(19 DANMARK (10 DK/EP 3818933 T3

(12) Overseettelse af
europaeisk patentskrift

Patent- og
Varemeaerkestyrelsen

(51) Int.CI.: A61B 5/12(2006.01) A61B 5/377 (2021.01) A61N 1/36 (2006.01)
(45) Oversaettelsen bekendtgjort den: 2022-07-18

(80) Dato for Den Europaeiske Patentmyndigheds
bekendtgarelse om meddelelse af patentet: 2022-06-08

(86) Europaeisk ansggning nr.: 20203877.4

(86) Europaeisk indleveringsdag: 2020-10-26

(87) Den europeaeiske ansggnings publiceringsdag: 2021-05-12
(30) Prioritet: 2019-11-07 EP 19207745

(84) Designerede stater: AL AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV
MC MK MT NL NO PL PT RO RS SE SI SK SM TR

(73) Patenthaver: OTICON MEDICAL A/S, Kongebakken 9, 2765 Smorum, Danmark

(72) Opfinder: STAHL, Pierre, ¢/o Neurelec SA, 2720 Chemin Saint Bernard, 06220 Vallauris, Frankrig
FRATER, Attila, ¢/o Neurelec SA, 2720 Chemin Saint Bernard, 06220 Vallauris, Frankrig
SEGOVIA MARTINEZ, Manuel, ¢/o Neurelec SA, 2720 Chemin Saint Bernard, 06220 Vallauris, Frankrig
Gnansia, Dan, ¢/o Neurelec SA, 2720 Chemin Saint Bernard, 06220 Vallauris, Frankrig
MOLAEE, Behnam, ¢/o Neurelec SA, 2720 Chemin Saint Bernard, 06220 Vallauris, Frankrig
DEMARCY, Thomas, 1 rue Paul Cézanne, 06560 Valbonne, Frankrig

(74) Fuldmaegtig i Danmark: Oticon A/S, Kongebakken 9, 2765 Smgrum, Danmark
(54) Benaevnelse: SYSTEM TIL DETEKTION AF EN FLERHED AF SUNDHEDSFORHOLD | EN COCHLEA
(56) Fremdragne publikationer:

WO-A1-2017/131675
US-A1- 2018 056 058



DK/EP 3818933 T3



DK/EP 3818933 T3

DESCRIPTION

FIELD

[0001] The present disclosure relates to hearing aid devices. More particularly, the disclosure
relates to a system for detecting a plurality of health conditions of a cochlea.

BACKGROUND

[0002] It is well known that Cochlea Implant (CI) surgery, mainly during the electrode array
insertion, can induce traumas into the cochlea. Scientific and medical society in the CI field
have attempted to minimize the risks of insertion traumas by improving electrode array
designs, surgical procedures and anatomic knowledge.

[0003] An objective measure known as electrocochleography (eCochG) has shown to lower
the risks of traumatic surgeries. One of the eCochG component is Cochlea Microphonics (CM),
i.e. the response of hair cells to acoustic tone bursts. Usually, an eCochG is recorded from
acoustical sine and cosine tone bursts (named rarefaction and condensation stimuli) that are
generated sequentially or alternatingly. The CM is one of the components of the eCochG, and
is easily detected from their response in phase with the stimulation.

[0004] The eCochG can be recorded either with: intracochlear electrodes (from electrodes of
an electrode array of a cochlea implant during the electrode insertion), or with extracochlear
electrodes (surface electrodes arranged on an outer wall of a cochlea combined either with an
external recording system or embedded in the Cl as a recording, floating external electrode -
e.g. the reference electrode of the CI).

[0005] It has been proven that CMs, recorded by eCochG systems, can provide information to
the surgeon about cochlea health conditions during the Cl surgery. During insertion of the
electrode array, eCochGs are constantly being recorded by a recording electrode being the
most apical electrode of the electrode array (intracochlear eCochG) in response to acoustical
bursts at one frequency, preferably 500 Hz. By inserting the electrode array, the recording
electrode gets closer to the centre of excitation of hair cells (tonotopically situated at the
cochlea apex). The CMs are then supposedly to increase as long as the electrode array is
inserted, until reaching a plateau of saturation. In the case were the electrode is damaging the
cochlea (blocking the basilar membrane from vibration, translocated to the scala vestibuli,
piercing the cochlea wall, etc ...), the CMs suddenly drops. It has been proven that the residual
hearing after the cochlea implant surgery of the patient is extremely correlated to these
suddenly drops in the CMs.

