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"Apparatus for deUvety ofphannaceuticals to die cochlea"

Field of tha lnvBntioq

The present invention relates to an implantable device and. in
particular, to an implantable cochlear electrode assembly.

Background of the Inventinn

Hearing loss, which may be due to many different causes, is generally
of two types, conductive and sensorineural. Of these types, conductivB

10 hearing loss occurs where the noimal mechanical pathways for sound to
reach the hair cells in the cochlea aie impeded, for example, by damage to the
ossicles. Conductive hearing loss may often be helped by use of conventional
hearing aid systems, which amplify sound so that acoustic information does
reach the cochlea and the hair cells.

15 In many people who are profoundly deaf, however, the reason for
dea&ess is sensorineural hearing loss. This type ofhearing loss is due to the
absence of. or destruction of. the hair cells in the cochlea which transduce
acoustic signals into nerve impulses. These people are thus unable to derive
suitable benefit from conventional hearing aid systems, because there is

20 damage to or absence of the mechanism for nerve impulses to be generated
from sound in the normal manner.

It is for this purpose that cochlear implant systems have been
developed. Such systems bypass the hair cells in the cochlea and directly
deliver electrical stimulation to the auditoiy nerve fibres, thereby aUowing

25 the brain to perceive a hearing sensation resembling the natural hearing
sensation normally delivered to the auditoiy nerve. US Patent 4532930 the
contents ofwhich are incorporated herein by reference. pix>vides a
description of one type of traditional cochlear implant system

Cochlear implant systems have typicaUy consisted of two key
30 components, namely an external component commonly referred to as a

processor unit, and an implanted internal component commonly referred to
as a stimulator/receiver unit Traditionally, both of these components have
cooperated together to provide the sound sensation to an implantee.

The external component has traditionaUy consisted of a microphone
35 for detecting sounds, such as speech and environmental sounds, a speech

processor that converts the detected sounds and particularly speech into'a
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coded signal, a power souice such as a batteiy, and an external antenna
transmitter coil.

The coded signal output by the speech processor is transmitted
transcutaneously to the implanted stimulator/receiver unit situated within a
recess of the temporal bone of the implantee. This transcutaneous
transmission occurs through use of an inductive coupUng provided between
the external antenna transmitter coU which is positioned to communicate
with an implanted antenna receiver coil provided with the stimulatoi/receiver
unit This communication serves two essential purposes, iirstly to
transcutaneously transmit the coded sound signal and secondly to provide
power to the implanted stimulatox/receiver unit ConventionaUy. this link
has been in the form of a radio frequency (RF) link, but other such links have
been proposed and implemented with varying degrees of success.

The implanted stimulator/receiver unit typically includes the antenna
15 receiver coU that receives the coded signal and power from the external

processor component, and a stimulator that processes the coded signal and
outputs a stimulation signal to an intracochlea electrode assembly which
applies the electrical stimulation directly to the auditory nerve producing a
hearing sensation corresponding to the original detected sound.

20 The external componentry of the cochlear implant has been
traditionally carried on the body of the implantee. such as in a pocket of the
implantee's clothing, a belt pouch or in a harness, while the microphone has
been mounted on a clip mounted behind the ear or on a clothing lapel of the
implantee.

25 More recently, due in the main to improvements in technology, the
physical dimensions of the speech processor have been able to be reduced
allowing for the external componentry to be housed in a small unit capable of
being worn behind the ear of the implantee. This unit has allowed the
microphone, power unit and the speech processor to be housed in a single

30 unit capable of being discretely worn behind the ear. with the external
transmitter coil still positioned on the side of the user's head to allow for the
transmission of the coded sound signal from the speech processor and power
to the implanted stimulator unit It is also considered that with continued
improvements in technology, it may become possible to provide a system
whereby aU components of the system are implanted inside the head of the

35
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implantee resulting in a system that is completely invisible and does not
require any external components to operate, at least for a portion of the time.

Together with improvements in available technology much research
has been undertaken in the area of understanding the way sound is naturally

. processed by the human auditory system. With such an increased
understanding ofhow the cochlea naturaUy processes sounds ofvarying
frequency and magnitude, there is a need to provide an improved cochlear
implant system that delivers electrical stimulation to the auditory nerve in a
way that takes into account the natural characteristics of the cochlea.

It is known in the art that the cochlea is tonotopically mapped. In
other words, the cochlea can be partitioned into regions, with each region
being responsive to signals in a particular fiequency range. ITiis property of
the cochlea is exploited by providhig the electrode assembly with an array of
electrodes, each electrode being arranged and constructed to deliver a cochlea
stimulating signal within a preselected frequency range to the appropriate
cochlea region. The electrical cunents and electric fields from each electrode
stimulate the cilia disposed on the modiola of the cochlea. Several electodes
maybe active simultaneously.

