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Description

Field of the invention

[0001] The present invention relates to the field of drug delivery and is directed to a drug-delivery device driven by an
electrically-controlled volume change. More particularly, this invention relates to an electrically-controlled non-gassing
volume-changing means such as an electrochemical cell or an electroactive polymer, which drives a drug-delivery
mechanism, wherein the delivery rate can be very precisely controlled by an electrical circuit.

Background of the invention

[0002] There are numerous kinds of electrochemical cells, the common element being that applying an electrical
charge to such a cell causes a chemical change or change in the ionic structure of such a cell. Many types of electro-
chemical cells comprise electrodes and electrolyte, in which the chemical reaction between said chemicals is driven by
discharging or charging said electrodes. Such a cell can be either a passive cell or a battery cell. In a passive cell,
electricity needs to be introduced into the cell in order to "drive" the chemical reaction. In a battery cell or fuel cell, the
cell itself generates electricity as the reaction runs, providing that a discharge circuit is provided. In the case of a passive
cell (or a battery on charge), the rate of reaction is determined by the electrical power applied; whereas in a battery cell
which is discharging, the control over the energy consumption determines the rate of discharge of the battery. The
definition of battery cells herein includes not only conventional type batteries (using either "wet" or "dry" chemistry) but
also (a) lithium "shuttle" type batteries in which the process is that ions in the electrolyte shuttle back and forth between
the electrodes as opposed to participating in a conventional chemical reaction;; and (b) sealed fuel cells in which a fixed
starting amount of fuel is used up as the cell discharges. The present invention applies to all the above types of cell,
providing only that the chemical process involved is such that it causes a volume change within the cell as the process
proceeds.
[0003] In the field of battery cells, the volume change generated as the battery charges or discharges is a known yet
undesirable side effect, said effect being mentioned in the prior art. For example, US Patent Application 20040115530
describes a method of preventing the detrimental effects of the volume change of the active material in a lead-acid
battery cell. However, in the present invention, such "undesirable" volume changes are exploited in order to deliver a
useful feature: precise, controlled drug-delivery such as that required for slow-infusion or implanted medical devices.
[0004] Numerous types of inexpensive drug-delivery mechanisms are known in the art, typically employing a gas-
driven infusion principle. US 5,318,557 and US 5,527,288 describe an inexpensive, gas-driven infusion device which
can be manufactured sufficiently inexpensively in order to constitute a disposable product. The embodiments described
therein employ an electrolytic cell for gas production as per US 5,062,834. A similar gas-driven device is described in
US 5,354,264. This device utilizes gas pressure from free oxygen and hydrogen derived from the electrolysis of water
at the electrodes in negatively charged polymeric hydrogels. Said device ensures that the gas generated remains within
the walls of the gas chamber by making said walls "rigid and impermeable to gases". DE 198 09 483 A1 discloses a
device containing an electrochemical actuator (ECA), in which gas is generated and reversibly consumed by a gas-
generating and gas-consuming cell. In all these devices, the gas pressure forces the infusion of the drugs through
appropriate means into the body, with the pressure being dependent on the rate of electrolysis, which is in turn controlled
by an electric current. A further class of devices uses the same gas-driven principle, but generates this gas by chemical
rather than electrical means. For example, US 5,814,020, hereby incorporated by reference, describes a gas-powered
infusion device where the gas is generated either by an electrolytic cell or by the reaction between citric acid and sodium
bicarbonate; said reaction generating carbon dioxide and water.
[0005] The central problem with these gas-driven devices is that they all employ a gas-filled chamber in order to drive
the drug infusion. As gases are very susceptible to changes in ambient temperature and air pressure, the danger of
employing this principle is that a significant and undesirable change in the flow-rate will occur as such temperature or
pressure changes occur. For example, a loss of pressure in an airplane could result in a sudden bolus being delivered
at an inappropriate time. Similarly, a drop in temperature could result in the drug infusion stopping. For these reasons,
despite massive development efforts, these products have faced considerable commercial obstacles to implementation.
The prior art confirms the problematic nature of this issue: In a partial attempt to address this issue, US 6,186,982
describes a flow-regulation chamber appropriate to the above-described devices which attempts to compensate for such
temperature and/or pressure changes. Nonetheless, this issue of heat and pressure sensitivity is an inherent disadvan-
tage inhibiting the commercialization of these products. Additionally, even when the surrounding conditions are constant,
these technologies suffer from the disadvantage of providing a time-lagged response to the control system. For example,
if the system’s control requires a complete halt of the drug delivery, the residual gas pressure will keep pushing the drug out.
[0006] Further prior art in this field includes (a) MEMS-based pumps in which a miniature pump is implemented on a
silicon chip using integrated-circuit fabrication techniques, such as the Chronojet™ from Debiotech S.A. (Lausanne,
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Switzerland); (b) those in which a piezo-electric pumping mechanism is used such as US 6,589,229; and (c) those which
use SME wire technology such as the OmniPod™ product from Insulet, Inc. (Bedford, MA, USA). All these approaches
entail complicated mass-manufacturing issues, which have either not yet been solved or require elaborate control mech-
anisms and fine tolerances; both of which greatly increase costs to the point where it is difficult to produce a disposable
product.
[0007] EP-A-0676214 discloses a drug delivery device in which an electrically driven motor is controlled to drive a
piston that is hydraulically coupled via conduits to the drug chamber to effect drug delivery. US-A-5505706 discloses a
drug delivery device in which heat input induces expansion of material in a heat capacitance motor, which expansion is
translated into axial force to drive a piston that is coupled to the drug chamber to effect drug delivery. US-A1-2004/0068224
discloses a drug delivery device wherein an electroactive polymer is used. WO 2004/067066 A1 discloses a drug delivery
device comprising an injection means in fluid connection with a drug reservoir and pressure-generation means such as
a spring coupled to both the drug reservoir and to a liquid filled controlled chamber, wherein controlled depletion of the
volume of liquid in the control chamber enables the pressure-generation means to drive the drug from the reservoir. In
a preferred embodiment, a gas generated from the liquid and is directly released via gas-permeable walls of the control
chamber to deplete the liquid volume.
[0008] Another major concern with existing drug delivery devices is the difficulty of making such a complex mechanism
(and its associated electronics) waterproof. This issue is tackled either by the users being very careful not to get it wet,
or by a complex sealing of the the mechanism package. Said sealing is inherently difficult with permanent pump devices
where new disposable infusion sets need to be periodically attached to the device.
[0009] Accordingly, there is a need for an inexpensive drug-delivery device which is capable of very precise actions
while only requiring low manufacturing tolerances, and is simple to operate with minimal requirements for internal con-
trol/feedback mechanisms.
[0010] It is also the object of the present invention to provide a drug-delivery device which is relatively insensitive to
temperature and pressure changes.
[0011] It is a further object of the invention to provide a drug-delivery device where an electrochemical cell provides
the main power source for said delivery.
[0012] It is a still further object of this invention to provide a drug-delivery device with a minimum of moving parts.
[0013] It is a still further object of this invention to provide a drug-delivery device with inherent position determination.
It is a still further object of this invention to provide a drug-delivery device which does not suffer from a lag in response time.
[0014] It is a still further object of this invention to provide a drug-delivery device which is inherently waterproof.
[0015] It is still further object of the present invention to provide a drug-delivery device where control and maintenance
issues are simpler than in existing approaches and with less potential failure modes.
[0016] These and other objects of this invention will become more evident in the summary of the invention and in the
description of the preferred embodiment.

