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A system for injecting a fluid medicament into a patient comprises a motorized drive mechanism, a hypodermic syringe with a
needle, and a cassette for holding the hypodermic syringe. The syringe is pre-filled with the fluid medicament and includes a
stopper for expelling the medicament through the needle. The syringe is moveable relative to the cassette between first and second
positions. The cassette includes an inner sleeve for holding the syringe, an outer sleeve for supporting the inner sleeve, the inner
sleeve being moveable relative to the outer sleeve between the first and second positions. A detent is formed by the outer sleeve for
retaining the syringe in the first position. A bar is operated by the drive mechanism for releasing the detent. The needle is concealed
inside the cassette in the first position and extends from the cassette in the second position for injection of the medicament.
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ABSTRACT

A system for injecting a fluid medicament into a patient comprises a motorized drive
mechanism, a hypodermic syringe with a needle, and a cassette for holding the hypodermic
syringe. The syringe is pre-filled with the fluid medicament and includes a stopper for
expelling the medicament through the needle. The syringe is moveable relative to the cassette
between first and second positions. The cassette includes an inner sleeve for holding the
syringe, an outer sleeve for supporting the inner sleeve, the inner sleeve being moveable
relative to the outer sleeve between the first and second positions. A detent is formed by the
outer sleeve for retaining the syringe in the first position. A bar is operated by the drive
mechanism for releasing the detent. The needle is concealed inside the cassette in the first

position and extends from the cassette in the second position for injection of the medicament.
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AUTOINJECTOR SYSTEM

This is a divisional application of Canadian National Phase Patent
Application No. 2,724,641, filed on 20% May 2009.

[6601]

FIELD
[6002] The present disclosure relates to 2 system and method for Injecting
medicaments into @ patient from a hypodermic syringe. More particularly, the present
disclosure relates to an auto-injector and a cassetie useable with the auto-injector,
which conceals the injection needle of a hypodermic syringe before and after an
injection.

BACKGROUND

[6003] Pre-filled hypodermic syringes provide several advantages for the home-uge
market. These advantages include that pre-filled syringes may be prepared for each
medicament with exactly the required dosage. Further, they are gasily operated, by
werely advancing the stopper of the syringe. Aside from the costs of the particular
medication that is being used, pre-filled syringes are also economically manufactored.
Consequently, all these advantages make pre-filled syringes commercially appealing,
{6004} Nevertheless, pre-filled syringes also have a significant drawback in the
macketplace, Specifically, many users are either frightened by an exposed needle or
feel they are inherenily incapable of performing an injection. Because of aversions to
exposed needles, as well as the many health and safely issues that may be involved,
various types of injectors and other devices have been developed for the specific
purpose of concealing needles from the user and automating the injection task to
assist the user in performmng the mjection.

[6005] In order to inject a finid medicament imto a patient when using a hypodenmic
syringe, generally three separate and distinet tasks must be performed. These are: 1)
insertion of the needle into the patient; 2) injection of the fluid medicament from the
syringe into the patieat; and 3} withdrawal of the needle after the injection has been
completed. For each task, the magnitnde and direction of forces on the syringe, as
well as the location of their application, are different from the other tasks. For
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instance, compare the task of inserting the needle, with the task of injecting the fluid
medicament. Insertion of the needle requires that only minimal forces be applied on the
syringe, and that they be applied for only a very short period of time. On the other hand,
injection of the medicament requires a much greater force be applied. Further, this force must
be applied on the plunger of the syringe for what will typically be a relatively longer period of
time. In comparison with both of these tasks, needle withdrawal requires the application of a
force in the opposite direction. These, and other similar considerations, become important

when the injection process is to be automated.

[0006] Springs for generating forces on a syringe in an automated process have been used
heretofore for various purposes. A characteristic of springs, however, is that the magnitude
and direction of a spring force are not variable. Consequently, springs do not lend themselves
for so-called multi-tasking operations. This is particularly so where precise control over a
syringe injection operation is required, and different magnitude forces are sequentially
required in the same direction (e.g. needle insertion and medicament injection). This can be
particularly problematic in situations where it may be desirable to use the same device, at

different times, to inject different medications, with different fluid viscosities.

[0007] In addition to the mechanical considerations mentioned above, the design of an auto-
injector also requires user-friendly considerations. In particular, it is desirable that the
injection needle of a syringe be operationally concealed from the view of a user. Preferably,
this concealment may be maintained before, during and after an injection procedure. Further,
it is desirable that operation of the syringe be limited to only those times when the syringe is

properly positioned for an injection.

[0008] Accordingly, an improved medicament injection system is needed, which hides the
syringe needle during use, is capable of accommodating different force requirements during

an injection procedure, is relatively easy and inexpensive manufacture, and is easy to use.
SUMMARY

[0009] According to an aspect of the present invention, there is provided a system for

injecting a fluid medicament into a patient which comprises: a motorized drive mechanism; a
2
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hypodermic syringe with a needle, wherein the syringe is pre-filled with the fluid medicament
and the syringe includes a stopper for expelling the medicament from the syringe through the
needle; a cassette for receiving and holding the hypodermic syringe, the syringe movable
relative to the cassette between a first position and a second position, the cassette comprising
an inner sleeve for holding the syringe, an outer sleeve for supporting the inner sleeve, the
inner sleeve moveable relative to the outer sleeve between the first position and the second
position, and a detent formed by the outer sleeve for retaining the syringe in the first position;
and a bar operated by the motorized drive mechanism for releasing the detent; wherein the
needle is concealed inside the cassette in the first position, and wherein the needle extends

from the cassette in the second position for injection of the medicament.

[0009a] According to another aspect of the present invention, there is provided a disposable
cassette for use with an injector, the cassette comprising: an outer sleeve; an inner sleeve
movable within the outer sleeve between first and second positions; a syringe held by the
inner sleeve, the syringe prefilled with a fluid medicament, wherein the syringe is in a needle
concealed position when the inner sleeve is in the first position and the syringe is in a needle
extended position when the inner sleeve is moved to the second position by a motorized drive
mechanism of the injector; and a detent formed by the outer sleeve for retaining the inner

sleeve in the first position, the detent being releasable by the motorized drive mechanism.

[0009b] According to another aspect of the present invention, there is provided a system for
injecting a fluid medicament comprising: a cassette for concealing a hypodermic syringe, the
syringe movable relative to the cassette, the syringe having a needle that is concealed inside
the cassette if the syringe is in a first position relative to the cassette, the needle extending
from the cassette if the syringe is in a second position relative to the cassette, the cassette
comprising a detent for preventing movement of the syringe relative to the cassette; and a
motorized drive mechanism, wherein the motorized drive mechanism is operative for
releasing the detent, and wherein the cassette comprises: an inner sleeve for holding the
syringe; and an outer sleeve for supporting the inner sleeve, the inner sleeve moveable relative
to the outer sleeve between the first position and the second position, wherein the detent is

formed by the outer sleeve.

2a
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[0009¢] According to another aspect, there is provided a system for injecting a fluid
medicament into a patient, the system comprising: a hypodermic syringe, wherein the syringe
has a needle and a stopper for expelling the medicament from the syringe through the needle,
and wherein the syringe is engaged with a cassette to conceal the needle of the syringe, the
cassette comprising an inner sleeve for holding the syringe, an outer sleeve for supporting the
inner sleeve, and a detent formed by the outer sleeve for retaining the syringe to conceal the
needle; a housing removeable engaging the cassette while the needle of the syringe is in a
concealed position inside the cassette; a first motor mounted on the housing for moving the
syringe and its needle on the cassette from the concealed position to an extended position
where the needle is exposed; and a second motor mounted on the housing for pushing the
stopper to expel the medicament from the syringe while the syringe needle is in the extended

position; and a bar operated by the first motor for releasing the detent.

[0009d] According to another aspect, there is provided a system for injecting a fluid
medicament, the system comprising: a disposable cassette containing a syringe prefilled with
a fluid medicament, the cassette comprising a detent for retaining the syringe in a needle
concealed position; and an injector comprising a cradle and a motorized drive mechanism, the
cradle for receiving and holding the cassette and the motorized drive mechanism for releasing
the detent and for causing the syringe to move in the cassette between the needle concealed

position and a needle extended position.

