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(54) Title: INJECTION DEVICE WITH END OF DOSE MECHANISM

(57) Abstract: An injection device including a housing defining a central axis.
A drive system detines an initial position and an end of stroke position relative
to the housing. Axial movement of the drive system expels medicament from a
cartridge. A spring mechanism is operably coupled with the drive system and
includes first and second spring members. When the drive system is in the end
of stroke position, the first spring member moves the second spring member re-
lative to a triggering structure from a first position to a second position as fluid
pressure of the medicament is reduced and the injection is completed. When
second spring member moves into the second position with the drive system in
the end of stroke position, the triggering structure actuates the second spring
member to thereby generate a tactile and/or audible signal and indicate that the
injection is complete.
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INJECTION DEVICE WITH END OF DOSE MECHANISM
BACKGROUND

[0001] The present invention relates to injection devices such as those used to inject a
medicament into the body of a patient.

[0002] Injection devices may be manually driven or have a spring or other mechanism
for driving the injection process. One common use of such injection devices is for the
injection of insulin in the treatment of diabetes. Many diabetes patients use such injection
devices to inject themselves. To facilitate such self-injections, many injection devices
have mechanisms which facilitate the setting and delivery of a controlled dose of
medicament.

[0003] Many of the injection devices which are capable of setting doses of various sizes
provide a means for indicating when the device has reached a zero position in the
injection process.

[0004] A visible indication of the progress of the injection may be provided. However,
many users, e.g., diabetics, have a reduced sight and because the devices often are used in
positions where the display is not visible for the user an additional audible or tactile
indication of the progress of the injection can be advantageous.

[0005] An indication of when the mechanical parts have reached the zero/end position
is important, as a malfunction in the device or a blocked needle might stop the injection
halfway and give the user the impression that the full dose has been injected. This could
result in the user receiving an under dose.

[0006] When the zero position has been reached, it is normally recommended that the
user wait for 5-6 seconds to allow the pressure, which will have built up in the device
during the injection, to decrease by expelling the full dose out though the needle.

[0007] During the injection process, the limited flow through the needle will generally
cause a build-up of pressure as the piston of the cartridge is advanced. This pressure will
typically result in in the compression of the piston and potentially internal parts of the
device. After the device has reached the mechanical end or zero position, the cartridge
piston will begin to expand as the pressure is reduced by the continued expulsion of
medicament through the needle. The device will continue to expel medicament until the
cartridge piston and any device parts have fully expanded to their relaxed shape. As a

result, it is possible to inject an undersized dose if the needle it removed too quickly after
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the device has reached the zero position, i.e., if the needle is removed after the device has
reached the zero condition but while the piston and other parts are still expanding.
[0008] The known art includes U.S. Pat. No. 5,391,157 which discloses an end of dose
indicator that is operatively associated with the dose knob of an injection syringe.
[0009] U.S. Pat. No. 4,624,659 discloses a syringe with pressure sensing means.
[0010] WO 2006/079481 A1 describes an injection device with an end of dose feedback
mechanism. An injection device with a dose delivering mechanism adapted to provide a
non-visual, e.g., audible and/or tactile, feedback signal when a set dose has been at least
substantially injected is described.
[0011] The known art also includes WO 2013/124139 A1l which discloses an end of
dose indicator. WO 99/38554 and WO 2013/077800 A1 also describe injection devices.
[0012] While known devices include many features that facilitate the setting and
delivering of desired dosages, further improvements in injection devices which facilitate
the delivery of a desired dosage remain desirable.

SUMMARY
[0013] The present invention provides an injection device that generates feedback to the
user, e.g., an audible and/or tactile signal, that indicates when the dose has been fully
injected and the injection can be terminated by removing the needle from the patient/user.
[0014] The invention comprises, in one embodiment thereof, an injection device for
injecting a medicament from a cartridge. The device includes a housing defining a
central axis. The cartridge is positionable within the housing. A drive system is coupled
with the housing and defines an initial position and an end of stroke position relative to
the housing. The drive system is operably couplable with the cartridge wherein axial
movement of the drive system from the initial position to the end of stroke position
forcibly engages the drive system with the cartridge to expel the medicament from the
cartridge. A spring mechanism is operably coupled with the drive system and includes an
axially acting spring member and a radially acting spring member. When the drive
system is in the end of stroke position relative to the housing, the axially acting spring
member repositions the radially acting spring member relative to a triggering structure
from a first position to a second position as the fluid pressure of the medicament is
reduced and the injection is completed. When the radially acting spring member moves

into the second position with the drive system in the end of stroke position, the triggering
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structure actuates the radially acting spring member to thereby generate a tactile and/or
audible signal.

