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ABSTRACT

Disclosed is a method for controlling an auto injector (4) and an auto injector
(4) for administering a medicament from a cartridge (700) having a first
cartridge end (718) and a second cartridge end (720) and having a cartridge
outlet (714) at the first cartridge end (718), the cartridge (700) comprising a
cartridge compartment (702) with a first cartridge subcompartment (704)
containing a first medicament component (792) of the medicament and a
second cartridge subcompartment (706) containing a second medicament
component (794) of the medicament. The auto injector comprises: a housing
(6); a cartridge receiver (300); a cartridge sensor (28); a drive module (500);

an orientation sensor (22); and a processing unit (20).

(Fig. 1)
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FRONT LOADED AUTO INJECTOR FOR ADMINISTERING A
MEDICAMENT

CROSS-REFERENCE TO RELATED APPLICATIONS

This patent application is a divisional application of Australian Patent
Application No. 2021202767, which is a divisional application of Australian
Patent Application No. 2016383024, which is a national phase application of
PCT Patent Application No. PCT/EP2016/082858 filed on 29 December
2016, all of which are included by reference herein in their entireties for all

purposes.

FIELD OF THE INVENTION

The present disclosure relates to an auto injector, such as an electronic auto
injector, a cartridge for an auto injector, a system comprising an auto injector

and a cartridge, and a method for operating an auto injector.

INTRODUCTION/BACKGROUND

Any discussion of the prior art throughout the specification should in no way
be considered as an admission that such prior art is widely known or forms

part of common general knowledge in the field.

Hypodermic syringes are widely used to deliver fluids to the body. It is known
to have hypodermic syringes applicable for manual operation. However, auto
injectors, such as electronic auto injectors, have been developed and are
widely used to aid the administering of fluid or medicaments to the body.

To avoid relying on users correctly performing certain tasks, it is of increasing
interest that the auto injector automatically carries out as much as possible of
the injection process. Especially, when administering of the medicament
requires several steps, such as if medicament needs to be mixed prior to
injection, it may be beneficial to automate the process of preparing and
administering the fluid, such as a medicament.
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It is an object of the present invention to overcome or ameliorate at least one

of the disadvantages of the prior art, or to provide a useful alternative.
SUMMARY

There is a need for an auto injector, such as an electronic auto injector, with
an improved automation of preparing and administering the medicament. The
present disclosure provides an auto injector, a cartridge, a system, and a
method improving the preparation and administering of medicament with an

auto injector.

According to a first aspect of the present invention, there is provided an auto
injector for preparing or administering a medicament from a cartridge having
a first cartridge end and a second cartridge end and having a cartridge outlet
at the first cartridge end, the cartridge comprising a cartridge compartment
with a first cartridge subcompartment containing a first medicament
component of the medicament and a second cartridge subcompartment
containing a second medicament component of the medicament, the auto
injector comprising:
a housing;
a cartridge receiver with a cartridge receiver opening, the
cartridge receiver being configured to receive the cartridge in a
cartridge receiving direction by insertion of the second end of the
cartridge through the cartridge receiver opening, wherein the cartridge
receiving direction is opposite to a first stopper direction of movement
of a first stopper within the cartridge when the cartridge is received
within the cartridge receiver, wherein the first stopper direction is
towards the first cartridge end;
a cartridge sensor configured to detect reception of the
cartridge in the cartridge receiver and provide a cartridge detection
signal indicative of the cartridge being received in the cartridge

receiver;
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a drive module coupled to move a plunger rod between a
retracted plunger rod position and an extended plunger rod position,
the plunger rod being configured to move the first stopper;

an orientation sensor configured to provide an orientation signal
indicative of the orientation of the cartridge relative to gravity when
received in the cartridge receiver

a contact member configured to provide a contact member
signal indicative of position of the contact member; and

a processing unit coupled to the orientation sensor, the
cartridge sensor, to the drive module and to the contact member;
the processing unit being configured to:

- receive a first input signal;

- receive the cartridge detection signal;

- receive the orientation signal;

- receive the contact member signal,

- control the drive module to move the plunger rod to a
mix plunger rod position at which the first medicament component and
the second medicament component are mixed following reception of
the cartridge detection signal and the first input signal,

- control the drive module to move the plunger rod to a
prime plunger rod position at which air in the cartridge compartment is
reduced following completion of movement of the plunger rod to the
mix plunger rod position; and

- control the drive module to move the plunger rod to the
mix plunger rod position and/or to the prime plunger rod position
and/or to an injection plunger rod position based on the contact

member signal.

According to a second aspect of the invention, there is provided a cartridge
for an auto injector comprising a first cartridge end and a second cartridge
end and having a cartridge outlet at the first cartridge end, the cartridge
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comprising a cartridge compartment with a first cartridge subcompartment
containing a first medicament component of the medicament and a second
cartridge subcompartment containing a second medicament component of
the medicament, the cartridge being configured to be received by a cartridge
receiver of an auto injector, as herein disclosed, by insertion of the second
cartridge end of the cartridge through the cartridge receiver opening of the

auto injector.

According to a third aspect of the present invention, there is provided a
system comprising an auto injector, as herein disclosed, and a cartridge,
wherein the cartridge comprises a first cartridge end and a second cartridge
end and having a cartridge outlet at the first cartridge end, the cartridge
comprising a cartridge compartment with a first cartridge subcompartment
containing a first medicament component of the medicament and a second
cartridge subcompartment containing a second medicament component of
the medicament, the cartridge being configured to be received by the

cartridge receiver of the auto injector.

According to a fourth aspect of the present invention, there is provided a
method for operating an auto injector comprising a plunger rod and a
cartridge receiver configured to receive a cartridge, the cartridge having a
first cartridge end and a second cartridge end and having a cartridge outlet at
the first cartridge end, the cartridge comprising a cartridge compartment with
a first cartridge subcompartment containing a first medicament component of
the medicament and a second cartridge subcompartment containing a
second medicament component of the medicament, the method comprising:

- receiving a first input signal;

- detecting reception of the cartridge in the cartridge
receiver, the cartridge receiver being configured to receive the
cartridge in a cartridge receiving direction by insertion of the second
end of the cartridge through a cartridge receiver opening, wherein the

cartridge receiving direction is opposite to a first stopper direction of
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movement of a first stopper within the cartridge when the cartridge is
received within the cartridge receiver, wherein the first stopper
direction is towards the first cartridge end;

- determining orientation of the cartridge relative to gravity
when the cartridge is received in the cartridge receiver;

- receive a contact member signal;

- moving the plunger rod to a mix plunger rod position at
which the first medicament component and the second medicament
component are mixed following detection of the cartridge being
received in the cartridge receiver and reception of the first input signal;
and

- moving the plunger rod to a prime plunger rod position at
which air in the cartridge compartment is reduced following completion
of movement of the plunger rod to the mix plunger rod position.

According to another aspect of the present invention, there is provided an
auto injector for preparing and/or administering a medicament from a
cartridge is disclosed. The cartridge has a first cartridge end and a second
cartridge end and having a cartridge outlet at the first cartridge end. The
cartridge comprises a cartridge compartment. The cartridge compartment
has a first cartridge subcompartment containing a first medicament
component of the medicament and a second cartridge subcompartment

containing a second medicament component of the medicament.

The auto injector comprising: a housing; a cartridge receiver; a cartridge

sensor; a drive module; an orientation sensor; and a processing unit.

The cartridge receiver has a cartridge receiver opening. The cartridge
receiver is configured to receive the cartridge by insertion of the second end

of the cartridge through the cartridge receiver opening.
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The cartridge sensor is configured to detect reception of the cartridge in the
cartridge receiver and provide a cartridge detection signal indicative of the

cartridge being received in the cartridge receiver.

The drive module is coupled to move a plunger rod between a retracted
plunger rod position and an extended plunger rod position. The plunger rod is
configured to move the first stopper, e.g. when the plunger rod is moved
towards the extended plunger rod position.

The orientation sensor is configured to provide an orientation signal indicative
of the orientation of the cartridge, e.g. when the cartridge is received in the

cartridge receiver.

The processing unit is coupled to the orientation sensor, the cartridge sensor,
and to the drive module.

The processing unit is configured to: receive a first input signal; receive the
cartridge detection signal; receive the orientation signal; control the drive
module to move the plunger rod to a mix plunger rod position following
reception of the cartridge detection signal and the first input signal; and
control the drive module to move the plunger rod to a prime plunger rod
position following completion of movement of the plunger rod to the mix
plunger rod position.

The processing unit may further be configured to receive a trigger event; and
control the drive module to move the plunger rod to an injection plunger rod
position following reception of the trigger event after completion of movement
of the plunger rod to the prime plunger rod position.

Also disclosed is a cartridge for an auto injector, such as the disclosed auto
injector. The cartridge has a first cartridge end and a second cartridge end
and having a cartridge outlet at the first cartridge end. The cartridge
comprises a cartridge compartment. The cartridge compartment has a first

cartridge subcompartment containing a first medicament component of the



28 Jul 2023

2023208198

10

15

20

25

medicament and a second cartridge subcompartment containing a second
medicament component of the medicament. The cartridge is configured to be
received by a cartridge receiver of an auto injector, such as a cartridge
receiver of the disclosed auto injector, by insertion of the second end of the
cartridge through the cartridge receiver opening of the auto injector.

Also disclosed is a system comprising an auto injector, such as the disclosed
auto injector, and a cartridge, such as the disclosed cartridge.

Also disclosed is a method for operating an auto injector, such as the
disclosed auto injector, e.g. an auto injector comprising a plunger rod and a
cartridge receiver configured to receive a cartridge, such as the disclosed
cartridge, e.g. a cartridge having a first cartridge end and a second cartridge
end and having a cartridge outlet at the first cartridge end.

The method comprises: receiving a first input signal; detecting reception of
the cartridge in the cartridge receiver; determining orientation of the cartridge;
moving the plunger rod to a mix plunger rod position following detection of
the cartridge being received in the cartridge receiver and reception of the first
input signal; and moving the plunger rod to a prime plunger rod position
following completion of movement of the plunger rod to the mix plunger rod

position.

The method may further comprise receiving a trigger event; and moving the
plunger rod to an injection plunger rod position following reception of the
trigger event after completion of movement of the plunger rod to the prime

plunger rod position.

The trigger event may, for example, be an effect of a push of a button, an
effect of an elapsed timeout, and/or an effect of a predetermined user
behaviour. The trigger event may be indicative of the auto injector being
pressed against the injection site.
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It is an advantage of the present disclosure that the steps involved in
preparing and/or administering a medicament are increasingly automated. It
is further an advantage that such increased automation provides for

increased safety in preparing and/or administering the medicament.

It is a further advantage of the present disclosure that an auto injector may
be provided which is easier to use, and reduce the risk of erroneous

administering of a medicament.

It is an advantage of the present disclosure that it may aid in determining
characteristics of the received cartridge. It is a further advantage of the
disclosure that an auto injector may be operated according to characteristics
of the received cartridge.

The disclosure may enable determination or indication that the cartridge
received is a used cartridge and/or a flawed cartridge and/or a counterfeit
cartridge and/or a cartridge comprising a medicament not approved for the
device. Thus, an advantage of the disclosure may be that it increases the
safety of an auto injector, e.g. as the auto injector may be prevented or

restricted from using a not new cartridge.

Thus, it is a further advantage of the present disclosure, that patient safety is
increased, e.g. by decreasing the risk of transmitting infections, and/or by

decreasing the risk of incorrect dosage of medicament.

It is envisaged that any embodiments or elements as described in connection
with any one aspect may be used with any other aspects or embodiments,

mutatis mutandis.

The cartridge has a cartridge outlet at the first cartridge end. The cartridge
may comprise a cartridge back face, e.g. at the second cartridge end, such
as opposite the cartridge outlet. The cartridge back face may comprise a

cartridge back end opening. The cartridge back end opening may provide
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access for a plunger rod, such as the plunger rod of the auto injector, to the

first stopper.

The cartridge compartment may contain the medicament. The cartridge outlet
may be configured for fluid communication with the compartment, e.g. at the
first cartridge end. The cartridge may be configured to expel medicament
through the cartridge outlet. The cartridge outlet may be configured to be
coupled with a needle, such as a hypodermic needle, to provide the

medicament to be expelled through the needle.

The cartridge comprises a first stopper movable inside the cartridge
compartment. The cartridge may comprise a second stopper movable inside
the cartridge compartment. The second stopper may be between the first
stopper and the cartridge outlet. The cartridge may comprise a third stopper
movable inside the cartridge compartment. The third stopper may be
between the second stopper and the cartridge outlet. The first stopper, the
second stopper, and/or the third stopper may be movable inside the cartridge
compartment towards the cartridge outlet, e.g. in a first stopper direction,
such as towards the first cartridge end. For example, the medicament may be
expelled through the cartridge outlet upon movement of the first stopper, the
second stopper, and/or the third stopper, e.g. in the first stopper direction
and/or towards the cartridge outlet.

The cartridge may be a dual-chamber cartridge. The cartridge compartment
may have a first cartridge subcompartment and a second cartridge
subcompartment. The first cartridge subcompartment may be between the
first stopper and the second stopper. The second cartridge subcompartment
may be between the second stopper and the cartridge outlet and/or the third

stopper.

The first cartridge subcompartment may contain a first medicament
component of the medicament. The second cartridge subcompartment may

contain a second medicament component of the medicament. Each of the
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first medicament component and/or second medicament component may be
a powder composition, a fluid, a liquid, a gel, a gas, and/or any combination
thereof. The first medicament component and/or the second medicament
component may be solute, such as a powder composition. The first
medicament component and/or the second medicament component may be
a solvent, such as a fluid composition, such as a liquid composition. The
second medicament component may be a powder composition and the first
medicament component may be a fluid composition, e.g. water or ethanol or
saline solution or buffer solution or preservative solution. The second
medicament component may be a solute. The first medicament component
may be a solvent. It is envisaged that the medicament may be any
medicament being injectable via a hypodermic needle, for example after
reconstitution of the medicament. The medicament may be a growth
hormone. The medicament may be human growth hormone. The
medicament may be a depot version, such as a long-acting version, of
human growth hormone. The second medicament component may be a

powder composition of human growth hormone.

The cartridge may have a bypass section providing fluid communication
between the first cartridge subcompartment and the second cartridge
subcompartment, e.g. when the second stopper is positioned in the bypass
section. The cartridge may have a plurality of bypass sections providing fluid
communication between neighbouring cartridge subcompartments, e.g. when
a stopper separating the neighbouring cartridge subcompartment is
positioned in the bypass section.

A reusable auto injector, such as the disclosed auto injector, may be
especially useful when the cartridge comprises a plurality of
subcompartments. For example an auto injector for a multi compartment or
multi chamber cartridge may be more advanced, and therefore it may be
beneficial to allow the auto injector to be used more than one time. For

example, the auto injector may provide automated processes for mixing
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medicament components, such as for mixing medicament components

initially provided in different subcompartments of the cartridge.

