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(54) Title: AN AUDITIVE PROSTHESIS
(57) Abstract

An auditive  prosthesis,
comptising a cochlear implantable
electrode-set applied on a carrier,
which electrode-set is provided
for applying electrical currents
for stimulating auditory nerves
in the modiolus, wherein the
clectrode-set comprises a first series
of electrode-poles arranged beside
each other and at a distance of
each other along a first longitudinal
side of the carrier, each of the
electrode-poles of said first set
are individually connected with a
signal-generator, which electrode-set
comprises & second electrode-pole

and/or longitudinal components.

comected with the signal-generator, which second electrode-pole is armanged along a second longitudinal side of the carrier, the
second electrode-pole extends over substantially the same distance as the one over which the first electrode-poles extend and which
signal-generator is provided for generating signals which generate, between electrode-poles to be selected, electrical field-lines with radial
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An auditive prosthesis

The invention relates to an auditive prosthesis, comprising a cochlear
implantable electrode-set applied on a carrier, which electrode-set is
provided for applying electrical currents for stimulating auditory nerves in
the modiolus, wherein the electrode-set comprises a first series of
electrode-poles arranged beside each other and at a distance of each
other along a first Iongitgdinal side of the carrier, each of the electrode-
poles of said first set are individually connected with a signal-generator,
which electrode-set comprises a second electrode-pole connected with
the signal-generator, which second electrode-pole is arranged along a
second longitudinal side of the carrier.

Such an auditive prosthesis is known from the German patent
application 28 23 798. The known prosthesis is implanted in the cochlear
of a patient having auditory problems in order to improve his auditory
perception. By means of the electrodes, currents are applied, under
control of received sound-signals, which currents stimulate the auditory
nerves in the modiolus, in order to induce action-potentials in those
nerves, which action-potentials will thereafter be transported to the brains
for interpretation of the audio-signals. With the known prosthesis the

electrode-set is formed of the first and second point-shaped eiectrode-

-poles, wherein each electrode-pole is each time connected via a wire

with the signal-generator. The second electrode-poles form the earth.

A problem of the known auditive prosthesis is that each electrode-
pole has each time to be connected with an individual wire with the
signal-generator. In order to obtain an increased spacious resclution of
the stimulation-pattern, it is necessary to have a plurality of first poles. In
view of the limited space available in the scala tympani, the requirement

of each time a wire for each pole leads to a limitation in the number of
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poles and thus to a limited spacious resolution. By using moreover for the
first as well as for the second electrode-poles each time point-shaped
electrodes, the geometry of the field-lines to be applied is limited.

It is an object of the invention to realise an auditive prosthesis
wherein stimulation with a higher spacious resolution is possible.

An auditive prosthesis according to the invention is therefore
characterised in that, the second electrode-pole extends over
substantially the same distance as the one over which the first electrode-
poles extend and whicﬁ signal-generator is provided for generating
signals which generate betwesn electrode-poles to be selected, electrical
field-lines with radial and/or longitudinal components. Due to this the
second electrode-pole forms a coliective poie and thus only a single wire
is necessary for connection with the signal-generator. When the first pole
comprises n electrodes only n+1 wires are required, due to which a
plurality of first electrode-poies is possible, without having the limited
space available in the scala tympani forming too quickly a problem. The
combination of the first electrode-poies and the second collective pole
offers moreover the possibility to generate by means of the signal-
generator signals enabling to generate radial as well as longitudinal field-
lines. Using those two kinds of field-lines enables to increase the
spacious resolution.

it is favourable that said second pole is longitudinally configured.
The configuration of the second electrode-pole thus allies to the one of
the carrier.

A first preferred embodiment of an auditive prosthesis according to
the invention is characterised in that said signal-generator is provided for
generating bi-phase-stimulation-pulses of which a first and second phase

have substantially a same time-duration but are opposite to each other.
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The use of the collective second pole with bi-phase-stimulation enables a
better control of the field-lines.

A second preferred embodiment of an auditive prosthesis
according to the invention is characterised in that said electrode-set
comprises at least one selectable reference-electrode and wherein a
feedback-element is applied between the selected reference-electrode
and the generator, which feedback-element is provided for reducing to
zero the net current measured over a current pulse-period. This enables
to avoid direct currents over the electrode-contacts which could be
unfavourabie for the modiolus.

