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(57) Abstract: The invention provides a method of electrical artefact compensation in measurement of a neural response. The neural
response is evoked by a first stimulus, after which a compensatory stimulus is applied in order to counteract a stimulus artefact caused
by the first stimulus. The invention also provides for short circuiting the stimulating electrode subsequent to the first stimulus. A
system for implementing such steps is also provided. The invention may be of application in measurement of physiological responses,
including neural responses and in particular a neural response of the auditory nerve.
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Methad and apparatus for measurement of evoked neural response
Field of the Invention

The present invention relates to a method and apparatus for measuring
the evoked responses of nerves to electrical stimulation, and more particularly
to a system and apparatus to assist recovery of such data from an auditory
prosthesis.

Description of the Prior Art

Cochlear implants have been developed to assist people who are
profoundly deaf or severely hearing impaired, by enabling them to experience
hearing sensation representative of the natural hearing sensation.  In most
such cases, these individuals have an absence of or destruction of the hair
cells in the cochlea which naturally transduce acoustic signals into nerve
impulses which are interpreted by the brain as sound. The cochlear implant
therefore bypasses the hair cells to directly deliver electrical stimulation to the
auditory nerves with this electrical stimulation being representative of the
sound.

Cochlear implants have traditionally consisted of two parts, an external
speech processor unit and an implanted stimulator/receiver urit. The external
speech processor unit has been worn on the body of the user and its main
purpose has been to detect the external sound via a microphone and convert
the detected sound into a coded signal through an appropriate speech
processing strategy. .

This coded signal is then sent to the receiver/stimulator unit which is
implanted in the mastoid bone of the user, via a transcutansous link. The
receiver/stimulator unit then processes this coded signal into a series of
stimulation sequences which are then applied directly to the auditory nerve via
a series of electrodes positioned within the cochlea, proximal to the modiolus of
the cochlea.

As the implant is surgically implanted within the recipient, there is a need
to obtain data about the actual performance of the electrode array following
implantation as well as the response of the auditory nerve to stimulation. Such
data collection enables detection and confirmation of the normal operation of

the device, and allows the stimulation parameters to be optimised to suit the
needs of the patient.
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Typically, following the surgical implantation of the cochlear implant, the
recipient must have the implant fitted or custormised to conform with the specific
recipient demands. This procedure collects and determinges patient specific
parameters such as threshold levels (T levels) and maximum comfort levels (C
levels) for each stimulation charnel. Essentially, this is manually performed by
applying stimulation pulses for each channel and recelving an indication from
the implant recipient as to the level and comfort of the resulting sound. For
implants with a large number of channels for stimulation, this process is quite
time consuming and rather subjective as it relies heavily on the recipient's
subjective impression of the stimulation rather than any specific measurement.
This aspect is further complicated in the case of children and prelingually or
congenitally deaf patients who are unable to supply an accurate imprassion of
the resultant hearing sensation, and hence fiting of the implant may be sub-
optimal. In such cases an incorrectly fitted implant may result in the recipient
not receiving optimum benefit from the implant and in the cases of children may
directly hamper the speech and hearing development of the child.

Therefore, as previously mentioned, there is a need to obtain objective
measurements of patient specific data especially in cases where an accurate
subjective measurement is not possible.

One proposed methad of interrogating the performance of the implanted
device and making objective measurements of patient specific data such as T
and C levels is to directly measure the response of the auditory nerve to an
electrical stimulus. The measurement of Electrically Evoked Compound Action
Potentials (ECAPs) provides an objective measurement of the response of the
nerves to eleclrical stimulus. Following electrical stimulation, the neural
response is caused by the superposition of single neural responses at the
outside of the axon membranes. The ECAP can then be measured in
response to various stimulations and from this the performance of the implant
can be assessed and patient parameters can be interpolated.

Indeed, there is a need to measure the response of nerves to electrical
stimulation in many applications, and not just in the area of cochlear implants.
The measurement of ECAPs has proven to pravide a useful objective
measurement in many such applications. By measuring the ECAP in response
to a stimulation, the effectiveness of the stimulation can be assessed in relation
to the neural response evoked by the stimulation.
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A number of ECAP measurement methods and apparatus have been
developed which attempt to measure the response of the nerves to electrical
stimulus. In the area of cochlear implants where electrical stimulus is delivered
to the nerve cells within the cochlea, such systems have essentially attempted
to use the electrodes implanted within the cochlea to both deliver stimulation
and to detect the respanses of the nerves to such stimulation.

US Patent No. 5,758,651 describes one system and apparatus for
recavering ECAP data from a cochlear implant. This system measures the
neural response to the electrical stimulation by using the stimulus array to not
only apply the stimulation but to also detect and receive the response. In this
system the array used to stimulate and collect information is a standard intra-
cochlear andfor extra-cochlear electrode array. Following the delivery of a
stimulation pulse via chosen stimuius electrodes, all elecitrodes of the array are
open circuited for a period of time prior to and during measurement of the
induced neural response. The purpose of apen circuiting all electrodes during
this period is to reduce the detected stimulus artefact measured with the ECAP
nerve response,

Whilst prior ari systems of this type have proven useful in capturing and
investigating evoked neural responses in the cochlea, there are still a number
of intrinsic limitations associated with such systems, which have affected the
quality of the measurements of the neural response. In the main this has been
due to the presence of stimulus artefacts in the measurement detected,
resulting in a measurement being taken which is not necessarily a true
indication of the actual ECAP response present.

The process of dislinguishing the actual ECAP from siimulus artefacts
has presented considerable difficulties, including problems such as the fact that
the signals that are 1o be measured are extremely low level signals (down to
the order of 10 uV). In cochlear implant applications in particutar, an
intracochlear electrode usually delivers a stimulus pulse with an amplitude
typically it the range of 1V to 10V, which is many arders of magnitude greater
than the ECAP response that is to be measured resulting from this stimulation.

Providing for a system that is firstly able to deliver a stimulus of sufficient

’ amplitude and also to detect the elicited response of the nerves to that

particular stimulation has therefore been problematic. Due to the nature of the
neural response, the sensing system must be ready o record this response
within a short delay (preferably less than 50us) after completion of the stimulus.
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in order to properly resolve the very small neural signal a large amplifier gain is
required (typically of about 60dB to 70dB), however the neural signal is often
superimposed on a much larger artefact which makes it difficult to extract the
neural signal of interest due to the finite dynamic range of the ampllf" ier and the
need for high gain to resolve the signal.

Prior to the present invention, the only way useful measurements have
been able 1o be obtained from the associated artefacts has been through the
use of extensive post processing techniques. These techniques have
attempted to apply complicated mathematical algorithms to the associated
measurements in an attempt to cancel out the presence of the artefacts in the
measurements. Such a system does not provide immediate results which can
be acted upon, as the measured results often require time consuming analysis
before they can be used. With the need to use such results immediately to
adjust péﬁent T and C levels, existing methods are not satisfactory.

Any discussion of documents, acts, materials, devices, articles or the like
which has been included in the present specification is solely for the purpose of
providing a contexi for the present invention, It is not to be faken as an
admission that any or all of these matters form part of the prior ant base or were
comman 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.

