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(57) Abstract: The present invention relates to an electronic injection device wherein an electronic circuit is designed to work in
two alternative modes: an air shot mode and a dose injection mode. When working in the air shot mode a small predetermined air
shot dose is pressed out from the ampoule when the injection button is actuated. When working in the injection mode, a dose set
by operation of the dose setting means is injected by operation of the injection button. The electronic injection device is normally
working in the air shot mode but shifts to work in the dose injection mode when it receives a signal indicating that the dose setting
means has been operated. The circuit returns to its air shot mode when receiving a signal indicating that the set dose has been
injected. This signal can originate either from a switch indicating that the protection cap is mounted or from a switch indicating that

the injection button has been pressed.
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Air shot mechanism for electronic injection devices

An electronic injection device comprising a housing containing an electronic circuit into which
the size of a set dose can be read by operation of dose setting means, an injection button
which can be operated to inject a set dose, an ampoule from which a medicine can be
pressed out through a needle mounted at the distal end of the ampoule when the injection
button is operated, a display driven by the electronic circuit to show the dose set by opera-

tion of the dose setting means.

It is attractive to set the dose electronically and show the set dose on an electronic display,
e.g. a LCD display, as the size of the digits displayed can be made arbitrarily large without
being dependent on the distances possible mechanical dose setting parts are moved by the

setting of the dose.

From US 5 928 201 is known a device by which a dose is set by operating a pair of dose set-
ting buttons, one increasing the set dose step by step and another decreasing the dose step
by step when operated. The set dose is stored in a circuit which controls a display to show
the set dose and a motor drives a mechanical dose setting device to carefully set a me-
chanical dose setting device to the dose shown in the display. The injection is performed

manually to allow the user to inject the dose with the rate he finds appropriate.

It may be attractive to let the injection be performed electro-mechanically too as then the
demand to the users finger strength can be reduced to the force needed to press down an
electronic switch button. Further the mechanical impact on the device is independent on the
strength of the user so it is avoided that some users can hardly operate the device whereas

other will break it.

Devices wherein the doses are electronically represented also may contain circuitry wherein
historical data are stored so it is possible to create a picture of the way the user has followed
his treatment and prospective doses and time intervals can be planned on the basis of the
stored data. At least it is appropriate to be able to store the size of the latest injected dose

and the time passed since this injection.
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In an electronic injection device of the kind described above only a minimum of operation
buttons are needed, e.g. a counting up dose set button allowing a stepwise increase of the
set dose, a counting down dose set button allowing a stepwise decrease of an erroneously
too high set dose, and an injection button by which either the dose is manually injected or

the electronic circuit is ordered to energise a motor to inject the set dose.

By injecting medicine from an ampoule it is necessary to ensure that no air is left in the am-
poule when the injection is performed. For this purpose a so-called air-shot is performed. An
air shot may be performed by setting a small dose, e.g. one international unit of the medicine
to be injected, and make this small dose be pressed out from the ampoule holding the de-
vice with the needle pointing vertically upward. This procedure can be repeated until it is
seen that liquid is sprayed out through the needle where after the dose to be injected can be
set, the needle can be inserted into the skin of the user, and an amount of medicine corre-

sponding to the set dose can be pressed out and injected through the needle.

However, this repetitive use of the dose-setting device is not wanted. If the device is pro-
vided with a memory which stores historical data for the purpose of controlling the course of
a treatment it is necessary to register which of the doses have been air shot doses and
which doses has actually been injected. This problem could be overcome by providing a
special air shot button as it is known from syringes by which the injection is performed
manually, but this will be on the account of one more button whereby the possibilities for er-

roneous operation is increased.

An objective of the invention is to provide an injection device by which repetitive air shots
can be performed without adding extra operation buttons to the device and without informa-

tion of the air-shots are stored as a part of the operation history of the device.

This is obtained by an electronic injection device as described in the opening paragraph of
this application which device is according to the invention characterised in that the electronic
circuit is designed to work in two alternative modes: an air shot mode in which it controls an
automatic pre-setting of a small air shot dose to be pressed out from the ampoule when the
injection button is actuated, and a dose injection mode in which a dose set by operation of
the dose setting means is injected by operation of the injection button, said circuit normally

working in the air shot mode but shifting to work in the dose injection mode when it receives
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a signal indicating that the dose setting means has been operated. The circuit may return to
its air shot mode when receiving a signal indicating that a set dose has been injected. This
signal may either be a signal from a switch indicating that a protection cap is mounted or a

signal from a switch indicating that the injection button has been pressed.

This means that when the device is taken into use but no dose has been set the electronic
circuit will work in a mode making it control either a dose setting motor to set a small air shot
dose which can be injected by pressing the injection button, or control a motor to press out

an air shot dose when the injection button is operated.