[0006] eCochG monitoring CI surgery are then known for contributing to atraumatic CI
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insertion. However, one potential drawback of the described method is that no feedback is
given to the surgeon about the region of the cochlea damaged by the electrode insertion and
the depth of electrode insertion when a damage occurs. It can then be complex for the
surgeon to estimate the potential trauma made by the electrode array when a drop of eCochG
occurs, i.e. drop in the measure of CM.

[0007] US 2018/056058 A1 discloses a method for insertion of an intra-cochlear stimulating
assembly for the occurrence of one or more insertion stop conditions. The insertion stop
conditions are detectable events indicating that movement of the stimulating assembly into a
recipient's cochlea should be at least temporarily stopped. The insertion monitoring is based
on objectively measured inner ear potentials, such as acoustically-evoked potentials.

[0008] WO 2017/131675 A1 discloses a monitoring system whic is configured to monitor
evoked responses occurred in response to acoustic stimulation during an insertion procedure
in which a lead that is communicatively coupled to a cochlear implant is inserted into a cochlea
of a patient, the monitoring comprising using an intracochlear electrode disposed on the lead
to measure a first and a second evoked response at a first and a second insertion depth within
the cochlea.

SUMMARY

[0009] An aspect of the disclosure is to provide a system for detecting a health condition of a
cochlea during insertion of an electrode array of a cochlea implant system.

[0010] A further aspect of the disclosure is to provide a system which improves the surgery's
ability to insert an electrode array of a cochlea implant system with minimum reduction of the
residual hearing of the user after the insertion of the cochlea array.

[0011] An even further aspect of the disclosure is to provide a personalized and automatic
fitting of the cochlea implant frequency allocation map based on the patient response, after the

surgery.

[0012] The aspect of the disclosure is achieved by a system for detecting a plurality of health
conditions of a cochlea during insertion of an electrode array of a cochlear implant system into
the cochlea of a recipient. The system comprising applying a plurality of acoustic stimulations,
and where each of the plurality of acoustic stimulations includes a tone burst with different
frequencies. The plurality of acoustic stimulations may be applied by a receiver which could be
a transducer placed at or in an ear canal of the user or a vibrator configured to apply a
mechanical vibration onto a temporal bone of the user. The tone burst includes multiple
acoustic pulses modulated at a tone of one frequency selected from a range of frequencies
which is audible. An electrocochleography probe is arranged onto an outer wall of the
recipient's cochlea for measuring a plurality of cochlea baseline responses based on the
plurality of acoustic stimulations, before insertion of the electrode array into the recipient's
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cochlea.

[0013] For each of the plurality of acoustic stimulations the electrocochleography probe
measures a cochlea baseline response before the insertion of the electrode array into the
recipient's cochlea. The cochlea baseline response includes cochlea response based on an
acoustic stimulation before any potential trauma is applied to the cochlea due to insertion of
the electrode array. Then, during insertion of the electrode array into the recipient's cochlea,
the electrocochleography probe measures continuously a plurality of cochlea responses based
on the plurality of acoustic stimulations. A plurality of electrical response differences between
the plurality of cochlea baseline responses and the plurality of cochlea responses is
determined. For each of the plurality of electrical response differences includes a determined
difference between a cochlea baseline response of the plurality of cochlea baseline responses
and a cochlea response of the plurality of cochlea responses, where the cochlea baseline
response and the cochlea response are both measured based on an acoustic stimulation
including the same tone burst. A plurality of health conditions of the cochlea is determined
during insertion of the electrode array based on the plurality of electrical response differences.

[0014] The acoustic stimulation could be provided to the recipient of the electrode array via a
speaker or a bone anchored hearing system.

