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(57) ABSTRACT

[An auto-injector for administering a dose of a liquid
medicament (M) comprises ol a substantially cylindrical
housing arranged to contain a pre-filled syringe with an
injection needle, a plunger and a stopper for sealing a
syringe barrel and a drive means releasably coupled to the
plunger for advancing the syringe in the proximal direction
(P) for needle insertion nto an injection site and for dis-
placing the dose of medicament (M) 1nto the injection site.
The drive means i1s arranged to be decoupled from the
plunger for advancing a needle shroud to a sate position (PS)
to surround the 1njection needle after the injection. Accord-
ing to the invention, the drive means bears against a thrust
collar arranged to be releasably coupled to the plunger

(Continued)
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through a ramped engagement of a first tongue and a first
recess so as to rotate the thrust collar on translation in
proximal direction (P). At least one longitudinal gap (G1,
(G2) 1s provided for guiding at a first and/or second protru-
sion of the thrust collar to prevent a rotation of the thrust
collar. A circumierential gap (G3) 1s arranged to allow the
thrust collar to rotate out of engagement to the plunger on
removal of the auto-injector from the injection site.] A
auto-injector includes a housing, a thrust member compris-
ing a radial projection comnfigured to engage a ramped
surface within the housing when the thrust member is in a
first rotational position and to disengage from the ramped
surface when the thrust member is moved to a second
rotational position, a drive spring disposed within the hous-
ing, and a needle shroud configured to (i) inhibit rotation of
the thrust member when the needle shroud is in an extended
positon and the thrust member is in the first rotational
position, (i) allow the thrust member to rotate from the first
rotational position to the second votational position when
the needle shroud is in a retracted positon, and (iii) permit
the thrust member, after the thrust member has been votated
to the second rotational position, to be moved axially by the
drive spring.

25 Claims, 4 Drawing Sheets
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1
AUTO-INJECTOR

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application 1s a continuation of U.S. reissue
application Ser. No. 15/905,435, filed Feb. 26, 2018, and is

also a reissue application of U.S. Pat. No. 9,272,098. U.S.
reissue application Sev. No. 15/905,435 is a broadening
reissue of U.S. application Ser. No. 13/993,534, filed Jun. 12,
2013, now U.S. Pat. No. 9272, 098, which is a U.S. National
Phase Application pursuant to 35 U.S.C. § 371 of Interna-
tional Application No. PCT/EP2011/073505 filed Dec. 21,
2011, which claims priority to European Patent Application
No. 10196070.6 filed Dec. 21, 2010 and U.S. Provisional
Patent Application No. 61/432,250 filed Jan. 13, 2011. The
entire disclosure contents of these applications are herewith
incorporated by reference into the present application.

TECHNICAL FIELD

The invention relates to an auto-injector for administering,
a dose of a liquid medicament.

BACKGROUND

Admimistering an 1njection 1s a process which presents a
number of risks and challenges for users and healthcare
proiessionals, both mental and physical.

Injection devices (1.e. devices capable of delivering medi-
caments from a medication container) typically fall imnto two
categories—manual devices and auto-injectors.

In a manual device—the user must provide the mechani-
cal energy to drive the fluid through the needle. This 1s
typically done by some form of button/plunger that has to be
continuously pressed by the user during the mjection. There
are numerous disadvantages to the user from this approach.
I1 the user stops pressing the button/plunger then the injec-
tion will also stop. This means that the user can deliver an
underdose 11 the device 1s not used properly (i.e. the plunger
1s not fully pressed to 1ts end position). Injection forces may
be too high for the user, in particular if the patient 1s elderly
or has dexterity problems.

The extension of the button/plunger may be too great.
Thus 1t can be inconvenient for the user to reach a fully
extended button. The combination of injection force and
button extension can cause trembling/shaking of the hand
which 1n turn increases discomiort as the inserted needle
moves.

Auto-injector devices aim to make self-administration of
injected therapies easier for patients. Current therapies
delivered by means of self-administered 1njections include
drugs for diabetes (both insulin and newer GLP-1 class
drugs), migraine, hormone therapies, anticoagulants etc.

Auto-imnjectors are devices which completely or partially
replace activities mvolved 1n parenteral drug delivery from
standard syringes. These activities may include removal of
a protective syringe cap, msertion of a needle mto a patient’s
skin, 1njection of the medicament, removal of the needle,
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2

shielding of the needle and preventing reuse of the device.
This overcomes many of the disadvantages of manual

devices. Injection forces/button extension, hand-shaking and
the likelihood of delivering an mncomplete dose are reduced.
Trniggering may be performed by numerous means, for
example a trigger button or the action of the needle reaching
its 1njection depth. In some devices the energy to deliver the
fluid 1s provided by a spring.

US 2002/0095120 Al discloses an automatic injection
device which automatically 1njects a pre-measured quantity
of fluid medicine when a tension spring 1s released. The
tension spring moves an ampoule and the imjection needle
from a storage position to a deployed position when 1t 1s
released. The content of the ampoule 1s thereafter expelled
by the tension spring forcing a piston forward inside the
ampoule. After the fluid medicine has been 1njected, torsion
stored 1n the tension spring 1s released and the injection
needle 1s automatically retracted back to 1ts original storage
position.

SUMMARY

It 1s an object of the present imvention to provide an
improved auto-injector.

The object 1s achieved by an auto-injector according to
claim 1.

Preferred embodiments of the invention are given 1n the
dependent claims.

In the context of this specification, the terms distal and
proximal are defined from the point of view of a person
receiving an injection. Consequently, a proximal direction
refers to a direction pointing towards the body of a patient
receiving the mjection and a proximal end defines an end of
an element that 1s directed towards the body of the patient.
Respectively, the distal end of an element or the distal
direction 1s directed away from the body of the patient
receiving the injection and opposite to the proximal end or
proximal direction.