Summary of the Invention

According to a first aspect, the present invention provides a method of
electrical artefact compensation in measurement of a neural response, the
neural response evoked by a first stimulus, the method comprising the step of:

subsequent to the first stimulus, applying a compensatory stimulus in
order to counteract a stimulus artefact caused by the first stimulus,

it has now been realised that stimulus artefacts in a nerve stimulus
system arise due to a number of different mechanisms in the system and the
surrounding tissue. The present invention, in addressing such artefacts at the
time of attempting to measure evoked neural responses, allows for some
reduction or compensation for the effects of stimulus artefacts, which can
reduce or remove the need to resort to post-measurement processing.

In particular, it has been realised that stimulus artefacts arise due to
charging of the tissue during stimulation. The first aspect of the present
invention provides a method whereby compensation may be made for such
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artefacts, That is, application of the compensatory stimulus may prove
effective in counteracting a residue charge distribution in the tissue caused by
the first stimulus.

In preferred embodiments of the first aspect of the invention, the first
stimulus comprises:

a first phase during which an electrical stimulus of first polarity is applied;
and

a second phase, subsequent to the first phase, during which an electrical
stimulus of second polarity opposite to the first polarity is applied.

Further, the first phase and second phase may be charge balanced.

In such embodiments, it has been realised that the tissue is charged in
accordance with the first polarity during the first phase, and is charged in
accordance with the second polarity during the second phase, and a residual
chiarge may remain in the tissue following the second phase, for eéxample due
to spatial charge redistribution in the tissue during the stimulus. The residual
charge contributes to the interface stimulus artefact. Accordingly, in such
embodiments of the first aspect of the invention, the compensatory stimulus is
preferably of the first polarity, and is preferably of controlled profile and
duration, such as to compensate for the interface stimulus arfefact. In such
embodiments, the compensatory stimulus may be considered as a third phase
stimulus.

Preferably, the compensatory stimulus is adaptive, in that characteristics
of the compensatory stimulus are chosen in order to optimise the extent of
cancellation of the artefact which exists following the first stimulus.
Accardingly, the method of the first aspect of the invention preferably
comprisés the further step of:

determining characteristics of the compensatory stimulus from a
measured effectiveness of a previously applied compensatory stimulus.

Such a step is preferably performed in an iterative manner, to provide an
ongoing optimisation of the compensatory stimulus, based on the effectiveness
of one or more previously applied compensatory stimuli. By performing an
iterative determination of the characteristics of the compensatory stimulus,
such embadiments of the present invention allow the compensatory stimulus {o
be adaptive.

In such embodiments, the measured effectiveness of the previously
applied compensatory stimulus is preferably determined by:
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obtaining at least one neural response measurement of an actual
performance of the previously applied compensatory stimulus; and

comparing the actual performance against a target performance, in order
to determine an emor between the actual performance and the target
performance.

in more detail, the step of measuring the actual performance of the
previously applied compensatory stimulus may comprise one or more of the
following steps:

(i) applying the first stimulus and the previously applied compensatory
stimulus, and subsequently oblaining a measurement comprising a first plurality
of temporally spaced neural samples from & sensor,

(i) repeating step (i) in order fo obtain a second plurality of
measurements;

(iii) discarding an initial number of said second plurality of measurements
to allow the sensor and other measurement components to settle;

(iv) averaging the remainder of the second plurality of measurements to
obtain an averaged measurement; and

(v) determining a stimulus artefact from the averaged measurement.

Step (i) may comprise obfaining 64 neural samples at 48ps intervals
(which is around 20kHz), step (i) may comprise obtaining 20 measuremenis,
while step (i) may comprise discarding the first 10 of said measurements, such
that ihe averaged measurement is obtained from the remaining 10
measurements. The step of determining the stimulus artefact from the
averaged measuremeni may comprise determining a deviation of the averaged
measurement from a desired response.

The step of determining characteristics of the compensatory stimulus
from the measured effectiveness of the previously applied compensatory
stimulus is preferably performed by:

determining an incremental change to be made to characteristics of the
previously applied compensatory stimulus in order to reduce the error between
the actual performance and the target performance; and

deriving the characteristics of the compensatory stimulus by altering the
characteristics of the praviously applied compensatory stimulus in accordance
with the incremental change.

Preferably, the incremental change is determined so as to (&) maximise
a rate of convergence of the actual performance to the target performance, and
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(b) minimise oscillation or overshoot of the actual performance relative to the
target performance.

In many applications of the present inventior, the compensatory stimuius
will comprise a substantially rectangular pulse, the amplitude and duration of
ihe pulse defining an amount of charge to be inseried by the pulse.
Accordingly, in such emboediments, the incremenial change preferably defines a
change in the amaunt of charge which is required in order to improve the actual
performance of the compensatory stimulus compared to the ftarget
performance. Further, for a given charge to be applied by the compensatary
stimulus, the incremental change may further define whether a relatively narrow
puise of relatively large amplitude should be applied or whether a relatively
broad pulse of relatively small amplitude shouid be applied in delivering the
required amount of charge by the compensatory stimulus.

In preferred embodiments of the invention, the compensatory stimulus
may be limited to having a variable amplitude only, and having a fixed duration.
Such embodiments allow measureménts subsequent to the compensaiory
stimulus to commence at a known time, regardless of an amount of charge to
be delivered by the compensatory stimulus.

Preferably, the compensatory stimulus is completed prior to an expacted
time of commencement of an elecirically evoked compound action potential.

In preferred embodiments of the first aspect of the invention, the neural
response is the auditory nerve neural response, and the first stimulus is applied
by an auditory prosthesis, The audifory prosthesis may comprise a cochlear
implant with an intra-cochiear elecirode array, including electrodes used as
sfimulus electrodes and/or as sense electrodes.

In embodiments where the au<!:litory prosthesis is a cochlear implant
comprising an electrode array, the first) stimulus will typically be applied by one
or more electrodes of the array, designated as stimulating electrodes. In
embodiments of the first aspect of the invention, the compensatory stimulus will
typically be applied by those same stimulating electrodes. However, it is to be
appreciated that a compensatory stimulus may alternately or additionally be
applied by other electrodes in the array. For example, application of additional,
simultaneous compensatory stimull may be appropriate in those electradas in
close physical proximity to the stimulating elecirodes, due to the physical
charge distribution caused by the first stimulus. The characteristics of such
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additional stimuli may be chosen responsive to an expected charge disiribution
in tissue adjacent to those different electrodes, caused by the first stimulus.

According to a second aspect, the present invention provides a method
of electrical artefact compensation in measurement of a neural response, the
neural response evoked by a first stimulus applied by at least one stimulating
electrode, the method comprising the step of:

subsequent to the first stimulus, short circuiting at least each stimulating
electrode to an electrode reference voltage.

It is preferable that the short circuiing of at feast each stimulating
electrode to an electrode reference voltage occurs for a short period of time,
approximately 1us, and preferably occurs immediately following the delivery of
a compensatory stimulus such as is provided for by the first aspect of the
present invention.