[0015] The electrocochleography probe may be an extracochlear probe. The advantage of
using an extracochlear probe rather than using the electrodes of the electrode array as the
electrocochleography probe, such as in an intracochlear system, is that the stability of
recording cochlea responses is improved and the user-friendly of the extracochlear probe
setup is also improved. The reason for it is that the Signal-To-Noise ratio (SNR) of the
recording of cochlea response of the intracochlear probe setup varies because of the
movement of the electrode array during the insertion of the electrode array. In practically, a
drop in the SNR is seen during the insertion of the electrode while using one or more
electrodes as recording electrodes of the cochlea response, and the drop in the SNR will result
in inaccurate determination of the health condition of the cochlea and position of the electrode
array in the cochlea. However, the stability and user-friendly of the intracochlear probe setup is
optimized if applying sequentially an electrical stimulation to each of the plurality of electrodes
of the electrical array, performing a plurality of impedance measurements of each plurality of
electrodes during insertion of the electrode array into the recipient's cochlea based on the
electrical stimulations, and determine a plurality of correlation signals based on the plurality of
impedance measurements and the plurality of electrical response differences, respectively.
The impedance measurements will be significantly helpful in determine the health condition
and position of the electrode array in a situation when the SNR drops.

[0016] Alternatively, the plurality of cochlea baseline response may be statistical determined
based on previous measured or recorded cochlea baseline responses from either the recipient

of the electrode array or other users of cochlea implant.

[0017] The plurality of health conditions of the cochlea is determined or assessed at different
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location on the cochlea by changing the frequency of the tone burst.

[0018] The plurality of cochlea baseline responses may correspond to a plurality of baseline
eCochG measures and the plurality of cochlea responses corresponds to a plurality of eCochG
measures, and each of the plurality of electrical response corresponds to a subtraction
between a baseline eCochG measure with a corresponding eCochG measure during electrode
insertion.

[0019] Each of the plurality of health conditions may include determination of eCochG or an
eCochG trauma index, where the eCochG trauma index indicates the amount of reduction in
measured cochlea microphonics due to a collision between the electrode array being inserted
and the inner wall of the cochlea.

[0020] A further aspect of the disclosure is achieved by a system comprising, a receiver
configured to apply a plurality of acoustic stimulations to a recipient, and where each of the
plurality of acoustic stimulations includes a tone burst with different frequencies. Furthermore,
the system includes a cochlea implant system comprising an electrode array configured to
provide an electrical stimulation to auditory nerves of the recipient's cochlea, and the electrode
array includes a plurality of electrodes. Additionally, the system includes a stimulator processor
configured to apply the electrical stimulation to one or more of the plurality of electrodes. The
stimulator processor may be part of the cochlea implant system or part of an external
stimulator connected to a processor unit.

[0021] The system comprises an electrocochleography probe arranged on to an outer wall of
the recipient's cochlea, and where the electrocochleography is configured to perform
measurements of a plurality of cochlea baseline responses based on the plurality of acoustic
stimulations, before insertion of the electrode array into the recipient's cochlea, and to perform
continuously or sequentially measurements of a plurality of cochlea responses based on the
plurality of acoustic stimulations, during insertion of the electrode array into the recipient's
cochlea.

[0022] The electrocochleography probe is a medical device which includes a sensor for
measuring an eCochG response.

[0023] The system further comprises a processor unit connected at least to the
electrocochleography probe, and where the processor is configured to determine a plurality of
electrical response differences between the plurality of cochlea baseline responses and the
plurality of cochlea responses, respectively, and to determine a plurality of health conditions
within the cochlea at different locations during insertion of the electrode array based on the
plurality of electrical response differences.

[0024] The processor unit may be part of a computer which is connected to the cochlea
implant system via a wired or a wireless interface, where the communication between the
computer and the cochlear implant system comprises the plurality of cochlea baseline
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responses and the plurality of cochlea responses. The processor unit is then configured to
transfer the determined plurality of health conditions to a graphical user interface of the
computer. Alternatively, the processor unit may be part of a tablet, a smart phone or any kind
of a computer device.

[0025] The advantage of the system is that the surgery is able to monitor the health of the
cochlea while inserting the electrode array into the cochlea. In a situation where each of the
plurality of acoustic stimulations are continuously being applied to the user acoustically, the
surgery can monitor the health conditions of the cochlea and the location of the trauma on the
cochlea. For example, the recipient receives a tone burst at 250 Hz and at 1000 Hz, and if the
surgery sees a drop in the eCochG measure, i.e. the determined electrical response difference
becomes negative, at one or both of the two frequencies, then it is possible for the surgery to
locate whether the trauma has appeared in the apex region and/or more basilar region of the
cochlea.

