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A ONE-HAND OPERATED DRUG MIXING AND EXPELLING DEVICE

FIELD OF THE INVENTION

The present invention relates to a device for mixing and expelling a drug, in particularly for
mixing a solid drug, such as a powdered or lyophilized drug, with a liquid, such as a solvent
liquid, i.e. for reconstitution of the drug. In particular, the invention relates to a mixing and

expelling device which can be operated by use of one hand only.

BACKGROUND OF THE INVENTION

It is still desirable to store a drug in powdered or lyophilized form and therefore necessary to
reconstitute the drug before it is delivered to a person, i.e. it is necessary to mix the drug
with a liquid, thereby forming a liquid drug. This is normally done by means of an ordinary
syringe with an ordinary needle. Liquid is sucked into the syringe, the needle is then inserted
in a vial containing the lyophilized drug to be reconstituted, and the liquid is forced from the
syringe into the vial by means of a movable piston of the syringe. When the lyophilized drug
has been properly reconstituted, the movable piston is pulled out, and the reconstituted drug
is thereby retrieved to the syringe. The reconstituted drug may subsequently be delivered
from the syringe to a person. The administration procedure involves a huge amount of steps
making it complicated for the user, and there is a relatively high risk of contamination of the
drug or the syringe during the described procedure due to the exposure of the surfaces and

the needle to un-sterile free air and dirt.

Furthermore, it can be inconvenient and difficult for user to drag and pull the piston of the
syringe, while simultaneously keeping control over the infusion needle from moving in and

out of the vein, as both hands are needed for the administration kit.

Further, due to the nature of the disorders, some users have problems with delivering the

necessary amount of holding and actuating force to process the administration.

Some of these problems are addressed in US 6764467, US 5329976, US 4738660, US
4410321, US 6645171 and FR 2714824.
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SUMMARY OF THE INVENTION

It is an object of the present invention to provide a device for reconstituting a drug in which

the risk of contamination during the process is minimised.

It is a further object of the invention to provide a device for reconstituting a drug, which is

easier for the user to operate during reconstitution, aspiration and infusion.

It is an even further object of the invention to provide a device for reconstituting a drug,

which requires minimal forces to operate by the user.

The above objects and other objects are achieved by the drug mixing and expelling device

according to the invention, said drug mixing and expelling device comprising:

- areservoir containing a liquid,

- avial containing a drug,

- means for establishing a fluid connection between the reservoir and the vial and for

establishing fluid connection between the vial and an infusion outlet,

- means for forcing the liquid from the reservoir to the vial via an established fluid

connection, and

- means for activating said forcing means during establishment of said fluid connection

between the reservoir and the vial.

The drug mixing and expelling device is preferably a disposable device, wherein the reservoir,
the vial, the means for establishing said fluid connections, the forcing means and the means

for activating form an at least substantially integral device.

In the present context the term ‘integral device’ should be interpreted to mean a device
which is manufactured and operated as one device. The parts may, e.g., be at least

substantially surrounded by a housing.

The reservoir may be any suitable kind of reservoir, such as a container, a vial, a syringe or a
flexible reservoir forming a chamber in the device. The liquid contained in the reservoir is

preferably a solvent liquid being suitable for reconstitution of a drug contained in the vial,
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such as a lyophilized drug. The amount and kind of liquid in the reservoir is chosen in such a
manner that it matches a specific drug contained in the vial. Thereby it is ensured that the
drug is reconstituted correctly and in a suitable manner by use of only one single integral

device.

A vial adapter may form a part of the device and is shaped in such a manner that the vial is

positioned there in a manner which substantially fixes the vial in the device.

By integrating the liquid and the drug in one sterile device, it is possible to avoid the majority
of contamination risks from open endings during mounting and dismounting of parts during
the reconstitution process. Likewise, by needing only one device to process the
administration, it is possible to both minimise the amount of steps and to make the full

administration less complicated for the user.

The means for establishing the fluid connection may comprise a first spike adapted to
penetrate a septum of the vial, e.g. positioned in the vial adapter. The first spike is preferably
a hollow spike, the hollow part thereby giving access to the interior of the vial once the first

spike has penetrated the septum.

