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Injection Device with Visual End-of-Content indication

THE TECHNICAL FIELD OF THE INVENTION:

The invention relates to an apparatus such as an injection pen for delivering a drug to the
human body and preferably such injection device equipped with an End-of-Content mecha-

nism.

DESCRIPTION OF RELATED ART:

In the disclosure of the present invention reference is mainly made to the treatment of diabe-

tes by injection of insulin; however this is only an exemplary use of the present invention.

Injection pens are mainly made for users who have to inject themselves frequently, e.g. peo-
ple suffering from diabetes. A number of demands are set to such injection pens. The setting
of a dose must be easy and unambiguous and it must be easy to read the set dose. It must
be possible with a minimum of trouble to cancel or change a wrongly set dose and when the
dose is injected the dose setting must return to zero. When a prefilled injection pen is in
question, i.e. an injection pen which is disposed of when the reservoir is empty, the injection
pen must further be cheap and made of materials suitable for recycling.

Most dose setting devices work with a threaded piston rod co-operating with a nut where the
nut and the piston rod may be rotated relative to each other. The dose setting may be ob-
tained by screwing the nut away from a stop to which it is return during injection by pressing
the piston rod forward until the nut member abuts the stop. By other dose setting devices one
of the elements, the nut or the piston rod, is kept inrotatable and the other is allowed to rotate
a set angle depending on the set dose, whereby the piston rod is screwed forward a distance
through the nut member.

US 5.480.387 disclose an injection device in which a piston rod moves a plunger forward in-
side a cartridge in order to expel the content of the cartridge. Once the piston rod is fully ex-
tracted and the plunger has reached the distal end of the cartridge, the cartridge is empty
and no more drugs can be expelled. In order to visualize this to the user, the piston rod can
be colour marked such that the colour appears in a window once the cartridge is empty. This
however is only an indication showing that the cartridge is empty; it does not in itself prevent
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the user from attempting to set a dose. Neither does it prevent the user from setting a dose
having a size larger than what is remaining in the cartridge which could lead to a potential
dangerous situation especially if the user injects himself believing that the set dose is entirely
expelled.

Should the user not notice that the cartridge has been emptied it is important when using
such injection devices that the user can not set a dose that is lager than the content remain-

ing in the reservoir.

A prior art delivery apparatus is disclosed in EP 327.910. This apparatus discloses a syringe
by which a dose is set by screwing a nut member up along a threaded piston rod away from
a stop in the housing. The set dose is injected by pressing the end of the nut member that
forms an injection button axially back to abutment with the stop again. During this movement,
the piston rod is carried along by the nut that does not move relative to this piston rod during
injection. Since the thread of the piston rod has a length that corresponds to the length and
content of the cartridge, the cartridge is just emptied when the nut is screwed to the end of
the thread. Thereby the size of the dose to be set is limited to the remaining amount in the
cartridge at all times.

A different injection device is disclosed in US 6.582.404. In this solution a driver having a
thread with a length corresponding to the amount of liquid in the reservoir to be emptied is
surrounded by a dose setting member. The driver and the thread of the driver are coupled to
the housing. A nut member is interfaced between the driver and the dose setting member.
The nut member is engaged in the thread of the driver and is axially coupled to the dose set-
ting member. In order to set a dose the dose setting element is rotated out of the housing of
the injection device relatively to the driver. During this rotation the nut member coupled to the
dose setting member is screwed up the thread coupled to the housing a distance corre-
sponding to the set dose. When injecting the set dose, the dose setting member and the
driver is rotated back into the housing such that the nut member maintain its relative position
on the driver i.e. the nut member is kept inrotatable relatively to the thread of the driver. The
position of the nut member in the thread will then at all times correspond to the accumulated
set doses, and the nut member will engage the end of the track and lock the injection device
when the accumulated set doses equals the initial content of the reservoir.
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A similar solution is disclosed in WO 2004/078239. This injection pen comprises a threaded
piston rod which is screwed forward in an internal threaded nut when rotated. A drive sleeve
having a thread mating the thread of the piston rod rotates the piston rod when moved axially
forward. The drive sleeve is coupled to a dose dial sleeve which is rotated relatively to the
housing to dial up a dose. The dose dial sleeve is rotated out from the housing in order to set
up a dose and it is rotated back to release the set dose. The drive sleeve is rotated together
with the dose dial sleeve when a dose is set but prevented from rotation when the set dose is
injected. This non-rotational movement of the drive sleeve forces the piston rod to rotate and
to be screwed forward in the internal thread. The drive sleeve which is coupled to the dose
dial sleeve is provided with a thread which corresponds to the amount of liquid in the car-
tridge. A nut engaging this thread is axially coupled to the housing such that the nut is
screwed up the thread of the driver when a dose is set but maintained inrotatable in its rela-
tive position when the set dose is injected. The position of the nut will then at all times corre-
spond to the accumulated set doses, and the nut will engage the end of the track and lock
the injection device when the accumulated set doses equals the initial content of the car-
tridge.

