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AUTOINJECTOR SYSTEM

RELATED APPLICATIONS

[8801] This apphication claims the priority benefits of U.S. Application No.
12/123,888, filed May 20, 2008 and U.S. Application No. 12/178,447, filed July 23,
2008, the entive disclosures of which are incorporated herein by reference.

FIELD
{80602] The present disclosure relates to a system and method for injecting
medicaments into a patient from a hypodermic syringe. More particularly, the present
disclosure relates to an auto-injector and a cassetie uscable with the auto-injector,
which conceals the injection needle of a hypodermic syringe before and after an

mjection.

BACKGROUND

{8003] Pre-filled hypodermic syringes provide several advantages for the home-use
market. These advantages mclade that pre-filled syringes may be prepared for each
medicament with exactly the required dosage. Further, they are casily operated, by
merely advancing the stopper of the syringe. Aside from the costs of the particular
medication that is being used, pre-filled syringes are also economically manufactured.
Conseguently, all these advantages make pre-filled syringes commercially appealing.
{8004] Nevertheless, pre-filled syringes also have a significant drawback in the
marketplace. Specifically, many users are cither frightened by an exposed needle or
ecl they are inherently incapable of performing an injection. Because of aversions fo
exposed needles, as well as the many health and safety issues that may be involved,
various types of injectors and other devices bhave been developed for the specific
purpose of concealing needles from the user and automating the njection task to
assist the user in performing the injection.
{8605] In order to inject a fhuid medicament into a patient when using a hypodermic
syringe, generally three separate and distinet tasks must be performed. These are: 1)
msertion of the needle into the patient; 2) injection of the fluid medicament from the
syringe into the patient; and 3) withdrawal of the needie after the mjection has been
completed. For each task, the magnitude and direction of forces on the syringe, as
well as the location of their application, are different from the other tasks. For

]



WO 2009/143255 PCT/US2009/044693

mstance, compare the task of mserting the needle, with the task of injecting the fluid
medicament. Insertion of the needle requires that only minimal forces be apphied 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 nuich greater foree be apphied. Further,
this force must be applied on the phunger 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.

18006] Springs for generating forces on a syringe in an automated process have been
used heretolore for various purposes. A characteristic of springs, however, is that the
magnitude and direction of a spring force are not variable. Consequenily, springs do
not lend themselves for so-calied 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 sitvations where it
may be desirable to use the same device, at different times, to inject different
medications, with different thud viscosities.

{8007} 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 tjection needle of a syringe be operationally concealed from the view of a
user. Preferably, this concealment may be maintained before, during and after an
njection 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.

{8008} Accordingly, an improved medicament injection system is needed, which
hides the syringe needle during vse, is capable of accommodating different force
oquirernents during an injection procedure, is relatively casy and inexpensive

manufaciure, and is easy (o use.

SUMMARY

[8609] In accordance with the present disclosure, a system for injecting fhuid
medicaments into a patient from a pre-filied hypodermic syringe, employs a cassette

that is pre-loaded with the pre-filled syringe. For this combination, the bypodermic
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syringe can be loaded into the cassette during manufacture, or be subsequently loaded
by a contract service provider. In either case, the syringe needle is concealed inside
the cassetic and hidden from the view of the end-user. Importantly, the only
preparation required by the end-user (e.g. the patient that 1s to sclf-adnunister the Juid
medicament} is to mount the cassette onto a drive mechanism.

{8618] Structuraily, the system of the present disclosure envisions a pre-filled syringe
that will have a needle, and #t will have a stopper for expelling the fhuid medicament
from the syringe through the needle. Further, the pre-filled syringe will be firmly held
on the casseiie 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
be firmly held 4o the concealed position, in any of several different ways. These
inchude, the use of a latching mechanism, an adhesive, or a {lexible abutment.

{861 1] Once the cassetie has been loaded with the pre-fitied hypodermic syringe, the
cassetie can be engaged with a drive mechanisra. Io detatl, the drive roechanism
mclades two separate motors that perform two different functions. A first motor s
provided for engaging the syringe in its conccaled position where its needie is hidden.
With this engagerent, the first motor then moves the syringe and its needle from the
conecaled position and into an exposed position where the needle is extended for
msertion mto the patient. While the needle is inserted mto the patient, a second motor
is provided for pushing the stopper on the syringe {o 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, afler it has been
withdrawn the syringe is again firmly held in the concealed position, inside the
cassetie. Thus, the needle remains hidden from view at all times during an injection
procedure. Further, as noted above, the syringe 1s firmly held inside the cassette to
msure the syringe needle does not madvertenily extend from the cassette.

{8612] In operation, an end-user mounts a pre-loaded cassetiec 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 ingection is to be made. A button on the
system is then pushed to activate the drive mechanism for an injector procedure.
After the injection has been completed, the cassette, with its now empty syringe, can
be removed from the drive mechanism and discarded.

18613} In accordance with the present disclosure an auloinjector system includes a

disposable cassetie that operates in combination with a reusable injector. Prior to an
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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 cassette in a
horge position. For the present disclosure, this pre-filied syringe may be of any type
syringe 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 fhud chamber.
When the cassctie, with syringe, is engaged with the injector, the system is ready for
use.
[8814] Operation of the system of the present disclosure requires two separate motors
that are individoally mounted on the injector. Though they are mechanicaily
mdependent of each other, the respective operations of these two raotors must be
coordinated. Specifically, a first motor is used (o effect movements of the entire
syringe assembly (i.c. syringe chamber, ijection needle and plunger are all moved
together}. On the other hand, a second motor is employed to advance the plunger
ito the fluid chamber for performing an injection of a fluid medicament.
[8815] 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. Afier the syringe has been
released, the fivst 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 needic when a specified needic depth has been achieved.
The first motor can then be used to help stabilize the needle during an mjection of the
medical medicament from the syringe.
18016] 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

inseried into the patient, the second motor moves a pusher to urge against the plunger

=N

of the syringe to advance the plunger into the {hud chamber of the syringe.
Importantly, the second motor can be programumed to advance the plunger into the
fluid chamber at a predeternuned rate(s) for compliance with an injection protocol.
{B017] After the miection has been completed, the second motor withdraws the
pusher. The first motor is then used again. Specifically, the first motor 1s now used to
withdraw the injection needle from the patient, and to return the syringe to the home
position on the cassette, where it 18 re-latched onto the cassette. The cassetie can then

be removed from the injector and discarded.
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{B0618] In order to control the concerted operations of the first and second motors, the
system includes a microcomputer that is mounted on the injector. Importantly, the
microcorapuier operates the motors with different forces, and at different speeds for
different purposcs. More specifically, the {irst motor must operate quickly to nsert
the needle (c.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 second rotor will typically be
required to generate greater forces for the fnjection of floid medicament. And,
accordingly, it will also typically operaie 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 microcompuler.
18619} 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. If used, such a sensor will allow the user to ascertain whether the system has been
property positioned for an injection. In detail, 3 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 {unction of this signal is actually two-
fold. First, it can be used to prevent imtial operation, if the system is not properly
positioned. And, sccond, it can be used to interrupt operation of the syster, if
ecomes improperly positioned during an injection.
[8828] Further disclosed herein 1s a system for injecting a medicament into a patient.
The systern comprises an injector and a medicament cassette. The medicament
cassetie 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 oppostte the syringe chamber, The skin penetrating end is disposed within the
housing when the sleeve 18 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 thercon, and a motor driven link 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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[8821] Sull further disclosed herein is a system for injecting a medicament. The
system comaprises an injector and a medicarnent casselte comprising a syringe for
countaining a medicament. The fnjector 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 of a
phurality of different speeds. The phurality of different speeds correspond o a plurality
of different injection rates of the system.
{80622} Also disclosed herein is a medicament cassette for an autoinjector. The
medicament cassetic comprises a housing, a sleeve movable in the housing between
first and second positions, and a syringe comprising a chamber for containing a
wdicament and an fnjection needle extending from the syringe chamber. The syringe
chamber is at least partially disposed in the sleeve. The injection needle has a skin
enetrating cnd opposite the syringe charaber, the skin penetrating end disposed
within the housing when the sieeve is in the first position and the skin penetrating end
extending oul from the housing when the sleeve is in the second position. A portion of
the sleeve engages a drive link of the avtoinjector, when the cassette is mounted on or
n the autoinjector.
{8023] Further disclosed herein is an injector for injecting a medicament into &
patient. The injector comprises a surface for removably mounting a cassette thereon,
the cassette having disposed therein a siceve holding a syringe containing the
medicament and a motor driven hink having a first end engageable with a portion of
the cassette when the cassette 1s mounted on the surface, the link for moving the
sleeve from the first position to the second position.
16024) Also disclosed is a systern for injecting a medicament inio 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 pencirating end opposite the syringe chamber, the skin penetrating end
disposed within the housing when the syringe 1s in a first position and the skin
penectrating end extending out from the housing when the syringe is in a second
position. The injecior comprises a surface for removably mounting the cassette