Summary of the invention

[0017] According to the present invention there is now provided a delivery device for drugs or other substances
(henceforth a "drug-delivery device") comprising a drug reservoir chamber containing a substance to be delivered in
fluid connection with a drug administration means, a hydraulic control chamber containing an electrically controlled,
volume changing means, a coupling means coupling said hydraulic control chamber to said drug chamber, and an
electrical control means, the arrangement being such that electrical control of the volume changing means by said
electrical control means causes a change in the volume of the volume changing means, said volume change being
conveyed by said coupling means to said drug chamber such that said substance is expelled from said drug chamber
towards said drug administration means,
characterized in that said volume changing means is a non-gassing volume changing means that is a battery cell
comprising electrodes and an electrolyte, wherein said electrical control means includes an electric circuit connected to
said volume changing means via electrical contacts connected to said electrodes, the battery cell being configured such
that the combined volume of said electrodes and electrolyte changes upon the discharge thereof.
[0018] In preferred embodiments of the present invention said drug administration means is selected from the group
consisting of cannulas, cannula arrays, exit ports and transdermal patches.
[0019] In said preferred embodiments preferably said battery is selected from the group consisting of a lead-acid
battery, a dry cell battery, a nickel-cadmium battery, and a lithium battery.
[0020] In an embodiment, said drug-delivery device is at least partly disposable.
[0021] In further preferred embodiments said drug-delivery device further comprises a filling means.
[0022] In preferred embodiments of the present invention said drug-delivery device is a patch-type pump.
[0023] In other preferred embodiments of the present invention said drug-delivery device further comprises an auto-
insertion means, and preferably said auto-insertion means serves to insert the administration means.
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[0024] Alternatively, said auto-insertion means automatically activates the drug-delivery device.
[0025] In further preferred embodiments of the present invention said drug-delivery mechanism further comprises a
plurality of drug chambers, and preferably said drug-delivery device includes means for the mixing of the drugs from
said plurality of drug chambers.
[0026] In yet further preferred embodiments of the present invention said drug-delivery device further comprises
communications means to remote devices selected from the group consisting of magnetic induction, infra-red, and RF
devices.
[0027] In especially preferred embodiments of the present invention said drug reservoir chamber is coupled to said
hydraulic control chamber via coupling means selected from the group including a displaceable wall and a piston ar-
rangement; such that the volume change of the volume-changing means serves to control the rate of delivery of the drug.
[0028] Said drug-delivery device may be employed in a number of different configurations, including but not limited
to: implantable devices, slow-infusion devices, disposable infusion devices, partially disposable infusion devices and
patch- pumps. Given the absence of motors and other such sensitive components, the drug-delivery device of the present
invention is inherently simple to render waterproof. The volume-changing means used in said device is such that the
charging or discharging of this means causes a volume change within it. This volume change is then conveyed hydrau-
lically via a displaceable wall or piston arrangement to the drug chamber, causing the drug therein to be delivered via
the administration means. The volume-changing means together with its hydraulic fluid and displaceable wall constitute
the control cell of the device of the present invention. According to the invention the volume-changing means is a battery
cell, said hydraulic fluid is typically the electrolyte of said cell. Thus the control cell is defined such that all enclosed
volumes are considered as part of the same cell and thus the displaceable wall of the present invention is any part of
said control cell which is displaceable by said volume change. For example, said displaceable wall may be a part of the
housing surrounding the electrodes of an electrochemical cell, or it may equally well be a piston remote from such
electrodes but in fluid connection to the electrolyte. According to the invention the control cell comprises a battery cell
in which a volume change occurs when the battery cell discharges.
[0029] The displaceable wall of the present invention can take a number of forms, including but not limited to: a rigid
yet displaceable section of the wall, a flexible wall section, a liquid-liquid interface and a piston. A simple example of a
cell with a displaceable wall is a cylindrical cell with a rigid circular cap sealed against one end by means of an elastomeric
gasket, said cap being capable of moving up or down as the charge/discharge proceeds. In all such cases, the displaceable
section of the wall moves in response to the volume change generated. In the drug delivery-device of the present
invention, said movement serves to expel a drug from a drug chamber in mechanical connection with said displaceable
wall.
[0030] In a preferred embodiment, the control cell employed within the present invention pushes a piston of a drug
chamber such that the drug contained within said drug chamber is forced through an administration means into the body
of a patient. Said administration means can include a conventional cannula as known in the art, or any other means
whereby the drug is introduced into the body. Such means can include arrays of short cannulas such as the Simple-
Choice™ patch product (SpectRx, Inc., Norcross, GA, USA), arrays of micro-needles, non-invasive transdermal devices,
or auto needle insertion means. Alternatively, where the drug-delivery device of the present invention is an implantable
one, the delivery means can be any exit port or tube leading from the device to the required location in the body of the
patient.
[0031] Where the control cell of the drug-delivery device of the present invention utilizes an electrochemical volume-
changing means, a number of electrochemical reaction systems are appropriate. They include but are not limited to:

1. The lead-acid reaction: Pb + PbO2 + 2H2SO4 = 2PbSO4 + 2H2O whereby one gm mole of reactants 642gm
(154cc) contracts on discharge by 13%. In this system the positive electrode is lead dioxide, the negative electrode
is lead and the electrolyte is sulfuric acid. Discharge to the reaction products (in this case lead sulfate and sulfuric
acid further diluted with water) which have different densities and molecular weights from the starting materials,
causes the net volume contraction.
2. The nickel-cadmium cell reaction: Cd+2NiOOH+2H2O = Cd(OH)2 + 2Ni(OH)2 in which one gm mole of reactants
332gm (90cc) contracts on discharge by 15%.
3. The dry cell reaction: Zn + 2MnO2 = ZnO + Mn2O3 whereby one gm mole of reactants 239gm (44cc) expands
on discharge by 13%.

[0032] In either case, where the volume-changing process is a reversible one, then such a control cell can also allow
refilling of the drug-delivery device of the present invention, which can be an important feature for implantable devices.
[0033] This approach to drug-delivery device design has a number of advantages. As there is no pump or motor in
the conventional sense, there are very few parts, and essentially only the piston or other displaceable wall is a moving
part. By using a minimum number of moving parts, failure modes and maintenance issues are minimized. Additionally,
noise factors such as friction, backlash and assembly tolerance issues are minimized. Accordingly, very precise control
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of the drug-delivery device is enabled by this design. In fact, providing that the non-displaceable walls of the control cell
remain rigid, the resolution of the achievable movement is limited only by the accuracy of the power supply and discharge
circuitry; something which can be provided to a very high degree using electronic circuitry known in the art. This is
especially important in the case of implantable drug-delivery devices, where drug delivery rates in the picoliter range
are required so as to be able to deliver drug quantities in the milliliter range over a period of months or years. Additionally,
advantageously this approach provides the ability to determine the volume of drug delivered, purely by knowing the
electric charge/discharge performed. Despite this, it should be apparent to one skilled in the art that, where required, it
is possible to further provide (a) a feedback or control circuit which incorporates position-detection elements such that
the information concerning the volume of drug delivered is not solely dependent on monitoring the charge/discharge
performed; and (b) pressure sensors and other feedback and safety means can be incorporated into said control circuitry
and logic.
[0034] The invention will now be described in connection with certain preferred embodiments, with reference to the
following illustrative figures so that it may be more fully understood.
[0035] With specific reference now to the figures in detail, it is stressed that the particulars shown are by way of
example and for purposes of illustrative discussion of the preferred embodiments of the present invention only and are
presented in the cause of providing what is believed to be the most useful and readily understood description of the
principles and conceptual aspects of the invention. In this regard, no attempt is made to show structural details of the
invention in more detail than is necessary for a fundamental understanding of the invention, the description taken with
the drawings making apparent to those skilled in the art how the several forms of the invention may be embodied in practice.

Brief description of the drawings

[0036] The invention is herein described, by way of example only, with reference to the accompanying drawings,
wherein:

Figure 1 provides a block diagram of the overall drug-delivery device, showing its main components;
Figure 2 provides a block diagram of a preferred embodiment of the drug-delivery device showing different coupling
arrangements between the drug chamber and the control cell;
Figure 3 provides a block diagram of a further preferred embodiment of said device, further comprising a spring;
Figure 4 provides a block diagram showing the use of two control cells and the delivery of two-way motion;
Figures 5 and 6 provide block diagrams showing the addition of further hydraulic elements;
Figure 7 provides isometric and cross-sectional figures showing a preferred miniature embodiment of the device; and
Figure 8 provides isometric and cross-sectional figures showing a preferred embodiment of the device employing
dual control cells.

