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DISPOSABLE MEDICINE DISPENSING DEVICE

In a first aspect, the present invention relates to disposable, wearable, self-
contained medicine dispensing device comprising a housing and attaching means,
preferably adhesive means, for attaching said housing to the skin of a user of said

device.

There has been a long felt need for such a device that is compact, reliable,

inexpensive, quiet and sturdy.

Such a device is obtained according to the invention by providing the device with a
cylindrical medicine container, preferably a carpule, incorporating a piston and
arranged in said housing, the container having an open distal end and a proximal
end closed by a closure body made of a material, preferably silicone, that can be
perforated by a needle, a first hollow needle extending from a first end in the interior
of said medicine container through said plug to a second end, a catheter in fluid
communication with said second end and for injection of said medicine into said
user, said catheter being associated with said housing, a piston rod with a
longitudinally extending first screw thread on the outer surface thereof and arranged
for displacing said piston from said distal end to said proximal end, a toothed or
ratchet wheel having a central aperture for receiving said piston rod and provided
with a second screw thread meshing with said first screw thread such that rotation of
said ratchet wheel in a first rotational direction will displace said piston towards said
proximal end, a pivotable body, preferably a plate element, arranged pivotable
around an axis adjacent said ratchet wheel and provided with a pawl for engaging
the teeth of said ratchet wheel such that pivoting of said pivotable body in a second
rotational direction rotates said ratchet wheel in said first rotational direction, a
spring means adapted and arranged for applying a spring force to said pivotable
body at a first point spaced from said axis for pivoting said pivotable body in said
second rotational direction, and a battery powered actuator for rotating said
pivotable body in a third rotational direction opposite said second rotational

direction.
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In the currently preferred embodiment of a device according to the invention said
actuator comprises a shape memory alloy wire and the actuator preferably
comprises a shape memory thread or wire fixedly attached at one end to an
electrically conducive fastening means and fixedly attached at the opposite end to
said pivotable body at a second point spaced from said axis such that contraction of

said shape memory wire pivots said pivotable body in said third rotational direction.

Preferably, the spring means comprises a rod spring extending generally parallel
with said cylindrical medicine container and having one end fixated against lateral
movement and the opposite end abuts, attached to or integral with said first point on

said pivotable body.

Advantageously, the second point is located such relative to said axis and said
shape memory alloy wire force that the moment arm relative to said axis of the force
exerted on said pivotable body by the contraction of said shape memory wire
increases as said pivotable body rotates in said third rotational direction and/or the
first point is located such relative to said axis and said spring force that the moment
arm relative to said axis of said spring force increases as said pivotable body rotates

in said second rotational direction.

In the currently preferred embodiment of a device according to the invention,
controlling means for controlling the operation of said actuator according to a

programme are arranged in said housing.

In the currently preferred embodiment of a device according to the invention the
device comprises a dispensing assembly interconnected with said housing, said
dispensing assembly comprising:

- a second needle for perforating the skin of said user arranged displaceable along a
linear trajectory generally orthogonal to the longitudinal extent of said first hollow
needle,

- a plug of a perforatable material, preferably silicone, located on said trajectory and

traversed by said first hollow needle,
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- a compartment arranged adjacent said plug and receiving said second end of said
hollow needle, and

- a guide body having an interior guide passage aligned with and in direct fluid
communication with both the lumen of said catheter and said compartment and

arranged such that said interior passage and said lumen is on said trajectory.

In a second aspect, the present invention relates to a fillable, disposable, wearable,
self-contained medicine dispensing device comprising

- a housing,

- attachment means, preferably adhesive attachment means, for attaching said
housing to the skin of a user of said device,

- a cylindrical medicine container, preferably a carpule, incorporating a piston and
arranged in said housing, the container having an open distal end and a proximal
end closed by a closure body made of a material, preferably silicone, that can be
perforated by a needle,

- a hollow needle extending from a first end in the interior of said medicine container
through said plug to a second end outside said housing, and

- first displacement means connected to said piston and adapted for displacing said
piston from said proximal end towards said distal end, and

- second displacement means comprising a battery powered actuator for displacing

said piston from said distal end towards said proximal end.

Hereby it is achieved that the same standard dispensing device may be used for
dispensing various types of medicine and that a device without medicine inside and
having a longer shelf life than a device incorporating medicine may be filled from a

container with a shorter shelf life.

Preferably, the first displacement means comprise a rod attached at one end to said
piston and extending through the lumen of said cylindrical container, out through
said open distal end and through an aperture is said housing to the other end
located outside the housing and provided with gripping means, for instance a handle

and the rod is preferably releasably connected to said piston.
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In the currently preferred embodiment of a device according to the invention the rod
comprises two releasably interconnected rods, one of which is fixedly connected to

said piston, the other of which being provided with said gripping means.

In the currently preferred embodiment of a device according to the invention the rod
provided with gripping means is provided with a longitudinally extending venting
channel for venting air displaced by displacement of said piston from said proximal
end to said distal end and a venting aperture is provided in said housing for venting
air displaced by said displacement of said piston from said proximal end to said
distal end, flow of water into said housing through said venting aperture being
obstructed by flow obstructing means such as a one-way or non-return valve or an

air permeable, liquid impermeable, hydrophobic membrane.

In a further aspect, the present invention relates to a combination of

- afillable, disposable, wearable, self-contained medicine dispensing device
comprising:

- a housing comprising first engagement means,

- attachment means, preferably adhesive attachment means, for attaching said
housing to the skin of a user of said device,

- a cylindrical medicine container, preferably a carpule, incorporating a piston and
arranged in said housing, the container having an open distal end and a proximal
end closed by a closure body made of a material, preferably silicone, that can be
perforated by a needle, and
- displacement means comprising a battery powered actuator for displacing said

piston from said distal end towards said proximal end,
and
- afilling adapter comprising:

- a rectilinear channel extending through said adapter for receiving and guiding a
needle of a hypodermic syringe, and

- second engagement means for releasably engaging said first engagement
means of said housing with said adapter located in such an engaged position

relative to said housing that said needle when extending through and guided by



10

15

20

25

30

WO 2005/072794 PCT/DK2005/000060

5

said channel will perforate said closure body of said carpule for allowing injection of

medicine from said syringe into said carpule.

Advantageously, said adapter is provided with locking means for locking said needle

inside said channel.

In the currently preferred embodiment of a combination according to the invention

- said adapter is provided with a fixedly arranged hollow venting needle extending
parallel with said channel, and

- said housing is provided with a venting'élement made of a material that can be
perforated by said venting needle, |

- the location of said venting element in said housing and of said venting needle in
said adapter being such that said venting needle will extend through said venting
element into the interior of said housing when said adapter is in said engaged
position.

Preferably, said venting element is constituted by an O-ring arranged around said

carpule at said proximal end thereof.

In a yet further aspect, the present invention relates to a medicine filling adapter
comprising the features of the filling adapter of the combination according to the

invention.

In a yet further aspect, the present invention relates to a method of filling medicine
into a fillable, disposable, wearable, self-contained medicine dispensing device
comprising the following steps:
- providing a fillable, disposable, wearable, self-contained medicine dispensing
device comprising:

- a housing,

- attachment means, preferably adhesive attachment means, for attaching said
housing to the skin of a user of said device,

- a cylindrical medicine container, preferably a carpule, incorporating a piston

and arranged in said housing, the container having an open distal end and a
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proximal end closed by a closure body made of a material, preferably silicone, that
can be perforated by a needle, and

- displacement means comprising a battery powered actuator for displacing
said piston from said distal end towards said proximal end,
- providing a hypodermic syringe containing said medicine,
- perforating said closure body with the needle of said syringe, and
- pressing said medicine into said carpule such that said piston is displaced from

said proximal end towards said distal end.