All these so called End-of-Content mechanisms accomplish the aim of locking the dose set-
ting mechanism of the injection device when the summarized set doses equals the initial
amount of liquid in the reservoir. The user of such device is henceforth prevented in setting a
dose that is larger than the amount of liquid remaining in the reservoir.

DESCRIPTION OF THE INVENTION:

Having regard to the above-identified prior art devices, it is an object of the present invention
to provide a drug delivery device having an End-of-Content mechanism which in addition to
preventing the setting of a dose larger than the remaining amount in the reservoir also pro-
vides the user with a visual indication indicating that the end of content has been reached

Claim 1

In an injection device comprising a housing and a dose setting member which is rotated rela-
tively to the housing to set a dose, a track such as a helical thread can be coupled either to
the housing or to the dose setting member and a track follower such as a nut member can be
coupled to the other of the two parts.
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When setting a dose the track and the track follower is rotated relatively to each other which
will screw the track follower along the track a distance corresponding to the set dose.

The coupling need not be directly but could be through a series of different elements as long
as the track follower is rotated relative to the track when a dose is set.

When injecting the dose, the track and the track follower is kept relatively inrotatable either
by moving the track and the track follower simultaneously or by not moving them at all.

Since the track follower is kept in its relative position in the thread, the position of the track
follower will at all time be an expression of the summarized set doses.

By having the length of the track correspond to the initial amount of liquid in the reservoir, the
track follower will abut the end-wall of the track when the summarized set doses reaches the

initial amount of liquid in the reservoir.

Since injection devices usually has a dose setting mechanism allowing the user both to dial
up a dose and to dial down the dose prior to injecting the dose, the position of the track fol-
lower will be the position when the dose is injected whereby the position also expresses the
injected dose.

By providing the housing with a transparent area in which the track follower is visible it will be
possible for the user to inspect the position of the track follower in the track and thereby to

visually see the summarized amount of set doses.

This area could e.g. be an opening in the housing or a transparent area through which the
user can see the track follower or at least see a colour indication on the track follower.

Claim 2

The track follower could e.g. be provided with a colour or similar indication such that the user
can get a visual indication through the area in the housing referred to. This colour indication
can be made in different colours or with different intensity such that the visual impression de-
livered to the user changes according to the location of the track follower in the track and the
position of the area in the housing.
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In stead of colour indication other means of indication can be used e.g. numbers, letters or

simply symbols.

Claim 3

In the End-of-Content mechanism disclosed in US 6.582.404 and in WO 2004/078239 the
dose setting member is rotated away from a fixed stop in the housing when a dose is set and
returned back to the fixed stop when the dose is injected.

In US 6.582.404 which is hereby incorporated by reference and which advantagesly can be
build into the injection device disclosed in figure 15-17 in US 6.004.297, the dose setting

member is rotated back to its initial position when a dose is injected.

In WO 2004/078239 which is incorporated by reference, the dose setting member is also ro-
tated back when a dose is injected, however the driver carrying the track and which is cou-
pled to the dose setting member is moved axially back to its initial position.

Claim 4-5

When the track is coupled to the dose setting member e.g. via the driver as in WO
2004/078239 the area should be located in a position where the end of the track will stand
when the dose setting member has been returned to its initial position.

Claim 6

The transparent area through which the user can inspect the track follower could stretch over
a portion of the threads e.g. extend in a direction parallel to the piston rod, in which case the

longitudinal displacement of the track follower is visible for a longer time prior to reaching the

end of the track.

The transparent area could also be provided with a scale informing the user of the remaining
content. The scale could be a traditional scale using numbers or it could be scale using other

kind of symbols or different colours.