An auto-injector for administering a dose of a liquid
medicament comprises

a substantially cylindrical housing arranged to contain a

pre-filled syringe with an injection needle, a plunger
and a stopper for sealing a syringe barrel and

a drive means releasably coupled to the plunger for

advancing the syringe in the proximal direction for
needle msertion 1nto an 1njection site and for displacing
the dose of medicament ito the injection site. The
drive means 1s arranged to be decoupled from the
plunger for advancing a needle shroud to a safe position
to surround the injection needle after the injection.

According to the invention the drive means bears against
a thrust collar arranged to be releasably coupled to the
plunger through a ramped engagement so as to rotate the
thrust collar on ftranslation 1n the proximal direction,
wherein guiding means are provided for guiding the thrust
collar during at least a part of its axial translation when
inserting the needle and displacing the medicament to pre-
vent a rotation of the thrust collar, wherein the thrust collar
1s arranged to rotate out of engagement to the plunger on
removal of the auto-injector from the injection site.

The ramped engagement between the thrust collar and the
plunger may comprise a first tongue and a {first recess
engageable 1n a manner to rotate the thrust collar on trans-
lation 1n the proximal direction. At least one longitudinal gap
may be provided as the guiding means for guiding a first or
second protrusion of the thrust collar to prevent a rotation of
the thrust collar. A circumierential gap may be arranged to
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allow the thrust collar to rotate out of engagement to the
plunger on removal of the auto-injector from the 1njection
site.

A crucial step i delivering medicaments with auto-
injectors 1s the decoupling of the plunger from the drive
means at the appropriate point in time. If the plunger 1s
decoupled early, the dose of the medicament might not be
completely expelled. Consequently, the medicament 1s par-
tially wasted during the injection. However, such an early
release might be necessary to ensure that the plunger 1s
decoupled at the end of an injection stroke, so that in
particular functions that ensure needle safety are reliably
carried out. The mjection mechanism of the auto-injector 1s
designed 1n a manner that allows for a complete emptying of
the syringe barrel containing the dose of the medicament
before the plunger i1s decoupled from the drive means
without compromising needle safety. According to the
invention, the plunger 1s releasably coupled to a thrust collar.
The coupling between the thrust collar and plunger is
released upon rotation. The rotation between the thrust collar
relative to the plunger may be caused by the first tongue
engaging the first recess. No radial space 1s taken up for the
release mechanism of the plunger and the thrust collar, so
that the auto-injector may be designed 1 a particularly
compact manner. Furthermore, the auto-injector comprises
only a few parts and may thus be cost-efliciently produced.

At least one longitudinal gap may be provided that
accommodates a first or second protrusion formed to the
thrust collar. The first or second protrusion travels along the
at least one gap when the thrust collar coupled to the plunger
1s driven proximally by the drive means, whereby a rotation
of the thrust collar 1s prevented until the stopper, which 1s
pushed proximally by the plunger to expel the dose of the
medicament, reaches the proximal end of the syringe barrel
and the first and/or second protrusion reaches the circum-
ferential gap. The circumierential gap allows the thrust
collar to rotate, whereby the thrust collar 1s decoupled from
the plunger when the dose of medication has been com-
pletely injected and the auto-injector 1s removed from the
injection site.

According to one possible embodiment of the mnvention,
the thrust collar 1s releasably mounted to a coupling shroud
rotationally fixed to the housing and firmly attached to the
plunger. The coupling between the plunger and the thrust
collar 1s released by disconnecting the thrust collar from the
coupling shroud by rotating the thrust collar relative to
coupling shroud.

According to another possible embodiment of the mnven-
tion, the needle shroud 1s biased in the proximal direction
towards an initial advanced position and slidable from the
advanced position 1n a distal direction to a retracted position.
In particular, the needle shroud may be slid to the retracted
position by placing the auto-injector onto the skin of the
patient receiving the injection and pressing the needle
shroud against the skin of the patient. The needle shroud 1n
the retracted position activates the delivery mechanism of
the auto-injector delivering the medicament to the patient by
releasing the drive means. The needle shroud 1s slidable
from the retracted position in the proximal direction beyond
the advanced position to the safe position, wheremn the
needle shroud surrounds the 1njection needle of the pre-filled
syringe and protrudes beyond the needle tip 1n the proximal
direction suilicient to prevent accidental needle stick injuries
alter the 1njection has been carried out.

Preferably, the needle shroud 1s arranged to prevent
rotation of the thrust collar and thus release of the connec-
tion between the coupling shroud and the thrust collar until
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the dose of the medicament has been completely expelled
and the auto-injector 1s withdrawn from the injection site.
The auto-injector provides a reliable mechamism that covers
the 1njection needle to avoid accidental needle stick mjuries
alter the injection without wasting any medicament nitially
contained 1n the pre-filled syringe.

In one possible embodiment of the invention, the needle
shroud 1ncorporates a u-shaped indentation for recerving the
second protrusion of the thrust collar in the retracted posi-
tion.

The second protrusion 1s retammed in the u-shaped
indentation to rotationally athix the thrust collar after full
delivery of the medicament and until the needle shroud
leaves the retracted position, which may in particular be
achieved by removing the auto-injector from the injection
site after the dose of the medicament has been imjected.
Thus, the needle shroud with the u-shaped indentation
prevents the release of the connection between the thrust
collar and the coupling shroud until the stopper has bot-
tomed out and the 1njection 1s completed. The needle shroud
1s arranged to open the circumierential gap on translation
into the advanced position for allowing the thrust collar to
rotate out of engagement to the plunger. The auto-injector 1s
suitable to be used for administering relative expensive
medicaments as 1t 1s designed to completely empty the
syringe barrel containing the dose of the medicament.

