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METHOD FOR MONITORING A MEDICAL DEVICE

FIELD OF THE INVENTION

This invention relates to a method and a system for monitoring the health of a portable
medical device, by for example, determining if the medical device needs to be replaced or

serviced.

BACKGROUND

The number of injectable medicaments that are self-administered by patients is constantly
growing. Insulin is perhaps the most well-known example of a medicament that the patient
injects himself, but in addition also antibodies, growth hormone, EPO, and certain chemo-

therapy drugs are self-administered by the patient by injection.

Injection is most frequently done with a handheld injection device, which typically is used
from one to three times per day (as opposed to an infusion device that continuously deliver

a medicament).

Itis of great importance, for patient safety reasons, that injection devices work in a correct
and dependable manner. At the same time such devices, which usually are carried by the
users at all times, may be exposed to extreme temperatures or humidity, or shock (if the
user drops the device), which may damage the device. Furthermore, daily use causes wear

of the device.

Such medical devices may malfunction from time to time, and they may then need service

or replacement.
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US2006/0173417 discloses a medical device for injection of insulin that can transmit the
amount of injected insulin to a remote computer. However, the system described therein

does not detect if the device needs service or replacement.

SUMMARY OF INVENTION

In a first aspect of the invention there is provided a method involving a portable medical
device for the injection of a medicament, said medical device comprising means for injection
of a medicament, said medical device further comprising a cellular radio transceiver and a
sensor that is an operations counter, said portable medical device further comprising an
injection actuator which a user can use to self-administer a medicament, the method com-
prising the steps of: a) the portable medical device using the sensor to determine a value for
a parameter that is sensed by the sensor, the parameter being the operations counter
detecting an injection, and a time point for injection; b) the portable medical device using
the cellular radio transceiver to establish a data connection to a remote computer with the
use of a cellular network; c) the portable medical device using the data connection to trans-
fer the data from step a) to the remote computer; d) determining the geographical position
of the portable medical device, and transferring information about the geographical position
to the remote computer; e) the remote computer using the geographical position and the
time point to retrieve data for at least one additional parameter; f) the remote computer
using the data from step e) to determine whether the portable medical device is in need of
scrapping, service or replacement. It further relates to a method comprising the steps of a)
providing a portable medical device for the injection of a medicament comprising means for
injection of a medicament, a cellular radio transceiver and at least one sensor, said sensor
being selected from the group consisting of a temperature sensor, a humidity sensor, an
accelerometer and an operations counter, the portable medical device using the sensor to
determine a value of a parameter that is sensed by the sensor, b) the portable medical
device using the cellular radio transceiver to establish a data connection to a remote com-

puter with the use of a cellular network, c) the portable medical device using the data
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connection to transfer the value from step a) to the remote computer and d) the remote
computer using the value from step c) to determine whether the portable medical device is

in need of scrapping, service or replacement.

Individual patients may be reluctant or may forget to report a malfunctioning device. It is
therefore an advantage that the operation of medical devices can be monitored remotely,

so that a health provider can take steps so that the medical device is serviced or replaced.

One advantage of the invention is that sensor values are reported to and analysed by a
remote computer. The remote computer determines whether the medical device should,
for example, be scrapped, serviced or replaced. For example, if a threshold value for tem-
perature is used for the decision, a threshold value is stored in the remote computer. From
time to time the threshold value may have to be adjusted. Such adjustments may be trig-

gered by new findings regarding failures of medical devices. For example, it is discovered
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that a medical devices is more sensitive to temperature or humidity than previously

thought. The invention provides convenient way to adjust such threshold values.

If the threshold value is stored in the device a change in a threshold value for a certain
model of medical device must be done in a every single device of that model. This may

involve updating the software in a large number of devices, which is cumbersome.

Updating of software for a medical device also involves safety issues. For example, there is
a risk that the software is sabotaged when a software update is distributed to a number of
devices. This may put the patients at risk. According to the invention, the threshold value
can be conveniently adjusted at one place (the remote computer), which is safe and simple

and reduces the risk for sabotage.

Also, gathering data from the sensors in a central remote computer creates a large data set
from a plurality of medical devices. The data set can be used to build knowledge about us-
age patterns and sensor data in its relation to malfunctioning of devices. The data set may
be used to improve decision rules regarding service or replacement of the medical device.
Machine learning or data mining technologies may be used for this purpose. Therefore the
method can be used as a research tool to discover new conditions that may cause a medical

device to malfunction.

The method provides a convenient way for a health care provider to monitor a fleet of med-

ical devices.

The sensor of the medical device may be an operations counter. The value sensed by the
operations counter may be proportional to the amount of medicament that is injected by
the medical device. The transferred value may be a value from an operations counter, and
the method may then comprise the step of adding the determined value from step a) to a

total operations value that is previously stored in the remote computer or in the medical
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device, to obtain an updated total operations value, and where the updated total opera-

tions value is used in step d).

In one embodiment the sensor is a temperature sensor.

In one embodiment the sensor is a humidity sensor.

In a preferred embodiment the sensor is an operations counter. In an even more preferred
embodiment the medical device has a sensor which is an operations counter and at least
one sensor selected from the group consisting of a temperature sensor, a humidity sensor

and an acceleration sensor.

The method may comprise the step of determining the geographical position of the portable
medical device, and where information about the geographical position is transferred to the
remote computer. The geographical position may be determined by using mobile phone
tracking using the cellular radio transceiver of the medical device. The geographical position
may also be determined with the use of a mobile phone that is carried by the user of the

medical device.

Step d) of the method comprise the use of a decision rule. Step d) of the method may com-
prise the step of the remote computer establishing if the value exceeds a threshold value.

This is simple and convenient way of monitoring a medical device.

Step d) of the method may comprise the step of the remote computer applying a decision
rule, said decision rule being generated by applying machine learning to a data set, said data
set comprising data previously collected from comparable portable medical devices, said
data set also comprising data about previous failure or error codes of such similar portable

medical devices.
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The data set may comprise information about values from sensors previously collected ac-
cording to steps a) to c) of the method described above. The data set may comprise infor-

mation about the geographical position of the portable medical device.