Detailed description of the drawings

[0037] The present invention will be described in detail according to the preferred embodiments illustrated in the
accompanying drawings. Like reference numerals are used to identify identical components in the various views.
[0038] Referring to Figure 1, a simplified block diagram of the drug-delivery device of the present invention is shown
in its simplest configuration where an electrochemical control cell constitutes the volume-changing means. In this em-
bodiment an electrochemical cell 10 which undergoes a volume increase on charging is charged via an electrical or
electronic control circuit 11. Said circuit 11 can serve to either provide a charge to, or enable a discharge from, the cell
10; and for this reason both a battery and a resistor are shown within the block diagram of said circuit 11 for a schematic
representation of its functionality. In the example shown, the battery within the circuit 11 in connected via contacts to
the electrodes 12 and serves to charge the cell 10, such that the combined volume of the electrodes 12 and electrolytes
13 increases. The device includes hydraulic control chamber 9 which is in fluid connected with cell 10 and which therefore
also contains the non-gassing volume changing means which are electrolytes 13. As the only displaceable wall in the
cell 10 and its connected hydraulic control chamber 9 is the piston 14, said piston 14 is forced into the drug chamber
15, causing the drug 16 contained therein to be expelled along the conduit 17 to a cannula 18 or other administration
means. Said administration means can be an integrated continuation of the drug chamber or a separated assembly
introduced to the drug cell port through a custom connector or a standard connector such as Lauer Lock connector 19.
As will be clear to one skilled in the art, the administration means can be any means whereby the drug or other substance
delivered by the device enters the patient’s body, including but not limited to an exit port in an implantable version of the
device, and a cannula or cannula array or a transdermal patch for an external device.
[0039] Referring now to Figure 2a, a preferred embodiment of the drug-delivery device of the present invention is
shown. In this preferred embodiment, the electrochemical or control cell 10 is a battery cell and the primary function of
the electric circuit 11 is to perform a controlled discharge of said cell. Advantageously, this embodiment obviates the
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requirement for a separate battery to drive the drug-delivery device, as the cell producing the volume change is itself
the battery. This provides a saving in the parts count, which in turn reduces the cost and weight of the device. Although
there are battery cells (such as dry cells) which experience an increase of volume as they are discharged, in this preferred
embodiment, the volume within the cell 10 decreases as it is discharged. Thus in this preferred embodiment the electronic
control unit 11 serves to discharge the cell 10 such that the combined volume of the electrodes 12 and electrolyte 13
contracts. As this contraction occurs, the piston 14 advances into the drug cell 15, causing the drug 16 to be expelled.
In this embodiment, the cell 10 is filled with either liquid or gel 13, where the electrode plates 12 serve to complete the
battery system and this liquid or gel 13 serves to pull the piston 14 forward into the drug cell 15. The connection between
the two cylinders shown in Figure 2a is a serial one, but the connection can equally well be a parallel one as shown in
Figure 2b.
[0040] Referring now to Figure 2b, a mechanical link 21 serves to couple the piston 14 of the drug chamber 15 with
the piston 20 of a control cell 10. Said control cell 10 comprises a sealed volume-changing element 22 and a hydraulic
fluid 13 external to said sealed unit. Said sealed volume-changing element 22 is a battery cell as described above. In
this preferred embodiment, the volume contraction of the sealed unit 22 is conveyed to the rest of the mechanism by
said hydraulic fluid 13 as opposed to being conveyed by the electrolyte participating in the chemical reaction within an
electrochemical cell. Advantageously, when employing an electrochemical cell within the sealed unit 22, this arrangement
isolates the electrolyte from the piston arrangement, simplifying the materials choice while also ensuring better isolation
of chemicals in case of leakage. It will be clear to one skilled in the art that the coupling between the control cell 10 and
the drug chamber 15 may be achieved via any coupling means including but not limited to mechanical bar mechanisms,
mechanical trains, pulleys, etc., resulting in either proportional motion or a more complex exponential correlation. For
example, Figure 2c shows a non piston-based mechanical arrangement, where flexible wall 23 constitutes the displace-
able wall between the control cell 10 and the drug chamber 15. Said flexible wall 23 may either exert pressure on the
drug 16 directly or via the use of a piston 14 as shown in Figure 2d.
[0041] In a preferred embodiment, this system implements one of the battery systems such as those described above,
including but not limited to nickel-cadmium (NiCad) and dry cells. However, purely to demonstrate the volume change
concept, the volume change associated with the well-known lead acid battery system is provided in the table below
which provides the molecular weights, densities and volumes of the reactants (on the left-hand side) and the products
of this reaction on the right-hand side:

[0042] As will be seen from this table, the total volume of the reactants and products, given one mole of reagents, is
reduced on discharge from 153.5cc to 133.7cc, which is a 19.8/153.5 contraction, or a 13% decrease. The above reaction
operates at 2V and according to Faradays Law provides 2 Faradays (53.6Ahr). A volume change of 0.2cc for example,
would thus require a cell of capacity 0.2/19.8 x 53.6Ah = 0.54Ah.
[0043] Note that the present invention includes the use of any kind of non-gassing volume-changing means where
said means is connected via contacts to an electrical or electronic circuit; such that the passing of current across said
contacts causes a volume change. At its simplest, this circuit is just a resistor via which a battery-type volume-changing
means is discharged. Alternatively, the circuit is a battery and the volume-changing means is a passive electrochemical
cell or electroactive polymer. Where an electrochemical cell is employed as the volume-changing means, the volume
change is typically the change of the combined volume of liquids, solids, pastes, and gels within the cell. In the case of
a fuel cell, the internal fuel is consumed and thus the volume decreases. Note that a fuel cell will further comprise
additional elements including a fuel compartment and an inert catalytic electrode to provide the fuel oxidation reaction.
In its simplest embodiment a fuel anode coupled with an oxide cathode such as manganese dioxide could be used;
although air could be used as the cathode instead. A further special case is the use of batteries which react with air such
as zinc-air batteries. In this case, in the present invention the air is stored internally to the battery casing, such that as
this air is consumed, the battery volume contracts.
[0044] Referring now to Figure 3, a further preferred embodiment of the drug-delivery device of the present invention
is shown. In this preferred embodiment, a reverse-brake configuration is employed, whereby the motion of the piston
14 due to the driving force of the spring 31 is restrained by the electrolytic fluid 13. Figure 3a shows said reverse-brake
configuration where the two cylinders (cell and drug) are positioned in series such that the movement of the piston 14