According to another possible embodiment of the inven-
tion, the needle shroud 1s releasably mounted to the housing
by a clip preventing travel in the proximal direction beyond
the advanced position. The thrust collar 1s disconnected from
the coupling shroud at the end of the injection stroke
delivering the medication. Upon the release, the thrust collar
1s driven proximally by the drive means to engage and
deflect the clip to release the needle shroud. The needle
shroud 1s then allowed to be moved 1n the proximal direction
to the safe position, wherein the mjection needle 1s covered
to prevent accidental needle stick injuries.

According to another embodiment of the invention, a
syringe retainer 1s arranged for mounting the syringe within
the housing, wherein a retaiming element 1s attached to the
syringe retainer. The retaining element releasably couples
the plunger to the syringe retainer. A force exerted upon the
plunger by the drive means 1s thus directed via the retaining
clement to the syringe retainer, so that the syringe retainer
carrying the pre-filled syringe may be moved 1n the proximal
direction to insert the injection needle mto the skin of the
patient, whereby a displacement of the plunger relative to
the syringe barrel containing the dose of the medicament 1s
avoilded. This prevents a premature expelling of the medi-
cament before the 1injection needle penetrates the skin of the
patient. Thus, unpleasant wet 1njections are avoided.

The retaiming element may comprise at least one first
catch that latches to a notch formed into the plunger to
releasably couple the plunger to the syringe retainer. The
first catch 1s released by a radial detlection and thus operates
independently of the angular orientation of the coupling
shroud and the thrust collar.

Preferably, the first catch 1s arranged to abut against an
inner sleeve of the housing to prevent the decoupling of the
plunger and the syringe retainer. An aperture 1s formed 1nto
the mner sleeve that allows for a radial outward deflection of
the first catch to decouple the syringe retainer from the
plunger. The aperture 1s located in a position that ensures
that the decoupling takes place when the syringe retainer 1s
in a proximal position and the injection needle protrudes
from the proximal end of the auto-injection by a length that
corresponds to a desired injection depth. The aperture is
formed into the inner sleeve and i1s shielded by an outer
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casing of the housing. This prevents a user trving to re-use
the auto-injector after an injection has been completed, by
tampering with the first catch retained 1n the aperture. The
auto-njector 1s designed as a single use device to minimize
the risk of infections that are transmitted by needle stick
ijuries with used injection needles.

According to another possible embodiment of the mnven-
tion, the coupling shroud comprises a flat first lateral wall
that abuts against a corresponding tlat second lateral wall of
the iner sleeve to prevent a rotation of the coupling shroud
relative to the housing. The interaction of the first and
second lateral walls comprises a simple and eflective means
to ensure that the coupling shroud 1s rotationally aflixed to
the housing. This 1 turn ensures that the thrust collar may
be reliably disconnected by a rotation about a relative small
angle with respect to the coupling shroud.

According to yet another possible embodiment of the
invention, a biasing means biases the needle shroud 1n the
proximal direction. The biasing means and the drive means
are fitted into each other to optimally use available space
within the housing. This allows for a particular compact
design of the auto-injector.

The biasing means 1s arranged as a compression spring

having a diameter that differs from the diameter of the drive
means 11 a manner that allows the drive means and the
biasing means to expand independently from each other
without interfering. The two nested compression springs
provide a simple arrangement to etliciently use the space
available within the housing of the auto-injectors and are
inexpensive to produce.

According to yet another possible embodiment of the
invention, the drive means 1s arranged as a single compres-
sion spring. The mechanism of the auto-injector 1s arranged
in a manner that a plurality of functions 1s executed by the
single drive means. The injection needle 1s inserted into the
skin of the patient, the plunger 1s translated to expel the
medicament and the needle shroud 1s moved proximally to
provide needle safety after the injection 1s completed by the
action of the spring means. Conventional auto-injectors
usually comprise a plurality of spring means to accomplish
these tasks. The auto-injector according to the invention
comprises only few parts and is particularly inexpensive to
mass-produce. Consequently, the auto-injector 1s particu-
larly suited as a single-use device that may be disposed after
an 1njection has been carried out.

In another possible embodiment of the invention, a rotat-
ing collar 1s arranged within the housing and axially fixed to
the housing of the auto-injector. The rotating collar engages
the needle shroud in a manner that forces the rotating collar
to rotate within the housing when the needle shroud 1s
axially displaced from the advanced position into the safe
position. The rotating collar creates iriction to slow down
the proximal movement of the needle shroud that rests on the
skin of the patient during the injection. The rotating collar
acts as a dampening element that alleviates the pressure
exerted upon the skin of the patient by the needle shroud.
Thus, the risk of injuries 1s reduced and, 1n particular, bruises
may be avoided. Furthermore, the modulus of resilience of
the single drive means driving the needle shroud may be
chosen to be sufliciently large without having to worry about
potential mnjury risks. Thus, the modulus of resilience of the
drive means 1s adapted to reliably provide an energy supply
for executing a plurality of actions comprising, among
others, the advancing and releasing of the needle shroud, the
displacement of the stopper to expel the medicament and the
decoupling of the plunger and the coupling shroud.
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Preferably, the rotating collar comprises a pin that
engages a track formed into the needle shroud. The track
comprises a straight first section for guiding the pin between
the retracted position and the advanced position and a
second section oriented at an angle with respect to the first
section for guiding the pin between the advanced position
and the safe position. The pin travels along the track when
the needle shroud 1s axially displaced. When the pin travels
along the angled second section of the track, the rotating
collar 1s forced to rotate around the needle shroud. This
dampens the proximal movement of the needle shroud and
thus reduces the pressure exerted upon the skin of the patient
by generating friction.