[0026] The precision in determining the location of the trauma is depending on the number of
acoustic stimulations of the plurality of acoustic stimulations. A higher number of acoustic
stimulations provides a better resolution in determining the location of the trauma, that means,
the precision of the determined location of the trauma has improved.

[0027] The plurality of baseline responses and the plurality of cochlea responses include
measurements of cochlea microphonics of the cochlea.

[0028] The cochlear microphonic (CM) is an alternating current (AC) voltage that mirrors the
waveform of the acoustic stimulus from the cochlea.

[0029] The acoustic stimulation is provided by a receiver configured to provide the plurality of
stimulations that evoke basilar membrane vibrations. The plurality of stimulations may originate
from an ear canal acoustical stimulator (via a speaker driven from a computer or hearing aid
device), middle ear implant stimulator configured to provide vibration support of the ossicles in
the middle ear of the recipient or bone conduction device configured to provide the plurality of
acoustic stimulations via a temporal bone of the recipient.

[0030] The electrical array may include a plurality of electrodes, and wherein the method
further comprising applying sequentially an electrical stimulation to each of a plurality of
electrodes of the electrical array, performing or recording a plurality of impedance
measurements of each plurality of electrodes during insertion of the electrode array into the
recipient's cochlea based on the electrical stimulations, and determining a plurality of
correlation signals based on the plurality of impedance measurements and the plurality of
electrical response differences.

[0031] An impedance measurement of an electrode is used for detection of whether the
respective electrode of which the impedance is measured is within or outside the cochlea.
When the electrode of the electrode array is outside the cochlea the impedance is not
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measurable, i.e. the impedance is infinite. WWhen the electrode of the electrode array is within
the cochlea, the impedance is measurable, i.e. the impedance is finite.

[0032] The plurality of cochlea baseline response may be recorded by the
electrocochleography probe before the insertion of the electrode array into the recipient's
cochlea, but, during or after insertion of the electrode array the position of the probe can be
shifted on the cochlea while adapting the plurality of cochlea baseline response based on the
plurality of impedance measurements to the new position of the probe. For example, when
changing the position of the probe on the cochlea from a first position to a second position, the
electrode array will see a change in the recorded plurality of impedance measurements from
when the probe was placed at the first position to the time the probe was placed at the second
position. The change in the plurality of impedance measurements can be used for adapting the
plurality of cochlea baseline response to the new position of the probe.

[0033] Each of the plurality of correlation signal is determined by a relation between an
impedance measurement of the plurality of impedance measurements and the plurality of
electrical response differences.

[0034] By the plurality of impedance measurements, it is possible to determine the location of
the electrode array within the cochlea, and by correlating the plurality of impedance
measurements and the plurality of electrical response differences, a reason of the change in
health condition is possible to be determined. For example, if the location of the electrode
array is determined to be within the basilar region of the cochlea and the location of the trauma
is determined based on the plurality of electrical response differences to be in the apex region
of the cochlea, the reason for the trauma may be due to an error in the electrocochleography
probe because the electrode array has not yet entered the basilar region. Thus, if the location
of the electrode array is determined to be within the apex region of the cochlea and the
location of the trauma is in the apex region of the cochlea, the reason for the trauma may be
due to a collision between the electrode array and the wall of the cochlea, and more
specifically, between a tip of the electrode array and the wall of the cochlea. Thus, if the
location of the electrode array is determined to be within the apex region of the cochlea and
the location of the trauma is in the basilar region of the cochlea, the reason for the trauma may
be due to a collision between a part of the electrode array which is not the tip of the electrode
array and the wall of the cochlea or an error in the electrocochleography probe.

[0035] The plurality of correlation signals may be further determined based on a length of the
electrode array, a length of each of the plurality of electrodes, and/or a distance between each
of the plurality of electrodes. Thereby, it is possible to determine the location of the electrode
array within the cochlea even more precise.

[0036] The plurality of impedance measurements comprises determining real-time and/or
continuously impedance measurements of each of the plurality of electrodes.

[0037] By combining the real-time and/or continuously impedance measurements and the real-
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time and/or continuously plurality of health conditions the surgery is able to stop the insertion of
the electrode array when a trauma is detected. Thereby, the damaging of the residual hearing
of the recipient is reduced in comparison to the situation where the surgery is not aware of the
trauma and continuing the insertion of the electrode array.