[0009¢] According to another aspect, there is provided a medicament delivery system,
comprising: a housing; and a disposed in the housing; a syringe including a needle, a fluid
chamber in fluid communication with the needle and adapted to contain a fluid medicament,
and a stopper disposed in the fluid chamber for expelling the medicament through the needle,
at least a portion of the syringe disposed in the sleeve, the syringe movable between a
proximal position where the needle is concealed within the housing and a distal position
where at least a part of the needle is extended out of the housing; a drive mechanism operably
coupled to move the syringe from the proximal position to the distal position and to move the
stopper to expel the medicament out of the needle; and at least one retaining element disposed
adjacent to the sleeve and movable between a first position and a second position radially

offset from the first position, wherein, when the at least one retaining element is in the first
2b
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position, the syringe does not move relative to sleeve, and when the at least one retaining
element is in the second position, the syringe moves relative to the sleeve from the proximal

position to the distal position.

[0009f] According to another aspect, there is provided a medicament delivery system,
comprising: a housing; and a sleeve disposed in the housing; a syringe including a needle, a
fluid chamber in fluid communication with the needle and adapted to contain a fluid
medicament, and a stopper disposed in the fluid chamber for expelling the medicament
through the needle, at least a portion of the syringe disposed in the sleeve, wherein the syringe
is movable between a proximal position where the needle is concealed within the housing and
a distal position where at least a part of the needle is extended out of the housing; a drive
mechanism operably coupled to move the syringe from the proximal position to the distal
position and to move the stopper to expel the medicament out of the needle; and at least one
retaining element disposed adjacent to the sleeve and movable between a first position and a
second position radially offset from the first position, wherein, when the at least one retaining
element is in the first position, the stopper does not move relative to sleeve, and when the at
least one retaining element is in the second position, the stopper moves to expel the

medicament out of the needle.

[0009g] According to another aspect, there is provided a method of operating a medicament
delivery system including a syringe pre-filled with a medicament disposed within a housing,
the method comprising: with a drive mechanism, advancing the syringe relative to a sleeve in
the housing from a proximal position where the needle of the syringe is concealed within the
housing to a distal position where at least a part of the needle of the syringe extends out of the
housing; causing a retaining element that is disposed adjacent to the sleeve to move in a radial
direction from the first position to a second position; and with the drive mechanism,
advancing a stopper of the syringe through a barrel of the syringe to expel the medicament out

of the needle while the retaining element is in the second position.

[0010] In accordance with the present disclosure, a system for injecting fluid medicaments
into a patient from a pre-filled hypodermic syringe, employs a cassette that is pre-loaded with

the pre-filled syringe. For this combination, the hypodermic
2¢
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syringe can be loaded into the cassette during manufacture, or be subsequenily loaded
by a contract service provider. In either case, the syringe needle is concealed inside
the cassette and hidden from the view of the end-user. Importantly, the only
preparation required by the end-user (e.g. the patient that is to sclf-administer the fluid
medicament) is to mourt the cassette onto a drive mechanism,
[6616a} Structurally, the system of the present disclosure envisions a pre-filled syringe
that will have a needle, and it will have a stopper for expelling the fluid medicament
from the syringe through the needle. Further, the pre-filled syringe will be firmly held
on the cassette in a position where the syringe needle is concealed and hidden from
view. As envisioned for the present disclosure, the pre-filled hypodermic syringe can
¢ firmly held in the concealed position, in any of several different ways. These
inchide, the use of a latching mechanism, an adhesive, or a flexible abutment.
[6011] Once the cassette has been loaded with the pre-filled hypodermic syringe, the
cassette can be engaged with a drive mechanism. o detail, the drive mechanism
includes two separate motors that perform two different fonctions. A first motor is
provided for engaging the syringe in its concealed position where its needle is hidden.
With this engagement, the first motor then moves the syringe and its needle from the
concealed position and into an exposed position where the needle is extended for
insertion into the patient. While the needle is inserted into the patient, a second motor
is provided for pushing the stopper on the syringe to expel fluid medicament from the
syringe. After the injection has been completed, the first motor then withdraws the
syringe and its needle back into the concealed position. Importantly, after it has been
withdrawn the syringe is again firmly held in the concealed position, inside the
cassette. Thus, the needle remains hidden from view at a1} times during an injection
procedure. Further, as noted above, the syringe is firmly held inside the cassette to
insure the syringe needle does not inadvertently extend from the cassette.
[8012] In operation, an end-user mounts a pre-loaded cassette on the drive
mechanism. The end-user then removes a protective cover from the syringe needle
and positions the system at a site where an injection is to be made. A button on the
system is then pushed to activate the drive mechanism for an ijector procedure.
After the injection has been completed, the cassette, with its now empty syringe, ¢an
be removad from the drive mechanism and discarded,
[8013] In accordance with the present disclosure an auioinjector system includes a
disposable cassette that operates in combination with a reusable injector. Prior toan

3
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engagement of the casseite with the injector, however, a pre-filled syringe is mounted
and latched onto the cassette. When latched, the syringe is held on the cassetteina
home position. For the present disclosure, this pre-filled syringe may be of any type
sytinge well-known in the pertinent art that has a fluid chamber with an injection
needle at its distal end, and a plunger that can be advanced into the fluid chamber.
When the cassetie, with syringe, is engaged with the injector, the system is ready for
use.

[6014] Operation of the system of the present disclosure requires two separate molors
that are individually mounted on the injector. Though they are mechanically
mdependent of cach other, the respective operations of these two motors must be
coordinated, Specifically, a first motor is used to effect movements of the entire
syringe assembly (i.e. syringe chamber, injection needle and plunger are all moved
together). On the other hand, a second motor is employed to advance the plunger
into the fluid chamber for performing an injection of a fluid medicament.

18015) In a duty cycle of the system, the first motor moves a drive rod into
engagement with the syringe. With this engagement, the drive rod also releases the
latch that otherwise holds the syringe in the home position. After the syringe has beer
released, the first motor then advances the syringe in a distal direction on the cassette,
This movement inserts the injection needle into a patient. Further, the first motor can
be used to abruptly stop the needle when a specified needle depth has been achieved.
The first motor can then be used 1o help stabilize the needle during an injection of the
medical medicament from the syringe.

[8016] As mentioned above, the injection of medical medicament from the syringe is
accomplished using the second motor. In detail, once the needle has been properly
ingeried into the patient, the second motor moves a pusher to urge against the phinger
of the syringe to advance the plunger into the fiuid chamber of the syringe.
Importantly, the second motor can be programimed to advance the plunger into the
fluid chamber at a predetermined rate(s) for compliance with an injection protocol.
[6017] After the injection has been completed, the second motor withdraws the
pusher. The first motor is then used again. Specifically, the first motor is now used to
withdraw the injection needle from the patient, and to return the syringe to the home
position on the cassette, where it is re-latched onto the cassette. The cassette can then

be removed from the injector and discarded.
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2018} In order to control the concerted operations of the first and second motars, the
system includes a microcomputer that is mounted oa the injector. Importantly, the
microcomputer operates the motors with different forces, and at different speeds for
different purposes. More specifically, the first motor must operate quickly to insert
the needle {e.g. about 0.1 meters/second (m/s) to 1.0 m/s), but it does not require
much force to do so. Similarly, needle withdrawal by the first motor requires a
minimal force. Unlike the first motor, however, the sccond motor will typically be
required to generate greater forces for the injection of fluid medicament. And,
accordingly, it will also typically operate at slower speeds. Further, and most
importantly, different injections (i.e. advancements of the syringe plunger by the
second motor} may require different injection rates. Thus, the second motor requires
speed control provided by the microcomputer.

10619} Together with the components mentioned above, the system of the present
disclosure may employ a capacitance skin sensor of a type well known in the pertinent
art. Ifused, such a sensor will allow the user to ascertain whether the systern has been
properly positioned for an injection. In detail, a metal {oil is positioned at the extreme
distal end of the injector to establish a capacitance signal whenever the foil is in
contact with a skin surface of the patient. The function of this signal is actually two-
fold. First, it can be used to prevent initial operation, if the system is not properly
positioned. And, second, it can be used to interrupt operation of the system, if it
becomes improperly positioned during an injection.

