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MRI-COMPATIBLE COCHLEAR IMPLANT

Field of the Invention

The present invention relates to a cochlear implant and in particular an MRI-

compatible cochlear implant.

Background Art

In many people who are profoundly deaf, the reason for deafness is absence of,
or destruction of, the hair cells in the cochlea which transduce acoustic signals into
nerve impulses. These people are unable to derive suitable benefit from conventional
hearing aid systems, no matter how loud the acoustic stimulus is made, because there is
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 auditory nerve fibres, thereby allowing the brain to perceive a hearing sensation
resembling the natural hearing sensation normally delivered to the auditory nerve.

Cochlear implant systems have typically consisted of essentially two
components, an external component commonly referred to as a processor unit and an
internal implanted component commonly referred to as a receiver/stimulator unit.
Traditionally, both of these components have cooperated together to provide the sound
sensation to a recipient.

The external component has traditionally consisted of a microphone for
detecting sounds, such as speech and environmental sounds, a speech processor that
converts the detected sounds, particularly speech, into a coded signal, a power source
such as a battery, and an external transmitter antenna coil.

The coded signal output by the speech processor is transmitted transcutaneously
to the implanted receiver/stimulator unit situated within a recess of the temporal bone

of the recipient. This transcutaneous transmission occurs via the external transmitter
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antenna coil which is positioned to communicate with an implanted receiver antenna

coil provided with the receiver/stimulator unit.

This communication serves two essential purposes, firstly to transcutaneously
transmit the coded sound signal and secondly to provide power to the implanted
receiver/stimulator unit. Conventionally, 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 receiver/stimulator unit traditionally includes a receiver antenna
coil 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
intracochlear electrode assembly which applies the electrical stimulation directly to the
auditory nerve producing a hearing sensation corresponding to the original detected

sound.

The commonly accepted method of providing the implanted stimulator with
power and information is to transmit RF-power via an inductively coupled coil system.
In such a system, the external transmitter antenna coil is usually positioned on the side
of a recipient’s head directly facing the antenna coil of the implanted
receiver/stimulator unit to allow for the transmission of the coded sound signal and
power from the speech processor to the implanted unit. Such transmitters usually have
a coil formed by a small number of turns of a single or multi-strand wire and a magnet
at the hub of the coil. The magnet holds the transmitter antenna coil in place due to
magnetic attraction with a magnet of the implanted unit,

Unfortunately, the implanted magnet poses problems for cochlear implant
recipients requiring MRI. In this regard, although studies indicate that MRI presents no
major risk to such recipients, dislodgment of the implanted magnet may occur during
an MRI procedure,

The applicant has developed a cochlear implant having a magnet that can be cut
from the implant to allow for MRI scanning. In this regard, a small incision may be
made over the implant site and the magnet removed using a suitable instrument. Once
the magnet has been removed, the incision is covered by a sterile bandage and the MRI
procedure completed. The magnet is then replaced and the incision is closed.
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While this implant enables an MRI procedure without risk of dislodgment of the
magnet, it may not be desirable for individuals requiring multiple MRI images over

extended periods.

The present invention aims to provide an implant which addresses the problems

of the prior art.

In providing the above description of the prior art, the present applicant is not
conceding that any or all of the above description is part of the present common general
knowledge of a person skilled in the art of the present invention in Australia.

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 of elements, integers or steps, but not the exclusion of

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

Summary of the Invention

According to a first aspect, the present application is directed to a first invention
comprising a magnetic alignment system for a transcutaneous transmitter/receiver
system, said magnetic alignment system comprising an external transmitter unit and an
implantable receiver component, both the external transmitter unit and the implantable
receiver component having a magnet to allow transcutaneous alignment of said external
transmitter unit and said implantable receiver component, the system being
characterised in that it further comprises an anchor member for anchoring the magnet
of the implantable receiver component to a part of the body of a recipient.

The magnetic alignment system of the first aspect is preferably part of a
cochlear implant system wherein the external transmitter unit is positioned on the side
of the recipient’s head and wherein the implantable receiver component is positioned

subcutaneously and in alignment with the external transmitter unit.