The injection button may now be operated one or more times while the device is held with

the needle pointing upward until it is seen that liquid and not air is pressed out through the

needle.

To ensure that the device is held in the correct position with the needie pointing upward a
position indicator may be provided which gives of a signal to the electronic circuit when the
device is held in the correct position for an air shot. The signal, which can be an opening or a
closing of a switch, can be made a condition that has to be fulfilled before the electric circuit
energises the motor to prepare or perform an air shot. This way waste of medicament, due
to the fact that the device is held in a position in which air in the ampoule cannot reach the

needle, is avoided.

According to the invention the dose setting may be electro-mechanically realised by means
of an electric motor which is controlled by the electronic circuit to lift up the injection button
from the housing a distance corresponding to the set dose and the injection may be per-
formed manually by pressing home the injection button. The signal that indicates that a set
dose has been injected may be a switch which is actuated when the injection button is
pressed. The electronic circuit will then prepare a new air shot each time a home pressing of

the injection button is performed and the circuit will remain in the air shot mode.

In devices wherein the injection is performed electro-mechanically by a motor controlled by
the electronic circuit, actuation of the injection button may make a motor electro-
mechanically press out a dose from the ampoule, the motor being controlled by the elec-

tronic circuit to press out an automatically set small air shot dose when the circuit is working
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in its air shot mode, and a dose set by operation of the dose setting means when the circuit

is working in its dose injection mode.

At the very moment when the dose setting member is operated the working mode of the
electronic circuit is changed to an injection mode in which operation of the injection button
will result in the injection of a set‘ dose either by directly pressing out a dose corresponding to
the distance the injection button has been elevated over the housing by the dose setting mo-
tor controlled by the electronic circuit, or by controlling an injection motor to inject the dose
set by the operation of the dose setting member, and the circuit will remain in this mode until

the injection button has been pressed.

If it is wanted to ensure that at least one air shot is performed in advance of an injection the
circuit may be so designed that it cannot receive a signal from the dose setting means until

at least one air shot dose has been administered.

According to the invention the electronic circuit may comprise a memory wherein historical
information of injected doses and the time for their injection is stored. As the electronic circuit
according to its two working modes can discriminate between air shots and injection of

doses set by the user, these historical data can be rid of disturbing air shot data.

The electronic circuit may further be provided with a memory wherein the size of all air shots
and injections are summed and subtracted from the size of the total content of a new am-
poule to leave the memory with an information of the size of the remaining amount of medi-

cine in the ampoule.

The set dose currently is compared with the remaining amount of medicine in the ampoule to

block for setting of a dose exceeding this remaining amount.

In the following the invention i described in further details with references to the drawing in

which

Figure 1 shows a block diagram of the electronic components of an

embodiment of an injection device according to the invention,
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Figure 2 shows a block diagram of the electronic components of an-

other embodiment of an injection device according to the invention, and

Figure 3 schematically shows an injection device according to the in-

vention.

In an injection device wherein the dose is injected by means of a motor which when ener-
gised presses out medicine from the ampoule an electronic circuit 1 is connected to a battery
2 which supplies the power needed for the operation of the circuit. Further the battery 2
supplies an injection motor 3 which power supply is controlled by the circuit 1. To the circuit

1 is coupled a set of dose setting buttons 4 and 5, one 4 marked with a “+” and which pro-
vides a stepwise increase of the set dose as long as it is pressed, and another 5 marked
with a “-“ and which provides a stepwise decrease of a set dose as long as it is pressed.
During the setting of a dose the size of this set dose can be read on a display 6 coupled to
electronic circuit 1. The dose-increasing button 4 is maintained in pressed condition until the
display has counted up to the wanted dose, if the wanted dose is exceeded the button 5 is
pressed until the display has counted down to the wanted dose. After the dose has been set
the set dose is injected by pressing an injection button 7, which makes the circuit energise
the motor to drive a mechanical injection mechanism to press out the set dose from the am-
poule. A data connection 8 from the motor to the electronic circuit provides a feed back to
the circuit of the dose injected and when this dose reaches the set dose the energising of the

motor 3 is stopped.

The dose setting is here described as being performed by buttons 4 and 5. Rotating a dose
setting wheel or drum whereby a counting up is performed when this wheel is rotated in one
direction and a counting down is performed when the wheel is rotated in the opposite direc-

tion may alternatively perform the dose setting.