The cartridge may be comprised as part of a cartridge assembly. The
cartridge assembly may comprise the cartridge. Additionally, the cartridge
assembly may comprise a needle, such as a needle assembly comprising a
needle, a needle cover, a cartridge holder, and/or a cartridge code feature.

The cartridge assembly may comprise the needle, such as the needle
assembly comprising the needle. The needle assembly may comprise a
needle cover and/or a needle hub. The cartridge assembly may comprise a
cartridge holder. The cartridge holder may be configured to engage with the
needle assembly. The cartridge holder may provide for attachment of the
needle assembly to the cartridge.

The cartridge may comprise a cartridge code feature and/or the cartridge
assembly may comprise the cartridge and the cartridge code feature. The
cartridge code feature may comprise one or more of a colour, a bar code, an
RFID tag, an NFC tag, an identification number, and a QR code. For
example, the cartridge code feature may comprise a colour and/or a
sequence of colours. The cartridge code feature may be positioned
surrounding or partly surrounding a part of the cartridge compartment
wherein a stopper, such as the first stopper, is initially positioned. Such
position of the cartridge code feature may increase readability of the cartridge
code feature, e.g. since the stopper may form a background for the cartridge
code feature. The stopper, such as the first stopper may be a light colour,
such as light grey or white. The stopper, such as the first stopper, may be a
dark colour, such as dark blue, dark grey, or black. The stopper may form a
dark background for the cartridge code feature. The stopper, such as the first
stopper, may reduce reflection of light, e.g. to further increase readability of
the cartridge code feature.
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The cartridge code feature may be positioned at a specific position on the
cartridge, e.g. independently of the stopper(s), such as the first stopper. For
example, the cartridge code feature may be positioned at a code distance
from the second cartridge end. All cartridges may have their cartridge code
features positioned at the same position, e.g. positioned at the code distance
from the second cartridge end. Such uniform position of the cartridge code
feature may decrease complexity, and decrease size, of the auto injector, as
the cartridge code feature is read in the same position for all suitable
cartridges.

The cartridge and the cartridge code feature may be manufactured as one
element. For example, the cartridge code feature may be a certain form of
the cartridge. Alternatively, the cartridge code feature may be attached to the
cartridge, such as fastened, e.g. by glue, to the cartridge. For example, the
cartridge code feature may be a colour code printed on the cartridge.

The cartridge code feature may be indicative of one or more cartridge
specifications, such as medicament in the cartridge, concentration of
medicament in the cartridge, viscosity of medicament in the cartridge, volume
and/or mass of medicament in the cartridge, positions of stopper(s) in the
cartridge compartment, etc. The cartridge code feature may be indicative of a
position of the first stopper wherein air in the cartridge compartment is
reduced, such as minimized and/or reduced to an amount appropriate for
injection. The cartridge code feature may be indicative of the amount of
medicament contained in the cartridge. The cartridge code feature may be
indicative of a specific type of cartridge, such as an ID number of the specific
type of cartridge. The auto injector, such as the processing unit of the auto
injector, may be configured to determine one or more cartridge specifications
based on an ID number, e.g. by table lookup. The cartridge code feature may
be indicative of a suitable, such as optimal, speed of stopper movement,
such as stopper movement in different phases of movement, such as during

mixing, during air-shot, and/or injection. The cartridge code feature may be
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indicative of a suitable, such as optimal, speed of movement of the first
stopper, such as speed of movement of the first stopper in different phases of
movement, such as during mixing, during air-shot, and/or injection. The
cartridge code feature may be indicative of time needed for optimal mixing of
the first medicament component and the second medicament component.
The cartridge code feature may be indicative of a suitable dwell time for the
medicament, e.g. time to ensure that the medicament is distributed into the
tissue, e.g. favourable time to wait after injection before retraction of the

needle.

The auto injector may be a front-loaded auto injector. The auto injector
comprises a cartridge receiver configured to receive the cartridge. The
cartridge receiver may be configured to receive a cartridge assembly
comprising the cartridge. The cartridge assembly may comprise a cartridge
holder. The cartridge receiver has a cartridge receiver opening. The cartridge
receiver may be configured to receive the cartridge by insertion of the
cartridge, such as the second end of the cartridge, through the cartridge
receiver opening. The cartridge may be inserted in a cartridge receiving
direction. The cartridge receiving direction may be opposite the first stopper
direction, e.g. when the cartridge is received in the cartridge receiver. The
cartridge may be in a first angular position when inserted into the cartridge
receiver. The cartridge may be retained in the cartridge receiver in a second
angular position, e.g. after insertion of the cartridge in the cartridge receiver.

The cartridge receiver may be configured to receive a cartridge assembly
comprising the cartridge and a cartridge holder. The cartridge assembly may
be retained in the cartridge receiver by one or more cartridge retention
members of the cartridge holder engaging with members of the cartridge

receiver.

The cartridge and/or cartridge assembly may be lockable in the cartridge

receiver, e.g. the cartridge and/or cartridge assembly may be locked in the
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cartridge receiver to prevent removal of the cartridge and/or cartridge
assembly from the cartridge receiver. The cartridge and/or cartridge
assembly may be locked in the cartridge receiver by movement of a plunger
rod of the auto injector.

The auto injector may comprise a cartridge sensor. The cartridge receiver
may comprise the cartridge sensor. The cartridge sensor may be configured
to detect reception of the cartridge and/or cartridge assembly in the cartridge
receiver. The cartridge sensor may provide a cartridge sensor signal
indicative of whether the cartridge and/or cartridge assembly is received in
the cartridge receiver. The cartridge sensor may provide a cartridge detection
signal indicative of the cartridge and/or cartridge assembly being received in
the cartridge receiver. The cartridge sensor signal may comprise the

cartridge detection signal.

The auto injector may be an electronic auto injector. The auto injector may
comprise a battery. The housing may accommodate the battery. The battery
may be a rechargeable battery. For example, the battery may be a Li-ion
battery or a NiCd battery or a NiMH battery. The battery may be configured to

be charged by connection of a charger.

The auto injector comprises a drive module. The drive module may be
coupled to move, such as actuate, such as advance, a plunger rod, such as
between a retracted plunger rod position and an extended plunger rod
position. Movement of the plunger rod may provide the cartridge and/or
cartridge assembly to be locked in the cartridge receiver. For example, the
cartridge and/or cartridge assembly may be locked in the cartridge receiver
by advancement of the plunger rod from a retracted plunger rod position.

The drive module may comprise one or more electrical elements. The drive
module may be configured to receive electrical power from the battery. The
drive module may be electrically connected to the battery for receiving

electrical power. The drive module may be accommodated by the housing.
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The drive module may comprise a motor, such as an electro-mechanical
motor, such as a DC motor, e.g. a DC motor with or without brushes. The
drive module may comprise a solenoid motor. The drive module may
comprise a shape memory metal engine. The drive module may comprise an
arrangement of springs configured to actuate the plunger rod. The drive
module may comprise a pressurized gas configured to actuate the plunger

rod.

The auto injector may comprise a plunger rod, such as the plunger rod
movable by the drive module. The plunger rod may be configured to move a
stopper, such as the first stopper of the cartridge. For example, when the
plunger rod is moved towards the extended plunger rod position the plunger
rod may be configured to move the first stopper towards the cartridge outlet,
such as to expel medicament from the cartridge compartment through the
cartridge outlet and/or to expel air from the cartridge compartment through
the cartridge outlet.

The plunger rod may be moved to a pre-mix plunger rod position, such as
towards the extended plunger rod position, such as from the retracted
plunger rod position. The pre-mix plunger rod position may be a position
wherein fluid communication between the first cartridge subcompartment and

the second cartridge subcompartment is not yet established.

The plunger rod may be moved to a mix plunger rod position, such as
towards the extended plunger rod position, such as from the retracted
plunger rod position and/or the pre-mix plunger rod position. The mix plunger
rod position may be a position wherein the first medicament component and
the second medicament component are mixed, such as combined. The mix
plunger rod position may be a position wherein the second stopper is
positioned in the bypass section, such as to provide fluid communication
between the first cartridge subcompartment and the second cartridge

subcompartment.
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The plunger rod may be moved to a prime plunger rod position, such as
towards the extended plunger rod position, such as from the retracted
plunger rod position and/or the mix plunger rod position. The prime plunger
rod position may be a position wherein air has been expelled from the
cartridge compartment. For example, the prime plunger rod position may be
selected to position the first stopper in a position wherein air in the cartridge
compartment is reduced, such as minimized and/or reduced to an amount

appropriate for injection.

The plunger rod may be moved to an injection plunger rod position, such as
towards the extended plunger rod position, such as from the retracted
plunger rod position and/or the prime plunger rod position. The injection
plunger rod position may be a position wherein the medicament has been
expelled and/or injected from the cartridge compartment. For example, the
injection plunger rod position may be selected to position the first stopper in a
position wherein medicament in the cartridge compartment is reduced, such
as minimized, such as in a position close to the cartridge outlet. The injection
plunger rod position may be the extended plunger rod position.

The plunger rod may be moved towards the retracted plunger rod position,
e.g. to the retracted plunger rod position. For example, the plunger rod may
be moved towards the retracted plunger rod position, e.g. to the retracted
plunger rod position, after completion of injection, such as from the injection

plunger rod position and/or the extended plunger rod position.

The processing unit may be configured to move the plunger rod to the pre-
mix plunger rod position, the mix plunger rod position, the prime plunger rod
position, the injection plunger rod position, the extended plunger rod position
and/or the retracted plunger rod position.

The auto injector may comprise an ejection sensor, such as a plunger rod
position sensor. The ejection sensor may be configured to detect the

ejection, such as the expelling, of medicament and/or air in the cartridge



28 Jul 2023

2023208198

10

15

20

25

17

compartment. The ejection sensor may be configured to detect and/or
determine the position of the plunger rod and/or the position of the first
stopper. The ejection sensor may be configured to detect conditions
indicative of the position of the plunger rod and/or the position of the first
stopper. The ejection sensor may be configured to provide an ejection sensor
signal. The ejection sensor signal may be indicative of the position of the

plunger rod and/or the first stopper.

The ejection sensor may comprise a tachometer, e.g. a tachometer of the
drive module. The tachometer may be configured to count the revolutions of
the drive module, such as a motor of the drive module, such as the
revolutions of the drive module from a set point, such as a point wherein the
position of the plunger rod is known, such as the retracted plunger rod
position of the plunger rod. The count of revolutions of the drive module may
be used to determine the actual position of the plunger rod, such as the pre-
mix plunger rod position, the mix plunger rod position, the prime plunger rod
position, the injection plunger rod position, the extended plunger rod position
and/or the retracted plunger rod position.

The processing unit may be coupled to the ejection sensor, such as to the
tachometer. The processing unit may receive from the ejection sensor a first
ejection sensor signal, such as a tachometer signal, indicative of the count of
revolutions of the drive module. The processing unit may determine the
position of the plunger rod based on the first ejection sensor signal. The
processing unit may receive a second ejection sensor signal, e.g. from the
ejection sensor, indicative of the plunger rod being in a known position, such
as the retracted plunger rod position. The processing unit may determine the
position of the plunger rod based on the first ejection sensor signal and the

second ejection sensor signal.

The cartridge may be lockable in the cartridge receiver, e.g. the cartridge
may be locked in the cartridge receiver to prevent removal of the cartridge
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from the cartridge receiver. Movement of the plunger rod towards the
extended plunger rod position may lock the cartridge in the cartridge receiver.
For example, movement of the plunger rod to the mix plunger rod position
may lock the cartridge in the cartridge receiver. Movement of the plunger rod
towards the retracted plunger rod position may unlock the cartridge from the
cartridge receiver. For example, movement of the plunger rod to the retracted
plunger rod position may unlock the cartridge in the cartridge receiver. The
cartridge may be locked in the cartridge receiver when the plunger rod is not
in the retracted plunger rod position and/or close to the retracted plunger rod
position. Coupling the position of the plunger rod with the locking of the
cartridge in the cartridge receiver may provide the advantage that the release
of the cartridge may be restricted or prevented when the auto injector is

active.

The auto injector may comprise an orientation sensor. The orientation sensor
may be configured to provide an orientation signal indicative of the
orientation of the cartridge, e.g. when the cartridge is received in the
cartridge receiver. The orientation signal may be indicative of the orientation
of the cartridge relative to gravity, such as relative to the direction of gravity.

The orientation sensor may be configured to detect an orientation of the
cartridge and/or an orientation indicative of the orientation of the cartridge,
such as an orientation of the auto injector. The detected orientation may be
relative to gravity, such as relative to the direction of gravity. The orientation
sensor may be configured to detect the direction of gravity, and/or if the
direction of gravity is within a certain range of a predetermined direction. The
orientation sensor may comprise an accelerometer. The orientation sensor
may comprise a plurality of accelerometers, such as three accelerometers,
such as three accelerometers arranged to detect acceleration in three
dimensions, such as a three-dimensional accelerometer. The orientation
sensor may comprise a tilt sensor, a tri-axial accelerometer, a single axis

accelerometer, a magnetometer and/or any combination thereof, and the
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orientation sensor may provide a measure of roll, pitch and azimuth, a

measure of acceleration and/or tilt in one or more directions.

The orientation sensor may be configured to detect if the cartridge is in a
predetermined orientation. The orientation sensor may be configured to
detect if the orientation of the auto injector is indicative of the cartridge being
in the predetermined orientation. The predetermined orientation may be a
vertical orientation. The predetermined orientation may be an orientation
within 45 degrees of vertical, such as within 30 degrees of vertical. The
predetermined orientation may be an orientation wherein the cartridge is
orientated such that a longitudinal axis of the cartridge is within 45 degrees of
vertical, such as within 30 degrees of vertical, and wherein the cartridge
outlet is above the cartridge compartment, such as in a vertical position
above the cartridge compartment.

The processing unit may be coupled to the orientation sensor. The
processing unit may be configured to receive the orientation signal, e.g.
indicative of the orientation of the cartridge when received in the cartridge
receiver, and/or of the auto injector.

Movement of the plunger rod to the mix plunger rod position and/or to the
prime plunger rod position and/or to the injection plunger rod position may be
based on the orientation of the cartridge, e.g. on the orientation signal. For
example, movement of the plunger rod to the mix plunger rod position and/or
to the prime plunger rod position and/or to the injection plunger rod position
may require that a tilt angle between vertical and a longitudinal axis
extending along the cartridge is within 45 degrees, such as within 30
degrees, and/or that the cartridge outlet is in a vertical position above the

cartridge compartment.

Control of the drive module to move the plunger rod to the mix plunger rod
position and/or to the prime plunger rod position and/or to the injection
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the orientation signal.

The processing unit may be configured to control the drive module based on
the orientation signal. For example, the processing unit may be configured to
control the drive module to move the plunger rod to the mix plunger rod
position and/or to the prime plunger rod position and/or to the injection
plunger rod position based on the orientation signal. For example, the
processing unit may be configured to control the drive module to move the
plunger rod to the mix plunger rod position and/or to the prime plunger rod
position and/or to the injection plunger rod position only if the orientation
signal indicates that a tilt angle between vertical and a longitudinal axis
extending along the cartridge is within 45 degrees, such as within 30
degrees, of vertical, and/or if the cartridge outlet is in a vertical position above

the cartridge compartment.