It has been found that in order for these electrodes to be effective, the
magnitude of the currents flowing from these electrodes and the intensity of
the corresponding electric fields, are a function of the distance between the
electrodes and the modiola. If tiiis distance is relatively great, the threshold
current magnitude must be larger than if Uxe distance is relatively small
Moreover, the current from each electrode may flow in all directions, and the
electrical fields corresponding to adjacent electaodes may overlap, thereby
causing cross-electrode interference. In oider to reduce the threshold
stimulation amplitude and to eliminate cross-electrode interference, it Is
advisable to keep the distance between tiie elechxxle array and the modiola as
small as possible. Hiis is best accomplished by providing the electrode arraym the shape which generaUy foUows the shape of the modiola. Also, this
way the delivery of the elechical stimulation to the auditory nerve is'most
effective as the electrode contacts are as close to the auditory nerves that are
particularly responsive to selected pitches of sound waves.

In order to achieve this electrode array position close to the inside wall
of the cochlea, the electrode needs to be designed in such a way that it

assumes tiiis position upon or immediately following insertion into the
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cochlea. This is a chaUenge as the array needs to be shaped such that it
assumes a curved shape to conform with the shape of the modiola and must
also be shaped such that the insertion process causes minimal trauma to the
sensitive structures of the cochlea. In this sense it has been found to be

5 desirable for the electrode array be generaUy straight during the insertion
procedure.

Several procedures have been adopted to provide an electrode
assembly that is relatively straightforward to insert while adopting a curved
configuration fbUowing insertion in the cochlea. In one case, a platinum wire

10 stylet is used to hold a pr8K:urved electrode array in a generaUy straight
configuration up until insertion. FoUowing insertion, the platinum stylet is
withdrawn allowing the array to return to its pie-curved configuration.

^developing electrode array designs, it is ofgreat importance that the
design be constructed to minimise potential damage to sensitive structures in

15 the cochlea upon insertion and placement of the array. While electrode
arrays are preferably designed to minimise such damage, the cochlea does
suffer a degree of trauma due to the insertion process.

Any discussion of documents, acts, materials, devices, articles or the
like which has been included in the present specification is solely for the

20 purpose of providing a context for the present invention. It is not to be taken
as an admission that any or all of these matters form part of the prior art base
or were common general knowledge in the field relevant to the present
invention as it existed in Australia before the priority date of each claim of
this application.

25

Summary r,f f>.^ Invention

Throughout this specification the word "comprise", or variations such
as "comprises" or "comprising", will be understood to imply the inclusion of a
stated element, integer or step, or group ofelements, integers or steps, but not

30 the exclusion of any other element, integer or step, or group of elements.
integers or steps.

It is a preferred feature of the present invention to provide an electrode
assembly that is adapted to assist the cochlea in its rccoveiy ftom trauma
foUowmg the insertion of an electrode assembly therein. The present

35 mvention is equaUy applicable to conventional electrode assemblies and
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elecbode assemblies which are designed to conform with the inner wall of
the cochlea.

According to a first aspect, the present invention is an implantable
tissue-stimulating device comprising:

5 a resilienUy flexible elongate member having a plurality of electrodes
mounted thereon; and

a bio-active substance delivery means adapted to deliver at least one
bio-active substance to the implantee following implantation of the device.

In a preferred embodiment of this invention, the device is a cochlear
10 implant electrode assembly.

In one embodiment, the substance delivery means can comprise at least
a portion of the elongate member that has been impregnated with a bio-active
substance that can leach therefrom foUowing implantation.

In a further embodiment; the elongate member preferably has a first

15 end that is firstly inserted into the implantee.

In another embodiment, the substance deUvBiy means can include a
lumen extending through the elongate member for at least a portion of its

length. The lumen can be cylindrical or have any other suitable cross-
sectional shape. In one embodiment, the lumen extends through the elongate

20 member for a substantial portion of its length. In a further embodiment, the
lumen extends from an opening distal the first end to a position that is at or
adjacent the first end. The distal opening of the lumen preferably can be
closed by a closure means adapted to seal the opening of the lumen.

The closure means can comprise a plug adapted to be inserted into the
25 lumen and to form a seal therewith. The plug can have a frusto-conical outer

waU adapted to seal with the wall of the lumen on insertion. The plug in this
embodiment can be formed from a resiliently Hexihle material such as
silicone or polyurethane. Alternatively, the plug could be ofany suiteble
shape and could also be formed from a stiffplastic, such as

30 polytetrafluoroe%lene (PTFE). or a metal, such as platinum or stainless
steel.

In another embodiment, the closure means can comprise a cap adapted
to seal the distal opening of the lumen. In one embodiment, the cap can have
a top adapted to seal the opening and a skirt depending therefrom The skirt

35 can have an engagement means formed on an outer surface thereof adapted to
engage with the inner surface ofthe lumen on mounting ofthe cap to the
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lumen. In this embodiment, the inner surface of the lumen can have an
engagement means complementaiy to that on the outer surface of the skirt of
the cap. The engagement means on the skirt can comprise a screw thread
adapted to engage with a corresponding screw thread on the inner cyUndiical
surface of the lumen.

The lumen in the elongate member can act as a reservoir for a bio-
active substance within the elongate member. In one embodiment the bio-
active substance in the reservoir can leach from the lumen into the

surrounding material of the elongate member and eventually migrate to an
outer surface of the member that is preferably close to the desired site of
action for the bio-activB substance. In another embodlmeni the elongate
member can have one or more substance egress means whereby the substance
can move out of the lumen and the elongate member to a position that is

preferably close to the desired site of action for the bio-active substance.
IS Where the bio-activB substance is carried in or comprises a fluid, each

substance egress means preferably comprises a fluid egress means.
Each fluid egress means preferably has a valve means that allows fluid

to exit the lumen but prevents, or at least substantiaUy prevents, fluid flow
from external the elongate member back into the lumen within the elongate

20 member.