The geographical position of the portable medical device for which the decision rule is ap-
plied can be used together with a time point to retrieve data for at least one additional
parameter, which additional data is used to make the determination in step d). The data for
the additional parameter may be added to the data set, for improvement of the data set
and the decision rule (generally the decision rule improves as the data set grows). The ad-
ditional parameter can be a parameter selected from the group consisting of temperature,

humidity, weather, calendar data, air pollution, air pressure, and road traffic information.

The data set may comprise data for an additional parameter for the medical device from
the group consisting of temperature, humidity, acceleration or time in free fall, weather,
calendar data, air pollution, air pressure, geographical position, time points, number of op-
erations, amount of medicament injected, time of injection, and geographical position at
time of injection. The data for these parameters may be added to the dataset as described
above, in order to increase the size of the dataset. Preferably there is a large number of
data points in the dataset. Statistical methods can be used to decide which kind of data that

are allowed to contribute to a decision rule.

The dataset may comprise information about the previous behaviour of users of medical
devices from a social network service, and the remote computer in step d) uses information
about the behaviour from a social network service regarding the user of the portable device
for which the decision rule is applied. The dataset may thus also comprise information made
available by users of comparative medical devices, said information being from a social net-
work service, and the remote computer in step d) uses information regarding the user of
the portable device for which the decision rule is applied, said information made available
by the user to the social network service. Such information from a social network service
may include data about the behaviour of the user, for example if the user does sports, if the

user checks in to certain locations, time of posting information, etc.
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The method is preferably carried out by a processing unit in the medical device and by the

remote computer.

In a second aspect of the invention it is provided a system for deciding if a portable medical
device for the injection of a medicament should be serviced or replaced, said system com-
prising a portable medical device for injection of a medicament and a remote computer, said
portable medical device comprising injection means, a processing unit, a memory and a
cellular radio transceiver and at least one sensor, the sensor being an operations counter,
said portable device further comprising an injection actuator which a user can use to self-
administer a medicament, said portable medical device being configured to use the opera-
tions counter to sense injection and to store a time point for injection, in the memory, said
remote computer and portable medical device adapted to establish a data connection with
the use of a cellular network, the portable medical device being configured to use the data
connection to transfer the time of injection to the remote computer, the system being
configured to determine the geographical position of the medical device at the time point
for injection, the remote computer being configured to use the geographical position and
the time point to retrieve data for a parameter and to use the retrieved data to decide
whether the portable medical device is in need of scrapping, service or replacement. It
further relates to a system for deciding if a portable medical device for the injection of a
medicament should be serviced or replaced, said system comprising a portable medical
device and a remote computer, said portable medical device comprising injections means
and a processing unit, a memory and a cellular radio transceiver and at least one sensor
selected from the group consisting of a temperature sensor, a humidity sensor, an accel-
erometer, and an operations counter, said portable medical device being configured to store
data from the at least one sensor in the memory, said remote computer and portable
medical device adapted to establish a data connection with the use of a cellular network, the
portable medical device being configured to use the data connection to transfer the sensor
data to the remote computer, the remote computer configured to use the sensor data to
determine whether the portable medical device is in need of scrapping, service or replace-

ment.
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The remote computer of the system may have decision rule software, said decision rule
software being generated by applying machine learning to a data set, said data set compris-
ing sensor data previously collected from comparable portable medical devices, said data
set further comprising data about any previous failures of such comparable portable medi-

cal devices.

In a third aspect of the invention there is provided a portable medical device for the injec-
tion of a medicament, said medical device comprising means for injection of a medicament,
said medical device further comprising a cellular radio transceiver and at least one sensor,
said sensor selected from the group consisting of a temperature sensor, a humidity sensor,
an accelerometer, and an operations counter, the portable medical device further compris-
ing a processing unit, said device being configured to use the sensor to determine a value
for a parameter that is sensed by the sensor, to use the cellular radio transceiver to establish
a data connection to a remote computer with the use of a cellular network and to use the

data connection to transfer the determined value to the remote computer.

The device may be configured to, after transfer of the determined value to the remote com-
puter, to receive from the remote computer a signal causing the medical device to notify a
user of the medical device that the device needs service or replacement, or shutting down

the medical device.

In one embodiment at least one sensor is a temperature sensor or a humidity sensor.

The device may have an activation switch, whereby a user can cause the humidity or tem-
perature sensor to measure temperature or humidity and store the temperature value or
humidity value in the memory of the medical device. The activation may switch on the medi-
cal device or wake it up from sleep. The device can be configured to, when the user has
used the activation switch, to wait for further user action during a predetermined waiting
period, and, if the user takes further action within the waiting period, establish a data con-
nection to the remote computer and transfer the determined value to the remote com-
puter, and if the user does not take further action within the waiting period, being config-
ured to transfer the determined value the next time a data connection is established with

the remote computer. The medical device may be configured to switch off or go to sleep if
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the user does not take any action within the waiting period. This has the advantage of saving

battery power.

In a fourth aspect of the invention there is provided a remote computer being configured to
receive, using a data connection, from a portable medical device for the injection of a
medicament, a value for a parameter, the parameter being a time point for injection, and
receiving the geographical position of the medical device, the remote computer further
being configured to use the geographical position and the time point to retrieve data for at
least one additional parameter, and using the data to determine whether the portable
medical device is in need of scrapping, service or replacement. It further relates to a remote
computer being configured to receive from a portable medical device for the injection of a
medicament, using a data connection, a value for a parameter selected from the group
consisting of temperature, humidity, acceleration, number of injections carried out or
amount of medicament injected, and using the value to determine whether the portable
medical device is in need of scrapping, service or replacement. The remote computer may,
when determining if the portable medical device is in need of scrapping service or replace-
ment apply a decision rule, said decision rule being generated by applying machine learning
to a data set, said data set comprising sensor data previously collected from comparable

portable medical devices, said
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data set also comprising data about any previous failures of the comparable portable med-

ical devices.

BRIEF DESCRIPTION OF DRAWINGS

The invention will now be described in more detail by means of examples and with refer-

ence to the accompanying figures in which:

Fig. 1 is a schematic overview of a system, which shows both hardware and software com-
ponents.

Fig. 2 is a schematic overview of hardware and/or software components in a remote com-
puter.