The auto-injector may preferably be used for subcutane-
ous or intra-muscular injection, particularly for delivering
one of an analgetic, an anticoagulant, insulin, an insulin
derivate, heparin, Lovenox, a vaccine, a growth hormone, a
peptide hormone, a protein, antibodies and complex carbo-
hydrates.

Further scope of applicability of the present invention will
become apparent from the detailed description given here-
inafter. However, 1t should be understood that the detailed
description and specific examples, while indicating pre-
terred embodiments of the mvention, are given by way of
illustration only, since various changes and modifications
within the spirit and scope of the invention will become

apparent to those skilled in the art from this detailed descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood
from the detailed description given hereinbelow and the
accompanying drawings which are given by way of 1llus-
tration only, and thus, are not limitive of the present inven-
tion, and wherein:

FIGS. 1A and 1B show two different sectional views of
the auto-injector before an injection;

FIG. 2 shows 1n a perspective view a thrust collar con-
nected to a coupling shroud by a thread connection;

FIG. 3 shows an interior mechamism of the auto-injector
in a perspective view belore an 1njection;

FIG. 4 shows details of the auto-injector that illustrate the
release of a drive means 1n a perspective view;

FIG. 5 shows the interior mechanism of the auto-injector
in a perspective view after an injection stroke;

FIG. 6 shows the interior mechanism of the auto-injector
in a perspective view, wherein the decoupling of the thrust
collar and the coupling shroud is 1llustrated;

FIG. 7 shows details of the auto-injector that illustrate the
release ol a needle shroud;

FIG. 8 shows details of the auto-injector that illustrate the
locking of the needle shroud 1n a safe position;

Corresponding parts are marked with the same reference
symbols 1n all figures.

DETAILED DESCRIPTION

FIGS. 1A and 1B show two sectional views of an essen-
tially cylindrical auto-injector 1, wherein the sectional
planes shown are orniented perpendicularly with respect to
cach other. The auto-injector 1 comprises a housing 2, a
proximal needle shroud 3, a syringe retainer 4 adapted to
mount a pre-filled syringe S within the housing 2, a coupling
shroud 6 slidably arranged within the housing 2 and a thrust
collar 7 releasably connected to the coupling shroud 6 by a
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connection that 1s released by rotating the thrust collar 7
relative to the coupling shroud 6.

The releasable connection between the thrust collar 7 and
the coupling shroud 6 1s released by a rotation about a
relative small angle around the axis of the substantially
cylindrical auto-injector 1, like, for example, a quarter twist.
The thrust collar 7 and the coupling shroud 6 may be
connected by a bayonet kind of coupling or, alternatively, a
thread connection with a corresponding lead that allows for
a release by a relative small twist.

A drive means 8 1s arranged between the distal end of the
housing 2 and the thrust collar 7. The drive means 8 biases
the thrust collar 7 1in a proximal direction P towards the skin
ol a patient receiving an injection. The thrust collar 7 carries
a threaded connection to the coupling shroud 6 with a steep
pitch angle, and the coupling shroud 6 1s restrained against
rotation relative to the housing 2, so that the thrust collar 7
1s additionally biased to rotate around the axis of the
auto-injector 1.

According to one possible embodiment of the invention,
the drive means 8 i1s arranged as a single, conventional
compression spring.

The coupling shroud 6 1s firmly attached to a plunger 9
arranged to push on a stopper 10 flmd-tightly sealing a distal
end of a syringe barrel 11 containing a dose of a medicament
M. A plunger collar 9.2 of the plunger 9 protrudes into a
locking recess 6.1 formed into the distal end of the coupling
shroud 6 to attach the plunger 9 to the coupling shroud 6.

An inner cavity of the syringe barrel 11 1s in flumd
communication with an injection needle 12, so that the dose
of the medicament M may be expelled through the 1njection
needle 12 by displacing the stopper 10 in the proximal
direction P.

The needle shroud 3 is designed to be pushed against the
skin of the patient during the mjection. Edges of the needle
shroud 3 may thus be smoothed to avoid injuries. The needle
shroud 3 1s slidably arranged with the housing 2 of the
auto-njector 1, so that the needle shroud 3 may be pushed
from an advanced position PA shown in FIGS. 1A and 1B 1n
a distal direction D. A biasing means 13 bears against the
needle shroud 3 and the distal end of the housing 2 to bias
the needle shroud 3 towards the advanced position PA.

The biasing means 13 and the drive means 8 are fitted into
cach other to optimally use available space within the
housing 2.

In a possible embodiment of the invention, the biasing
means 13 1s arranged as a compression spring having a
diameter that differs from the diameter of the compression
spring of the drive means 8 1n a manner that allows the drive
means 8 and the biasing means 13 to expand independently
from each other without interfering.

A retaining element 14 1s attached to a distal end of the
syringe retainer 4 that releasably couples the plunger 9 to the
syringe retainer 4, so that the syringe retainer 4 may jointly
move with the plunger 9 1n the proximal direction P to
expose the mnjection needle 12. The retaining element 14
comprises at least one and preferably two or more first
catches 14.1 arranged equi-spaced around retaining element
14, wherein each first catch 14.1 latches to a respective notch
9.1 formed into the plunger 9. The first catch 14.1 abuts
against an inner sleeve 2.2 of the housing 2 in the radial
outward direction, so that a deflection of the first catch 14.1
and hence a decoupling of the plunger 9 and the syringe
retainer 4 1s prevented.