Pb PbO2 2H2SO4 2PbSO4 2H2O

Mol wt (gm) 207 239 196 606 36

Density 11.3 9.4 1.8 6.2 1

Volumes (cc) 18.3 25.4 108.8 97.7 36

Total volume 153.5 133.7
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is driven by the spring 31; and Figure 3b shows the configuration where said cylinders are positioned in parallel such
that the mechanical link 21 couples the movement of the pistons (20 and 14) into them. The advantages of this approach
and further details of its implementation are described in co-pending published application WO2004067066 by one of
the same authors; hereby incorporated by reference. It will be obvious to one skilled in the art that the connection between
the cylinders (i.e. the drug chamber and the electrochemical cell) can be any kind of mechanical hydraulic, magnetic or
other coupling means known in the art; and that said coupling action may result in either a proportional or an exponential
correlation between a multiplicity of such drug chambers 16 and a multiplicity of such cells 10. Note that in certain
systems according to this embodiment the driving force will be the combination of the force exerted by the spring and
the contraction/expansion of the cell.
[0045] Whereas the embodiments above describe relatively simple configurations of the drug-delivery device of the
present invention, the general principles involved in said invention enable the implementation of a large number of further
embodiments; said further embodiments addressing further issues in such devices, such as refilling, drug dilution and
implantable versions. For example, referring now to Figure 4, an additional electrochemical cell 41 is employed in order
to enable two-way motion of the piston 14 without an external power source; said motion proceeding as follows: (a) As
a first cell 10 is depleted, the piston 14 is driven into the drug chamber 15 as per the previous embodiments. (b) As the
volume within the second cell 41 contracts, the piston assembly 43 is withdrawn into its housing 42; said assembly 43
also constituting the housing of the cylinder surrounding piston 14. As the housing 42 is connected by rigid member 44
to the drug cylinder 15, the withdrawal of the piston assembly 43 into said housing 42 causes the piston 14 to be (slowly)
extracted from the drug chamber 15. Thus, purely by controlling the discharging of two electrochemical cells (10 and
41), motion of the piston 14 into and out of the drug chamber is achieved. This two-way motion is especially advantageous
where refilling of the drug chamber is required.
[0046] A major objective when designing an implantable drug-delivery device is to enable it to work over an extended
period that could extend to several years. One solution to this issue is to provide a filling port accessible from the patient’s
skin. However, such filling ports are notoriously susceptible to contamination, making this approach a very problematic
route. The invention of the present invention enables an improved approach whereby a second drug chamber 44 contains
a highly concentrated form of the drug to be delivered. After each completed cycle of drug delivery (i.e. when the piston
14 has advanced to the right-hand end of the drug chamber 15), the two-way motion of the mechanism is exploited to
gradually withdraw this piston 14 to the left. As said piston 14 is withdrawn, a small amount of the drug concentrate 46
from the second or reservoir chamber 44 is introduced to the drug chamber 15 via non-return valve 47 due to the pressure
of displaceable wall 45 on said drug concentrate 46. Further, as the piston 14 continues to withdraw, body fluids will
enter the drug chamber 15 through said chamber’s outlet port; said fluids serving to dissolve and/or otherwise dilute
said drug concentrate 46. On reversing the direction of the piston 14 yet again when the drug chamber has refilled, the
now diluted drug will start to be delivered as before; i.e. the next cycle can begin. As will be obvious to one skilled in the
art, the concentrated drug can be in either liquid or solid form, and the mechanism as described above can provide drug
delivery over an extended period without requiring external refilling. Likewise, the ability to use the drug-delivery device
of the present invention to perform intake of body fluids enables said device to further incorporate various body fluid
sampling and/or analysis elements.
[0047] All the above embodiments relate to the case where the volume enclosing the entire hydraulic system remains
constant except for the displaceable wall or piston. Accordingly, in this case, the volume-changing means is the only
changing factor and thus its change is directly expressed in the movement of the piston. Referring now to Figure 5, the
addition of further hydraulic elements to the system is presented, whereby the volume enclosing this hydraulic system
can be increased or decreased. These hydraulic elements include: (1) an injector 51 whereby, on release of the spring
52, the inner volume of said injector 51 is subtracted from the total volume of this hydraulic system, thereby causing the
piston 14 to advance and expel the drug 16; (2) an extractor 54 where, on release of its internal spring 56, said extractor
causes the piston 14 to retract, thereby adding to the total volume of this hydraulic system; and (3) a filling and/or drainage
port that can be used in conjunction with the reversal of either of the above steps. As will be obvious to those skilled in
the art displacement caused by such springs could equally well be performed by numberous alternative actuation means,
including but not limited to electric motors such as linear motors, solenoids, magnetic couping or a further electro-
chemical actuator.
[0048] As will be obvious to one skilled in the art, it is not necessary to use the electrolyte as the hydraulic fluid
throughout the entire system. Instead, and referring now to Figure 6a, a displaceable wall in the form of a moveable
partition 60 is located within the electrochemical cell 10 such that the volume change produced by said cell is conveyed
via a hydraulic fluid 62 to the rest of the system. This arrangement is advantageous as per the description of Figure 2b
above. The figure shows a 1:1 volume displacement ratio but obviously the movable partition and cylinder can have
different diameters on each end, resulting in a different fluid displacement ratio.
[0049] Referring now to Figure 6b, a preferred embodiment of the drug-delivery device of the present invention is
shown, optimized for implantable use, with an external filling port. This embodiment illustrates a number of potential
ways in which the piston 14 can be withdrawn so that the drug chamber 15 can be refilled via filling port 64, typically by
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means of a septum. One way in which the piston 14 can be withdrawn is by charging the electrochemical cell 10, either
by direct external electrical connection (not shown) or, preferably, by a magnetic induction coil 66. A second way to
accomplish this objective is to use an injector 54 as per Figure 5 above; and the third is the introduction of hydraulic fluid
62 via a hydraulic fluid filling port 68, also equipped with a septum. This embodiment also illustrates the use of a flexible
membrane as the displaceable wall 60 within the electrochemical cell 10, and the use of a non-return valve 69 at the
outlet of the drug chamber 15, to prevent ingress of body fluids.
[0050] Referring now to Figure 7, a preferred embodiment of a miniature implementation of the drug-delivery device
of the present invention is shown. Figure 7a shows an exploded isometric view of said device, comprising a printed
circuit board (PCB) 70, a rigid lower cover 72 of the control cell which also serves as part of the outer housing of the
device, the flexible upper wall 74 of the drug chamber, hydraulic jacks 75 which are in fluid connection with the control
cell below and attached to a rigid plate 77 above, and a septum 76. Referring now to Figure 7b, the view from below of
the PCB is provided, showing two electrodes 12 on its surface. The electric or electronic control circuit 11 may be
implemented in the same PCB, terminating at the electrodes 12. In its simplest embodiment, the circuit 11 is simply a
resistor that is placed across the ends of the electrodes 12 when an external rim to the device (not shown) is rotated to
the "on" position. Referring now to Figure 7c, a cross-sectional view of the device is shown where the functional role of
all the above components is shown. Starting with the control cell 10, it is seen that this cell is formed between the rigid
lower cover 72 of the device and the PCB 70 above, and contains electrodes 12 and an electrolyte 13 which serves as
a hydraulic fluid. The liquid volume of said cell 10 is shown to extend through holes in the PCB 70 to the hydraulic jacks.
As the liquid volume in said cell 10 is reduced, the jacks 75 retract toward the PCB 70, thereby exerting force on the
rigid plate 77 to which they are attached. Note that the drug chamber 15 is formed between the PCB 70 and the flexible