[0015] In some embodiments, the triggering structure is an opening defined by the
device and the radially acting spring member snaps through the opening to generate the
tactile and/or audible signal when the radially acting spring member moves into the
second position. The movement of the radially acting spring member from the first
position to the second position may advantageously include a rotational movement about
the central axis. This rotational movement may be generated by the axially acting spring
member exerting a force on a drive system member that is engaged with another device
member with a helical thread. It is also noted the housing may take the form of a single
housing member, or, more conveniently, an assemblage of a plurality of housing
members. Moreover, some of these housing members may also perform additional
functions. For example, some housing members may define helical threads or grooves
that are employed when setting a dose or function as part of the drive system when
injecting the dose.

[0016] In some embodiments, the two spring members may be fixed to the spring
mechanism with the spring mechanism being a single integral part. In such an
embodiment, the spring mechanism may be advantageously formed out of sheet metal.
[0017] When forming the spring mechanism out of sheet metal, the spring mechanism
may include a generally cylindrical portion with each of the spring members being
formed by a substantially V-shaped portion of the sheet metal. In some embodiments, the
radially acting spring member defines an impact feature on its free end wherein the
impact feature generates the tactile and/or audible signal when the radially acting spring
member moves into the second position by impacting a surface defined by the device.
[0018] The invention comprises, in one embodiment thereof, an injection device for
injecting a medicament from a cartridge. The device includes a housing defining a
central axis. The cartridge is positionable within the housing. A drive system is coupled
with the housing and defines an initial position and an end of stroke position relative to
the housing. The drive system is operably couplable with the cartridge wherein axial
movement of the drive system from the initial position to the end of stroke position
forcibly engages the drive system with the cartridge to expel the medicament from the

cartridge. A spring mechanism includes a first spring member operably coupled with the
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drive system and a second spring member. When the drive system is in the end of stroke
position relative to the housing, the first spring member repositions the second spring
member relative to a triggering structure from a first position to a second position as the
fluid pressure of the medicament is reduced and the injection is completed. When the
second spring member moves into the second position with the drive system in the end of
stroke position, the triggering structure actuates the second spring member to thereby
generate a tactile and/or audible signal.

[0019] The invention comprises, in another embodiment thereof, an injection device for
setting and injecting doses of a medicament from a cartridge. The device includes a
housing that interfaces with a user, a dose setting member for setting the dose to be
injected, and an actuator or release button for injecting the set dose. The device also
includes a drive stem or screw that cooperates with a plunger in the cartridge for
expelling the medicament through a needle during the injection. A first spring member is
tensed during the injection process. A second spring member is tensed when setting the
dose. The first spring member causes the second spring member and a triggering
structure to move relative to each other when the pressure of the medicament in the
cartridge falls below a predetermined threshold. The relative movement between the
second spring member and the triggering structure produces at least one of either an
audible or tactile signal.

[0020] By utilizing a first spring member responsive to the medicament pressure in the
cartridge and a second spring member to produce the feedback signal, the pressure
sensing ability and the quality of the feedback of the device can be optimized separately.
[0021] In another embodiment, the first and the second spring members are fixed
together to form a single integral part. This simplifies the handling and assembly of the
part into the device. In such an embodiment, the first and the second spring members
may be formed out of sheet metal. This allows the part to have a very little material
thickness and thereby more easily fit into the device.

[0022] In yet another embodiment, the second spring member is aligned with an
opening in the device member by rotational movement of the second spring member and
the tension of the second spring member causes it to forcibly move into the opening and

thereby produce the audible and/or tactile signal. By using rotational movement to align
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the parts, more relative movement between the parts, compared to purely axial
movement, is provided.

[0023] The use of a radial acting spring for the second spring member can be
advantageous because such a configuration makes it relatively easy to tense/load the
spring during the dose setting process.