{0826] Further disclosed herein is a system for injecting a medicament into a patient.
The system comprises an injector and a medicament cassette. The medicament
cassette comprises a housing, a sleeve movable in the housing between first and
second positions, and a syringe comprising a chamber for containing a medicament
and an injection needle extending from the syringe chamber. The syringe chamber is
at least partially disposed in the sleeve and the injection needle has a skin penetrating
end opposite the syringe chamber, The skin penetrating end is disposed within the
housing when the sleeve is in the first position and the skin penetrating end extends
out from the housing when the sleeve is in the second position. The injector comprises
a surface for removably mounting the cassette thereon, and a motor driven tink having
a first end engageable with a portion of the sleeve when the cassette is mounted on the
surface. The link is provided for moving the sleeve from the {irst position to the

second position.
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[8021] St further disclosed herein is a system for injecting a medicament. The
system comprises an injector and a medicament cassette comprising a syringe for
containing a medicament. The injector comprises a plunge rod for expelling the fluid
medicament from the syringe, a motor for driving the plunge rod, and a switch
operatively coupled to the motor, for allowing a user to set the motor to one ofa
phurality of different speeds. The plurality of different speeds correspond fo a plurality
of diffcrent injection rates of the system.

[8022] Also disclosed herein is a medicament cassette for an autoinjector. The
medicament cassette comprises a housing, a sleeve movable in the housing between
first and second positions, and a syringe comprising a chamber for containing a
medicament and an injection needle extending from the syrings chamber. The syringe
chamber is at least partially disposed in the sleeve. The injection needle has a skin
penetrating end opposite the syringe chamber, the skin penctrating end disposed
within the housing when the sleeve is in the frst position and the skin penetrating end
extending out from the housing when the sleeve is in the second position. A portion of
the sleeve engages a drive link of the autoinjector, when the cassetic is mounted on or
in the autoinjector.

[6023] Further disclosed herein is an injector for injecting a medicament into a
patient. The injector comprises a surface for removably mounnting a cassette thereon,
the cassette having disposed therein a sleeve holding a syringe containing the
medicament and a motor driven link having a first end engageable with a portion of
the cassette when the cassefte is mounted on the sutface, the link for moving the
sleeve from the first position to the second position.

[6624] Also disclosed is a system for injecting a medicament mto a patient,
comprising an injector and a medicament cassette. The medicament cassette
comprises a housing and a syringe comprising a chamber for containing a medicament
and an injection needle extending from the syringe chamber, the injection needle
having a skin penetrating end opposite the syringe chamber, the skin penetrating end
disposed within the housing when the syringe is in a first position and the skin
penetrating end extending out from the housing when the syringe is in a second
position. The injector comprises a surface for removably mounting the casseite
thereon, a motor driven link having a first end engageable with a portion of the
syringe when the cassetie is mounted on the surface, the link for moving the syringe
from the first position 1o the second position.

6
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[8825] Also disclosed is a medicament cassette for an autoinjector, comprising a
housing and a syringe. The syringe comprises a chamber for containing a
medicament and an injection needle extending from the syringe charober, the injection
needle having a skin penetrating end opposite the syringe chamber, the skin
penetrating end disposed within the housing when the syringe is in a first position and
the skin penetrating end extending out from the housing when the syringeis ina
second position. A portion of the syringe engages a drive link of the autoinjector,
when the cassette is mounted on or in the autoinjector.

[6026] Further disclosed is a system for injecting a medicament into a patient,
comprising an injector and a medicament cassette. The injector comprises a surface
for removably mounting the cassette thereon and a motor driven link having a first
end for operating the cassette in & needle injection mode.

[6027] Further disclosed is a system for injecting a medicament, comptising an
injector and a medicament cassette. The injector comprises 2 plunge rod for expelling
a fluid medicament from a syringe, a motor for driving the plunge rod, and a switch
operatively coupled to the motor, for allowing a user to select one of a plurality of

different medicament injection rates of the system.

BRIEF DESCRIPTION OF THE BRAWINGS

16628} Reference will now be made in detail to the aspects of the present disclosure,
examples of which are iflustrated in the accompanying drawings, wherein like
reference mumerals refer to like clements throughout.

[8629] TIG. 1 is a perspective view of an exemplary embodiment of an autoinjector
system for injecting a medicament into a patient.

[#038] FIG. 2 is an exploded perspective view of a cassetie of the autoinjector system
of FIG. 1 with a pre-loaded, pre-filled hypodermic syringe.

[0031] FIG. 3A is a sectional view of the pre-loaded cassette, as seen along the line 3-
3 of FIG. 1, with the pre-filled hypodermic svringe in a needled concealed (proximal)

position.

~3
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[#032] FIG. 3B is a sectional view of the pre-loaded cassette shown in FIG. 3A with
the syringe in a needled extended (distal) position after drug delivery.

[0633] FIG. 4 is an exploded perspective view of another embodiment of the cassette.
[0034] FIG. 51is a sectional view of an alternate embodiment of the pre-loaded
cassette, as seen along the line 3-3 in FIG. 1.

[6035] FIG. 6 is a perspective view of another exemplary embodiment of the
automjector system showing the casseite engaged with the antoijector,

[6036] FIG. 7 is an exploded perspective view of the cassette of the autoiniector
system of FI(3. 6 and its component efoments.

[8037] FIG. 8A is a perspective view of the cassettc and a motor/drive systen of the
autoinjector system of FIG. 6 in position at the beginning and at the end of a duty
cycle.

{6038} FIG. 8B is a view of the components shown in FIG. 8A with the syringe in the
cassetie being advanced by a first motor of the motor/drive system for insertion of the
syringe needle into a patient.

[36039] FIG. 8C is a view of the conponents shown in FIG. 8B with the plunger in the
syringe being advanced by a second motor of the motot/drive system for injection of a
fheid medicament from the syringe into the patient.

[6048] FIG. 9 is a perspeciive exploded view of yet another exemplary embodiment
of the autoinjector system comprising reusable antoinjector and a corresponding
disposable cassette.

[8041] FIG. 10A is a perspective top view of an exemplary embodiment of an internal
frame of an autoinjector sinmilar to the one shown in FIG. 9 with a delivery
motor/drive system atiached thereto,

[8042] FIG. 10B is a perspective bottom view of the intemal frame shown in FIG.
1GA with a injection motor/drive system atiached thereto.

[8043] FIG, 10C is a perspective top view of the internal frame shown in FIG. 10A
with awtoinjector control components attached thereto,

[8044] FIG. 10D is a perspective bottom view of the internal frame shown in FIG.
10A with auntoinjector conirol compenents attached thereto.

[8845] FIG. 11A is an exploded iop view of a cassette similar to the one shown in
F1G.9.

[6046] FIG. 1 1B is an exploded side view of a cassette siinilar to the one shown in
FIG. 9.
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[8047] FIG. 11C is an exploded bottom view of a cassetic similar to the one shown in
FIG. 9.

[60848] FIG. 12 is a perspective view of the an inner slecve and syringe of a cassette
stmilar to the one shown in FIGS. 9 and 11A-11C. |

[6649] FIG. 13 is a perspective exploded view of the inner sleeve/syringe shown in
FI(. 12 and a bousing of the cassette similar to the one shown in FIGS. % and 11A-
1iC.

[6050] FIG. 14 is a bottom view of the cassette shown m FIG. 9.

[G6051] FIG. 15 is table showing injection rates of three different samples of an
autoinjector system set at low medium and high delivery motor speed settings for
solutions of three different viscosities in centipoise.

[0452] FIG. 16 is a perspective exploded view of an alternate embodiment of the

cassetie that omits the inner sleeve.