The auto injector may comprise a code sensor. The code sensor may be
configured to read a cartridge code feature, such as the cartridge code
feature of the cartridge e.g. indicative of one or more cartridge specifications.
The code sensor may be configured to provide a code signal indicative of the
cartridge code feature. The processing unit may be coupled to the code
sensor. The processing unit may be configured to receive the code signal.

The processing unit may be configured to determine an unauthorized
cartridge, such as a counterfeit cartridge and/or a used cartridge, and/or a
tampered cartridge, and/or a cartridge containing a wrong dose, and/or a
cartridge containing a wrong medicament, based on the code signal.

The code sensor may comprise an optical sensor. The code sensor may
comprise an optical sensor comprising a transmitter and a receiver, such as
a light transmitter and a light receiver. The code sensor may be configured to
read the cartridge code feature. The code sensor may be configured to read
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colour codes, bar codes, RFID tags, NFC tags, identification numbers, QR
codes, and/or any combination hereof.

Movement of the plunger rod may be based on the code signal. For example,
movement of the plunger rod to the mix plunger rod position and/or the prime
plunger rod position and/or the injection plunger rod position, may be based
on the cartridge code feature, e.g. on the code signal. For example, control of
the drive module to move the plunger rod to the prime plunger rod position
may be based on the code signal. The processing unit may be configured to
control the drive module based on the code signal. For example, the
processing unit may be configured to control the drive module to move the
plunger rod to the prime plunger rod position based on the code signal.

Basing the movement of the plunger rod on cartridge specification, e.g. on
the code signal, provides that the plunger rod movement may be optimized to
several types of cartridges. For example, the air-shot may be performed with
reduced or no expelling of medicament, thereby increasing dosage accuracy
and/or reducing patient discomfort, e.g. even with different cartridges.

Basing the movement of the plunger rod on cartridge specification, e.g. on
the code signal, provides that the plunger rod movement may be optimized to
several types of cartridges. For example, the plunger rod may be keptin a
mix plunger rod position for a time depending on the cartridge specification
following detection of the cartridge being received in the cartridge receiver
and reception of the first input signal thereby ensuring appropriate mixing

and/or reducing patient discomfort, e.g. even with different cartridges.

The auto injector may comprise a resistance sensor. The resistance sensor
may be configured to provide a resistance signal. The resistance signal may
be indicative of resistance against movement of the plunger rod. The
processing unit may be coupled to the resistance sensor. The processing unit
may be configured to receive the resistance signal.
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The processing unit may be configured to determine an unauthorized
cartridge, such as a counterfeit cartridge and/or a used cartridge, and/or a
tampered cartridge, and/or a cartridge containing a wrong dose, and/or a
cartridge containing a wrong medicament, based on the code signal and/or
the resistance signal.

The resistance signal may be indicative of resistance against movement of
the plunger rod in one direction, such as movement towards the extended
plunger rod position. For example, the resistance signal may be indicative of
the force necessary to move the plunger rod, e.g. towards the extended

plunger rod position.

The resistance sensor may be configured to determine electrical power
consumed by the drive module, e.g. by measuring electrical resistance,
electrical current, and/or electrical voltage of the drive module and/or a
combination thereof. The resistance sensor may comprise an electrical
resistance sensor, an electrical current sensor, and/or an electrical voltage

sensor. The drive module may comprise the resistance sensor.

The resistance sensor may be configured to measure pressure and/or force
applied to a plunger rod front end of the plunger rod. The plunger rod front
end may be configured to engage with the first stopper of the cartridge. The
resistance sensor may be configured to measure pressure and/or force
between the plunger rod and the stopper. For example, the resistance sensor
may comprise a pressure transducer and/or a force transducer on the

plunger rod front end. The plunger rod may comprise the resistance sensor.

Movement of the plunger rod may be based on the resistance signal. For
example, movement of the plunger rod to the mix plunger rod position and/or
the prime plunger rod position and/or the injection plunger rod position, may
be based on resistance against movement of the plunger rod, e.g. on the
resistance signal. For example, control of the drive module to move the

plunger rod to the mix plunger rod position may be based on the resistance
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signal. The processing unit may be configured to control the drive module
based on the resistance signal. For example, the processing unit may be
configured to control the drive module to move the plunger rod to the mix

plunger rod position based on the resistance signal.

Movement of the plunger rod to the mix plunger rod position and/or the prime
plunger rod position and/or the injection plunger rod position may require that
resistance against movement of the plunger rod is above a low resistance
threshold, e.g. that the resistance signal indicates resistance against
movement of the plunger rod above a low resistance threshold. For example,
the processing unit may be configured to control the drive module to move
the plunger rod to the mix plunger rod position only if the resistance signal
indicates resistance against movement of the plunger rod above a low
resistance threshold, such as after completion of movement of the plunger
rod to the pre-mix plunger rod position. The low resistance threshold may be
between 1 N and 15 N, such as between 5 N and 11 N. The low resistance
threshold may be 1 N, 5 N, or 10 N.

A cartridge parameter may be based on resistance against movement of the
plunger rod, e.g. on the resistance signal. The processing unit may be
configured to determine the cartridge parameter based on the resistance

signal.

The cartridge parameter may be indicative of the cartridge being unused
and/or full. For example, if the present plunger rod position has reached a
plunger rod threshold, such as a predetermined plunger rod position between
the retracted plunger rod position and the extended plunger rod position, and
the resistance signal is indicative of resistance against movement of the
plunger rod above the low resistance threshold, e.g. indicating a sufficient
force necessary to move the plunger rod, hence indicating that the plunger

rod has engaged the first stopper.
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The cartridge parameter may be indicative of the cartridge being not full
and/or empty, such as used. For example, if the present plunger rod position
has reached a plunger rod threshold, such as a predetermined plunger rod
position between the retracted plunger rod position and the extended plunger
rod position, and the resistance signal is indicative of resistance against
movement of the plunger rod below the low resistance threshold, e.g.
indicating a small force necessary to move the plunger rod, hence indicating
that the first stopper is in an advanced position.

The cartridge parameter may be indicative of the cartridge being flawed
and/or that no needle is attached and/or attached needle is blocked, e.g. if
the resistance signal is indicative of resistance against movement of the
plunger rod above a high resistance threshold, e.g. indicating a large force
necessary to move the plunger rod, hence indicating that the plunger rod
and/or the first stopper is somehow blocked from advancement. The high
resistance threshold may be between 8 N and 25 N, such as between 10 N
and 20 N. The high resistance threshold may be 8 N, 11 N, or 15 N.

Thresholds, such as the plunger rod threshold, the low resistance threshold
and/or the high resistance threshold, may be determined based on the
cartridge and/or the cartridge code feature. The cartridge code feature may
be indicative of the threshold, such as the plunger rod threshold, the low
resistance threshold and/or the high resistance threshold.

The processing unit may be configured to determine the threshold, such as
the plunger rod threshold, the low resistance threshold and/or the high
resistance threshold, based on the code signal.

The auto injector may comprise a temperature sensor. The temperature
sensor may be configured to provide a temperature signal, such as a
temperature signal indicative of the temperature of the auto injector and/or of
the cartridge and/or of the medicament. The temperature sensor may

comprise an infrared sensor, such as an infrared optical sensor.
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The processing unit may be coupled to the temperature sensor. The
processing unit may be configured to receive the temperature signal.

Movement of the plunger rod to the mix plunger rod position and/or to the
prime plunger rod position and/or to the injection plunger rod position may be
based on the temperature of the auto injector and/or of the cartridge and/or of

the medicament, e.g. on the temperature signal.

The auto injector, such as the processing unit, may be configured to control
the drive module based on the temperature signal. For example, the
processing unit may be configured to control the drive module to move the
plunger rod to the mix plunger rod position and/or to the prime plunger rod
position and/or to the injection plunger rod position based on the temperature
signal.

The auto injector may comprise an input device, such as a first input device.
The first input device may be a button or a touch sensitive area or a
microphone. The first input device may be configured to provide the first input
signal. The first input signal may be indicative of a first user interaction with
the first input device. The first input device may be configured to provide a
second input signal. The second input signal may be indicative of a second

user interaction with the first input device.

The processing unit may be coupled to the first input device. The processing
unit may be configured to receive the first input signal and/or the second
input signal. The processing unit may be configured to control the drive
module to move the plunger rod to the mix plunger rod position only after
receiving the first input signal. The processing unit may be configured to
control the drive module to move the plunger rod to the prime plunger rod
position only after receiving the second input signal.

The auto injector may comprise a contact member. The contact member may
be configured to be pressed against the injection site. The contact member

may be movable between an extended contact member position and a
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retracted contact member position. The contact member may be biased
towards the extended contact member position, e.g. by a contact member
spring. The contact member may be configured to be moved towards the
retracted contact member position, e.g. when pressed against the injection
site. The contact member and/or a contact member sensor may be
configured to provide a contact member signal indicative of position of the
contact member. The auto injector and/or the contact member may comprise
a contact member sensor configured to detect the position of the contact
member. The contact member sensor may be configured to provide the

contact member signal indicative of the contact member.

The contact member may be in a first contact member position, e.g. between
the extended contact member position and the retracted contact member
position. The contact member being in the first contact member position may
indicate that the contact member is close to the retracted contact member
position. The contact member being in the first contact member position may
indicate that the contact member is pressed against the injection site. The
contact member being in the first contact member position may indicate that
a needle positioned on the cartridge is pressed sufficiently into the skin for
injection of the medicament to start.

The contact member may be in a second contact member position, e.g.
between the extended contact member position and the retracted contact
member position, such as between the extended contact member position
and the first contact member position. The contact member being in the
second contact member position may indicate that the contact member is
restricted from being biased to the extended contact member position. The
contact member being in the second contact member position may indicate
that a needle cover, such as a needle with a needle cover, is positioned on
the cartridge.
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The processing unit may be coupled to the contact member. The processing
unit may be configured to receive the contact member signal. The trigger
event may comprise the contact member signal being indicative of the
contact member being in a first contact member position. The contact

member may be a trigger member.

The auto injector may comprise a needle sensor. The needle sensor may be
configured to detect a needle, and/or a needle assembly, and/or a needle
cover of a needle assembly, of the cartridge assembly, e.g. when the
cartridge assembly is received in the auto injector and/or in the cartridge
receiver of the auto injector. The needle sensor may provide a needle signal
indicative of the presence of a needle, and/or a needle assembly, and/or a

needle cover of a needle assembly.

The processing unit may be coupled to the needle sensor. The processing
unit may be configured to receive the needle signal. The processing unit may
be configured to control the drive module based on the needle signal. For
example, the processing unit may be configured to control the drive module
to start movement of the plunger rod only if a needle is present, and/or only if

a needle cover is not present.

The needle sensor may comprise the contact member. For example, the
contact member may be configured to be in the second contact member
position if a needle cover, such as a needle with a needle cover, is present
on the cartridge. Movement of the plunger rod may be based on the position
of the contact member, e.g. on the contact member signal. Movement of the
plunger rod to the mix plunger rod position and/or the prime plunger rod
position and/or to the injection plunger rod position may be based on the
position of the contact member, e.g. on the contact member signal. For
example, the movement of the plunger rod to the mix plunger rod position
and/or the prime plunger rod position and/or to the injection plunger rod
position may require that the contact member signal is indicative of the
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contact member not being in the second contact member position, such as
the contact member signal being indicative of the contact member being in

the extended contact member position.

Alternatively or additionally, movement of the plunger rod to the mix plunger
rod position and/or the prime plunger rod position and/or to the injection
plunger rod position may be based on detection of a needle cover. For
example, the movement of the plunger rod to the mix plunger rod position
and/or the prime plunger rod position and/or to the injection plunger rod
position may require that a needle cover is detected after reception of the
cartridge in the cartridge receiver, and that afterwards no needle cover is
detected, e.g. detection that the needle cover has been removed.

The processing unit may be configured to control the drive module to move
the plunger rod to the mix plunger rod position and/or the prime plunger rod
position and/or to the injection plunger rod based on the contact member
signal. For example, the processing unit may be configured to control the
drive module to move the plunger rod to the mix plunger rod position and/or
the prime plunger rod position and/or to the injection plunger rod only if the
contact member signal is indicative of the contact member not being in the
second contact member position, such as the contact member signal being
indicative of the contact member being in the extended contact member

position.

Movement of the plunger rod may comprise movement having a plunger rod
speed, such as a first plunger rod speed and/or a second plunger rod speed.
The plunger rod speed may be based on the position of the plunger rod. The
plunger rod may be moved to the pre-mix plunger rod position, such as from
the retracted plunger rod position, with a pre-mix plunger rod speed. The
plunger rod may be moved to the mix plunger rod position, such as from the
pre-mix plunger rod position, with a mix plunger rod speed. The plunger rod
may be moved to the prime plunger rod position, such as from the mix
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plunger rod position, with a prime plunger rod speed. The plunger rod may be
moved to the injection plunger rod position, such as from the prime plunger
rod position, with an injection plunger rod speed. The pre-mix plunger rod
speed may be faster than the mix plunger rod speed. The mix-plunger rod
speed may be between 1 mm/second and 3 mm/second, such as 1.7

mm/second.

The pre-mix plunger rod speed, the mix plunger rod speed, the prime plunger
rod speed, and/or the injection plunger rod speed, may be based on a
cartridge specification, such as on the cartridge code feature, such as on the
code signal. The processing unit may be configured to determine the pre-mix
plunger rod speed, the mix plunger rod speed, the prime plunger rod speed,

and/or the injection plunger rod speed, based on the code signal.

The pre-mix plunger rod speed, the mix plunger rod speed, the prime plunger
rod speed, and/or the injection plunger rod speed, may be based on
temperature, such as temperature of the auto injector and/or of the cartridge
and/or of the medicament, such as on the temperature signal. The
processing unit may be configured to determine the pre-mix plunger rod
speed, the mix plunger rod speed, the prime plunger rod speed, and/or the
injection plunger rod speed, based on the temperature signal.

The processing unit may be configured to control the drive module to move
the plunger rod to the pre-mix plunger rod position, such as from the
retracted plunger rod position, with the pre-mix plunger rod speed. The
processing unit may be configured to control the drive module to move the
plunger rod to the mix plunger rod position, such as from the pre-mix plunger
rod position, with the mix plunger rod speed. The processing unit may be
configured to control the drive module to move the plunger rod to the prime
plunger rod position, such as from the mix plunger rod position, with the
prime plunger rod speed. The processing unit may be configured to control
the drive module to move the plunger rod to the injection plunger rod
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position, such as from the prime plunger rod position, with the injection

plunger rod speed.

The processing unit may be configured to control the drive module to move
the plunger rod to the pre-mix plunger rod position following reception of the
cartridge detection signal and the first input signal. The processing unit may
be configured to control the drive module to move the plunger rod to the mix-
plunger rod position following completion of movement of the plunger rod to

the pre-mix plunger rod position.