The plunger 9 1s coupled to the retaining element 14 and
the syringe retainer 4 until the syringe retainer 4 mounting,
the pre-filled syringe 5 1s moved proximally to expose the
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injection needle 12. A longitudinal aperture 2.3 1s formed
into the inner sleeve 2.2 of the housing 2 that allows for a
radial outward deflection of the first catch 14.1 when the
syringe retainer 4 1s 1n a proximal position and the 1njection
needle 12 1s exposed. The plunger 9 is released from the
retaining element 14 1n the proximal position and may move
proximally to displace the stopper 10, whereby the dose of
medication M 1s expelled through the mjection needle 12.

A ring-shaped rotating collar 15 1s circumierentially
arranged around a tubular proximal section of the needle
shroud 3. A pin 15.1 1s formed to an mner surface of the
rotating collar 15 that engages a track 3.1 formed into an
outer surface of the needle shroud 3. The track 3.1 comprises
a straight first section 3.1.1 and a helical second section 3.1.2
that can best be seen 1n FIG. 5. The first section 3.1.1 of the
track 3.1 extends essentially parallel to the axis of the
auto-injector 1, whereas the second section 3.1.2 of the track
3.1 1s angled with respect to the first section 3.1.1. As the
needle shroud 3 1s axaally displaced with respect to the
housing 2, the pin 15.1 travels along the track 3.1, so that the
rotating collar 15 1s forced to rotate around to the needle
shroud 3. The friction generated by the rotation slows down
the proximal movement of the needle shroud 3 and reduces
pressure exerted upon the skin surface of the patient by the
needle shroud 3.

FIG. 2 shows the coupling shroud 6 with the thrust collar
7 connected thereto 1n a perspective view. The connection
between the thrust collar 7 and the coupling shroud 6 1s
releasable upon rotation. A helical first recess 6.2 1s formed
into an outer surface of the coupling shroud 6. A first tongue
7.1 that 1s correspondingly shaped to the first recess 6.2 1s
formed to an inner surface of the thrust collar 7. The first
tongue 7.1 engages the first recess 6.2 to releaseably connect
the coupling shroud 6 and the thrust collar 7 1n a thread type
connection.

The coupling shroud 6 is slidably arranged within the
housing 2 and comprises a tlat first lateral wall 6.3 that abuts
a corresponding flat second lateral wall 2.4 of the inner
sleeve 2.2 to prevent a rotation of the coupling shroud 6
relative to the housing 2.

The essentially ring-shaped thrust collar 7 comprises an
outer surface with a plurality of first and second protrusions
7.2, 7.3 formed thereto. The first and second protrusions 7.2,
7.3 are circumierentially displaced from each other and
protrude radially outwards. The first protrusions 7.2 have a
quadrangular shape, whereas the second protrusion 7.3
comprises a triangular shape.

FIG. 3 shows the auto-injector 1 1 a perspective view
before an 1njection 1s performed. For illustrative purposes,
the outer shell 2.1 of the housing 2 1s not shown. FIG. 3
illustrates an interior mechanism of the auto-injector 1 that
1s hidden from view by the outer case 2.2 during normal use.
The needle shroud 3 1s positioned 1n the advanced position
PA.

The quadrangular first protrusion 7.2 comprises a first
ramp 7.2.1 that abuts against a corresponding second ramp
2.5 formed to the housing 2. Furthermore, the first protrusion
7.2 abuts against the needle shroud 3 1n a circumierential
direction. Before the imjection, the biased thrust collar 7 1s
retained in a first position I by the first protrusion 7.2
abutting against the needle shroud 3 and the second ramp 2.5
of the housing 2.

The injection 1s mitiated by pressing the needle shroud 3
against the skin of the patient receiving the injection,
whereby the needle shield 3 1s displaced from the advanced
position PA 1n the distal direction D to a retracted position
PR. As shown 1n detail 1n FIG. 4, the distal movement of the
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needle shroud 3 to the retracted position PR makes way for
a circumierential displacement of first protrusion 7.2. The
thrust collar 7 rotates around the axis of the auto-injector 1
by a small angle, insuilicient to release thrust collar 7 from
coupling shroud 6. The first protrusion 7.2 1s guided by the
first and second ramps 7.2.1, 2.5 1nto a longitudinal first gap

(G1 between the needle shroud 3 and the housing 2. The
thrust collar 7 blocking the drive means 8 1s now released.
The fully compressed drive means 8 drives the thrust collar
7 and the coupling shroud 6 connected thereto in the
proximal direction P, whereby the first protrusion 7.2 travels
along the first gap G1 1n the proximal direction P. At the
same time the second protrusion 7.3 travels proximally
along a longitudinal second gap G2 that 1s arranged between
the housing 2 and the needle shroud 3 1n a similar manner
as the first gap G1. As the first Gap G1 1s arranged to limait
a circumierential displacement of the first protrusion 7.2, a
turther rotation of the thrust collar 7 1s prevented until an
injection stroke delivering the dose medication M 1s com-
pleted.

The thrust collar 7 1s connected to the coupling shroud 6
that 1s attached to the plunger 9. The plunger 9 1n turn 1s
coupled to syringe retainer 4 via the retaining element 14.
Thus, the coupling shroud 6 driven by the drive means 8 first
translates the syringe retainer 4 holding the pre-filled syringe
5 1n the proximal direction P until the syringe retainer 4
bears against a bearing surface 2.6 formed to the housing 2
as best seen 1 FIG. 1A. The bearing surface 2.6 defines an
injection depth of the ijection needle. The 1njection needle
12 now protrudes from the needle shroud 3 in the proximal
direction P and penetrates the skin surface of the patient at
the desired injection depth.