[0038] The electrode array includes a plurality of electrodes, such as at least 15 electrodes.

[0039] The stimulator processor is configured to apply sequentially an electrical stimulation to
each of the plurality of electrodes of the electrical array, and based on the electrical
stimulations, the stimulator processor is configured to perform a plurality of impedance
measurements of each plurality of electrodes during insertion of the electrode array into the
recipient's cochlea. The stimulator processor is then configured to determine a plurality of
correlation signals based on the plurality of impedance measurements and the plurality of
electrical response differences, respectively.

[0040] A first state and a second state for each of the electrodes of the electrode array may be
determined based on each of the plurality of impedance measurements, and wherein an
electrode of the electrode array is in the first state if the impedance measurement is above a
first impedance level, and the electrode is in the second state if the impedance measurement
is below the first impedance level.

[0041] The electrode of the electrode array is located outside the cochlea if the electrode is in
the first state, and the electrode of the plurality of electrodes is located within the cochlea if the
electrode is in the second state. In first state the measured impedance is infinite, i.e. no
electrical conduction is measurable. In the second state the measured impedance is finite, i.e.
electrical conduction is measurable.

[0042] The plurality of health conditions includes a first health condition and a second health
condition, and where the cochlea is in the first health condition if a respective electrical
response difference of the plurality of electrical response difference is larger than a first
response difference threshold, and where the cochlea is in the second health condition if the
respective electrical response difference of the plurality of electrical response difference is
below a first response difference threshold.

[0043] The plurality of health conditions includes at least a first health condition and at least a
second health condition, and where the cochlea is in the at least first health condition if an
electrical response difference of the plurality of electrical response difference is above or equal
a response difference threshold, and where the cochlea is in the at least second health
condition if the respective electrical response difference of the plurality of electrical response
difference is below the response difference threshold.

[0044] The response difference threshold is determined based on a cochlea baseline
response of the plurality of cochlea baseline responses, where the determined electrical
response difference and the response difference threshold are determined based on the same
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acoustic stimulation. Thereby, the cochlea baseline response of the plurality of cochlea, the
cochlea response of the plurality of cochlea response, the electrical response difference of the
plurality of electrical response difference and the response threshold are all related to the
same acoustic stimulation.

[0045] The determining of the plurality of health conditions comprises determining real-time or
continuously plurality of health conditions.

[0046] The system may include a graphical user interface, where the graphical user interface
is configured to provide a graphical representation of the plurality of electrical response
differences as a function of insertion time, physiological cochlea place-frequencies, and/or
insertion depths.

[0047] The system may include an alarm unit which is configured to generate an alarm signal if
the first electrical response difference and/or the second electrical response difference is below
a first response difference threshold, i.e. the health of the cochlea is in a second health
condition. The alarm unit may be part of the computer including the processor unit. The alarm
signal may be transmitted to the graphical user interface, or the alarm signal may be
transferred to the surgery as an acoustic alarm sound. The graphical user interface may be
configured to convert the alarm signal into a warning message or warning sound which is used
by the user of the graphical user interface to stop the insertion of the electrode array or to turn
the electrode array.

[0048] The graphical user interface may be configured to provide a graphical representation of
the plurality of correlation signals as a function of physiological cochlea place-frequencies
and/or insertion depths.

[0049] The system may include a diagnose unit which is configured to generate a message
which includes the reason of the alarm signal and/or a status of each of the electrode of the
electrode array. The diagnose unit is connected to the processor unit and/or the alarm unit.

[0050] The system may include a memory wherein a physiological cochlea place-frequency
map, derived from for example Greenwood (1961), is stored. The graphical user interface is
connected to the memory. The physiological cochlea place-frequency map may be customized
to the recipient of the cochlea implant system by the use of a 3D image of the recipient's
cochlea.

[0051] The tone burst may include a sweep tone which is a continuous acoustic signal in which
the frequency varies over time. A sweep tone may cover the full audible frequency spectrum
(20 - 20 000Hz) but could be used in a more limited frequency spectrum, such as two or more
tones generated in a continuous manner.

[0052] The tone burst may include a harmonic complex acoustic signal composed of several
tones, e.g. two or more pure tones. The composition of the tones may either be a convolution
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or a multiplication of tones.

