is, it
may be monitored how consistently an inhaler is used by the user and whether the use is in
accordance with a prescription.

[0026] The present technology also pertains to a use of the method, the use comprising
considering the at least one inhalation flow feature to monitor a health condition of the user.
That is, e.g., by means of the peak inhalation flow a user is able to perform, by means of the
total inhalation flow volume and its duration, a health condition of the user may be monitored.
E.g., a user suffering from asthma may produce different inhalation flow features than a
healthy user breathing normally. By means of this use, e.g., the long term development of a
health condition and/or a disease may be monitored.

[0027] In the uses described in the two preceding paragraphs, the at least one inhalation flow
feature may be considered for a plurality of inhalations. Thus, the user's compliance and/or the
user's health condition may be monitored over time.

[0028] The present technology also pertains to an inhaler. The inhaler is adapted to aerosolize
a formulation contained in a capsule and the inhaler comprises a sensor for sensing an impact
feature relating to impacts of the capsule on the inhaler and a processor for correlating the
impact feature to at least one inhalation flow feature. Such an inhaler has advantages
corresponding to the advantages discussed above with regard to the method.
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[0029] The sensor may be a microphone. The microphone (or more generally: the sensor)
may be fixedly or permanently mounted to the inhaler, i.e. a user may not be able to separate
the sensor from the inhaler without breaking the connection between the two. The processor of
the inhaler may be adapted to carry out any of the steps relating to data processing and/or
correlating the impact feature to at least one inhalation flow feature as discussed above. That
is, any of the calculations discussed above may be carried out by the data processing means.

[0030] The inhaler may comprise a data-receiving-transmitting means to receive and transmit
data from and to an external device, e.g. to an external smart device.

[0031] The present technology also pertains to a system comprising an inhaler adapted to
aerosolize a formulation contained in a capsule and a computing device external of the inhaler,
wherein the inhaler comprises a sensor for sensing an impact feature relating to impacts of the
capsule on the inhaler and a data-receiving-transmitting means to receive and transmit data
from and to the external computing device, wherein the external computing device also
comprises data-receiving-transmitting means to receive and transmit data from and to the
inhaler, wherein the inhaler and/or the external computing device comprises processing means
for correlating the impact feature to at least one inhalation flow feature.

[0032] Again, the sensor may be a microphone.

[0033] The processing means may adapted to carry out any of the data processing steps set
out above.

[0034] Such a method, inhaler and system allow flow features to be conveniently monitored by
means of the impacts generated by a capsule spinning inside the inhaler. Thus, they fulfill the
objects of the present invention.

[0035] Embodiments of the present invention will now be described with reference to the
accompanying drawings in which

Fig. 1
shows an inhaler;
Fig. 2
shows an exemplary graph depicting the volume flow of user inhaling from an inhaler;
Fig. 3a to 3h
show scatter graphs of the detected mean of square and peak-to-mean ratios of sound
detected for different flows;
Fig. 3i and 3j
show graphs relating mean of square and peak-to-mean ratios of detected sound to
volume flows;
Figs. 4a and 4b
correspond to Figs. 3i and 3j and depict respective best fit lines;
Fig. 5
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shows a graph depicting the determined and real volume flow profile of a user inhaling;
Fig. 6
shows a graph depicting the actual breath or inhaling duration vs. the number of
representative 200 ms blocks of sound exceeding a signal threshold;
Figs. 7a to 7d
show graphs depicting the inhalation peak flow vs. different characteristics of the sound;
Figs. 8a to 8d
show graphs depicting the inhalation volume vs. different characteristics of the sound;
Fig. 9
shows graphs depicting spectrograms depicting the sound signal power vs. time and
frequency;
Fig. 10
shows a graph depicting an instantaneous flow rate vs. the third root of the sound signal;
Fig. 11
shows an actual flow rate and three flow rates estimated with the present technology vs.
time; and
Fig. 12
shows a system comprising an inhaler and an external computing device.
Fig. 13
shows an inhaler with a display.