Fig. 3 shows how an operations counter can be arranged.

Fig. 4 is a flowchart that shows a method.

Fig. 5 is a flowchart that shows a method that involves a threshold.

Fig. 6 is a flowchart that shows a method that involves machine learning.

Fig. 7 is a flowchart that shows a method for switching on a sensor and transfer of sensor
data.

Although it is referred to “injection”, “time of injection”, “injection means” “injection de-
vice”, etc. in this application it should be understood that an injection also refers to cases
when medicament is ejected by the medical device without being injected into a patient.
That may be the case for example, when a user primes a syringe by ejecting a small amount
of medicament for the purpose of checking that the device works as intended. Thus, as used
herein, the term “injection” means that an “ejection” also is carried out by the medical de-

vice.

The disclosed threshold values, for example 50°C, are provided as examples only and are

not limiting in any way. The actual threshold values to be used when using the invention
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can be found by carrying out tests, found in specifications for components used in the actual
device or by machine learning as described below. The thresholds are preferably predeter-
mined meaning that the threshold is fixed at least before the remote computer makes the

determination step.

DETAILED DESCRIPTION

With reference to Fig. 1, the portable medical device 1, hereafter referred to as the medical
device 1, is portable. It is intended to be carried by the user, for example in a pocket orin a

hand bag. The medical device 1 is preferably a handheld medical device.

The medical device 1 is a device for injection of a medicament such as growth hormone,
antibodies (such as antibody-based medicaments) or insulin. Typically the medical device 1
is used by a person to inject himself or herself from one to three times per day. This is the
most common way for a person to administer insulin to himself or herself. Thus the medical

device is not a device for infusion, that is, continuous delivery of medicament.

The medical device 1t has injection means 6. The injections means 6 may be arranged as is
known in the art of injection devices. The injection means 6 may comprise a site for attach-
ing a replaceable cartridge that contains a medicament. The cartridge typically has a site for
attaching an injection syringe. The injection means 6 also typically comprises a plunger for
creating a pressure in the cartridge and a dose setting means that controls how far the
plunger will travel. The plunger is powered by a drive mechanism. The injection means 6
also typically comprises an injection actuator, for example a button that can be pressed by
the user. This causes movement of the plunger to the extent allowed by the dose setting
means. An example of suitable injections means can be found in W02015076745 and ref-

erences cited therein.

The medical device 1 has a cellular radio transceiver 2 for communication with a cell net-

work 3 that allows data traffic. The cell network 3 may be for example a GPRS, UMTS, 3G,
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4G, LTE or similar cell network. The cell radio transceiver 2 typically comprises a SIM card -
or a site for attaching a SIM card - for identification of the medical device 1 in the cell net-
work 3. The cellular radio transceiver 2 is capable of establishing a data connection between
the medical device 1 and a remote computer 4, for example via the internet 51. However,
voice traffic is not necessary and is not necessarily enabled by cell radio transceiver 2. An
advantage with communication over a cellular network over, for example, Wi-Fi, is that cell
coverage does not require a manual log in procedure and is available almost everywhere.
However, communication between medical device 1 and remote computer 4 may, in addi-
tion, involve other types of network of connection types that supports data communication

for example non-wireless technologies, such as wire-bound technologies such as Ethernet.

The medical device 1 has at least one sensor 5. The numbers of sensor may be one, two,
three, four, or more. The medical device 1 also has at least one memory 7 for storing soft-
ware and data from the sensor 5 and a processing unit 8 for executing software and for
communicating with sensor 5 of the device. The processing unit 8 may have a clock for de-
termining time points. The memory 7 is preferably a solid-state memory. The processing
unit 8 may able to generate error codes if parts of the medical device malfunctions. Error
codes may relate to, for example, that the battery does not charge, loss of communication

with parts of the device, processing unit failure, memory failure or sensor failure.

The processing unit 8, memory 7 and cellular radio transceiver is powered by battery 20.
The battery may also power sensor 5. The medical device 1 may also have a user interface
that includes a display. The medical device 1 preferably has a housing that includes the var-
ious components of the medical device 1. The housing may have at least one opening to

allow outside air to reach a sensor 5.

The sensor 5 may be a temperature sensor that is capable of measuring the temperature in
the medical device 1 or in the immediate surroundings of the medical device 1. Any suitable
type of temperature sensor may be used. The temperature sensor may be, for example, a

thermocouple sensor or resistance temperature detector.
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The sensor 5 may be a humidity sensor that is capable of measuring the humidity in the
medical device 1 or in the immediate surroundings of the medical device 1. Any suitable
kind of humidity sensor may be used. For example, a capacitive or a resistive hygrometer

can be used.

The sensor 5 may be an accelerometer. The accelerometer may be a piezoelectric, piezore-
sistive or a capacitive accelerometer. The accelerometer may be used to determine if the
medical device 1 has been exposed to a mechanical shock, for example if it has been
dropped on the floor. The accelerometer may be a free fall sensor. A free fall sensor is acti-
vated when the medical device is in free fall and measures the time in free fall. The time

parameter may be used to calculate the shock upon impact.

The sensor 5 may be an operations counter 14. The operations counter 14 may register the
number of times the device has been used, i.e. the number of times that the medical device
has injected a medicament. The operations counter 14 may detect the amount of medica-
ment that is injected on each occasion. The operations counter 14 can for example be ar-
ranged to detect rotation of a rotating part of the injection means of the medical device.
Examples of how a sensor 5 which is an operations counter 14 can be arranged can be found

in W0O2015076745 and references cited therein.

The operations counter 14 may comprise an magnetic or optical sensor that detects motion.
The operations counter 14 may detect rotation or linear motion, for example linear motion

of a plunger that expels medicament.

The operations counter 14 may be arranged as follows, when it is a sensor that detects the
amount of medicament that has been injected by the device. Operations counter 14 is
connected to the drive mechanism of the injection means 6 such that it can send a signal
to the processing unit 8 that is proportional to the amount of medicament that is injected
by the injection means of the device. An example of the arrangement of such a sensor is
shown in Fig. 3, which shows an operations counter 14 that detects rotation of turning

part 17 of the drive mechanism. Turning part 17 which is a part of the drive mechanism
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has a rim which forms a cogwheel 18 to which cogwheel 19 is connected. Turning of cog-
wheel 19 is detected by sensor 14 which may be a magnetic sensor. Operations counter
14 is able to send a signal to the processing unit 8. When the user presses the actuation
means, the turning part 17 turns during injection of medicament. Turing of turning part 17
causes turning of cogwheels 18 and 19. The turning of the cogwheel 19 and the signal
from the magnetic sensor 14 is proportional to the turning of turning part 17 and thus to

the amount of medicament that has been injected.