The means for establishing the fluid connection may further comprise a second spike adapted
to penetrate the reservoir. The second spike is also preferably a hollow spike, the hollow part
thereby giving access to the interior of the reservoir once the second spike has penetrated
the reservoir. The first and second spikes may advantageously form part of a double pointed
hollow needle. In this case the first spike will penetrate the septum of the vial and the second
spike will penetrate the septum of the reservoir, and the hollow portion of the double pointed

hollow needle will thereby establish a fluid connection between the reservoir and the vial.

Alternatively or additionally, the means for establishing the fluid connection may comprise a
valve system for opening and closing the fluid connection between the vial and reservoir. The
valve may e.g. be used in connection with the first spike, so that the septum of the vial is
penetrated by the first spike while the fluid connection to the reservoir is provided by opening

the valve and not by penetration of a septum.

The forcing means may comprise a movable piston (or plunger) positioned in the reservoir in
such a manner that the liquid is forced out of the reservoir and into the vial when the piston
is moved in a specified direction. The forcing means is preferably driven by a spring
preloaded with accumulated energy stored, but it may be pneumatic driven, such as by a gas

cylinder, and/or electrical driven and/or driven by a gas generation resulting from a chemical
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process and/or by expanding material(s) i.e. with latent energy stored in the chemical

substance.

The force acting on the piston may be adapted to move the liquid reservoir towards the vial
for establishing the fluid connection. The reservoir may e.g. be moved towards the second
spike for penetrating the septum and subsequently the piston is moved further for forcing
liquid from the reservoir into the vial via the fluid connection which has been established
between the reservoir and the vial. Thereby the drug contained in the vial will be

reconstituted in the vial.

The force acting on the forcing means is sufficient to overcome the pressure provided in the
vial due to the liquid forced therein and thereby to keep the piston in an end position in which
the liquid is forced into the vial. Thus, it is possible for the user to monitor a proper mixture
of the reconstituted drug in the vial, as the holding force, e.g. from the spring, keeps the

piston in an end position, wherein the liquid is maintained in the vial.

The pressure in the vial may subsequently be used for automatic infusion of the drug via a
butterfly needle connected to the infusion outlet. Alternatively, a syringe can be connected to
the infusion outlet, and the reconstituted drug will automatically be transferred to the syringe
due to the pressure build up in the vial. In any case, the device is capable of not only mixing
but also expelling of the drug. If for some reason there still remains drug in the vial, the

plunger of the syringe can be pulled further back to suck the remaining drug into the syringe.

The activating means is adapted to activate the forcing means during establishment of the
fluid connection between the vial and reservoir, such as during pressing the vial towards the

first spike for penetrating the septum.

The activating means may comprise one or more rods or other pushing means provided in
the device, which are adapted to activate/release the forcing means upon by being pushed.
For example by moving the vial towards the first spike for penetrating the septum of the vial,
the rod may be moved and the forcing means is activated subsequently, which results in a
movement of the piston. The activating means may be connected direct to the forcing means
and/or to the liquid reservoir. In the latter case, the liquid reservoir will be pre-biased before

the forcing means is activated.

If a septum of the reservoir has not been penetrated yet, the piston will move the reservoir
towards the second spike, and when the second spike has penetrated the septum of the

reservoir the liquid is forced into the vial during further movement of the piston.
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However, in another embodiment, the reservoir may be sealed/closed by other means than a
septum, e.g. a valve system, which may be activated e.g. in response to the movement of
the vial towards the first spike, and the piston will then force the liquid into the vial when the

valve system has opened the fluid connection.

The abovementioned rod(s) may either be connected directly to the forcing means or interact

with other mechanisms for activating/releasing the forcing means.

The device allows for infusion directly from the vial after reconstitution of the drug, as the
pressure provided in the vial during forcing the liquid into the vial is used to infuse the drug.
A valve may be provided for opening and closing the fluid connection between the vial and
the infusion outlet for controlling the flow rate. Said valve may be a variable flow controlled

valve, e.g. a needle valve, for adjusting the flow rate from the vial.

By having a spring-loaded piston in the reservoir which is activated by the same force used
to penetrate the septum of the vial, the needed force for reconstitution is reduced to a
minimum. The force applied by the spring is used i.a. to the following steps without the need

of any additional applied forces:

- pressing liquid into the vial to reconstitute the drug,

- acting as a holding force for the piston, making it possible for the user to monitor a
proper mixture of the reconstituted solution, and

- infusion or transferring the reconstituted drug to another reservoir (e.g. a syringe)

by means of the pressure built up in the vial by the process of pressing the liquid into

the vial.