[0036] Figure 1 shows an inhaler 1 (which may be an aerosolizer) comprising a capsule
housing 2 containing a medicament capsule 4. The inhaler 1 comprises an airflow path 6
through which air flows during an airflow event. The airflow path 6 extends from at least one air
inlet 8 to an outlet 10 and passes through the capsule housing 2. The inlet 8 enters the
capsule housing 2 away from a centreline. In this example a top part 10 of the capsule housing
2 is substantially cylindrical and the air inlet 8 enters substantially tangentially to the capsule
housing 2 to encourage the air to swirl within the capsule housing 2. The top part 10 of the
capsule housing 2 is substantially cylindrical in shape with a diameter longer than a capsule 4
contained therein and a height greater than the diameter of the capsule, but less than the
length of the capsule 4. The capsule housing 2 includes a bottom part 12, or coffin, in which
the capsule 4 initially rests. The capsule 4 contains a dry powder medicament formulation 14.

[0037] The inhaler 1 further comprises a sensor 16, in this case a microphone, located
adjacent the bottom part 12 of the capsule housing 2. The sensor 16 is coupled to a processor
18 which is powered by a power source 20, in this case a battery.

[0038] The capsule housing 2 is defined by at least one wall 22 and is configured such that
when a capsule 4 is located in the capsule housing 2 and sufficient air flows along the airflow
path 6, the capsule 4 is drawn into the top part 10 of the capsule housing 2 and spins in the
airflow. As the capsule 4 spins it makes repeated impacts on the wall 22 and the sensor 16 is
arranged so that it is able to detect these impacts within the capsule housing 2. The sensor 16
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generates a signal indicative of the impacts. The processor 18 receives the signal from the
sensor 16.

[0039] The inhaler 1 also includes a pair of actuator buttons 24 which are coupled to piercing
members 26. The buttons 24 can be pressed by a user to cause the piercing members 26 to
pierce holes in the ends of a capsule 4 arranged in the bottom part 12 of the capsule housing
2. There are actuations sensors 28 that can generate actuation signals indicative of whether
the actuator button 24 has been pressed or not.

[0040] The processor 18 receives the signals from the sensors 16, 28 and produces an output
signal which may be indicative of one or more of the presence of a capsule during an airflow
event, the actuation of the actuation buttons 24, the correct use of the inhaler (correct
sequence and timing of the actuation and a capsule being present during an airflow event).
The output from the processor 18 and/or the raw output from the sensors are stored in a
memory 30 and can be accessed using an output 32, in this case a wireless transmitter.

[0041] As discussed, it is an object of the present invention to obtain information regarding
breathing of the user of the inhaler 1, i.e. information about flow characteristics. An exemplary

flow graph (depicting volume flow V* vs. time t) is shown in Fig. 2 for one half-breath, i.e. for a
user of the inhaler 1 inhaling. Retrieving such information about the breath, i.e. length of
inhaling, maximum volume flow, total inhaling volume may be of interest, e.g. to determine how
efficiently the inhaler 1 has been used. Furthermore, this also allows trending and coaching of
the patient.

[0042] The invention uses the noises generated by the spinning capsule 4 to retrieve
information about the volume flow, i.e. the user's breath. These noises (also referred to as the
sound) are measured by the sensor 16, which here is a microphone. However, other impact
sensors may also be used.

[0043] It will now be described how the calibration may be performed with reference to Figs.
3a to 3h. To calibrate the inhaler 1, the inhaler 1 is supplied with a controlled flow, i.e. a flow
having a predetermined volume flow, e.g. a volume flow of 25 I/min, 50 I/min, 75 I/min, 100
I/min or 125 I/min. To do so, a suction source is placed at top part 10 and a predetermined
suction is supplied to the airflow path 6 resulting in the predetermined volume flow.

[0044] With a predetermined airflow supplied to the inhaler 1, a sound generated by the
spinning capsule 1 is measured by means of the sensor 16 (e.g. a microphone, though other
impact sensors could be used as well). This results in a sound signal.