Claim 7
When the thread is coupled to the housing e.g. as in US 6.582.404 where the driver via a pis-
ton rod guide is coupled to the housing, in can be necessary to provide an additional trans-
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parent area such as an opening in the dose setting member in order to make it possible for
the user to visually inspect the track follower.

Claim 8-9

When there is no axial displacement of the dose setting member and the track is preferably
provided on the inside of the housing, the area should be provided at the end of the track
such that the track follower becomes visible when the summarized set doses starts to reach

the initial amount of liquid in the reservoir.

DEFINITIONS:

An “injection pen” is typically meant to be a mechanical i.e. user energized injection appara-
tus having an oblong or elongated shape somewhat like a pen for writing. Although such
pens usually have a tubular cross-section, they could easily have a different cross-section

such as triangular, rectangular or square.

As used herein, the term “drug” is meant to encompass any drug-containing flowable medi-
cine capable of being passed through a delivery means such as a hollow needle in a con-
trolled manner, such as a liquid, solution, gel or fine suspension. Representative drugs in-
cludes pharmaceuticals such as peptides, proteins (e.g. insulin, insulin analogues and C-
peptide), and hormones, biologically derived or active agents, hormonal and gene based

agents, nutritional formulas and other substances in both solid (dispensed) or liquid form.

Correspondingly, the term “subcutaneous” injection is meant to encompass any method of

transcutaneous delivery to a subject.

Further the term “injection needle” defines a piercing member adapted to penetrate the skin
of a subject for the purpose of delivering or removing a liquid.

All references, including publications, patent applications, and patents, cited herein are in-
corporated by reference in their entirety and to the same extent as if each reference were
individually and specifically indicated to be incorporated by reference and were set forth in its
entirety herein.

All headings and sub-headings are used herein for convenience only and should not be con-

structed as limiting the invention in any way.
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The use of any and all examples, or exemplary language (e.g. such as) provided herein, is
intended merely to better illuminate the invention and does not pose a limitation on the scope
of the invention unless otherwise claimed. No language in the specification should be con-
strued as indicating any non-claimed element as essential to the practice of the invention.
The citation and incorporation of patent documents herein is done for convenience only and
does not reflect any view of the validity, patentability, and/or enforceability of such patent
documents.

This invention includes all modifications and equivalents of the subject matter recited in the

claims appended hereto as permitted by applicable law.

BRIEF DESCRIPTION OF THE DRAWINGS:

The invention will be explained more fully below in connection with a preferred embodiment

and with reference to the drawings in which:

Figure 1A+B shows a cross sectional view of part of the injection device.

Figure 2 shows a perspective view of the dose setting member.
Figure 3 shows a perspective view of the nut member.
Figure 4 shows a perspective view of part of the housing.

The figures are schematic and simplified for clarity, and they just show details, which are es-
sential to the understanding of the invention, while other details are left out. Throughout, the

same reference numerals are used for identical or corresponding parts.

DETAILED DESCRIPTION OF EMBODIMENT:

When in the following terms as “upper” and “lower”, “right” and “left”, “horizontal” and “verti-
cal”, “clockwise” and “counter clockwise” or similar relative expressions are used, these only
refer to the appended figures and not to an actual situation of use. The shown figures are
schematic representations for which reason the configuration of the different structures as
well as there relative dimensions are intended to serve illustrative purposes only.
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In that context it may be convenient to define that the term “distal end” in the appended fig-
ures is meant to refer to the end of the injection device carrying the injection needle whereas
the term “proximal end” is meant to refer to the opposite end pointing away from the injection
needle.

Figure 1 is a cross-sectional view of the dose setting and injection mechanism of an injection
device 1 preferably an injection pen for subcutaneous injections. The injection device 1 com-
prises a dose setting member 20 being adapted to rotate about a centre axis of the injection
device 1. It further comprises a dose indicator barrel 30, a threaded piston rod 40, a drive
member 50 adapted to move the piston rod 40 along the centre axis, a helical spring 60 ex-

tending along and concentrically with the centre axis, and a housing 70.

The dose setting member 20 engages the dose indicator barrel 30 via a key 32 to keyway 22
connection. The key/keyway 32, 22 connection ensures that rotation of the dose setting
member 20 about the centre axis causes rotation of the dose indicator barrel 30 about the
centre axis, and vice versa. Furthermore, the key/keyway 32, 22 connection ensures that the
dose setting member 20 and the dose indicator barrel 30 are slidable movable in relation to
each other in a direction which is substantially parallel to the centre axis.