thereon, a motor driven link having a first end enga

gageable with a portion of the
syringe when the cassetie is mounted on the surface, the link for moving the syringe

from: the first position to the second position.
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[8825] Alse disclosed 1s a medicament casscite for an autoinjecior, comprising a
housing and a syringe. The syringe comprises a chamber for containing a
medicament and an tojection 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 18 in a first position and
the skin penctrating end extending out from the housing when the syringe isin a
sccond position. A portion of the syringe engages a drive hink of the autoinjector,
when the cassette is mounted on or in the autoinjecior.

{8826] Further disclosed is a sysiem for mjecting a medicament into a patient,
comprising an mjector and a medicament cassette. The tjector comprises a surface
for removably mounting the cassette thereon and 8 motor driven bnk having a first
end for operating the cassette in a needle injection mode.

{8627] Further disclosed is a system for injecting a medicament, comprising an
mjector and a medicament cassette. The fnjector comprises a 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 BDESCRIPTION OF THE BRAWINGS

{8028} Reference will now be made in detail to the aspects of the present disclosure,
examples of which arc fllustrated in the accompanying drawings, wherein ke
reference numerals refer 1o like cloments throughout.

[3029] FIG. 1 1s a perspective view of an exemplary embodiment of an autoinjector

system for ingecting a medicament into a patient.

of FIG. | with a pre-loaded, pre-filled hypodermic syringe.
18031] FIG. 3A is a sectional view of the pre-loaded cassetie, as seen along the line 3-
3 of F1G. 1, with the pre-filled hypodermic syringe in a needled concealed (proximal)

position.
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18632} FIG. 3B is a sectional view of the pre-loaded cassetie shown in FIG. 3A with
the syringe in a needled extended (distal) position after drug delivery.

16033] FIG. 4 is an exploded perspective view of another embodiment of the cassetic.
{8034} FIG. 515 a sectional view of an aliernate embodiment of the pre-loaded
cassette, as seen along the Hne 3-3 in FIG. 1

{8635] FIG. 61s a perspective view of another exemplary embodiment of the
autoinjector system showing the cassette engaged with the autoinjector.

[B8036] FIG. 7 is an exploded perspective view of the casseite of the auloinjector
system of FI{3. 6 and its coraponent elements.

[B037] FIG. 8A is a2 perspective view of the cassetic and a motor/drive system of the
autoinjector system of FIG. 6 in position at the beginning and at the end of a duty
cycle.

{8038) FIG. 8B is a view of the components shown in FIG. €A with the syringe in the
cassetie being advanced by a first moetor of the metor/drive system for msertion of the
syringe needle into a patient.

18839] F1G. 8C is a view of the components shown in FIG. 8B with the plunger in the
syringe being advanced by a second motor of the motor/drive system for injection of a
fhuid medicarnent from the syringe 1nto the patient.

[8048] FIG. 91s a perspective exploded view of vet another exemplary embodiment
of the autoinjector system comprising reusable antoiniector and a corresponding
disposable cassette.

[8841] FIG. 10A is a perspective top view of an exemplary embodiment of an internal
frame of an autoinjecior similar i the one shown in FIG. 9 with a debivery
motor/drive systern attached thereto.

[6042] FIG. 10B is a perspective botiom view of the internal frame shown in FIG.
10A with a injection motor/drive system attached thereto.

{8843] FIG. 10C is a perspective top view of the internal frame shown in FIG. 10A
with autoinjector control coraponents attached thereto.

[8844] FIG. 10D i3 a perspective bottom view of the internal frame shown m FIG.
10A with autoinjector control components attached thereto.

18045] FIG. 11A is an exploded top view of a cassetie similar to the one shown in
FIG. 8.

[804s] FIG. 11B is an exploded side view of a cassette similar to the one shown in

FIG. &,
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18047} FIG. 11C is an exploded bottom view of a cassette similar to the one shown in
FiG. 9.

16048] FIG. 12 s a perspective view of the an inner sleeve and syringe of a cassetie
stroilar to the one shown in FIGS. 9 and 11A-11C.

[8048] FIG. 13 is a perspective exploded view of the inner sleeve/syringe shown in
Fi(3. 12 and a bousing of the cassetic similar to the one shown in FIGS. 9 and 11 A-
e,

18850 FIG. 14 is a bottom view of the cagsette shown in FIG. 9.

{8851] 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.

[8052] FIG. 1615 a perspective exploded view of an alternate embodiment of the

cassette that omits the tnner sleeve.

DETAILED DESCRIPTION

[8053] Referring to FIG. 1, an exemplary erabodiment of an autoinjector system for
mjecting a medicament nto a user/patient {a user of the system or another person or
animal} is shown and is designated by reference mumeral 100, The system 100
generally focludes a disposable cassette 112 and a re-usable drive mechanism or
autoinjector 114, The autoinjector 114 includes a cradle 116 that 1s dimensioned to

receive and hold the cassette 112 on the autoinjector 114, The avtoinjector 114

o

inciudes a first {injection)} motor |18 (shown in phantom) and a section {delivery)
motor 120 {also shown i phantom). The motors 118 and 120 may comprise any
suitable, well known type of motor inchuding without himitation, stepper motors and
refuctance motors. The motors 118 and 120 each includes a drive system for
converting the rotary motion of the motor to linear motion. Such drive systems
inchude without Hmitation, lead screw/worm gear drive systems, rack and pinion drive
systems, and any other linear drive or transmission system which enables the motors
1318 and 120 1o individually exert axially directed forces on contenis 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 bution 124 provided with the autoinjector 114,
16054] Referring to FiG. 2, the cassette 112 comprises a housing 126 having hollow,
nibular shaped structure for holding a hypodermice syringe 128 comprising an
imjection needle 130 that is affixed to the distal end of a fluid chamber 132, A
conventional finger grip 134 is provided at the proximal end of the fhuid chamber 132,
Also, a stopper or plunger 136 is disposed in the proximal end of the fluid chamber
132 to expel fhid medicament from the fluid chamber 132 through the needle 130. A
protective cover 138 may be provided to cover the needle 130 when system 100 is not
i operational use, and a cap 140 is emploved fo grip the protective cover 138,

{8658] Prior 1o an operation of the systern 100, the cassette 112 1s pre-loaded with the
syringe 128, which has been pre-filled with an appropriate dose of the desired
medicament {¢.g., & fluid medicament). Before pre-loading the cassette 112, the
protective cover 138 is positioned over the needle 136 onsyringe 128, The pre-filled
syrmge 128 is then inserted fnto 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,

{8056} The cassetie 112 {(pre-loaded with the pre-filled syringe 128) may be mounted
on the auteinjector [ 14, as shown in FIG. 1, by merely inserting the cassette 112 into
the cradle 116 of the autoinjector. When inserted, the opposing protrusions (only
protrusion 146a is shown) formed on the housing 126 of the cassetie 112 engage with
respective recesses 148a and 148b to stabilize the casseite 112 on astoinjector 114,
{8857] In one exemplary embodiment, as shown in FIG. 3A, the pre-filled syringe is
fGrmly held mside the cassette 112 with the injection needle 130 of the syringe 128
conecaled inside the cassette 112 and thereby hidden from the user/patient’s view (4
needle concealed position or proximal position) by opposing bumps 150a and 150b
formied on inner surfaces of resilient arms 152a and 152b, respectively, of the housing
126 of the cassette 112, The burops 150a and 150b firoly hold the syringe 128 in a
home position (the needle concealed posttion) unti resilient arms 152a 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 casseite 112
o move the njection needle 130 from the needle concealed (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 cassette housing 126, while the fnjection needle 130 extends from the

3

-assette housing 126 for tnsertion into a user/patient,

16058] In one exemplary embodiment, the drive system of the first motor 118 engages
the syringe 128 in a manwoer that allows the fivst motor 11§ to retract the syringe 128
and thus the injection needle 130 from the exiended {distal) position, thereby
returning the injection needie 130 to its concealed (proximal) position with the
syringe 128 firmly held 1o the housing 126 in the home position by the bumps 150a
and 150b and the resibient arms 152a and 152h.