The number of times the medical device 1 has been used may be detected by processing
unit 8 by registering each time sensor 14 sends a signal regarding an operation to pro-

cessing unit 8.

Measurements from the sensor 5 are stored in digital form in the memory 7 as sensor data.
The processing unit 8 can retrieve the sensor data from the memory 7 and transfer it to the

remote computer 4 with aid of cellular transceiver 2.

The sensor 5 is connected to processing unit 8 such that signalling can occur between these.
Sensor measurement, sensor signal processing, and communication between the sensor 5
and the processing unit 8 and memory 7 can be carried out in any suitable manner known
in the art. Signal processing and data storage may be carried out in various parts of device
1 such as in sensor 5, memory 7 and processing unit 8. When the output signal from the
sensor 5 is an analogue signal, the processing unit 8 suitably has a capability for converting

the signal to a digital signal, such and analogue-to-digital converter (ADC).

The sensor data generated by sensor 5 and/or processing unit 8 is stored in the memory 7
of the medical device 1. Each sensor 5 may have a separate memory 7 that is queried by the

processing unit 8 at times.

Sensor 5 may be able to sense a parameter and send to the processing unit 8 data repre-
senting a numerical value of the parameter being measured. Thus the actual value of the

temperature, humidity or acceleration or injection volume can be sent to processing unit 8
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or memory 7 by sensor 5. Alternatively a value or signal that can be converted to obtain a
temperature value, a humidity value, an acceleration value or an injection volume value is

sent by sensor to the device 1 to the remote computer 4.

The data being transferred to the remote computer 4 from the medical device 1 is prefera-
bly in the form of numerical data (as opposed to categorical data). The sensor data may be
a continuous variable (temperature, humidity, volume of medicament, acceleration, time

in free fall) of the parameter being measured.

When the parameter is temperature, the sensor data is a value that is the temperature as
measured in, for example, degrees Celsius or degrees Kelvin, or a value that can be con-

verted, by the remote computer 4, to a temperature measurement.

When the parameter is humidity the sensor data is preferably a value that is the humidity
as measured as a percentage of maximum relative humidity, or a value that can be con-
verted to a percentage of maximum relative humidity measurement value by the remote

computer 4.

When the parameter is number of operations the sensor data is preferably a value that
represents the amount of injected medicament or the number of revolutions of a part of
the injection means, or a value that can be converted to such a value by the remote com-

puter 4.

When the parameter is acceleration the sensor data may be a value that represents accel-
eration as measured in m/s? or time in free fall, or a value that can be converted to such a

value by the remote computer 4.

The medical device 1 and a remote computer 4 are parts of system 50. The medical device
1 typically operated and carried by a patient and the remote computer 4 is typically oper-

ated by a healthcare provider, a hospital or a company. The medical device 1 can establish
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a data connection with remote computer 4 and transfer sensor data to the remote com-
puter 4. The remote computer 4 has a memory for storing software and data. The remote
computer 4 further has a processor and is able to execute software, and it may have an
operating system. The remote computer 4 may have a user interface 22 for allowing a user
at the health care provider to change the settings of the remote computer, for example
changing thresholds or receiving notifications. The remote computer 4 may be a server.

Remote computer 4 can be two more computers or servers that cooperates.

The remote computer 4 can receive sensor data from the medical device 1 through the data
connection that involves the cellular network 3. Preferably the remote computer 4 can re-
trieve data from a plurality of medical devices 1. Thus, the system 50 preferably includes a
plurality of medical devices 1, which may be of the same model. The remote computer 4
can be used to monitor a plurality of medical devices 1. Each medical device 1 is associated

with one patient/user.

The remote computer 4 has a communication interface 9 for communicating with the med-
ical device 1 via the cellular network 3 or other computers. The data connection between
the medical device 1 and the remote computer 4 can be used for transferring, from the
medical device 1 to the remote computer 4, at least sensor data and the identity of the
medical device. Optionally, the time point for the sensor measurement, or error codes gen-

erated by the medical device 1 can also be transferred by using the data connection.

The remote computer 4 has decision rule software 10 for making a decision about the med-
ical device 1 while using sensor data from the medical device 1 as input. The decision may
be if the medical device should be or serviced, scrapped or replaced, or that no action
should be taken. The decision rule software 10 may comprise a threshold value for a type
of sensor data. Thus there may be a threshold for each of temperature, humidity and accel-
eration or number of operations. The decision rule software 10 may be updated if needed.
For example, a threshold value may be adjusted upwards or downwards by updating the

decision rule software 10.
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The remote computer 4 also comprises a database 11 that comprises the identities of a
plurality of medical devices 1. Each medical device 1 has a unique identity that may be, for
example, a number, a combination of letters or a combination of numbers and letters. The
portable medical device 1 may have the identity stored in the memory 7 and is able to iden-
tify itself to the remote computer 4 by using the identity. The remote computer 4 can re-
ceive data from the medical device 1 and store it the database 11. Thus it is ensured that
data for a particular medical device 1 is connected to that particular medical device 1 in the

database 11.

Typically the medical device 1 is personal i.e. it is used by one person only. The database 11
preferably includes information that allows a health provider to get in touch with the user
of the medical device 1. For example, the health provider may decide that a certain medical

device 1 needs service or replacement, and then needs to inform the user regarding this.