The external transmitter unit may comprise a transmitter antenna coil which is
preferably adapted to provide in combination with the implantable receiver component,
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a transcutaneous radio (RF) frequency link between the external componentry of the

cochlear implant and the implanted componentry thereof.

The implantable receiver component of the system preferably comprises a
receiver antenna, preferably an antenna coil, and a housing for a stimulator device. The
receiver antenna typically comprises a wire antenna coil. The antenna coil may be
comprised of at least one and preferably two turns of electrically insulated platinum or

gold wire.

The electrical insulation of the receiver antenna may be provided by a flexible

silicone moulding and/or silicone or polyurethane tubing.

The housing of the stimulator device is preferably implantable in a recess of the
temporal bone adjacent the ear of a recipient. The housing is preferably formed from a
biocompatible material or has a biocompatible coating and may be coated with a layer

of silicone or parylene.

The receiver antenna coil is preferably external of the housing. Electrical
connection between the antenna coil and the implantable componentry within the
housing may be provided by one or two hermetic and electrically insulated
feedthroughs.

The antenna coil of the implantable component preferably acts as part of the
radio frequency (RF) link to allow transcutaneous bidirectional data transfer between
the implantable component and external components of the system. The radio
frequency signals can comprise frequency modulated (FM) signals. While described as
a receiver coil, the receiver coil may transmit signals to the external transmitter coil

which receives the signals.

The magnet of the implantable receiver component is preferably positioned
within the insulation material of the antenna coil, for example within the silicone of the
antenna coil and preferably centrally of the antenna coil. The magnet can also be
positioned within an appropriately dimensioned and/or shaped recess in the insulation
material.
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The at least one anchor member of the magnet may comprise at least one plate
member and at least one fixing or fastening member. The at least one plate member is
configured to have at least one hole therein to receive said fixing member. The plate
member can be an integral component of the magnet or be part of a casing around the

magnet.

In one embodiment, the plate member may be integral with the magnet and
extend outwardly and away from one end of the magnet to form a flange like member.
Alternately, the plate member may be connected to said one end the magnet.

The plate member may be any shape but preferably forms a relatively flat
surface across one end of the magnet. In this embodiment, the magnet may be
positioned within the insulation of the antenna coil and the plate member positioned
along a surface of the insulation material of the antenna coil without substantially
increasing the bulk of the implantable receiver component.

As mentioned above, the implantable receiver component, in use, is preferably
positioned, together with the housing, subcutaneously within a recess in the temporal
bone of a recipient.

The insulation material for the antenna coil may include a recess along its length
to accommodate the magnet. The recess of the insulation material may be positioned
either on a side adjacent the skin of a recipient or, alternatively, on a side adjacent the
temporal bone of a recipient.

In the embodiment wherein the recess of the insulation material is on a side of
the material adjacent the skin of the recipient, it is preferred that the plate member of
the magnet extends substantially over said recess and preferably beyond the boundary
of said recess. In this embodiment, the area of the plate member which extends beyond
the boundary of the recess typically includes at least one hole to receive a screw or
other fixing or fastening member. In use, the screw may be introduced through the at
least one hole and through the insulation material of the antenna coil until it screws into
the bone of the temporal region, thereby fixing the magnet in place relative to the skull.

In the embodiment wherein the recess of the insulation material is on a side of

the insulation material adjacent the temporal bone, the plate member of the magnet can
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lie flush with the bone of the temporal region. In this embodiment, a screw of the
anchor member need not extend through the insulation material of the antenna coil and
therefore, the magnet only may be fixed to the skull rather than both the magnet and the
insulation of the antenna coil being fixed to the skull.

The plate member may be made from a material such as a biocompatible, non-
magnetic metal or alloy such as Titanium or Nitinol™. It may also be made from a
non-metal material, however, to minimise interference to use of an MRI system and to
the RF link. Examples of such a material include but are not limited to carbon fibre,
Teflon or polytetrafluoroethylene (PTFE), or polyurethane. The plate member of the
magnet may be coated with a material to prevent tissue erosion due to direct contact of
the tissue to the plate member. In this regard, the plate member may be sprayed or
coated with a silicone layer.