{8859] In an alternative embodiment, a single motor may be used in place of the first
and sccond motors 118 and 120. The use of the single motor requires an appropriate
drive or transmission which 1s capable of converting the rotary motion of the motor {o
hnear motion and selectively applying the linear motion to the syringe 128 or the
stopper 136,

j6068] FIG. 4 shows an alternate embodiment of the cassette 112, which includes an
mner sleeve 154 and an housing 156, The foner sleeve 154 15 a holiow, substantially
tube-shaped structure defining a lomen 158, Formed on the outer surface of the inner
sleeve 154 is a proximal projection 160 and a distal projection 162 that are axially
aligned with cach other. The housing 156 defines a Tumen 164 and an axially aligned
slot 166, Resilient arms 168a and 168b are formed on the housing 156 and are
positioned o 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 172b. The resilient arms 168a and 168b and their corresponding detents 170a and

170b and ramps 172a and 172b define a latch mechanism,

18061] The cassetie of FIG. 4 18 be pre-loaded with the syringe 128, according to one
exemplary embodiment, by inserting the inmer sleeve 154 foto the lumen 164 ol 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
mserting the hypodemic syringe 128 mto the luraen 158 of the mner sleeve 134, This
places the njection 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 needle extended (distal} position is accomphished by the
drive system of the {irst 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

1
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projection 160 of the inner sleeve 154, thereby causing the arms 168a and 168b to
spread and therefore, release the proximal projection 160 from their grasp. The inner
slceve 154, with syringe 128 frmly held therein, may then be moved in a distal
direction through the tumen 164 of the housmg 156, This distal movement continues
until the distal projection 162 contacts an end abutment 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 aotor 118 roay be used fo
apply a pulling force on the proximal projection to withdraw the inner sleeve 154 ina
proximal direction through the turnen 164 of the housing 156. This proximal
moveraent continues until the proximal projection 160 oninner sleeve 154 again
engages with the detents 170a and 170b, thereby returning the syringe 128 to the
home position and thus placing the injection needie 130 into the corresponding needle
concealed {proximal} position.

{6062] FIG. 5 shows yet another embodiment of the cassette 112, In this embodiment,
an adhesive 176 is disposed on the immer surface of the housing 126 to firmly hold the
syringe 128 in the noedle concealed (proximal) position. The adbesive 176, ora
strailar type of restraining clement, can be used cither directly between the syringe
128 and the housing 126 of the cassette 112, as shown i FIG. 5. The adhesive 176

selectively releases the syringe 128 and then re-adheres to the syringe 28 in response

i

=N

to the push and pull forces exerted on the syringe 128 by the drive system of the first
motor 118,

[8863] In one excmplary method of operation of the system 100, a pre-loaded cassette
112 1s positinned n the cradle 116 of the autoinjecior 114, which engages the syringe
128 (FIGS. 3A-38 and FIG. 5) or the proximal projection 160 of the inner sleeve 154
of the cassette 112 (FIG. 4) with the hnear drive system of the first motor 118, Prior
{o an injection, the cap 140 is removed from the cassette 112, Because the cap 14018
atiached to the protective cover 138 covering the needle 130 of the syringe 128, the
protective cover 138 is also removed. The systern 100 is now ready for an injection.
[3064] With the system [00 positioned at an injection site (not shown), the button 124
on autoinjector | 14 1s depressed. Depression of the button 124 causes the Hnear drive
system of the first motor 118 to apply a pushing force to the syringe 128 (FIGS. 3A-
38 and FIG. 5) or the proxamal 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 1s in the needle extended (distal} position, thereby causing
the needle 130 of syringe 128 to penetrate inte fissue of the user/patient for an
mjection. At this time, the Hnear drive system of the second motor 120 pushes on the
stopper 136 of the syringe 128 to expel medicament from the (hiud chamber 132 of the
syringe 128, Afler an injection has been completed, the fivst motor 118 is again
activated to apply a pulling foree to the syringe 128 (FIGS. 3A-3B and FIG. 5} or the
proximal projection 160 of the inner sleeve 154 of the cassetie 12 (FIG. 4), to
withdraw the syringe 128 from the inject position where the imjection needle 130 4s in
the needle extended (distal) position to the home position, where the injection needic
130 1s in the needle concealed (proximal) position. The cassetie 112, along with the
expended syringe 128, can then be removed from the cradle 116 of the autoinjector
114 and discarded.
{8665] FIG. 6 shows another exemplary embodiment of the auteinjector system
designated by reference numeral 200, As shown, the systern 200 generally includes a
disposable cassette 212 and a re-useable autcinjector 214, Further, as shown in
phantom in FIG. 6, a motor/drive systern 216 and a microcomputer or controller 218
arc mounted inside the autoinjector 214, The microcomputer 218 is activated by
depressing a button 220 on the automjector 214, When activated, the microcomputer
218 controls the operation of the motor/drive systern 216 for its interaction with the
cassetie 212,
{8066] As shown in FIG. 7, the cassette 212 includes a housing 222, a inner sleeve
224 and a hypodermic syringe 226 mmchuding a {huid chamber 228 for holding a
medicament, an injection needle 230, and a plunger 232 that is moveable within the
fluid 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 {or contact
with the plunger 232, The syringe 226 1s fixedly joined with the nner sleeve 224 and
this combination (i.c. syringe 226 and imner sleeve 224} is incorporated with the
housing 222 1o establish the cassette 2172,
[8867] Suil referring to FIG. 7, the inner sleeve 224 inchudes 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 moember
38 engages with the autoinjector 214 to position the cassette 212 in an operational

alignment with the motor/drive system 216, The cassette 212 may be fixedly held on
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the autoinjector 214 during an operation duty cycle of the system 200, and selectively
removed from the autoinjector 214 after its use.

16068] As shown in FIG, 7, the housing 222 is formed with a latch 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 arms
2423 and 242b extend toward the proximal end of a slot 246 that cxiends along the
side 248 of the housing 222.

[80669] When assembled, the cassette 212 forms and integral unit and 1s intended for
use only so long as there is medicament in the fTuid chamber 228 of the syringe and, it
is thereaficr disposable. Prior 1o assembly, the fluid chamber 228 of the syringe 226
will be pre-filled with a defined dose of medicament. The pre-filled syringe 22615
then mserted into the inner sleeve 224 where it is fixedly held. Movements of the
inner skeeve 224 will thus result in a corresponding movement of the syringe 226.

The combination (i.e. syringe 226 and inner sleeve 224) 1s then joined with the
housing 222, When so joined, the protrusion 236 on inner sleeve 224 fits in the
detents 244a and 244b between the resitient arms 242a and 242b. Accordingly, the
mjection needle 230 of the syringe 226 is held inside and concealed in the housing
222 of the cassette 212 i a needle conccaled (proximal) position. In this
configuration, the casselte 212 may be stalled in or onto the antomjector 214
substantialiy as shown in FIG. 6.