The invention will now be described more into detail by means of
the drawings in which an embodiment of an auditive prosthesis according
to the invention is shown. in the drawings :

Figure 1 shows a first embodiment of a carrier provided with electrodes
as a part of a prosthesis according to the invention;

Figure 2 shows an example of the current-pattern of the electrical field
created by the electrodes;

Figure 3 respectively 8 shows a cross-section of a cochlear of a human
ear with a prosthesis according to the invention applied therein;

Figure 4 and 5 shows schematically the prosthesis according to the

invention;

. Figure 6 shows an exampie of the current-poies-pattern and the

electrode-contacts;
Figure 7 shows a block-scheme of a sigvnal-generator as a component of
a prosthesis according to the invention : and
Figure 8 shows an example of a stimulation-pattern applied to a
perception-channel.

In the drawings a same reference sign has been assigned to a

same or an analogous element.
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The component of an auditive prosthesis according to the
invention shown in figure 1 comprises a carrier 3 on which at the one
longitudinal side a central conductor 4 is applied and at the other
opposite longitudinal side a set of n(2-1,2-2, ...2-n) for example n=31
electrode-contacts are applied. Those electrode-contacts or electrode-
poles are for example formed of Pt or Pt - Ir. The latter are each time
applied at a respective distance of one another, for example at 1 mm of
each other. The use of a set of electrode-contacts enables it to supply a
separate stimulation—pulée per electrode-contact, and in such a manner
to stimulate selectively small groups of auditory nerves. The second
electrode-pole 4 is built up, either of a single conductor or of a series of
individual contacts which are connected to each other, The latter
embodiment is advantageous because the prosthesis is more flexible
and can thus more easily be applied in the modiolus. The carrier 3 is for
example manufactured of silicones enabling him to have a flexible and
biocompatible character. The carrier has an electrical resistance of at
least 1Mohm, which is substantially higher than the one of the cochlear
liquid, in such a manner that the applied current does not circulate
through the carrier.

The carrier 3 preferably has a square profile due to which at the

one side a somewhat larger surface is created, on which a swelling

. member 5 is applied, the function of which will be described later on in

this description. Also the central conductor 4 or reference-electrode
shows a square profile that joins that of the carrier.

In figure 8 a second embodiment of a carrier provided with
electrodes is shown. The embodiment shown in that figure distinguishes
from the one shown in figure 1 by the positioning of the electrodes. The
central conductor 4 is now on a lateral side, instead of being at the

underside of the carrier 3.
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When now current-pulses are supplied to one or more of the
electrode-contacts 2-1, 2-2, ..., 2-n, then currents will flow from the
electrode-contacts towards the central conductor 4 and will show a radial
pattern as presented in figure 2, That radial pattern improves the
spacious resolution of the neural stimulation of the nervus acousticus.
This moreover corresponds with the direction of the current for which the
fibres are the most sensible, due to which the total current-consumption
will be reduced.

Figure 4 illustrates the set-up of an auditive prosthesis according
to the invention in a rolled-up configuration. The prosthesis has at one
extremity 2-0 a curled configuration, which is pre-formed upon
construction.

Figure 3 and 8 show a cross-section of the cochlear with the
auditive prosthesis according to the invention implanted therein. The
cochiear-space comprises a scala vestibuli 7, a scala media 8 and a
scala tympani 9. The part of the prosthesis 1 that comprises the
electrodes, is applied in the scala tympani, A probiem of the known
auditive prosthesis is that the electrical conductivity of the liquid, present
in the scala tympani, is much higher than the one of the modioius
wherein the auditive nerves are located. Indeed in the modiolus bones

are present which have a much larger electrical resistance with respect

. to the ion-conductivity than the one of the liquid present in the scala

tympani. A consequence thereof is that the electrical currents created by
the current-pulses will preferably chose a path through the liquid of the
scala tympani because it shows a smaller resistance. This leads to an
inefficient use of the injected currents.

In order to provide a solution to this problem, a swelling member 5
is preferably applied on the carrier 3, which swelling member is

manufactured of a non-electrical conductive material. The function of




WO 97/38653 PCT/BE97/00047

10

15

20

25

-6-

such a swelling member is for example described in the PCT Patent
Application PCT/AU/92/00517. By filing up that swelling member the
dimension of the carrier will increase and will thus take more place in the
scala tympani. Due to this, the carrier and the electrodes present
thereon, will be pressed against the modiolus. By applying the electrode-
contacts in such a2 manner in the scala tympani, that they are directed
towards the scala media 8 and that the central electrode 4 is pressed
against the modiolus, the electrode-contacts are pressed against the
scala media, due to whiéh the currents will be forced to pass through the
modiolus in order to reach the central electrode 4. In such a manner the
probability that the current flows through the nerve and will stimulate the
latter, is substantially increased and the losses through the conducting
liquid in the scala tympani are substantially reduced. Because the carrier
now occupies a considerable part of the available space in the scala
tympani, it is avoided that the currents will pass through the liquid of the
scala tympani. The bad conductivity of the swelling member also
contributes to the fact that the current will not preferably chose a path
through the swelling member,