[0045] The sound signal (i.e. sound vs. time) is split into different time sections (also referred
to as sections, intervals or blocks). Each section has a predetermined duration, e.g. 200 ms.
Each sound signal section may have different sound characteristics including a mean signal, a
peak to mean ratio and peak count.
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[0046] The mean signal may be the mean sound signal detected in the respective section, i.e.
the average signal in this section (alternatively, the signal may also be squared first and the
average of this squared signal may be used as the mean signal). In any case, the mean signal
is a measure for the average "strength" of the signal within the respective section. Any such
mean signal will be referred to as a mean value of the sound.

[0047] The peak to mean ratio may be the ratio between the signal peaks and the above
described mean signal. The signal peaks may correspond to the instances in which the
capsule 1 hits a sidewall of the housing 2 when spinning. Again, either the peak may be
compared to the mean signal directly or the squares of the peaks may be compared to the
mean of the squares signal. Any such peak to mean signal will be referred to as a peak to
mean value of the sound.

[0048] Another characteristic may be the count of peaks within the respective time section.

[0049] It has been found that the above described characteristics are dependent on the flow
present in the inhaler. This is depicted in Fig. 3a. This Fig. depicts a graph having the squared
mean signal (in arbitrary units) on the x-coordinate and the ratio between the squared peak
signal and the squared mean signal on the y-coordinate. To obtain this graph, a hydroxypropyl
methylcellulose capsule (HPMC) has been used and different measurements are depicted for
different intervals.

[0050] The different measurement points refer to an applied flow of:
* 25 I/min

x 50 I/min

m 75 I/min

+ 100 I/min

* 125 I/min

[0051] Each measurement point in Fig. 3a corresponds to the assessment of the mean of
square signal characteristic (on the x-coordinate) and the peak-to-mean characteristic (on the
y-coordinate) for intervals of 200 ms. The different symbols represent the different flows
supplied to the inhaler.

[0052] As can be seen, flow of 25 I/min generates the signals having relatively low mean of
square values and relatively large peak-to-mean values. Generally speaking, the higher the

flow, the lower the mean of square values and the higher the peak to mean ratios.

[0053] Furthermore, as can also be seen from Fig. 3a, the different intervals for the 25 I/min



DK/EP 3407945 T3

flow supplied to the inhaler do not all yield one and the same result, but they are spread both
as regards the mean of square characteristic and the peak-to-mean of square characteristic.
The same also applies to the other flows. As can be imagined, this is due to the capsule 4 not
always behaving in exactly the same way when subjected to a flow and due to signal noise. In
any case, as can be seen already from Fig. 3a, there is a clear trend that the higher the
supplied flow, the lower the mean of square characteristic and the higher the peak-to-mean of
squares characteristic.

[0054] Figures 3b to 3h depict respective graphs, where the number of repetitions has been
increased. That is, e.g., Fig. 3b depicts the situation where two repetitions have been
performed for each measurement point. That is, every measurement point in Fig. 3b
corresponds to the average of two measurement points in Fig. 3a. Figs. 3c, 3d, 3e, 3f, 3g, and
3h correspond to the combination of 3, 4, 5, 10, 20 and 40 measurement points, respectively.

[0055] Again, it is noted that the graph in Fig. 3h relates to information relating the flow
supplied to the inhaler 1 (which determines the marking of the measurement points), the mean
of the squared sound signals and the peak-to-mean of the squares. As discussed, the
measurement point on furthest left and highest corresponds to flow being supplied at 25 I/min
and the other measurements correspond to flows (from left to right) of 50, 75, 100 and 125
1/min, respectively. With this information, a graph relating the mean of square signals with the
flow can be generated. The respective graph is depicted in Fig. 3i. Correspondingly, a graph
relating the peak-to-mean ratio of the squares to the flow can be generated. The respective
graph is depicted in Fig. 3j.

[0056] While the foregoing description has been limited to the sound characteristics of the
mean of square and peak-to-mean ratios of the squares, it will be understood that this
procedure is equally applicable to other characteristics as well, such as the peak count.

[0057] In all the graphs relating a characteristic to the flow, there can be provided a function
best fitting the obtained values. Such best fit graphs have the reference numerals 100 and 102
in Figures 4a and 4b, respectively. These Figures mostly correspond to Figs. 3i and 3j
described above.