18878] Referring collectively to FIGS. 8A-8C, one exemplary method of operation of
the system 200 will now be deseribed. Although the avtoinjector 214 is not shown in
FIGS, 8A-8C, the cassetie 212 and the motor/drive system 216, shown therein, are to
he constdered as being operationally positioned within the autoingector 214 as shown
in FIG. 6. The motor/drive system 216 shown in FIG. 8A, meludes a frst (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 mwotors. The motors 250 and 254 each includes a drive system for
converting the rotary motion of the motor to Hnear motion. Such drive systems
mclade without Bmitation, lead screw/worm gear drive systems, rack and pinion drive
systems, and any other lincar drive or transmission syster. The drive system
associated with the frst motor 250 includes a drive rod 252 which 1s 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
sotor 250 and the second maotor 254 are both controlied by the microcomputer 218,
{80711 In overview, a duty cycle for the system 200 may be envisioned as a series of
sequential changes i 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,
88, to FI1G. 8C, and then n reverse order from FIG. 8C, back to FIG. 8B and FIG. 8A.
{8872] F1G. BA, shows the cassette 212 with the syringe 226 in a home position,
which places the injection needie 230 in the needle concealed (proximal) position. In
the home position, the profrusion 236 on inner sleeve 224 is held by the latc
mechanism 240 on housing 222, Conseguently, the injection needle 230 of the
syringe 226 is held and concealed within the cassette 212, FIG. £B shows the cassetie
212 with the syringe 226 moved into an injection position via the first maotor 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 2
(F1G. 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 controlied by the microcomputer 218 and s performed with sufficient force to
allow the injection needle 230 to penetrate into the skin tissue of a user/patient.
Preferably, this movement of the syringe 226 from the home position (FIG. §A) to the
mjection position (FIG. 8B) is accomplished at a speed of about 0.1 nv's to about 1.0
m/s. Further, the first motor 250 may be pre-programmed to stabilize the syringe 226
in the injection position.

18073] With the syringe 226 in the injection posttion (FIG. B}, the microcomputer

;,.A

8 then activates the second motor 254 to move the pusher 256 against the plunger
232 m the fluid chamber 228 (F1G. 7). The micrecomputer 218 may be pre-
programmed to advance the planger 232 at an appropriate speed for injection of the
medicament, which typically comprises a fluid medicament, from the fluid chamber
228.

{8074} FIG. 8C shows the autoinjector assembly 200 after completion of the
imjection. As mentioned above, completion of the injection duty cyele requires the
pusher 256 to be withdrawn. This withdrawal of the pusher 256 is accomplished by
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the second motor 254, Once the pusher 256 has been withdrawn (FIG. 8B), the first
1otor 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 cogagement with the
latch mechanism 240, thereby placing the syringe 226 i the home position and the
imjection needle 230 in the needle concealed (proximal) position. The cassette 212 can
then be removed from the autoinjector 214 and discarded.
18875] As an additional feature of the systern 200, a sensor 262 may be provided at
the distal end of the autoinjector 214, In one excraplary embodiment, the sensor 262
is positioned adjacent the hole 258 of the cassette 212, The sensor 262, in one
exemplary embodiment, 18 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 a user/patient’s skin.
The microcomputer 218 will operate a duty cycle for the systera 2060 only when such
contact is indicated. Otherwise, there can be no operation of the system 200.
[8876] FIG. 9 shows yet another exemplary embodiment of the autcinjector system
generally designated by reference numeral 300, The system 300 generally includes a
disposable cassette 312 and a re-uscable autoinjector 314, The autoinjector 314
includes a housing 315 having a 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 casseite 312, when the
cassette 312 is positioned in the cut-out 315a of the autoinjector housing 315, The
recess 315b of the autoinjector housing 315 and the lateral tabs 330a of the cassette
312 cooperate o securely retain the cassette 312 on the autoinjecior 314 and to
prevent longitudinal movement of the cassette 312 when the autoinjector 314 is
operated. The autoinjector housimg 315 alse includes an injection button 320 for
activating the system 300 and a plurality of ndicator 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 avtoinjector 314 for scusing when the distal end of the autoinjector
314 1s in physical contact with a user/patient’s skin. The automnjector systern 300 will
operate only when such contact is indicated. The cassette 312 inchudes a cap 340
nserted through an aperture {not visible) in a distal end of the cassette 312, which is
used for gripping a protective needle shueld that covers an injection needle of a
syringe contained within the cassette 312, as will be explained in greater detail further

on.

16



WO 2009/143255 PCT/US2009/044693

1B8677] Referring now to FIGS, [0A-10D and imtially to FIG. 10A, the autoinjecior
314 includes an clongated internal frame 316, which is rigidly secured within the
autoinjector housing 3135 (FIG. 9). The frame 316 mcludes 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 housing cut-cut 31 35a and
defines a mounting surface for the cassette 312 (FIG. 9). A motor/drive system 349 is
rigidly mounted to MDC support seetion 316b of the internal frame 316, The
motor/drive system 349 inclodes a first (njection) motor 350 (FIG. 10B) and a second
(delivery) motor 354 (FIG. 10A). The first and second motors 350, 354 may comprise
any suitable well-known type of motor including, without Hitation, stepper motors
and rehictance motors. Bach of the first and second motors 350, 354 15 associated with
a drive systemn for converting the rotary motion of the motor to Hnear motion. Such
drive systems include, without Himitation, lead screw/worm gear drive systems, rack
and pindon drive systeros, and any other Hnear drive or fransmission system that is
capable of converting rotary motor motion into linear motion. As shown i FIG. 108,
the first motor 350 is associated with a rack and pinion drive system 352 mncluding a
rack member 352a and a pinion 353b, and as shown in FIG. 1064, the drive sysiem
associated with the second motor 354 compriscs a lead screw drive system 356
comprising a gear drive 356a and lead screw 356b.

{8078} Referring again to FIG. 10B, the distal end of the rack member 352b of the
rack and pinion drive system 352 forms a drive hink 352¢. As shown in FIG. 9, the
drive link 352¢ has a free end 3524d that extends up through a longitudinally
extending, elongated opening 316b in the cassctie support section 316a o operate a
syringe insertion maechanism of the cassette 312, When the first motor 350 is
operated, the rack and pinion drive systern 352 moves the drive link 352¢ in a Hnear
manner such that the free end 352d thereof moves distally and proximally in the
longitudinal opening 316b of the cassetie support section 316a. A first position sensor
353 1s provided for sensing the position and speed of the drive link 352¢, as will be
explained further on.

{80679 Referring again to FIG, 10A, the lead screw 356b of the lead screw drive
system 356 drives an clongated pusher 356¢. The clongated pusher 356¢ has a fice
end 356d which operates a medicament delivery mechanism of the cassette 312,
When the second motor 354 is operated, the lead screw drive system 356 moves the

pusher 356a in a linear manner such that free end 3564 thereof moves longitudinally
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within the autcinjector 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,

{8088] Referring now to FIG. 10C, the MDC support seetion 316b of the internal
frame 316 also supports certain control components of the autoinjector 314. These
control components include a printed circuit board assembly 318 which defines a
microcomputer or controller 319, The privted cireuit board assembly 318 includes the
mjection button 320 and the mdicator lights 321 described earlier, and an audible
ndicator in the form of a piczo-buzzer 322. The controller 319 executes one or more
pre-determined programs that conirol the operation of the first and second rootors 350
and 354, A power supply 323 for powermg the first and second motors 350 and 354,
and all the control components of the autoinjector 314, is also supported by the MDC
support section 316b of the internal frame 316. In one exemplary erobodiment, the
power supply 323 comprises, without hmitation, a control circuit, such as a step-up
DC to BC convertor, and a battery, such as a rechargeable Hthium battery.

18081} Asshown in FIG, 10D, the cassette support section 316a of the internal frame
also supports certain control components of the avtoinjector 314, These control
components include a cassette detection switch 370, a speed selection switch 372, and
the earlier described skin sensor 374, The power supply 323 also supports the power
requireraents of these control components. A flexible interconnect 371 is provided

>y

for connecting the cassette detection switch 370, the speed selection switch 372, and
the skin sensor 374 with the printed circuit board assembly 318

160821 As shown in FIG. 9, the cassette detection switch 370 is actuated, in one
exemplary embodiment, by an actuator button 370a that extends through an aperture
in the casseite support section 316a and cogages the cassette 312 when same is
mounted 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
cassetie support section 316a. A distal end 374a of the skin sensor 374 forros a distal
end of the antomjector housing 315 so that 1t can make contact with a user/patient’s
skin.