The user needs to aspirate before infusion, and the device may therefore also comprise a
suction unit. The suction unit may be provided at a location between said vial and the

infusion outlet for aspirating.

The suction unit may comprise a syringe with a syringe plunge rod, which may be a one-way
syringe only allowing its piston to move in the suction direction in order to avoid infusion of

air into the vein.

In another embodiment, the suction unit may comprise a syringe having an air permeable

membrane.
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In another embodiment, the suction unit may comprise a pump with an inlet and outlet tube
connected on opposite sides of said valve, respectively, said inlet and outlet tubes each
comprising a one-way valve. The pump may be manually or electrically driven or driven by

the force provided by the spring acting on the piston, as described above.

In another embodiment, the suction unit may be connected to a chamber provided on an
opposite side of the piston in relation to the liquid in the reservoir, so that a suction process
is provided through the unit, when said piston forces the liquid into the vial. Thus, the

movement of the piston in the reservoir is used both for reconstitution and aspiration.

Preferably, the suction unit forms part of the integral device.

This invention provides an ‘all-in-one’ and/or a ‘ready-to-use’ package which is easy to
operate for the user, as it can be operate by one hand only, which then gives the user a free
hand to handle the butterfly needle. It is only necessary to press the vial towards the first
spike, as the forcing means then automatically will cause the liquid from the reservoir to
enter the vial in order to cause reconstitution of the drug. When the liquid has entered the
vial, the user may aspirate and then infuse the drug from the vial by use of the pressure

provided in the vial.

Thus, the invention provides the user with a device having a very low actuating force for the
reconstitution process, an automatic reconstitution, automatic infusion, fewer numbers of
steps, more convenient to use, reduce the risk of contamination and makes it possible to
reconstitute, aspirate and infuse by use of only one hand. The other hand can then be used
for other purposes during the administration, e.g. controlling the butterfly needle in the vein.
Furthermore, as the vial and reservoir is provided in the same device, preferably being
disposable, it is ensured that the amount and kind of liquid in the reservoir matches the drug
of a specific kind of vial. Thereby the risk of incorrect reconstitution of the drug is reduced.
FEATURES OF THE INVENTION

1. A drug mixing and expelling device comprising:

- areservoir containing a liquid,

- avial containing a drug,
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- means for establishing a fluid connection between the reservoir and the vial and for

establishing fluid connection between the vial and an infusion outlet,

- integrated forcing means with accumulated or latent energy stored for forcing the

liquid from the reservoir to the vial via an established fluid connection, and

- activating means for activating said integrated forcing means upon establishment of

said fluid connection between the reservoir and the vial.

2. A drug mixing and expelling device according to feature 1, wherein the reservoir for liquid,
the vial, the means for establishing said fluid connections, the forcing means and the means

for activating form an integral device.

3. A drug mixing and expelling device according to feature 1 or 2, wherein the means for
establishing a fluid connection comprises a first spike adapted to penetrate a septum of the

vial.

4. A drug mixing and expelling device according to any of features 1-3, wherein the means
for establishing a fluid connection further comprises a second spike adapted to penetrate a

septum of the reservoir.

5. A drug mixing and expelling device according to any of features 1-4, wherein said
activating means is adapted to activate the forcing means during pressing the vial towards

the first spike for penetrating the septum.

6. A drug mixing and expelling device according to any of features 1-5, wherein the means
for establishing a fluid connection comprises a valve system for opening and closing a fluid

connection between the vial and reservoir.

7. A drug mixing and expelling device according to any of features 1-6, wherein the means
for forcing comprise a piston or plunger provided in the reservoir and adapted to force the

liquid into the vial.

8. A drug mixing and expelling device according to feature 7, wherein the piston or plunger is
driven by a spring and/or is pneumatic driven and/or is electrical driven and/or driven by a
gas and/or by an expanding material, the force acting on the piston or plunger being adapted
to keep the piston or plunger in an end position in which the liquid has been forced into the

vial.
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9. A drug mixing and expelling device according to feature 7 or 8, wherein the force acting on
the piston or plunger is adapted to move the liquid reservoir towards the vial for establishing

the fluid connection.