In a yet further aspect, the present invention relates fo a disposable, wearable, self-
contained medicine dispensing device comprising a housing having an aperture and
an interior compartment communicating with said aperture and adapted for receiving
a cylindrical medicine container, preferably a carpule, the container incorporating a
piston and having an open distal end and a proximal end closed by a closure body
made of a material, preferably silicone, that can be perforated by a first hollow
needle, a piston rod displaceably arranged in said housing for displacing said piston
from said distal end to said proximal end when said container is received in said
compartment, and displacing means adapted for displacing said piston rod and
comprising a battery powered actuator, preferably wherein said housing adjacent
said aperture is provided with first interconnecting means for interconnecting said
hosing with second interconnecting means provided on a catheter assembly
comprising said first hollow needle adapted for being inserted into said closure body
when said carpule is received in said compartment and said first and second
interconnecting means are mutually engaged for interconnecting said housing and
said catheter assembly such that said first hollow needle extends from a first end in
the interior of said carpule through said closure body to a second end, and a
catheter in fluid communication with said second end and for injection of said

medicine info said user.

In a final aspect, the present invention relates to a combination comprising:
- adisposable, wearable, self-contained medicine dispensing device as described
above,



10

15

20

25

30

WO 2005/072794 PCT/DK2005/000060

7

- a cylindrical medicine container, preferably a carpule, the container incorporating
a piston and having an open distal end and a proximal end closed by a closure body
made of a material, preferably silicone, that can be perforated by a first hollow
needle, and

- a catheter assembly comprising:

- said first hollow needle adapted for being inserted into said closure body
when said carpule is received in said compartment and said first and second
interconnecting means are mutually engaged for interconnecting said housing and
said catheter assembly such that said first hollow needle extends from a first end in
the interior of said carpule through said closure body to a second end, and

- a catheter in fluid communication with said second end and for injection of

said medicine into said user.

In the following, the invention will be explained more in detail in connection with
several embodiments of a dispensing device shown solely by way of example in the
accompanying drawings where

Fig. 1 is a schematic perspective view of a device according to the invention,

Fig. 2 is an exploded view of the components in the housing in Fig. 1,

Figs. 2a-2e are enlarged scale views of different aspects of the flexible piston
according to the invention shown in Fig. 2

Fig. 3 is a schematic enlarged scale exploded view of the shape memory actuator

according to the invention shown in Fig. 2

Fig. 4 is a view of the components in Figs. 2 and 3 in assembled condition,

Figs. 5a-5d are enlarged scale views of the actuator of Fig. 3 in assembled
condition,
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Figs. 5d-5f are diagrammatical elevational views of the pivotable plate in three
different situations illustrating the action of the forces on the plate,

Fig. 6 is a schematic exploded view of the dispensing mechanism according to the

invention.

Figs. 6a-6k are enlarged scale views of details of the fluid flow path of the medicine,

Figs. 7a-7g are views illustrating the application of the dispenser of Fig. 1 to the skin

of a user of the device,

Fig. 8 is a schematic exploded view of a fillable medicine dispenser according to the

invention,

Figs. 9-13 are schematic partially cut away views of the fillable dispenser of Fig. 8
illustrating the operation thereof,

Fig. 14 is an enlarged scale view of the releasable connection of the pulling rod in
Fig. 9,

Figs. 15-17 are schematic views illustrating the method according to the invention of

filling medicine into a dispensing device according to the invention.

Fig. 18 is an enlarged scale view of an alternative actuator according to the

invention,

Figs. 19-23 are schematic views of a combination according to the invention of a

filling adapter and a dispensing device according to the invention.

Fig. 24 is a schematic view of further alternative actuator according to the invention,

Figs. 25-27 are schematic views illustrating the operation of a yet further actuator

according to the invention, and
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Figs. 28-29 are schematic views of a medicine dispenser according to the invention
where a separately supplied carpule is inserted in the housing prior to use by a user

of the dispenser.

Referring now to Figs. 1-6, a fully disposable medicine dispensing device according
to the invention, generally referenced by the numeral 10, comprises a preferably
hermetically sealed housing 12 provided with a push button 14 for activating and
deactivating the device as well as activating a so-called bolus operation as

explained in the following.

At one end of the housing 12 a stylus or stiletto 16 is mounted. The stylus 16
includes a handle 18 formed with a number of ribs 20 for improved grip. The

function of the stylus 16 is illustrated in Figs. 6-7 and is described in the following.

The housing 12 comprises a top part 34 and a bottom part 36. At the bottom part 36
of the housing 12, a foil 22 is attached. An adhesive pad 26 is provided including a
skin friendly adhesive material for fixating the device 10 relative to the skin surface
part of a patient or user. The adhesive material may for instance be chosen within
the well known field of ostomy pouches, see for instance European patent
application No. 0 413 250 and European patent application No. 0 092 999.
Reference is made to the mentioned European patent applications and the patent

applications are hereby incorporated by reference.

On surface of the adhesive pad 26 facing the skin surface a release film 24 is
adhered for protecting the adhesive surface of the pad 26 such that the adhesive
properties are intact when the pad 26 is to be adhered to the skin of a user of the

dispensing device 10.

In use, the user removes the protective slip release film 24, thereby exposing the

adhesive pad, which is then adhered to the abdominal skin of the user.



10

15

20

25

30

WO 2005/072794 PCT/DK2005/000060

10

The stylus 16 includes a sharp needle 88 (see Fig. 6), which is initially protected by
a protection cap 30, which the user removes prior to the application of the

dispensing device 10, preferably to the abdominal skin of the user.

The top part 34 of the housing 12 includes a window 32 for the user to inspect the

level of medication left in a container 52 or carpule located inside the housing 12.

Figs. 2 and 3 are exploded views of the components of the medicine dispensing
device according to the invention. The components shown in exploded view in Figs.

2 and 3 are shown in Fig. 4 assembled inside the bottom part 36 of the housing.

Referring now to Fig. 2, the push button 14 extends through an opening or aperture
38 in the top part 34 of the housing 12. The window 32 in the top part 34 is
illustrated as being oblong, but may have any geometrical configuration such as
elliptical, circular, square, alternatively a plurality of windows may be formed in the
top part 34, alternatively the window may be formed in bottom part 36, further
alternatively either the top part 34 or the bottom part 36 may be made from a

transparent plastic material.

The housing 12 contains a glass or plastic container or carpule 52 for storing and
dispensing medicine such as insulin. The container or carpule 52 is of a well-known
type having a perforatable dispensing projection 54 for receiving a catheter. The
projection 54 has a perforatable portion made of an elastomer, for instance silicone,
and is hermetically mounted in the bottom part 36 by means of an O-ring 56 of

silicone.

A toothed wheel or ratchet wheel 40 is mounted inside the housing 12 for driving a
piston or plunger 50 into one end of the carpule 52 for dispensing the contents of
the carpule 52 through the dispensing projection 54. The toothed wheel 40 includes
an aperture 42 for receiving a threaded bar or flexible piston rod 44.

The piston 50 is attached to one end of the flexible piston rod 44 constituted by a
series of elements 154 interconnected by hinge means 156 (see Figs. 2b-2d) and
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arranged for movement between two guide walls. The flexible piston rod 44 is made
of plastic material to keep the weight down and to allow cheap and simple
manufacture by injection moulding. Axial displacement of the piston 50 will press
medicine, for instance insulin, out of the carpule 52 into the catheter assembly

described more in detail in the following.

The elements 154 are integral with each other by means of hinges 156 which allow
adjacent elements to pivot relative to one another from the position abutting one
another shown in Fig. 2b wherein the elements 154 together form a rectilinear piston
rod with abutment surfaces 155 and hinges 156 affording rigidity and thus rendering
the piston rod 44 capable of exerting a pressure on the piston 50 in the carpule
without deflecting laterally, to the position shown in Fig. 2d wherein the elements are
pivoted way from one another so as to allow the curvature of the piston rod 44 which
allows the compact configuration of the device with the initially major part of the
piston rod extending along the length of the carpule 50 between walls 36a and 36b
of the bottom part 36 of the housing.