In a further embodiment the distal opening of the lumen can be in
fluid communication with an additional reservoir for the bio-active substance
that is external to the elongate member. A pumping means, such as an
osmotic pump, can transfer the bio-active substance from the additional
reservoir into the lumen of the elongate member for subsequent deUvery to
the appropriate site of actioa

It is also envisaged that the bio-active substance can be captured in the
form of a solid peUet In one embodiment the solid peUet can be formed by
impregnating the bio-active substance in a ceramic or a polymer pellet that

30 has a predetermined rate of release of the bioactfve substance. This solid
pellet can then be stored in the lumen reservoir or in an external reservoir
connectable to the lumen.

In one embodiment the bioactive substance can comprise a steroid. In
another embodiment the bioactive substance can perform a function of

35 reducing the resting neuron potential of neurons within the cochlea The use

25
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Of such substances can result in less eneigy being required to exdte the
neurons and cause stimulation.

In a farther embodiment, the elongate member can have a firat
configuration selected to allow said member to be inserted into an implantee's

5 body, such as the cochlea, and a second configuration wherein said elongate
member is adapted to apply a preselected tissue stimulation with the
electrodes. In a further embodiment, the elongate member can have at least
one intermediate configuration between said first and second configurationsm a stiU farther embodiment, at least a portion of the outer surface can

10 have a coating of lubiicious material. In a further embodiment, a substantial
portion of the outer surface can have a coating of the lubricious material. In a
still further embodiment, the entire outer surface of the elongate member can
have a coating of the lubricious material.

The lubricious material preferably becomes lubricious on being
15 brought into contact with a fluid, such as a saline solution. Still farther the

coatii^g preferably becomes lubricious on being brought into contact wii a
body fluid, such as cochlear fluid.

In one embodiment, the lubricious material is selected lix,m the group
comprising polyaciylic acid (PAA), polyvinyl alcohol (PVA). polylactic acid

20 (PLA) and polyglycolic acid (PGA). It is envisaged that other similar
materials could also be used. It is envisaged that the lubricious material can
also be impregnated with the bio-active substance aUowing the coating to
perform a dual role. The mte of dellveiy of the bio-active substance can be
programmed by design of the coating structure.

5
^y«t cotter embodiment, the device can include a stiffening element

made of a second material relatively stiffer than the resilienUy flexible
material of the elongate member. The stiffening element can be adapted to
bias the elongate member into the first configuration.

In a still further embodiment, the device can include a stiffening sheath
that envelops said elongate member and which is made of a material that is
relatively stiffer than the resiliently flexible material of the elongate member.
The stiffening sheath can be adapted to bias the elongate member into the
fast configumtion. In one embodiment, the stiffening sheath can be overlaid
by tlie coating of lubricious material.

Where both the stiffening elementand stiffening sheath are presentin
the device, the element and sheath can be adapted in combination to bias
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said elongate member into said first configuration. In this embodiment, if
either the stiffening element or the stiffening sheath is removed or
deactivated, the elongate member can adopt said at least one intennediate
configuration. In this embodiment, the stiffening sheath can be formed of the

5 same material or a difiarent material to that of the stiffening element. In
either case, the stiffening sheath can be relatively more stiffer or relatively
less stiffer than the stiffening element

In a preferred embodiment, the second configuration of the elongate
member is curved. More preferably, the elongate member adopts a spiral

10 configuration when in the second configuration.

The elongata member is preferably preformed from a plastics material
with memory and is preformed to the second configuration.

In a preferred embodiment, the first configuration is preferably
substantially straight More preferably, the first configuration is straight

15 In a preferred embodiment the elongate member is formed from a
suitable biocompatible material. In one embodiment the material can be a
silicone, such as Silastic MDX 4^210. In another embodiment the elongate
member can be formed from a polyurethane or similar material.

In one embodiment the stifiening element is formed of a bioresorbable
10 material which softens or dissolves on exposure to a fluid. The stiffening

element can soften or dissolve on exposure to a saline solution or a body fluid
of the implanlee, such as cochlear fluid.

In a further embodiment the bioresorbable material of the stiffening
element is selected from the group comprising polyaciylic acid (PAA)

5 polyvinyl alcohol (PVA). polylactic acid (PLA) and polyglycolic add (PGA)
It IS envisaged that other simUar materials could also be used. It is envisaged
that the bioresorbable material of the stiffening element can also be
impipgnatcd with one or more of the bio-active substances allowing the
stiffening element to perform a dual role. The rate of deUvery of the bio-
active substance can be determined by the structural design of. or the
materials used in, the stiffening element structure.

In another embodiment the stiffening element can be formed ftom a
non-bioresorbable material. In this embodiment the stiffening element can
comprise a metallic stylet or a stylet-like element formed from any other
suitable stiffening material, extending through a lumen in the elongate
member. In one embodiment, the wire can be formed from a biocompatible
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metal, a biocompatible metallic alloy or a biocompatible relatively stiff
plastic. In a preferred embodiment, a metal stylet can be fonned from
platinum.