The deflectable first catches 14.1 that couple the plunger
9 to the syringe retainer 4 are now located adjacent to the
longitudinal apertures 2.3 formed into the inner sleeve 2.2 of
the housing 2. The first catches 14.1 detlect in the radial
outward direction due to their ramped engagement with the
notches 9.1 and disengage from the notches 9.1 to decouple
the plunger 9 from the syringe retainer 4.

The drive means 8 further relaxes and drives the coupling
shroud 6, the thrust collar 7 and the plunger 9 1n the proximal
direction P. The plunger 9 pushes the stopper 10 proximally
to expel the dose of medication M contained in the syringe
barrel 11 through the injection needle 12.

When the stopper 10 reaches a proximal end of the
syringe barrel 11, the mnjection stroke 1s completed and the
dose of medication M 1s completely expelled. At the same
time, the thrust collar 7 reaches a proximal second position
II shown i FIG. §.

FIG. 5 shows the auto-injector 1 1n a perspective view
after the injection stroke 1s completed. Similar to FIGS. 3
and 4, the outer shell 2.1 1s not shown to 1llustrate the interior
mechanism of auto-injector 1.

The needle shroud 3 1s still pressed against the 1njection
site to retain the needle shroud 3 1n the retracted position PR.
At the same time, the thrust collar 7 1s located 1n the second
position II. The triangular second protrusion 7.3 of the thrust
collar 7 1s retained 1n a u-shaped indentation 3.2 formed to
the needle shroud 3. The u-shaped indentation 3.2 consti-
tutes a proximal end of the second gap G2 and comprises a
circumierential width that corresponds to the second pro-
trusion 7.3. The u-shaped indentation 3.2 abuts against the
second protrusion 7.3 1n the circumierential direction, so
that a rotation of the thrust collar 7 and thus a decoupling of
the thrust collar 7 and the coupling shroud 6 are prevented
until the needle shield 3 leaves the retracted position PR.
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The auto-injector 1 1s removed from the injection site. The
biasing means 13 relaxes to return the needle shroud 3 to the
advanced position PA. As a consequence, the needle shroud
3 moves proximally with respect to the housing 2 and the
thrust collar 7 connected to the coupling shroud 6.

FIG. 6 shows the interior mechanism of the auto-injector
1 1n a perspective view after the auto-injector 1 has been
removed from the 1njection site. The proximal movement of
the needle shroud 3 opens a circumierential gap G3 between
the housing 2 and the needle shroud 3. The triangular second
protrusion 7.3 travels through the circumierential gap G3 1n
the circumierential direction, whereby the thrust collar 7
slightly rotates around the axis of the auto-injector 1 due to
the ramped engagement of the first tongue 7.1 with the first
recess 6.2. The drive means 8 bears against the thrust collar
7 and pushes a third ramp 7.3.1 on the second protrusion 7.3
against a corresponding fourth ramp 3.3 on the needle
shroud 3 when the thrust collar 7 1s located 1n an interme-
diate third position III. The thrust collar 7 tries to rotate due
to 1ts threaded connection with the coupling shroud 6.1
relative to the housing 2 and relative to the coupling shroud
6. I a bayonet connection was used instead of the thread the
third and fourth ramp 7.3.1, 3.3 would cause the thrust collar
7 to further rotate. This final rotation of the thrust collar 7
suflices to decouple the coupling shroud 6 and the thrust
collar 7. The decoupled thrust collar 7 1s then driven further
in the proximal direction P by the drive means 8 until an
inner surtace of the thrust collar 7 engages a fifth ramp 2.7
of a clip 2.8 connecting the housing 2 with the needle shroud
3 that 1s shown 1n more detail in FIG. 7.

FIG. 7 shows the release of the substantially t-shaped clip
2.8 that mounts the needle shroud 3 to the housing 2. The
t-shaped clip 2.8 1s retained 1n a second recess 3.4 formed in
the needle shroud 3. The second recess 3.4 comprises axial
dimensions that allow for a sliding movement of the needle
shroud 3 relative to the housing 2 between the advanced
position PA and the retracted position PR while the clip 2.8
1s retained 1n the second recess 3 .4.

The clip 2.8 1s detlectable 1n the radial inward direction to
release the needle shroud 3. As shown 1n FIG. 7, the thrust
collar 7 slides over the fifth ramp 2.7 to bend the clip 2.8
radially inwards after the thrust collar 7 and coupling shroud
6 have been decoupled. The t-shaped clip 2.8 1s deflected
inwards and disengages from the second recess 3.4, so that
the needle shroud 3 may be proximally advanced towards a
safe position PS. The drive means 8 further relaxes and
pushes the decoupled thrust collar 7 turther 1n the proximal
direction P. The thrust collar 7 bears against the needle
shroud 3 to advance the needle shroud 3 towards the safe
position PS shown in more detail in FIG. 8.

When the needle shield 3 moves proximally from the
advanced position PA to the safe position PS, the pin 15.1 of
the rotating collar 15 travels along the second section 3.1.2
of the track 3.1 formed into the needle shroud 3. As the
second section 3.1.2 1s oriented at an angle with respect to
the axis of the auto-injector, the translatory movement of the
needle shroud 3 causes the rotating collar 15 to rotate around
the axis, whereby Iriction 1s generated. The generated iric-
tion slows down and damps the proximal movement of the
needle shroud 3.

FIG. 8 shows a perspective view of the interior mecha-
nism of the auto-injector 1, wherein the needle shroud 3 1s
locked 1n the safe position PS. In the safe position PS, the
needle shroud 3 protrudes proximally from the housing 2 of
the auto-injector 1 and permanently surrounds and protrudes
proximally beyond the tip of the mjection needle 12 atfter an
injection to prevent accidental needle stick injuries.