In another embodiment, the plate member may be adapted to substantially fit
within the recess of the insulation material. Preferably, part of the plate member
extends beyond the boundary of the recess said part typically including at least one hole
to receive a screw or other fixing or fastening member. In this embodiment, during
implantation of the implantable receiver component, the magnet may be positioned
within the recess of the insulation material which has the plate member substantially
fitted therein. The implantable receiver component is moved towards the skull of a
recipient until the magnet is substantially aligned with the bone of the skull. At least
one screw may be introduced through the hole of the plate member to fix the plate
member to the skull. In this way, the magnet is substantially encased between the plate
member and the skull of said recipient although the magnet is not connected to nor
integral with the plate member.

In the embodiment of the invention wherein the magnetic alignment system
forms part of a cochlear implant, a first electrode assembly, adapted to be inserted in
the cochlea of recipient, preferably extends outwardly from the housing of the

stimulator device of the implantable receiver component.

The first electrode assembly preferably comprises a carrier member having a
leading end that is insertable into a cochlea of a recipient and a trailing end distal the
leading end. The elongate carrier member preferably has a plurality of electrodes
mounted thereon. In one embodiment, the electrodes are mounted in a longitudinal
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array. Each of the electrodes have at least one wire, and preferably at least two,
extending from each electrode back towards the trailing end of the carrier member.

The carrier may have 22 electrodes. In another embodiment, the carrier member
may have 30 electrodes. Other numbers of electrodes can be envisaged, including less
than 20 or greater than 30 electrodes. The electrodes are preferably formed from a
biocompatible electrically conducting material, such as platinum.

In a preferred embodiment, a second electrode assembly also extends outwardly
from the housing of the stimulator device. While it can be envisaged that the second
electrode assembly could also be insertable in the cochlea, it is preferred that the
second electrode assembly has one or more electrodes thereon and is adapted to be
implantable external of the internal passages, such as the scala tympani, of the cochlea.

According to a second aspect, the present application is directed to a second
invention comprising a magnet holding device adapted for use with a magnetic
alignment system for a transcutaneous transmitter/receiver system, said magnetic
alignment system comprising an external transmitter unit and an implantable receiver
component, both the external transmitter unit and the implantable receiver component
having a magnet to allow transcutaneous alignment of said external transmitter unit and
said implantable receiver component, the magnet holding device being engageable with
the implantable receiver component such that the magnet of the implantable receiver
component is prevented from dislodging or being dislodged from the implantable
receiver component.

Again, the magnetic alignment system of the second aspect is preferably part of
a cochlear implant system wherein the external transmitter unit is positioned on the side
of the recipient’s head and wherein the implantable receiver component is positioned
subcutaneously and in alignment with the external transmitter unit. The magnet
holding system is preferably adapted to ensure that the magnet does not move, at least
substantially, relative to the structure of the implantable component, when a recipient
of the implant undergoes an MRI. In this regard, it is to be understood that the
implantable component may be engaged with the skull of the recipient, such as by
sutures or the like to prevent the implantable component moving, at least substantially,
relative to the skull of the recipient.
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The magnet holding device of the second aspect may be brought into
engagement with the implantable receiver component during the implantation of the
receiver component or, alternatively, at a later stage and as a separate procedure to the
implantation of the receiver component. The latter embodiment has the advantage that
the magnet holding device may be applied to existing implants in the body of a

recipient.

As mentioned above, the implantable receiver component of the system
preferably comprises a receiver antenna and a housing for a stimulator device. The
receiver coil typically comprises a wire antenna coil. The antenna coil may be
comprised of at least one and preferably two turns of electrically insulated platinum or

gold wire.

The electrical insulation of the antenna coil may be provided by a flexible
silicone moulding and/or silicone or polyurethane tubing. The magnet typically sits
within a recess of the insulation material.

The housing and the antenna coil are preferably implanted in a recess of the
temporal bone adjacent the ear of an recipient.