The database 11 may contain information about the total use of a certain medical device 1
(total operations value). The total operations value is based on data from the operations
counter 14 of the medical device 1. The total operations value may be represented by the
total number of injections carried out or the total amount of injected medicament by a cer-
tain medical device 1. For this purpose the remote computer 4 may have operations tracker
software 13. The operations tracker software 13 is able to receive data from the operations
counter 14 and from the database 11, and to add the data from the operations counter 14
to the current total operations value stored in the database 11 to obtain an updated total
operations value. For example, if the medical device on one occasion ejects 2 ml of medic-
ament, and the device previously has injected a total of 200 ml (current total operations
value) of medicament and the 200 ml of medicament has been injected at a total of 100
occasions (current total operations value), the operations tracker software 13 adds the data
from the last event to the previously stored total so that the total amount of injected me-
dicament will be 202 ml (updated total operations value) and the total number of injection
events will be 101 (updated total operations value). The updated total operations values

(202 ml and/or 101 occasions) is then stored in the database 11.
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Alternatively, the operations tracker software 13 can be in the processing unit 8 of the med-
ical device 1. The memory 7 of the medical device 1 then maintains a record of the total
operations value. The total operations value can be updated as described above. The med-
ical device 1 transfers the updated total operations value to the remote computer 4 at a
suitable time point. The updated total operations value is then stored in the unit database

11 of remote computer 4 and used by decision rule software 10 at a suitable time point.

The threshold in the decision rule software 10 may be based on the number of injections or

the total amount of medicament injected by the device 1.

The threshold or thresholds in the decision rule software 10 may be altered when it is nec-
essary to do so. For example, if it is discovered, based on experience, that the threshold
temperature should be lowered, this can be done in a convenient manner by the health
provider by simply changing the threshold value in the decision rule software 10 of the re-

mote computer 4.

A method for monitoring the health of a medical device 1 will now be described with refer-
ence to Fig 4. In step 100 the sensor 5 of the medical device 1 establishes a value of the
parameter being measured by the sensor 5. The sensor 5 may automatically measure tem-
perature or humidity at predetermined intervals, for example once every 5 minutes, once
per hour, once per day - or at the time of injection, or when the device is switched on by
the user. The temperature or humidity at the time of injection may be more relevant since
the medical device may be more sensitive to extreme conditions when it is in operation.
Measurement may occur at the time of injection but at least once per every predetermined

time interval, for example once per day.

The operations counter 14 detects operation at the time of injection of medicament.

When the sensor 5 is an accelerometer, acceleration may be continuously measured and

data may be stored in memory 7 if the acceleration exceeds a certain threshold. Alterna-
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tively, the accelerometer is automatically activated if acceleration exceeds a certain thresh-
old, such as beeing in free fall. The number of times a threshold is exceeded may be a value
that is transferred to remote computer. This may allow remote computer 4 to count the

number of steps the user has taken, for example.

In step 101 the medical device 1 uses the cellular radio transceiver 2 to connect to the cel-
lular network 3 and establish a data connection with the remote computer 4. This step may
involve switching on the cellular radio transceiver 2 or waking it up from sleep and carrying
out a handshake with the cellular network 3, and then establishing a data connection with
remote computer 4. Data communication between the remote computer 4 and the medical
device 1 may be carried out using any suitable protocol or technology. Data to be trans-
ferred to the remote computer 4 is transferred to the cellular radio transceiver 2 from the

processing unit 8 in a digital format.

Step 101 or step 102 comprises the step of the medical device 1 identifying itself to the
remote computer 4 which may involve transferring the identity of the medical device 1 to
the remote computer 4. This enables the remote computer 4 to store the received data for

the correct individual medical device 1 in the unit database 11.

In step 102 the medical device 1 uses the data connection to transfer the sensor value de-
termined in step 100 to the remote computer 4 so that the sensor data can be stored in the
unit database 11 of the remote computer 4. The sensor data is stored in the unit database
11 and is logically connected to the identity of the medical device 1 in the unit database 11.
The medical device 1 may also transfer information about the time point on which the sen-
sor 5 determined the value and/or a time point of injection of medicament. Step 102 may
involve the transfer of any error codes, and time points for these, generated by processing

unit 8.

Steps 101 and 102 may be carried out as often as required, which may be once or a few
times per day. Typically steps 101 and 102 are carried out immediately after injection has

occurred. Steps 101 and 102 may be triggered by action of injection means 6. Injection mean
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6 may send a signal regarding this to processing unit 8. The signal may be a signal from
operations counter 14. Thus operations counter 14 may trigger steps 101 and 102. Typically
step 102 is carried out immediately after step 101, typically as soon as possible after step
101 in order to save battery power. In order to save battery, steps 101 and 102 does not

have to be carried out every time new sensor data has been determined.

Data from an operations counter 14 may in addition be used at remote computer 4 to mon-
itor the behaviour of patients, for example to monitor patient compliance, and it is conven-
ient to transfer any other sensor data to the remote computer 4 at the same time, in the

same communications session, in order to save battery.

When data has been transferred, the cellular radio transceiver 2 may be immediately

switched off or put in sleep mode in order to save battery power.

In step 103 the remote computer 4 uses the sensor value from step 102 to decide whether
the portable medical device should be serviced or replaced, or if no action should be taken.
Optionally, this may involve the operations tracker software 13 calculating a total use as
described above. In a basic embodiment, the decision rule software 10 compares the sensor
data from a sensor 5 (or from the operations tracker software 13) with a predetermined

threshold value.

Step 103 may suitably be carried out each time the remote computer 4 receives data, pref-

erably immediately after step 102.

When the parameters being measured is temperature the threshold value may be a mini-

mum or a maximum temperature.

When the parameter being measured is humidity, the threshold value may be a maximum

humidity.
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When the parameter being measured is acceleration the threshold value may be a maxi-
mum acceleration, or maximum time in free fall. The maximum time in free fall determines

a maximum impact shock to the medical device 1.

When the sensor 5 is an operations counter 14 the threshold value may be a threshold total
operations value, for example the maximum number of injections. The threshold total op-
erations value may alternatively be a maximum amount of injected medicament, for exam-
ple total volume of injected medicament. Such a threshold may be set to indicate when the
medical device has been worn out or otherwise used to the extent that it should be replaced

or serviced.

If the value from the sensor 5 or the operations tracker software 13 exceeds the threshold
(or - in the case of a minimum temperature - is lower than the minimum temperature), a
decision is taken by the decision rule software 10 to classify the individual medical device 1
as in need of service or replacement. This may trigger further action, such as for example
notifying the user or a health provider. It may also trigger the automatic shipment of a re-
placement medical device 1 to the user. The identity of the medical device is preferably tied

to a particular user in the database 11.