The auditive prosthesis according to the invention offers, due to
her construction, the possibility to stimulate selectively small groups of

nerve-fibres and thus to increase the spacious resolution. Indeed due to

. the construction of n electrode-contacts, which can be individually

stimulated, it is possible to generate a well defined current-pulse for each
" (1<i<n) electrode-contact of the first electrode-poles, which current-
puise will then apply the suitable stimulus to the nerve in which proximity
the electrode-contact is placed. Due to that increased spacious resolution
more independent information is sent towards the auditive cortex, due to
which the probability of a better speech- understanding by means of the

electrical stimulation is increased. The signals supplied to the electrode-
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poles, are generated by a signalgenerator, which is capable of
generating a separate signal for each electrode or for a group of
electrodes. The central conductor 4 does not necessarily have to bhe
chosen as a minus- or earth-pole. Other configurations wherein one of

5 the first electrode-poles is chosen as a minus- or earth-pole are also
possible, wherein then a positive potential is applied to the central
conductor. Due to the increased spacious resolution the information,
which is stimulated in the nerves, can be better controlied.

Because less current losses arise with the auditive prosthesis

10 according to the invention, the total current-consumption will be reduced,
because this is essentially dependent of the necessary currents for
stimulating the nerve-fibres. The lower the current, the lower the current-
intensities will be on the contact-surface and the smaller the electrode-
contacts i-n can be manufactured, without exceeding the safety-norms

15 with which irreversible electrochemical-reactions with the liquid of the
scala tympani could arise.

The building-up with n electrode-contacts 2-i and the central-
electrode 4, enables to chose one or more reference-electrodes. Due to
this the radial as well as the longitudinal component of the current can be

20 influenced. When for example one or more electrodes 2-i together with
electrode 4 are selected as reference-electrade and to the other

» electrodes 2+ (i#j) a stimulation-pulse is applied, then the longitudinal
component will be favoured because the current wifl flow from 2-j towards
2-i and electrode 4. It is thus possible to select for each stimuiation-

25 period another repartition between the different electrodes. The different
electrodes can be selected groupswise and per group it is possible to
generate a stimulation pattern. Moreover several groups can be

simultaneously stimulated. Due to the presence of a plurality of
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electrodes it is also possible to obtain a larger variation due to which
more accurate stimulation between the different electrodes is possible,

In figure 5 an example is shown wherein radial field-ines are
generated between the first electrodes as well as a longitudinal field-line
between the first electrodes 2-n and 2-n-2. According to another example
of a stimulation-pattern, a group of 3 electrodes (24, 2-+1 and 2-i+2) is
stimulated. In the latter example on electrode 2-i and 2-i+2 a stimulation-
puise with an intensity -1/2 is applied in the first half of the period and on
electrode 2-i+1 a stimula.tion-pulse with an intensity | is applied in the first
period half. In the second period half the polarity of the current is then
reversed. By stimulating groupswise, it is possible to define perception-
channels in the cochlear and to assign to each perception-channel a
group of first electrodes.

The selectivity, the channel-interaction and the minimalisation of
the current-consumption are closely related o each other and
determined by the configuration and positioning of the different electrode-
contacts with respect to the stimulating part of the nerve-fibres. By
pushing the electrode-contacts against the scala media on the one hand
and against the modiolus on the other hand, the orientation is
optimalised. Due to the choice of n individual stimuli-contacts a

configuration is obtained wherein accurately oriented stimulation-pulses

. can be injected into the nerve.

The generation of stimulation-pulses will now be described by
means of the figures 6 and 7. Figure 6 shows an example of the current-
pulses-pattern. In the horizontal direction the time is shown, in the
vertical one the current intensity. The currents are bi-phased pulsed and
in case of simultaneous radial stimulation ali completely in phase. The
generated bi-phase current-pulse comprises a first period T,, a second

period T,, wherein the current direction in period T, and T, is opposite to
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one another. The duration of period T, is equal for all n pulses of the n
electrode-contacts, in case of simultaneous stimulation as well as for
period T,. It is however not necessary that T, and T, have the same time-
duration. By simuftaneously applying current-pulses the current-
distribution in the cochlear can be better controlled.