In a still further embodiment, the stiffening element can be formed
5 from a shape memory or heat sensitive material. For example, the stiffening

element can be formed from a bimetallic element (such as nickeVtitanium)
and shaped to take a straight or substantially straight configuiBtion at worn
temperature but bend into another shape on exposure to body temperature
(eg. about STOC).

10 The lumen for the stylet can be the same lumen as utiUsed in one
embodiment of the substance delivery means defined above. In another
embodiment, the lumen can be a different lumen to that utilised as part of the
substance deUvery means defined above. The lumen for the stylet can be
cyUndncal and also can have an opening formed therein. In the case of a

15 metal stylet, the stylet can extend out of the opening allowing the stylet to be
mampulated and removed from the Imnen during or following insertion of
the device. In the case of a bioresorbable stiffening element, the opening can
act as a flmd ingress means allowing body fluids to enter the lumen on
insertion of the device into an implantee.

10 The 8ti«aning sheath, if present, can be formed of a bioresorbable
inatanal which dissolves or softens on exposure to a fluid. The stiffening
sheath can dissolve or soften on exposure to a saline solution or a body fluid
of the implantee. such as cochlear fluid and in doing so also release one or
more bio-active substances impregnated therein. .

5 embodiment, the bioresorbable material of the stiffening
sheath is selected from the group comprising polyacryUc acid (PAA)
polyvinyl alcohol (PVAj. polylactic acid (PLAJ and polyglycolic acid'fPGA)
t is envisaged that other suitable.materials could also be used. It is envisaged
that the bioresorbable element of the stiffening sheath can also be
impregnated with one or more bio-active substances aUowing the stiffening
sheath to perform a dual role. The rate of delivery of the bio-active substance
can be set by the structural design of. or the materials used in, the sheath
structure.

The device can include an additional layer surrounding the stiffening
sheath. The additional layer can have a first rate of fluid ingress therethrough
and have at least one fluid ingress means formed therein, the rate of fluid
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ingress through the fluid ingress means being greater than the first rate of
fluid ingress through the additional layer. In this embodiment, the coating of
lubricioua material can be coated on the outside of the additional layer.

The fluid ingress means can comprise one or more openings in the
5 additional layer. The openings can be closable. The openings can comprise

sUts in the additional layer. The slits can be formed to aUow substantially the
same or the same rate of ingress of fluid through the additional layer. In
another embodiment, at least one slit can allow a different rate ofprogress of
fluid through the additional layer compared to the other slits. In one

10 embodiment, the sUts can be sealable with a bioresorbable material. The
bioresorbable material preferably softens and/or dissolves on exposure to a
fluid, such as cochlear fluid, to aUow ingress of the fluid into the elongate
member. In this embodiment, the slits can be sealed with the same or a
difierent quantity and/or the same or different thicknesses of bioresorbable

15 material. Variations in thickness and/or quantity of the bioresorbable
material provide a means ofvarying the rate of ultimate dissolution of the
stffening element of the device, if present, and/or the rate of elution of said at
least one bioactive substance.

In another embodiment, the slits can be designed so that when the
20 electrode array is in a straight configuration the slits are closed, preventing

the ingress of fluid therethrough. The closure of the slits can be formed by
the material of the outer wall, such as silicone, beiog mider compression
When the electrode array is inserted into the cochlea and begins to assume a
curved configuration, the slits become open allowing the ingress offluid

25 therethrough, due in the main to the silicone in the outer waU being released
from the state of compression. Such a design allows greater control of the
rate of fluid ingress and subsequent dissolution of the stifl-ening element of
the device and/or the elution of said at least one bioactive substance.

The stifiening sheath, if present, can be formed from a shape memory
JO or heat sensitive material. For example, the stiffening sheath can be formed

from a bimetallic or alloy filament (such as nickeVtitanium) and shaped to
take and maintain the straight or substantially straight configuration of the
elongate member at room temperature but bend it into another shape once it
is exposed to body temperature.

5 In one embodiment, while both the stiffening element and the
stiffening sheath are in position within the device, it will retain the first
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configuration, which as discussed is preferably straight If the stifiening
sheadi is removed or softened, whether it is by dissolution or otherwise, the
remaining stiffening element can have insufficient strength to retain the
elongate member in its first configuration. It is preferred that the elongate

5 member, on removal or softening of the stiffening sheath, will adopt an
intermediate configuration in which the elongate member has at least some
curvature.

The present invention provides a surgeon with a cochlear implant
electrode array that can assist with the delivery of one or more bio-active

10 substances to the implantation site foUoitdngite implantation. The
substances that can be delivered by the present device include substances
that are adapted to promote healing, substances that prevent bleeding or at
least excessive bleeding, and also substances that prevent the growth of
tissue, including scar tissue, in the cochlea following implantation.

15 Pharmaceutical compounds such as anti-inflammatories and antibiotics can
also be delivered by the present device.

It is also envisaged that substances that assist in reducing the resting
potential of the surrounding neurons can also be delivered by the present
invention. It should be appreciated that during neural stimulation the

20 neurons propagate an action potential through the response of
transmembrane ion channels to local electrical fields. By deUvering a
substance that eUcits a change in the transmembrane potential, the resting
neural membrane potential can be moved towards the activation potential
resulting in a lowering of the energy required to be delivered to activate the

25 neuron. This also has the potential to reduce the power required by the
stimulation device as well as increase the specificity of the electrical
stimulation and restore the stochastic response of the neurons.