Movements of the plunger rod, such as movement to the pre-mix plunger rod
position, to the mix plunger rod position, to the prime plunger rod position, to
the injection plunger rod position, and/or to the retracted plunger rod position,
may be preceded by one or more elapsed time, such as delays. For example,
movement of the plunger rod to the prime plunger rod position and/or
movement of the plunger rod to the injection plunger rod position may require
that a reconstitution time has elapsed since completion of the movement of
the plunger rod to the mix plunger rod position. The reconstitution time may
be chosen to allow sufficient time to ensure that the medicament is
reconstituted, e.g. that the first medicament component and second
medicament component has been sufficiently mixed. The reconstitution time
may be based on a cartridge specification, e.g. the reconstitution time may
be based on the cartridge code feature, e.g. the reconstitution time may be

based on the code signal.

The processing unit may be configured to control the drive module to move
the plunger rod to the mix plunger rod position and/or the prime plunger rod
position and/or to the injection plunger rod position and/or the retracted
plunger rod position based on the one or more elapsed time. For example,
the processing unit may be configured to control the drive module to move
the plunger rod to the prime plunger rod position only after the reconstitution
time has elapsed since completion of the movement of the plunger rod to the
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mix plunger rod position. Alternatively or additionally, the processing unit may
be configured to control the drive module to move the plunger rod to the
injection plunger rod position only after the reconstitution time has elapsed
since completion of the movement of the plunger rod to the mix plunger rod

position.

The plunger rod may be moved towards the retracted plunger rod position,
such as to the retracted plunger rod position, following completion of the
movement of the plunger rod to the injection plunger rod position. The
processing unit may be configured to control the drive module to move the
plunger rod towards the retracted plunger rod position following completion of
the movement of the plunger rod to the injection plunger rod position.

Movement of the plunger rod towards the retracted plunger rod position, such
as to the retracted plunger rod position, such as after completion of the
movement of the plunger rod to the injection plunger rod position, may
require that a dwell time has elapsed, e.g. since completion of the movement
of the plunger rod to the injection plunger rod position. The dwell time may be
chosen to allow sufficient time to ensure that the medicament is distributed
into the tissue. The dwell time may be influenced by the medicament and/or
concentration of the medicament and/or the amount of medicament. The
dwell time may be based on a cartridge specification, e.g. the dwell time may
be based on the cartridge code feature, e.g. the dwell time may be based on

the code signal.

The processing unit may be configured to control the drive module to move
the plunger rod towards the retracted plunger rod position only after the dwell
time has elapsed since completion of the movement of the plunger rod to the

injection plunger rod position.

The auto injector may comprise a user interface, such as a user interface
allowing user input and/or provide visual and/or audible output to the user.

The user interface may comprise the first input member, a second input
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member, the contact member, and/or a first output member. The first output
member may be configured to provide output to a user, such as audible
and/or visual output. The first output member may comprise an LED and/or a

speaker.

The processing unit may be configured to provide one or more user outputs
via the user interface. The one or more user outputs may comprise a first
user output and/or a second user output. For example, the processing unit

may provide the first user output via the first output member.

The processing unit may be configured to provide a user output, e.g.
indicative of the injection being complete, via the user interface after the
dwell time has elapsed since completion of the movement of the plunger rod

to the injection plunger rod position.

The processing unit may be configured to provide a user output indicative of
the orientation signal via the user interface. For example, while moving the
plunger rod to the mix plunger rod position and/or to the prime plunger rod
position. A user output indicative of the orientation signal may comprise a
beeping sound with a varying beeping interval based on the orientation
signal. For example, the varying beeping interval may be fast when the
orientation signal is far away from the predetermined orientation and/or from
vertical, and/or the varying beeping interval may be slow when the orientation
signal is close to the predetermined orientation and/or vertical.

Unless the context clearly requires otherwise, throughout the description and
the claims, the words “comprise”, “comprising”, and the like are to be
construed in an inclusive sense as opposed to an exclusive or exhaustive

sense; that is to say, in the sense of “including, but not limited to”.

BRIEF DESCRIPTION OF THE FIGURES

A more detailed description follows below with reference to the drawing, in
which:
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Fig. 1 illustrates an exemplary auto injector;
Fig. 2 illustrates an exemplary auto injector with a cartridge;
Fig. 3 schematically illustrates an exemplary cartridge;

Figs. 4a-d schematically illustrate an exemplary cartridge assembly with
exemplary cartridge code features;

Fig. 5 schematically illustrates an exemplary auto injector with a cartridge
assembly;

Figs. 6a-d schematically illustrate an auto injector and a cartridge assembly;
Fig. 7 shows a block diagram of an exemplary auto injector;

Figs. 8a-f schematically illustrate an exemplary cartridge assembly and a
plunger rod in exemplary positions;

Fig. 9 shows an exemplary graph of resistance vs. position;

Fig. 10 shows a flow chart of an exemplary method;

Fig. 11 shows a flow chart of an exemplary method;

Fig. 12 shows a flow chart of an exemplary method;

Figs. 13a-d schematically illustrate an exemplary user interface; and

Fig. 14 shows a flow chart of an exemplary method.

DETAILED DESCRIPTION

Various embodiments are described hereinafter with reference to the figures.
Like reference numerals refer to like elements throughout. Like elements will,
thus, not be described in detail with respect to the description of each figure.
It should also be noted that the figures are only intended to facilitate the
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description of the embodiments. They are not intended as an exhaustive
description of the claimed invention or as a limitation on the scope of the
claimed invention. In addition, an illustrated embodiment needs not have all
the aspects or advantages shown. An aspect or an advantage described in
conjunction with a particular embodiment is not necessarily limited to that
embodiment and can be practiced in any other embodiments even if not so

illustrated, or if not so explicitly described.

Fig. 1 illustrates an exemplary auto injector 4. The auto injector 4 may be
configured for administering a medicament. The auto injector 4 may be an

electronic auto injector.

The auto injector 4 comprises a housing 6. The auto injector 4 comprises a
cartridge receiver 300. The cartridge receiver is configured to receive a
cartridge and/or a cartridge assembly comprising a cartridge. The cartridge

may contain the medicament.

The cartridge receiver 300 has a cartridge receiver opening 301. The
cartridge receiver 300 is configured to receive the cartridge and/or the
cartridge assembly through the cartridge receiver opening 301 in a cartridge
receiving direction 304 along a longitudinal axis L.

The auto injector 4 may comprise a user interface 1100, as illustrated. The
auto injector 4 comprises a trigger member, such as the contact member
1102. The contact member 1102 may be configured to be pressed against an
injection site. The contact member 1102 may be movable in the cartridge
receiving direction 304, relative to the housing, if pressed against the
injection site. The contact member 1102 may be part of the user interface
1100.

The user interface 1100 comprises a first input member 1108, e.g. a button.
The first input member 1108 may provide for a user input from a user. For
example, the first input member 1108 may be used for receiving a push from
a user to proceed to a next step.
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The user interface 1100 comprises a first output member 1110 as illustrated,
e.g. a plurality of LEDs. The first output member 1110 may provide for a user
output to a user. The user interface 1100 may comprise a second output
member (not shown), e.g. a speaker. The second output member may be
configured to provide audible output to the user. For example, the first output
member 1110 and/or the second output member may be used to indicate a

step in the procedure to the user and/or to indicate an error message.

Fig. 1 illustrates an exemplary auto injector 4. The auto injector 4 may be
configured for administering a medicament. The auto injector 4 may be an

electronic auto injector.

The auto injector 4 comprises a housing 6. The auto injector 4 comprises a
cartridge receiver 300. The cartridge receiver is configured to receive a
cartridge and/or a cartridge assembly comprising a cartridge. The cartridge

may contain the medicament.

The cartridge receiver 300 has a cartridge receiver opening 301. The
cartridge receiver 300 is configured to receive the cartridge and/or the
cartridge assembly through the cartridge receiver opening 301 in a cartridge
receiving direction 304 along a longitudinal axis L.

The auto injector 4 may comprise a user interface 1100, as illustrated. The
auto injector 4 comprises a trigger member, such as the contact member
1102. The contact member 1102 may be configured to be pressed against an
injection site. The contact member 1102 may be movable in the cartridge
receiving direction 304, relative to the housing, if pressed against the
injection site. The contact member 1102 may be part of the user interface
1100.

The user interface 1100 may comprise a first input member 1108 as
illustrated, e.g. a button. The first input member 1108 may provide for a user
input from a user. For example, the first input member 1108 may be used for
receiving a push from a user to proceed to a next step.
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The user interface 1100 may comprise a first output member 1110 as
illustrated, e.g. a plurality of LEDs. The first output member 1110 may
provide for a user output to a user. The user interface 1100 may comprise a
second output member (not shown), e.g. a speaker. The second output
member may be configured to provide audible output to the user. For
example, the first output member 1110 and/or the second output member
may be used to indicate a step in the procedure to the user and/or to indicate

an error message.

Fig. 2 illustrates an exemplary system 2. The system 2 comprises an auto
injector 4, as described in relation to Fig. 1, and an exemplary cartridge 700
received in the cartridge receiver 300. The cartridge 700 is shown with a
needle cover 908. The needle cover 908 extending out of the contact
member 1102 to allow removal of the needle cover 908 from the cartridge
700.

Fig. 3 schematically illustrates an exemplary cartridge 700, such as a
cartridge 700 being configured to be received in the cartridge receiver of an
auto injector, such as the auto injector described in relation to previous

figures.

The cartridge 700 comprises a cartridge compartment 702. The cartridge
compartment 702 may be configured for containing a medicament. The
cartridge 700 has a first end 718 and a second end 720. The cartridge 700
comprises a cartridge outlet 714 at the first cartridge end 718. The cartridge

may be configured to expel medicament through the cartridge outlet 714.

The cartridge comprises a first stopper 708 movable inside the cartridge
compartment, e.g. in a first stopper direction 722, e.g. towards the first
cartridge end. For example, the medicament may be expelled through the
cartridge outlet 714 upon movement of the first stopper 708 in the first
stopper direction. The cartridge comprises a cartridge back face 716 at the

second cartridge end. The cartridge back face 716 comprises a cartridge
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back end opening for providing access to the first stopper 708 for a plunger
rod.

As illustrated, the cartridge 700 may be a dual chamber cartridge. The
cartridge comprises a second stopper 710 movable inside the cartridge
compartment 702, e.g. in the first stopper direction 722, e.g. towards the first
cartridge end. The cartridge compartment 702 comprises a first cartridge
subcompartment 704 and a second cartridge subcompartment 706. The first
cartridge subcompartment 704 is between the first stopper 708 and the
second stopper 710. The second cartridge subcompartment 706 is between
the second stopper 710 and the cartridge outlet 714. The cartridge comprises
a bypass section 712 for providing fluid communication between the first
cartridge subcompartment and the second cartridge subcompartment. The
bypass section 712 provides fluid communication between the first cartridge
subcompartment and the second cartridge subcompartment when the
second stopper 710 is positioned in the bypass section 712.

The first cartridge subcompartment 704 contains a first medicament
component 792 of the medicament 790. The first medicament component
792 may be a liquid as illustrated. The second cartridge subcompartment 706
contains a second medicament component 794 of the medicament 790.The
second medicament component 794 may be a powder composition. By
positioning of the second stopper 710 within the bypass section 712, the first
medicament component 792 may be transmitted into the second cartridge
subcompartment 706 via the bypass section 712, thereby mixing the first
medicament component 792 and the second medicament component 794 to

achieve the combined medicament 790.

Figs. 4a-d schematically illustrates an exemplary cartridge assembly 600.
The cartridge assembly 600 comprises an exemplary cartridge 700 and an
exemplary cartridge code feature 1000. The cartridge 700 has a first
cartridge end 718 and a second cartridge end 720. The first stopper direction
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722 is from the second cartridge end 720 to the first cartridge first 718. The
cartridge code feature 1000 is positioned near the second cartridge end 720,
e.g. closer to the second cartridge end 720 than the first cartridge end 718. In
another exemplary cartridge assembly, the cartridge code feature 1000 may
be positioned near the first cartridge end 718.

Figs. 4a-d illustrates different types of exemplary cartridge code features
1000.

Fig. 4a illustrates an exemplary cartridge assembly 600, wherein the
cartridge code feature 1000 comprises two strips. The two strips may be
coloured, e.g. differently coloured. The combination and/or sequence of
colours may be indicative of a code of the cartridge code feature 1000.

Fig. 4b illustrates an exemplary cartridge assembly 600, wherein the
cartridge code feature 1000 comprises bar codes. The cartridge code feature
1000 may comprise one or more bar codes. The bar code may be indicative

of a number indicative of a code of the cartridge code feature 1000.

Fig. 4c illustrates an exemplary cartridge assembly 600, wherein the
cartridge code feature 1000 comprises differently grated strips. For example,
as illustrated, the cartridge code feature 1000 may comprise two strips
wherein the first strip is grated at 45 deg., and the second strip is grated at -
45 deg. The grating, and/or the grating of the strips relative to each other,
may be indicative of a code of the cartridge code feature 1000.

Fig. 4d illustrates an exemplary cartridge assembly 600, wherein the
cartridge code feature 1000 comprises an electromagnetically readable tag,
such as an RFID tag or an NFC tag. The electromagnetically readable tag
may contain data that is indicative of a code of the cartridge code feature
1000.

Fig. 5 illustrates an exemplary system 2. The system 2 comprises an auto
injector 4, as described, for example, in relation to Fig. 1, and an exemplary
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cartridge assembly 600. The cartridge assembly 600 comprises a cartridge
700 with a cartridge compartment 702, a needle assembly 900, and a
cartridge code feature 1000. The cartridge assembly 600 is received in the
auto injector 4.

The cartridge assembly 600 comprises a cartridge holder 800. The cartridge
holder 800 is configured for retention of the cartridge 700 in the cartridge
receiver 300 of the auto injector 4. The cartridge holder 800 comprises a
cartridge retention member 808. The cartridge retention member 808
engages with the cartridge receiver 300 for reception and retention of the
cartridge 700 and the cartridge assembly 600 in the cartridge receiver 300.

The needle assembly 900 comprises a needle 902 and a needle hub 904.
The needle assembly 900 is attached to the cartridge 700, e.g. by the needle
hub 904 having a cartridge holder coupling portion 906, e.g. a threaded
coupling portion, being in engagement with a needle assembly coupling
portion 812 of the cartridge holder 800. The needle 902 extends through the
cartridge outlet 714 of the cartridge 700. The cartridge outlet 714 may be
blocked by a resilient sealing being penetrated by the needle 902, when the

needle assembly 900 is attached to the cartridge 700.

The auto injector 4 comprises a code sensor 24 configured to read the
cartridge code feature 1000. When the cartridge assembly 600 is inserted, as
shown, the cartridge code feature 1000 is lined up with the code sensor 24.