{8083] Referring collectively to FIGS. 11A-11C, the cassetie 312 inchides a housing
330, an nner sleeve 331 shidably moveable i the housmg 330, a hypedermic syringe
326 fixedly disposed in the inner sleeve 331, and the carlier deseribed cap 340. The
syringe 326 includes 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 {luid chamber 3262, a removable
needle shield 326¢ covering the injection needie 326b, and a phuinger 326d moveable
within the fluid chamber 326a for expelling medicament from the chamber 326a
through the injection needle 326b.  The viscosity of the fhiid medicament typically
ranges between about 1 centipoise to about 320 centipoise, aithough syringes with
fluid roedicaments having viscosities greater than 320 centipoise may also be used by
appropriate selection of the second motor 354 and/or drive system 336.

{8084] Asshown in FIG. 12, the inner sleeve 331 includes a pair of locking detents
331a formed on a proximal end of the inver 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 i FIGS. 13 and 14, one of the locking detenis 331a of
the inner sleeve 331 includes a projection or protrusion 33 1b which engages a laich
mechanism 360 formed on the cassetie housing 338, The latch mechanism 360
mchudes a pair of opposed, resiliont locking arms 360a that extend proximally from
the proximal end of a longitudinally elongated slot 361 formed i a side of the
housing 330. The locking arms 360a define locking detent slots 360b through which
the protrusion 33 1b exiends.

[6086] The cassetie 312 is assembled, in one exemplary emnbodiment, by first
mserting the pre-filled syringe 326 into the inmer sleeve 331 so that the finger flanges
326¢ of the fluid chamber 3262 are lockingly engaged by the locking detents 331a.
The inner sleeve 331 with the pre-filled syringe 326, is then inserted into the housing
330 of the cassetle 312 so that the protrusion 33 ib 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 13 now in a home position with the injection needle 336h of the
syrmge 326 concealed in the housing 330 of the cassette 312 in a necdle concealed
(proximal) position. Int an alternate embodiment, the cassetie 312 is assembled by first
nserting an erapty inner sleeve 331 into the housing 330 of the cassette 312 and then
maerting the pre-filled syrmge 326 into the empty immer sleeve 331,

{8087} 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.c., a posifion within the cassette just prior 1o the needled extended (distal)

position. The syringe typically enters the brake position just afler the injection needle
26b has penetrated the user/patient’s skin. The brake position information aliows the

controlier 319 to stop the first motor 350 quickly and in a manner that minimizes

i
b
i

shock and vibration, when the foner sleeve 33 1/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
horae position to the injection position.
{8088} The speed selection switch 372 has two or more seitings, 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 comiortable for the user/patient. o one exemplary embodiment, when the
user/patient selects one of the two or oore medicament injection speeds using the
actuator 372a of the speed selection switch 372, the user/patient is actually setting the
voltage apphied 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.c., 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 injection needle, medicament viscosity, plunger/fuid chamber friction, motor
and drive system tolerances, and cassetle tolerances, and other system factors. When
the load force experienced by the second motor 354 mcreases, the speed of the second
motor 354 will decrease at the fixed voltage setting thereby decreasing the delivery
nme/rate of the autoinjector system 300. Symilarly, when the load force experienced
by the second motor 354 decreases, the speed of the second motor 354 will ncrease at
the

oy

ixed voltage setting, thereby increasing the delivery time/rate of the autoinjector
system 300, Therefore, in one exemplary embodiment, the controller 319 of the
automnjector 314 is pre-programmed with 4 feedback control 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 1s capable of providing consistent delivery
times/rates for each speed setting of the second motor 354, In one exemplary
embodiment, the feedback control program exccuted by the controller 319 maintains
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the speed setting of the second motor 354 by measuring the spoed 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 dehivery tirne/rate for the selected speed setting.
{8089] The following discussion describes one exerplary method for operating the
autoinjector system 300. First, the user/patient sets the actuator of 372a the speed
switch 372 1o desired speed setting. The speed switch 372 allows the user/patient to
set the second motor 354 to one of a plurality of different medicament injection raics
(in seconds) of the autoinjector system 300. FIG. 15 is a table showing injection rates
(in seconds) of three different samples (CMZ-1, CM2-2, CM2-3) of the autoinjector
system 300 set at low, medium, and high debivery motor speed settings for solutions
{three different viscosities in centipoise (¢P) (1 ¢P, 19 ¢P and 29 ¢P). In one
exemplary embodiment, the second motor 354 and drive system 356 are selected {o
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 326a of the syringe 326). In other
embodiments, the second motor 354 and drive system 356 may be selected to exert
1ore than 34 pounds of foree on the plunger 3264 of the syringe 326.
[80948] Next, the cassetie 312 is mounted onto the autoinjector 314 by placing the

~ 1

cassette 312 into the cut-out of the auteinjector housing 315 so that the cassetie 31

[\

rests on the cassetic support member 316a with the lateral tabs 330a of the cassetie
housing 330 disposed in the recess 315b of the autoinjector bousing 315, (FIG. 9).
When so mounted, the cassette 312 depresses the actuator 372a of the cassette
detection switch 372 and the protrusion 33 1b of the cassetic inner sleeve 331 engages
the free end 352d of the drive link 352¢. With the cassette detection switch actuator
372a depressed, the controller 319 will cause audible indicator 322 to sound and the
mndicator lights 312 to blink in a mamner which indicates that the system is ready for
use. The user/patient then removes the cap 340 from the cassetic 312, thercby
removing the needle shield 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
controfler 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 staris
the injection by pressing the imjection button 320 which energizes the first motor 350
in a first rotary divection, which advances the drive link 352¢ in the distal direction

2
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thereby unlatching the protrusion 331b of the inner sleeve 331 from the latch
mechanism 360, thereby allowing a distal movement of the now unlatched toner

s ]

slceve 331 containing the syringe 326, relative to the cassetie housing 330. The drive
hink 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 3265 1s 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 injection speed, (the speed of the syringe moving from the home
position to the injection position) of about 0.01 m/s to aboui 5.0 nv/s, although other
syringe injection speeds are possible by selection of an appropriate motor and/or drive
system. In other embodiments, the syringe injection speed ranges between about 0.1
ny's to about 1.0 my/s. In some embodiments, a second speed position swilch (not
shown} may be provided for allowing the user/patient (o sclect between two or more
syringe Injection speeds, to make the needle injection more cornfortable.

[8891] With the syringe 326 now in the injection position, the controller 319
energizes the second motor 354 in a first rotary direction, which advances the pusher
356¢ 1 the distal direction agamst the plunger 3264 inthe fluid charber 326a of the
syringe 326 to mject the fluid medicament from the thud chamber 326a of the syringe
326. In one embodiment, the coniroller 310 pauses the autoinjector 314 after
completion of the fhuid medicament injection to allow pressure fo dissipate in the
syringe 326 so that all the medicament s dehievered and no “dribbling” of
medicament occurs. 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 dircction, thercby partially withdrawing the
pusher 356¢ from the fhid chamber 3264 of the syringe 326 to allow the injection
needle to be withdrawn from the user/patient. Once the pusher 356 has been partially
withdrawn, the controller 319 energizes the first motor 358 in a second rotary
direction, which pulls the drive link 352¢ back in the proximal direction. Because the
free end of the drive Huk 352¢ is coupled to the protrusion 331b of the inner slceve
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 needie concealed
{proximal) position again. The controlier 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.
[B092] The autoinjectior system 300 may be suitably adapted to provide any desired
wdicament 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.
16893 1o one exemplary embodiment of the autoinjector sysier, the medicament
comprises a fhud medicament having a viscosity of about | centipoise and the
medicament injection rates range between about 2.9 seconds and about 5.0 seconds.
16094] In another excroplary embodiment of the autoinjector sysiem, the medicament
comprises a fluid medicament having a viscosity of about 19 centipoise and the
medicament injection raies range between about 4.4 seconds and about 9.6 seconds.
{8095] In a further exemplary embodiment of the autoinjector system, the
medicament comprises a fluid medicament having a viscosity of about 29 centipoise

~
i
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and the medicament injection rates range between about 7.5 seconds and about 11.8
seconds.