The current-amplitude of the first and second phase of the pulse is
determined by a preceding processing of the audio-signal. For that
purpose the circuit of the transformer 18 shown in figure 7, will be
described first. The auditive prosthesis comprises -a mictophone 11,
provided to catch an audio-signal 10 and supply it to an amplifier 12. An
output of the amplifier 12 is connected with a series of paralielely
switched band-pass-filters 13-1, 13-2, ..., 13-n. Those filters divide the
audio-signal into n different frequency-ranges. Each [ filter j(15j€n) is
connected with a current-transformer 14, which transforms that signal in
a current value. That transformation occurs by taking into account the
supplied filter-output-values and the pre-selected groups of electrodes,
wherein each group each time defines a perception-channel. By using 31
first electrodes there are 31 groups possible. The outputs of the
transformer 14 are connected with the inputs of a bi-phase current-puise-

generator 15, which make use of the current value for generating bi-

phase-pulses with a period T/ and 7/ with an amplitude Hand I,

- Each " electrode-contact is connected with an output of the current-

pulse-generator 15. An electrical charge-sensible element 16, such as for
example a capacitor, detects the injected net charge over at least one
stimulation-period and controls a feedback-element 17, whose output is
connected with a control-input of the current-pulse-generator 15.

The received audio-signal is thus processed by the transformer
18, in order to generate in function of that audio-signal simultaneous or

continuous interleaved bi-phased current-puises, which are supplied to
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the electrode-contacts. The amplitude 1/ and 7] of each | current-pulse
is thus dependent of the supplied audio-signal and channel-wise
correlated therewith. With the example shown in figure 8, the time-

duration T, of the first phase is equat to the one T, of the second phase.
Also the amplitude |7/] =7 for a " current-pulse. With the stimulation of

pre-determined groups of first electrodes, the amplitude of each current-
pulse is then determined in function of the stimulation-pattern selected for
that group.

In order to avoid direct-currents over the electrode-contacts, which
direct-currents could have adverse consequences for the cochlear-
member, the net current over the total pericd T =T, + T, should be kept
at a minimum, and preferably equal to zero. In order to realise the latter
the net current for the selected reference-electrode 4 is measured by
means of a direct current-meter 16. If the average value over a period T
differs from zero then by means of the feedback-element 17 the time-
duration of the first and/or second phase will be automatically adjusted or
the currents in the first period T, with respect to the one in the second
period T, (or vice versa) will be adapted in such a manner that the net
current averaged over a small period tends towards zero. In such a
manner the net direct-current is avoided and it is possible to make no use
of individual dissociating-capacitors.

Due to the use of an intra-cochlear-reference-eiectrode it is
possible to individually, radially stimulate. By using pulses in phase, with
simultaneous stimuiation, it is moreover possible to control better the
current-distribution and to provide a feedback-system that avoids the use

of disconnecting-capacitors.
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CLAIMS

1. An auditive prosthesis, comprising a cochlear implantable
electrode-set applied on a carrier, which electrode-set is provided for
applying electrical currents for stimulating auditory nerves in the
modiolus, wherein the electrode-set comprises a first series of electrode-
poles arranged beside each other and at a distance of each other along
a first longitudinal side of the carrier, each of the electrode-poles of said
first set are individually connected with a signal-generator, which
electrode-set compriseé a second electrode-pole connected with the
signai-generator, which second electrode-pole is arranged along a
second longitudinal side of the carrier, characterised in that, the second
electrode-pole extends over substantially the same distance as the one
over which the first electrode-poles extend and which signal-generator is
provided for generating signals which generate, between electrode-poles
to be selected, electrical fieldlines with radial and/or longitudinal
components.

2. An auditive prosthesis as claimed in claim 1,
characterised in that said second pole is longitudinally configured.

3. An auditive prosthesis as claimed in claim 1 or 2,
characterised in that said signal-generator is provided for generating bi-

phase stimulation-pulses of which a first and second phase have.

. Substantially a same time-duration but are opposite to each other.

4.An auditve prosthesis as claimed in claim 3,
characterised in that said electrode-set comprises at least one selectable
reference-electrode and wherein a feedback-element is applied between
the selected reference-electrode and the generator, which feedback-
element is provided for reducing to zero the net current measured over a

current-pulse-period,
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5. An auditive prosthesis as claimed in anyone of the claims

1 - 4, characterised in that the first electrode-set comprises thirty-one
electrodes.

6. An auditive prosthesis as claimed in anyone of the claims

5 1 - 5, characterised in that the signal-generator is provided with a

selection-element for selecting each time a group of first electrode-poies

and for generating groupswise a stimulation pattern.
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