10. A drug mixing and expelling device according to any of the preceding features, wherein a
valve is provided for opening and closing the fluid connection between the vial and the

infusion outlet for controlling the flow rate.

11. A drug mixing and expelling device according to feature 10, wherein the valve is a

variable flow controlled valve.

12. A drug mixing and expelling device according to any of the preceding features, wherein a

suction unit is provided at a location between said vial and the infusion outlet for aspirating.

13. A drug mixing and expelling device according to feature 12, wherein the suction unit

comprises a syringe with a syringe plunger rod.

14. A drug mixing and expelling device according to feature 13, wherein the syringe is a one-

way syringe only allowing its piston to move in the suction direction.

15. A drug mixing and expelling device according to feature 12, wherein the suction unit

comprises syringe having an air permeable membrane.

16. A drug mixing and expelling device according to feature 10 or 11, and comprising a
suction unit that comprises a pump with an inlet and outlet tube connected on opposite sides

of said valve, respectively, said inlet and outlet tubes each comprising a one-way valve.

17. A drug mixing and expelling device according to feature 16, wherein the pump is
manually or electrically driven or driven by the force provided by the spring acting on the

piston.

18. A drug mixing and expelling device according to feature 12, wherein the suction unit is
connected to a chamber provided on an opposite side of the piston or plunger in relation to
the liquid in the reservoir, so that a suction process is provided through the suction unit,

when said piston forces the liquid into the vial.

19. A drug mixing and expelling device according to feature 12, wherein the suction unit

forms part of the integral device of feature 2.
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BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described in further details below with reference to the

accompanying drawings in which;

Fig. 1 shows a principal sketch of a first embodiment of the drug mixing and expelling device

according to the invention,

Fig. 2a-c show cross-sectional views of another embodiment of the device according to the

invention,

Fig. 3 shows a further embodiment of the drug mixing and expelling device according to the

invention,

Fig. 4 shows a further embodiment of the drug mixing and expelling device according to the

invention, and

Fig. 5 shows a further embodiment of the drug mixing and expelling device according to the

invention.

DETAILED DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a principal sketch of a first embodiment of the drug mixing and expelling device
according to the invention. The device 1 comprises a reservoir 2 containing a liquid and a vial
adapter 3 for receiving a vial 4 containing a drug. At the vial adapter 3 there is positioned a
first hollow spike 5 adapted to penetrate a septum 6 of the vial 4. A movable piston 7 is
positioned in the reservoir 2 and is spring-loaded by a spring 8. When the vial is pressed
towards the first hollow spike 5 for penetrating the septum 6, the vial 4 engages activating
means in the form of a rod 9, which releases the release mechanism 10 that holds the piston

in the pre-loaded position of figure 1.

The piston 7 is movable inside the reservoir 2 in an upwards direction. Thereby the piston 7
forces liquid from the reservoir 2 through the fluid connection provided by the hollow spike 5
and into the vial 4. Thereby the drug in the vial 4 is reconstituted. The force of the spring 8 is
high enough to overcome the pressure in the vial 4 and thus to keep the piston 7 in an end

position wherein the liquid is forced into the vial 4.
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The reconstituted drug can be infused directly from the vial due to the pressure in the vial. A
valve 11 is provided for opening and closing the fluid connection between the vial 4 and the
infusion outlet 12, so as to control the flow rate from the vial 4. The infusion outlet 12 may

be coupled to a butterfly infusion needle.

A suction unit 13 is provided at the fluid connection between the infusion outlet 12 and vial 4
for aspiration. The suction unit 13 comprises a manually operated pump 14 with an inlet and
outlet tube 15, 16 connected on opposite sides of said valve 11, respectively, the inlet and
outlet tubes each comprising a one-way valve 17. Thus, air and blood can be aspirated

through the inlet tube 15 and into the vial before infusing the drug.

The device 1 comprises a housing (not shown) surrounding the parts shown in figure 1.