An example of this is shown in Fig. 5. In step 201 the decision rule software 10 of the remote
computer 4 receives sensor data representing a temperature recorded by the sensor 5. In
step 202 the decision rule software 10 applies the decision rule. In this case the decision
rule is that if a temperature of above 40° has been recorded by the sensor 5, the medical
device 1 should be replaced. If the recorded temperature value is found, in step 202, to be
below or equal to 40° a decision is taken not to replace the device in step 203. If the tem-
perature value from sensor 5 is above 40° a decision is taken in step 204 to replace the
medical device 1. Thus if the medical device has been subjected to a temperature of above

40° a decision is taken by decision rule software 10 in step 204 to replace the device.
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The output from the decision rule software 10 can be communicated from remote com-
puter 4 by using the communications interface 9 and/or user interface 22. The user inter-
face 22 may provide a notification regarding replacement, scrapping or service of the med-
ical device 1. Such a notification can be in any suitable form. The notification may be sent
to a computer system that keeps tracks of a plurality of medical devices 1. Such a computer
system may take the relevant action, for example, automatically ordering a new device,
notifying or warning the user of the medical device, or notify or warn medical or technical
staff. The remote computer may for example send a message to the user of the medical

device 1, for example an email or SMS/text message to the mobile phone of the user.

The remote computer 4 may use a data connection to medical device 1 to send a signal to
the medical device 1, the signal causing the medical device 1 to notify the user of the med-
ical device that the medical device 1 needs service or replacement. The signal from the re-
mote computer may cause the medical device 1 to carry out a systems check, for example
check battery power. The signalling may preferably occur in the same communication ses-
sion between the medical device 1 and remote computer 4. Alternatively, this occurs in a
later communication session. The notification to the user may be a message displayed on a
display of the medical device 1, or a sound signal, or vibration, or a combination of these,
or by shutting down the medical device 1. The message on the display may be for example
“Error” or “Service” or “Contact health provider X”, or “Call XX-XXXXX". The medical device
may thus have a user interface, which may include a display, which can be used for the

notification.

The method may involve the additional step of determining the geographical position of the
medical device 1. The geographical position can be used for retrieving data that is not de-
tected by a sensor of the medical device 1. For example, if the medical device 1 does not
have a humidity sensor, the geographical position, together with a time point, can be used
by remote computer 4 for retrieving humidity data from a weather service. This is described

in more detail below.
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The geographical position of the medical device 1 can be determined in various manners,
for example with a GPS circuit in the medical device 1 or by using the cellular radio trans-
ceiver 2 for mobile phone tracking. Mobile phone tracking is preferred since the medical
device 1 has a cell radio transceiver 2. The accuracy of mobile phone tracking is sufficient
for most purposes. When mobile phone tracking is used, the position of the mobile device
is determined by the cellular network 3. The cellular network 3 may use information about
which cell the medical device 1 is connected to, or may use multilateration involving several
cells. The position data is sent from the cell network 3 to the remote computer 4 in any
suitable manner. For example the remote computer 4 may query a computer of the cell
network 3 for geographical data regarding a particular medical device 1. The remote com-
puter 4 can store the position data in the database 11. The time point for determining the
geographical position is preferably immediately when the medical device 1 connects to the
cellular network 3, or within a predetermined time limit of a sensor measurement. The time

limit can, for example, be a time of up to 30 minutes.

Typically the medical device 1 will connect to the cellular network 3 immediately after in-
jection has been carried out. The approximate geographical position of where injection was

carried out will then be determined and transferred to the remote computer 4.

Alternatively, position data generated by a mobile phone that is carried by the user can be
used, using for example GPS and/or Wi-Fi positioning ability of the phone. It is then assumed
that the user carries the mobile phone and the medical device 1 with himself or herself.
Such position data can be sent to the remote computer 4 from the mobile phone and paired
with a sensor measurement, for example by operations counter 14 by comparing time
points. Thus the remote computer 4 can select the geographical position as determined by
the mobile phone that is closest in time to the time point of the sensor measurement. For
example, if a sensor measurement takes place at 15.25 and there is a position X at 15.00
and a position Y at 1530, the remote computer 4 selects position Y, since it is closer in time

to the sensor measurement.
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In one embodiment the mobile phone has software (for example an app) that automatically
determines the position and stores this in the memory of the mobile phone. This can be
repeated on at least suitable predetermined time intervals, for example at least every 15
minutes. The position data is transferred to the remote computer 4 on at least suitable

(longer) predetermined time intervals points, for example once per day.

With reference to Fig. 2, in a preferred embodiment the decision rule software 10 imple-
ments a decision rule that is generated by applying machine learning to a data set 15, said
data set 15 comprising data previously collected from similar portable medical devices, said
data set 15 comprising data about any previous failure of the similar devices 1. Failures in-
cludes breakdowns, failure, replacements or error codes of such similar portable medical
devices. “Similar” or “comparable” devices means devises are devices that can be compared
for example because they are of the same model or shares certain component in a way that

one can reasonable expect that they behave in the same manner.

Machine learning, as such, is previously known. Machine learning may for example involve
applying Bayesian networks or artificial neural networks. Guidance can be found in
US2014/0012784, US2008/0059120 and US8819498. The remote computer 4 may com-
prise machine learning software 16 that analyses the data set 15 to produce a decision rule
that is implemented in the decision rule software 10. The data set 15 may comprise the

information in the unit database 11.

The dataset 15 may comprise any useful information. Thus the data set 15 may include sen-
sordata, information about model, serial number, address of user, manufacturing day, com-

ponents and manufacturer of the medical device 1.

Importantly, the dataset 15 comprises information about previous failures of medical de-
vices 1 or similar medical devices. This data may be entered manually. Alternatively the da-
taset 15 may automatically receive error codes from the medical devices 1 or comparable
medical devices. The size of the dataset 15 will increase over time, which will improve the

decision rule. The method may involve the step of automatically adding the sensor data to
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the dataset 15. The method may involve the step of automatically adding information about

error codes from the medical device 1 to the dataset 15.