Similarly, the drive member 50 engages the outer threaded portion 41 of the piston rod 40 via
a threaded portion 53 of the drive member 50.

The dose indicator barrel 30 is provided with a threaded portion 31 which engages a
threaded portion 51 of the drive member 50.

The injection device 1 is further provided with a locking member 80 which may be switched
between a locking state and an unlocking state. When the locking member 80 is in its locking
state (as shown in Fig. 1B) it prevents the drive member 50 from rotating about the centre
axis e.g. by having a part 81 interacting with the drive member 50. On the other hand, when
the locking member 80 is in its unlocking state, the drive member 50 is free to rotate about
the centre axis. The dose setting member 20 is secured to the housing 70 via a toothing
connection 25/75. The toothing connection 25/75 allows the dose setting member 20 and the
housing 70 to be rotationally movable in relation to each. However, the helical spring 60 pro-
vides an axial force to the dose setting member 20 and presses the teeth 25 towards the
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teeth 75 internally in the housing 70 so that the dose setting member 20 remains in any set

position.

The injection device 1 is preferably operated in the following manner. When a dose is to be
set, the locking member 80 is switched to its locking state. In most cases, the locking state is
the default position of the locking member 80. The user then causes the dose setting mem-
ber 20 to rotate about the centre axis by turning a protruding part 21 of the dose setting
member 20. Due to the key/keyway 22, 32 connection between the dose setting member 20
and the dose indicator barrel 30, the dose indicator barrel 30 is also caused to rotate about
the centre axis. Since the threaded portion 31 of the dose indicator barrel 30 engages the
threaded portion 51 of the drive member 50, this rotation forces the dose indicator barrel 30
in a direction parallel to the centre axis and towards the protruding part 21 of the dose setting
member 20. Thus, the dose indicator barrel 30 performs a sliding movement along the
key/keyway 22, 32 connection between the dose setting member 20 and the dose indicator
barrel 30. This movement causes the helical spring 60 to be compressed, thereby storing
energy in the spring 60. Thus, the dose is set without causing any changes to the outer ap-
pearance of the injection device 1, including no outward movement of the dose setting mem-
ber 20.

The dose indicator barrel 30 is provided with a set of not shown numerals. As the dose indi-
cator barrel 30 moves towards the protruding part 21 of the dose setting member 20, these
numerals will be sequentially visible through a window 52 in the drive member 50, thereby
indicating the dose which has been set. In order for the user of the injection device 1 to view
the numerals on the dose indicator barrel 30, the housing 70 is equipped with a belt-like win-

dow aligned with the window 52 in the drive member 50.

When the desired dose has been set, an injection needle (not shown) positioned opposite
the protruding part 21 of the dose setting member 20 is inserted into the skin of the user.
Then the locking member 80 is switched to its unlocking state, thereby allowing rotation of
the drive member 50 about the centre axis. Due to the energy stored in the compressed heli-
cal spring 60, the dose indicator barrel 30 is axially forced towards its initial position, i.e.
away from the protruding part 21 of the dose setting member 20. Via the threaded portion 51
of the driver 50 and the threaded portion 31 of the dose indicator barrel 30, the drive member
50 is forced to rotate about the centre axis. When the drive member 50 and its thread 53 is
rotated the piston rod 40, which is keyed, move forward inside the cartridge 2 due to a key
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connection 14 between the housing 70 and the piston rod 40. The axial movement of the pis-
ton rod away from the protruding part 21 causes the desired and set dose to be ejected from

the injection device 1.

Alternatively, the drive member 50 may further comprise a key/keyway connection with the
piston rod 40, and the key/keyway connection 14 between the housing 70 and the piston rod
40 may be replaced by a thread. In this case the piston rod 40 will rotate about the centre
axis when the locking member 80 is switched to its unlocking state. The rotational movement
causes the piston rod 40 to be screwed in a direction parallel to the centre axis and away
from the protruding part 21 of the dose setting member 20. This movement will cause a dose
to be ejected from the injection device 1.