In one embodiment, and where the elongate member is impregnated
with a bio-active substance, the device can be formed by a method that
includes a step of impregnating the elongate member with the bio-active
substance prior to implantetioa Impregnation may be achieved by soaldng
the elongate member in a solution that constitutes or includes the bio-active
substance for a period of time. The degree of impregnation can be controUed
by the period of time of soaking of the elongate member. It is anticipated that
the degree of impregnation will impact on the rate of substance delivery by
the device following implantation.
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In another embodiment, and where the elongate member includes a
lumen acting as a reservoir for a bio-active substance, the lumen can be filled
with the bio-active substance prior to implantation. In one embodiment, the
lumen can be fflled during manufacture and/or packaging of the elongate

5 member. In another embodiment, the lumen can be filled, such as by the
surgeon, just prior to implantation. The substance egress means preferably
does not allow the bio-active substance to pass from the lumen until the
device is ready for implantation or after implantation. In one embodiment
the substance egress means could be activated by the surgeon Just prior to its

10 insertion into the implantea In another embodiment, the substance egress
means maybe coated with a layer of bioresorbable material that softens
and/or dissolves on exposure to a fluid, such as cochlear fluid. FoUowing ite
dissolution, the bio-active substance is free to pass through the substance
egress means.

15 The device can be adapted to only provide deUvery of a bio-active
substance to the implantation site for a particular period foUowing
miplantation. This period may comprise any period of time from a few hours
or days to a few weeks or even months. In another embodiment, the device
can be used as a means of delivery of bio-active substances to the implantee

20. well beyond the time of implantation. For example, the additional reservoir
can be periodically filled with a bio-active substance to ensure continued
supply of the bio-active substance to the implantation site. The additional
reservoir, in this case, may be positioned beneath but adjacent the suriace of
the skin of the implantee thereby allowing the reservoir to be filled by a

25 synnge and needle assembly that injects the bio-active substance into the
additional reservoir.

Once implanted, the electrodes can receive stimulation signals from a
stimulator means. The stimulator means is preferably electrically connected
to the elongate member by way of an electrical lead. The lead can include the
one or more wires extending from each electrode of the aiiay mounted on the
elongate member.

In one embodiment, the lead can extend from the elongate member to a
stimulator means or at least the housing thereof. In one embodiment, the
lead is continuous with no electrical comiecton, at least external the housing
of the stimulator means, required to comiect the wires extending from the
electrodes to the stimulator means. One advantage of this airangement is that

30
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there is no requirement for the surgeon implanting the device to make the
necessary electrical connection between the wires extending from the
electrodes and the stimulator means.

The stimulator means is preferably positioned within a housing that is

5 implantable within the implantee. The housing for the stimulator means is
preferably implantable within the bony weU in the bone behind the ear
posterior to the mastoid.

When implantable, the housing preferably contains, in addition to the
stimulator means, a receiver means. The receiver means is preferably

10 adapted to receive signals from a controller means. The controUer means is.m use, preferably mounted external to the body of the implantee such that
the signals are transmitted transcutaneously through the implantee.

Signals can preferably travel from the controller means to the receiver
means and vice versa. The receiver means can include a receiver coil

15 adapted to receive radio frequency (RFl signals from a corresponding
bansmltter coil worn extemaUy of the body. The radio frequency signals can
compnse frequency modulated (FM) signals. While described as a receiver
coil, the receiver coil can preferably transmit signals to the transmitter coil
which receives the signals.

20 The transmitter coil is preferably held in position adjacent the
implanted location of the receiver coil by way of respective attractive magnets
mounted centraJly in, or at some other position relative to. the coUs.

The external controUer can comprise a speech processor adapted to
receive signals output by a microphone. During use. the microphone is

25 preferably worn on the pinna of the implantee. however, odier suitable
locations can be envisaged, such as a lapel of the implantee's clothing. The
speech processor encodes the sound detected by the microphone into a
sequence of electrical stimuU foHowing given algorithms, such as algorithms
already developed for cochlear implant systems. The encoded sequence is

30 transferred to the implanted stimulator/receiver means using the transmitter
and receiver coils. The implanted stimulator/receiver means demodulates the
FM signals and allocates the electrical pulses to the appropriate attached
electrode by an algorithm which is consistent with the chosen speech coding
strategy.

J5 The external controller further comprises a power supply. The power
supply can comprise one or more rachaigeable batteries. The transmitter and
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receiver coiJs ai« used to provide power via transcutaneous induction to the
implanted stimulator/receiver means and the electrode array.

While the implant system can rely on external componentry, in another
embodiment, the controller means, including the microphone, speech

5 processor and power supply can also be implantable. In this embodiment,
the controller means can be contained wdthin a hermetically sealed housing
or the housing used for the stimulator means.

Brief DesciHption of fha r)TP«nn
f..