[0058] These best fit functions 100, 102 can then be used to obtain a measure for the flow
based on the measured characteristic.

[0059] For example, when a capsule 4 is placed in inhaler 1 and a user inhales, for one
interval (e.g. of 200 ms), the mean of square characteristic may be as indicated by arrow 104
in Fig. 4a.

[0060] Simultaneously, the peak to mean ratio of the squares may be as indicated by arrow
106 in Fig. 4b. The best fit functions 100, 102 may then be used to obtain estimates for the
corresponding flow. In this example, the corresponding flow estimated by means of the mean
of square noise measurement would by approximately 94 I/min and the flow estimated by
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means of the peak to mean ratio of the squares may be approximately 84 I/min. Again, other
characteristics may also be used to determine additional estimates for the flow.

[0061] These individual flow estimates can then be used to provide an overall flow estimation.
In above example, one could use the average of the flow estimates to arrive at a common flow
estimate of 89 I/min (however, the individual flow estimates may also be combined in a different
manner, e.g. by providing different weights to the individual flow estimates).

[0062] Thus, by means of the measurement of the sound and by evaluation of its
characteristics, an estimate for the flow may be obtained.

[0063] As discussed, such a flow estimate is provided for specific time intervals, e.g. for time
intervals of 200 ms. This is depicted in the graph of Fig. 5. This graph shows a real flow profile
of a user as the dotted line and the estimates of the flow profile as the bars having a width
corresponding to the interval (which here is 200ms).

[0064] As will be understood, e.g., by the scatter diagram of Fig. 3a, one and the same flow
may vyield different results as regards the different characteristics (it is again noted that all
points on the scatter diagram having the same symbol correspond to the same flow). That is,
the correlation between the flow and the noise characteristics may be subject to some signal
noise.

[0065] Having this in mind, the bars corresponding to the estimated flow obtained by the noise
characteristics in Fig. 5 may be somewhat idealized and may in reality not follow the real flow
as closely as depicted in Fig. 5. However, the inhaler 1 is typically used for several times to
administer medication; e.g., the inhaler 1 may be used daily or even more than once a day.

[0066] The process described above may therefore also be used several times to arrive at a
plurality of estimates for the flow profiles of different breaths. That is, one may have several
bar diagrams as the one depicted in Fig. 5. Such bar diagrams may then be combined to arrive
at an estimate for an average breath profile - that is, for different bar diagrams, the estimates
for the first intervals (e.g. from 0 ms to 200 ms) may be combined, the estimates for the
second intervals (e..g from 200 ms to 400 ms) may be combined etc.

[0067] Some results of the performance of an exemplary embodiment of the present invention
will now be described with reference to the Figs. Fig. 6 depicts the number of positive blocks
obtained by the present technology on the x-coordinate and the actual and measured inhaling
duration on the y-coordinate. Positive blocks are those blocks (= intervals), where the detected
noise exceeds a predefined threshold. That is, positive blocks indicate a spinning capsule. The
graph of Fig. 6 was obtained as follows: A patient used the present inhaler 1. Another person
measured the actual inhaling duration (see y-coordinate) by observing the patient. The number
of positive blocks (i.e. positive intervals) was then plotted against the actual inhaling duration.
As described, each interval or block has a duration of 200 ms. That is, e.g., 5 positive blocks
correspond to an estimated inhaling duration of 1 s. As will be apparent, the present invention
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estimates inhaling durations of 1 s (corresponding to 5 positive blocks) for actual inhaling
durations between approximately 0.7 s and 1.4 s.