By applying machine learning to the dataset 15, the decision rule of the decision rule soft-
ware 10 will be able to take into account previously unknown factors for diagnosing the
medical device 1. For example, it is feasible that a certain pattern of use (say high frequency
use) together with a low temperature may increase the risk of damage to the medical de-
vice. It is possible to detect such a failure pattern by using machine learning. Thus the
method can be used as a research tool. Parameters that can be included in the dataset 15
and thus be taken into account when the machine learning software 16 creates decision
rule in the decision rule software 10 may include: temperature, humidity, acceleration, us-
age pattern (frequency and amount, for example), error codes, time of day for use or time
of day for generation of error code, model, serial number, address of user, manufacturing
day, serial number of components in the medical device 1, and replacement of the medical

device 1.

By applying machine learning to the dataset new patterns that predict failure of the medical
device 1 can be discovered. Such patterns are yet to be discovered but a few purely hypo-
thetical examples are now mentioned for illustration. A first hypothetical example is that
injection at high temperatures predicts wear of the medical device 1. A second hypothetical
example is that a combination of high temperature and high humidity results in failure of
the medical device when the medical device has parts from a certain subcontractor. A third

example is that injection of volumes over 1 ml causes battery charging error codes.

Preferably the dataset 15 includes data from a large number of medical devices 1, prefera-

bly more than a thousand medical devices 1.

The method may comprise the step of the remote computer 4 adding the information, in

particular sensor data, received from the medical device 1 to the dataset 15.
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The method may comprise the step of the machine learning software 16 analysing the up-
dated dataset 15 and producing an updated decision rule, and updating the decision rule
software 10 with the new decision rule. This is shown in Fig. 6 which shows how in step 300,
the remote computer 4 receives data, for example values data, from a device 1. The data is
then added to the data set 15. In step 301 machine learning software 16 analyses the up-
dated dataset 15, to produce an updated decision rule in step 302. This updated decision
rule is then used to update the decision rule software 10 in step 303. The machine learning
software 16 may apply a cutoff for providing a decision rule such that a decision rule must
have at least a minimum predetermined confidence in order for the decision rule to be pro-
vided to be used for updating the decision rule software. Step 303 may be omitted. When
step 303 is omitted the decision rule software may be updated manually. The machine
learning software 16 may then send a notification, using user interface 22, to an operator

who may then update decision rule software automatically.

The geographical position at a certain time point of the medical device 1, possibly together
with a time point for injection or sensor measurement, may be used to gather information
that is useful for including in the dataset 15. Such information may include for example
weather, temperature, humidity, air pollution, air pressure, calendar data, or road traffic
information. An external provider of data 21 may provide such information to the remote
computer 4. For example, weather information can be supplied by an external source of
weather information. This is useful if the medical device 1 does not have a temperature or

humidity sensor. Traffic information may provided by Google.

The external provider of data 21 may provide information about the user from a social net-
work service, and such data may be included in the dataset 15. Social network services may
extract such information based on the posts that user make. Extraction of such data from a
social network service typically requires that the user allows such extraction. Types of be-
haviour may include sport activities, social activities and travel. A time point, for example a
time point close to the time of injection, is sufficient for extracting this type of data. A social
network at least allows a second user to manually input information using a client device,

transferring the information to a social network service server and making the information
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available to a plurality of other users. Each user has an account enabling connection to the

server. Each account has a unique user name and a password.

The measurement by the temperature sensor or humidity sensor may be activated by the
user activating the injection actuator, or activating the dose setting means or by the user
switching on the medical device 1. Thus, the device may comprise an activation switch 23
whereby a user can cause the humidity or temperature sensor 5, to measure temperature
or humidity and store the temperature value or humidity value in the memory 7 of the

medical device 1.

Sensoring and transfer of data may be carried out in a session where the device 1 is switched
on, injection occurs, measurement of temperature or humidity and transfer of data to the
remote computer 4 takes place. Measurement of temperature and humidity may be trig-
gered by switching on the device 1 and transfer of sensor data (including data from opera-
tions counter 14) to remote computer 4 may be triggered by an injection, or other user

action.

The activation switch 23 may for example be an on/off button which the user can use to
switch on the device 1 or wake up the device 1 from sleep. The activation switch 23 may
also be switched to “on” by use of the medical device 1. For example, the activation switch
23 may be the dose setting means, such that when the user sets the dose to be injected the
device 1 is switched on oris waken up from sleep. For example, when the user sets the dose
to another value than zero, the device 1 may be switched on or waken up from sleep, and
cause the processing unit to obtain a measurement from the humidity or temperature sen-
sor. Other types of activation switches 23 are also possible. The device may have one, two,

three or more activation switches that all are capable of switching on the device 1.

The device 1 can be configured to, when the user has used the activation switch 23, to wait
for further user action during a predetermined waiting period, and, if the user takes further

action within the waiting period, establish a data connection to the remote computer 4 and
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transfer the determined value to the remote computer 4, and if the user does not take fur-
ther action within the waiting period, being configured to transfer the determined value the

next time a data connection is established with the remote computer 4.

This is described in Figure 7. In step 400 the user activates the activation switch 23, for
example by setting a dose setting means to another value than zero or by switching on the
device 1 with an on/off button. The cellular radio transceiver 2 may be switched on at this
time point, but set to listening mode only (this enables determining of position) in order to
save battery power. Thus cellular radio transceiver does preferably not carry out a hand-
shake with cellular network 3 at this point. In step 401, a temperature sensor 5 or humidity
sensor 5 carries out a measurement and the value from this measurement is, in step 402,
stored in the memory 7 of device 1. The value is preferably stored together with a time
point for measurement. Steps 401 and 402 are preferably carried out immediately after
step 400. Either of steps 400, 401 or 402 can trigger the waiting period of step 403. The
waiting period is preferably predetermined and may be, for example, from 10 seconds to 5
minutes. A suitable waiting period may be 30 seconds. The waiting period is measured by a
timer in device 1, for example a timer in processing unit 8. If the user does not take any
action within the waiting period, the device may be automatically switched off in or go to
sleep mode in step 404. The stored sensor value may then be transferred the next time a

computer connection is established with remote computer 4.