The material of the flexible piston rod 44 is any suitable mouldable material, but it is
preferred that the material is a plastic material such as Nylon, PA or POM because
of possibility of precise manufacture and low friction as well as low cost, low weight

and re-cycling issues.

Each element 154 is provided with exterior threads 158 on two opposed portions
162 and 164 of the elements having a circular cylindrical configuration for allowing
an internal thread of the ratchet wheel 40 (Fig.2) to mesh therewith such that
rotation of the ratchet wheel 40 will displace the piston rod 44 into the carpule 52. At
least the side of the elements 154 coinciding with the hinges 156 is flat to allow
practical moulding of the hinge. The flat side or flat opposed sides also allows
preventing rotation of the piston rod 44 around its axis when being axially displaced
by the internal thread of the ratchet wheel 40.

The displacement of the rod 44 and piston 50, by rotation of the toothed wheel 40

counter clock-wise, towards the dispensing projection 54 will press the medicine
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contained in the carpule 52 into a catheter tube 100 so that the medicine may be
injected into the patient wearing the device. The toothed wheel 40 is rotated, and
the rod 44 thereby displaced, by means of a shape memory alloy, SMA, actuator,
described more detailed in the following. Reference is made patent applications US
10/622,065 and WO 02/057627 in which SMA actuators are also described, both
applications being hereby incorporated in the present description by reference.

The displacement of the flexible piston rod 44 takes place in the following manner:
A conveying pawl 74 of a plate 78 pivotably mounted on a pin 70a engages the
teeth of the toothed wheel 40 such that the toothed wheel 40 is rotated when the
plate 78 pivots counter clock-wise, the internal threads in aperture 42 thereby being
rotated for displacing the flexible rod and the plunger 50 further into the carpule 52.
The conveying pawl 74 is operated by an SMA actuator, described more in detail in
the following. The conveying pawl 74 is operatively connected to an elongated rod

spring 66. The spring 66 is held in place by a number of pins 70 at one end thereof.

A battery 60 is provided and is fixated to a printed circuit board 58 by a number of
holding pins 64. Electrical conductive pins are provided to the positive and negative
poles of the battery 60, respectively, for the supply of electrical power to the

elements attached to the printed circuit board 58.

A beeper 76 is also mounted in the housing 12. The beeper 76 may be used for
communicating status information or alarms to the user. The beeper 76 is

electrically fed by the battery 60.

Referring now to Fig. 3, that is an exploded view of the elements attached to or
mounted on the PCB 58, the SMA actuator is illustrated. In the presently preferred
embodiment of the invention, the SMA actuator comprises an SMA (Nitinol) thread
or wire 86 connected at one end to the battery terminal 62a by means of a terminal
pin 68 and connected at the other end to the plate 78 such that an electrical current
may be applied through the SMA wire 86 through terminal 62a, terminal pin 68,
plate 78, spring 66, not shown circuit breaker on PCB 58 controlled by a
programmable unit, and finally terminal 62a of battery 60 The electrical current may
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also be led through pivot pin 70a to said circuit breaker. Also illustrated are details
regarding the pivotable plate 78 whereon the conveying pawl 74 is formed.

Opposite the conveying pawl 74 a pawl 80 for engaging the spring 66 is formed in
the plate 78. At the end of the spring 66 engaging the pawl 80, a projection 82 of the
spring is formed so as to improve the transference of forced from the spring 66 to
the pawl 74.

A stop pawl 84 of a plate 72 is provided for engaging the ratchet wheel engaging
and stopping the ratchet wheel 40 against rotation clock-wise. The plate 72 is fixedly
attached to the PCB 58 by means of pins 70b.

Fig. 4 is a view of the device wherein the components have been assembled inside

the housing 12.

Figs. 5a-5c are enlarged views of the encircled portion X in Fig. 5d illustrating the
operation of the SMA actuator and the toothed wheel 40.

Fig. 5a illustrates the initial position of the plate 78 where a projection 78a thereof
abuts a stop pin 85b. The plate 78 is engaged by the rod spring 66 exerting an
upwardly orientated force on the plate 78 forcing the projection 78a against the stop
pin 85b. No electrical current is applied to the NITI thread 86 and the thread is
therefore in its expanded or uncontracted state.

When electrical current is applied to the thread 86 as discussed above, the thread
86 is heated and, due to the physical properties of the material, the thread contracts
when the temperature is increased beyond a certain value thereby pivoting the plate

78 clock-wise and tensioning the rod spring 66.

This is illustrated in Fig. 5b where the thread 86 has contracted and thereby has
pivoted the plate 78 clock-wise so that the free end of the spring 66 is depressed by
the pawl 80 and the conveying pawl engages 74 the next tooth on the toothed wheel
40. The clock-wise rotation of the plate 78 is limited by the pin 85a on the PCB 58.
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Fig. 5c illustrates an intermediate situation after turning off electrical current to the
thread 86, thereby causing the thread 86 to expand and consequently release its
pull on the plate 78 whereby the force exerted by the spring 66 forces the plate 78 to

pivot counter clock-wise to the configuration illustrated in Fig. 5a.

The toothed wheel 40 is thereby rotated counter clock-wise by the pawl 80 and
consequently the piston or plunger 50 is displaced further into the carpule 52. The
stop pawl 84 engages the next tooth on the toothed wheel 40 and prevents the
pressure in the carpule 52 from pressing the piston 50 backwards and thereby

pivoting the wheel 40 clock-wise.

If the rod spring 66 were eliminated such that the SMA thread 66 is attached to the
plate 78 at a lower point relative to the pivot pin 70a such that contraction of the
thread 66 pivots the plate 78 counter clock-wise, i.e. such that the displacement of
the piston 50 in the carpule 52 is a direct result of contraction of the thread 66, then
there would be a danger of either snapping the thread or damaging the dispensing

mechanism because of pressure overload.

The contraction of the thread 66 is rather rapid when the transformation temperature
of the alloy is attained. The rate of injection of the medicine into the user is
determined by the pressure in the medicine resulting from the displacement of the
piston 50. The quicker the rate of injection must be to correspond to the contraction
rate of the thread, the higher the pressure is and the higher the tension in the thread
is. This may either result in snapping or severely damaging the thread and/or
rupturing a component in the dispensing assembly described more in detail in the

following.

On the other hand, in the construction according to the invention, by letting the rod
spring 66 transfer the displacement force to the plate 78 and thereby to the piston
50, the thread 86 must only flex the spring and rotate the plate 78 alone which can
take place very quickly and with a predetermined force having to be exerted by the
thread 66, a force which the thread can be dimensioned to exert with no risk of
damage. The pumping force exerted by the spring 66 on the plate 78 and thereby
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the piston 50 is relatively constant and can be designed to achieve the optimal
dispensing pressure inside the carpule 52.

The rod spring 66 may be replaced by any suitable resilient body such as a rubber
or silicone pad, a tension or compression coil spring, a spiral spring and so on. A
particularly advantageous alternative embodiment of the spring 66 is to provide the
plate 78 with a projecting rod either fixed to the plate or integral therewith and
abutting a stop pin on the PCB 58 at its end remote from the plate 78.

Referring now to Figs. 5d-5f corresponding to Figs. 5a-5¢, an optimal location of the
forces Ft and Fs applied to the plate 78 by the thread 86 and the spring 66 relative

to the rotational axis of the plate, the pin 70a, are illustrated.