10 By way of example only, a prefened embodiment of the invention isnow described with reference to the accompanying drawings, in which:
Fig. 1 ,s a pictorial representation of a prior art cochlear implant

system;

^8-2isasimplifiedcross-sectionalviewofoneenibodimentofan
15 electrode assembly according to the present invention ready for insertion into

a cochlea; and

Fig. 3 is a simpUfied part-sectional, part side elevational view of the
electrode assembly depicted foUowing insertion in the cochlea.

2° Preferred Mode of CamHnff n„t the InvanHnn

Before describing the features of the present invention, it is appropriate
to bnefly describe theconstructionof one type of known cochlear implant
system with reference to Fig. 1.

^°^*^°<=W«^i™Plantstypicallyconsistoftwomaincomponents.an
25 external component including a speech processor 9, and an internal

componentincluding an implanted receiver and stimulator unit 2 The
^eternal component includes a microphone 7. The speech processor 9 is. in
this lUustralion. constructed and arranged so that it can fit behind the outer
ear .1. Alternative versions may be worn on the body. Attached to the speech

30 processor 9 is a transmitter coil 4 which transmits electrical signals to the
implanted unit 2 via a radio frequency (RF) link.

The implanted component includes a receiver coil 3 for receiving
power and data from the transmitter coil 4. A cable 41 extends &om the
imptanted receiver and stimulator unit 2 to the cochlea 30 and terminates in
an electrode array 20. The signals thus received are applied by the array 20
to the basilar membrane 8 and the nerve cells within the cochlea 30 thereby
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stimulating the auditory nerve 9. The opexatioii of such a device is described,
for example, in US patent No. 45 32930.

One embodiment of a cochlear implant electrode assembly according to
the present invention is depicted generally as 10 in Rgs. 2 and 3.

5 The depicted electrode assembly 10 has an electrical lead extending
back to a stimulator/receiver housing, such as the stimulator unit 2 depicted
in Fig. 1. In considering this invention, it is to be understood that each
electrode 12 may have one or more wires (not depicted) electrically

connected thereto and extending from each respective electrode 12 back
10 through the lead to the stimulatoi/receiver.

The assembly 10 comprises an elongate electrode carrier member 11
having a plurality of electrodes 12 mounted thereon. For the purposes of
clarity, the electrodes 12 depicted in Fig. 1 are not necessarily shown to scale.
A larger number of electrodes than that depicted in Fig 2 can also be

15 envisaged. The electrodes 12 are not depicted in Fig. 3 for reasons of clarity.

The depicted elongate member 11 is preformed from a resiUenUy
flexible siUcone with memory and is preformed to a curved configuration
suitable for insertion in the scale tympani 31 ofa human cochlea 30. While
an assembly that normally adopts a curved configuration when in a relaxed

20 condition is depicted in the drawings, it wiU be appreciated that the present
invention also could be utilised with respect to assemblies that are normally
straight when in a relaxed condition.

The elongate member 11 has a first end 13 tiiat is firstiy inserted into
the cochlea 30 upon insertion of the assembly 10.

25 As depicted in Fig. 2. there is disposed within a lumen 14. prior to
insertion of tiie assembly 10 into the cochlea 30, a substantially straight
platinum stylet 15. In the depicted embodiment, the stylet 15 has a stiffness
that is sufficient to retain the sUicone elongate member ii in a straight

configuration. The stylet could be constructed so as to have a stiffness that
30 was insufficient alone to retain the elongate member 11 in a straight

configuratioa In this case, the elongate member could have a stiffening
sheath that at lest partially envelops the elongate member 11. The stifiening
sheatii could be formed of a bioresorbable material which prior to

implantation assists tiie platinum stylet in maintaining the elongate member
35 11 in the stndght configuration.
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While a platinum stylet is depicted, a bioresorbable stylet-like member
formed from a bioresorbable material, such as polyacrylic acid (PAA), that is

also impregnated with a bio-active substance and which is adapted to

dissolve or soften on exposure to cochlear fluids, could be utilised with

5 appropriate modification to the elongate carrier member 11. A stiffening

polymer stylet could also be utilised which could be impregnated with a bio-

active substance. Such a stylet would soften quickly, but not dissolve

quickly, with its very slow dissolution rate allowing the drug to effectively

elute to the body. Equally, whilst a substantially cylindrical lumen is

10 depicted, the lumen 14 could indeed be any sliape necessary to perform the

function. Again, the PAA slylet-like member in this invention can have a
stiffness that is either sufficient or insufficient to retain the silicone elongate

member 11 in a straight configmntion as depicted in Fig. 2. It will be
appreciated that a bioresorbable stylet-like member could be formed irom

15 other suitable bioresorbable materials. A stylet-like member made from a
shape memory or heat sensitive material could also be utilised instead of
stylet 15.

In the depicted embodiment, the elongate member 11 is adapted to also

act as a system for delivery of one or more pharmaceutical or bioactive

20 substances to the cochlea 30. In the depicted embodiment, this system is

provided by an additional lumen 21 that acts as a reservoir for a fluid 23
constituting or including the one or more pharmaceutical or bioactive

substances. The lumen 21 is pre-fiUed with the phannaceutical or bioactive

substances dxiring manufacture and then sealed by the plug closure 22.