When the dose has been ejected, the various parts of the injection device 1 are again in their
initial position, except for the fact that the piston rod 40 has been moved in a direction away
from the protruding part 21 of the dose setting member 20 due to the dose having been
ejected and the angular position of the drive member 50 has changed relative to the housing
8. Thus, the injection device 1 is now ready for setting of a new dose.

Further, the end-of-content mechanism will be explained in relation to the figures 2 to 4.

Figure 2 discloses the dose setting member 20 which has a longitudinal raised portion 23
which on the internal surface makes up a keyway 22. More than one such keyway 22 can be
provided.

Figure 3 discloses a nut member 90 having an internal track 91 provided on the inside sur-
face and a thread 92 provided on the outside surface. The thread 92 covers less than 360
degrees of the outside surface thereby leaving a part 93 of the outer surface without thread.

Figure 4 discloses a part of the housing 70 having an opening 71 and an internal thread 72
provided on the inside surface.

The nut member 90 is as disclosed in figure 1 interfaced between the dose setting member
20 and the housing 70 with the internal track 91 engaging the raised portion 23 and the
thread 92 engaging the internal thread 72 of the housing 70.
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When a dose is being set by rotating the dose setting member 20, the nut member 90 is ro-
tated up the internal thread 72 a distance corresponding to the set dose.

When the set dose is injected by releasing the spring 60, the nut member 90 remains in its
position since the dose setting member 20 is not moved. The position of the nut member 90
in the internal thread 72 is therefore at any time an expression of the summarized set doses.

The internal thread 72 has a length which corresponds to the length the piston rod 40 has to
travel in order to empty the reservoir 2, such that the stop 94 on the thread 92 engages the
end-wall 74 in the internal thread 72 when the reservoir is empty thereby immobilising the
dose setting and preventing the user from dialling up a dose larger than the remaining con-
tent of the reservoir.

In this end position the nut member 90 is visible through the transparent area 71 such that
the user is informed that the reservoir is emptied.

Some preferred embodiments have been shown in the foregoing, but it should be stressed
that the invention is not limited to these, but may be embodied in other ways within the sub-
ject matter defined in the following claims.
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CLAIMS:

1. An injection device (1) for apportioning set doses of a liquid drug from a reservoir (2)

comprising

- A housing (70) supporting the reservoir (2),

- A dose setting member (20) which is rotated relatively to the housing (70) in order

to set a dose,

- A track (72) coupled to one of the housing (70) or the dose setting member (20),
which track (72) has an end-wall (74) defining a length that corresponds to the initial amount
of liquid in the reservoir, and

- a track follower (90) coupled to the other of the housing (70) or the dose setting
member (20), which track follower (90) engages the track (72),

whereby the track (72) and the track follower (90) is rotated relatively to each other when a
dose is set and kept relatively inrotatable when the set dose is injected such that the track
follower (90) is moved along in the track (72) when setting a dose having a position in the
track (72) representing the summarized set doses,

and whereby the track follower (90) engages the end-wall 74 of the track (72) when the
summarized set doses equals the initial amount of liquid in the reservoir (2) thereby prevent-

ing a user from setting a dose larger than the remaining content of the reservoir (2),

Characterized in that, the housing (70) is provided with a transparent area (71) in which the

track follower (90) is visible.

2. An injection device according to claim 1, characterized in that, the visibility of the track fol-

lower (90) changes according to the remaining content in the reservoir.

3. An injection device according to claim 1 or 2, characterized in that, the dose setting mem-
ber (20) is rotated away from a fixed stop in the housing (70) when a dose is set and re-
turned back to the fixed stop when the set dose is injected.
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4. An injection device according to claim 3, characterized in that, the track (72) is coupled to
the housing (70) or the dose setting member (20) via a driving element (50) carrying the track
(72).

5. An injection device according to anyone of the claims 1 to 4, characterized in that, the area
(71) is located in the close proximity of the end-wall (74) of the track (72).

6. An injection device according to anyone of the claims 1 to 4, characterized in that, the area
(71) stretches over a portion of the track (72).

7. An injection device according to anyone of the claims 1 to 4, characterized in that, an addi-
tional area in the dose setting member (20) is provided.

8. An injection device according to claim 1, characterized in that, the dose setting member
(20) is rotated relatively to the housing (70) without any axial displacement when a dose is
set.

9. An injection device according to claim 8, characterized in that, the track (72) is provided on
the inside surface of the housing (70).
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