The moment arm a1 of the thread force Ft in the situation in Fig. 5d, where the
thread is just starting to flex the spring 66, is smaller than the moment arm a2 in the
situation in Fig. 5f, where the spring 66 has been fully flexed. For a constant value of
Fs this entails that the force Ft necessary to flex the spring 66 is smaller when the
thread 86 is fully contracted than when it is uncontracted which is advantageous for
the effectiveness of the thread and for the useful life thereof.

Analogously, the moment arm b1 of Fs in Fig. 5d, where the spring 66 is the least
flexed and therefore where Fs is smallest, is larger than the moment arm b2 in Fig.
5f, where the spring 66 is most flexed and therefore where Fs is largest. Hereby it
can be achieved that the moment necessary to flex the spring can be substantially
more constant, and the force applied by the plate 78 to the ratchet wheel 40 can be
substantially more constant. Both effects are advantageous, one for the
performance of the thread 86, the other for achieving a substantially constant

dispensing pressure in the carpule 52.

Referring now to Figs. 6 and 6a-6k, the dispensing mechanism comprises a needle
88 extending downwardly from the stiletto 16 into an opening 90 of a top part 92 for,

in co-operation with a bottom part 94, being received in one end of the housing 12.
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The top part 92 and the bottom part 94 in conjunction form a protecting and guiding
sleeve for receiving the dispensing projection 54 of the carpule 52.

As the needle 88 is inserted through the opening 90, the needle passes through a
silicone plug 96, ensuring that when the needle 88 is not inserted, no contamination
may pass through from the opening 90. The needle 88 passes through the silicone
plug 96 and continues into a funnel shaped guide 98 guiding the needle 88 into a
catheter tube 100 into the top end of which tube the lower end of the guide 90 is
inserted. The catheter tube 100 is made from a soft and flexible material such as
PTFE. A catheter needle 102 provides passage of the medicine from the carpule 52
into the catheter tube 100.

An adhesive ring 104 fixates the bottom part 94 to the adhesive pad 26. A plate 28
covers the part of the adhesive ring 104 that extends beyond the bottom part 94. A
release foil 22 is adhered to an adhesive pad 108. The adhesive pad 108 serves the
purpose of fixating the housing 12 relative to the adhesive pad 26.

The protection cap 30 is fixated to the slip release film 24 by an adhesive ring 110.
The protection cap 30 protects the protruding part of the catheter tube 100 and the
sharp tip of the needle 88 when shipping or storing the device 10.

Fig. 6a is a top-view of the top part 92 when assembled with the bottom part 94, but
without the stiletto 16. Fig. 6b is a view along the line A-A of Fig. 6a. The needle 88
has been inserted in the opening 90 through the plug 96 and extends through the
guide 98. The needle 88 further extends through the catheter tube 100. Fig. 6.c is
an enlarged view of the circle 91 of fig 6b. In the guide 98 a cavity 95 is formed.
When the needle 88 is removed, the cavity 95 may receive medication from an
aperture 97 formed in the sidewall of the guide 98 (see Fig. 6i). The medication may
then flow from the guide 98 into the catheter 100 which, when located correctly, is
placed beneath the skin of the patient wearing the device 10.

Fig. 6d shows the assembled top 92 and bottom 94 parts seen from the side from
which the needle 102 extends. Fig. 6e is a section along the line B-B of Fig. 6d. Fig.
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6f is an enlarged view of the central portion of Fig. 6e. As previously described the
medication flows from the carpule 52 through the needle 102. As shown in Fig. 6e
the medication flows from the needle 102 into a compartment 99 formed between
the plug 96, the inner sidewalls of the top 92 and bottom 94 parts and the guide 98
(see also Fig. 6i). The needle 88 passes through the plug 96 in a direction
substantially orthogonal to the direction of the catheter 102, but without intersecting
the catheter 102.

Fig. 6g is a section along the line C-C of Fig. 6d while Fig. 6h is an enlarged view of
the circle 99b of Fig. 6g. The figure shows the compartment 99 wherein the
medication is received from the needle 102. The needle 88 is visible in the
background.

Figs. 6i-6k further illustrate the pathway of the medicine through the needle 102 to
the guide 98 into the catheter tube 100 shown by arrows in Fig. 6i.

Fig. 7a illustrates the device prior to the interconnection of the housing 12 with the
dispensing assembly being inserted in a receiving part or sleeve formed by a top
part 92 and a bottom part 94. This assembly may be performed prior to delivering
the device to the user or the process of assembling the two parts may be performed

by the user/care-giver.

Fig 7b illustrates the device 10 assembled. Before the user applies the device,
preferably to the abdominal skin, the slip release film 24 is removed, thereby
exposing the adhesive pad 26. Along with the slip release film 24, the protection cap
30 is removed, thereby exposing the needle 88. The needle 88 extends through the
catheter tube 100. The needle 88 perforates the skin of the patient when the device
is placed on the skin surface, thereby the catheter tube 100 is guided beneath the
skin of the patient.

Fig. 7d illustrates the device placed on the user's skin 112. After adhering the device
to the abdominal skin 112 of the patient, the foil 22 may be removed (see Fig. 7e),
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thereby fastening or fixating the housing 12 to the adhesive pad 26. This operation
may also be performed prior to application of the device to the skin.

In Fig. 7f the user has lifted the handle 18 so that the needle 88 is retracted from the
patient, leaving the catheter tube 100 inserted into the skin of, the patient. This
enables the device to deliver the medicine subcutaneously to the patient. When the
needle 88 has been retracted from the patient, the entire stylus 16 and handle 18
may be separated from the housing 12 of the device 10 since the stylus 16 may
hinder or limit the free movement of the patient.

Preferably, when retracted, the needle 88 is fully embedded in the stylus 16 so that
no person or persons inadvertently can be pricked by the needle. Alternatively, the
tip of the needle 88 may be covered with a plug or stopper after retraction and

separation from the device 10.

Fig. 8 is a view of an exploded device according to the present invention wherein
the carpule 52 in the device supplied to the user is initially empty and may be filled
by the user. The device 10 includes many parts similar to those described in Fig. 2

and these parts will not be discussed further.

The embodiment illustrated in Fig. 8 includes a plunger 112 wherein the plunger
head 114 has been fitted with a rod 116 extending backwardly. The rod 116 has an
engagement 118 to be engaged by a corresponding engagement part 120 of a
second rod 122 including a handle 124 (see Fig. 14). A modified top part 34' and
bottom part 36' are used in this embodiment. The parts have been modified for
receiving the rods 116 and 122 through an opening 36’a.

When the user receives the device 10', the carpule 52 is empty and the plunger
head 114 is located at the end near the protruding part 54 of the carpule 52. The rod
122 extends from the opening 36'a in the housing 12 through an annular seal126,
such as a silicone ring arranged in the opening and surrounding the rod or bar 122

in a way such that the interior of the housing 12 can not be contaminated.
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Fig. 9 illustrates the parts of Fig. 8 assembled in the bottom part 36 of the housing
12. The figure illustrates the plunger head 114 in a position near the protruding part
54 of the carpule 52.

In order for the patient or care-giver to fill the carpule 52 with the medication, a bowl
or cup shaped adapter 126 shaped to receive the projection 54 is provided with a
double pointed needle 128 extending through the adapter 126 so as to establish
fluid communication between the interior of the carpule and an external container

containing the medication.

The carpule in all the embodiments described herein is coated with a non-toxic
lubricant on the inside surface for facilitating the movement of the plunger or

plungers.

Fig. 10 illustrates the empty carpule 52 having the adapter 126 mounted on the
protruding part 54 with the needle 128 extending into the interior of the carpule..
After inserting the needle 128 into the not shown container containing the
medication, the user pulls the handle 124 into the position illustrated in Fig. 11
hereby sucking the medicine from the container into the carpule. In this position the
plunger 114 is brought into contact with the plunger 50' and provided that the
external container with the medication has been connected correctly to the adapter

126, the carpule 52 is now filled with the medication.