The magnet of the implantable receiver component is preferably positioned
within the insulation material for the antenna coil, for example within the silicone of
the antenna coil and preferably centrally of the antenna coil.

As mentioned above, the implantable receiver component, in use, is preferably
positioned, together with the housing, subcutaneously within a recess in the temporal
bone of a recipient.

The magnet holding device of the second aspect preferably comprises a plate
member adapted to extend substantially over the recess of the insulation material of the
antenna coil and therefore substantially over the magnet. Typically, the plate member
extends beyond the boundary of the recess in the insulation material.

The magnet holding device may further include at least one anchor member
adapted to engage the insulation material of the antenna coil and fix the plate member
to the insulation material.
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The at least one anchor member may include a number of screws or a relatively
shallow cup member along one side of the plate member. Preferably, the material of
the at least one anchor member is of sufficient strength to impress into the insulation
material and thereby fix the plate member over the magnet. Alternatively, a series of
holes or a rim may be made in the insulation material to receive the at least one anchor

member.,

The plate member and/or the at least one anchor member may be made from a
material such as a biocompatible, non-magnetic metal or alloy such as Titanium or
Nitinol™, They may also be made from a non-metal material, however, to minimise
interference to an MRI system and to the RF link. Examples of such a material include
but are not limited to carbon fibre, PTFE or polyurethane. The plate member may
further be coated with a material to prevent tissue erosion due to direct contact of the
plate member with surrounding tissue. In this regard, the plate member may be sprayed
or coated with a silicone.

The present invention thereby provides a magnetic alignment system which
enables a recipient to undergo an MRI procedure without removing the magnet of a
cochlear implant. Such a system is useful for those recipients requiring regular MRI
scans.

As used herein, magnet includes magnetised material or material attracted or
repelled by a magnet.

Brief Description of the Drawings

By way of example only, preferred embodiments of the invention are now
described with reference to the accompanying drawings, in which:

Figure 1 is a pictorial representation of a cochlear implant system using a
magnetic alignment system;

Figure 2 is a perspective view of a magnet according to the present invention;
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Figure 3 is a top plan view of the magnet of Fig. 2 installed in an implantable

component of a cochlear implant;
Figure 4 is a sectional view of the magnet and system of Fig. 3;
Figure 5 is a sectional view of a further embodiment of the present invention;
Figure 6 depicts a series of alternative magnet casing arrangements;

Figure 7 is a sectional view of a further embodiments of the present invention;
and

Figure 8 is a sectional view of a further aspect of the invention.

Preferred Mode of Carrying out the Invention

The magnetic alignment system of the present invention is generally depicted as
10 in the accompanying drawings. In this embodiment, the magnetic alignment system
10 is shown as part of a cochlear implant system. It is to be understood that the
magnetic alignment system could be used in association with other transcutaneous
transmitter/receiver systems.

The magnetic alignment system 10 comprises an external transmitter unit 11 and
an implantable receiver component 12.

The external transmitter unit 11 comprises a speech processor 5 having a
microphone 6 and a transmitter antenna coil 13 which transmits electrical signals to the
implantable receiver component 12 via a radio frequency (RF) link.

The implantable receiver component 12 of the system comprises a receiver
antenna 14 for receiving power and data from the transmitter coil 13 and a stimulator
unit 15 within a housing 16. A cable 17 extends from the stimulator unit 15 to the
cochlea 7 which then terminates in an electrode array 18 that is positionable within the
scala tympani of the cochlea 7. The signals received are applied by the array 18 to the
basilar membrane 19 thereby stimulating the auditory nerve 20.



WO 03/092326 PCT/AU03/00464

10

15

20

25

30

35

11

The receiver antenna 14 typically comprises a wire antenna coil 21 (eg. see Fig.
4) comprised of at least one and preferably two turns of electrically insulated platinum

or gold wire.

The implantable receiver component 12 has a magnet 22 to allow transcutaneous
alignment of the implantable receiver coil 14 with the magnet 13a of the external
transmitter antenna coil 13.