16096] In one exemplary embodiment of the auteinjector sysiem, the medicament
comprises a fluid mwedicament having a viscosity of about 19 centipoise.

18697] In another exemplary emmbodiment of the autoinjector sysiem, the medicament
comprises a fluid medicament having a viscosity ranging between about | centipoise
and about 320 centipoise.

[8898] In still another exemplary embodiment of the astoinjector system, the
medicament comprises a8 fuid medicament having a viscosity ranging between about
5 centipoise and about 40 centipoise.

{8099} In vet another exemplary embodiment of the autoinjector system, the
medicament comprises a fluid medicament having a viscosity ranging between about
10 centipoise and about 35 centipoise.

{60160 In a further exemplary cobodiment of the aufoinjector system, the
medicament comprises a fluid medicament having a viscosity ranging between sbout
15 centipoise and about 30 centipoise.

{80181} Io still a further exemplary erbodiment of the autoinjector system, the
medicament comprises a fluid medicament having a viscosily ranging between about

20 centipoise and about 25 centipoise.
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{88182} In stll a further exemplary embodiment of the autoinjector system, the
medicament comprises a8 fuid medicament having a viscosity ranging between about
16 centipoise and about 42 centipoise.

{60183} In yet a further exemplary embodirnent of the autoinjector system, the
medicament comprises a fluid medicament having a viscosity ranging between about
1 centipoise and about 29 centipoise.

[60164] FIG. 16 shows an altemate embodiment of the casseite designated by

reference numeral 326°. The inner sleeve shown in the embodiment of FIGS. 11A-

heen provided with a projection or protrusion 326p that engages the latch mechanism
360 formed on the cassetie housmg 330. The free end 3524 of the drive link 352¢ of
the autoinjector 314 (FIG. 9} engages the protrusion 326p to move the syringe 3267
from: the home position to the injection position.

[60165] 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
autoinjector 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 its

elements.
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CLAIMS
What is claimed 1s:

i. A systern for injecting a {hud medicament nto a patient which comprises:

a drive mechamism;

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

a cassette for receiving and holding the hypodermic syringe, wherein the
syringe is engaged with the drive mechanism for movement of the syringe on the
cassetie, between a first position and a second position, when the cassetic is mounted
on the drive mechanism.

2. A system as recited in claim 1 wherein the {irst position is a proximal position
for hiding the syringe needle inside the cassette, and the second position is a distal
position where the needle extends from the cassette for injection of the medicament.
3. A system as recited in claim 2 wherein the drive mechanism comprises:

a first motor for engagement with the hypodermic syringe to move the syringe
between the proximal and the distal positions; and

a second motor for pushing the stopper to expel the medicament from the
syringe while the syringe is in the distal position.

4. A system as recited in claim 3 wherein the casseite comprises:

an ey sleeve for holding the syringe; and

a housing for supporting the inner sleeve during movement of the inner sleeve
thercon between the proximal position and the distal position, with the inner sleeve
being sclectively engaged with the housing to furaly hold the inner sleeve 1o the
proximal position, and engageable with the drive mechanism for release of the iner
sleeve from the housing and subsequent movement of the syringe with the inner
sleeve between the proximal position and the distal position
5. A system as recited in claim 4 wherein the housmg 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 cassetie further coroprise
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a vesthient arm formed on the wall of the housing with a detent formed on the
arm, the arm being biased {o extend the detent into the siot of the housing; and

a projection extending radially cutward from the jnner sleeve and into the slot
of the housing for selective engagement with the detent of the housing.

6. A system as recited in claim 5 further comprising a pair of resilient arms,
wherein the arms arc opposite each other across the slot for concerted engagement
with the projection on the inner sleeve.

7. A system as recited in claim 4 forther comprising:

a protective cover positioned over the needie of the syringe; and

a cap engageable with the protective cover for subsequent removal of the
protective cover with the cap when the cap s removed from the housing.

8. A system as recited in claim 3 further comprising an adhesive means mounted
on the cassetie to hold the hypodermic syringe in the proximal position for selective
release therefrom, and re-engagement therewith, io response to action of the drive
mechanism.

9. A system as recifed in ciaim 3 further comprising a resitient bump formed on
the cassetie to hold the syringe in the proximal position, and to release the syringe
therefrom in response to action of the drive mechanism.

10, A system for expelling a fluid medicament from a pre-filled hypodermic
syringe, wherein the syringe has a needle and a stopper for expelling the medicament
from the syringe through the needle, the system comprising:

a means for holding the syringe in a first position on the holding means to hide
the needle;

a means for moving the syringe on the holding means between the first
position and a second position wherein the needle extends from the holding means for
imjection of the medicament; and

a means for pushing the stopper to expel the medicament from the syringe
while the syringe is in the second position.

1. A system as recited n claimn 1 wherein the moving means, in combination
with the pushing means, comprises a drive mechanism.

12, A system as recited in claim 11 wherein the holding means is a casselte, and
the cassette is selectively engaged with the drive mechanism.

13, A system as recited in claim 12 wherein the cassetie comprises:

an inner sfeeve for holding the syringe; and

26
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a housing for supporting the inner sleeve during movement of the inner sleeve
thereon between the first position and the second position, with the inner sleeve being
selectively engaged with the housing to firmly hold the inner sleeve in the first
position, and engageable with the drive mechanism for release of the inner sleeve
from the housing and subsequent movement of the syringe with the inner sleeve
between the first position and the second position
14, A systern as recited in claim 13 wherein the housing 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 resibient arm formed on the wall of the housing with a detent formed on the
arm, the arm being biased to extend the detent into the siot of the housing; and

a projection extending radially outward from the inner sleeve and into the slot
of the housing for selective engagement with the detent of the housing,

15. A system as recited in claim 12 further comprising an adhesive means
sounted on the cassetie to hold the hypodermic syringe in the first position for

selective release therefrom, and re-engagement therewith, in response to action of the

drive mechanism.

16, A system as recited in claim 12 further comprising a resilient bumyp formed on

the cassctte to hold the syringe in the proximal position, and to release the syringe

therefrom m response fo action of the drive mechanism.

17. A drive mechanism for expelling a fluid medicament from a hypodermic

syringe, wherein the syringe has a needie and a stopper for expelling the medicament

from the syringe through the needle, and wherein the syringe is engaged with a

cassette o conceal the needle of the syringe; the drive mechanism comprising:

a housing for engagement with 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 ifs needie on
the cassette from its 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 its extended position.
18, A drive mechanism as recited in claim 17 wherein the cassette comprises:

an inner sfeeve for holding the syringe; and

77
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a housing for supporting the inner sleeve during movement of the inner sleeve
thereon between the concealed position and the extended position, with the inner
slceve being selectively engaged with the housing o firmly hold the inner sleeve in
the concealed position, and engageable with the frst motor for release of the mner
sleeve from the housing and subsequent movement of the syringe with the inner
sleeve between the concealed position and the extended position.

19, A drive mechanism as recited in claim 17 further comprising an adhesive
means mounted on the cassetie to hold the hypodermie syringe in the concealed
position for selective release therefrom, and re-engagement therewith, in response to
action of the first motor.

20. A drive mechamism as recited m claim 17 further comprising a resthient bump
formed on the cassetie to hold the syringe in the concealed position, and to release the
syringe therefrom in response to action of the first motor.

21 A systern for injecting a fluid medicament nto a patient which coraprises:

a cassetle having a latch mechanism;

a hypodermic syringe engageable with the latch mechanism for holding the
syringe on the cassette;

an injector having a means for selectively holding the cassette on the njector;

a first motor mounted on the injector, the first motor being engageable with
the cassctte for selectively latching and uniatching the syringe from the cassette, and
engageable with the syringe for moving the unlatched syringe on the cassette between
a first position and a sccond position;

a second motor mounted on the injector, the second motor being engageable
with the syringe for expelling the fluid roedicament from the syringe; and

a computer mounted on the injector for coordinated control of the first and
second motors.