If the user takes further action within the waiting period, a data connection is established
with remote computer in step 405 and the value from sensor 5 is then transferred to the
remote computer in step 406. The further action that triggers establishing the data connec-
tion may be for example making an injection. This may be sensed by an operations sensor
14. The further action may also be the user manually making input to the processing unit 8
of the medical device. The medical device may have an electronic or digital log for logging
time points for meals, exercise and/or illness and making input to such a digital log may
trigger data transfer to remote computer. Such an electronic or digital log is described in
W02015076745. Data regarding further actions is also transferred to the remote computer
4,



10

15

20

25

WO 2017/005861 PCT/EP2016/066154
27

Thus, in this embodiment, data from temperature sensor 5 or humidity sensor 5 is only
transferred together with data created when the user takes further action. Carrying out a
handshake with cellular network 3 is energy consuming and the purpose of the waiting pe-
riod is to save battery power of the medical device 1. Thus, in this embodiment, value from
the temperature sensor or humidity sensor is transferred to remote computer 4 only when
the user takes further important action such as making an injection or inputting data into
the user log. The later kind of actions results in data that needs to be speedily transferred
to remote computer 4 since remote computer 4 may also be used for monitoring patient

health and compliance.

In the memory 7 of device, sensor data may be tagged as transferred or non-transferred in
order for the device to keep track of which sensor data has been transferred to the remote
computer 4. Or alternatively, in a data transfer session, the device 1 transfers all sensor data

that has not been transferred since the time point for last sensor data transfer.

The methods and devices herein can be implemented with any suitable combination of

hardware and software.

While the invention has been described with reference to specific exemplary embodiments,
the descriptionis in general only intended to illustrate the inventive concept and should not
be taken as limiting the scope of the invention. The invention is generally defined by the

claims.
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A method involving a portable medical device (1) for the injection of a medicament,
said medical device (1) comprising means (6) for injection of a medicament, said
medical device (1) further comprising a cellular radio transceiver (2) and a sensor
(5) that is an operations counter (14), said portable medical device further
comprising an injection actuator which a user can use to self-administer a
medicament, the method comprising the steps of

the portable medical device (1) using the sensor (5) to determine a value for a
parameter that is sensed by the sensor (5), the parameter being the operations
counter detecting an injection, and a time point for injection,

the portable medical device (1) using the cellular radio transceiver (2) to establish
a data connection to a remote computer (4) with the use of a cellular network (3),
the portable medical device (1) using the data connection to transfer the data from
step a) to the remote computer (4),

determining the geographical position of the portable medical device (1), and
transferring information about the geographical position to the remote computer
(4),

the remote computer using the geographical position and the time point to
retrieve data for at least one additional parameter,

the remote computer (4) using the data from step e) to determine whether the

portable medical device 1 is in need of scrapping, service or replacement,

2. The method according to claim 1 where the parameter is a parameter selected from

the group consisting of temperature, humidity, weather, calendar data, air pollution,

air pressure and road traffic information.

3. The method according to any one of claim 1 to 2 where step f) involves the remote

computer (4) establishing if the value exceeds a threshold value.



29

The method according to any of claims claim 1 to 3 where step f) involves the remote
computer (4) applying a decision rule, said decision rule being generated by applying
machine learning to a data set (15), said data set (15) comprising data previously
collected for comparable portable medical devices, said data set (15) also comprising

data about previous failures of the comparable portable medical devices.

The method of claim 4 where the data set (15) comprises data for at least one
parameter selected from the group consisting of temperature, humidity, acceleration
or time in free fall, weather, calendar data, air pollution, air pressure, geographical
position, number of operations, amount of medicament injected, time of injection,

geographical position at time of injection.

The method according to any one of claims 4 to 5 where the data in the dataset (15)
has been added to the dataset (15) according to the method of any one of claims 1 to

11.

The method according to any one of claims 4 to 6 where the dataset (15) comprises
information made available by users of comparative medical devices, said information
being from a social network service, and the remote computer in step d) uses
information regarding the user of the portable device (1) for which the decision rule is

applied, said information made available by the user to the social network service.

The method according to any one of claims 1 to 7 where the injection actuator

comprises a button that can be pressed by a user.

A system (50) for deciding if a portable medical device (1) for the injection of a
medicament should be serviced or replaced, said system (50) comprising a portable
medical device (1) for injection of a medicament and a remote computer (4), said
portable medical device (1) comprising injection means (6), a processing unit (8), a
memory (7) and a cellular radio transceiver (2) and at least one sensor (5) the sensor
being an operations counter (14), said portable device further comprising an injection

actuator which a user can use to self-administer a medicament, said portable medical
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device (1) being configured to use the operations counter to sense injection and to
store a time point for injection, in the memory (7), said remote computer (4) and
portable medical device (1) adapted to establish a data connection with the use of a
cellular network (3), the portable medical device (1) being configured to use the data
connection to transfer the time of injection to the remote computer (4), the system
(50) being configured to determine the geographical position of the medical device (1)
at the time point for injection, the remote computer (4) being configured to use the
geographical position and the time point to retrieve data for a parameter and to use
the retrieved data to decide whether the portable medical device is in need of

scrapping, service or replacement

The system according to claim 9 where the remote computer (4) comprises decision
rule software (10), said decision rule software (10) being generated by applying
machine learning to a data set (15), said data set (15) comprising sensor values
previously collected from comparable medical devices, said data set (15) further
comprising data about any previous failures of the comparable portable medical

devices.

The system according to any of claims 9 or 10 where the injection actuator comprises

a button that can be pressed by a user.

A remote computer (4) being configured to receive, using a data connection, from a
portable medical device (1) for the injection of a medicament, a value for a parameter,
the parameter being a time point for injection, and receiving the geographical position
of the medical device, the remote computer further being configured to use the
geographical position and the time point to retrieve data for at least one additional
parameter, and using the data to determine whether the portable medical device (1)

is in need of scrapping, service or replacement.

The remote computer (4) according to claim 12 where the determination involves the
remote computer (4) applying a decision rule, said decision rule being generated by

applying machine learning to a data set (15), said data set (15) comprising sensor data
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previously collected from comparable portable medical devices, said data set (15) also
comprising data about any previous failures of the comparable portable medical

devices.