In the embodiments of the present invention depicted in Figs. 2-5 and 8, the
magnet 22 is held in position in or on the bone of the skull of the recipient in a manner
S0 as to ensure that the magnet 22 is not dislodged if the recipient undergoes MRI.

As depicted in Figs. 2-5, the magnet 22 of the implantable receiver component
12 has an anchor member 23 comprising a plate member 26 to facilitate anchoring of
the magnet 22 to the component 12 and the skull of the recipient.

The electrical insulation of the antenna coil 21 is provided by a flexible silicone
moulding 24.

In use, the implantable receiver component 12 is positioned on or in a recess of
the temporal bone 25 adjacent the ear of a recipient.

The magnet 22 of the implantable receiver component is positioned within the
silicone 24 of the antenna 14 with the plate member 26 having orifices 27 that can each
receive screws 29 or other suitable fastening members.

The plate member 26 as depicted is preferably a relatively flat structure such
that it may be positioned along a surface of the silicone 24 of the antenna 14 without
increasing the bulk of the implantable receiver component 12.

The silicone 24 of the antenna coil 14 includes a recess 28 along its length to
accommodate the magnet 22. The recess 28 may be positioned either on a side of the
silicone 24 adjacent the skin of a recipient (see Figure 4) or, alternatively, on an
opposite side of the silicone 24 adjacent the temporal bone of a recipient (see Figure 5).
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The plate member 26 extends substantially over recess 28 and preferably beyond
the boundary of said recess 28.

As mentioned, the plate member 26 is fixed in position by the screws 29. The
screws 29 are introduced through holes 27 in the plate member 26 and screwed through
the silicone 24 and into the temporal bone 25 thereby fixing the magnet 22 in place
relative to the temporal bone 25.

As depicted in Figure 5, where the recess 28 of the silicone 24 is on a side of the
silicone 24 adjacent the temporal bone 25, the screws 29 need not extend through the
thickness of the silicone 24 of the antenna 14,

Fig. 6 depicts alternatives flange 26 and screw 29 arrangements that could be
utilised to anchor the magnet 22 in a desired position.

An alternative arrangement for holding the magnet in place is depicted generally
as 40 in Fig. 7. In this embodiment, the magnet 22 is held in place within the
implantable component only.

The depicted magnet holding device 40 of Fig. 7 may be brought into
engagement with the implantable receiver component 12 during the implantation of the
receiver component 12 or, alternatively, at a later stage and as a separate procedure to
the implantation of the receiver component 12.

The magnet holding device 40 comprises a plate member 41 that is adapted to
extend substantially over the magnet 22. The magnet holding device 40 further
includes an anchor member 42 adapted to engage the silicone 24 of the antenna coil 14
and fix the plate member 41 to the silicone 24.

The depicted anchor member 42 comprises a shallow cup-like member 43 that is
pressed into the silicone 28 and thereby secures the magnet 22 within the silicone 28.

Another embodiment of the invention is depicted in Figure 8. In this
embodiment, a plate member 42 is at least partially fitted within the recess 28 of the
silicone 24. Peripheral portions 45 of the plate member 42 extend beyond the boundary
of the recess 28 and have orifices therein that each receive a screw 46,
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In this embodiment, during implantation of the implantable receiver component,
the magnet 22 is positioned within the recess 28 of the insulation material which has
the plate member substantially fitted therein. The implantable receiver component 12
is then moved towards the skull of a recipient until the magnet is substantially aligned
with the bone 25 of the skull. The screws 46 are then introduced through the respective
holes of plate member 42 to fix the plate member 42 to the temporal bone 25. In this
way, the magnet 22 is substantially encased between the plate member 42 and the
temporal bone 25 although the magnet is not connected to nor integral with the plate
member 42.

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 from 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

L. A magnetic alignment system for a transcutaneous transmitter/receiver system,
said magnetic alignment system comprising an external transmitter unit and an
implantable receiver component, both the external transmitter unit and the implantable
receiver component having a magnet to allow transcutaneous alignment of said external
transmitter unit and said implantable receiver component, the system further
comprising an anchor member for anchoring the magnet of the implantable receiver
component to a part of the body of a recipient.