22, A system as recited in claim 21 wherein the hypodermic syringe comprises:

a syringe chamber for holding the fluid medicament therein;
an injection needle extending from the syringe chamber; and

a plunger shidably mounted for advancement into the syringe chamber o expel
fuid medicament therefrom through the injection needle,

23, A system as recited in claim 22 wherein the first position is characterized by

the injection needle being withdrawn and concealed within the cassetie, and the
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second position is characterized by having the injection needle extend from the

cassetie and from the injector for expelling the fluid medicament from the syringe.

NJ

4, A system as recited in claim 23 wherein the latched syringe is fixedly held in
the first position on the cassette.

25, A system as recited in claim 24 wherein a duty cycle requires, in sequence:
computer control of the first motor for movement of the unlatched syringe at a
predetermined speed from the first position to the second position; computer control
of the second motor for advancement of the plunger into the syringe chamber at a
predetermined rate for expelling fluid medicament from the syringe; and computer
countrol of the first motor for withdrawal of the syringe from the second posttion to the
first position and for activation of the latch to fixedly hold the syringe in the first
position on the cassette.

26, A system as recited in claim 25 wherein the predetermined speed for
advancement of the syringe from the first position to the second position is
approximately 0.1 to § ro/s.

27. A system as recited in claim 23 wherein the casseiie is formed with an orifice
to allow for extension of the injection needle from the casseite, and the system further
comprises a skin sensor mounted on the mijector adjacent the orifice to generate a
contact signal whenever the orifice 1s positioned against the skin of the patient.

28. A system as recited in claim 21 wherein the cassette further comprises:

a cassette body cngageable with the holding means on the injector; and

a sleeve slidingly mounted on the cassette body for movement between the
first position and the second position, wherein the syringe is fixedly held on the sleeve
for movergent therewith, and wherein the latch mechanism inchudes a first part
formed on the cassetie body and a second part formed on the slecve.

28, A system for ingecting a fluid medicament into a patient which comprises:

a hypodermic syringe having a syringe chamber for holding the fluid
medicament therein, an injection needle extending from the syringe chamber, and a
plunger shdably mounted for advancement into the syringe chamber to expel fluid
medicament therefrom through the injection needle;

a support means for holding the syringe, with the syringe being selectively
moveable on the support means between a first position wherein the injection needle

is withdrawn and concealed within the support means and a second position wherein
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the injection needle extends from the support means for expelling the {tuid
medicament from the syringe; and

a drive means engaged with the support means, the drive means being
bifurcated to have a first motor for moving the hypodermic syringe on the support
means and a second motor for advancing the planger inte the syringe chamber to
expel the flmid medicament when the syringe is in the sccond position.
30. A systern as recited in claim 29 wherein the support means comprises:

a cassette; and

a latch mechanism formed on the cassette for holding the syringe in the first
position.
31, A system as recited in claim 30 wherein the cassetie comprises:

a cassette body engageable with the holding means on the injector; and

a sleeve slidingly mounted on the casscite body for movement between the
first position and the second position,

wherein the syringe is fixedly held on the sleeve for movement therewith, and
wherein the latch mechanism includes a first part formed on the cassetic body and a
second part formed on the slecve.
32, A system as recited in claim 30 wherein the first motor is engageable with the
cassette for selectively latching and wnlatching the syringe from the cassette.
33, A system as recited in claim 30 further comprising a computer mounted on the
drive maeans for coordinated control of the first motor and the second motor.
34. A system as recited in claim 33 wherein a dutly cycle requires, in sequence:
computer contro] of the first motor for movement of the uniatched syringe at a
predeterroined speed from the fivst position to the second position; coraputer condrol
of the second motor for advancement of the phunger into the syringe chamber with 4
predetermuined force at a predetermined rate for expeliing laid medicament from the
syringe; and computer control of the first motor for withdrawal of the syringe from
the first position to the second position and for activation of the latch fo fixedly hold
the syringe in the first position on the cassetic.
35. A system as recited in claim 34 wherein the predetermined speed for
advancement of the syringe from the {first position to the sccond position is
approximately 0.1 to | nv/s.
36, A method for injecting a {fluid medicament from a syringe into a patient

comprises the steps off
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engaging a hypodermic syringe with a cassetie, wherein the cassette has a
latch mechanism for holding the syringe on the cassetie and the syringe includes a
syringe chamber for holding the fluid medicament therein, an tnjection needle
extending from the syringe chamber, and a plunger slidably mounted for advancement
inte the syringe chamber to expel fluid medicament therefrom through the injection
needle;

holding the cassetie on an injector, wherein the injector has a first motor
engageable with the cassette for selectively latching and unlatching the syringe from
the cassette, and engageable with the syringe for moving the unlatched syringe on the
cassetie between a first posttion wherein the injection needie i3 withdrawn and
conecaled with the cassetie and a second position wherein the injection needle extends
from the cassette, and a second motor engageable with the syringe for expelling the
fiuid medicament from the syringe when the syringe is in the second position, and a
computer mounted for coordinating control of the first and second motors; and
activating the fnjector to perform a duty cycle for an injection of medicament from the
syringe.
37, A mocthod as recited in claim 36 wherein a duty cycle comprises, in sequence,
the steps oft

control of the first motor for movement of the unlatched syringe at a
predetermined speed from the first position to the second position;

control of the second motor for advancement of the plunger into the syringe
chamber with a predetermined force at a predetermined rate for expelling fluid
medicament from the syringe; and

control of the first motor for withdrawal of the syringe from the first position
to the second position and {or activation of the latch to fixedly hold the syringe in the
first position on the cassette.
38. A method as recited in ¢laim 37 wherein the predetermined speed for
advancement of the syringe from the first position to the second position is
approximately 0.1 to § ro/s.
39. A method as recited n claim 36 further comprising the step of moniloring the
activating step wherein the cassctte is formed with an orifice to allow for extension of
the mjection needle from the cassette, and a skm sensor mounted on the injector
adjacent the orifice (o generate a contact signal for determining when the orifice is

positioned against the skin of the patient.
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44, A method as recited in claim 36 wherein the cassette comprises a cassette
body engageable with the holding means on the injector, and a sleeve shdingly
mountied on the cassette body for moverent between the first position and the second

position, wherein the syringe is {ixedly held on the sleeve for movement therewith,
and wherein the latch mechanism inchudes a first part formed on the cassette body and
a second part formed on the sleeve
41, A system for injecting a medicament info a patient, the systerm comprising:

an injector; and

a medicament cassetie:
the medicament cassette comprising:

a housing;

a sleeve movable i the housing between first and second positions;
and

a syringe comprising a chamber for containing a wedicament and an
injection needle extending from the syringe chamber, the syringe chamber at
lcast partially disposed in the sleeve, the injection needle having a skin
penetrating end opposite the syringe chamber, the skin penctrating end
disposed within the housing when the sleeve is in the first position and the
skin penetrating end extending out from the housing when the sleeve is in the
second position;

the injector conprising:

a surface for removably mounting the cassette thereon;

a motor driven bnk having a first end engageable with a portion of the
sleeve when the cassette 1s mounted on the surface, the link for mooving the
sleeve from the first position to the second position.

42 The system according to claim 41, wherein the injector further comprises a
motor driven phinge rod for expelling the medicament contained in the syringe
chamber through the injection needle and out the injection end thereof at a specified
delivery rate.

43, The system according to claim 42, further comprising a motor for driving the
phunge rod, the motor being speed adjustable to allow a user to select the delivery rate
of the medicament expelled out through the injection end of the injection needie.