DETAILED DESCRIPTION

{6053} Referring to FIG. 1, an exemplary embodiment of an autoinjector system for
mnjecting & medicament into a user/patient (2 user of the system or another person or
animal) is shown and is designated by reference numeral 100, The system 100
generally includes a disposable cassette 112 and a re-usable drive mechanism or
autoinjector 114. The autoinjector 114 inclodes a cradle 116 that is dimensioned to
receive and hold the cassetie 112 on the autoinjector 114, The anteinjector 114
inchudes a first (injection) mator 118 (shown in phantom) and a section (delivery)
motor 120 (aiso shown in phantom). The motors 118 and 120 may comprise any
suitable, well known type of motor mchuding without himitation, stepper motors and
rehuctance motors. The motors 118 and 120 each includes a drive system for
converting the rotary motion of the motor to lincar motion. Such drive systems
nclude without limitation, lead screw/worm gear drive systems, rack and pinion drive
systems, and any other Ynear drive or transmission system which enables the motors
118 and 120 to individually exert axially directed forces on contents of the cassetie

112. These forces will need to be directed substantially along the axis 122.
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Activation of the motors 118 and 120 for the generation of these forces is
accomplished by manipulation of a button 124 provided with the avtoinjector 114,
[8854] Referring to FIG. 2, the cassette 112 comprises 2 housing 126 having hollow,
tubular shaped structure for holding a hypodermic syringe 128 comprising an
injection needle 130 that is affizxed to the distal end of a fluid chamber 132, A
conventional finger grip 134 is provided at the proximal end of the fluid chamber 132,
Also, a stopper or plunger 136 is disposed in the proximal end of the fluid chamber
132 to expel fluid medicament from the {luid chamber 132 through the needle 130. A
protective cover 138 may be provided to cover the needle 130 when system 100 is not
in operational use, and a cap 140 is emiployed to grip the protective cover 138,

[06055] Prior 1o an operation of the systern 100, the cassette 112 is pre-loaded with the
syringe 128, which has been pre-filled with an appropriate dose of the desired
medicament (e.g., a fluid medicament). Before pre-loading the cassette 112, the
protective cover 138§ is positioned over the needle 130 on syringe 128. The pre-filled
syringe 128 is then inserted into the housing 126 through its proximal end 142, The
cap 140 can then be inserted through the distal end 144 of the housing 126 o engage
the cap 140 with the protective cover 138,

[0056] The cassette 112 (pre-loaded with the pre-filled syringe 128) may be mounted
on the autoinjector 114, as shown in FIG. 1, by merely inserting the cassette 112 into
the cradie 116 of the autoinjector. When inserted, the opposing protrusions (only
profrusion 146a is shown) formed on the housing 126 of the cassette 112 engage with
respective recesses 148a and 148b io stabilize the cassette 112 on antoinjector 114,
{89571 In one exemplary embodiment, as shown in FIG. 34, the pre-filled syringe is
firmly held inside the cassetie 112 with the injection needle 130 of the syringe 128
concealed inside the cassette 112 and thereby hidden from the user/patient’s view {2
needle concealed position or proximal position) by opposing bumps 150a and 150b
formed on inner surfaces of resilient arms 152a and 152b, respectively, of the housing
126 of the cassette 112. The bumps 1504 and 150b firmly bold the syringe 128 ina
home position (the needle concealed position) until resilient arms 1522 and 152b are
flexed outwardly by an axial force exerted by the syringe 128, as the drive system of
the first motor 118 pushes the syringe 128 through the housing 126 of the cassette 112
o move the injection needle 130 from the needle concezled (proximal) position into 4
needle extended (distal} position, as shown in FIG. 3B. In this distal position, the

syringe 128 is retained in the cassette 112 by stops 153a and 153b provided on inner
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surfaces of the cassetie housing 126, while the injection needle 130 exiends from the
cassetie housing 126 for insertion into a user/patient.

[0058] In one exemplary embodiment, the drive system of the first motor 118 engages
the syringe 128 in a manmer that allows the first motor 118 to retract the syringe 128
and thus the injection needle 130 from the extended {distal) positien, thereby
returning the injection needle 130 to its concealed (proximal) position with the
syringe 128 firmly held in the housing 126 in the home position by the bumps 150a
and 150b and the resilient arms 152a and 152b.

[#039] In an alternative embodiment, a single miotor may be used in place of the first
and second motors 118 and 120. The use of the single motor requires an appropriate
drive or transmission which is capable of converting the rotary motion of the motor o
hinear motion and selectively applying the linear motion to the syringe 128 or the
stopper 136.

[8068] FIG. 4 shows an alternate cmbodiment of the cassetie 112, which mcludes an
inner sleeve 154 and an housing 156, The inner sleeve 154 1s a hollow, substantially
tabe-shaped structure defining a fumen 158. Formed on the outer surface of the inner
sleeve 154 ig a proximal projection 160 and a distal projection 162 that are axially
aligned with each other. The housing 156 defines a lumen 164 and an axially aligned
slot 166. Resilient arms 168a and 168b are formed on the housing 156 and are
positioned to extend toward the proximal open end of the slot 166. The resilient arms
168a and 168b are respectively formed with detents 170a and 170b and ramps 172a
and 1728, The resilient arms 168a and 168b and their corresponding detents 170a and
170b and ramps 172a and 172b define a Iatch mechanisim.

[0061] The cassette of FIG. 4 is be pre-loaded with the syringe 128, according to one
exemplary embodiment, by inserting the inner sleeve 154 into the lumen 164 of the
housing 156 so that the proximal projection 160 on the inner sleeve 154 is positioned
and held in the detents 170a and 170b of the resilient arms 168a and 168b, and then
inserting the hypodemmic syringe 128 into the lumen 158 of the inner sleeve 154. This
places the injection needle 130 of the syringe 128 in the concealed {proximal} position
within the cassette 112, Subsequently, movement of the syringe 128 through the
housing 156, which moves the injection needle 130 from the needle concealed
{proximal) position to the neadle extended (distal) position is accomplished by the
drive system of the first motor 118, In one exemplary embodiment, the drive system

of the first motor 18 may include a bar (not shown) that pushes against the proximal
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projection 160 of the inner sieeve 154, thereby causing the arms 168a and 168b to
spread and therefore, release the proximal projection 160 from their grasp. The inuer
sleeve 154, with syringe 128 firmly held therein, may then be moved in a distal
direction through the tumen 164 of the housing 156, This distal movement continues
until the distal projection 162 contacts an end sbutment 174 of the slot 166, The
injection needled 130 of the syringe 128 is now in the needled extended (distal}
position. Subsequently, the drive system bar of the first motor 118 may be used fo
apply a pulling force on the proximal projection to withdraw the inner sleeve 154 ina
proximal direction through the tumen 164 of the housing 156. This proximal
movement continues until the proximal projection 160 oninner steeve 154 again
engages with the delenis 170a and 170b, thersby returning the syringe 128 to the
home position and thus placing the injection needle 130 into the comresponding needle
concealed (proximal} position.

[0062] FIG. 5 shows yet another embodiment of the cassette 112. In this embodiment,
an adhesive 176 is disposed on the inner surface of the housing 126 to firmly hold the
syringe 128 in the needle concealed (proximaly position. The adhesive 176, ora
similar type of restraining clement, can be used either directly between the syringe
128 and the housing 126 of the cassette 112, as shown in FIG. 5. The adhesive 176
selectively releases the syringe 128 and then re-adheres to the syringe 28 in response
to the push and pull forces exerted on the syringe 128 by the drive system of the first
motor 118,

[6063] In one exemplary method of operation of the system 100, a pre-loaded casseite
112 is positioned in the cradie 116 of the autoinjector 114, which engages the syringe
128 (FIGS. 3A-3B and FIG. 5) or the proxirnal projection 160 of the inner sleeve 154
of the cassette 112 (FIG. 4) with the inear drive system of the first motor 118, Prior
to an injection, the cap 140 is removed from the cassetie 112, Because the cap 140 is
attached to the protective cover 138 covering the needle 130 of the syringe 128, the
protective cover 138 is also removed. The systern 160 is now ready for an injection,
[0064] With the system 100 positioned at an injection site (not shown), the button 124
on automjector 114 is depressed. Depression of the button 124 causes the linear drive
system of the first motor 118 to apply a pushing force to the syringe 128 (FIGS. 3A-
3B and FIG. 5} or the proximal projection 160 of the inner sleeve 154 of the cassette
112 {FIG. 4), to move the syringe 128 from the home position where the injection
needle 130 is in the needle concealed (proximal} position to an inject position where
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the injection needled 130 is in the needle exiended (distal) position, thereby causing
the needle 130 of syringe 128 1o penetrate into tissue of the user/patient for an
injection. At this time, the linear drive system of the second motor 120 pushes on the
siopper 136 of the syringe 128 to expel medicament from the fhud chamber 132 of the
syringe 128. Afier an injection has been completed, the first motor 118 is again
activated to apply a pulling force to the syringe 128 (FIGS. 3A-38 and FIG. 5) or the
proximal projection 160 of the inner sleeve 154 of the cassetie 12 {(FIG. 4), 1o
withdraw the syringe 128 from the inject position where the injection needle 130 is in
the needle extended (distal) position to the home position, where the injection needle
139 is in the needle concealed (proximal) position. The cassctte 112, along with the
expended syringe 128, can then be removed from the cradle 116 of the antoinjector
114 and discarded.