[0053] The shape of the sweep tone or the harmonic complex acoustic signal may be adapted
to an electrocochleography profile which provides the length in time, amplitude of each tone,
and the timing of when each of the tone begins. For example, within a first time window having
a first time length, the amplitude of one or more tones increases gradually over time, and
within a second time window having a second time length, the amplitude of the one or more
tones are held constant over time, and within a third time window having a third time length,
the amplitude of the one or more tones are reduced gradually over time. The second time
window is subsequent to the first time window, and the third time window is subsequent to the
second time window.

[0054] The electrocochleography profile may be stored in the memory of the system.

[0055] The electrocochleography profile may have at least two time windows with either
different or same time length, and in a first time window of the at least two time windows one or
more tones changes gradually over time with a first rate, and in a second time window of the at
least two time windows one or more tones changes gradually over time with a second rate,
wherein the first rate is different from the second rate.

[0056] The position of the electrocochleography probe can be determined based on the tone
burst including different frequencies, i.e. different tones. A cochlea response is measured by
the probe for each of the frequencies, and a maximum cochlea response is determined among
the measured cochlea responses for each of the frequencies. The cochlea responses may be
part of the plurality of cochlea responses. The maximum cochlea response has the highest
response amplitude of the plurality of cochlea responses. The position of the
electrocochleography probe can be determined by extracting the position from the
physiological cochlea place-frequency map based on the frequency which provides the
maximum cochlea response. The position of the probe may be determined by the processor
unit.

[0057] The physiological cochlea place-frequency map may be stored in the memory of the
system.

[0058] In a tone burst the multiple frequencies arrives to the cochlea at different time. For
example, a most basal tone of the tone burst comes after a most apical tone of the tone burst,
and the different time shifts between the different tones are known and stored in the memory
of the system. The electrocochleography probe measures a plurality of cochlea responses
based on the tone burst, and a time shift between the plurality of cochlea responses is
determined by the processor unit. Based on the time shifts the processing unit is configured to
determine whether the residual hearing of the cochlea has become worse during and/or after
the insertion of the electrode array. For example, if the time shift has increased then the
residual hearing of the cochlea has decreased.
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[0059] After the insertion of the electrode array, a frequency map of the electrodes of the
electrode array may be determined. The frequency map includes optimal stimulation
frequencies for each of the electrodes. The frequency map may be determined by a sound
processor of a cochlear implant system, where the sound processor is connected to the
electrode array, or by the processor unit of the system where the processor unit is connected
to the electrode array via the sound processor of the cochlea implant system or via an implant
of the cochlea implant system. First, a baseline frequency and a baseline cochlea response of
a given electrode of the electrode array must be found. This is achieved by applying a plurality
of acoustic stimulations to the user of a cochlea implant system including the inserted electrode
array, and where each of the plurality of acoustic stimulations includes a tone or a tone burst
with different frequencies, e.g. 300 Hz, 350 Hz, 400 Hz, 450 Hz, 500 Hz, 550 Hz, and 600 Hz.
Then, a cochlea response, eCOchG amplitude response, is measured by one or more of the
electrodes of the electrode array and for each of the different frequencies. For example, the
frequency of the different frequencies which provides the highest cochlea response, i.e. the
highest eCochG amplitude response, is the baseline frequency, and the highest cochlea
response is the baseline cochlea response. The one electrode is preferably the most apical
electrode of the electrodes of the electrode array. For example, the baseline frequency
response is 400 Hz and the one electrode is the most apical electrode, i.e. electrode number
20.

[0060] The baseline frequency and the baseline cochlea response for the one electrode may
be stored in the memory unit of the system or within a memory of the cochlea implant system.

[0061] The one electrode is denoted as the baseline electrode.

[0062] Next, a single acoustic stimulation is applied to the user, wherein the single acoustic
stimulation includes the baseline frequency, e.g. 400 Hz. A cochlea response is measured by a
group of electrodes which includes electrodes of the electrode array other than the baseline
electrode, e.g. other than electrode number 20. For example, the group of electrodes includes
electrode number 13, 10, 7 and 3.

[0063] A cochlea response model including a cochlea response distribution along a cochlea to
a given tone may be derived based on collected data, a general shape of a cochlea response
distribution profile along a cochlea, surface image or 3D field image of the cochlea.