From WO 9733638 it is known to provide a device with a protective cap protecting the nee-
dle when the device is not in use. Further a switch is provided which is operated by the cap
so that the position of the switch indicates whether the cap is on or not. In the device in fig-
ure 1 aswitch 9 is coupled to the circuit 1 to bring information of the on or off condition of the
cap to this circuit. To save battery power consuming parts of the circuit is turned off when the

cap is on. This does not go for possible watch and memory functions which need continuous
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energising. When the cap is taken off a signal is sent to the circuit 1 which is then coupled to
work in an air shot mode in which an activation of the injection button 7 will make the circuit
energise the motor to make the device administer a pre-set small amount from the ampoule,
e. g. an amount corresponding to one international unit of the medicine in the ampoule. Such
an administration will be performed each time the injection button 7 is activated until a dose
setting is started. As soon as the circuit receives a signal from the dose setting buttons 4 or
5 indicating that a dose is being set the working mode of the circuit 1 changes to a dose in-
jection mode in which the motor is controlled to administer the set dose when the injection
button 7 is pressed. When the set dose has been administered by pressing of the button 7
the circuit will revert to its air shot mode but if a new dose is set after a first dose has been
injected the circuit quickly reverts to its dose injection mode until the button 7 is pressed

again.

A switch connected to the injection button 7 is actuated each time the injection button is op-
erated. When this switch is actuated it gives of a signal to the circuit, which signal is taken as

an indication of the fact that the injection button has been operated.

When the circuit receives this signal it is coupled to work in an air shot mode in which an ac-
tivation of the injection button 7 wili make the circuit energise the motor to make the device
administer a pre-set small amount from the ampoule, e. g. an amount corresponding to one
international unit of the medicine in the ampoule. Such an administration will be performed
each time the injection button 7 is activated until a dose setting is started. As soon as the
circuit receives a signal from the dose setting buttons 4 or 5 indicating that a dose is being
set the working mode of the circuit 1 changes to a dose injection mode in which the motor is
controlled to administrate the set dose when the injection button 7 is pressed. When the but-
ton 7 has been pressed to inject the set dose the injection button switch gives of a signal
making the circuit change to the air shot mode but as soon as the dose setting buttons are

operated again the circuit will change to the dose injection mode.

During the air shots the device must be held with the needie pointing upward so that possible
air in the ampoule lies as a bubble adjacent to the needle tip projecting into the ampoule. To
avoid that medicine is wasted due to the fact that the device is not held in the correct vertical
position a direction indicator 10 may be include in the device which indicator provides a sig-

nal which informs the circuit whether the position of the device is appropriate for an air shot.
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Said signal can control the circuit to only energise the motor to perform an air shot when the
device is in the correct position for such an air shot. When the circuit works in its dose-

injecting mode the position will have no influence on the energising of the motor 3.

In a syringe according to figure 2, wherein an injection button 17 is elevated over the housing
of the device a distance corresponding to a set dose by means of a motor 13, the power
necessary for the running of the device is delivered by a battery 12 which energises an elec-
tronic circuit 11 which function much like the circuit 1 in figure 1. A dose is set by the dose
setting buttons 14 and 15 which controls a counting up and down of a set dose size in the
circuit 11. The set dose is shown in a display 16 and the motor 13 performs a mechanical
setting of the dose by elevating the injection button 17 a distance corresponding to the set
dose as the circuit controls the motor 13 to make it perform the elevation needed. A feed
back 18 from the motor to the circuit enables this circuit to decide when the injection button
has been elevated a distance corresponding to the dose read into the circuit by the operation

of the dose setting buttons 14 and 15.

In the device described in figure 2 the air shot is obtained by the fact that the motor auto-
matically elevates the injection button 17 a distance corresponding to an air shot dose as
long as the circuit works in its air shot mode what it does after each pressing of the injection
button 17. When one of the dose setting buttons 14 or 15 is operatedthe circuit 11 shifts to a
dose injection mode and controls the motor 13 to elevate the injection button 17 a distance
corresponding to the set dose. When the injection button is pressed the set dose is injected
and the injection button sends a signal to the circuit 11 to make this circuit revert to the air-

shot mode.

The device according to figure 2 is further provided with a position indicator 20 which gives
off a signal to the electronic circuit which will only allow setting of an air shot dose when the
device is held in a position vertical position with the needle pointing upward. The air shot
function may be repeated as long as the dose setting buttons 14 or 15 are not operated. The
actuation of the injection button 21 switch sends a signal to the electronic circuit making this
circuit attain the air shot mode in which it controls the injection button to be elevated again
after an air shot until a signal from one of the dose setting buttons 14 or 15 makes said elec-

tronic circuit shift to its dose injection mode.
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Figure 3 shows schematically an injection device comprising a housing 31 in which an am-
poule holder 33 holds an ampoule 32. A needle hub 34 with an injection needle 35 is
mounted at the distal end of the ampoule so that a not shown rear needle is penetrating the
sealing of the ampoule. A dose-setting wheel 39 can be rotated in one direction to count up
a dose or in the opposite direction to count down a too large set dose. Turning of the dose
setting wheel 39 is by a signal generator or switch 37 reported to a not shown electronic cir-
cuit in the housing and the set dose is shown in a display 36. An injection button 40 is pro-
vided the operation of which will result in administration of a dose, which dose depending on
the operation mode of the electronic circuit is a fixed small air shot dose or the dose shown

in the display 36.