Figs. 2a-c show cross-sectional views of another embodiment of the device according to the
invention. The device 1 comprises a reservoir 2 and a vial 4 positioned in the vial adapter 3.
Neither the septum 6 of the vial, nor the septum 19 of the reservoir has been penetrated by
the first spike 5 and the second spike 18, respectively. Thus, there is no fluid connection
between the reservoir 2 and the vial 4. In order to operate the device 1, the user presses the
vial 4 in the direction towards the first spike 5. Thereby the first hollow spike 5 penetrates
the septum 6 of the vial 4. Upon moving the vial 4 further on in the same direction, the vial
adapter 3 engages the rods 9 which are pushed downwards and engage the release

mechanism 10 that releases the taps 10a and thus the spring 8.

As the spring 8 is released, the piston 7 moves the reservoir 2 upwards towards the second
spike 18 which penetrates the septum 19 of the reservoir. Thereby a fluid connection
between the reservoir 2 and the vial 4 is established. The spring 8 now moves the piston 7
further and forces the liquid into the vial 4 via the established fluid connection, and the drug

in the vial 4 is reconstituted.

A valve 11 opens and closes the fluid connection between the vial 4 and the infusion outlet

12, so as to adjust the infusion of drug coming directly from the vial 4.

A suction unit 13 is provided at the fluid connection between the infusion outlet 12 and vial 4.
The suction unit 13 comprises a manually operated pump 14 with an inlet and outlet tube 15,
16 connected on opposite sides of said valve 11, respectively, the inlet and outlet tubes each
comprising a one-way valve. Thus, air and blood can be aspirated through the inlet tube 15
and into the vial before infusing of the drug. The pump 14 and valve 11 is operated by a
push-button 20.
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A lever 21 is provided for engaging with a recess in the vial adapter 3, the lever 21 ensuring

that the vial 4 is locked in a “stand by” position until the user presses it downwards.

Fig. 3 shows another embodiment of the device according to the invention. The embodiment
is similar to the embodiment shown in figure 1, except for the suction unit 13. The unit 13 of
this embodiment comprises a syringe 22 which is a one-way syringe only allowing its piston

to move in the suction direction and thereby avoids the risk of infusing air into the vein.

The device of figure 3 is operated as follows;

The vial 4 is pressed on the vial adapter 3 penetrating the septum 6 of the vial. Concurrently,
the activation of the rod 9 is releasing the spring-loaded piston 7 which forces liquid into the
vial 4 for reconstitution. The holding force from the spring 7 keeps the piston in an end
position, wherein the liquid is maintained in the vial and thus makes it possible for the user
to monitor a proper mixture of the reconstituted solution. Then a butterfly needle is coupled
to the infusion outlet 12, and the aspiration is done by manually pulling the syringe plunger
rod of the syringe 22. Then the infusion is started by turning the valve 11, and the infusion
rate is controlled by adjusting the valve 11. Due to the pressure in the vial 4, the infusion

will start and complete by its own force.

Fig. 4 shows a further embodiment of the device according to the invention. The embodiment
is similar to the embodiment of figure 1 and 3, except for the suction/aspiration unit 13. The
suction unit 13 is connected via a tube 23 to a chamber 24 provided on an opposite side of
the piston 7 in relation to the liquid in the reservoir 2, so that a suction process is provided
through the unit 13, when said piston 7 forces the liquid into the vial 4. The principle is to
use the force from the spring 8 to handle the aspiration and thus reducing the number of

user handled steps by one.

Fig. 5 shows a further embodiment of the device according to the invention. The vial 4
positioned in the housing 23 is pressed down, and the septum 6 is penetrated by the first
spike 5. Concurrently, the activation of the release mechanism 9 is releasing the reservoir 2,
which is moved upwards by the spring 8 acting on the plunger 7. The spring 8 together with
the plunger 7 moves the reservoir 2 upwards towards the second spike 18 which penetrates
the septum 19 of the reservoir. When the septum 19 is penetrated, a fluid connection
between the vial 4 and reservoir 2 is established, and the liquid is forced into the vial 4 by
the plunger 7 for reconstitution. The holding force from the spring 8 keeps the plunger 7 in
an end position, wherein the liquid is maintained in the vial 4 and thus makes it possible for
the user to monitor a proper mixture of the reconstituted solution. The housing 23 may have

transparent areas allowing inspection of the reconstitution process.
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A syringe 24 (or a butterfly needle) is attached to the outlet 12, and the valve 11 is then
turned so as to open the fluid connection between the outlet 12 and the vial 4, whereby the

reconstituted drug is forced into the syringe by the pressure built up in the vial 4.