US RE48,593 E

11

As the thrust collar 7 and the needle shroud 3 have
travelled proximally beyond the clip 2.8, the clip 2.8 detlects
outwards to return to 1ts prior position. The needle shroud 3
abuts against the t-shaped clip 2.8 in the distal direction D,
so that a distal movement of the needle shroud 3 1n the safe
position PS relative to the housing 2 is prevented. Thus, the
needle shroud 3 1s permanently locked in the safe position
PS and a re-exposure of the injection needle 12 1s prevented.
The thrust collar 7 travelled over the fifth ramp 2.7 and 1s
located 1n a maximum proximal fourth position IV, wherein
the thrust collar 7 abuts the needle shroud 3.

The 1nvention claimed 1s:

[1. Auto-injector for administering a dose of a liquid
medicament (M), comprising;:

a substantially cylindrical housing arranged to contain a
pre-filled syringe with an injection needle, a plunger
and a stopper for sealing a syringe barrel and

a driver releasably coupled to the plunger for advancing
the syringe 1n the proximal direction (P) for needle
isertion mnto an injection site and for displacing the
dose of medicament (M) into the injection site,

wherein the driver 1s arranged to be decoupled from the
plunger for advancing a needle shroud to a safe position
(PS) to surround the injection needle after the 1njection,

wherein the driver bears against a thrust collar arranged to
be releasably coupled to the plunger through a ramped
engagement so as to rotate the thrust collar on trans-
lation 1n proximal direction (P), wherein guiding
mechanism are provided for guiding the thrust collar
during at least a part of its axial translation when
inserting the needle and displacing the medicament (M)
to prevent a rotation of the thrust collar, wherein the
thrust collar 1s arranged to rotate out of engagement to
the plunger on removal of the auto-injector from the
injection site. ]

[2. Auto-injector according to claim 1, wherein the
ramped engagement between the thrust collar and the
plunger comprises a first tongue and a first recess, wherein
the guiding mechanism comprises at least one longitudinal
gap (GI, G2) for gmding a first or second protrusion of the
thrust collar, wherein a circumferential gap (G3) 1s arranged
to allow the thrust collar to rotate out of engagement to the
plunger on removal of the auto-injector from the 1njection
site. ]

[3. Auto-injector according to claim 1, wherein the thrust
collar 1s releasably mounted to a coupling shroud rotation-
ally fixed to the housing and firmly attached to the plunger,
wherein the connection between the thrust collar and the
coupling shroud 1s releasable by a relative rotation between
the thrust collar and the coupling shroud.]

[4. Auto-injector according to claim 1, wherein the needle
shroud 1s biased i a proximal direction (P) towards an
advanced position (PA) and slidable from the advanced
position (PA) 1n a distal direction (D) to a retracted position
(PR) and from the retracted position (PR) in the proximal
direction (P) beyond the advanced position (PA) to the safe
position (PS), wherein sliding the needle shroud from the
advanced position (PA) to the retracted position (PR)
releases the driver.]

[S. Auto-injector according to claim 4, wherein at the
needle shroud 1n the refracted position (PR) 1s arranged to
prevent rotation of the thrust collar, thus preventing the
release of the connection between the thrust collar and the
coupling shroud.]

[6. Auto-injector according to claim 5, wherein the needle
shroud comprises au-shaped indentation for receiving the
second protrusion of the thrust collar to prevent the release
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of the connection between the thrust collar and the coupling
shroud 1n the retracted position (PR), wherein the needle
shroud 1s arranged to open the circumierential gap (G3) on
translation into the advanced position (PA) for allowing the
thrust collar to rotate out of engagement to the plunger.]

[7. Auto-injector according to claim 1, wherein at the
needle shroud 1s releasably mounted to the housing by a clip
preventing travel 1 proximal direction (P) beyond the
advanced position (PA), wherein the thrust collar 1s arranged
to radially detlect the clip for releasing the needle shroud
allowing 1t to be moved 1n the proximal direction (P) to the
safe position (PS).]

[8. Auto-injector according to claim 1, wherein a syringe
retainer 1s arranged for mounting the syringe within the
housing, wherein a retaining element 1s attached to the
syringe retainer, wherein the release element releasably
couples the plunger to the syringe retainer.}

[9. Auto-injector according to claim 8, wherein the retain-
ing element comprises at least one first catch that latches to
a notch formed into the plunger to releasably couple the
plunger to the syringe retainer. }

[10. Auto-injector according to claim 8, wherein the first
catch 1s arranged to abut against an inner sleeve of the
housing to prevent decoupling of the plunger and the syringe
retainer, wherein an aperture 1s formed 1nto the inner sleeve
allowing for a radial outward detlection of the first catch to
decouple the syringe retainer from the plunger when the
syringe retainer is in a proximal position.]

[11. Auto-injector according to claim 10, wherein the
coupling shroud comprises a flat first lateral wall that abuts
against a corresponding flat second lateral wall of the inner
sleeve to prevent a rotation of the coupling shroud relative
to the housing.]

[12. Auto-injector according to claim 1, wherein a biasing
mechanism biases the needle shroud in the proximal direc-
tion (P), wherein the biasing mechamsm and the driver are
{it into each other to optimally use available space within the
housing.]

[13. Auto-injector according to claim 1, wherein the
driver is arranged as a single compression spring.}

[14. Auto-injector according to claim 13, wherein the
single compression spring is strained only translationally.]

[15. Auto-injector according to claim 1, wherein a rotating
collar axially fixed to the housing engages the needle shroud
in a manner that forces the rotating collar to rotate within the
housing when the needle shroud i1s axially displaced from
the advanced position (PA) into the safe position (PS).]

[16. Auto-injector according to claim 1, wherein the
rotating collar comprises a pin that engages a track formed
into the needle shroud, wherein the track comprises a
straight first section for guiding the pin between the retracted
position (PR) and the advanced position (PA) and a helical
second section for guiding the pin between the advanced
position (PA) and the safe position (PS).]