[0865] FIG. 6 shows another exemplary embodiment of the autoinjector system
designated by reference numeral 200. As shown, the system 200 generally includes a
disposable casseite 212 and a re-usedble auioinjector 214. Further, as shown in
phantom in FIG. 6, a motor/drive system 216 and a microcomputer or controller 218
are mounted inside the autoinjector 214. The microcomputer 218 is activated by
depressing a bution 220 on the autoinjector 214. When activated, the microcomputer
218 controls the operation of the motor/drive system 216 for iis interaction with the
cassette 212.

{6066} As shown in FIG. 7, the casseite 212 mcludes a bousing 222, a inner sleeve
224 and a hypodermic syringe 226 including a fluid chamber 228 for holding a
medicament, an injection needle 230, and a plunger 232 that is moveable within the
fhuid chamber 228 to expel medicament from the chamber 228 through the injection
needle 230. The syringe 226 is formed with an orifice 234 that allows for contact
with the plunger 232. The syringe 226 is fixedly joined with the inner sleeve 224 and
this combination (i.e. syringe 226 and inner sleeve 224} is incorporated with the
bousing 222 to establish the cassefte 212,

{60671 Sull referring to FIG. 7, the inner sleeve 224 inclhudes a projection or
protrusion 236. The housing 222 is formed with a fixation member 238 that is
dimensioned for engagement with the autoinjector 214 (FIG. 6). The fixation member
238 engages with the antoinjector 214 to position the cassette 212 in an operational

alignment with the motor/drive gystem 216, The casseite 212 may be fizedly held on

CA 3070644 2020-01-31



WO 2009/143255 PCT/US2009/044693

the auloinjector 214 during an operation duty cycle of the system 200, and selectively
removed from the autoinjector 214 after s use.

[6068] As shown in FIG. 7, the bousing 222 is formed with a laich mechanism 240,
The latch mechanism 240 includes a pair of opposed, resilient arms 242a and 242b
that are respectively formed with detents 244a and 244b. As shown, the resilient arins
2423 and 242b extend toward the proximal end of a slot 246 that extends along the
side 248 of the housing 222.

[6068] When assemmbled, the cassette 212 forms and integral unit and is intended for
use only so long as there is medicament in the fiuid chamber 228 of the syringe and, it
is thereafter disposable. Prior to assenibly, the fluid chamber 228 of the syringe 226
will be pre-filled with a defined dose of medicament. The pre-filled syringe 226 1s
then inserted into the inner sleeve 224 where it is fixedly held. Movements of the
inner sleeve 224 will thus result in a corresponding movement of the syringe 226.
The combination {i.c. syringe 226 and inner slecve 224) is then joined with the
houosing 222, When so joined, the protrusion 236 on inner sleeve 224 fits in the
detents 244a and 244b between the resilient arms 242a and 242b. Accordingly, the
injection needle 230 of the syringe 226 is held inside and concealed in the housing
222 of the cassette 212 in a needle concealed (proximal) position. In this
configuration, the casseite 212 may be installed in or onto the autoinjector 214
substantially as shown in FIG. 6.

[6678] Referring collectively to FIGS. 8A-8C, one exemplary method of operation of
the system 200 will now be described. Although the auntoinjector 214 is not shown in
FIGS. 8A-8C, the cassette 212 and the motor/drive system 216, shown therein, are to
be considered as being operationally positioned within the avtoinjector 214 as shown
i FIG. 6. The motor/drive system 216 shown in FIG. 84, includes a first (injection)
motor 250 and section (delivery) motor 254. The motors 250 and 254 may comprise
any suitable, well known type of motor including without limitation, stepper motors
and reluctance motors. The motors 250 and 254 cach includes a drive system for
converiing the rotary motion of the motor to Hnear motion. Such drive systems
include without limitation, lead screw/wormn gear drive systems, rack and pinion drive
systems, and any other Hnear drive or transmission system. The drive system
associated with the first motor 250 includes a drive rod 252 which is moved by the

first motor 250, The drive system associated with the second motor 254 includes a
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pusher 256 which is moved by the second motor 254. The operations of the first
motor 250 and the second motor 254 are both controlled by the microcomputer 218.
[0871] In overview, a duty cycle for the system 200 may be envisioned as a series of
sequential changes in the configuration of cassette 212, For system 200, these
configuration changes are caused by separate operations of the first motor 250 and the
second motor 254. In compliance with these operations, a complete duty cycle for the
system 200 will constitute, in order, configurations shown from FIGS. 84, to FIG.
8B, 1o FIG. 8C, and then m reverse order from FIG. 8C, back to FIG. 8B and FIG. 8A.
{8072] FIG. 8A, shows the cassette 212 with the syringe 226 in a home position,
which places the Injection needle 230 in the needle concealed (proximal) position. fn
the home position, the protrusion 236 on nner slesve 224 is held by the latch
mechanism 240 on housing 222. Consequently, the injection needle 230 of the
syringe 226 is held and concealed within the casseite 212. FIG. 8B shows the cassetie
212 with the syringe 226 moved igto an injection position via the first motor 250,
which advances the drive rod 252, wherein the injection needle 230 has been extended
from the cassctte 12 through a hole 258 at the distal end 260 of the autoinjector 214
(FIG. 6). With this advancement, the drive rod 252 interacts with the latch
mechanism 240 to release protrusion 236, thereby allowing a distal movement of the
now unlaiched syringe 226 and inner sleeve 224 on the housing 222, This movement
is controlled by the microcomputer 218 and is performed with sufficient force 1o
allow the injection needle 230 to penetrate mto the skin tissue of 2 user/patient.
Preferably, this movement of the syringe 226 from the home position (FIG. 8A) to the
injection position (FIG. 8B) is accomplished at 2 speed of about 0.1 m/s to about 1.0
/s, Further, the first motor 250 may be pre-programmed to stabilize the syringe 226
in the injection position.

[6673] With the syringe 226 in the injection position (FIG. 8B), the microcomputer
218 then activates the second motor 254 to move the pusher 256 against the plunger
232 n the fluid chamber 228 (FIG. 7). The microcomputer 218 may be pre-
programmed to advance the plonger 232 at an appropriate speed for injection of the
medicament, which typically comprises a fluid medicament, from the fluid chamber
228.

{6074] FIG. 8C shows the autoinjector assembly 200 afier completion of the
injection. As mentioned above, completion of the injection doty cycle requires the
pusher 256 10 be withdrawn. This withdrawal of the pusher 256 is accomplished by
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the second motor 234. Once the pusher 256 has been withdrawn (FIG. 8B), the first
motor 250 is again activated by the microcomputer 218 to withdraw the drive rod 252.
The drive rod 252 then pulls the protrusion 236 back and into engagement with the
laich mechanism 240, thereby placing the syringe 226 in the home position and the
injection needle 230 in the needle concealed (proximal) position. The casseite 212 can
then be removed from the autoinjector 214 and discarded.