The rod 122 may now be separated from the rod 116 since the presence of the rod
122 and the handle 124 will be unpleasant to the wearer of the device. After the
user retracts the rod 122, the user may break the rod 122 loose from the rod 116 as
illustrated in Fig. 12. Next, the user removes the adapter 126 and the housing 12 is

ready to be connected with the top part 92 and bottom part 94 as discussed above.

When the plunger head 114 is retracted, over pressure will be created in the interior
of the housing 12 if not venting to the exterior is allowed. This may result in
uncontrolled displacement of the plunger head and consequent uncontrolled

dispensing of medicine.
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The venting may take place by providing a not shown venting aperture in the
housing. A non-return valve may be arranged in the venting aperture to avoid water
entering the housing when the user bathes. The venting aperture may be covered

by a hydro-phobic breathable membrane allowing air to exit but not water to enter.

The venting may also take place by providing the rod 122 with a longitudinally
extending air venting channel.

The rods 122 and 166 may be substituted by a thread that is cut by a knife or
scissors when the plunger head 114 has been fully retracted. Heréby the aperture
through the sealing plug 126 will be so narrow that the resiliency of the silicone will
close the aperture when the thread portion attached to the plunger head 114 is
pulled out of the aperture when the plunger head 114 is displaced towards the
projection 54. In the case of a rod 116, a not shown resilient flap is attached to the
plug 126 so as to function as closure once the rod 116 had been pulled out of the
aperture in the plug.

Fig. 14 is an enlarged view of the engagement parts 118 and 120 which are

constituted by a projection 120 received in a not shown corresponding recess 118.

The handle 124 and rod 116 ,122 are made from a non-toxic plastic material that

may be readily disposed of.

The rod 122 may also be releasably connected directly to the plunger head 114 for

instance by means of a screw thread or a bayonet engagement.

Figs. 15-17 illustrates a method of filling the carpule 52 with medication using a
syringe 130. The user is supplied with a housing 12' similar to that of Fig. 1 except
that the carpule is empty and a plug or disc 132 is located at the end of the carpule,
near the protruding part. The user inserts a needle 129 of a syringe 130 into the
protruding part 54 and depresses a plunger 134 of the syringe 130.
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Fig. 16 illustrates the situation wherein the user has fully depressed the plunger 134
and the plug 132 has been moved to the opposite end of the carpule as the interior
of the carpule is now filled with medication. The user then retracts the syringe 130

from the dispensing protection 54 and disposes of the syringe 130 in a safe manner.

Also in this embodiment, venting of air must be possible to avoid build-up of
pressure inside the housing 12'. A not shown venting aperture with a non-return

valve or a gas permeable, water impermeable membrane may be provided.

Fig. 18 illustrates an alternative method of driving the toothed wheel 40 by means of

a small electric step motor 134 driving a gear 136 engaging the toothed wheel 40.

Possible alternative embodiments of the driving mechanism driving the toothed
wheel 40 or directly driving the threaded flexible piston rod 44 includes a coil spring
exerting a pivoting force on the wheel 40. However, such an embodiment is not
recommendable because of the possibility of malfunction with resulting sudden
release of the energy stored in the spring and the consequent release of the entire

or remaining content of medicine resulting in an overdose of medication.

Figs. 19-23 illustrate a further alternative embodiment of an adapter 138 enabling

the user to safely fill the carpule 52.

The adapter 138 receives a needle 140 of a syringe 142. The syringe 142 includes a
plunger 146. The adapter 138 is provided with a not shown internal guide for the
needle such that the needle is positioned precisely relative to the adapter. The guide
is provided with a one-way lock allowing the needle to pass in one direction but
preventing the needle from being pulled back in the opposite direction so that the
needle may not be retracted from the adapter 138. Preferably, the needle 140 does
not extend beyond the adapter 138 so that the syringe 142 including the needle 140
and the adapter 138 may ultimately be safely disposed of.

A second venting needle 144 for venting air in the housing 12 during filling of the

carpule is located in the adapter in such a position that when the adapter is
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connected to the housing 12 as shown in Fig. 21, the venting needle perforates the
sealing ring 56 and extends into the interior of the housing 12 thereby enabling
release of excess pressure built up inside the housing 12 caused by the reduced

volume when filling the carpule 52.

Ribs 138a provided on the adapter 138 fit snugly into corresponding not shown
grooves in the housing 36 such that the angular position of the adapter 138 relative
to the housing 12 is predetermined so that the perforation of the sealing ring 56 by
the venting needle takes place at the predetermined location.

Figs. 20-23 illustrate the steps of connecting the adapter 138 to the housing 12 and
subsequently, filling the carpule with the medication stored in the syringe 142. The
adapter 138 and the housing 12 may be dimensioned such that none of the
needles140 and 144 protrude outside the adapter 138.

The syringe may be supplied to the user already connected to the adapter or the

syringe may be integral with the adapter.

The adapter and/or syringe may be provided with unique engagement means
corresponding to unique engagement means on the housing 12 that only allow such
a unique combination of adapter and syringe to be coupled to the housing such that

only authorized medicine may be filled into the carpule.

Although the preferred actuating means for displacing the piston rod 44 is the SMA
actuator described above, other actuating means may be employed.

Fig. 24 illustrates the back surface of the printed circuit board 58, whereon a
solenoid 148 is located connected to a wire or thread 186 that in turn extends
through an aperture 150 in the board and is fastened to the plate 78 such that a
tension force applied to the thread by the solenoid results in pivoting of the plate 78
and flexing of the rod spring 66.

Referring now to Figs. 25-27, a further alternative actuator for the toothed wheel 40
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Comprises an actuator 149 that can rotate a pin 78a received in plate 78 to and fro
so that the plate 78 is rotated to and fro between stops 85a and 85b as illustrated in
Figs. 25-27.

The actuator 149 may comprise an SMA thread arranged to pivot the pin 78a

against the action of a spring or it may comprise a pivoting solenoid.

Referring now to Figs. 28-29, it is illustrated therein that the dispensing device
housing 34, 36 may be supplied without a carpule inserted therein such that the
housing 34, 36 with internal pumping and other means may be supplied for use with
carpules supplied from other sources and at different times than the supply of the
housing such that different medicine from different suppliers may be dispensed by

the device according to the invention.

In the embodiment shown in Fig. 28, the carpule is a standard carpule 52 supplied
by a great number of medicine suppliers. A sealing ring 56' corresponding to the
sealing ring 56 of the embodiment shown in Figs. 2 and 19 is attached to the upper
and lower portions 92 and 94 of the catheter device 16 such that when the carpule
52 is inserted in the housing 34, 36 and the housing is connected to the catheter
device, the sealing ring 56" will ensure that the interior of the housing is hermetically

sealed.

The user may acquire the combination of the housing 34,36 and the catheter device
or stylus 16 from one supplier and combine this combination with a carpule acquired
from another supplier. This affords the user great flexibility and the supplier of the
combination the possibility of reducing the price of the combination because of the
greater production volume resulting from this flexibility. Furthermore, at the shelf life
of the combination is much longer than the shelf life of the medicine in the carpule, a
user may acquire a number of combinations and keep them in stock while acquiring

the carpules with greater frequency.

In the embodiment shown in Fig. 29, a specialized carpule 52' with a permanently
attached sealing collar 56" is inserted in the housing 34, 36 and the collar 56" is
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received in a not shown corresponding recess in the socket 92, 94 of the catheter
device 16 such that the interior of the housing is hermetically sealed when the

housing, carpule and catheter device are interconnected.

Hereby, the housing 34, 36 and the stylus assembly 16 can only be used in
conjunction with a specific specialized carpule such that a medicine supplier
ensures that the dispensing device with a pre-programmed function only may be

used for dispensing a specific medicine.