It is again noted that it has now been realised that stimulus artefacts in a
nerve stimulus system arise due io a number of differert mechanisms in the
system and the surrounding tissue. The present invention, in addressing such
artefacts at the time of attempting to measure gvoked neural responses, allows
for some reduction or compensation for the effects of stimulus artefacts, which
can reduce or remove the need to resort to post-measurement processing.

Further, it has now been recognised that artefacts may arise in a
stimulus system itself following & stimulus, and in particular may arise in
electrodes of the system used for applying stimuli and/or electrodes of the
sysiem used for sensing a neural response. The second aspect of the present
invention provides a method for compensating for such artefacts in the
stimulating electrodes, by shoriing the stimulating electrodes following
application of the stimulus or a compensatory stimulus. Connection of the
stimulating electrodes directly to ihe electrode array reference voliage quickly
returns the stimulating electrodes to that voltage. Additionally, it has been
realised that simply allowing passive tissue load settling, that is leaving all
electrodes open circuited after a stimulus, increases the likelihood that the
tissue voltage will stray from the electrode array reference volfage. In this
event, subsequent connection of sensing electrodes for measurement of the
neural response can occur at a time when a significant voliage difference exists
between the actual tissue voltage and the electrode array reference voltage. At
the time of connection of the sensing electrodes, such a voltage can give rise to
significant charge injection into the sensing electrades, potentially causing
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measurement of the actual neural response to be inaccurate or impossible and
adding another source of artefact.

Preferably, the stimulus system is an auditory prosthesis for stimulus of
the auditory nerve. 1t is anticipated that an auditory prosthesis in relation to
which the method of the second aspect of the invention is used, will comprise
an electrode array having multiple electrodes. For example, where the auditory
prosthesis is a cochlear implant, the electrode array may comprise 22 to 30
intra-cochlear elecirodes. In some embodiments of the invention, shorting of
electrodes in the array other than the stimulating electrodes may be
appropriate. For example, those electrodes in physical proximity to the
stimulating electrodes may be influenced by charge build-up caused by the
stimulating elecirodes, and may therefore benefit from being short circuited for
a brief settling period following the first stimulus, or following delivery of a
compensatory stimulus. However it is possible that short circuiting a large
number of electrodes in the electrode array following the first stimulus may lead
to larger than acceptable current imjection between the tissue and the
electrodes. Hence, in many embodiments of the second aspect of the
invention, only the stimulating efectrodes are short circuited after application of
a stimulus.

it will be appreciated that the method of the first aspect of the invention
and the method of the second aspect of the invention may both be
implemented to assist in reducing stimulus artefacts for a single measurement
of neural response. In particular, the step of the second aspect of the invention
may be performed after the step of the first aspect of the invention, and prior to
commencement of measurement of the evoked neural response.

According to a third aspect, the present invention provides a neural
stimulus system operable to apply a first stimulus in order to evoke a neural
response, the neural stimulus system comprising means for electrical artefact
compensation in measurement of the neural response, the means for electrical
artefact compensation being operable to apply a compensatory stimulusg in
order to counteract a residue charge disiribution caused by the first stimulus.

According to a fourth aspect, the present invention provides a neural
stimulus system comprising at least one stimulating electrode operable to apply
a first stimulus in order to evoke a neural response, the neural stimulus system
being operable to compensate for electrical stimulus ariefacts by shori
circuiting at least each stimulating electrode to an electrode reference voltage.
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Preferably, measurement of the newral response is performed by
detection of a signal present on designated sense slectrodes. Preferably, the
sense electrodes are different to the stimulus electrodes.

Preferably, the neural stimulus system is an auditory prosthesis, such as
a cochlear implant,  Preferably the response measured is the evoked
compound action potential of the auditory nerve. The auditory prosthesis
preferably comprises an array of intra-cochlear and extra-cochlear electrodes

By compensating for stimulus artefacts, embodiments of the invention
may assist in enabling high resolution neural response measurements o be
acguired.

It has further been realised that application of a compensatory stimulus
may prove to be of assistance generally when a first stimulus is applied to
physiological tissue with a capacitive characteristic, where a response of the
physiological tissue to the first stimulus is desired to be measured.

Accordingly, in a fifth aspect, the present invention provides a method of
elactrical artefact compensation in measurement of a physiological response,
the physiclogical response evoked by a first stimulus, the method comprising
the step of:

subsequent to the first stimulus, applying a compensatory stimulus in
order to counteract a stimulus artefact caused by the first stimulus.

Brief Description of the Drawings

Examples of the invention will now be described with reference to the
accompanying drawings in which:

Figure 1 illustrates a sequence of stimulus, artefact compensation and
evoked neural response measurement in accordance with the present
invention;

Figure 2 illustrates a typical evoked neural response;

Figure 3 is a circuit diagram illustrating an electrode array of an auditory
prosthesis in accordance with the present invention;

Figure 4a illustrates a stimulus artefact present following a bipolar
stimulation, while Figure 4b illustrates the effect of a compensatory pulse;

Figure 5 is a flow chart illustrating the implementation algorithm of the
present invention;
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Figure Ga illustrates the manner in which an MFD is obiained according
to the present invention, while Figure 6b illustrates the manner in which the
polarity of 2 measured MFD may be determined;

Figure 7 illustrates the manner in which the compensatory pulse is varied
in accordance with preferred embodiments of the invention,

Figure 8 illustrates possible compensatory phase shapes which may be
applied in alternate empodiments of the present invention; and

Figure 9 shows equivalent pulse shape lines from Figure 8 and their
effect on pulse shapes of varying charge.

Detailed Description of the Preferred Embodiments
The following discussion will be made on the basis of the present

invention being implemented in a cochlear implant, such as is discussed in US
Patent No. 4,532 930, the contents of which are incorporated herein by
reference. However, it is to be appreciated that the present invention may have
application in other types of auditory prostheses and indeed may have
application in measurement of neural responses, or in general, a physiclogical
response to an elecirical stimulation.

Figure 1 illustrales the occurrence over time of a first stimulus 20,
artefact compensation period 30 and evoked neural response measurement
phase 40 in accordance with the present invention.

The first stimulus 20 includes a first phase 21 during which an electrical
stimulus of negative polarity is applied by an Intra-cochlear aciive stimulus
electrode to the auditory nerve. Subsequently, a second phase 22 of positive
polarity is applied by the active slectrode. As will be appreciated, an intra-
cachlear reference stimulus elecirode may simultaneously  apply
complementary pulses. Alternatively, stimulation may occur with reference to
all other electrodes of the electrode array, or with reference to an exira-
cochlear electrode. It is to be noted that in this embodiment the first phase 21
and second phase 22 are of equal duration and amplitude and are therefore
charge balanced. Itis also envisaged that more than two phases of stimulation
could be applied within the scope of the present invention. The first phase 21
and the second phase 22 could, for example, have a duration of the order of
15-50ps, with an amplitude of up to around 10V. Further, first phase 21 and
second phase 22 could be differently shaped, far example shaped as half
sines, or as stepped half-sine approximations.
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Subsequent to the stimuius 20, a third phase compensatory stimulus 23
is applied, in the present embodiment by the same active stimulating electrode,
in order to counteract a residue charge distribution caused by the first stimulus
20. As noted above, it has been realised that the tissue in a cochlear implant
system is charged by the negative pulse during the first phase 21, and is
charged by the positive pulse during the second phase 22, and a relatively
significant charge may remain following the second phase 22, for example due
to charge redistribution during the stimulus. The remaining charge contributes
to the fissue stimulus artefact. Accordingly, the compensatory stimulus 23is of
negative polarity.