[0024] As mentioned above, sheet metal may be used to form both an axial acting
spring and a radial acting spring. The axial acting spring can be positioned so that it is
compressed between an item, e.g., an actuator or release button, which transmits the force
applied by the user, and a driver. The driver may take the form of a drive member that
both rotates and moves axial during injection and which transmits the force applied by the
user to the piston in the cartridge through a chain of intermediate parts which together
form a drive system. The sheet metal item can be rotationally fixed to the driver. The
radial acting spring arm of the sheet metal item is capable of snapping into or through a
hole in a non-axial moving part when the driver is in the zero position. When the
injection is ongoing the axial acting spring is compressed a small distance between the
item compressed by the user and the driver. At the zero position the item compressed by
the user will stop, and when the internal pressure in the cartridge is low enough the axial
acting spring will move the driver the remaining distance, which in turn will rotate the
driver the remaining angle, and allow the radial acting spring to snap into the hole in the
non-axial moving part and make a clicking sound and/or generate a tactile feedback
signal.

[0025] The disclosed device provides reliable operation and the illustrated spring
mechanism is one that is easily optimized to respond at the desired medicament pressure
level and generate the desired audible and/or tactile feedback signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The above mentioned and other features of this invention, and the manner of
attaining them, will become more apparent and the invention itself will be better
understood by reference to the following description of an embodiment of the invention
taken in conjunction with the accompanying drawings, wherein:

[0027] FIG. 1 is a partial exploded view of an embodiment of the injection device.
[0028] FIG. 2 is a partial cross sectional view of the injection device wherein a dosage

has been set but not yet injected.
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[0029] FIG. 3 is a partial cross sectional view of the injection device wherein the
actuator has been partially depressed.

[0030] FIG. 4 is a partial cross sectional view of the injection device wherein the
actuator has reached the end of stroke position.

[0031] FIG. 5 is a partial cross sectional view of the injection device after the injection
has been fully completed.

[0032] FIG. 6is a partial and schematic representation of the device and a cartridge
holding a medicament.

[0033] Corresponding reference characters indicate corresponding parts throughout the
several views. Although the exemplification set out herein illustrates an embodiment of
the invention, in one form, the embodiment disclosed below is not intended to be
exhaustive or to be construed as limiting the scope of the invention to the precise form
disclosed.

DETAILED DESCRIPTION

[0034] An exemplary first embodiment of an injection device is shown in a partial
exploded view in FIG. 1. The injection device defines central axis 30 and includes a
spring mechanism 1. In the illustrated embodiment, spring mechanism 1 is formed out of
sheet metal and includes two spring arms. The spring arms take the form of an axial
acting spring arm 5 and a radial acting spring arm 11. Spring mechanism 1 is axially and
rotationally fixed within a connector 2 in such a way that the tube shaped body 6 of
spring mechanism 1 is concentrically arranged within connector 2. Connector 2 has an
opening 9 through which the radial acting arm 11 of the spring item 1 can operate. An
actuator 3 is rotationally fixed to connector 2 via radially extending ribs 14 on actuator 3
and grooves 15 in the connector 2. Actuator 3 is capable of moving axially relative to the
connector 2 a small distance between an upper and a lower extreme position. The lower
surface of the actuator 3 is in contact with the spring arm 5. When the actuator moves
axially toward spring mechanism 1 it will tense or load the spring arm 5. Spring arm 5
biases actuator 3 toward its upper extreme position when no axial load is applied to
actuator 3. Connector 2 engages a mechanism housing 4 via helical thread segments 12
on connector 2 and corresponding helical thread cuts 13 in mechanism housing 4. The
mechanism housing 4 also includes a triggering structure in the form of an opening 10

through which the radial acting spring arm 11 can operate when the opening 9 in the
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connector 2 and the opening 10 in the mechanism housing 4 are aligned. Connector 2
cooperates with a screw or threaded stem 28 to push piston 42 and thereby expel a
medicament 44 of a cartridge 40 through a needle 36. For example, connector 2 may be
threadedly engaged with threaded stem 28 such that when connector 2 is axially advanced
by the application of a force to actuator 3, threaded stem 28 will be axially advanced
together with connector 2.

[0035] It is noted that actuator 3, spring member 5, connector 2 and stem 28 together
with any other device members in the chain of parts, which transmit a force applied by
the user to piston 42 in the cartridge together form the drive system of the device.