The embodiments shown in Figs. 28-29 may comprise any of the features of the
embodiments shown in Figs. 1-7g and 24-27. Furthermore, the means for displacing

the piston inside the carpule 52 or 52' may be of any known type.

The means for specializing the carpule 56' so as only to correspond to a specific
combination of housing 34, 36 and catheter or stylus assembly 16 may comprise
any suitable special geometric features on the carpule corresponding to matching

geometrical features of the housing and/or the stylus assembly.

For instance, one or more longitudinal grooves may be provided in the surface of
the carpule 52' corresponding to matching protuberances provided in the periphery
of the opening in the housing 34, 36 allowing only carpules with said grooves to be

inserted in the compartment inside the housing adapted for receiving the carpule.

A dispensing device or insulin pump according to the invention may function in
several different manners depending on the design and programming of the various

control elements of the circuit board:

1. Stand alone pump with constant flow:

The pump functions as a constant flow pump and may be designed for different flow
rates, for instance 20 units/24 hours, 30 units/24 hours, etc. By depressing the
button and holding it down, the pumping programme is initiated and by again

pressing the button down and holding it, the pumping programme is terminated
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while a short duration pressure on the button activates a bolus additional dosage of

insulin of a certain magnitude.

2. Stand alone pump with varying flow:

A timing device is incorporated in the print board so that a standard programme
controls the flow dispensed by the pump during recurring 24 hour periods. The pre-
programmed operating instructions may for example result in a lower dosage at

night than during the day and an extra dosage at mealtimes.

3. Programmable pump type 1:

The pump is not provided with a predetermined programme, but is provided with a
programmable unit in the print board and can be programmed by the user or a
doctor by means of a controller. The programming must be able to take place
through the packing material in which the dispensing device is supplied so that the
user can transport the device in a sterilised packaging on vacations or the like
without having to carry the controller along. The controller is a dedicated unit that for
instance via a USB plug can be connected to a PC or it can be provided with cellular
telephone capability for transmission of data or other wireless connection capability.
The controller can thus be programmed by a doctor or a user and be used for
programming of the functioning of all subsequently used disposable dispensing

devices.

4. Programmable pump type 2:

This pump functions in the same manner as programmable pump type 1, but the
controller is a palm pilot or a laptop PC. This gives the additional advantage that the
user may input health information and glucose level measurement results directly
into the controller or programming unit and thus communicate such information to
the doctor who may use this information when deciding whether the programming
function of the controller or the programming unit is to be altered for subsequently

used disposable dispensing devices.
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5. Programmable pump with audio input and output:

By providing the dispensing device with a microphone/loudspeaker and a suitable
recording/play-back chip in the printed circuit, short messages may be recorded by
the dispensing device, and the short messages may be emitted by the device upon

suitable manipulation of recording button mounted on the housing.

By means of this audio capability the user may record verbally formulated
information regarding glucose levels, meal composition, exercise, etc. A timer may
record the timing of each recorded message. A doctor may then use these recorded
messages together with information about number and timing of bolus dosages,
pumping stops and the programme utilised for the dispensing of the insulin so as to
evaluate the treatment and decide upon any changes in the programming and
instructions to the patient which may be recorded by the doctor via a mobile
telephone or the like such that messages are automatically delivered to the user at
predetermined times. Such a message could for example be 'remember to measure
your glucose level' (message programme to be delivered by the dispensing device

to the user each morning at 8 o'clock) and so on.

Furthermore, standard instructions can be included in the programming circuit so
that the pump may deliver verbal messages to the user instead of audio signals
such as beep sounds. The message could for instance be: 'Pump is stopped' or
"This is your third bolus in a row and you have taken a total of eight bolus dosages
today' or 'The pump will be empty in two hours' and so on. Generally speaking, the
audio capability described above will render the dispensing device provided with
such capability much more user-friendly, especially for users initiating a treatment or

not very disciplined as regards compliance.

6. Closed loop re-programmable pump:

Either the controller or the computing unit mounted in the printed circuit may be
programmed to react to information regarding actual glucose blood level inputted by
the user perhaps together with other information, such as data regarding the timing
and constitution of the last meal, to alter the programme of the dispensing flow or

dosage to take into consideration this information such that the dispensing device to
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a certain extent constitutes a closed loop, fuzzy logic, semi-automatic self re-

programming insulin dispensing device.
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CLAIMS

1. A disposable, wearable, self-contained medicine dispensing device comprising

- a housing,

- means, preferably adhesive means, for attaching said housing to the skin of a user
of said device,

- a cylindrical medicine container, preferably a carpule, incorporating a piston and
arranged in said housing, the container having an open distal end and a proximal
end closed by a closure body made of a material, preferably silicone, that can be
perforated by a needle, . - '

- a first hollow needle extending from a first end in the interior of said medicine
container through said closure body to a second end,

- a catheter in fluid communication with said second end and for injection of said
medicine into said user, said catheter being associated with said housing,

- a piston rod with a longitudinally extending first screw thread on the outer surface
thereof and arranged for displacing said piston from said distal end to said proximal
end,

- a toothed or ratchet wheel having a central aperture for receiving said piston rod
and provided with a second screw thread meshing with said first screw thread such
that rotation of said ratchet wheel in a first rotational direction will displace said
piston towards said proximal end,

- a pivotable body, preferably a plate element, arranged pivotable around an axis
adjacent said ratchet wheel and provided with a pawl for engaging the teeth of said
ratchet wheel such that pivoting of said pivotable body in a second rotational
direction rotates said ratchet wheel in said first rotational direction,

- a spring means adapted and arranged for applying a spring force to said pivotable
body at a first point spaced from said axis for pivoting said pivotable body in said
second rotational direction, and

- a battery powered actuator for rotating said pivotable body in a third rotational

direction opposite said second rotational direction.

2. A dispensing device according to claim 1, wherein said actuator comprises a

shape memory alloy wire.
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3. A dispensing device according to claim 1 or 2, wherein said actuator comprises a
shape memory thread or wire fixedly attached at one end to an electrically
conducive fastening means and fixedly attached at the opposite end to said
pivotable body at a second point spaced from said axis such that contraction of said

shape memory wire pivots said pivotable body in said third rotational direction.

4. A dispensing device according to any of the preceding claims, wherein said
spring means comprises a rod spring extending generally parallel with said
cylindrical medicine container and having one end fixated against lateral movement
and the opposite end abuts, attached to or integral with said first point on said

pivotable body.

5. A dispensing device according to any of the preceding claims wherein said piston
rod is a flexible piston rod comprising a row of elements each having a top surface
and a bottom surface as well as a lateral surface, the top surface of one element
being connected to the bottom surface of the adjacent element by a hinge means
located and adapted to allow the two adjacent elements to pivot from a first position
where at least a portion of a top surface of one element abuts a corresponding
portion of the bottom surface of the adjacent element, said first position
corresponding to a rectilinear, relatively stiff configuration of the piston rod, to a
second position wherein said top surface of one element is spaced from said bottom
surface of the adjacent element corresponding to a curved configuration of said
flexible piston rod.

6. A dispensing device according to claim 5, wherein said lateral surface has a first
and a second mutually opposed circular cylindrical surface portions incorporating

said first screw thread for meshing with said second screw thread.

7. A dispensing device according to claim 6, wherein at least one surface portion
disposed between said first and second surface portion is plane so as to allow co-
operation with means to preve nt rotation of the piston rod around the longitudinal
axis thereof when said first screw thread on the lateral surface of said elements is

engaged by said second screw thread.
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8. A dispensing device according to any of the preceding claims, wherein said first
point is located such relative to said axis and said spring force that the moment arm
relative to said axis of said spring force increases as said pivotable body rotates in

said second rotational direction.