The tissue artefact is mainly comprised of the effect of charge in the
tissue which is left over from the stimulation and is being redistributed. The
tissue artefact is most severe at the stimulus electrodes, but it will also couple
to surrounding electrodes, dependant mainly on their proximity. For this reason
the sense electrodes, to be used during measurement phase 40, are preferably
selected to be different from the stimulus electrodes.

The amplitude and duration of phase 23 have been chosen in order o
compensate for the interface stimulus artefact. In accordance with the
invention, the compensétory stimulus 23 is adaptive, in that characteristics of
the compensatory stimulus 23 are chosen depending on characteristics of the
first stimulus 20. This is discussed further with reference to Figures 4 to 8 in
the following.

Following compensatory stimulus 23, a load settling period 24 is applied,
during which the stimulating electrodes are short circuited in accordance with
the second aspect of the invention. Load settling period 24 is applied for
approximately 1us, however this period in Figure 1 is not to scale with respect
to the remainder of the Figure.

Load settling period 24 assists in compensating for artefacts which may
arise in the stimulus electrodes of the implant by substantially restoring the
tissue voltage and all internal stimulus and sensing circuit nodes back to the
electrode array reference voltage. By shorting the stimulating electrodes
following application of the stimulus 20 and compensatory pulse 23, the
stimulating electrodes quickly return to the electrode array reference voliage.
This method provides an alternative to allowing passive tissue load settiing, in
which all electrodes are left open circuited after a stimulus, which can increase
the likelinood that the tissue will stray from the electrode array reference
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yoltage. In such passive load setiling, subsequent connection of sensing
elecirodes for measurement of the neural response can occur at a time when &
significant voltage difference exists batween the actual tissue voltage and the
electrode array reference voltage. At the time of conriection of the sensing
elecirades, such a voltage can give rise to significant charge injection into the
sensing electrodes, potenfially causing measurement of the actual neural
response to be inaccurate or impossible.

Programmable initial defay period 50 assists in dealing with cases
whereby the tissue artefact is too large and exceeds the dynamic range of the
amplifier. This delay period holds the amplifier in a reset state until start of
measurement is desired. The delay period is usually set to the minimum value
consistent with capturing the neural response signal.

The stimulus artefact caused by stimulus 20 is typically time-varying, and
so the portion of signal present during measurement due to the arefact
changes over time. Hence, the stimulus artefact introduces an artefact slew to
measurements of the neural response. The third phase 23 or compensatory
phase is preferably adjusted to minimise the artefact slew seen at the sensing
electrodes, which may he either the same electrodes as those used for
stimulation or which may be any of the other electrodes on the array. The
parameters of this third or compensatory phase may be different for different
sensing electrode positions, for example in response to space/time differences
in the charge field. The system of the present invention is therefore capable of
delivering a wide variety of stimulus waveforms which could be used dependant
an the goals of the measurement and/or the manner in which the measurement
is carried out.

The present embodiment of the invention manipulates the stimulus
waveform applied prior to or during the measurement process in such a way as
to minimise the artefacts associated with the measurement. As preifiously
mentioned, in the present embodiment this is essentially done via the
application of a smaller programmable third phase stimulus pulse immediately
after the balanced biphasic stimulus, resulting in the system delivering an
unbalanced triphasic stimulus.

The purpose of delivering this programmable third stimulus phase
following the standard balanced biphasic stimulus pulse is to minimise or
cancel the tissue artefact that would otherwise be present in the measurement,
making it much easier to capture the neural signal at high amplifier gains,
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thereby allowing a higher resolution measurement of an ECAP response to be
obtzined. As the tissue artefact is mainly the effect of residual tissue potential
(voltage) in the tissue which is left from the stimulation that is being
redistributed, the third phase compensates for this. Preferably, characteristics
of the third or compensatory phase are determined by taking into consideration
the time-varying charge recovery nature of the tissue.

It is possible that the stimulus pulse could also be an unbalanced
biphasic stimulus or a balanced triphasic stimulus, with the introduction of a
compensatory phase performing the same function as is described above.
Also, it is possible that the compensatory pulse may precede the stimulus and
be non-rectangular or complex in shape and polarity. The invention resides in
the provision of a compensatory stimulus to negate the effects of the tissue
artefact and as such there are a number of different ways such a scheme may
be implemented, all of which would fall within the scope of the present
invention.

Figure 2 illustrates a typical evoked neural response, which may arise in
response to a stimulus 30 as depicted in Figure 1. Period 70 in Figure 2
illustrates a stimulation period, during which a stimulus is applied to an auditory
nerve. The neural response 72 typically commences approximately 100us after
the onset of the stimulus phase 70, as indicated by period 71. The duration of
the more significant features of the response is around 1000us, as indicated by
period 73, while the response measurement period or window is usually around
1.5 to 3 milliseconds.

Turning now to Figure 3, a circuit diagram of an slecitrode array of a
cochlear implant in accordance with the present invention is represented, by
which the first stimulus 20, artefact compensation period 30 and evoked neural
response measurement phase 40 may be applied. The elecirode array is
operable to apply the first stimulus 20 in order to evoke a neural response, and
is operable to apply a compensatory stimulus 23 in order to counteract a
residue tissue potential caused by the first stimulus 20. The electrode array is
further operable to compensate for stimulus artefacts by short circuiting at least
each stimulating elecirode o an electrode array reference voltage, following
application of a stimulus.

Figure 3 {llustrates four of the 24 electrode output switch networks and is
merely an illustrative example of the system, to enable the operation of the
cireuit in its switching and sensing modes to be understood. Each of the four
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electrodes are indicated as A, B, C, D. As can be seen, each electrode can be
connected to either the reference Vag os line or the 10-line via switches 81 and
$2 respectively, for each electrode. Vg os Trepresents the positive supply
voltage rail for the output switches, Ve represents the negative supply rail and
ihie 10-line represents the current source, The operation of these switches for
the generation of charge balanced biphasic pulses is detailed in the applicants
own US Patent No. 4,632,930. .

For the present invention, each electrode has two additional switches
(53 and 54) to allow for connection to the sensing amplifier. In the quiescent
state, all electrodes are usually short circuited to Vag_os to ensure long term
charge recovery and no DC current. However, during the measurement period
only the stimulating elecirodes are shorted, for a very short time interval, in
order to minimise current flow to the sensing electrodes which may infroduce
an unwanted stimulus artefact into the measurement.