[8475] As an additional feature of the system 200, a sensor 262 may be provided at
the distal end of the autoinjector 214. In one exemplary embodiment, the sensor 262
is positioned adjacent the hole 258 of the cassette 212. The sensor 262, in one
exemplary embodiment, is of a type that will react to capacitance that can be
measured between the sensor 262 and the skin of the user/patient. The sensor 262
determines when the autoinjector 214 is in physical contact with & user/patient’s skin.
The microcomputer 218 will operate a duty cycle for the system 200 only when such
comtact 15 indicated. Otherwise, there can be no operation of the system 200.

[60786] FIG. 9 shows yet another exemplary embeodiment of the auloinjector system
generally designated by reference numeral 300. The system 300 generally includes a
disposable cassette 312 and a re-useable autoinjector 314. The autoinjector 314
mcludes a houosing 315 having & cut-out 315a for receiving the cassette 312, The
autoinjector housing 315 further includes a recess 315b for receiving a pair of
opposing, lateral tabs 312a formed on a proximal end of the cassette 312, when the
cassette 312 is positioned in the cut-out 315a of the autoinjector housing 315. The
recess 315b of the antoinjector housing 315 and the lateral tabs 330a of the cassette
312 cooperate to securcly retain the cassette 312 on the antoinjector 314 and to
prevent longitudinal movement of the cassette 312 when the autoinjector 314 is
operated. The antoinjector housing 315 also includes an injection button 320 for
activating the system 300 and a plurality of indicator lights 321 {e.g., LEDs) for
indicating the status of the system 300. A skin sensing sensor 374 is provided at a
distal end of the autoinjector 314 for sensing when the distal end of the autoinjector
314 is in physical contact with a user/patient’s skin. The autoinjector system 300 will
operaie only when such contact is indicated. The cassette 312 includes a cap 340
inserted through an aperture (not visible) in a distal end of the casseite 312, which is
used for gripping a protective needle shield that covers an injection needle of a
syringe contained within the cassette 312, as will be explained in greater detail further
on.
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[#077] Referring now o FIGS. 10A-10D and imitially o FIG. 10A, the autoinjector
314 inclodes an elongated internal frame 316, which is rigidly secured within the
autoinjector housing 315 (FIG. 9). The frame 316 includes a cassetie support section
316a and motor/drive system and controller (MDC) support section 316b. The
cassette support section 316a forms the bottom of the houging cut-out 315a and
defines a mounting surface for the cassette 312 (FIG. 9). A motor/drive system 349 is
rigidly mounted to MIDC support section 316b of the internal frame 316. The
motor/drive system 349 includes a first (injection) motor 350 (FIG. 10B) and a second
(delivery) motor 354 (FIG. 10A). The first and second motors 350, 354 may comprise
any suitable well-knowa type of motor including, without lmnitation, stepper motors
and rehuictance motors. Each of the first and second motors 350, 354 is associated with
a drive system for converiing the rotary motion of the motor to linear motion. Such
drive systems include, without limitation, lead screw/worm gear drive systems, rack
and pinion drive systeros, and any chér linear drive or fransmission system that is
capable of converting rotary motor moticon into linear motion. As shown in FIG. 10B,
the first motor 350 is associated with a rack and pinion drive system 352 including a
rack member 352a and a pinion 353b, and as shown in FIG. 104, the drive system
associated with the second motor 354 comprises a lead screw drive system 356
comprising a gear drive 356a and lead screw 356b.

[6078] Referring again to FIG. 10B, the distal end of the rack member 352b of the
rack and pinion drive system 352 forms a drive link 352¢. As shown in FIG. 9, the
drive link 352¢ has a free end 3524 that extends vp through a longitudinally
extending, clongated opening 316b in the cassetie support section 316a to operate a
syringe insertion mechanism of the cassette 312, When the first motor 350 is
operated, the rack and pinion drive system 352 moves the drive hnk 352¢ in a linear
manner such that the free end 3524 thereof moves distally and proximally in the
longitudinal opening 316b of the cassette support section 316a. A first position sensor
353 is provided for sensing the position and speed of the drive link 352c¢, as will be
explained forther on.

[B079] Referring again to FIG. 104, the lead screw 356b of the lead serew drive
system 356 drives an elongated pusher 356¢. The elongated pusher 356c has a free
end 336d which operates a medicament delivery mechanism of the casseite 312,
When the second motor 354 is operated, the lead screw drive sysiem 356 moves the

pusher 356a in a linear manner such that free end 3564 thereof moves longitudinally
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within the autoinjector 314 in a distal or a proximal direction. A second position
sensor 355 is provided for sensing the position and speed of the pusher 356a, as will
be explained further on.

[6086] Referring now to FIG. 10C, the MDC support section 316b of the internal
frame 316 also supports ceriain conirel components of the autoinjector 314, These
control components include a printed circuit board assembly 318 which defines a
microcomputer or controller 319, The printed circuit board assembly 318 includes the
mjection button 320 and the indicator Hghts 321 described earlier, and an audible
indicator in the form of a piezo-buzzer 322, The controlier 319 executes one or more
pre-determined programs that control the operation of the first and second motors 350
and 354, A power supply 323 for powering the first and second motors 350 and 354,
and all the control components of the autoinjector 314, is also supporied by the MDC
suppott section 316b of the internal frame 316. In one exemplary embodiment, the
power supply 323 comprises, without limitation, a control circuit, such as a step-up
DC to DC convertor, and a battery, such as a rechargeable lthium battery.

[B081] As shown in FIG. 10D, the cassette support section 316a of the internal frame
also supports certain conirol components of the autoinjector 314. These control
components include a cassette detection switch 370, a speed selection switeh 372, and
the earlier described skin sensor 374. The power supply 323 slso supports the power
reguirements of these control components. A flexible interconnect 371 is provided
for connecting the cassette detection switch 370, the speed selection switch 372, and
the skin sensor 374 with the printed circuit board assembly 318,

[0082) As shown in FIG. 9, the cassette detection switch 370 is actuated, in one
exemplary embodiment, by an actuator bution 370a that extends through an aperture
n the cassetie support section 3 16a and engages the cassette 312 when same is
mounied on the cassette support section 316a. The speed selection switch 372 may be
actuated by a button or like actuator 372a extending through another aperture in the
cassette support section 316a. A distal end 374a of the skin sensor 374 forms a distal
end of the antoinjector bousing 315 so that it can muke contact with & user/patient’s
skin.

{6083] Referring collectively to FIGS. 11A-11C, the cassetie 312 inchudes a housing
330, an mner sleeve 331 shidably moveable in the housing 330, a hypodermic syringe
326 fixedly disposed in the inner sleeve 331, and the earlier described cap 340. The

syringe 326 inclodes a fluid chamber 326a pre-filled with a predetermined dose of a
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fluid medicament of a predetermined viscosity, an injection needle 326b (shown with
broken lines) extending from a distal end of the fluid chamber 3263, a removable
necdle shield 326¢ covering the injection needle 326b, and a phunger 326d moveable
within the fluid chamber 3262 for expelling medicament from the chamber 326a
through the injection needle 326b.  The viscosity of the fhrid medicament typically
ranges between about 1 centipoeise to about 320 centipoise, although syringes with
fluid medicaments having viscosities greater than 329 centipoise may also be used by
appropriate selection of the second motor 354 and/or drive system 336.

[#084] As shown in FIG. 12, the inner sleeve 331 includes a patr of locking detents
331a formed on a proximal end of the inner sleeve 331, The locking detents 331a are
configured for engaging a finger flange 326¢ formed on the proximal end of the {luid
chamber 326a of the syringe 326, to fixedly retain the syringe 326 in the inner sleeve
331.

[6085] As collectively shown in FIGS. 13 and 14, one of the locking detents 331a of
the inner sleeve 331 inchides a projection or protrusion 331b which engages a laich
mechanism 360 formed on the cassorte housing 330, The laich mechanism 360
inchudes a pair of opposed, resilient locking arms 360a that extend proximally from
the proximal end of g longitudinally elongated slot 361 formed in a side of the
housing 330. The locking arms 360a define locking detent slots 360b through which
the protrusion 3316 extends.