[0036] With reference to FIG. 2, a dose is set on the illustrated injection device by
rotating a dose selector 22, which is rotationally secured to actuator 3 and thereby to
connector 2 during dose setting. After setting the dose, the device is ready to inject. The
dose setting mechanism may take the form of a mechanism as disclosed in U.S. Pat. No.
8,864,721 B2 entitled GEARING MECHANISM FOR A DOSE DELIVERY DEVICE
by Mgller, the entire disclosure of which is hereby incorporated herein by reference.
[0037] In FIG. 2, connector 2 has been rotated and moved up relative to the mechanism
housing 4, i.e., actuator 3 has been moved axially away from mechanism housing 4.
Spring mechanism 1 has been moved axially and is no longer disposed within mechanism
housing 4. Actuator 3 is in its upper extreme position and the spring arm 5 is at a
pretensioned condition and is not under an external load. Radial spring arm 11 is
protruding radially outward through opening 9 in connector 2. The free end of radial
spring arm 11 defines a head 8, which is in contact with the inner surface of dial 20 in
FIG. 2. Spring mechanism 1, which includes spring arm 11, moves axially and
rotationally with connector 2.

[0038] FIG. 3 illustrates the condition where a user has pushed actuator 3 axially
downward to housing mechanism 4 and into the lower extreme position of actuator 3. In
the movement from FIG. 2 to FIG. 3, spring arm 5 has been compressed by the
application of a force on actuator 3. Any further depression of actuator 3 will axially
move connector 2 and cause connector 2 and actuator 3 to rotate within mechanism
housing 4 as they move axially.

[0039] FIG. 4 illustrates the condition where actuator 3 has been further pushed to an

“end of stroke” position defined by dial 20. This position defines the limit of axial
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movement for actuator 3. In FIG. 4, actuator 3 has just reached this position and, as a
result, most, but not the full dose, of the medicament has been injected and spring arm 5
is still compressed. Connector 2 and spring mechanism 1, which are fixed together, have
not yet moved to the position which defines the “end of injection.” The internal parts of
the injecting mechanism of the device forming the drive system are under a compressive
force, which exceeds the spring force of the axial acting spring arm 5. Most notably, the
medicament is experiencing a relatively high pressure and generates a reactive force,
which is sufficient to compress spring arm 5. The user will maintain pressure on actuator
3 in this condition until the injection is completed. Alternatively, a mechanical or
electromechanical mechanism could be used to maintain actuator 3 in the position shown
in FIGS. 4 and 5 until the injection is completed.

[0040] As canalso be seen in FIG. 4, connector 2 has been axially advanced within
mechanism housing 4 such that opening 9 and radial acting spring arm 11 mounted
therein are disposed within mechanism housing 4. The V-shape and orientation of spring
arm 11 facilitate its introduction into mechanism housing 4. As radial acting spring arm
11 is introduced into the interior of mechanism housing 4, spring arm 11 is biased radially
inward toward axis 30. As a result, spring arm 11 now bears against the interior surface
of mechanism housing 4.

[0041] FIG. 5 illustrates the condition wherein the full dose has been injected. In the
time period that has elapsed between FIG. 4 and FIG. 5, the remaining dosage of the
medicament has been expelled through the needle. As the remaining dosage is expelled
from the cartridge, the pressure of the medicament decreases and the compressive axial
force acting on spring arm 5 correspondingly decreases. When the pressure and
corresponding axial force is reduced below threshold value, spring arm 5 expands.
Because actuator 3 is being maintained in the position shown in FIGS. 4 and 5, as spring
arm 5 expands it axially moves connector 2 the remaining axial distance to the “end of
injection” position. Because connector 2 and mechanism housing 4 are engaged via
helical threads, this final movement of connector 2 is helical relative to mechanism
housing 4, having both an axial and a rotational component. Spring mechanism 1 is
secured to connector 2 with spring arm 11 mounted in opening 9 and, thus, spring
mechanism 1 and spring arm 11 are moved helically in this final movement together with

connector 2.
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[0042] This final rotational movement of connector 2 about axis 30 aligns opening 9 in
connector 2 with opening 10 in mechanism housing 4 and thereby allows radial acting
spring arm 11 to snap radially outwardly through opening 10 and cause impact head 8 to
forcibly impact the inner surface of dial 20. The contact between head 8 and dial 20
generates a sound and/or a tactile signal informing the user that the full amount of the
dose has been injected and that the needle can be retracted.