9. A dispensing device according to any of the preceding claims, wherein said
second point is located such relative to said axis and said shape memory alloy wire
force that the moment arm relative to said axis of the force exerted on said pivotable
body by the contraction of said shape memory wire increases as said pivotable body
rotates in said third rotational direction and/or said first point is located such relative
to said axis and said spring force that the moment arm relative to said axis of said
spring force increases as said pivotable body rotates in said second rotational

direction.

10. A dispensing device according to any of the preceding claims, wherein
controlling means for controlling the operation of said actuator according to a

programme are arranged in said housing.

11. A dispensing device according to any of the preceding claims, wherein said
device comprises a dispensing assembly interconnected with said housing, said
dispensing assembly comprising:

- a second needle for perforating the skin of said user arranged displaceable along a
linear trajectory generally orthogonal to the longitudinal extent of said first hollow
needie,

- a plug of a perforatable material, preferably silicone, located on said trajectory and
traversed by said first hollow needle,

- a compartment arranged adjacent said plug and receiving said second end of said
hollow needle, and

- a guide body having an interior guide passage aligned with and in direct fluid
communication with both the lumen of said catheter and said compartment and

arranged such that said interior passage and said lumen is on said trajectory.
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12. Afillable, disposable, wearable, self-contained medicine dispensing device
comprising

- a housing,

- attachment means, preferably adhesive attachment means, for attaching said
housing to the skin of a user of said device,

- a cylindrical medicine container, preferably a carpule, incorporating a piston and
arranged in said housing, the container having an open distal end and a proximal
end closed by a closure body made of a material, preferably silicone, that can be
perforated by a needle,

- a hollow neédle extending from a first end in the interior-of said medicine container
through said plug to a second end outside said housing, and |
- first displacement means connected to said piston and adapted for displacing said
piston from said proximal end towards said distal end, and

- second displacement means comprising a battery powered actuator for displacing

said piston from said distal end towards said proximal end.

13. A device according to claim 12, wherein said second displacement means
comprise

- a piston rod with a longitudinally extending first screw thread on the outer surface
thereof and arranged for displacing said piston from said distal end to said proximal
end,

- a toothed or ratchet wheel having a central aperture for receiving said piston rod
and provided with a second screw thread meshing with said first screw thread such
that rotation of said ratchet wheel in a first rotational direction will displace said
piston towards said proximal end,

- a pivotable body, preferably a plate element, arranged pivotable around an axis
adjacent said ratchet wheel and provided with a pawl for engaging the teeth of said
ratchet wheel such that pivoting of said pivotable body in a second rotational
direction rotates said ratchet wheel in said first rotational direction,

- a spring means adapted and arranged for applying a spring force to said pivotable
body at a first point spaced from said axis for pivoting said pivotable body in said

second rotational direction, and
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- an actuator for rotating said pivotable body in a third rotational direction opposite

said second rotational direction.

14. A dispensing device according to claim 12 or 13, wherein said first displacement
means comprise a rod attached at one end to said piston and extending through the
lumen of said cylindrical container, out through said open distal end and through an
aperture is said housing to the other end located outside the housing and provided

with gripping means, for instance a handle.

15. A dispensing device according to claim 14, wherein said rod is releasably

connected to said piston.

16. A dispensing device according to claim 14 or 15, wherein said rod comprises
two releasably interconnected rods, one of which is fixedly connected to said piston,

the other of which being provided with said gripping means.

17. A dispensing device according to any of the claims 14-16, wherein said rod
provided with gripping means is provided with a longitudinally extending venting
channel for venting air displaced by displacement of said piston from said proximal

end to said distal end.

18. A dispensing device according to any of the claims 12-16, wherein a venting
aperture is provided in said housing for venting air displaced by said displacement
of said piston from said proximal end to said distal end, flow of water into said
housing through said venting aperture being obstructed by flow obstructing means
such as a one-way or non-return valve or an air permeable, liquid impermeable,

hydrophobic membrane.

19. A combination of
- a fillable, disposable, wearable, self-contained medicine dispensing device
comprising:

- a housing comprising first engagement means,
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- attachment means, preferably adhesive attachment means, for attaching said
housing to the skin of a user of said device,

- a cylindrical medicine container, preferably a carpule, incorporating a piston and
arranged in said housing, the container having an open distal end and a proximal
end closed by a closure body made of a material, preferably silicone, that can be
perforated by a needle, and
- displacement means comprising a battery powered actuator for displacing said

piston from said distal end towards said proximal end,
and
- afilling adapter comprising:

- arectilinear channel extending through said adapter for receiving and guiding a
needle of a hypodermic syringe, and

- second engagement means for releasably engaging said first engagement
means of said housing with said adapter located in such an engaged position
relative to said housing that said needle when extending through and guided by
said channel will perforate said closure body of said carpule for allowing injection of

medicine from said syringe into said carpule.

20. A combination according to claim 19, wherein said adapter is provided with

locking means for locking said needle inside said channel.

21. A combination according to claim 19 or 20, wherein

- said adapter is provided with a fixedly arranged hollow venting needle extending
parallel with said channel, and

- said housing is provided with a venting element made of a material that can be
perforated by said venting needle,

- the location of said venting element in said housing and of said venting needle in
said adapter being such that said venting needle will extend through said venting
element into the interior of said housing when said adapter is in said engaged

position.

22. A combination according to claim 21, wherein said venting element is

constituted by an O-ring arranged around said carpule at said proximal end thereof.
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23. A medicine filling adapter comprising the features of the filling adapter according
to any of the claims 19-21.

24. A method of filling medicine into a fillable, disposable, wearable, self-contained
medicine dispensing device comprising the following steps:
- providing a fillable, disposable, wearable, self-contained medicine dispensing
device comprising:

- a housing,

- attachment means, preferably adhesive attachment means, for attaching said
housing to the skin of a user of said device,

- a cylindrical medicine container, preferably a carpule, incorporating a piston
and arranged in said housing, the container having an open distal end and a
proximal end closed by a closure body made of a material, preferably silicone, that
can be perforated by a needle, and

- displacement means comprising a battery powered actuator for displacing

said piston from said distal end towards said proximal end,
- providing a hypodermic syringe containing said medicine,
- perforating said closure body with the needle of said syringe, and
- pressing said medicine into said carpule such that said piston is displaced from

said proximal end towards said distal end.

25. A dispensing device according any of the claims 12-18, 19-22 or 24, wherein

said actuator comprises a shape memory alloy wire.

26. A dispensing device according any of the claims 12-18, 19-22 or 24, wherein
said actuator comprises a shape memory thread or wire fixedly attached at one end
to an electrically conducive fastening means and fixedly attached at the opposite
end to said pivotable body at a second point spaced from said axis such that
contraction of said shape memory wire pivots said pivotable body in said third

rotational direction.

27. A dispensing device according to any of the claims 25-26, wherein said spring

means comprises a rod spring extending generally parallel with said cylindrical
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medicine container and having one end fixated against lateral movement and the
opposite end abuts, attached to or integral with said first point on said pivotable
body.

28. A dispensing device according to any of the claims 25-27, wherein said piston
rod is a flexible piston rod comprising a row of elements each having a top surface
and a bottom surface as well as a lateral surface, the top surface of one element
being connected to the bottom surface of the adjacent element by a hinge means
located and adapted to allow the two adjacent elements to pivot from a first position
where at least a portion of a top surface of one element abuts a corresponding
portion of the bottom surface of the adjacent element, said first position
corresponding to a rectilinear, relatively stiff configuration of the piston rod, to a
second position wherein said top surface of one element is spaced from said bottom
surface of the adjacent element corresponding to a curved configuration of said

flexible piston rod.