[0068] Further tests were performed with a Si-Plan® breath simulator connected to the inhaler
1. By means of this breathing simulator, it is possible to supply the inhaler 1 with a defined and
known breath profile. By means of this set up, different inhalation flow features were plotted
against different characteristics of the sound. Again, the sound signal was divided into different
intervals or blocks (having a length of 200 ms). The algorithm first checks whether a capsule is
present in the inhaler. This check is positive when the sound signal exceeds a threshold for at
least 4 of 5 time intervals. If the algorithm detects the presence of a capsule, the inhalation flow
features may be plotted against the characteristics of the sound. Figs. 7a to 7c each show the
breath peak flow (in 1/min) on the y-coordinate. This corresponds to the maximum flow during
one inhalation. On the x-coordinates are plotted the mean block power, the peak block power
and the peak to mean ratio, respectively (for Figures 7a, 7b and 7c). The mean block power is
a measure for the average signal during the inhalation, the peak block power corresponds to
the highest signal during the inhalation and the peak to mean ratio corresponds is the peak
signal divided by the mean signal during one inhalation. As will be appreciated, the mean block
power and the peak block power have a reasonable good correlation with the actual peak flow
rate and may be used to measure this peak flow rate.

[0069] This is also shown in Fig. 7d, which depicts the 95% confidence interval (see the bars)
for the correlation between the peak block power and the peak flow rate.

[0070] Figs. 8a to 8c depict scatter diagrams having the described sound characteristics (i.e.
mean block power, peak block power and peak to mean ratio) correlated to the breath volume
(in 1). It will be appreciated that the peak to mean ration has a reasonably good negative
correlation with the breath volume - also see Fig. 8d in this regard, where the 95% confidence
intervals for this correlation have been added as bars.

[0071] With reference to Figs. 6a to 8c, it was described that sound characteristics were
correlated to different inhalation flow features. More particularly, the inhalation flow features
were inhalation duration, inhalation peak flow and inhalation volume. As will be appreciated, all
these inhalation flow features are features of an entire breath (that is: of an entire inhalation).
At the same time, it will be appreciated that the present technology also allows correlating the
sound characteristics to instantaneous inhalation flow features, such as instantaneous flow rate
(e.g., the flow rate within a respective 200 ms block) and the peak flow in a 200 ms block. Such
instantaneous flow features may further be used to also obtain entire breath flow features, e.g.
by integrating (to arrive at the total inhalation volume) or taking the maximum (to arrive at the
inhalation peak flow).

[0072] Fig. 9 depicts the sound signal as a spectrogram. In these spectrograms, the signal

strength, i.e. the signal power, is plotted as a function of frequency (in 104 Hz) and time (in s).
The signal power is plotted in a color code - generally, the higher the signal power, the lighter
the representation in Fig. 9. The left signal corresponds to a signal of an inhalation without a
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capsule being present in the inhaler and the right signal corresponds to a signal of an
inhalation with a capsule being present. It will be appreciated that the right signal with a
capsule being present is particularly differentiated from the left signal (with no capsule being
present) in the frequency region between approximately 5 kHz and approximately 10 kHz. We
used the signal strength (= signal power) in this region, i.e. in the region from 5 kHz to 10 kHz
to correlate it to the measured instantaneous flow rate and obtained a reasonably good fit
between the third root of the signal power in this frequency band and the flow rate (see Fig.
10).

[0073] Using this approach, we measured an inhaling profile. Again, a Si-Plan® breathing
simulator with a known breath profile was used and three repetitions with different inhalers
were performed. This resulted in Fig. 11, which depicts the actual breath profile input from the
breathing simulator and the estimates (for 200 ms intervals or blocks) provided by the present
technology. It will be appreciated that the present technology provides a reasonably good
estimate of the actual instantaneous flow rate.

[0074] As discussed, the present technology retrieves information as regards flow
characteristics features the inhaler 1 by measuring the impacts of a capsule 4 spinning inside
the inhaler 1. An exemplary flow feature is the inhalation volume. According to one
embodiment (see Fig. 13), the inhaler 1 comprises a display 40, e.g., a LCD display 40, which
display 40 may display the flow feature - e.g., the flow feature(s) (such as the inhalation
volume of the last inhalation, the inhalation duration, the peak inhalation flow) may be
displayed on the display 40.