The auto injector 4 comprises a plunger rod 400. The plunger rod 400 is
configured to advance a first stopper of the cartridge 700. The plunger rod
400 comprises an outer plunger rod 404 with an inner thread, and an inner
plunger rod 402 with an outer thread. The thread of the inner plunger rod 402
is in engagement with the thread of the outer plunger rod 404. The outer
plunger rod 404 is prevented from rotating relative to the housing of the auto
injector. The movement of the plunger rod 400 comprises rotation of the inner

plunger rod 402. The rotation of the inner plunger rod 402 results in
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translational movement of the outer plunger rod 404, due to the outer plunger
rod 404 being rotationally restricted. The outer plunger rod 404, when moved
translationally in the first stopper direction 722, is configured to abut the first
stopper of the cartridge 700, and to move the first stopper in the first stopper
direction 722.

The drive module 500 is coupled to actuate the plunger rod 400. The drive
module 500 is electrically connected to a battery for receiving electrical
power. The drive module 500 comprises a motor 502, such as an electro-
mechanical motor, such as a DC motor. The drive module 500 comprises a
transmission 504 for coupling the motor 502 to the inner plunger rod 402 of
the plunger rod 400.

Although the example shown comprises a motor 502, which may be an
electro-mechanical motor, it will be readily understood that the auto injector 4
may be realised having an alternative drive module, such as comprising a
solenoid motor, a shape memory metal engine, an arrangement of springs

and/or a pressurized gas configured to actuate the plunger rod 400.

The auto injector 4 comprises an ejection sensor 26, such as a plunger rod
position sensor. The ejection sensor 26 is configured to detect the position of
the plunger rod 400. In the illustrated example, the ejection sensor 26
comprises a tachometer configured to count/detect the revolutions of the
motor 502. Thus, the position of the plunger rod 400 may be determined
based on the count of revolutions of the motor 502. The ejection sensor 26
may, based on the detection of the position of the plunger rod 400, detect the
expelling of medicament and/or air in the cartridge compartment. The
position of the plunger rod 400 may be indicative of the position of the first
stopper of the cartridge 700, e.g. the most advanced position of the plunger
rod 400, e.g. while the cartridge 700 is in the cartridge receiver 300, may be
indicative of the position of the first stopper of the cartridge 700.
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Figs. 6a-d schematically illustrate an auto injector 4 and a cartridge assembly
600. Figs. 6a-d schematically illustrates exemplary positions of a contact

member 1102 of the auto injector 4 in various situations.

The auto injector 4 comprises a cartridge receiver 300 configured for
receiving and retaining a cartridge. The auto injector 4 comprises a contact
member 1102. The contact member 1102 may be movable between an
extended contact member position and a retracted contact member position.
The contact member 1102 comprises a contact member protruding part
1112. The contact member protruding part 1112 is configured to move with
the contact member 1102. The contact member 1102 may be biased, e.g. by
a contact member spring (not shown), towards the extended contact member

position.

The contact member comprises a needle cover engagement member 1114.
The needle cover engagement member 1114 is configured to abut a needle
cover abutment face, e.g. of a needle cover positioned on the cartridge
inserted into the cartridge receiver 300.

The auto injector 4 comprises a contact member sensor 1104 configured to
detect a position of the contact member 1102. The contact member sensor
1104 comprises a first contact member sensor 1130 and a second contact
member sensor 1132. The first contact member sensor 1130 and the second
contact member sensor 1132 may be optical sensors. The contact member
sensor 1104 detects the position of the contact member 1102 by the contact
member protruding part 1112 covering the first contact member sensor 1130
when the contact member 1102 is in a first contact member position, and the
contact member protruding part 1112 covering the second contact member
sensor 1132 when the contact member 1102 is in a second contact member

position.

The first contact member position may be detected by the first contact

member sensor 1130 being covered and the second contact member sensor
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1132 being covered. The second contact member position may be detected
by the first contact member sensor 1130 not being covered and the second

contact member sensor 1132 being covered. The extended contact member
position may be detected by the first contact member sensor 1130 not being
covered and the second contact member sensor 1132 not being covered.

Fig. 6a schematically illustrates the auto injector 4 with no received cartridge
and/or cartridge assembly. The contact member 1102 is in the extended
contact member position. A cartridge may be inserted into the cartridge
receiver 300 in the cartridge receiving direction 304 through the contact

member 1102 defining a cartridge receiver opening 301.

Fig. 6b schematically illustrates the auto injector 4 with a cartridge assembly
600 received. The cartridge assembly 600 comprises a cartridge 700, a
cartridge holder 800 and a needle assembly 900. The needle assembly
comprises a needle 902 and a needle cover 908. The needle cover has a
needle cover abutment face 910. The needle cover abutment face 910
engages the needle cover engagement member 1114 of the contact member
1102. The contact member 1102 is in the second contact member position,
e.g. caused by the presence of the needle cover 908 and the abutment of the
needle cover abutment face 910 on the needle cover engagement member
1114. The contact member protruding part 1112 covers the second contact
member sensor 1132. The contact member protruding part 1112 does not

cover the first contact member sensor 1130.

Fig. 6¢ schematically illustrates the auto injector 4 with a cartridge assembly
600 received. Compared to Fig. 6b, the needle cover 908 has been removed.
The contact member 1102 is in the extended contact member position. The
contact member 1102 is allowed to be moved to the extended contact
member position since the needle cover abutment face 910 does not abut the
needle cover engagement member 1114. The contact member protruding
part 1112 has moved with the contact member 1102. The contact member
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protruding part 1112 does not cover the second contact member sensor
1132. The contact member protruding part 1112 does not cover the first

contact member sensor 1130.

Fig. 6d schematically illustrates the auto injector 4 with a cartridge assembly
600 received. The contact member 1102 is in the first contact member
position. The first contact member position may be the retracted contact
member position, or close to the retracted contact member position. The
contact member 1102 may have been moved to the first contact member
position by the contact member 1102 being pressed against an injection site,
thereby inserting the needle 902 into the injection site. The contact member
protruding part 1112 has moved with the contact member 1102. The contact
member protruding part 1112 covers the first contact member sensor 1130.
The contact member protruding part 1112 covers the second contact
member sensor 1132.

Fig. 7 shows a block diagram of an exemplary auto injector 4. The auto
injector 4 comprises a plurality of sensors 22, 24, 26, 28, 30, 32, 34, a
processing unit 20, a drive module 500, and a user interface 1100. The
sensors 22, 24, 26, 28, 30, 32, 34 are coupled to the processing unit 20. The
user interface 1100 is coupled to the processing unit 20. The processing unit
is coupled to the drive module 500.

The processing unit 20 receives signals from the sensors 22, 24, 26, 28, 30,
32, 34 and the user interface 1100. The processing unit 20 is configured to
control the drive module 500. The processing unit 20 may control the drive
module 500 based on one or more of the received signals from the sensors
22, 24, 26, 28, 30, 32, 34 and the user interface 1100. The processing unit 20

is configured to provide user outputs via the user interface 1100.

The auto injector 4 comprises an orientation sensor 22. The orientation
sensor 22 is configured to provide an orientation signal indicative of the

orientation of a cartridge received in the auto injector 4. For example, the
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orientation sensor 22 may be configured to detect the orientation of the auto
injector 4. The orientation of the cartridge may be determined based on the
orientation of the auto injector 4. The orientation sensor 22 may be
configured to detect the direction of gravity. For example, the orientation

sensor 22 may comprise an accelerometer.

The processing unit 20 is coupled to the orientation sensor 22. The
processing unit 20 is configured to receive the orientation signal. The
processing unit 20 may determine the orientation of the cartridge based on
the orientation signal. The processing unit 20 may control the drive module
500 based on the orientation signal. For example, the processing unit 20 may
be configured to control the drive module 500 to move the plunger rod based
on the orientation signal. For example, the processing unit 20 may be
configured to control the drive module 500 to move the plunger rod towards
the extended plunger rod position, such as to a pre-mix plunger rod position
and/or a mix plunger rod position and/or the prime plunger rod position, only
if the cartridge outlet is pointing upwards. Alternatively or additionally, the
processing unit 20 may provide user output via the user interface 1100 based

on the orientation signal.

The auto injector 4 comprises a code sensor 24. The code sensor 24 is
configured to read a cartridge code feature, and provide a code signal
indicative of a cartridge code feature. For example, the code sensor may be

configured to read/detect a colour code.

The processing unit 20 is coupled to the code sensor 24. The processing unit
20 is configured to receive the code signal. The processing unit 20 may
determine the cartridge code feature of the cartridge assembly based on the
code signal. The processing unit 20 may control the drive module 500 based
on the code signal. For example, the processing unit 20 may be configured to
control the drive module 500 to move the plunger rod towards the extended

plunger rod position, such as to the pre-mix plunger rod position and/or the
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mix plunger rod position and/or the prime plunger rod position and/or the
injection plunger rod position, based on the code signal. The processing unit
20 may be configured to determine a threshold, such as a plunger rod
threshold, and/or a resistance threshold, based on the code signal.
Alternatively or additionally, the processing unit 20 may provide user output
via the user interface 1100 based on the code signal.

The auto injector 4 comprises an ejection sensor 26, such as a plunger rod
position sensor. The ejection sensor 26 is configured to detect the position of
the plunger rod of the auto injector 4, and provide an ejection sensor signal
indicative of the position of the plunger rod. The ejection sensor 26 may
comprise a tachometer coupled to the drive module 500.

The processing unit 20 is coupled to the ejection sensor 26. The processing
unit 20 is configured to receive the ejection sensor signal. The processing
unit 20 may determine the position of the plunger rod based on the ejection
sensor signal. The processing unit 20 may control the drive module 500
based on the ejection sensor signal. For example, the processing unit 20
may be configured to control the drive module 500 to start, stop or continue
movement of the plunger rod based on the ejection sensor signal. For
example, the processing unit 20 may be configured to determine a present
plunger rod position based on the ejection sensor signal. The plunger rod
being in the pre-mix plunger rod position and/or the mix plunger rod position
and/or the prime plunger rod position and/or the injection plunger rod position
may be determined based on the ejection sensor signal. Alternatively or
additionally, the processing unit 20 may provide user output via the user
interface 1100 based on the ejection sensor signal.

The auto injector 4 comprises a cartridge sensor 28. The cartridge sensor 28
is configured to detect reception of a cartridge assembly in the auto injector
4. The cartridge sensor 28 provides a cartridge sensor signal indicative of

reception of a cartridge assembly.
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The processing unit 20 is coupled to the cartridge sensor 28. The processing
unit 20 is configured to receive the cartridge sensor signal. The processing
unit 20 may control the drive module 500 based on the cartridge sensor
signal. For example, the processing unit 20 may be configured to control the
drive module 500 to start movement of the plunger rod if a cartridge
assembly is received, and/or only if a cartridge assembly is received.
Alternatively or additionally, the processing unit 20 may provide user output
via the user interface 1100 based on the cartridge sensor signal.

The code sensor 24 and the cartridge sensor 28 may be the same sensor,
e.g. the code sensor 24 may be configured to detect reception of a cartridge
assembly and subsequently read the cartridge code feature.

The auto injector 4 comprises a needle sensor 30. The needle sensor 30 is
configured to detect a needle, and/or a needle assembly, and/or a needle
cover of a needle assembly, of the cartridge assembly, when the cartridge
assembly is received in the auto injector 4. The needle sensor 30 provides a
needle signal indicative of the presence of a needle, and/or a needle
assembly, and/or a needle cover of a needle assembly, of the cartridge

assembly.

The processing unit 20 is coupled to the needle sensor 30. The processing
unit 20 is configured to receive the needle signal. The processing unit 20 may
control the drive module 500 based on the needle signal. For example, the
processing unit 20 may be configured to control the drive module 500 to start
movement of the plunger rod, e.g. towards the extended plunger rod position,
such as to the pre-mix plunger rod position and/or the mix plunger rod
position and/or the prime plunger rod position and/or the injection plunger rod
position, only if a needle is present, and/or only if a needle cover is not
present, such as removed. Detection of a needle cover may be indicative of a
needle being present. The processing unit 20 may be configured to control
the drive module 500 to start only if a needle cover has been detected, and
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subsequently is not detected, e.g. it has been removed. Alternatively or
additionally, the processing unit 20 may provide user output via the user

interface 1100 based on the needle signal.

The needle sensor 30 may be part of the contact member sensor, as

exemplified in Fig. 6.

The auto injector 4 comprises a temperature sensor 32. The temperature
sensor 32 is configured to detect a temperature, such as a temperature of the
auto injector and/or of the cartridge and/or of the medicament. The
temperature sensor 32 is configured to provide a temperature signal
indicative of the temperature.

The processing unit 20 is coupled to the temperature sensor 32. The
processing unit 20 is configured to receive the temperature signal. The
processing unit 20 may be configured to determine the temperature, such as
the temperature of the auto injector and/or of the cartridge and/or of the
medicament based on the temperature signal. The processing unit 20 may
control the drive module 500 based on the temperature signal. For example,
the processing unit 20 may be configured to control the drive module 500 to
move the plunger rod towards the extended plunger rod position, such as to
the pre-mix plunger rod position and/or the mix plunger rod position and/or
the prime plunger rod position and/or the injection plunger rod position,
based on the temperature signal. The processing unit 20 may determine
plunger rod positions based on the temperature signal. For example, the
processing unit 20 may be configured to determine the pre-mix plunger rod
position and/or the mix plunger rod position and/or the prime plunger rod
position and/or the injection plunger rod position based on the temperature
signal. Alternatively or additionally, the processing unit 20 may provide user

output via the user interface 1100 based on the temperature signal.

The auto injector 4 comprises a resistance sensor 34. The resistance sensor

34 is configured to detect resistance against movement of the plunger rod of
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the auto injector 4. The resistance sensor 34 may be configured to detect
resistance against movement of the plunger rod based on measurements of
the drive module 500. For example, the resistance sensor 34 may be
configured to detect the electrical current of a motor of the drive module 500.
The resistance sensor 34 is configured to provide a resistance signal

indicative of resistance against movement of the plunger rod.

The processing unit 20 is coupled to the resistance sensor 34. The
processing unit 20 is configured to receive the resistance signal. The
processing unit 20 may be configured to determine the resistance against
movement of the plunger rod based on the resistance signal. The processing
unit 20 may control the drive module 500 based on the resistance signal. For
example, the processing unit 20 may be configured to control the drive
module 500 to adjust movement of the plunger rod based on the resistance
signal. For example, the processing unit 20 may be configured to control the
drive module 500 to start, stop or continue movement of the plunger rod
based on the resistance signal. Alternatively or additionally, the processing
unit 20 may provide user output via the user interface 1100 based on the

resistance signal.

The auto injector 4 is illustrated comprising all of the above mentioned
sensors. However, alternatively, the auto injector may comprise only one or

any combination of one or more of the above mentioned sensors.

The auto injector comprises a user interface 1100. The user interface 1100
may comprise one or more input members, e.g. a first input member, for
receiving a user input. The user interface is configured to provide a user input
signal indicative of the received user input. The user interface 1100 may

provide a first input signal and/or a second input signal.

The processing unit 20 is coupled to the user interface 1100. The processing
unit 20 is configured to receive the user input signal, such as the first input

signal and/or the second input signal. The processing unit 20 may control the
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drive module 500 based on the user input signal. For example, the
processing unit 20 may be configured to control the drive module 500 to
move the plunger rod towards the extended plunger rod position, such as to
the pre-mix plunger rod position and/or the mix plunger rod position and/or
the prime plunger rod position and/or the injection plunger rod, based on the
user input signal and/or following the user input signal.