25 Provided at the first end 13 of the member 11 is a fluid egress means
comprising a valve 24 in the form of a slit formed in the structure of the

elongate member 11. Other embodiments with more than one slit 24 can be
envisaged- The slit 24 is adapted to allow fluid 23 within the lumen 21 to

exit the lumen 21 but prevents fluid flow fiom external the member 11 back
30 into the lumen 21. To prevent flow of fluid through the slit 24 prior to

implantation, the slit is covered with a layer 25 of bioresorbable PAA. Other
suitable bioresorbable materials could be envisaged and the material could
also be impregnated with the pharmaceutical substance. While only depicted
as covering the slit 24, the layer 25 could coat a greater portion or the entire

35 surface of the elongate member 11,
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10

15

21

20

On insertion of the elongate member 11 into the scala tympani 31, the
cochlear fluid commences to soften and dissolve the layer 25 ofPAA. In
addition to lubricating the first end 13, the dissolution of the layer 25 allows
the fluid 23 to commence to flow from the lumen 21 into the scala tympani
31«

It is also possible that the pharmaceutical or bioactive substance 23
could be released from the lumen 21 by way of a mechanical means. Such a
means may include pushing the stylet 15 through the sUt 24 at the end of the
assembly 10 to break the seal just prior to insertion. Another method of
releasing the pharmaceutical substance would be to include a suture down
the lumen 21 and through the seal 25. The suture could then be puUed in an
action similar to a "rip-cord" to open the end of the assembly 10.

While in the depicted embodiment, the lumen 21 is sealed following
pre-fiUing. it can be envisaged that the lumen 21 could be in fluid

communication with an additional reservoir for the fluid 23. The additional
reservoir can be placed under the skin of the implantee and be fillable by a
needle and syringe assembly when required. A pump, such as an osmotic
pump, can be used to transfer fluid from the additional reservoir to the lumen

While depicted with a lumen 21, it can also be envisaged that the
elongate member 11 could be impregnated with a pharmaceutical agent or
other bioactive substance prior to implantation. The pharmaceutical agent or
bioactive substance would then be free to leach from the elongate member 11
following insertion. In this embodiment, it can be envisaged that a layer of

25 bioresorbable PAA material may coat the entire impregnated portion of the
elongate member ii so ensuring that the pharmaceutical agent or bioactive
substance does not leach from the elongate member 11 prior to implantation.

While the elongate member 11 is manufactured with a preformed
curved configuration, the depicted assembly 10 is typically delivered to a

30 suigeon in a sterile package with the stylet 15 and pharmaceutical fluid 23 in
place (as depicted in Fig. 2).

On removal from the package and insertion into the scala tympani 31
of the cochlea 30. the cochlear fluids commence to dissolve and soften the
layer 25.

35 As the elongate member ll is inserted into the scala tympani 31 of the
cochlea 30, the suigeon can commence to withdraw the stylet 15 from the
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lumen 14 through opening 17. On withdrawal of the stylat 15, the elongate
member 11 is free to adopt the spiral configuration depicted in Fig. 3 with the
electrodes 12 fedng the modiola within the cochlea 30 so that they are
positioned as close as possible to the spiral ganglia thereof.

S The provision of a system for delivering a pharmaceutical substance
that promotes healing and/or more efficient neural stimulation while
preventing the formation of substantial scar tissue in the cochlea, enhances
the likelihood of successful long-term placement of the assembly 10 in the
cochlea and subsequent successful use of the cochlear implant by the

10 implantee.

While the prefierred embodiment of the invention has been described in
conjunction with a cochlear implant, it is to be understood that the present
invention has wider application to other implantable electrodes, such as
electrodes used with pacemakers.

15 It will be appreciated by persons skilled in the art that numerous
variations and/or modifications may be made to the invention as shown in the
specific embodiments without departing ftom the spirit or scope of the
invention as broadly described. The present embodiments are. therefore, to
be considered in all respects as illustrative and not restrictive.
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CLAIMS:

1. An implantable tissue-stimulating device comprising:
a resiliently flexible elongate member having a plurality of electrodes

5 mounted thereon; and

a bio-active substance delivery means adapted to deUver at least one
bio-active substance to the implantee following implantation of the device.

2. A device ofclaim 1 wherein the device is a cochlear Implant electrode
10 assembly.

3. A device of claim 2 wherein the substance delivery means comprises at
least a portion of the elongate member impregnated with a bio-active
substance that can leach therefrom following implantation.

15

4. A device of claim 2 wherein the elongate member has a first end that is

firstly inserted into the implantee.

5. A device of claim 4 wherein the substance deUveiy means comprises a
20 lumen extending through the elongate member for at least a portion of the

length of the elongate member.

6. A device of claim 5 wherehi the lumen extends through the eloAgate
member from an opening distal the first end to a position that is at or adjacent

25 the first end.

7. A device of claim 8 wherein the distal opening of the lumen is closable
by a closure means adapted to seal the opening of the lumen.

30 8. A device of claim 7 wherein the closure means comprises a plug
insertable in the lumen to form a seal therewith.

9. A device of claim 8 wherein the plug is formed from a resilienUy
flexible material selected from the group comprising a silicone and a

35 polyurethane.
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10. A device of claim 6 wherein the lumen in the elongate member acts as
a reservoir for a bio-active substance within the elongate member.

11. A device of claim lO wherein the elongate member has at least one
substance egress means whereby the bio^ctive substance leaves the lumen
and the elongate member to a position of implantation of the elongate
member.