[0075] Now referring to FIG. 12, the inhaler 1 is shown along with a computing device 354,
according to one embodiment. In this embodiment, the invention also relates to a set
comprising the inhaler 1 (e.g. the inhaler) and the computing device 354. That is, the inhaler 1
may comprise any of the features discussed herein. In this embodiment, the computing device
354 may comprise any computing device known in the art, such as a personal computer (PC),
a mobile telephone (e.g., a smart phone (such as APPLE iPHONE, SAMSUNG GALAXY S3,
S4, S5, etc.), cell phone, etc.), a tablet computer (such as an APPLE iPAD, MICROSOFT
SURFACE, SAMSUNG GALAXY TAB, AMAZON KINDLE, etc.), a smart watch (e.g.,
MOTOROLA MOTO360, ASUS ZENWATCH, APPLE iWATCH, etc.), a laptop computer, an
ultrabook computer, or a wearable device (e.g., head-up displays including GOOGLE GLASS
and others, tracking and displaying devices like FITBIT). The computing device 352 is capable
of communicating via one or more wireless communication technologies. Any wireless
communication technology capable of receiving a signal and transmitting data to/from the
inhaler 1 may be used, as would be known to one of skill in the art upon reading the present
descriptions.

[0076] In one embodiment, the computing device 354 is a smart phone, as shown, capable of
downloading program applications from a central application server. Any central application
server may be used to download program applications, such as APPLE APP STORE, APPLE
iTUNES, GOOGLE PLAY STORE, AMAZON APP STORE, etc. Any of these application servers



DK/EP 3407945 T3

may include a medical device application 356 (here: inhaler device application) that may be
downloaded onto the computing device 354. Medical device applications may also be
downloadable from servers under the control of the provider of the medical device, healthcare
providers, pharmacies, hospitals, clinicians, or doctors.

[0077] In some embodiments, the inhaler 1 may be capable of communicating with the
computing device 354 via a wireless communication technology. In particular, inhaler 1 may
communicate with computing device 354 by means of output 32. In this regard, it is noted that
output 32 may also be generally referred to as data receiving and transmitting means. That is,
output 32 may be used to both transmit data and/or information to an external device (such as
computing device 354) and receive data and/or information from such an external device. Any
wireless communication technology may be used for transmitting the signal from the inhaler 1
to the medical device application 356, as would be known to one of skill in the art upon reading
the present descriptions.

[0078] Some exemplary wireless communication technologies include, but are not limited to,
Bluetooth, Bluetooth low energy (BLE), ZIGBEE, Z-WAVE, infrared (IR), WLAN such as WIFI,
RF, near-field communication (NFC), and optical.

[0079] In another embodiment, a proprietary wireless communication protocol may be used to
send information between the inhaler 1 and the computing device 354, with the proprietary
communication protocol being configured to effectively convey information specific to the
inhaler 1 and uses thereof.

[0080] In some examples, the inhaler 1 may communicate via NFC, a Bluetooth-capable
implantable insulin injector, etc. In one embodiment, the inhaler 1 is an inhaler configured to
communicate via BLE and/or Bluetooth.

[0081] In some further embodiments, the inhaler 1 may comprise a processor capable of
executing logic, a local memory for storing data, and logic which may be accessible to the
processor and/or implemented within the processor. The logic may be configured to cause the
medical device to follow instructions from the computing device, send information from the
inhaler 1 to the computing device 354, a networked storage device, other devices within a
network, and/or a cloud, and receive information from the computing device 354, a networked
storage device, other devices within a network, and/or a cloud.

[0082] The local memory of the inhaler 1 may comprise any memory known to one of skill in
the art, such as RAM, ROM, non-volatile memory (NVM) such as Flash memory, removable
memory such as a microSD card.

[0083] In accordance with one embodiment, a user of the computing device 354 may install a
medical device application 356 on the computing device 354. The medical device application
356 may be downloaded from an application server accessible to the computing device 354,
the application server being of a type known in the art. In another embodiment, the medical
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device application 356 may be provided to the computing device 354, for example via a
computer readable storage medium, such as a CD, MicroSD card, RAM, or ROM, and/or
virtually provided via a link and/or pointer that is embedded in a communication received by the
computing device 354, such as a hypertext link in an email, or HTML pointer in a text message.
The computing device 354 may then access the medical device application 356 via the
Internet, a WLAN such as a WIFI network, a WAN, a LAN, etc., to install the medical device
application 356 on the computing device 354, as would be understood by one of skill in the art
upon reading the present descriptions.