2. The magnetic alignment system of claim 1 wherein the system is part of a
cochlear implant system wherein the external transmitter unit is positionable on the side
of the recipient’s head and wherein the implantable receiver component is positionable
subcutaneously and in alignment with the external transmitter unit.

3. The magnetic alignment system of claim 2 wherein the external transmitter unit
comprises a transmitter antenna coil which is adapted to provide in combination with
the implantable receiver component, a transcutaneous radio (RF) frequency link.

4 The magnetic alignment system of claim 3 wherein the implantable receiver

component of the system comprises a receiver antenna coil.

5. The magnetic alignment system of claim 4 wherein the magnet of the
implantable receiver component is positioned within an insulation material surrounding
the antenna coil.

6. The magnetic alignment system of claim 4 wherein the magnet of the
implantable receiver component is positioned within an appropriately dimensioned
and/or shaped recess in an insulation material of the receiver antenna coil.

7. The magnetic alignment system of claim 1 wherein the anchor member

comprises at least one plate member and at least one fixing member.

8. The magnetic alignment system of claim 7 wherein the plate member has at least
one hole therein to receive said fixing member.
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9. The magnetic alignment system of claim 7 wherein the plate member is an

integral component of the magnet.

10.  The magnetic alignment system of claim 8 wherein the plate member of the
magnet extends over and beyond the boundary of said recess.

11.  The magnetic alignment system of claim 10 wherein the area of the plate
member which extends beyond the boundary of the recess includes said at least one
hole.

12, The magnetic alignment system of claim 11 wherein, when the recess of the
insulation material is adjacent the skin of the recipient, the fixing member is introduced
through the at least one hole and through the insulation material of the antenna until it
engages in the bone of the recipient,

13, The magnetic alignment system of claim 11 wherein, when the recess of the
insulation material is on a side of the insulation material adjacent the temporal bone,
the plate member lies flush with the bone of the temporal region such that the fixing
member passes through the plate member and into the bone of the recipient..

14, The magnetic alignment system of claim 7 wherein, when the recess of the
insulation material is on a side of the insulation material adjacent the temporal bone,
the plate member is non-planar and extends between the recess and the magnet that is
positionable therein.

15, The magnetic alignment system of claim 14 wherein the plate member can be
fastened to the bone of the recipient with one or more fixing members.

16. A magnet holding device for use with a magnetic alignment system for a
transcutaneous transmitter/receiver system, said magnetic alignment system comprising
an external transmitter unit and an implantable receiver component, both the external
transmitter unit and the implantable receiver component having a magnet to allow
transcutaneous alignment of said external transmitter unit and said implantable receiver
component, the magnet holding device being engageable with the implantable receiver
component such that the magnet of the implantable receiver component is prevented
from dislodging or being dislodged from the implantable receiver component.
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17. The magnet holding device of claim 16 wherein the magnetic alignment system
is part of a cochlear implant system and wherein the external transmitter unit is
positionable on the side of the recipient’s head and wherein the implantable receiver
component is positionable subcutaneously and in alignment with the external
transmitter unit.

18, The magnet holding device of claim 17 wherein the implantable receiver
component of the system comprises a receiver antenna and a housing for a stimulator

device.

19. The magnet holding device of claim 18 wherein the magnet of the implantable
receiver component is positioned within an insulation material surrounding a coil
comprising the receiver antenna.

20.  The magnet holding device of claim 19 wherein the magnet holding device
comprises a plate member adapted to extend substantially over a recess formed in the
insulation material of the antenna coil and over the magnet positionable therein.

21. The magnet holding device of claim 20 wherein the plate member extends
beyond the boundary of the recess in the insulation material,

22, The magnet holding device of claim 21 wherein the device further comprises at
least one anchor member adapted to engage the insulation material of the receiver
antenna and fix the plate member to the insulation material,

23.  The magnet holding device of claim 22 wherein the at least one anchor member
comprises a relatively shallow cup-like member along one side of the plate member
that is impressible into the insulation material to thereby fix the plate member over the
magnet.
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