29. A dispensing device according to claim 28, wherein said lateral surface has a
first and a second mutually opposed circular cylindrical surface portions
incorporating said first screw thread for meshing with said second screw thread.

30. A dispensing device according to claim 29, wherein at least one surface portion
disposed between said first and second surface portion is plane so as to allow co-
operation with means to prevent rotation of the piston rod around the longitudinal
axis thereof when said first screw thread on the lateral surface of said elements is

engaged by said second screw thread.

31. A dispensing device according to any of the claims 26-31, wherein said second
point is located such relative to said axis and said shape memory alloy wire force
that the moment arm relative to said axis of the force exerted on said pivotable body
by the contraction of said shape memory wire increases as said pivotable body
rotates in said third rotational direction and/or said first point is located such relative

to said axis and said spring force that the moment arm relative to said axis of said
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spring force increases as said pivotable body rotates in said second rotational

direction.

32. A dispensing device according to any of the claims 25-31, wherein controlling
means for controlling the operation of said actuator according to a programme are

arranged in said housing.

33. A dispensing device according to any of the claims 25-32, wherein said device
comprises a dispensing assembly interconnected with said housing, said dispensing
assembly comprising:

- a second needle for perforating the skin of said user arranged displaceable along a
linear trajectory generally orthogonal to the longitudinal extent of said first hollow
needle,

- a plug of a perforatable material, preferably silicone, located on said trajectory and
traversed by said first hollow needle,

- a compartment arranged adjacent said plug and receiving said second end of said
hollow needle, and

- a guide body having an interior guide passage aligned with and in direct fluid
communication with both the lumen of said catheter and said compartment and

arranged such that said interior passage and said lumen is on said trajectory.

34. A disposable, wearable, self-contained medicine dispensing device comprising
- a housing having an aperture and an interior compartment communicating with
said aperture and adapted for receiving a cylindrical medicine container, preferably
a carpule, the container incorporating a piston and having an open distal end and a
proximal end closed by a closure body made of a material, preferably silicone, that
can be perforated by a first hollow needle,

- a piston rod displaceably arranged in said housing for displacing said piston from
said distal end to said proximal end when said container is received in said
compartment, and

- displacing means adapted for displacing said piston rod and comprising a battery

powered actuator.
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35. A dispensing device according to claim 34, wherein said housing adjacent said
aperture is provided with first interconnecting means for interconnecting said hosing
with second interconnecting means provided on a catheter assembly comprising:

- said first hollow needle adapted for being inserted into said closure body when
said carpule is received in said compartment and said first and second
interconnecting means are mutually engaged for interconnecting said housing and
said catheter assembly such that said first hollow needle extends from a first end in
the interior of said carpule through said closure body to a second end, and

- a catheter in fluid communication with said second end and for injection of said

medicine into said user.

36. A dispensing device according to claim 34 03 35, wherein said piston rod is
provided with a longitudinally extending first screw thread on the outer surface
thereof, and wherein said displacing means comprises:

- a toothed or ratchet wheel having a central aperture for receiving said piston rod
and provided with a second screw thread meshing with said first screw thread such
that rotation of said ratchet wheel in a first rotational direction will displace said
piston towards said proximal end,

- a pivotable body, preferably a plate element, arranged pivotable around an axis
adjacent said ratchet wheel and provided with a pawl for engaging the teeth of said
ratchet wheel such that pivoting of said pivotable body in a second rotational
direction rotates said ratchet wheel in said first rotational direction,

- a spring means adapted and arranged for applying a spring force to said pivotable
body at a first point spaced from said axis for pivoting said pivotable body in said
second rotational direction, and

- said battery powered actuator for rotating said pivotable body in a third rotational

direction opposite said second rotational direction.

37. A dispensing device according any of the claims 34-36, wherein said actuator

comprises a shape memory alloy wire.

38. A dispensing device according to any of the claim 34-37, wherein said actuator

comprises a shape memory thread or wire fixedly attached at one end to an
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electrically conducive fastening means and fixedly attached at the opposite end to
said pivotable body at a second point spaced from said axis such that contraction of

said shape memory wire pivots said pivotable body in said third rotational direction.

39. A dispensing device according to any of the claims 34-38, wherein said spring
means comprises a rod spring extending generally parallel with said cylindrical
medicine container and having one end fixated against lateral movement and the
opposite end abuts, attached to or integral with said first point on said pivotable
body.

40. A dispensing device according to any of the claims 34-39, wherein said piston
rod is a flexible piston rod comprising a row of elements each having a top surface
and a bottom surface as well as a lateral surface, the top surface of one element
being connected to the bottom surface of the adjacent element by a hinge means
located and adapted to allow the two adjacent elements to pivot from a first position
where at least a portion of a top surface of one element abuts a corresponding
portion of the bottom surface of the adjacent element, said first position
corresponding to a rectilinear, relatively stiff configuration of the piston rod, to a
second position wherein said top surface of one element is spaced from said bottom
surface of the adjacent element corresponding to a curved configuration of said

flexible piston rod.

41. A dispensing device according to claim 40, wherein said lateral surface has a
first and a second mutually opposed circular cylindrical surface portions

incorporating said first screw thread for meshing with said second screw thread.

42. A dispensing device according to claim 41, wherein at least one surface portion
disposed between said first and second surface portion is plane so as to allow co-
operation with means to prevent rotation of the piston rod around the longitudinal
axis thereof when said first screw thread on the lateral surface of said elements is

engaged by said second screw thread.
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43. A dispensing device according to any of the claims 34-42, wherein said first
point is located such relative to said axis and said spring force that the moment arm
relative to said axis of said spring force increases as said pivotable body rotates in

said second rotational direction.

44. A dispensing device according to any of the claims 34-43, wherein said second
point is located such relative to said axis and said shape memory alloy wire force
that the moment arm relative to said axis of the force exerted on said pivotable body
by the contraction of said shape memory wire increases as said pivotable body
rotates in said third rotational direction and/or said first point is located such relative
to said axis and said spring force that the moment arm relative to said axis of said
spring force increases as said pivotable body rotates in said second rotational

direction.

45. A dispensing device according to any of the claims 34-44, wherein controlling
means for controlling the operation of said actuator according to a programme are

arranged in said housing.

46. A combination comprising:

- adisposable, wearable, self-contained medicine dispensing device according to
any of the claims 35-45,

- a cylindrical medicine container, preferably a carpule, the container incorporating
a piston and having an open distal end and a proximal end closed by a closure body
made of a material, preferably silicone, that can be perforated by a first hollow
needle, and

- a catheter assembly comprising:
- said first hollow needle adapted for being inserted into said closure body
when said carpule is received in said compartment and said first and second

interconnecting means are mutually engaged for interconnecting said housing and
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said catheter assembly such that said first hollow needle extends from a first end in
the interior of said carpule through said closure body to a second end, and
- a catheter in fluid communication with said second end and for injection of

said medicine into said user.

47. A combination according to claim 46, wherein said catheter assembly
comprises:

- a second needle for perforating the skin of said user arranged displaceable along a
linear trajectory generally orthogonal to the longitudinal extent of said first hollow
needle, '

- a plug of a perforatable material, preferably silicone, located on said trajectory and
traversed by said first hollow needle,

- a compartment arranged adjacent said plug and receiving said second end of said
hollow needle, and

- a guide body having an interior guide passage aligned with and in direct fluid
communication with both the lumen of said catheter and said compartment and

arranged such that said interior passage and said lumen is on said trajectory.

48. A combination according to claim 46 or 47, wherein said carpule is a standard

carpule currently available from numerous suppliers.

49. A combination according to claim 46 or 47, wherein said carpule is provided with
special geometrical features matching corresponding geometrical features of said
housing and/or said catheter assembly such that lack of said special geometrical
features on said carpule prevents the combination from being assembled to a form a

viable medicine dispensing assembly.
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