The housing 23 comprises a cap 25, which is slidably engaged with the other part of the
housing, so that the user can press on said cap 25 for pressing the vial 4 towards the first
spike 5. The cap 25 may also protect the vial 4 from unintentional activation. The spikes 5,

18, the valve 11 and the outlet 12 are preferably fixed to the housing 23.

To prevent a situation where the valve 11 is open when the vial 4 is pushed down with
subsequent waste of drug, a mechanical interlock between the handle of the valve 11 and the
vial’s position may be provided. Another interlock between the valve 11 and the syringe 24
may be provided to prevent the opening to the outlet 12 without having the syringe 24
attached thereto. This could be achieved for example with a special built valve that opens

when the syringe 24 is connected to the outlet 12.
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CLAIMS

1. A drug mixing and expelling device comprising:

a reservoir containing a liquid,

- avial containing a drug,

- means for establishing a fluid connection between the reservoir and the vial and for

establishing fluid connection between the vial and an infusion outlet,

- integrated forcing means with accumulated or latent energy stored for forcing the

liquid from the reservoir to the vial via an established fluid connection, and

- activating means for activating said integrated forcing means upon establishment of

said fluid connection between the reservoir and the vial.

2. A drug mixing and expelling device according to claim 1, wherein the reservoir for liquid,
the vial, the means for establishing said fluid connections, the forcing means and the means

for activating form an integral device.

3. A drug mixing and expelling device according to claim 1 or 2, wherein the means for
establishing a fluid connection comprises a first spike adapted to penetrate a septum of the

vial.

4. A drug mixing and expelling device according to any of claims 1-3, wherein the means for
establishing a fluid connection further comprises a second spike adapted to penetrate a

septum of the reservoir.

5. A drug mixing and expelling device according to any of claims 1-4, wherein said activating
means is adapted to activate the forcing means during pressing the vial towards the first

spike for penetrating the septum.

6. A drug mixing and expelling device according to any of claims 1-5, wherein the means for
establishing a fluid connection comprises a valve system for opening and closing a fluid

connection between the vial and reservoir.
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7. A drug mixing and expelling device according to any of claims 1-6, wherein the means for
forcing comprise a piston or plunger provided in the reservoir and adapted to force the liquid

into the vial.

8. A drug mixing and expelling device according to claim 7, wherein the piston or plunger is
driven by a spring and/or is pneumatic driven and/or is electrical driven and/or driven by a
gas and/or by an expanding material, the force acting on the piston or plunger being adapted
to keep the piston or plunger in an end position in which the liquid has been forced into the

vial.

9. A drug mixing and expelling device according to claim 7 or 8, wherein the force acting on
the piston or plunger is adapted to move the liquid reservoir towards the vial for establishing

the fluid connection.

10. A drug mixing and expelling device according to any of the preceding claims, wherein a
valve is provided for opening and closing the fluid connection between the vial and the

infusion outlet for controlling the flow rate.

11. A drug mixing and expelling device according to claim 10, wherein the valve is a variable

flow controlled valve.

12. A drug mixing and expelling device according to any of the preceding claims, wherein a

suction unit is provided at a location between said vial and the infusion outlet for aspirating.

13. A drug mixing and expelling device according to claim 12, wherein the suction unit

comprises a syringe with a syringe plunger rod.

14. A drug mixing and expelling device according to claim 13, wherein the syringe is a one-

way syringe only allowing its piston to move in the suction direction.

15. A drug mixing and expelling device according to claim 12, wherein the suction unit

comprises syringe having an air permeable membrane.

16. A drug mixing and expelling device according to claim 10 or 11, and comprising a suction
unit that comprises a pump with an inlet and outlet tube connected on opposite sides of said

valve, respectively, said inlet and outlet tubes each comprising a one-way valve.
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17. A drug mixing and expelling device according to claim 16, wherein the pump is manually

or electrically driven or driven by the force provided by the spring acting on the piston.

18. A drug mixing and expelling device according to claim 12, wherein the suction unit is
connected to a chamber provided on an opposite side of the piston or plunger in relation to
the liquid in the reservoir, so that a suction process is provided through the suction unit,

when said piston forces the liquid into the vial.

19. A drug mixing and expelling device according to claim 12, wherein the suction unit forms

part of the integral device of claim 2.
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