The switch configuration of the present invention also includes another
switch Sipe which is used in conjunction with an internal load resistor Rt 10
allow the 10-ine to seftle to a voltage close t0 Vg os before the start of the
stimulus phases. The purpose of allowing the 10-line to seftle is to minimise
the amplitude of the voltage spikes on the leading edge of the stimulus pulse
due to the discharging of the 10-line capacitance into the load.

Al the end of the third phase 23, there is a short load “settling period” 24,
to restore the electrodes and the internal cireuitry nodes back to as close to
Vad_os 88 possible. In practice this load settling period can take a duration of
~1us, and during this time the stimulation electrodes are shoried to Vag os by
closing both the 81 swiiches. During this load settling period Spac is also
opened.

Fallowing the load setiling period the stimulation electrodes are opened
leaving all electrodes in the open circuit state. The Vad_os switch is then opened
thereby changing the circuit from the stimulation mode to the sensing mode.
Following the above steps, measurement period 40 may proceed, after any
appropriate initial delay 50. Importantly, measurement period 40 preferably
commences priof to an onset of the neural response, so that obtained
measurements record a lsading edge of the neural response. The
characteristic ECAP signal typically occurs approximately 100us after the anset
of the stimulus pulse 20 (as indicated by onset period 80 in Figure 1) and
usually has a duration of approximately 1000us. It has been found that the
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signal’s amplitude grows with the increasing humber of nerve fibres captured
as the amplitude of the stimulus increases above the threshold limit,

Measurement of the neural response is performed by detection of a
signal present on designated sense alectrades of the implant. Preferably, the
sense elecirodes are different to the stimulus electrodes. By compensating for
stimulus artefacts, embodiments of the invention may assist in enabling high
resolution neural response measurements to be acquired.

Figure 4a illustrates a bipolar stimulation signal consisting of a first
stimulation phase of negative polarity followed by a second stimulation phase
of positive polarity, applied by an active elecirode. Following the bipolar
stimulation, a stimulus artefact is present. As can be seen, a significant
stimulus artefact remains after the final charge has been delivered at the end of
a standard two phase stimulus. This artefact has the effect of a gradual
slewing or decay towards Vpp which can be as large as of the order of millivolts
at the relevant time and can take several hundred microseconds before
becoming negligible. Given the extremely low level of neural response ECAP
signals, down to the order of 10 microvolts, this significant remaining artefact
can cbscure the actual ECAP response, and can saturate the ECAP
measurement system, '

Figure 4b illustrates application of a compensatory stimulus, comprising
a substantially rectangular pulse, of negative polarity. As opposed to Figure
da at the time measurements commence, significant cancellation of the
stimulus artefact has been achieved such that neural measurements are of the
order of microvolts. As can be seen, application of the compensatory stimulus
significantly hastens settling of the stimulus artefact, enabling 2 neural
response measurement system or circuits to commence operation significantly
more quickly following the bipolar stimulus, without saturation of the
measurement system being caused by residual stimulus artefacts.

In applying a compensatory stimulus, it is important that the shape and
characteristics of this stimulus are such that it does provide effective
compensation for stimulus artefacts and that it does not worsen such artefacts.
Consequently, the characteristics of the compensatory stimulus should be
carefully determined. Given the detailed knowledge required of both the
stimulus system and the patient physiology in order to perform such
optimisation of the compensatory stimulus, manual adjustment of the
parameters of the third phase would be a tedious and complicated process,
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which would not easily lend itself to clinical applications. Hence, in accordance
with preferred embodiments of the invention, & method is proposed in order to
address this problem, allowing the user to adjust parameters of the third phase
without requiring extensive prior knowledge of the electrical workings of the
electrodefiissue interface, thereby allowing convenient clinical use of such a
system.

Turning to Figure 5, a flow chart is shown which reveals a manner of
implementing an algorithm in accordance with the present invention, to
optimise the parameters of the compensaiory phase so as 1o appropriately
cancel or counteract the effects of the stimulus artefact.

Firstly an OK Samples counter is set which determines the number of
“correct” MED's (Measurements for Decision) which must be obtained by the
algorithm before the process can be considered to be complete. An MFD is
considered to be correct when the error of the measurement is less than the
tolerance set by the user, and this will be discussed in more detail below. In a
preferred embodiment the counter would be set to require that four correct
MFD's must be obtained before the adjustment of the compensatory means
can be considered completed.

Subsequently, a first MFD is obtained, without the use of any
compensatory phase. As the polarity of a measured MFD may swap
depending on the manner in which sense electrodes are connected {o the input
of an amplifier, obtaining such an MFD allows 'the polarity of the measured
MFD (denoted by variable P) and hence the manner in which the sense
electrodes are connected to the input of the amplifier to be determined. Figure
Bb illustrates an oulput of a neural response detection amplifier for both positive
and negative polarity situations, P takes a value of +1 or -1, and is
subsequently used to influence whether an increase or decrease in charge
applied by the compensatory phase should oceur in response to a given error,
as discussed further below.

The next step requires the MFD to be obtained, which in the present
embodiment involves averaging 10 measurements, each comprising 64
collected telemetry samples in the manner as shown in figure Ga.

Following the delivery of the stimulus, including the compensatory
stimulus, a series of telemetry measurements are taken of the evoked neural
response. In a preferred embodiment 10 telemetry measurements are taken,
each comprising 64 telemetry samples. It has been found that, following
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stimulation, the initial telemetry measurements tend to differ only slightly from
the steady state telemetry measurements, however whilst there is only & very
small seitling period for the telemetry measurements it is wise to discard some
initial telemetry measurements due to this phenomena. A preferred
embodiment may be to discard the first 10 telemstry measurements.

it has also been found that to eliminate the effects of noise and telemelry
measurement inaccuracies it is desirable to extract the MFD from an average
of a number of telemetry measurements. In a preferred embodiment, 10
collected telemetry measurements are averaged from which the MFD is
exiracted.

The MFD that is obtained for example from a single measurement or
from the average of a plurality of measurements is referred to as the
“measurement for decision” (MFD) and it is this MFD that is used in the
algorithm to decide upon the appropriate parameters of the compensatory
phase. Figure 6 illustrates how an MFD is obtained.

Once the MFD has been obtained an error is determined for the MFD, in
order to determine whather the compensatory phase js appropriately adjusted.
In the present embodiment, the error of a given MFD is determined by
examining each point along the MFD 1o determine variations of the MFD from
the target response. The variations at each point along the MFD are summed,
and when the sum is equal to zero, that is when the MFD conforms to the
target response or exhibits positive and negative excursions from the target
response which sum to zero, the MFD is considered "correct”. That is, the
measured neural response substantially conforms o a iarget response,
indicating that the stimulus arefact hag been substantially cancelled. In
accordance with such embodiments of the invention, the error of the MFD could
be determined in accordance with the following algorithm:

Error(us) = S[Sample n (ps) - First Sample (us) - Target Offset (converted to
)

An alternate method in which the error of a given MFD may be
determined is to simply calculate the difference between the first and last
telemetry sample of the MFD. The difference between the first and last
telemetry samples represents the amaunt by which the stimulus artefact has
settled or decayed during the telemetry sample period, which is around three
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milliseconds in the present embodiment. As previously mentioned, in &
preferred embodiment 64 telemetry measurements are used for this algorithm,
to ensure that the majority of elements of the ariefact and response have
subsided from the measurement by the time the final sample is taken. Thus,
where substantial subsidence of both the neural response and the stimulus
artefact have occurred by the time the final sample is taken, the difference
between the first sample and the final sample will be representative of the
actual amplitude of the stimulus artefact present at the time the first sample is
taken. This altemate method of determining the error of the MFD, could for
example determine the error in ps in accordance with the following formula;

Error (us) = Last Sample (ps) — First Sample (us) — Target Offset (converted to
U5)

i should be appreciated that this is a very simplistic description of how
the error is determined, for example, such a method assumes that there is a flat
neural response, which is not usually the case. It is envisaged that other
methods of determining the error in artefact cancellation could also be
employed which do not make such simplifying assumptions of the present
embodiment of the invention, such as by taking into account non-flat neural
responses.