upper wall 74. As the rigid plate 70 is pulled towards the PCB 70 by the contraction of the hydraulic jacks 75, the drug
16 enclosed within the drug chamber 15 is gradually expelled through the cannula 17. In this embodiment, the cannula
17 is typically a Teflon™ one, which is inserted into the body using a needle 79 which is inserted via the septum 76. As
known in the art, additional elements incorporated in the insertion means may include a safety feature to protect against
accidental contact or injury.
[0051] Referring now to Figure 7d, a further preferred embodiment of the drug-delivery device of the present invention
is shown. In this embodiment, the needle 79 and septum 76 are obviated as the drug administration means in this case
is a mini-cannula or micro-cannula array 17 which does not require external insertion means. This figure shows the
mechanism at an advanced dispensing stage so that the hydraulic jacks 75 and the flexible wall 74 serving as the upper
wall of the drug chamber 15 are partly empty or collapsed. It also shows the entire assembly further comprising an
adhesive patch 79 for attaching the device to the body and a stainless steel enclosure 78 surrounding at the least top
and sides of the device, where said enclosure 78 can also serve as a rotating component used as a switch to activate
the device and/or regulate the dosing rate. Said rotating action can also provide a lock/lock release to the dispensing
mechanism to avoid inadvertent activation. Note that in both this embodiment and the previous one, a hole is required
in the rigid plate 77 so that air trapped between it and the flexible wall 74 is evacuated as the plate 77 descends. The
device of the present invention may be further provided with an air compensation means implemented in its external
enclosure so that the mechanism may freely contract as it operates. Said means may include a flexible wall, a gas-
permeable (and preferably hydrophobic) membrane, or simply an air hole.
[0052] Note that both of the above embodiments (as per Figure 7c and 7d) can be provided with either a single-use
or a multi-use insertion device; whereby the drug-delivery device will be attached to the skin and have the cannula(s)
inserted into the body by a single and simple non-disturbing action. In a further preferred arrangement, said insertion
action also automatically operates the device. Additionally, the materials used for the cannulas or mini/micro-cannulas
and/or the adhesive patch may include an eluting element to gradually release an anesthetic or anti-inflammatory drug
to the skin. The use of eluting materials for fabricating stents is well known in the art, and this approach can be used for
example on the rigid cannulas to minimize the pain involved. Alternative means of attaching the drug-delivery device of
the present invention include straps and clasps.
[0053] Referring now to Figure 8, various views of a preferred embodiment of the drug-delivery device of the present
invention based on the "parallel" design of Figure 3b above are provided. Referring now to Figure 8a, an isometric
exploded view of the device of the present invention is provided, showing a piston assembly comprising control cell
pistons 20 and a drug cell piston 14, joined by a mechanical link 21; and a housing 81 containing the cylinders for said
pistons, said housing 81 providing the cylinders for the drug chamber piston 14 and the control cell piston 20. Note that
in this embodiment two control cells 10 are provided in parallel for safety reasons, such that even if one of them should
develop a leak, the brake effect discussed in relation to Figure 3 above would continue to operate and a massive drug
dose to the patient would be prevented. The electrode assemblies 83 each hold two electrode plates 12, with a fixed
spacing. Referring now to Figure 8b and 8c; two planar views (from above and from the side respectively) of this
embodiment are shown; the lines A-A and B-B provide the cut line for showing the cross sections shown in Figures 8d
and 8e respectively. Referring now to Figure 8d, a cross-sectional view of the assembled device is provided showing
how the pistons enter their respective cylinders. In a preferred embodiment the area ratio of the two types of pistons
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enables the determination of the ratio effect required. For example, using a 10:1 ratio between the area of the drug
chamber piston 14 and that of the cell piston would enable a relatively small change in the volume of the drug chamber
(say 0.2cc) to drive a drug-infusion of ten times that amount (2cc). Obviously, reversing the ratio can enable the opposite
effect. Also clearly seen in this cross-sectional view is the way in which the electrochemical control cell 10 contains one
contiguous volume, part of which is inside a cylinder and part (the majority) is external to said cylinder. The excess of
electrolyte and electrodes size enables longer strokes as the shrinkage of the cell is limited. Referring now to Figure 8e,
the placing of the electrodes within this latter, external volume, is see. This structure enables the electrodes 12 to contact
the electrolyte as a whole, while only a subsection of the electrolyte is gradually depleted from the narrow cylinder. In
combination with the piston ration described above, this arrangement enables a relatively small discharge to power a
significant drug infusion. In this preferred embodiment, the pistons are free to move in accordance with the expan-
sion/contraction of the volume in the cell 10. Various kinds of O-rings or other means known in the art may be used to
seal the interface between the pistons and their respective cylinders such that the system is maintained sealed.
[0054] Regarding the electrical or electronic control circuit of the drug-delivery device of the present invention, it will
be apparent to those skilled in the art that a wide range of electronic control systems (not shown) may be incorporated
within (or interfaced to) said device. Said range includes: (a) microprocessor-controlled variable-resistance or load
elements for controlled discharge of the cell; (b) removable control units that enable a semi-disposable device to be
constructed whereby all or part of the control circuitry may be moved from disposable section to disposable section; (c)
systems comprising a remote-control element; (d) systems that interface to a flow-control feedback element monitoring
the actual drug delivery rate, either directly or indirectly; (e) an interface control unit that receives signals related to
medical parameters such as blood-glucose levels, other blood-analyte levels and body temperature; and (f) any com-
bination of the above. Advantageously, where the control cell is also a battery cell, said electronics circuit and/or electronic
control systems may e at least partially powered by the very depletion of power that drives the drug-delivery device,
thereby in many cases obviating the need to provide a battery to power the electronics of such a device. Additionally,
in the case of an implanted device, the design may further employ embedded electronics sealed by resin casting or
other sealing means known in the art, and various communication means including but not limited to magnetic coupling
transmission, RF or IR transmission.
[0055] It is obvious to those skilled in the art that more sophisticated embodiments are possible which combines a
multiplicity of drug cells and a multiplicity of electrochemical cells, in every possible arrangement or interaction with each
other, and combining every possible coupling means including hydraulic, mechanic, magnetic, etc.
[0056] Preferred chemical systems for an electrochemical cell within the drug-delivery device of the present invention
are those which are non-gassing or in which there is minimal parasitic gas production. Nevertheless, in the case that
the selected chemical reaction does generate gas, said gas may either be vented via a gas-permeable membrane or
recombined via a catalytic plug such as those made by Hoppecke Battery Company, Germany. As all cell walls other
than the displaceable one must remain fixed and rigid in order to maintain the accuracy of the slow-infusion device, it is
important that such membrane be provided with an appropriate support structure so as not to detract from the rigid
structure of the cell. These gas eliminating means are arranged in a fashion that efficiently operates in every operational
orientation of the device. Suitable gas-permeable membranes include Fluoropore™ membrane from Millipore Inc. (Bill-
erica, MA, USA) and Emflon™ from Pall Inc. (East Hills, NY, USA).
[0057] While the invention has been shown herein in what is presently conceived to be the most practical and preferred
embodiment thereof, it will be apparent to those of ordinary skill in the art that many modifications may be made thereof
within the scope of the invention, which scope is to be accorded the broadest interpretation of the appended claims.