[0043] While the illustrated embodiment employs a single spring mechanism 1 that
includes both an axial acting spring member 5, which is responsive to the pressure in
cartridge 40, and a radial acting spring member 11 for generating a tactile and/or audible
signal, alternative embodiments may employ different arrangements. For example, the
two spring members can be separate parts, which are not directly connected but are
instead operably coupled through intermediate parts of the device.

[0044] Various other modifications may also be employed wherein, when the drive
system is in its end of stroke position, a first member responsive to the pressure of the
medicament in cartridge 40 moves a second member from a first position to a second
position as the injection is completed and the pressure of the medicament decreases. The
disclosed first member, namely spring arm 5, is disposed in the drive system and, from a
design and assembly perspective, it will generally be most convenient for this first
member responsive to the medicament pressure to be disposed in the drive system.
Moreover, while the illustrated embodiment is a spring member, alternative embodiments
may take a different approach, for example, employing a resiliently compressible foam
member or other mechanism responsive to a change in the force exerted on the cartridge
plunger.

[0045] Alternative embodiments of the second member, which is part of a signal
mechanism and generates an audible or tactile signal when it moves into its second
position, may also be employed. For example, instead of moving a spring member as the
pressure in the cartridge changes, the spring member could be stationary and the
triggering structure that interacts with the spring could be moved in response to the
change in medicament pressure. For example, a part having a triggering structure in the
form of an opening into which the spring snaps to generate the tactile and/or audible
signal could be moved relative to a spring member in response to a change in the

medicament pressure. Other suitable forms of triggering structures, e.g., ratchet teeth

9.



WO 2016/114985 PCT/US2016/012590

across which the spring member is moved, could also be employed to generate the end of
dose signal.

[0046] Returning now to a discussion of the illustrated embodiment, when setting a new
dose, connector 2 will be rotated and axially displaced in mechanism housing 4 to return
it to its original position depicted in FIG. 2. When rotating connector 2 to set the new
dose, a slanted surface on head 8 will engage and slide across a slanted surface on the
edge of opening10 to thereby bias spring arm 11 radially inwardly until it is contained
within the interior of mechanism housing 4. It is noted that head 8 may be
advantageously formed by bending small tabs of sheet metal that are integral with spring
arm 11. Alternatively, a separate material, such as a polymeric material, could be used to
form head 8.

[0047] Further rotation of connector 2 in the dose setting process will cause the radial
acting spring arm 11 to move radially outward once again as it moves axially past the
upper edge of the mechanism housing 4. Spring arm 11 may advantageously be flexible
in a transverse direction so that if head 8 catches on a side edge of opening 10 when
rotating connector 2 relative to mechanism housing 4, spring arm 11 may bend sideways
until spring arm 11 is biased radially inward into the interior of mechanism housing 4 and
is free of the opening 10 whereafter it will return to its intended orientation. In this
regard, it is noted that when head 8 is advancing in the opposite direction during the final
phase of the injection process, it will be advantageous for head 8 to cross an abrupt edge
when it encounters opening 10 so that it will snap outwardly quickly and generate an
audible sound and/or tactile signal. If head 8 moved radially outwardly along a gently
sloped surface, it would be less likely to generate an audible sound or tactile signal when
it contacted dial 20. A sloped surface could be used, however, if dial 20 included an
opening to allow head 8 to protrude outwardly to the exterior of the device and thereby
provide for a tactile signal. Still other alternative configurations could be employed to
provide for an audible or tactile signal.

[0048] FIG. 6is a schematic representation of the end of the injection device opposite
actuator 3. As schematically depicted in FIG. 6, a medicament cartridge 40 is held within
a cartridge housing 32. Threaded stem 28 is coupled with a piston 42 disposed in
cartridge 40. Cartridge housing 32 includes a threaded end 34 for engagement with a

double-ended needle assembly 36. As can be seen in FIGS. 4 and 5, cooperating helical
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threads and grooves engage dial 20 with cartridge housing 32. In the illustrated
embodiment, connector 2 is concentrically disposed in mechanism housing 4, which, in
turn, is concentrically disposed in dial 20 which is concentrically disposed within
cartridge housing 32. Although dial 20 performs a dose setting function, it also functions
as a housing member along with cartridge housing 32 and mechanism housing 4.