6086} The casseite 312 is assembled, in one exemplary embodiment, by first
mserting the pre-filled syringe 326 into the inner sleeve 331 so that the finger flanges
326¢ of the fluid chaniber 326a arc lockingly cngaged by the locking detents 331a.
The inner sleeve 331 with the pre-filled syringe 326, is then inserted into the housing
336 of the cassette 312 so that the protrusion 331b of the inner sleeve 331 spreads
apart- and slides between the locking arms 360a of the housing 330 and then enters
the detents slots 360b of the locking arms 360a, where it is latched. Once assembled,
the syringe 326 is now in a home position with the injection needle 336b of the
syringe 326 concealed in the housing 330 of the cassetie 312 in a needle concealed
(proximal) position. In an alternate embodiment, the cassette 312 1is assembled by first
inserting an empty inner sleeve 331 into the housing 330 of the cassette 312 and then
mserting the pre-filled syringe 326 into the empty inner sleeve 331.

[06087] The first position sensor 353 is provided for sensing the position and speed of
the drive link 352¢. The position information provided by the first position sensor
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353 may be used, in one exemplary embodiment, for identifying when the syringe 326
is in the home position and for determining when the syringe 326 is in a brake
position, 1.e., a position within the cassette just prior to the needled exiended (distal)
position. The syringe typically enters the brake position just after the injection needle
326b has penetrated the user/patient’s skin. The brake position information allows the
controller 319 to stop the first motor 350 guickly and in a manner that minimizes
shock and vibration, when the inner sleeve 331/syringe 326 hit an end stop which
defines the injection position. The speed information provided by the first position
sensor 353 may be used for maintaining the speed of the syringe moving from the
home position to the injection position,

{0088} The speed selection switch 372 has two or more settings, each of which
corresponds to a different, user/patient selectable medicament injection speed
{measured in seconds). This allows selection of a medicament injection speed that is
most comfortable for the user/patient. In one exemplary embodiment, when the
user/patient selects one of the two or more medicament injection speeds using the
actuator 372a of the speed sclection switch 372, the user/patient is actvally setting the
voltage applied to the second motor 354 to one of two or more different voltages. The
actual medicament injection speed or speed of delivery, however, depends on the load
force experienced by the second motor 354 (i.e., the load force applied to the plunger
326d by the pusher 356¢). The load force, in turn, depends on the gauge and/or length
of the ijection needle, medicament viscosity, plunger/fluid chamber friction, motor
and drive system tolerances, and cassette tolerances, and other system factors. When
the load force experienced by the secand motor 354 increases, the speed of the second
motor 354 will decrease at the fixed voltage setting thereby decreasing the delivery
time/rate of the autoinjector system 300. Similarly, when the load force experienced
by the second motor 354 decreases, the speed of the second motor 354 will increase at
the fixed voltage setting, thereby increasing the delivery time/rate of the autoinjector
system 30G0. Therefore, in one exemplary embodiment, the controller 319 of the
autoinjector 314 is pre-programmed with a feedback conirol program that
compensates for the load force variations experienced by the second motor 354,
thereby maintaining the medicament injection speed of the second motor 354,
Accordingly, the autoinjector system 300 is capable of providing consistent delivery
times/rates for each speed setting of the second motor 354. In one exemplary

embodiment, the feedback control program executed by the controller 319 maintains
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the speed seiting of the second moior 354 by measuring the speed of the pusher 356a,
via the position sensor 355 and then, increasing or decreasing the voltage of the
second motor 354 in real-time to maintain a constant pusher speed and therefore
provide a constant delivery time/rate for the selected speed setting.

[608%] The following discussion describes one exemplary method for operating the
autoinjector system 300. First, the user/patient sets the actuator of 372a the speed
switch 372 to desired speed setting, The speed switch 372 allows the user/patient to
set the second motor 354 {o one of a plurality of different medicament injection rates
{(in seconds) of the autoiniector systems 300, FIG. 15 is a table showing injection rates
(in seconds) of three different samples (CM2-1, CM2-2, CM2-3) of the autoinjector
system 300 set at low, medivm, and high delivery motor speed settings for solutions
of three different viscosities in centipoise {(cP) (1 ¢P, 19 cP and 29 ¢P}. In one
exemplary embodiment, the second motor 354 and drive syster 356 are selected to
exert up to about 34 pounds of force on the plunger 3264 of the syringe 326 (which
equates 1o about 700 psi inside of the fluid chamber 3262 of the syringe 326). In other
embodiments, the second motor 354 and drive system 356 may be selecied to exert
more than 34 pounds of force on the phunger 3264 of the syringe 326.

[0094] Next, the cassette 312 is mounted onto the autoinjector 314 by placing the
cassette 312 into the cut-out of the autoinjecior housing 315 so that the cassetie 31
rests on the cassette support member 316a with the lateral tabs 330z of the cassetie
housing 330 disposed in the recess 315b of the autoinjector housing 3135, (FIG. 9.
When 30 mounted, the cassette 312 depresses the actuator 372a of the cassette
detection switch 372 and the protrusion 331b of the cassette inner sleeve 331 engages
the free end 3524 of the drive tink 352¢. With the cassette detection switch actuator
372a depressed, the controller 319 will cause audible indicator 322 to sound and the
indicator lights 312 o blink in a manner which indicates that the system is ready for
use. The user/patient then removes the cap 340 from the cassette 312, thereby
removing the needle shicld from the syringe 326 and withdrawing it from inside the
cassetie 312, Next, the user/patient places the distal end of the autoinjector 315
against the user/patient’s skin. If the skin sensor senses the user/patient’s skin, the
controller 319 will cause the indicator lights to light steadily, indicating to the
user/patient that the autoinjector system 300 1s ready to inject. The user/patient starts
the injection by pressing the injection button 320 which energizes the first motor 350
in a first rotary direction, which advances the drive link 352¢ in the distal direction
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thereby anlatching the protrusion 331b of the inner sleeve 331 from the latch
mechanism 360, thereby allowing a distal movement of the now uniatched inner
sleeve 331 containing the syringe 326, relative to the cassetie housing 330. The drive
fink 352¢, therefore, moves the syringe 326 from the home position, where the needle
326b is in the needle concealed {proximal) position to the injection position, where
the needle 326b is in a needle extended (distal) position and penetrating into the skin
tissue of the user/patient. The first motor 350 and drive system 352 are both sclected
to provide a syringe njection speed, (the speed of the syringe moving from the home
position to the injection position) of about 0.01 my/s to about 5.0 n/s, although other
syringe injection speeds are possible by selection of an appropriate motor and/or drive
system. In other embodiments, the syringe mjection speed ranges between about 0.1
m/s to about 1.0 m/s. In some embodiments, a second speed position switch (not
shown) may be provided for allowing the user/patient to select between two or more
syringe injection speeds, to make the needle injection more comfortable.

[6691] With the syringe 326 now in the injection position, the coniroller 31
energizes the second motor 334 in a first rotary direction, which advances the pusher
356¢ in the distal direction against the plunger 326d in the fluid chamber 3262 of the
syringe 326 to inject the fluid medicament from the fluid chamber 326a of the syringe
326. In one embodiment, the controller 310 pauses the avioinjector 314 after
completion of the fluid medicament injection to allow pressure to dissipate in the
syringe 326 so that all the medicament is delievered and no “dribbling” of
medicament oceurs. Upon completion of the fluid medicament injection, the
controller 319 energizes the second motor 354 in a second rotary direction, which
pulls the pusher 356¢ in the proximal direction, thereby partially withdrawing the
pusher 356c from the fluid chamber 326a of the syringe 326 to allow the injection
needle to be withdrawn from the user/patient. Onee the pusher 356 has been partially
withdrawn, the controller 319 energizes the first motor 350 in a second rotary
direction, which pulls the drive link 352¢ back in the proximal direction. Because the
free end of the drive link 352¢ is coupled to the protrusion 331b of the inner sleeve
331, the drive link 352¢ pulls the inner sleeve 331 containing the spent syringe 326
back to the home position where the protrusion 331b is again latched by the latch
mechanism 340, thereby placing the injection needle 330 in the needle concealed
(proximal} position again. The controller 319 then energizes the second motor 354
again in the second rotary direction to fully withdraw the pusher 356¢ from the fhuid
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chamber 326a of the syringe 326. The cassette 312 can now be removed from the
autoinjector 314 and discarded.