Claims

1. A drug delivery device comprising a drug reservoir chamber (15) containing a substance (16) to be delivered in fluid
connection with a drug administration means (17,18), a hydraulic control chamber (9) containing an electrically
controlled volume changing means, a coupling means (14,23,60,77) coupling said hydraulic control chamber (9) to
said drug chamber (15), and an electrical control means (11), the arrangement being such that electrical control of
the volume changing means by said electrical control means (11) causes a change in the volume of the volume
changing means, said volume change being conveyed by said coupling means (14,23,60,77) to said drug chamber
(15) such that said substance (16) is expelled from said drug chamber (15) towards said drug administration means
(17,18), wherein said volume changing means is a non-gassing volume changing means, characterized in that
said volume changing means is a battery cell (10) comprising electrodes (12) and an electrolyte (13), wherein said
electrical control means (11) includes an electric circuit connected to said volume changing means via electrical
contacts connected to said electrodes (12), the battery cell (10) being configured such that the combined volume
of said electrodes (12) and electrolyte (13) changes upon the discharge thereof.
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2. A drug delivery device according to claim 1, wherein said drug administration means (17,18) is selected from the
group consisting of cannulas, cannula arrays, exit ports and transdermal patches.

3. A drug delivery device according to claim 1, wherein said battery (10) is selected from the group consisting of a
lead-acid battery, a dry cell battery, a nickel- cadmium battery, and a lithium battery.

4. A drug delivery device according to claim 1, wherein said drug-delivery device is at least partly disposable.

5. A drug delivery device according to claim 1, wherein said drug-delivery device further comprises a filling means.

6. A drug delivery device according to claim 1, wherein said drug-delivery device is a patch-type pump.

7. A drug delivery device according to claim 1, wherein said drug-delivery device further comprises an auto-insertion
means, said auto-insertion means serves to insert the administration means (17,18).

8. A drug delivery device according to claim 7 wherein said auto-insertion means automatically activates the drug-
delivery device.

9. A drug delivery device according to claim 1, wherein said drug-delivery mechanism further comprises a plurality of
drug chambers (15).

10. A drug delivery device according to claim 9, wherein said drug-delivery device includes means for the mixing of the
drugs (16) from said plurality of drug chambers (15).

11. A drug delivery device according to claim 1, wherein said drug-delivery device further comprises communications
means to remote devices selected from the group consisting of magnetic induction, infra-red, and RF devices.

12. A drug delivery device according to claim 1, wherein said drug reservoir chamber (15) is coupled to said hydraulic
control chamber (9) via coupling means (14,23,60,77) selected from the group including a displaceable wall
(23,60,77) and a piston arrangement (14); such that the volume change of the volume changing means serves to
control the rate of delivery of the drug (16).

Patentansprüche

1. Arzneimittelabgabevorrichtung, umfassend eine Arzneimittelvorratskammer (15), welche eine Substanz (16) enthält,
welche in fluidischer Verbindung mit einem Arzneimittelverabreichungsmittel (17, 18) abzugeben ist, eine hydrau-
lische Steuerkammer (9), welche ein elektrisch gesteuertes Volumenveränderungsmittel enthält, ein Verbindungs-
mittel (14, 23, 60, 77), welches die hydraulische Steuerkammer (9) mit der Arzneimittelkammer (15) verbindet, und
ein elektrisches Steuermittel (11), wobei die Anordnung so ausgebildet ist, dass die elektrische Steuerung des
Volumenveränderungsmittels durch das elektrische Steuermittel (11) eine Volumenveränderung des Volumenver-
änderungsmittels verursacht, wobei die Volumenveränderung durch das Verbindungsmittel (14, 23, 60, 77) an die
Arzneimittelkammer (15) so übertragen wird, dass die Substanz (16) von der Arzneimittelkammer (15) zum Arznei-
verabreichungsmittel (17, 18) hin ausgestoßen wird,
wobei das Volumenveränderungsmittel ein nicht-gasendes Volumenveränderungsmittel ist, dadurch gekennzeich-
net, dass das Volumenveränderungsmittel eine Batteriezelle (10) ist, welche Elektroden (12) und einen Elektrolyten
(13) umfasst, wobei das elektrische Steuermittel (11) eine elektrische Schaltung umfasst, welche an das Volumen-
veränderungsmittel über an die Elektroden (12) verbundene elektrische Kontakte verbunden ist, wobei die Batte-
riezelle (10) so konfiguriert ist, dass das kombinierte Volumen der Elektroden (12) und des Elektrolyten (13) sich
bei deren Ausgabe verändert.

2. Arzneimittelabgabevorrichtung nach Anspruch 1, wobei das Arzneimittelverabreichungsmittel (17, 18) ausgewählt
ist aus der Gruppe bestehend aus Kanülen, Kanülenarrays, Ausgangsöffnungen und transdermale Pflaster.

3. Arzneimittelabgabevorrichtung nach Anspruch 1, wobei die Batterie (10) ausgewählt ist aus der Gruppe bestehend
aus einer Blei-Säure-Batterie, einer Trockenzellenbatterie, einer Nickel-Cadmium-Batterie und einer Lithium-Bat-
terie.
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4. Arzneimittelabgabevorrichtung nach Anspruch 1, wobei die Arzneimittelabgabevorrichtung zumindest teilweise ent-
sorgbar ist.

5. Arzneimittelabgabevorrichtung nach Anspruch 1, wobei die Arzneimittelabgabevorrichtung ferner ein Füllmittel um-
fasst.