In both the preferred embodimert and in the latter alterate embodiment
of determining the error of an MFD, the "Target Offset" variable indicates a
deviation of the measurement from the desired target, The Target Offset is
specified in pV and in a preferred embodiment this value should be set to OpV.
In calculating the error the Target Offset variable is converted to ps.

Returmning o Figure 5, once the error of the MFD has been determined, an
assessment is made as to whether the error of the MFD is acceptable. In the
present embodiment, in assessing whether the MFD is acceptable the following
criteria must be met:

| Error (pis) | < Target Tolerance (us)

The "Target Tolerance" variable essentially tightens or relaxes the
criteria which determines whether or not an MFD is considered o be correctly
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adjusted ar not. This variable is in units of microseconds and determines the
tolerance in the pulse widths of the measured telemetry pulse in comparison to
an ideal value. In a preferred embodiment this variable would alternate
between a “relaxed” and & ‘normal’ setting, with the *relaxed" setting typically
being 1.0us and the ‘normal’ setting being 0.2us. It is envisaged that the
recommended default setfing would be *normal”.

[f it is decided that the MFD is not acceptable and the error is outside the
target tolerance, the compensatory phase is adjusted in order to bring the MFD
to within acceptable limits. In essence, the amount of charge delivered by the
compensatory phase is adjusted. This process is a two-step process with the
first step involving the calculation of the new charge to be delivered by the
compensatory phase, and the next step determining and caleulating the
corresponding values of phase width and phase current of the compensatory
phase. :

The new charge o be delivered by the compensatory phase is
determined as follows:

New Charge (pC) = Old Charge (pC) + ACharge (pC)

Whereby
ACharge (pC) = Stepratio (nC/V) * Error (converted to V) * P

The "Stepratio” variable gives the rate at which the algorithm adjusts the
compensatory phase charge in order to meet the required target measurement
and describes the change in charge applied by the compensatory phase as a
result of a given target error, the calculation of which is discussed above. Ina
preferred embodiment this variable is initially set at 1000 nC/NV and any
increase of this value will cause the algarithm to converge to the target faster
but has the possibility of causing overshoot and oscillations, whilst any
reduction in the value will cause slower but more stable convergence to the
target measurement. P is the variable determined previously, relating to the
palarity of connection of sense electrades to the input of the amplifier.

in preferred embadiments of the invention, the compensatory stimulus
comprises a rectangular pulse of fixed duration t. and variable amplitude, as
depicted in Figure 7. To commence the adaptive optimisation of the
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compensatory pulse, an initial value of charge delivered by the compensatory
pulse could be chosen arbitrarily, for example to be 20% of the charge
delivered by one phase of the initial bi-phasic stimulus. As discussed abave,
the charge to be delivered by the compensatory stimulus is altered in
accordance with the "stepratio" variable, which is implemented by altering the
amplitude of the pulse, ilustrated in an exaggerated manner in Figure 7 by AA.
By providing a compensatory stimulus of fixed duration, such embodiments of
the invertioh allow the measurement period t; to commence at a known time,
rather than requiring the measurement period to be delayed until completion of
a variable duration compensatory pulse. Figure 7 further illustrates the neural
response to be measured, which is not to scale with respect to the
compensatory stimulus.

Once the new charge to be delivered by the compensatory phase is
determined, derivation of the 3rd phase current is a simple matter (bearing in
mind that the compensatory pulse is of fixed duration), as follows:

3rd Phase Current (wA) = [3rd Phase Charge (pC)] / [3rd Phase Width (ps)].

The width of the third phase could be arbitrarily chosen, and for example
could be of the order of 10ps.

in alternate embodiments, should it be desired to use a compensgtory
stimulus of both varying width and amplitude, the corresponding values of
phase width and phase current level fo be delivered by the corhpensatary
phase can be derived as follows: '

Compensatory Charge (pC) = Compensatory Phase Width (ps) *
Compensatory Phase Current (uA)

The relationship of the Compensatory Phase Width to the Compensatory
Phase Current can be better understood by what is termed the Phase Shape
variable. This variable is used to determine the “shape” of the compensatory
phase. When selecting the shape of the compensatory phase it is possible to
select aimost any shape, however in the embodiment shown in Figures 8 and 9
a choice is made between a relatively narrow pulse, a relatively normal width
pulse and a shallow pulse shape, to deliver a given charge. As can be seen in
Figure 8, & very narrow pulse has a much higher current/time compared to a
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low current/time characteristic of a shallow pulse, however the charge (I't)
delivered by all three shapes is the same. Therefore, whilst all these three
shapes deliver the same charge, they have different ratios of /.

With this in mind, figure 9@ shows equivaleni pulse shape lines (It
constaht) and their effect on pulse shapes of varying charge. In essence for
each of the three pulse shapes, narrow, normal and shallow, there is one value
of Ut. In a preferred embodiment the values may be: Narrow — 80 A/s, Normal
— 40 A/s and Shallow 20 Afs.

Therefore the following relationship can be established:

Compensatory Phase Current (nA)
Compensatory Phase Widih (us) = Pulse Shape (A/s)

From which the following relationship can be derived:

[Compensatory Phase Current (mA)J? = Compensatory Phase Charge (pC) * Pulse Shape
(Als)

Therefore from this the Compensatory Phase Width and Compensatory
Phase Current can be determined and adjusted accordingly so that a new MFD
can be obtained and assessed for error. However, it is to be appreciated that
alternate embodiments of this type may prevent commencement of sampling at
a common time for all values of pulse width, as commencement of sampling
stiould not occur until afier conclusion of the compensatory pulse.

Referring again to Figure 5, if it is decided that the MFD is acceptable
and the error is within the target tolerance, the OK Samples counier is
incremented and the counter is then interrogated to determine whether the
measuremsnt process is complete and the desired number of correct MFD's
has been measured,

If the number of correct MFD’s is less than the desired number then the
above measurement and error determination process is continued until this
criteria has been satisfied.