[8092] The autoinjectior system 300 may be suitably adapted to provide any desired
medicament injection rate. In one exemplary embodiment of the autoinjector system,
the medicament injection rates range between about 2.0 seconds and about 15.0
seconds.

{8492 In one exemplary cmbodiment of the autoinjector systern, the medicament
comprises a fluid medicament ﬁaving a viscosity of about | centipoise and the
medicament injection rates range between about 2.9 seconds and about 5.0 seconds,
[3094! In another exemplary embodiment of the autoinjector system, the medicament
comprises a loid medicament having a viscosity of about 19 centipoise and the
medicament injection rates range between about 4.4 seconds and about 9.6 seconds.
{6095] In a further exemsplary embodiment of the autonjector system, the
medicament comprises a fluid medicament having a viscosity of about 29 centipoise
and the medicament injection rates range between about 7.5 seconds and about 11.8
seconds.

{6096} In one exemplary embodiment of the auteinjector system, the medicament
comprises a fluid medicament having a viscosity of about 19 centipoise.

{6097} In another exemplary cmbodiment of the autoinjector system, the medicament
comprises a fluid medicament having a viscosity ranging between about 1 centipoise
and about 320 centipoise.

[6898] in still another exemplary embodiment of the antoinjector system, the
medicament comprises a finid medicament having a viscosity ranging between about
5 centipoise and about 40 centipoise.

[6699] In vet another exemplary embodiment of the autoinjector system, the
medicament comprises a {luid medicament having a viscosity ranging between about
10 centipoise and about 35 centipoise.

[6G386] In 2 further exemplary embodiment of the auioinjector system, the
medicament comprises a fluid medicament having 2 viscosity ranging between about
15 centipoise and abeut 30 centipoise.

[60181] In still a firther exemplary embodiment of the autoinjector system, the
medicament comprises a fluid medicament having a viscosity ranging between about

20 centipoise and about 25 centipoise.

[ee]
(%)
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[00302] In still a further exerplary embodiment of the avtoinjector system, the
redicament comprises a fluid medicament having a viscosity ranging between about
16 centipoise and about 42 centipoise.
[60183] In yet a further exemplary embodiment of the autoinjector system, the
medicament comprises a fluid medicament having a viscosity ranging between about
1 centipoise and about 29 centipoise.
[603104] FIG. 16 shows an altcrnate embodiment of the cassette designated by
reference nomeral 326°. The inner sleeve shown in the embodiment of FIGS. 11A-
11C and 12-14 has been omiiied and the fluid chamber 326a° of the syringe 326° has
been provided with a projection or proftrusion 326p that engages the latch mechanism
360 formed on the cassetie housing 330, The free end 3524 of the drive link 352¢ of
the sutoinjector 314 (FIG. 9) engages the protrusion 326p to move the syringe 326’
from the home position to the injection position.
{60185 Although the autoinjector system and its elements have been described in
terms of exemplary embodiments, it is not limited thereto. Rather, the appended
claims should be construed broadly, to include other variants and embodiments of the
auntoinjector system and its elements, which may be made by those skilled in the art
without departing from the scope and range of equivalents of the system and s

elements.
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CLAIMS:
1. A system for injecting a fluid medicament into a patient which comprises:
a motorized drive mechanism,;

a hypodermic syringe with a needle, wherein the syringe is pre-filled with the
fluid medicament and the syringe includes a stopper for expelling the medicament from the

syringe through the needle;

a cassette for receiving and holding the hypodermic syringe, the syringe
movable relative to the cassette between a first position and a second position, the cassette
comprising an inner sleeve for holding the syringe, an outer sleeve for supporting the inner
sleeve, the inner sleeve moveable relative to the outer sleeve between the first position and the
second position, and a detent formed by the outer sleeve for retaining the syringe in the first

position; and
a bar operated by the motorized drive mechanism for releasing the detent;

wherein the needle is concealed inside the cassette in the first position, and

wherein the needle extends from the cassette in the second position for injection of the

medicament.
2. A system as recited in claim 1, wherein the motorized drive mechanism
comprises:

a first motor for moving the syringe between the first and the second positions;
and

a second motor for pushing the stopper to expel the medicament from the

syringe while the syringe is in one of the first and second positions.

3. A system as recited in claim 1 or 2, wherein the outer sleeve is a hollow tube

having a wall defining an axis, and having a first end and a second end, with the wall of the
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tube having a longitudinal slot extending between the first and second ends of the tube, and

wherein the cassette further comprises:

a resilient arm formed on the wall of the outer sleeve with a the detent formed

on the arm, the arm being biased to extend the detent into the slot of the outer sleeve; and

a projection extending radially outward from the inner sleeve and into the slot

of the outer sleeve for selective engagement with the detent of the outer sleeve.

4. A system as recited in claim 3, further comprising a pair of resilient arms,
wherein the arms are opposite each other across the slot for concerted engagement with the

projection on the inner sleeve.
5. A system as recited in any one of claims 1 to 4, further comprising;:
a protective cover positioned over the needle of the syringe; and

a cap engageable with the protective cover for subsequent removal of the

protective cover with the cap when the cap is removed from the outer sleeve.
6. A disposable cassette for use with an injector, the cassette comprising:
an outer sleeve;

an inner sleeve movable within the outer sleeve between first and second

positions;

a syringe held by the inner sleeve, the syringe prefilled with a fluid
medicament, wherein the syringe is in a needle concealed position when the inner sleeve is in
the first position and the syringe is in a needle extended position when the inner sleeve is

moved to the second position by a motorized drive mechanism of the injector; and

a detent formed by the outer sleeve for retaining the inner sleeve in the first

position, the detent being releasable by the motorized drive mechanism.
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7. A disposable cassette as recited in claim 6, wherein the outer sleeve further
comprises a wall, the wall having a slot and a first resilient arm with the detent, wherein the
inner sleeve comprises a projection that engages the detent when the inner sleeve is in the first
position, the projection being released from the detent by the motorized drive mechanism and
traveling in the slot as the motorized drive mechanism moves the inner sleeve from the first

position to the second position.

8. A disposable cassette as recited in claim 7, wherein the projection re-engages
the detent as the motorized drive mechanism moves the inner sleeve from the second position

to the first position.

9. A disposable cassette as recited in claim 7, wherein the detent comprises a first
detent and wherein the wall of the outer sleeve has a second resilient arm with a second
detent, wherein the projection engages the second detent when the inner sleeve is in the first
position, the projection being released from the second detent by the motorized drive

mechanism.

10. A disposable cassette as recited in claim 9, wherein the projection re-engages
the first and second detents as the motorized drive mechanism moves the inner sleeve from

the second position to the first position.
11. A system for injecting a fluid medicament comprising:

a cassette for concealing a hypodermic syringe, the syringe movable relative to
the cassette, the syringe having a needle that is concealed inside the cassette if the syringe is
in a first position relative to the cassette, the needle extending from the cassette if the syringe
is in a second position relative to the cassette, the cassette comprising a detent for preventing

movement of the syringe relative to the cassette; and
a motorized drive mechanism,

wherein the motorized drive mechanism is operative for releasing the detent,

and wherein the cassette comprises:
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an inner sleeve for holding the syringe; and

an outer sleeve for supporting the inner sleeve, the inner sleeve moveable
relative to the outer sleeve between the first position and the second position, wherein the

detent is formed by the outer sleeve.

12. A system as recited in claim 11, wherein the outer sleeve comprises a slot and
a resilient arm, wherein the detent is formed on the resilient arm, and wherein the inner sleeve
comprises a projection that extends into the slot of the outer sleeve and engages the detent

when the sleeve is in the first position.

13. A system as recited in claim 11, wherein the outer sleeve is a hollow tube
having a wall defining an axis, and having a first end and a second end, with the wall of the
tube having a longitudinal slot extending between the first and second ends of the tube, and

wherein the cassette further comprises:

a resilient arm formed on the wall of the outer sleeve with the detent formed on

the arm, the arm being biased to extend the detent into the slot of the outer sleeve; and

a projection extending radially outward from the inner sleeve and into the slot

of the outer sleeve for selective engagement with the detent of the outer sleeve.
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