12. A device of claim 11 wherein the bio-active substance is carried in or
10 comprises a fluid and said at least one substance egress means is a fluid

egress means.

13. A device of claim 12 wherein each said at least one fluid egress means
has a valve means that allows fluid to exit the lumen but at least substantially

15 prevents fluid flow from external the elongate member back into the lumen
within the elongate member.

14. A device of claim 10 wherein the distal opening of the lumen is in fluid
communication with an additional reservoir for the bio-active substance that

20 is external to the elongate member.

15. A device of claim 14 wherein a pumping means transfer the bio-active
substance ftom the additional reservoir into the lumen of the elongate
member for subsequent delivery to the site of implantation of the elongate

25 member.

18. A device of claim 10 wherein the bio-active substance is impregnated
in a ceramic or a polymer peUet having a predetennined rate of release of the
bioactive substance stored in the lumen of the elongate member

30
.

17. A device of claim 2 wherein the bioactive substance comprises a
steroid.

18. A device of claim 2 wherein the bioactive substance performs a
35 function of reducing the resting neuron potential of neurons within the

cochlea.
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19. A device of claim 6 wherein the elongate member has a first

conflguration that aUows said member to be inserted into an implantee's
cochlea, and a second configuration wherein said elongate member is adapted

5 to apply a preselected tissue stimulation with the electrodes.

20. A device of claim 19 wherein the elongate member has at least one
intermediate configuration between said first and second configurations.

10 21. A device of claim 2 wherein at least a portion of the outer surface has a
coating of lubricious material.

22. A device of claim 21 wherein the lubricious material is selected from
the group comprising polyaciylic acid (PAA), polyvinyl alcohol (PVA),

15 polylactic acid (PLA) and polyglycoUc acid (PGA).

23. A device of claim 21 wherein the lubricious material is impregnated
with a bio-active substance.

20 24. A device of claim 19 wherein the device further comprises a stiffening
element extending through the elongate member and made of a second
material lelativBly stiffer than the resiUently flexible material of the elongate
member and adapted to bias the elongate member into the first configuration.

25 25. A device of claim 19 wherein the device further comprises a stiffening
sheath that at least partiaUy envelops said elongate member and made of a
material that is relatively stiffer than the resilienUy flexible material of the
elongate member, the stiffening sheath adapted to bias the elongate member
into the first configuratica

26. A device of claim 25 wherein the stiffening sheath is at least partially
overlaid by a coating of a lubricious malarial.

27. A device of claim ig wherein the second configuration of the elongate
35 member is curved.

30
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28. A device of claim 27 wherein the elongate member adopts a spiral

configuration when in the second configuration.

29. A device of claim 19 wherein the first corifiguiation is at least

5 substantially straight.

30. A device of claim 2 wherein the elongate member is formed from a
biocompatible material selected from the group comprising a silicone and a
polyuiethane.

10

31. A device of claim 24 wherein the stiffening element is formed of a
bioresorbable material which softens or dissolves on exposure to cochlear
fluid.

15 32. A device of claim 31 wherein the bioresorbable material of the
stiffening element is selected from the group comprising polyaciylic acid
(PAA). polyvinyl alcohol (PVA), polylactic acid (PLA) and polyglycoUc acid
(PGA).

20 33. A device of claim 32 wherein the bioresorbable material of the
stiffening element is impregnated with one or more bio-active substances.

34. A device of claim 24 wherein the stiffening element is formed from a
non-bioresoibable material selected from the group comprising a metalUc

25 stylet and a non-metallic stylet

35. A device of claim 2 wherein the device is adapted to deliver the bio-
active substance to the implantation site of the elongate member for a
predetermined period of time following implantation.

30

36. An implantable tissue-stimulating device comprising:

a resilienUy flexible elongate member having a plurality of electrodes
mounted thereon, the elongate member surrounding a scalable reservoir for
storing within the member at least one bio-active substance for delivery to an

35 implantee following implantation of the device.
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37. A cochlear implant electrode assembly comprising:

a resilienUy flexible elongate member having a plurality of electrodes
momited thereon, the elongate member surrounding a sealable reservoir for
storing within the nwmber at least one bio-activB substance for delivery to a

i cochlea of an implantee following implantation of the device.

38. A cochlear implant electrode assembly of claim 37 wherein the
reservoir comprises a sealable lumen extending through the elongate member
for at least a portion of the length of the elongate member.

39. A cochlear implant electrode assembly of claim 38 wherein the
elongate member has at least one substance egrass means whereby the bio-
active substance leaves the lumen and the elongate member to a position of
implantatioj^f the elongate member.

40. A cochlear implant electrode assembly of claim 39 wherein the bio-
activB substance is carried in or comprises a fluid and said at least one
substance egress means is a fluid egress means.

20 41. A cochlear implant electrode assembly of claim 40 wherein each said at
least one fluid egress means has a valve means that allows fluid to exit the
lumen but at least substantially prevents fluid flow from external the elongate
member back into the lumen within the elongate member.

25 42. A cochlear implant electrode assembly of claim 37 wherein at least a
portion of the elongate member is coated with a bioresorbable layer that seals
the reservoir of the assembly prior to implantation.

15
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