44, The system according to claim 43, further comprising a controller for

automatically maintaining the sclected delivery rate of medicament.
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45. The system of claim 41, wherein the portion of the sleeve comprises a
projection extending from a surface of the sieeve.
46, The systern of claim 45, wherein the housing ncludes a Jatch that releasably
engages the projection when the sleeve is i the first position.
47. The system of claim 46, wherein the latch mclades at feast one resilient arm
with a detent slot.
48, The system of claim 41, wherein the housing includes a latch that releasably
engages the portion of the sleeve, when the sleeve is in the first position.
49, The syster of ¢laim 48, wherein the latch includes at least one resilient arm
with a detent slot.
50, A system for injecting a medicament, the sysiem comprising:
an injecior; and
a medicament cassette comprising a syringe for containing a medicament;

the injector conprising:

a plunge rod for expelling the fhuid medicament from the 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.
51. The system according to claim 50, further comprising a controller for
automatically maintaining the selfected delivery rate of the systen.
52. The system according to claim 50, wherein the plurality of different injection

rates range between about 2.0 seconds and about 15.0 seconds.

o

3. The system according to claim 50, wherein the medicament comprises a fhuid
medicament baving a viscosity of about | centipoise and wherein the plurality of
different ingection rates range between about 2.9 seconds and abowut 5.0 seconds.

54. The system according to claim 50, wherein the medicament comprises a fluid
medicament having a viscosity of about 19 centipoise and wherein the plurality of
different injection rates range between about 4.4 scconds and about 9.6 seconds.

55.  The system according to claim 50, wherein the medicament comprises a fhud
medicament having a viscosity of about 29 centipoise and wherein the plurality of
different injection rates range between about 7.5 seconds and about 11.¥ seconds.
56. The systemn according to claym 50, wherein the medicament comprises a fluid

medicament having a viscosily of about 19 centipoise.
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57. The system according to claim 50, wherein the medicament comprises a fhuid
medicament having a viscosity ranging between about 1 centipoise and about 320
centipoise.
58. The systemn according to claym 50, wherein the medicament comprises a fluid
medicament having 8 viscosily ranging between about § centipoise and about 40
centipoise.
59, The system according to claim 50, wherein the medicament comprises a fluid
medicament having a viscosity ranging between about 10 centipoise and about 35
centipoise.
60, The systern according fo clavn 30, wherein the medicament comyprises a fluid
wdicament having a viscosity ranging between about 15 centipoise and about 30

centipoise.
61. The system according to claim 50, wherein the medicament comprises a fiuid
medicament having a viscosity ranging between about 20 centipoise and about 25
centipoise.
62. The system according to claim 50, wherein the medicament comprises a fhuid
medicament having a viscosity ranging between about 16 centipoise and about 42
centipoise.
63. The system according to claim 50, wherein the medicament comprises a fluid
medicament having a viscosily ranging between about | centipoise and about 29
centipoise.
64. A medicament cassette for an avtoinjector, the medicament cassetie
COmMprising:

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 at feast partially
disposed in the slecve, the injection necdic having a skin penctrating end opposite the
syrmge chamber, the skin penetrating end disposed within the housing when the
sleeve is 1n the first position and the skin penetrating end extending out from the
housing when the sleeve is in the second position,

wherein a portion of the sleeve engages a drive link of the autoingector, when

the cassette is mounted on or in the autcinjector.
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65. The medicament cassette of claim 64, wherein the portion of the sleeve
comprises a projection extending from a surface of the sleeve.
66. The medicament cassette of claim 65, wherein the housing includes a late
that releasably engages the projection when the sleeve is in the frst position,
67. The medicament cassette of claim 66, wherein the latch includes at least one
resilient lcicking arm with a detent slot
68. The medicament cassetic of claim 64, wherein the housing inchudes a latch
that releasably engages the portion of the sleeve, when the sleeve is in the first
position.
69. The medicament cassette of claim 68, wherein the latch includes at least one
resilient locking arm with a detent siot,
70.  Aninjector for injecting a medicament into a patient, the njector comprising:

a surface for removably mounting a cassette thereon, the cassetic having
disposed therein a slecve holding a syringe containing the medicament; and

a motor driven hink having a first end engageable with a portion of the cassetic
when the cassetie is mounied on the surface, the link for moving the sleeve from the
first position to the second position.
71 The mjector according to claim 70, further comprising a motor driven plunge
rod for expelling the medicament contained in the syringe at a specified medicament
delivery rate.
72. The injector according to claim 71, further comprising a motor for driving the
plunge rod, the motor being speed adjustable to allow a user to select the medicament
delivery raic.
73. The imgector according to clatm 72, further comprising a controlier for
automatically maintaiming the sclecied medicament debivery rate.
74. The injector according to claim 71, further comprising a second motor for

driving the link.

75. The injector according to claim 70, further comprising a motor for driving the
hnk.
76. The cassette according to claim 64, wherein the medicament comprises a {huid

medicament having a viscosity of about 19 centipoise.
77, The cassetic according to claim 64, wherein the medicament comprises a fluid
medicament having 8 viscosily ranging between about | centipoise and about 320

centipoise.
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78, The casseite according to claim 64, wherein the medicament cormprises a Huid
medicament having & viscosity ranging between about 5 contipoise and about 40
centipoise.
T, The cassette according to claim 64, wherein the medicament comprises a Hluid
medicament having a viscosity ranging between about 10 centipoise and aboyt 35
eentipoise,
80,  The cassette according to claim 64, wherein the medicament comprises a Huid
medicament having a viscosity ranging between about 15 centipoise and about 30
centipoise.
81, The cassette according 1o claim 64, whercln the medicament comprises a fluid
medicament having a viscosity ranging between sbout 20 centipoise and about 25
centipolse,
82, The cassette according to claim 64, wherein the medicament comprises a fluid
medicament having a viscosily ranging between about 16 cenfipoise and about 42
centipoise.
83,  The casseite according to claim 64, wherein the medicament comprises a fluid
medicament having a viscosity ranging between sbout 1 contipoise and abowl 29
centipoise.
84. A systerm for injecting a medicament into a patient, the system comprising:
an injector; and
a medicament cassette;
the medicament cgsselte comprising:
a housing; and
a syringe comprising 8 chamber for containing a medicament and an
injection needle cxtending from the syringe chamber, the injection needle
having a skin penstrating end opposite the syringe chamber, the skin
pengtrating end disposed within the housing when the syringe is in a first
position and the skin penstrating end extending out from the housing when
the syringe is in a second position;
the mjector comprising:
a surface for romovebly mounting the cassette thereon;
amolor driven Hnk having a first end engageable with s portion of the
syringe when the cassette is mounted on the surfice, the link for moving the

syringe from the first position to the second position.
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85, The systerm of claim 84, whereln the portion of the syringe comprises a
projection extending from a surface of the syringe chamber.
86,  The system of clalm 41, whereln the sleeve inchudes a locking detent for
fixedly retaining the syringe in the sleeve,
87, The sysiom of claim 86, wherein the portion of the syringe comprises a
projection extending from a surface of the locking datent,
88,  The cassette of claim 64, wherein the sleeve includes a locking detent for
fixedly retaining the syringe in the sleeve,
89, The cassette of claim 88, wherein the portion of the syringe comprises a
orajection extending from a surface of the locking detent,
9. A medicament cassetie for an autolniector, the medicament casseite
comprising:

a housing; and

a syringe comprising a chamber for containing a medicament and an injection
needle extending from the syringe chamber, the injection peedle having 4 skin
peneirating end opposite the syringe chamber, the skin penetrating end disposed
within the housing when the syrings i3 in a first position and the skin penctrating end
extending out from the housing when the syringe i3 in a second position,

wherein a portion of the syringe engages a drive link of the autoiniector, when
the cassette is mounted on or in the awloinjector.
91, The casseite of claim 90, wherein the portion of the syringe comprises &
prajection extending from a surface of the syringe chamber,
42, Asystem for injecting o medicament into a patient, the system comprising:

an injector; and

2 medicament cassette;
the injector comprising:

‘asurface for removably mounting the cassetie thereon; and
a motor driven Hink baving a first end for operating the cassetie in g

needle injection mode.

2
Lo

A syster for injecting 2 medicament; the system comprising:
an injeetor; and

a medicament cassetie;

the injector comprising:

a plunge rod for expelling 3 fluid medicament from a syringe;

Lo
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amotor for driving the plunge rod; and
a swiich operatively coupled fo the motor, for allowing a user to select

one of a plurality of different medicament injection rates of the system,

43
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