When a cap 43 protecting the needle 35 is removed and a switch 41 reports to the elec-
tronic circuit that the device is going to be taken into use and the electric interfaces which

has been shut off during the storing of the device are energised.

Depending on the embodiment of the injection device the injection button 40 can operate an
electric switch that activates the electronic circuit to energise a motor, which moves a piston
into the ampoule to press out some of the content of this ampoule through the needle 35. In
another embodiment of the injection device the button is mechanically lifted up from the end
of the housing 31 a distance corresponding to the size of a set dose. In this embodiment the
button is automatically elevated a distance corresponding to an air shot when the cap 43 is
removed and an air shot is administered by pressing the button 40 home. As it may be nec-
essary to repeat the air shot procedure, a switch 44 is provided which reports to the elec-
tronic circuit that the button 40 has been pressed home. As the circuit attains its air shot
mode when it receives this signal, the button is again automatically elevated to a position
corresponding to an air shot whereas it is elevated a distance corresponding to the dose set

by the dose setting wheel 39 when this wheel is operated and the circuit is shifted to its injec-

tion mode.

The dose setting device is described as a dose setting wheel but it may as well be a count

up button and a count down button without departing form the scope of the invention.



10

15

20

25

30

WO 01/26710 PCT/DK00/00538

Claims

1. An electronic injection device comprising a housing containing an electronic circuit into
which the size of a set dose can be read by operation of dose setting means, an injection
button which can be operated to inject a set dose, an ampoule from which a medicine can be
pressed out through a needle mounted at the distal end of the ampoule when the injection
button is operated, a display driven by the electronic circuit to show the dose set by opera-
tion of the dose setting means, characterised in that the electronic circuit is designed to work
in two alternative modes: an air shot mode in which it controls an automatic pre-setting of a
small air shot dose to be pressed out from the ampoule when the injection button is actu-
ated, and a dose injection mode in which a dose set by operation of the dose setting means
is injected by operation of the injection button, said circuit normally working in the air shot
mode but shifting to work in the dose injection mode when it receives a signal indicating that

the dose setting means has been operated.

2. An electronic injection device according to claim 1, characterised in that the circuit returns

to its air shot mode when receiving a signal indicating that a set dose has been injected.

3. An electronic injection device according to claim 2, characterised in that a signal from a
switch indicating that a protection cap is mounted is taken as indicating that a set dose has

been injected.

4. An electronic injection device according to claim 2, characterised in that a signal from a
switch indicating that the injection button has been pressed is taken as indicating that a set

dose has been injected.

5. An electronic injection device according to anyone of the preceding claims, characterised
in that a position indicator is provided which controls the circuit to only perform said admini-
stration of an air shot dose when the position indicator indicates that the device is held verti-

cally with the needle pointing upward.

6. An electronic injection device according to claim 1 or 2, characterised in that the dose set-

ting is electro-mechanically realised by means of an electric motor which is controlled by the
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electronic circuit to lift up the injection button from the housing a distance corresponding to

the set dose and the injection is performed manually by pressing home the injection button.

7. An electronic injection device according to claim 1 or 2, characterised in that actuation of
the injection button makes a motor electro-mechanically press out a dose from the ampoule,
the motor being controlled by the electronic circuit to press out an automatically set small air
shot dose when the circuit is working in its air shot mode and a dose set by operation of the

dose setting means when the circuit is working in its dose injection mode.

8. An electronic injection device according to anyone of the preceding claims, characterised
in that the circuit is so designed that it cannot receive a signal from the dose setting means

until at least one air shot dose has been administered.

9. An electronic injection device according to anyone of the preceding claims, characterised
in that the circuit comprises a memory wherein historical information of injected doses and

the time for their injection are stored.

10. An electronic injection device according to anyone of the preceding claims, characterised
in that the circuit comprises a memory wherein the size of all air shots and injections are
summed and subtracted from the size of the total content of a new ampoule to leave the

memory with an information of the size of the remaining amount of medicine in the ampoule.

11. An electronic injection device according to anyone of the preceding claims, characterised
that the set dose currently is compared with the remaining amount of medicine in the am-

poule to enable blocking for setting of a dose exceeding this remaining amount.
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