The auto injector comprises a housing 6 accommodating the sensors 22, 24,
26, 28, 30, 32, 34, processing unit 20, user interface 1100 and drive module
500.

Figs. 8a-f schematically illustrate exemplary cartridge assemblies 600 and a
plunger rod 400. The cartridge assembly 600 comprises a cartridge 700,
such as the cartridge described in relation to Fig. 3, a cartridge holder 800,
and a needle assembly 900. For intelligibility, the auto injector comprising the

plunger rod 400 is not shown.

The cartridge holder 800 comprises a cartridge retention member 808. The
cartridge retention member 808 is configured for engagement with a cartridge
receiver of the auto injector. The cartridge holder 800 comprises a needle
assembly coupling portion 812. The needle assembly coupling portion 812 is
configured for engagement with a cartridge holder coupling portion 906 of the
needle assembly 900. The needle assembly coupling portion 812 allows
attachment of a needle to the cartridge 700.

The needle assembly 900 comprises a needle 902 and a needle hub 904.
The needle assembly 900 is attached to the cartridge 700, e.g. by the needle
hub 904 having a cartridge holder coupling portion 906, e.g. a threaded
coupling portion, being in engagement with a needle assembly coupling
portion 812 of the cartridge holder 800. The needle 902 extends through the
cartridge outlet 714 of the cartridge 700.

Fig. 8a schematically illustrates a situation wherein the plunger rod 400 is in

an exemplary retracted plunger rod position. The cartridge 700 may be a new



28 Jul 2023

2023208198

10

15

20

25

50

cartridge. The first stopper 708 is positioned in an initial position. The second
stopper 710 is in an initial position, e.g. behind the bypass section 712,
wherein the bypass section 712 does not form a fluid connection between the
first subcompartment 704 and the second subcompartment 706.

Fig. 8b schematically illustrates a situation wherein the plunger rod 400 is in
an exemplary pre-mix plunger rod position. Compared to Fig. 8a, the plunger
rod 400 is moved towards an extended plunger rod position. A plunger rod
front end 410 of the plunger rod 400 abuts the first stopper 708. Thus, the
plunger rod 400 has started to move the first stopper 708 in the first stopper
direction 722, by movement in the first plunger rod direction 422. The second
stopper 710 is in a position, e.g. behind the bypass section 712, wherein the
bypass section 712 does not form a fluid connection between the first
subcompartment 704 and the second subcompartment 706.

Fig. 8¢c schematically illustrates a situation wherein the plunger rod 400 is in
an exemplary position wherein a fluid connection is established between the
first subcompartment 704 and the second subcompartment 706 via the
bypass section 712. The plunger rod front end 410 of the plunger rod 400
abuts the first stopper 708. The plunger rod 400 has moved the first stopper
708 in the first stopper direction 722, by movement in the first plunger rod
direction 422. The second stopper 710 is in the bypass section 712, wherein
the bypass section 712 forms a fluid connection between the first
subcompartment 704 and the second subcompartment 706. Thus, further
movement of the first stopper 708 in the first stopper direction 722, e.g. by
movement of the plunger rod 400 in the first plunger rod direction 422, will
transmit the content of the first subcompartment 704, e.g. a first medicament
component (not shown) into the second subcompartment 706, e.g. through
the bypass section 712.

Fig. 8d schematically illustrates a situation wherein the plunger rod 400 is in

an exemplary mix plunger rod position. The plunger rod front end 410 abuts
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the first stopper 708. The first stopper 708 abuts the second stopper 710.
The first subcompartment 704 is compressed. The second stopper 710 is in a
position after the bypass section 712. Thus, the fluid connection between the
first subcompartment 704 and the second subcompartment 706 has been
closed.

Fig. 8e schematically illustrates a situation wherein the plunger rod 400 is in
an exemplary prime plunger rod position. Compared to Fig. 8d, the plunger
rod 400 is moved towards an extended plunger rod position, e.g. to expel air
from the cartridge compartment 702.

Fig. 8f schematically illustrates a situation wherein the plunger rod 400 is in
an exemplary injection plunger rod position. For example after complete
injection, the plunger rod 400 may be in the injection plunger rod position.
The first stopper 708 and the second stopper 710 is in a position close to the
cartridge outlet 714. Contents of the cartridge component, e.g. the
medicament, has been expelled, e.g. through the cartridge outlet 714 and/or
the needle 902. A residual volume of the medicament may be remaining in
the cartridge.

Fig. 9 shows an exemplary trace T of resistance Re against movement of the
plunger rod dependent on the position P of the plunger rod. The plunger rod
is moved from a retracted plunger rod position PR to an extended plunger
rod position PE. In the beginning of the movement, the resistance against
movement of the plunger rod is constant Ex1, e.g. the plunger rod does not
yet push a stopper. Afterwards, a plunger rod front end of the plunger rod
abuts a first stopper of the cartridge, and the resistance against movement of
the plunger rod increases Ex2. The increased resistance is caused by the
resistance against movement of the first stopper, e.g. due to frictional force.
The resistance may decrease slightly after the first stopper has started
moving, as illustrated. When the plunger rod approaches the extended
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plunger rod position PE, the resistance may increase again Ex3, e.g. due to

the first stopper approaching an end of the cartridge.

The trace T is an example of resistance against plunger rod movement when
the cartridge received is a new and/or unused and/or normal cartridge.
Determining a cartridge parameter may be based on the resistance and/or
plunger rod position. Determining the cartridge parameter may be based on
one or more thresholds, such as resistance thresholds, such as a low
resistance threshold Re1 and/or a high resistance threshold Re2, and/or
plunger rod thresholds, such as a first plunger rod threshold P1 and/or a
second plunger rod threshold P2.

Other situations, such as situations wherein the cartridge received is
apparently used and/or flawed, are exemplified by additional exemplary
traces, T2, T3, T4.

Trace T2 illustrates an exemplary situation wherein the resistance against
movement increases above the low resistance threshold Re1 before the
plunger rod position has reached the first plunger rod threshold P1. Such
situation may for example indicate a flawed cartridge, or that something is
blocking the plunger rod from moving. Following such situation, the plunger
rod may be retracted to the retracted plunger rod position and an error

message may be provided through a user interface.

Trace T3 illustrates an exemplary situation wherein the resistance against
movement has not increased above the low resistance threshold Re1 before
the plunger rod position has reached the second plunger rod threshold P2.
Such situation may for example indicate a cartridge wherein the first stopper
is in an advanced position, e.g. a used cartridge. Following such situation,
the plunger rod may be retracted to the retracted plunger rod position and an

error message may be provided through a user interface.

Trace T4 illustrates an exemplary situation wherein the resistance against
movement increases above the high resistance threshold Re2, e.g. after the
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plunger rod position has passed the first plunger rod threshold P1. Such
situation may for example indicate that the first stopper is blocked from
moving, e.g. the cartridge may be flawed. Following such situation, the
plunger rod may be retracted to the retracted plunger rod position and an
error message may be provided through a user interface.

The thresholds, such as the low resistance threshold Re1, the high
resistance threshold Re2, the first plunger rod threshold P1, and/or the
second plunger rod threshold P2 may be individually determined for the
cartridge received. For example, the processing unit of the auto injector may
be configured to determine one or more of the thresholds, based on a
cartridge code feature of the cartridge and/or cartridge assembly received.

Fig. 10 shows a flow chart of an exemplary method 4000 for operating an
auto injector. The method 4000 comprises: receiving 4002 a first input signal;
detecting 4004 reception of the cartridge, e.g. in a cartridge receiver of the
auto injector; moving 4006 a plunger rod to a mix plunger rod position;
determining 4008 orientation of the cartridge; moving 4010 the plunger rod to
a prime plunger rod position based on the orientation of the cartridge;
receiving 4012 a trigger event; and moving 4014 the plunger rod to an

injection plunger rod position.

Receiving 4002 the first input signal may comprise receiving a user input
signal from a user interface, e.g. originating from a user pressing a button.

The first input signal may originate from a user turning on the auto injector.

Detecting 4004 reception of the cartridge may comprise detection of a user
inserting the cartridge into the cartridge receiver through a cartridge receiver
opening. Detecting 4004 reception of the cartridge may comprise detecting
presence of a cartridge in the cartridge receiver.

Receiving 4002 the first input signal and detecting 4004 reception of the
cartridge may be interchanged.
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Moving 4006 the plunger rod to the mix plunger rod position may follow
detection 4004 of the cartridge being received in the cartridge receiver and
reception 4002 of the first input signal. For example, moving 4006 the
plunger rod to the mix plunger rod position may be performed only after a
cartridge is detected 4004 and the first input signal is received 4002.

Determining 4008 orientation of the cartridge may comprise determining
orientation by an orientation sensor, such as an accelerometer. Determining
4008 orientation of the cartridge may comprise determining orientation of the
auto injector. Determining 4008 orientation of the cartridge may comprise
determining whether an outlet of the cartridge is pointing upwards.

Alternatively or additionally, moving 4006 the plunger rod to the mix plunger
rod position may be preceded by determining 4008 orientation of the
cartridge. For example, moving 4006 the plunger rod to the mix plunger rod
position may require that the outlet of the cartridge is pointing upwards, e.g.
determined by determining 4008 orientation of the cartridge.

Moving 4010 the plunger rod to a prime plunger rod position may follow
completion of movement of the plunger rod to the mix plunger rod position.
Moving 4010 the plunger rod to a prime plunger rod position may follow
completion of movement of the plunger rod to the mix plunger rod position
and an additional predetermined delay, e.g. to allow reconstitution of the

medicament.

Moving 4010 the plunger rod to a prime plunger rod position may require that
the outlet of the cartridge is pointing upwards, e.g. determined by determining
4008 orientation of the cartridge. Moving 4010 the plunger rod to a prime
plunger rod position may be temporary paused if the orientation of the
cartridge is not within a predefined range of orientations.

Receiving 4012 the trigger event may comprise receiving a user input signal
from a user interface, e.g. receiving the trigger event from a trigger member,
e.g. originating from a user pressing a button. The trigger event may originate
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from a user indicating a start of injection. The trigger event may originate
from a user pressing a front part of the auto injector against an intended
injection site. The trigger event may comprise a contact member signal being
indicative of a contact member of the auto injector being in a first contact

member position.

Moving 4014 the plunger rod to an injection plunger rod position may result in
ejection of the medicament through the cartridge outlet, such as through a
needle. Moving 4014 the plunger rod may follow reception of the trigger
event 4012, such as after completion of movement 4010 of the plunger rod to
the prime plunger rod position.

Fig. 11 shows a flow chart of an exemplary method 4000’. The method 4000’
comprises the same steps of the method 4000 as explained in relation to the
previous figure. However the method 4000’ is an example of a method
comprising additional steps of reading 4016 a cartridge code feature;
detecting 4018 a temperature; detecting 4024 needle cover removal; moving
4020 the plunger rod to a pre-mix plunger rod position; and detecting 4022

resistance against movement of the plunger rod.

The method 4000’ comprises reading 4016 a cartridge code feature. The
cartridge code feature may be indicative of one or more cartridge
specifications. The subsequent steps of the method 4000° may comprise
adaptations based on the cartridge specifications. For example, subsequent
steps of the method 4000" may be tailored to the specific cartridge received
and identified.

Detecting 4018 a temperature may comprise detecting a temperature of the

cartridge and/or a temperature indicative of the temperature of the cartridge.
The subsequent steps of the method 4000’ may comprise adaptations based
on the temperature.
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Reading 4016 the cartridge code feature and detecting 4018 the temperature
may be performed simultaneously, as illustrated. However, alternatively, it

may be performed sequentially.

Detecting 4024 needle cover removal may be a prerequisite of initiating
movement of the plunger rod. For example, needle cover removal may be

indicative of intended use of the cartridge received.

Moving 4020 the plunger rod to a pre-mix plunger rod position may comprise
initial movement of a first stopper of the cartridge, e.g. movement of the first

stopper without commencing mixing of a two-component medicament.

Detecting 4022 resistance against movement of the plunger rod may be
performed simultaneously with moving 4020 the plunger rod to the pre-mix
plunger rod position, as illustrated. Detecting 4022 resistance against
movement of the plunger rod may be indicative of cartridge parameters of the
cartridge received, such as whether the cartridge is new or used or flawed.

Moving 4006 the plunger rod to the mix plunger rod position may follow
reading 4016 the cartridge code feature, detecting 4018 the temperature,
detecting 4024 needle cover removal, moving 4020 the plunger rod to the
pre-mix plunger rod position, and detecting 4022 resistance against

movement of the plunger rod.

Moving 4006 the plunger rod to the mix plunger rod position may be based
on one or more of the cartridge code feature, the temperature, needle cover

removal and/or resistance against movement of the plunger rod.

Moving 4010 the plunger rod to the prime plunger rod position may be based
on one or more of the cartridge code feature, the temperature, needle cover

removal and/or resistance against movement of the plunger rod.

Moving 4014 the plunger rod to the injection plunger rod position may be
based on one or more of the cartridge code feature, the temperature, needle

cover removal and/or resistance against movement of the plunger rod.
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The method 4000 and/or the method 4000’ may include a first step of
receiving the cartridge.

Fig. 12 shows a flow chart of an exemplary implementation of the exemplary
method 4000’. The flow chart shown may be an exemplary implementation in

a processing unit of an auto injector.

The procedure is initiated by receiving 5002 a first input signal. A user may
initiate the procedure by turning on the device thereby providing, e.g. via the
user interface, the first input signal.

Following receipt 5002 of the first input signal, it is considered 5004 whether
a cartridge is detected to be received in the cartridge receiver of the auto

injector. If not, an output may be provided 5040 through the user interface.

If a cartridge is detected 5004, or when a cartridge is a detected 5004, after
receiving 5002 the first input signal, a cartridge code feature is read 5006.

Following reading 5006 of the cartridge code feature, temperature is detected
5008, such as the temperature of the cartridge received.

Following detection 5008 of the temperature and reading 5006 of the
cartridge code feature, it is detected 5010 whether a needle cover is
removed, such as not present. If a needle cover is not removed, a user
output may be provided, e.g. through the user interface, prompting 5042 the
user to remove the needle cover. If the needle cover is removed 5010, or
when the needle cover is removed 5010, the plunger rod is moved 5012 to a
pre-mix plunger rod position. During this movement resistance against

movement of the plunger rod is measured.

The resistance against movement is analysed 5014 to determine whether it is
acceptable or not. This analysis may be based on the cartridge code feature
read 5006 and/or the temperature detected 5008.
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If the resistance 5014 is not acceptable, a user output may be provided 5044,
e.g. via the user interface. The output may indicate that the cartridge is to be
replaced. Subsequently, the plunger rod is moved 5038 to a retracted

plunger rod position, such as the starting position of the plunger rod.

If the resistance 5014 is acceptable the plunger rod is moved 5016 to a mix
plunger rod position, e.g. to combine a first medicament component and a

second medicament component.