17. An auto-injector for administering a dose of a liguid
medicament, the auto-injector comprising:

a housing configurved to contain a syringe barrel of a

syringe;

a thrust member comprising a radial projection, the
radial projection configured to engage a ramped sur-
Jace within the housing when the thrust member is in a
first votational position and to disengage from the
ramped surface when the thrust member is moved to a
second rvotational position;

a drive spring disposed within the housing and configured
to apply an axial force to the thrust member such that
when the thrust member is in the first votational posi-
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tion, the engagement between the radial projection and
the ramped surface biases the thrust member from the
first rotational position toward the second rotational
position; and

a needle shroud configured to move from an extended
position to a retracted position, the needle shroud
configured to (i) inhibit votation of the thrust member
relative to the needle shroud when the needle shroud is
in the extended positon and the thrust member is in the
fivst rotational position, (ii) allow the thrust member to
rotate from the first votational position to the second
votational position when the needle shroud is in the
retracted positon and (iii) permit the thrust member,
after the thrust member has been rotated to the second
rotational position, to be moved axially by the drive

Spring.
18. The auto-injector of claim 17, wherein the ramped
surface is a surface of the housing.
19. The auto-injector of claim 18, wherein the radial
projection of the thrust member has a vamp that engages the
ramped surface within the housing when the thrust member

is in the first votational position.

20. The auto-injector of claim 17, wherein the thrust
member further comprises a second radial projection.

21. The auto-injector of claim 20, wherein the radial
projection and the second radial projection are circumfer-
entially spaced apart from one another about the thrust
member.

22. The auto-injector of claim 20, wherein the needle
shroud has a longitudinal surface configured to engage the
second radial projection to inhibit votation of the thrust
member relative to the needle shroud.

23. The auto-injector of claim 22, wherein the needle
shroud defines a civcumferential opening configured to allow
the second radial projection to rotate relative to the needle
shroud.

24. The auto-injector of claim 20, whervein the needle
shroud defines a longitudinal opening arranged to allow the
second radial projection to move axially within the longi-
tudinal opening when the thrust member, after having been
rotated to the second rotational position, is moved axially by
the drive spring.

25. The auto-injector of claim 17, wherein the thrust
member comprises a plunger configured to contact a stopper

of the syringe and advance the stopper within a chamber of

the syringe to administer the dose of the liguid medicament
when the thrust member is moved axially by the drive spring
and the syringe is disposed in the housing.

26. The auto-injector of claim 17, wherein the thrust
member is coupled to the syringe when the syringe is
disposed in the housing, and the thrust member is configured
to advance the syringe axially within the housing when the
thrust member is moved axially by the drive spring.

27. The auto-injector of claim 17, whervein the needle
shroud has a surface configured to engage the radial pro-
Jection to inhibit votation of the thrust member velative to the
needle shroud when the needle shroud is in the extended
positon and the thrust member is in the first rotational
position.

28. The auto-injector of claim 27, whevein the surface of

the needle shroud that is configured to engage the radial
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projection of the thrust member is a longitudinal surface that
is configured to civcumferentially engage the radial projec-
tion.

29. The auto-injector of claim 17, wherein the needle
shroud defines an opening arranged to receive the radial
projection when the needle shroud is in the retracted positon
to allow the thrust member to rotate from the first votational
position to the second rotational position, and the opening
is arranged to permit the rvadial projection to move axially
within the opening when the thrust member has been rotated
to the second rotational position and is moved axially by the
drive spring.

30. The auto-injector of claim 29, wherein the opening of
the needle shroud includes a first portion and a second
portion, at least part of the second portion being circum-

ferentially offset from the first portion.

31. The auto-injector of claim 30, wherein the first portion
of the opening is defined at least in part by a surface of the
needle shroud that is configured to engage the radial pro-

Jection of the thrust member such that the radial projection

resides within the first portion of the opening when the thrust
member is in the first rotational position.

32. The auto-injector of claim 31, wherein the opening of
the needle shroud is arranged to permit the radial projection
of the thrust member to move axially within the second
portion of the opening when the thrust member has been
rotated to the second rotational position and is moved
axially by the drvive spring.

33. The auto-injector of claim 29, wherein the opening of
the needle shroud is at least partially defined by an axially
extending arm of the needle shroud.

34. The auto-injector of claim 33, wherein the needle
shroud further comprises a cvlindrvical end body from which
the axially extending arm extends.

35. The auto-injector of claim 34, wherein the needle
shroud further comprises a second axially extending arm
that extends axially from the cylindrical end body.

36. The auto-injector of claim 17, wherein the needle
shroud is configured to move from the retracted position to
a safe position in which the needle shroud extends forward
of the housing, and a portion of the housing is configured to
engage the needle shroud to lock the needle shrvoud in the
safe position.

37. The auto-injector of claim 17, wherein the drive
spring divectly contacts the thrust member.

38. The auto-injector of claim 17, further comprising a
needle shroud spring that biases the needle shroud toward
the extended position.

39. The auto-injector of claim 17, further comprising the
syringe disposed in the housing.

40. The auto-injector of claim 39, wherein the syringe
defines a chamber containing the liquid medicament, the
syringe comprises a stopper slidably arranged within the
chamber and an injection needle in fluid communication
with the chamber, and the needle shroud is configured to
surround at least a portion of the needle when the needle
shroud is in the extended position.

41. The auto-injector of claim 17, further comprising a
syringe rvetainer defining a chamber configured to receive
the syringe, the housing being configured to contain both the
syringe retainer and the syringe disposed in the chamber of
the syringe retainer.
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