[0084] That is, to summarize, the inhaler 1 may communicate with external device 354. In
particular, data relating to the estimated flow profile may be communicated from the inhaler 1
to the external device 354.

[0085] As will be understood, the inhaler 1 may send data relating to the estimated flow
whenever it is paired with the external device 354, that is, whenever the two devices
communicate with one another. In particular, it is possible that the inhaler 1 sends the
estimated flow profile of the individual breaths (i.e. of the individual instances of inhaling) to the
external device 354 and the external device 354 stores the estimated flow profiles of the
individual breaths and performs the further calculations (such as the combination of flow
profiles of different breaths). However, as will be understood, such storing and calculation may
also be performed by the inhaler 1 and more particularly by its processor.

[0086] The external device 354 may also further communicate such usage information, e.g. to
healthcare providers, who can then monitor the usage of the inhaler 1 and whether or not it is
used correctly.

[0087] When different method steps are described in this specification, the steps may (but do
not necessarily have to) be performed in the order mentioned in this specification.

[0088] While the invention has been discussed with reference to particular embodiment, it is
noted that these embodiments are not to be understood to limit the scope of the invention,
which is defined by the claims.
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Patentkrayv

1. Fremgangsmade til méling af mindst en inhalationsflowegenskab i en inhalator
(1), hvor en kapsel (4), der indeholder en formulering, er beliggende i inhalatoren,
hvilken fremgangsméde omfatter trinnene, der gér ud pa
at registrere (16) en kollisionsegenskab forbundet med kapslens kollisioner mod
inhalatoren, og
at korrelere kollisionsegenskaben med mindst en inhalationsflowegenskab, idet frem-
gangsmaden er kendetegnet ved, at korrelationen af kollisionsegenskaben med mindst
en inhalationsflowegenskab omfatter:
at bestemme mindst et karakteristikum af den registrerede kollisionsegenskab; og
at forbinde det mindste ene karakteristikum af den registrerede kollisionsegenskab med
mindst en inhalationsflowegenskab,
hvor det mindst ene karakteristikum omfatter mindst en af

en middelverdi af kollisionsegenskaben,

en spidsverdi af kollisionsegenskaben og
en varighed af kollisionsegenskaben over en terskel, og
hvor den mindst ene inhalationsflowegenskab omfatter mindst en af

et maksimalt inhalationsflow,

en inhalationsflowvarighed og

et inhalationsflowvolumen.

2. Fremgangsmade ifelge det foregaende krav, hvor kollisionsegenskaben er en

lyd, der genereres af kapslens (4) kollisioner mod inhalatoren (1).

3. Fremgangsmade ifelge et hvilket som helst af kravene 1 eller 2, hvor det mindst
ene karakteristikum omfatter mindst en af

en spids- til middelverdi af kollisionsegenskaben,

et maksimal antal af kollisionsegenskaben,

en varians af kollisionsegenskaben og

en kurtosis af kollisionsegenskaben.
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4. Fremgangsmade ifolge et hvilket som helst af de foregdende krav med egen-
skaberne i krav 2, hvor korrelationen af kollisionsegenskaberne med mindst en inhala-
tionsflowegenskab omfatter

at opdele den registrerede kollisionsegenskab i tidsintervaller,

at bestemme det mindst ene karakteristikum af den registrerede kollisionsegenskab for
tidsintervallerne,

at forbinde det mindste ene karakteristikum af den registrerede kollisionsegenskab med

et flow for hvert tidsinterval.

5. Fremgangsmade ifolge det foregaende krav, hvor trinnene til registrering af en
kollisionsegenskab og korrelation af kollisionsegenskaben med mindst en inhalations-
flowegenskab med dens undertrin udferes for en flerhed af inhalationer for derved at
opna en flerhed af flows for hvert tidsinterval, hvor flerheden af flows for hvert

tidsinterval kombineres til et kombineret flow for hvert tidsinterval.