After the plunger rod is moved 5016 to the mix plunger rod position a delay
5018 is inserted to provide the combined medicament components to
reconstitute to the medicament for injection. The delay 5018 may be between
1 and 12 min, such as between 3 and 10 min. During a delay a user output
may be provided via the user interface, the user output may be indicative for
the reconstitution.

After the medicament is reconstituted and/or the delay suitable for
reconstitution of the medicament has lapsed 5018, the orientation of the
cartridge is assessed 5020. The cartridge orientation may be assessed from
measuring the orientation of the auto injector. The orientation should be
acceptable for performing an air-shot, e.g. the cartridge outlet of the cartridge
should be pointing upwards, such that air may be expelled and/or reduced. If
the orientation 5020 is not acceptable, e.g. the cartridge outlet is not pointing
upwards and/or the cartridge is not within 45 deg. of vertical, the user is
prompted 5046, e.g. via the user interface, to orientate the auto injector

correctly, e.g. point the cartridge outlet upwards.

If the orientation is acceptable 5020, or when the orientation is acceptable,
the plunger rod is moved 5022 to a prime plunger rod position, e.g. to expel
air from the cartridge compartment. The prime plunger rod position may be
determined based on the cartridge code feature read 5006 and/or the
temperature detected 5008.
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After moving 5022 the plunger rod to the prime plunger rod position, the user
is prompted, e.g. via the user interface, to perform a visual check 5024 of the
medicament. For example, the user may be provided the possibility to abort
the procedure if sediments of medicament are visible. To accept the visual
quality of the medicament, the user may provide a second input signal, e.g.
by pressing a button of the user interface. The button used for providing the
second input signal may be the same button as for providing the first input
signal. The prompting of the user to perform the visual check 5024 may
cease and/or the procedure may be aborted if a time out, e.g. 4-5 hours, after
the medicament is reconstituted and/or after the delay suitable for

reconstitution of the medicament has lapsed 5018.

After receiving the second input signal 5026, the user may be prompted
5028, e.g. via the user interface, to initiate injection of the medicament. The
user may inject the medicament by providing a trigger event, e.g. by pressing
a contact member of the auto injector towards an intended injection site, e.g.
thereby inserting the needle into the tissue of the intended injection site.
While not receiving 5030 the trigger event, the user is continuously prompted
to initiate injection 5028.

After receiving 5030 the trigger event, the plunger rod is moved 5032 to the
injection plunger rod position, e.g. to eject the medicament of the cartridge,
such as to inject the medicament into the tissue of the intended injection site.

After the plunger rod is moved 5032 to the injection plunger rod position, it
may be preferred to delay retraction of the needle to allow the medicament to
be distributed into the tissue. Thus, the auto injector prompts 5034 the user,
e.g. via the user interface, to wait for a set dwell time, e.g. between 1 and 15
sec.

Following reception 5030 of the trigger event and/or movement 5032 of the
plunger rod to the injection plunger rod position and/or prompting 5034 the

user to wait for the set dwell time, skin contact is assessed 5036, e.g.
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whether the contact member is still pressed against the intended injection
site. If, after the dwell time, the skin contact is still present, the user is
prompted 5048 that injection is done and/or that the user may remove the

auto injector from the injection site.

If and/or when the skin contact is lost 5036, the plunger rod is moved 5038 to

the retracted plunger rod position.

After movement 5038 of the plunger rod to the retracted plunger rod position,
the cartridge may be removed and discarded.

Figs. 13a-d schematically illustrates an exemplary user interface 1100 of an

exemplary auto injector 4, such as an auto injector 4 as illustrated in Fig. 1.

The user interface 1100 comprises a first output member 1110 as illustrated,
e.g. a plurality of LEDs. The first output member 1110 may provide for a user
output to a user. The first output member 1110 may be used to indicate a
step in the procedure to the user and/or to indicate an error message. The
first output member 1110 comprises a first LED 1116, a second LED 1118,
and a third LED 1120.

The user interface 1100 may comprise a second output member (not shown),

e.g. a speaker.

The user interface 1100 comprises a contact member 1102, e.g. at a forward
end of the auto injector 4. The contact member 1102 may be configured to be
pressed against an injection site. The contact member 1102 may serve as a
third output member of the user interface 1100, e.g. the contact member

1102 may be configured to light up, such as flash.

The user interface 1100 comprises a first input member 1108, e.g. a button.
The first input member 1108 may provide for a user input from a user. For
example, the first input member 1108 may be used for receiving a push from
a user to proceed to a next step. The first input member 1108 may serve as a
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fourth output member of the user interface 1100, e.g. the first input member
1108 may be configured to light up, such as flash.

Fig. 13a schematically illustrates a situation of the user interface 1100
wherein none of the output members are active, e.g. the auto injector 4 may
be turned off.

Fig. 13b schematically illustrates a situation of the user interface 1100
wherein the first input member 1108 and the contact member 1102 light up,
such as flashes. The first input member 1108 and the contact member 1102
may flash synchronously and/or asynchronously. The situation shown may
be a situation indicating that the user should press the first input member
1108 and/or insert a cartridge though the contact member 1102. The
situation shown may be a situation following that the auto injector is turned

on.

Fig. 13c schematically illustrates a situation of the user interface 1100
wherein the first input member 1108 and the second LED 1118 light up, such
as flashes. The situation shown may be a situation indicating that the user
should press the first input member 1108 to proceed to a next step. The
situation shown may be a situation following mixing of medicament

components and/or before performing an air-shot.

Fig. 13d schematically illustrates a situation of the user interface 1100
wherein the first input member 1108 and the contact member 1102 and the
third LED 1120 light up, such as flashes. The first input member 1108 and
the contact member 1102 and the third LED 1120 may flash synchronously
and/or asynchronously. The situation shown may be a situation indicating
that the user should press the contact member 1102 against an intended
injection site to inject the medicament. The situation shown may be a
situation before injecting the medicament.
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Fig. 14 shows a flow chart of a variation of the exemplary implementation
shown in Fig. 12. The flow chart shown may be an exemplary implementation

in a processing unit of an auto injector.

The procedure is initiated by receiving 5002 a first input signal. A user may
initiate the procedure by turning on the device thereby providing, e.g. via the

user interface, the first input signal.

Following receipt 5002 of the first input signal, it is considered 5004 whether
a cartridge is detected to be received in the cartridge receiver of the auto

injector. If not, an output may be provided 5040 through the user interface.

If a cartridge is detected 5004, or when a cartridge is a detected 5004, after

receiving 5002 the first input signal, a cartridge code feature is read 5006.

Following reading 5006 of the cartridge code feature, temperature is detected
5008, such as the temperature of the cartridge received.

Following detection 5008 of the temperature and reading 5006 of the
cartridge code feature, it is detected 5010 whether a needle cover is
removed, such as not present. If a needle cover is not removed, a user
output may be provided, e.g. through the user interface, prompting 5042 the
user to remove the needle cover. If the needle cover is removed 5010, or
when the needle cover is removed 5010, the plunger rod is moved 5012 to a
pre-mix plunger rod position. During this movement resistance against

movement of the plunger rod is measured.

The resistance against movement is analysed 5014 to determine whether it is
acceptable or not. This analysis may be based on the cartridge code feature
read 5006 and/or the temperature detected 5008.

If the resistance 5014 is not acceptable, a user output may be provided 5044,
e.g. via the user interface. The output may indicate that the cartridge is to be
replaced. Subsequently, the plunger rod is moved 5038 to a retracted

plunger rod position, such as the starting position of the plunger rod.
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If the resistance 5014 is acceptable the orientation of the cartridge is
assessed 5020. The cartridge orientation may be assessed from measuring
the orientation of the auto injector. The orientation should be acceptable for
combining a first medicament component and a second medicament
component, e.g. to avoid excessive foaming during the process. For
example, an acceptable orientation may be that the cartridge outlet of the
cartridge is pointing upwards. If the orientation 5020 is not acceptable, e.g.
the cartridge outlet is not pointing upwards and/or the cartridge is not within
45 deg. of vertical, the user is prompted 5046, e.g. via the user interface, to

orientate the auto injector correctly, e.g. point the cartridge outlet upwards.

If the orientation is acceptable 5020, or when the orientation is acceptable,
the plunger rod is moved 5016 to a mix plunger rod position, e.g. to combine

the first medicament component and the second medicament component.

After the plunger rod is moved 5016 to the mix plunger rod position a delay
5018 is inserted to provide the combined medicament components to
reconstitute to the medicament for injection. The delay 5018 may be between
1 and 12 min, such as between 3 and 10 min. During the delay a user output
may be provided via the user interface, the user output may be indicative for
the reconstitution progression. The delay may be dependent on the cartridge
specification, e.g. from reading 5006 of the cartridge code feature.

After the medicament is reconstituted and/or the delay suitable for
reconstitution of the medicament has lapsed 5018 the plunger rod is moved
5022 to a prime plunger rod position, e.g. to expel air from the cartridge
compartment. The prime plunger rod position may be determined based on
the cartridge code feature read 5006 and/or the temperature detected 5008.

Determining orientation prior to moving the plunger rod to the prime plunger
rod position may be omitted, e.g. by assuming the orientation of the auto
injector is maintained from when the orientation was determined prior to

moving the plunger rod to the mix plunger rod position. In an alternative
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implementation (not shown), orientation may be determined both prior to
moving the plunger rod to the mix plunger rod position and prior to moving

the plunger rod to the prime plunger rod position.

After moving 5022 the plunger rod to the prime plunger rod position, the user
is prompted, e.g. via the user interface, to perform a visual check 5024 of the
medicament. For example, the user may be provided the possibility to abort
the procedure if sediments of medicament are visible. To accept the visual
quality of the medicament, the user may provide a second input signal, e.g.
by pressing a button of the user interface. The button used for providing the
second input signal may be the same button as for providing the first input
signal. The prompting of the user to perform the visual check 5024 may
cease and/or the procedure may be aborted if a time out, e.g. 4-5 hours, after
the medicament is reconstituted and/or after the delay suitable for
reconstitution of the medicament has lapsed 5018.

After receiving the second input signal 5026, the user may be prompted
5028, e.g. via the user interface, to initiate injection of the medicament. The
user may inject the medicament by providing a trigger event, e.g. by pressing
a contact member of the auto injector towards an intended injection site, e.g.
thereby inserting the needle into the tissue of the intended injection site.
While not receiving 5030 the trigger event, the user is continuously and/or
repeatedly prompted to initiate injection 5028.

After receiving 5030 the trigger event, the plunger rod is moved 5032 to the
injection plunger rod position, e.g. to eject the medicament of the cartridge,
such as to inject the medicament into the tissue of the intended injection site.

After the plunger rod is moved 5032 to the injection plunger rod position, it
may be preferred to delay retraction and/or removal of the needle to allow the
medicament to be distributed into the tissue. Thus, the auto injector prompts
5034 the user, e.g. via the user interface, to wait for a set dwell time, e.g.

between 1 and 15 sec, before he/she retracts the needle.
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Following reception 5030 of the trigger event and/or movement 5032 of the
plunger rod to the injection plunger rod position and/or prompting 5034 the
user to wait for the set dwell time, skin contact is assessed 5036, e.g.
whether the contact member is still pressed against the intended injection
site. If, after the dwell time, the skin contact is still present, the user is
prompted 5048 that injection is done and/or that the user may remove the

auto injector from the injection site.

If and/or when the skin contact is lost 5036, the plunger rod is moved 5038 to

the retracted plunger rod position.

After movement 5038 of the plunger rod to the retracted plunger rod position,
the cartridge may be removed and discarded.

Exemplary auto injectors, cartridges, systems and methods are set out in the

following items:

1. An auto injector for preparing and/or administering a medicament from
a cartridge having a first cartridge end and a second cartridge end and
having a cartridge outlet at the first cartridge end, the cartridge comprising a
cartridge compartment with a first cartridge subcompartment containing a first
medicament component of the medicament and a second cartridge
subcompartment containing a second medicament component of the
medicament, the auto injector comprising:

a housing;

a cartridge receiver with a cartridge receiver opening, the cartridge
receiver being configured to receive the cartridge by insertion of the second
end of the cartridge through the cartridge receiver opening;

a cartridge sensor configured to detect reception of the cartridge in the
cartridge receiver and provide a cartridge detection signal indicative of the
cartridge being received in the cartridge receiver;
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a drive module coupled to move a plunger rod between a retracted
plunger rod position and an extended plunger rod position, the plunger rod
being configured to move the first stopper;

an orientation sensor configured to provide an orientation signal
indicative of the orientation of the cartridge when received in the cartridge
receiver;

a processing unit coupled to the orientation sensor, the cartridge
sensor, and to the drive module;
the processing unit being configured to:

- receive a first input signal;

- receive the cartridge detection signal,

- control the drive module to move the plunger rod to a mix plunger rod
position following reception of the cartridge detection signal and the
first input signal;

- receive the orientation signal; and

- control the drive module to move the plunger rod to a prime plunger
rod position based on the orientation signal and following completion
of movement of the plunger rod to the mix plunger rod position.

2. Auto injector according to item 1, wherein the processing unit is further
configured to:
- receive a trigger event; and
- control the drive module to move the plunger rod to an injection
plunger rod position following reception of the trigger event after
completion of movement of the plunger rod to the prime plunger rod

position.

3. Auto injector according to any of items 1 or 2, wherein the orientation

sensor comprises an accelerometer.



28 Jul 2023

2023208198

10

15

20

25

30

67

4. Auto injector according to any of the preceding items comprising a
code sensor configured to read a cartridge code feature and provide a code
signal indicative of the cartridge code feature, the processing unit being
coupled to the code sensor and being configured to receive the code signal.

5. Auto injector according to item 4, wherein the processing unit is

configured to determine an unauthorized cartridge based on the code signal.

6. Auto injector according to any of items 4 or 5, wherein control of the
drive module to move the plunger rod to the prime plunger rod position is

based on the code signal.

7. Auto injector according to any of items 4-6, wherein movement of the
plunger rod to the prime plunger rod position has a prime plunger rod speed,

and wherein the prime plunger rod speed is based on the code signal.

8. Auto injector according to any of items 4-7, wherein movement of the
plunger rod to the mix plunger rod position has a mix plunger rod speed, and

wherein the mix plunger rod speed is based on the code signal.

9. Auto injector according to any of items 4-8, wherein movement of the
plunger rod to the injection plunger rod position has an injection plunger rod
speed, and wherein the injection plunger rod speed is based on the code

signal.

10.  Auto injector according to any of the preceding items comprising a
resistance sensor configured to provide a resistance signal indicative of
resistance against movement of the plunger rod, the processing unit being
coupled to the resistance sensor and being configured to receive the

resistance signal.
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11.  Auto injector according to item 10, wherein the processing unit is
configured to determine an unauthorized cartridge based on the resistance

signal.

12.  Auto injector according to any of items 10 or 11, wherein the
processing unit is configured to determine a cartridge parameter based on

the resistance signal.