When a desired number of correct MFD's have been obtained, a Time-
out variable is applied to the algorithm which stops the algorithm from further
adjustments after a specified time delay. In a preferred embodiment this time
delay may be 5 seconds. Following this time the compensatory phase is set to
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zero and the process is completed. As can be seen, the deseribed
embodiments provide for adjustment of the characteristics of the compensatory
phase without need for detailed user involvement. To provide differing levels of
user input, the system may provide for user input of variables such as the
number of telematry measurements obtained per MFD, the Stepratio variable,
and/or the pulse shape.

Throughout this specification the word "comprise”, ar 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.

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:
1. According to a first aspect, the present invention provides a method of
electrical artefact compensation in measursment of a neural response, the
neural response svoked by a first stimulus, the method comprising the step of:

subsequent to the first stimuius, applying a compensatory stimuius in
order to counteract a stimulus artefact caused by the first stimulus.
2. The method of claim 1 wherein the first stimulus comprises:

a first phase during which an electrical stimulus of first polarity is applied;
and

a second phase, subsequent to the first phase, during which an electrical
stimulus of second polarity opposite to the first polarity is applied.
3. The method of claim 2 wherein the first phase and second phase are
charge balanced.
4. The method of claim 2 or claim 3 whergin the compensatory stimulus is
of the first polarity.
5. The method of any preceding claim wherein the compensatory stimulus
is of conirolled profile and duration.
6. The method of any preceding claim wherein the compensatory stimulus
is adaptive, whereby characteristics of the compensatory stimulus are chosen
in order to optimise the extent of cancellation of the arefact which exists
following the first stimulus.
7. The method of claim 6 further comprising the step of:

determining characteristics of the compensatary stimulus from a-
measured effectiveness of a previously applied compensatary stimulus.
8. The method of claim 7 wherein the step of determining characteristics of
the compensatory stimulus is performed in an iterative manner, to provide an
ongoing optimisation of the caompensatory stimulus, based on the effectiveness
of one or more previously applied compensatory stimuli.
8. The methad of claim 7 or claim 8 wherein the measured effectivenass of
the previously applied compensatory stimulus is determined by:

obtaining at Jeast one neural response measurement of an actual
performance of the previously applied compensatory stimulus; and

comparing the actual performance against a target performance, in order
to deiermine an emror between ihe actual performance and the target
performance,
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10. The method of claim @ whersin the step of measuring the actual
performance of the previously applied compensatory stimulus comprises:

(i) applying the first stimulus and the previously applied compensatory
stimutus, and subsequently obtaining a measurement comprising a first plurality
of temporally spaced neural samples from a sensor.

11. The method of claim 10 wherein the step of measuring the actual

performance of the previously applied compensatory stimulus  further

comprises:
(i) repeating step (i) in order to obtain a second plurality of
measurements.

42.  The method of claim 11 wherein the step of measuring the actual

performance of the previously applied compensatory stimulus further
comprises:

(iiiy discarding an initial number of said second plurality of measurements
to allow the sensor and other measurement components to settle.

13. The method of claim 12 wherein the step of measuring the actual
performance of the previously applied compensatory stimulus further
comprises.

| (iv) taking an average of the remaining non-discarded measurements of
the second plurality of rmeasurements, to obtain an averaged measurement.
14, The method of claim 13 wherein the step of measuring the actual
performance of the previously applied compensatory stimulus further
COmprises:

(v) determining a stimulus artefact from the averaged measurement, and
assessing the performance of the previously applied compensatory stimulus
with reference to the determined stimulus artefact.

15.  The method of any one of claims 10 to 14 wherein step (i) comprises

© obtaining substantially 64 neural samples at substantially 48us intervals,

16. The method of any one of claims 11 to 14 wherein step (i) comprises
obtaining substantially 20 measurements.

17. The method of claim 16 wherein step (iii) comprises discarding
substantially the first 10 of said measurements.

18. The method of claim 14 wherein the step of determining the stimulus
artefact from the averaged measurement comprises determining a deviation of
the averaged measurement from a desired response.
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19. The method of any one of claims 7 to 18 wherein the step of determining
characteristics of the compensatory stimulus from the measured effectiveness
of the previously applied compensatory stimulus is performed by:

determining an incremental change o be made {0 characteristics of the
previously applied compensatory stimulus in order o reduce the error batween
the actual performance and the target performance; and

deriving the characteristics of the compensatory stimulus by altering the
characieristics of the previously applied compensatory stimulus in accordance
with the incremental change.
20. The method of claim 19 wherein the incremental change is determined
s0 as to maximise a rate of convergence of the actual performance to the target
performance.
21. The method of claim 19 or claim 20 wherein the incremental change is
determined so as to minimise oscillation or overshoot of the actual performance
relative to the target performance.
22.  The method of any one of claims 1 to 21 wherein the compensatory
stimulus comprises a substantially rectangular pulse, whereby the amplitude
and duration of the pulse define an amount of charge to be inserted by the
pulse,
23. The method of claim 22 when dependernt on any oneg of claims 19 to 21,
wherein the incremental change defines a change in the amount of charge fo
be inserted by the pulse which is required in order to improve the actual
performance of the compensatory stimulus compared to the target
performance.
24. The method of claim 23 wherein, for a given charge to be applied by the
compensatory stimulus, the incremental change further defines whether a
relatively narrow pulse of relatively large amplitude  should be applied or
whether a relatively broad pulse of relatively small amplitude should be applied
in delivering the required amount of charge by the compensatory stimulus.
25.  The method of claim 24 wherein the compensatary stimulus has a fixed
duration and a variable amplitude.
26. The method of any one of the preceding claims wherein the
compensatory stimulus is completed prior to an expected time of
commencement of an electrically evoked compound action potential.
27. The method of any one of the preceding claims wherein the neural
response is the auditory nerve neural response.
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98, The method of claim 27 wherein the first stimulus is applied by an
auditory prosthesis,
29. The method of claim 28 wherein the auditory prosthesis comprises &
cochlear implant having an intra-cochiear electrade array including electrodes
used as stimulus elecirodes and/or as sense electrodes.
30. The method of claim 29 wherein the first stimulus is applied by one or
more stimulus elecirodes of the array.
31.  The method of claim 30 wherein the compensatory stimulus is applied by
the one or more stimulus electrodes. .
32, The method of claim 30 wherein the compensatory stimulus is applied by
one or more elecirodes in the array other than the stimulus elecirodes.
33. The method of claim 32 wherein additional compensatory stimuli are
applied by electrodes in close physical proximity io the stimulating electrades,
substantially simultaneously with appiication of the compensatory stimulus.
34. A method of electrical artefact compensation in measurement of a neural
response, the neural response evoked by a first stimulus applied by at least
one stimulating electrode, the method comprising the step of:

subsequent to the first stimulus, short circuiting at feast each stimulating
elecirode to an electrode reference voltage,
35. The method of claim 34 wherein the at least one stimulating elecfrode is
an electrode of an auditory prosthesis for stimulus of the audiiory nerve.
36. The method of claim 35 wherein the auditory prosthesis comprises an
electrode array having a plurality of electrodes. |
37. The method of claim 36 wherein the elecitrode array comprises between
22 and 30 intra-cochlear electrodes.
38. The method of claim 36 or claim 37 wherein the method further
comprises the step of shorﬁhg electrodes in the array other than the stimulating
electrodes.
39. The method of claim 38 wherein the step of shorting electrodes in the
array other than the stimulating electrodes comprises shorting electrodes in
physical proximity to the stimulating electrodes.
40. The method of any one of claims 34 to 39, further comprising the method
of any one of claims 1 fo 33.
41. A neural stimulus system operable fo apply a first stimulus in order fo
evoke a neural response, the neural stimulus system comprising means for
electrical artefact compensation in measurement of the neural response, the
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means for electrical artefact compensation being operable to apply a
compensatory stimulus in order to counteract a stimulus ariefact caused by the
first stimulus.
42.  The neural stimulus system of claim 41 wherein measurement of the
neural response is performed by detection of a signal present on designated
sense electrodes. '
43, The neural stimulus system of ¢laim 42 wherein the sense electrodes are
distinct from the stimulus electrodes.
44. The neural stimulus system of any one of claims 41 to 43 wherein the ‘
neural stimulus system is an auditory prosihesis.
45, The neural stimulus systermn of ¢laim 44 wherein the auditory prosthesis
is a cochlear implant.
46. The neural stimulus system of claim 44 or claim 45 wherein the response
measured is the evoked compound action potential of the auditory nerve.
47. The neural stimulus system of any one of claims 44 to 46 wherein the
auditory prosthesis comprises an array of intra-cochlear and exira-cochlear
glectrodes.
48. The neural stimulus system of any one of claims 41 to 47 wherein the
neural stimulus system is operable to apply the first stimulus such that the first
stimulus comprises.

a first phase during which an electrical stimulus of first polarity is applied;
and

a second phase, subsequent to the first phase, during which an electrical
stimulus of second polarity oppasite to the first polarity is applied.
49. The neural stimulus system of claim 48 wherein the first phase and
second phase are charge balanced.
50. The neural stimulus system of claim 48 or claim 49 wherein the means
for electrical artefact compensation is operable to apply the compensatory
stimulus such that the compensatory stimulus is of the first polarity.
51, The neural stimulus system of any one of claims 41 to 50 wherein the
means for electrical artefact compensation is operable to control a profile and a
duration of the compensatory stimulus.
52, The neural stimulus system of any one of claims 41 to 51 whersin the
means for electrical artefact compensation is operable to control characteristics
of the compensatory stimulus in order to optimise the extent of cancellation of
the stimulus artefact.
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53 The neural stimulus system of any one of claims 41 to 52 further
comprising means for measuring an effectiveness of a previously applied
compensatory stimulus.

54, The neural stimulus system of claim 53 wherein the means for
measuring an effectiveness of a previously applied compensatory stimulus
cormprises means o obtain at least one neural response measurement of an
actual performance of the previously applied compensatory stimulus, and
comprises means to compare the actual performance against a target
performance, in order to determine an error between the actual performance
and the target performance.

55. The neural stimulus system of claim 54 wherein the means to obtain at
least one neural response measurement of an actual performance of the
previously applied compensatory stimulus is operable to obtain a measurement
comprising a first plurality of temporally spaced neural samples from a sensor.
56. The neural stimulus system of claim 55 wherein the means to obtain at
least one neural response measurement of an actual performance of the
previously applied compensatory stimulus is operable to obtain a measurement
comprising substantially 64 neural samples spaced at substantially 48us
intervals. '

57. The neural stimulus system of any ong of claims 41 to 56 whergin the
means for electrical artefact stimulation is operable to apply the compensatory
stimulus such that the compensatory stimulus comprises a substantially
rectangular pulse. .

58. The neural stimulus system of claim 57 wherein the means for electrical
artefact stimulation is operable to apply the compensatory stimulus such that
the compensatory stimulus comprises a substantially rectangular pulse having
a relatively narrow width and a relatively large amplitude, and is also operable
to apply the compensatory stimulus such that the compensatory stimulus
comprises a substantially rectangular pulse having a relatively broad width and
a relatively small amplitude.

58. The neural stimulus system of any one of claims 41 to 58 wherein the
neural response is the auditory nerve neural response.

80. The neural stimulus system of any cne of claims 41 to 58 wherein the
neural stimulus system comprises an auditory prosthesis.
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61. The neural stimulus system of claim 60 wherein the auditory prosthesis
comprises a cochlear implant having an infra-cochiear electrode array including
electrodes used as stimulus electrodes and/or as sense electrodes.
62. The neural stimulus system of claim 61 wherein the first stimulus is
applied by the one or more stimulus glectrodes.
63. The neura) stimulus system of claim 62 wherein the compensatory
stimulus is applied by the one or more stimulus glectrodes.
64. The neural stmulus system of claim 62 wherein the compensatory
stimulus is applied by one or more electrodes in the array other than the
stimulus electrades.
65. The neural stimulus system of any one of claims 41 to 64 further
operable to apply one or more additional compensatory stimuli,
66. A neural stimulus system comprising at least one stimulating electrode
operable to apply a first stimulus in order to evoke a neural response, the
neural stimulus system being operable to compensate for electrical stimulus
arfefacts by short circuiting at least each stimulating electrede to an elecirode
reference voltage.
67. The neural stimulus system of claim 66 wherein the neural stimulus
system is an auditory prosthesis for stimulus of the auditory nerve.
68. The neural stimulus system of claim 67 wherein the auditory prosthesis
comprises an electrode array having a plurality of electrodes.
69. The neural stimulus system of claim 68 wherein the electrode array
comprises between 22 and 30 intra-cochlear electrodes.
70. The neural stimulus system of claim 68 or claim 69 wherein the neural
stimulus system is further operable to short electrodes in the array other than
the stimulating electrodes.
71. The neural stimulus system of any one of claims 66 to 70Q, and further
comprising the neural stimulus system of any one of claims 41 to 65.
72. A method of elecirical artefact compensation in measurement of a
physiological response, the physiological response evoked by a first stimulus,
the method comprising the step of:

subsequent to the first stimulus, applying a compensatory stimulus in
order to counteract a stimulus artefact caused by the firsi stimulus,
73. The method of claim 34 wherein the step of short circuiting occurs
subsequent to the step of:
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delivering a compensatory stimuius in order to counteract a stimulus
artefact caused by the first stimulus.
74. The method of claim 73 wherein the step of short circuiting extends for a
relatively short time period immediately following the compensatory stimulus,
75.  The method of claim 74 wherein the step of short circuiting extends for a
period of substantially 1ps.
76. The neural stimulus system of claim 66 wherein the sysiem is further
operable to apply a compensatory stimulus in order to counteract a stimulus
artefact caused by the first stimulus.
77. The neural stimulus system of claim 76 wherein the system is operable
to apply the compensatory stimulus after application of the compensatory
stimulus.
78.  The neural stimulus system of any one of claims 66, 76 and 77 whereir
the system is operable to short circuit at least each stimulating electrode to the
electrode reference voliage for a relatively short period of time.
79. The neural stimulus system of claim 78 wherein the system is operable
to short circuit at least each stimulating elactrode to the elecirode reference
valtage for substantially 1ps.
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