6. Arzneimittelabgabevorrichtung nach Anspruch 1, wobei die Arzneimittelabgabevorrichtung eine pflasterähnliche
Pumpe ist.

7. Arzneimittelabgabevorrichtung nach Anspruch 1, wobei die Arzneimittelabgabevorrichtung ferner ein Selbsteinführ-
mittel umfasst, wobei das Selbsteinführmittel zum Einführen des Verabreichungsmittels (17, 18) verwendbar ist.

8. Arzneimittelabgabevorrichtung nach Anspruch 7, wobei das Selbsteinführmittel die Arzneimittelabgabevorrichtung
automatisch aktiviert.

9. Arzneimittelabgabevorrichtung nach Anspruch 1, wobei der Arzneimittelabgabemechanismus ferner eine Mehrzahl
von Arzneimittelkammern (15) umfasst.

10. Arzneimittelabgabevorrichtung nach Anspruch 9, wobei die Arzneimittelabgabevorrichtung Mittel zum Mischen der
Arzneimittel (16) aus der Mehrzahl von Arzneimittelkammern (15) umfasst.

11. Arzneimittelabgabevorrichtung nach Anspruch 1, wobei die Arzneimittelabgabevorrichtung ferner Kommunikations-
mittel mit entfernten Vorrichtungen umfasst, ausgewählt aus der Gruppe bestehend aus magnetischen Induktions-
vorrichtungen, Infrarotvorrichtungen und RF-Vorrichtungen.

12. Arzneimittelabgabevorrichtung nach Anspruch 1, wobei die Arzneimittelvorratskammer (15) mit der hydraulischen
Steuerkammer (9) über Verbindungsmittel (14, 23, 60, 77) verbunden ist, welche ausgewählt sind aus der Gruppe
umfassend eine verschiebbare Wand (23, 60, 77) und eine Kolbenanordnung (14); sodass die Volumenveränderung
des Volumenveränderungsmittels die Steuerung der Abgaberate des Arzneimittels (16) ermöglicht.

Revendications

1. Dispositif d’administration d’un médicament, comprenant une chambre de réservoir de médicament (15) contenant
une substance (16) devant être administrée, en connexion fluidique avec un moyen d’administration du médicament
(17, 18), une chambre de commande hydraulique (9) contenant un moyen de changement de volume à commande
électrique, un moyen d’accouplement (14, 23, 60, 77) accouplant ladite chambre de commande hydraulique (9) à
ladite chambre du médicament (15), et un moyen de commande électrique (11), l’agencement étant tel qu’une
commande du moyen de changement du volume par ledit moyen de commande électrique (11) entraîne un chan-
gement du volume du moyen de changement du volume, ledit changement du volume étant transféré par ledit
moyen d’accouplement (14, 23, 60, 77) vers ladite chambre du médicament (15), de sorte que ladite substance
(16) est expulsée de ladite chambre du médicament (15) vers ledit moyen d’administration du médicament (17, 18) ;
dans lequel ledit moyen de changement de volume est un moyen de changement de volume sans dégagement
gazeux, caractérisé en ce que ledit moyen de changement de volume est un élément de batterie (10) comprenant
des électrodes (12) et un électrolyte (13), dans lequel ledit moyen de commande électrique (11) inclut un circuit
électrique connecté audit moyen de changement de volume par l’intermédiaire de contacts électriques connectés
aux dites électrodes (12), l’élément de batterie (10) étant configuré de sorte que le volume combiné desdites élec-
trodes (12) et de l’électrolyte (13) change lors de sa décharge.

2. Dispositif d’administration d’un médicament selon la revendication 1, dans lequel ledit moyen d’administration du
médicament (17, 18) est sélectionné dans le groupe constitué de canules, de dispositifs à canule, d’orifices de sortie
et de patchs transdermiques.

3. Dispositif d’administration d’un médicament selon la revendication 1, dans lequel ladite batterie (10) est sélectionnée
dans le groupe constitué d’une batterie au plomb, d’une batterie sèche, d’une batterie au nickel-cadmium et d’une
batterie au lithium.

4. Dispositif d’administration d’un médicament selon la revendication 1, dans lequel ledit dispositif d’administration du
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médicament est au moins en partie jetable.

5. Dispositif d’administration d’un médicament selon la revendication 1, dans lequel ledit dispositif d’administration du
médicament comprend en outre un moyen de remplissage.

6. Dispositif d’administration d’un médicament selon la revendication 1, dans lequel ledit dispositif d’administration du
médicament est une pompe du type patch.

7. Dispositif d’administration d’un médicament selon la revendication 1, dans lequel ledit dispositif d’administration du
médicament comprend en outre un moyen d’auto-insertion, ledit moyen d’auto-insertion servant à insérer le moyen
d’administration (17, 18).

8. Dispositif d’administration d’un médicament selon la revendication 7, dans lequel ledit moyen d’auto-insertion ac-
tionne automatiquement le dispositif d’administration du médicament.

9. Dispositif d’administration d’un médicament selon la revendication 1, dans lequel ledit mécanisme d’administration
du médicament comprend en outre plusieurs chambres de médicament (15).

10. Dispositif d’administration d’un médicament selon la revendication 9, dans lequel ledit dispositif d’administration du
médicament inclut un moyen pour mélanger les médicaments (16) provenant desdites plusieurs chambres de
médicament. (15).

11. Dispositif d’administration d’un médicament selon la revendication 1, dans lequel ledit dispositif d’administration du
médicament comprend en outre un moyen de communication avec des dispositifs à distance sélectionnés dans le
groupe constitué de dispositifs à induction magnétique, à infrarouge et à radiofréquence.

12. Dispositif d’administration d’un médicament selon la revendication 1, dans lequel ladite chambre de réservoir de
médicament (15) est accouplée à ladite chambre de commande hydraulique (9) par un moyen d’accouplement (14,
23, 60, 77) sélectionné dans le groupe incluant une paroi à déplacement (23, 60, 77) et un ensemble à piston (14) ;
de sorte que le changement de volume du moyen de changement de volume sert à contrôler la vitesse d’adminis-
tration du médicament (16).
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