13.  Auto injector according to any of items 10-12, wherein control of the
drive module to move the plunger rod to the mix plunger rod position is based

on the resistance signal.

14.  Auto injector according to any of items 10-13, wherein the processing
unit is configured to control the drive module to move the plunger rod to the
mix plunger rod position only if the resistance signal indicates resistance
against movement of the plunger rod above a low resistance threshold.

15.  Auto injector according to any of the preceding items comprising a first
input device configured to provide the first input signal, the first input signal
being indicative of a first user interaction with the first input device, the

processing unit being coupled to the first input device.

16.  Auto injector according to any of the preceding items comprising a
contact member movable between an extended contact member position and
a retracted contact member position, the contact member being biased
towards the extended contact member position, and the contact member
being configured to be moved towards the retracted contact member position
when pressed against the injection site, the contact member is configured to
provide a contact member signal indicative of position of the contact member,
the processing unit is coupled to the contact member and configured to

receive the contact member signal.
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17.  Auto injector according to item 16 as dependent on item 2, the trigger
event comprising the contact member signal being indicative of the contact

member being in a first contact member position.

18.  Auto injector according to any of items 16 or 17, wherein the contact
member is configured to be in a second contact member position if a needle
cover is present on the cartridge, the processing unit is configured to control
the drive module to move the plunger rod to the mix plunger rod position

based on the contact member signal.

19.  Auto injector according to any of the preceding items, wherein the
processing unit is configured to control the drive module to move the plunger
rod to the prime plunger rod position only if the orientation signal indicates
that a tilt angle between vertical and a longitudinal axis extending along the
cartridge is within 45 degrees of vertical and the cartridge outlet is in a

vertical position above the cartridge compartment.

20.  Auto injector according to any of the preceding items, wherein the
processing unit is configured to control the drive module to move the plunger
rod to a pre-mix plunger rod position following reception of the cartridge
detection signal and the first input signal, wherein movement of the plunger
rod to the pre-mix plunger rod position has a pre-mix plunger rod speed, and
movement of the plunger rod to the mix plunger rod position has a mix
plunger rod speed, wherein the pre-mix plunger rod speed is faster than the

mix plunger rod speed.

21.  Auto injector according to any of the preceding items, wherein the
processing unit is configured to control the drive module to move the plunger
rod to the prime plunger rod position and/or to the injection plunger rod
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position only after a reconstitution time has elapsed since completion of the
movement of the plunger rod to the mix plunger rod position.

22.  Auto injector according to item 21 as dependent on any of items 4-9,
wherein the reconstitution time is based on the code signal.

23. Auto injector according to any of the preceding items, wherein the
processing unit is configured to control the drive module to move the plunger
rod towards the retracted plunger rod position following completion of the
movement of the plunger rod to the injection plunger rod position.

24.  Auto injector according to any of the preceding items, wherein the
processing unit is configured to control the drive module to move the plunger
rod towards the retracted position only after a dwell time has elapsed since
completion of the movement of the plunger rod to the injection plunger rod

position.

25.  Auto injector according to any of the preceding items, wherein the
processing unit is configured to provide a user output via a user interface
after a dwell time has elapsed since completion of the movement of the

plunger rod to the injection plunger rod position.

26.  Auto injector according to any of the preceding items, wherein control
of the drive module to move the plunger rod to the mix plunger rod position is
based on the orientation signal.

27.  Auto injector according to item 26, wherein the processing unit is
configured to control the drive module to move the plunger rod to the mix
plunger rod position only if the orientation signal indicates that a tilt angle
between vertical and a longitudinal axis extending along the cartridge is
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within 45 degrees of vertical and the cartridge outlet is in a vertical position
above the cartridge compartment.

28.  Auto injector according to any of the preceding items, wherein
movement of the plunger rod to the mix plunger rod position locks the
cartridge in the cartridge receiver.

29.  Auto injector according to any of the preceding items, wherein
movement of the plunger rod to the retracted plunger rod position unlocks the
cartridge in the cartridge receiver.

30. Auto injector according to any of the preceding items, wherein the
medicament is human growth hormone, such as a medicament with the
formulation code ACP-011.

31. A cartridge for an auto injector comprising a first cartridge end and a
second cartridge end and having a cartridge outlet at the first cartridge end,
the cartridge comprising a cartridge compartment with a first cartridge
subcompartment containing a first medicament component of the
medicament and a second cartridge subcompartment containing a second
medicament component of the medicament, the cartridge being configured to
be received by a cartridge receiver of an auto injector according to any of the
preceding items by insertion of the second cartridge end of the cartridge

through the cartridge receiver opening of the auto injector.

32. A system comprising an auto injector according to any of items 1-30,

and a cartridge according to item 31.

33. A method for operating an auto injector comprising a plunger rod and
a cartridge receiver configured to receive a cartridge, the cartridge having a

first cartridge end and a second cartridge end and having a cartridge outlet at
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the medicament and a second cartridge subcompartment containing a
second medicament component of the medicament, the method comprising:
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34.

receiving a first input signal;

detecting reception of the cartridge in the cartridge receiver;

moving the plunger rod to a mix plunger rod position following
detection of the cartridge being received in the cartridge receiver and
reception of the first input signal,

determining orientation of the cartridge; and

moving the plunger rod to a prime plunger rod position based on the
orientation of the cartridge and following completion of movement of

the plunger rod to the mix plunger rod position.

Method according to item 33 further comprising:

receiving a trigger event; and

moving the plunger rod to an injection plunger rod position following
reception of the trigger event after completion of movement of the

plunger rod to the prime plunger rod position.
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CLAIMS

1.

An auto injector for preparing or administering a medicament from a

cartridge having a first cartridge end and a second cartridge end and having

a cartridge outlet at the first cartridge end, the cartridge comprising a

cartridge compartment with a first cartridge subcompartment containing a first

medicament component of the medicament and a second cartridge

subcompartment containing a second medicament component of the

medicament, the auto injector comprising:

a housing;

a cartridge receiver with a cartridge receiver opening, the
cartridge receiver being configured to receive the cartridge in a
cartridge receiving direction by insertion of the second end of the
cartridge through the cartridge receiver opening, wherein the cartridge
receiving direction is opposite to a first stopper direction of movement
of a first stopper within the cartridge when the cartridge is received
within the cartridge receiver, wherein the first stopper direction is
towards the first cartridge end;

a cartridge sensor configured to detect reception of the
cartridge in the cartridge receiver and provide a cartridge detection
signal indicative of the cartridge being received in the cartridge
receiver;

a drive module coupled to move a plunger rod between a
retracted plunger rod position and an extended plunger rod position,
the plunger rod being configured to move the first stopper;

an orientation sensor configured to provide an orientation signal
indicative of the orientation of the cartridge relative to gravity when
received in the cartridge receiver

a contact member configured to provide a contact member

signal indicative of position of the contact member; and
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a processing unit coupled to the orientation sensor, the
cartridge sensor, to the drive module and to the contact member;
the processing unit being configured to:

- receive a first input signal;

- receive the cartridge detection signal,

- receive the orientation signal;

- receive the contact member signal;

- control the drive module to move the plunger rod to a
mix plunger rod position at which the first medicament component and
the second medicament component are mixed following reception of
the cartridge detection signal and the first input signal;

- control the drive module to move the plunger rod to a
prime plunger rod position at which air in the cartridge compartment is
reduced following completion of movement of the plunger rod to the
mix plunger rod position; and

- control the drive module to move the plunger rod to the
mix plunger rod position and/or to the prime plunger rod position
and/or to an injection plunger rod position based on the contact

member signal.

The auto injector according to claim 1, wherein the processing unit is

further configured to:

3.

- receive a trigger event; and

- control the drive module to move the plunger rod to the
injection plunger rod position following reception of the trigger event
after completion of movement of the plunger rod to the prime plunger

rod position.

The auto injector according to any one of the preceding claims,

wherein the orientation sensor comprises an accelerometer.
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4. The auto injector according to any one of the preceding claims,
comprising a resistance sensor configured to provide a resistance signal
indicative of resistance against movement of the plunger rod, the processing
unit being coupled to the resistance sensor and being configured to receive

the resistance signal.

5. The auto injector according to any one of the preceding claims,
wherein the processing unit is configured to determine an unauthorized

cartridge based on the resistance signal.

6. The auto injector according to any one of the preceding claims,
wherein the processing unit is configured to determine a cartridge parameter
based on the resistance signal.

7. The auto injector according to any one of the preceding claims,
wherein control of the drive module to move the plunger rod to the mix

plunger rod position is based on the resistance signal.

8. The auto injector according to any one of the preceding claims,
wherein the processing unit is configured to control the drive module to move
the plunger rod to the mix plunger rod position only if the resistance signal
indicates resistance against movement of the plunger rod above a low

resistance threshold.

9. The auto injector according to any one of the preceding claims,
comprising a first input device configured to provide the first input signal, the
first input signal being indicative of a first user interaction with the first input
device, the processing unit being coupled to the first input device.

10.  The auto injector according to any one of the preceding claims,

comprising the contact member movable between an extended contact
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member position and a retracted contact member position, the contact
member being biased towards the extended contact member position, and
the contact member being configured to be moved towards the retracted
contact member position when pressed against the injection site, the contact
member also being configured to provide a contact member signal indicative
of position of the contact member, and wherein the processing unit is coupled
to the contact member and is configured to receive the contact member

signal.

11.  The auto injector according to claim 10 dependent on claim 2, wherein
the trigger event comprising the contact member signal being indicative of
the contact member being in a first contact member position.

12.  The auto injector according to claim 10, wherein the contact member
is configured to be in a second contact member position if a needle cover is
present on the cartridge, and the processing unit is configured to control the
drive module to move the plunger rod to the mix plunger rod position based

on the contact member signal.

13.  The auto injector according to any one of the preceding claims,
wherein control of the drive module to move the plunger rod to the prime

plunger rod position is based on the orientation signal.

14.  The auto injector according to any one of the preceding claims,
wherein the processing unit is configured to control the drive module to move
the plunger rod to the prime plunger rod position only if the orientation signal
indicates that a tilt angle between vertical and a longitudinal axis extending
along the cartridge is within 45 degrees of vertical and the cartridge outlet is

in a vertical position above the cartridge compartment.
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15.  The auto injector according to any one of the preceding claims,
wherein the processing unit is configured to control the drive module to move
the plunger rod to a pre-mix plunger rod position following reception of the
cartridge detection signal and the first input signal, wherein movement of the
plunger rod to the pre-mix plunger rod position has a pre-mix plunger rod
speed, and movement of the plunger rod to the mix plunger rod position has
a mix plunger rod speed, wherein the pre-mix plunger rod speed is faster

than the mix plunger rod speed.

16.  The auto injector according to any one of the preceding claims,
wherein the processing unit is configured to control the drive module to move
the plunger rod to the prime plunger rod position or to the injection plunger
rod position only after a reconstitution time has elapsed since completion of
the movement of the plunger rod to the mix plunger rod position.

17.  The auto injector according to any one of the preceding claims,
wherein the processing unit is configured to control the drive module to move
the plunger rod towards the retracted plunger rod position following
completion of the movement of the plunger rod to the injection plunger rod

position.

18.  The auto injector according to any one of the preceding claims,
wherein the processing unit is configured to control the drive module to move
the plunger rod towards the retracted position only after a dwell time has
elapsed since completion of the movement of the plunger rod to the injection

plunger rod position.

19.  The auto injector according to any one of the preceding claims,
wherein the processing unit is configured to provide a user output via a user
interface after a dwell time has elapsed since completion of the movement of

the plunger rod to the injection plunger rod position.
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20. The auto injector according to any one of the preceding claims,
wherein control of the drive module to move the plunger rod to the mix
plunger rod position is based on the orientation signal.

21.  The auto injector according to any one of the preceding claims,
wherein the processing unit is configured to control the drive module to move
the plunger rod to the mix plunger rod position only if the orientation signal
indicates that a tilt angle between vertical and a longitudinal axis extending
along the cartridge is within 45 degrees of vertical and the cartridge outlet is

in a vertical position above the cartridge compartment.

22.  The auto injector according to any one of the preceding claims,
wherein movement of the plunger rod to the mix plunger rod position locks

the cartridge in the cartridge receiver.

23.  The auto injector according to any one of the preceding claims,
wherein movement of the plunger rod to the retracted plunger rod position

unlocks the cartridge in the cartridge receiver.

24.  The auto injector according to any one of the preceding claims,

wherein the medicament is a human growth hormone.

25. A cartridge for an auto injector comprising a first cartridge end and a
second cartridge end and having a cartridge outlet at the first cartridge end,
the cartridge comprising a cartridge compartment with a first cartridge
subcompartment containing a first medicament component of the
medicament and a second cartridge subcompartment containing a second
medicament component of the medicament, the cartridge being configured to
be received by a cartridge receiver of an auto injector according to any of the
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preceding claims by insertion of the second cartridge end of the cartridge
through the cartridge receiver opening of the auto injector.

26. A system comprising an auto injector according to any one of the
preceding claims, and a cartridge, wherein the cartridge comprises a first
cartridge end and a second cartridge end and having a cartridge outlet at the
first cartridge end, the cartridge comprising a cartridge compartment with a
first cartridge subcompartment containing a first medicament component of
the medicament and a second cartridge subcompartment containing a
second medicament component of the medicament, the cartridge being

configured to be received by the cartridge receiver of the auto injector.

27. A method for operating an auto injector comprising a plunger rod and
a cartridge receiver configured to receive a cartridge, the cartridge having a
first cartridge end and a second cartridge end and having a cartridge outlet at
the first cartridge end, the cartridge comprising a cartridge compartment with
a first cartridge subcompartment containing a first medicament component of
the medicament and a second cartridge subcompartment containing a
second medicament component of the medicament, the method comprising:

- receiving a first input signal;

- detecting reception of the cartridge in the cartridge
receiver, the cartridge receiver being configured to receive the
cartridge in a cartridge receiving direction by insertion of the second
end of the cartridge through a cartridge receiver opening, wherein the
cartridge receiving direction is opposite to a first stopper direction of
movement of a first stopper within the cartridge when the cartridge is
received within the cartridge receiver, wherein the first stopper
direction is towards the first cartridge end;

- determining orientation of the cartridge relative to gravity
when the cartridge is received in the cartridge receiver;

- receive a contact member signal;
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- moving the plunger rod to a mix plunger rod position at
which the first medicament component and the second medicament
component are mixed following detection of the cartridge being
received in the cartridge receiver and reception of the first input signal,
and

- moving the plunger rod to a prime plunger rod position at
which air in the cartridge compartment is reduced following completion
of movement of the plunger rod to the mix plunger rod position.

28. The method according to claim 27, further comprising:
- receiving a trigger event; and
- moving the plunger rod to an injection plunger rod
position following reception of the trigger event after completion of
movement of the plunger rod to the prime plunger rod position.

29. The method according to claim 27 or 28, wherein moving the plunger
rod to the mix plunger rod position is based on the orientation of the
cartridge.

30. The method according to any one of claims 27 to 29, wherein moving
the plunger rod to the prime plunger rod position is based on the orientation
of the cartridge.
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