[0049] While this invention has been described as having an exemplary design, the
present invention may be further modified within the spirit and scope of this disclosure.
This application is therefore intended to cover any variations, uses, or adaptations of the

invention using its general principles.
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WHAT IS CLAIMED IS:

1. An injection device for injecting a medicament from a cartridge,
the injection device comprising:

a housing defining a central axis, the cartridge being positionable within the
housing;

a drive system coupled with the housing and defining an initial position and an
end of stroke position relative to the housing, the drive system being operably couplable
with the cartridge wherein axial movement of the drive system from the initial position to
the end of stroke position forcibly engages the drive system with the cartridge to expel the
medicament from the cartridge; and

a spring mechanism operably coupled with the drive system, the spring
mechanism including an axially acting spring member and a radially acting spring
member, wherein, when the drive system is in the end of stroke position relative to the
housing, the axially acting spring member repositions the radially acting spring member
relative to a triggering structure from a first position to a second position as a fluid
pressure of the medicament is reduced and the injection is completed, and, when the
radially acting spring member moves into the second position with the drive system in the
end of stroke position, the triggering structure actuates the radially acting spring member
to thereby generate a tactile and/or audible signal.

2. The injection device of claim 1 wherein the triggering structure is
an opening defined by the device and the radially acting spring member snaps through the
opening to generate the tactile and/or audible signal when the radially acting spring
member moves into the second position.

3. The injection device of claims 1 or 2 wherein movement of the
radially acting spring member from the first position to the second position comprises a
rotational movement about the central axis.

4. The injection device of claims 1 through 3 wherein the axially
acting spring member and the radially acting spring member are fixed to the spring
mechanism and the spring mechanism is a single integral part.

5. The injection device of claim 4 wherein the spring mechanism is

formed out of sheet metal.
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6. The injection device of claim 5 wherein the spring mechanism
includes a generally cylindrical portion and each of the spring members are formed by a
substantially V-shaped portion of the sheet metal.

7. The injection device of claims 1 through 6 wherein the radially
acting spring member defines an impact feature on its free end, the impact feature
generating the tactile and/or audible signal when the radially acting spring member moves
into the second position by impacting a surface defined by the device.

8. An injection device for injecting a medicament from a cartridge,
the injection device comprising:

a housing defining a central axis, the cartridge being positionable within the
housing;

a drive system coupled with the housing and defining an initial position and an
end of stroke position relative to the housing, the drive system being operably couplable
with the cartridge wherein axial movement of the drive system from the initial position to
the end of stroke position forcibly engages the drive system with the cartridge to expel the
medicament from the cartridge; and

a spring mechanism including a first spring member operably coupled with the
drive system and a second spring member, wherein, when the drive system is in the end
of stroke position relative to the housing, the first spring member repositions the second
spring member relative to a triggering structure from a first position to a second position
as a fluid pressure of the medicament is reduced and the injection is completed, and,
when the second spring member moves into the second position with the drive system in
the end of stroke position, the triggering structure actuates the second spring member to
thereby generate a tactile and/or audible signal.

9. The injection device of claim 8 wherein the triggering structure is
an opening defined by the device and the second spring member snaps through the
opening to generate the tactile and/or audible signal when the second spring member
moves into the second position.

10. The injection device of claims 8 or 9 wherein movement of the
second spring member from the first position to the second position comprises a

rotational movement about the central axis.
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11. The injection device of claims 8 through 10 wherein the first spring
member and the second spring member are fixed to the spring mechanism and the spring
mechanism is a single integral part.

12. The injection device of claim 11 wherein the spring mechanism is
formed out of sheet metal.

13. The injection device of claim 12 wherein the spring mechanism
includes a generally cylindrical portion and each of the spring members are formed by a
substantially V-shaped portion of the sheet metal.

14. The injection device of claims 8 through 13 wherein the second
spring member defines an impact feature on its free end, the impact feature generating the
tactile and/or audible signal when the second spring member moves into the second

position by impacting a surface defined by the device.
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