6. Fremgangsmade ifelge et hvilket som helst af kravene 1 til 5, hvor trinnene til
korrelation af kollisionsegenskaben med mindst en inhalationsflowegenskab udferes af

inhalatoren (1).

7. Fremgangsmade ifolge et hvilket som helst af de foregdende krav, og som end-
videre omfatter trinnet til frekvensfiltrering af kollisionsegenskaben, inden kollisions-
egenskaben korreleres med mindst en inhalationsflowegenskab, hvor filtreringen
fortrinsvis forhindrer signaler i frekvensomradet under 3 kHz og over 15 kHz i at pas-
sere, og mere fortrinsvis hvor filtreringen forhindrer signaler under 4,5 kHz og over 10

kHz 1 at passere.

8. Inhalator (1), som er egnet til at forsteve en formulering, der er indeholdt i en
kapsel (4), hvor inhalatoren (1) omfatter

en sensor (16) til at registrere en kollisionsegenskab forbundet med kapslens (4) kolli-
sioner mod inhalatoren (1), og

en processor til at korrelere kollisionsegenskaben med mindst en inhalationsflow-
egenskab, kendetegnet ved, at processoren er egnet til at korrelere kollisionsegenskaben

med den mindst ene inhalationsegenskab ved:
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at bestemme mindst et karakteristikum af den registrerede kollisionsegenskab; og

at forbinde det mindste ene karakteristikum af den registrerede kollisionsegenskab med
mindst en inhalationsflowegenskab,

hvor det mindst ene karakteristikum omfatter mindst en af

en middelverdi af kollisionsegenskaben,

en spidsverdi af kollisionsegenskaben og

en varighed af kollisionsegenskaben over en terskel, og

hvor den mindst ene inhalationsflowegenskab omfatter mindst en af

et maksimalt inhalationsflow,

en inhalationsflowvarighed og

et inhalationsflowvolumen.

0. Inhalator ifelge krav 8, hvor sensoren (16) er en mikrofon.

10.  Inhalator ifelge krav 8 eller 9, hvor inhalatoren (1) omfatter et datamodtagelses-

og -udsendelsesmiddel (32) til at modtage og udsende data til og fra en ekstern enhed.

11. System, der omfatter en inhalator (1), som er egnet til at forstove en formule-
ring, der er indeholdt i1 en kapsel (4), og en beregningsenhed, der er ekstern i forhold til
inhalatoren (1),

hvor inhalatoren (1) omfatter en sensor (16) til at registrere en kollisionsegenskab
forbundet med kapslens (4) kollisioner mod inhalatoren (1), og datamodtagelses- og -
udsendelsesmiddel (32) til at modtage og udsende data til og fra den eksterne bereg-
ningsenhed,

hvor den eksterne beregningsenhed ogsa omfatter datamodtagelses- og -udsendelses-
midler til at modtage og udsende data til og fra inhalatoren (1),

hvor inhalatoren (1) og/eller den eksterne beregningsenhed omfatter databehand-
lingsmidler (18) til at korrelere kollisionsegenskaben med mindst en inhalations-
flowegenskab, kendetegnet ved, at databehandlingsmidlerne er egnede til at korrelere
kollisionsegenskaben med den mindst ene inhalationsegenskab ved:

at bestemme mindst et karakteristikum af den registrerede kollisionsegenskab; og

at forbinde det mindste ene karakteristikum af den registrerede kollisionsegenskab med

mindst en inhalationsflowegenskab,
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hvor det mindst ene karakteristikum omfatter mindst en af

en middelverdi af kollisionsegenskaben,

en spidsverdi af kollisionsegenskaben og

en varighed af kollisionsegenskaben over en terskel, og

hvor den mindst ene inhalationsflowegenskab omfatter mindst en af
et maksimalt inhalationsflow,

en inhalationsflowvarighed og

et inhalationsflowvolumen.

12.  System ifelge krav 11, hvor sensoren (16) er en mikrofon.
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