[0064] The cochlea response distribution of the cochlea response model includes a maxima
cochlea response, and the maxima cochlea response is centered at the baseline frequency,
and the maxima cochlea response is equal to the baseline cochlea response. The measured
cochlea response for each of the electrode of the group of electrodes, e.g. electrode number
13, 10, 7 and 3, is matched to a hypothesized frequency where the measured cochlea
response is equal to a theoretical cochlea response of the cochlea response model.

[0065] Each of the electrode of the group of electrodes is matched to a hypothesized
frequency.
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[0066] Thereby, the frequency map of the electrode array may include the baseline frequency
of the baseline electrode and the hypothesized frequencies of the group of electrodes.

[0067] The frequency map of the electrode array may be derived by applying a curve fitting
method to the baseline frequency of the baseline electrode and the hypothesized frequencies
of the group of electrodes for determine a hypothesized frequency to each of the electrodes of
the electrode array or the remaining electrodes of the electrode array.

[0068] The electrocochleography probe arranged on to an outer wall may be replaced by
using one or more of the plurality of electrodes of the electrode array as recording electrodes
for performing measurements of a plurality of cochlea baseline responses based on the
plurality of acoustic stimulations on each of the one or more electrodes before insertion of the
electrode array into the recipient's cochlea, and performing continuously measurements of a
plurality of cochlea responses based on the plurality of acoustic stimulations, during insertion of
the electrode array into the recipient's cochlea,

[0069] Knowing the disadvantages of using an intracochlear probe setup in comparison to an
extracochlear probe setup, it is of advantage to combine the intracochlear probe setup with
impedance measurements for improving the precision in determine the plurality of health
conditions and location when experience a drop in the SNR of the cochlea response measure
provided by the electrode array.

[0070] For reducing the friction force when inserting the electrode array, and thereby, for
reducing the risc of damaging the residual hearing when the electrode array touches the inner
wall of the cochlea, a vibrator may be placed on the same side of the head as where the
electrode array is to be inserted or on the opposite side of head. During insertion of the
electrode array, the vibrator evokes acoustic soundwaves into the skull of the recipient of the
electrode array, and the acoustic soundwaves will reduce the friction force while inserting the
electrode array. For the acoustic soundwave not to interfere with the measurements of the
cochlea responses, the frequencies(y) of the acoustic soundwaves are selected to be different
from the frequency of the tone burst.

[0071] The vibrator may be arranged on an abutment which is attached to a screw arranged
into the skull. Alternatively, the vibrator may be attached on the head via a magnetic attraction
to an implant. Alternatively, the vibrator may be attached on the head via a softband arranged
on the head.

BRIEF DESCRIPTION OF DRAWINGS

[0072] The aspects of the disclosure may be best understood from the following detailed
description taken in conjunction with the accompanying figures. The figures are schematic and
simplified for clarity, and they just show details to improve the understanding of the claims,
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while other details are left out. Throughout, the same reference numerals are used for identical
or corresponding parts. The individual features of each aspect may each be combined with any
or all features of the other aspects. These and other aspects, features and/or technical effect
will be apparent from and elucidated with reference to the illustrations described hereinafter in
which:

Fig. 1
illustrates a diagram of a method,
Figs. 2A and 2B
illustrate different configuration of a system,
Fig. 3
illustrates a diagram of the method,
Figs. 4A to 4F
illustrate the method,
Figs. 5Ato 5C
illustrate different examples of a situation during insertion of the electrode array,
Figs. 6A and 6B
illustrate the method and the system,
Fig. 7
illustrates the method and the system,
Figs. 8A and 8B
illustrate a graphical user interface,
Figs. 9A and 9B
illustrate different examples of a plurality of acoustic stimulations,
Figs. 10A and 10B
illustrate the tone burst,
Figs 11Aand 11B
illustrate cochlear response based on one or more tone bursts,
Figs. 12Ato 12D
illustrate an example of determining a frequency map of the electrodes of the electrode
array after the insertion of the electrode array has completed, and
Fig. 13
illustrates the system.

DETAILED DESCRIPTION

[0073] The detailed description set forth below in connection with the appended drawings is
intended as a description of various configurations. The detailed description includes specific
details for the purpose of providing a thorough understanding of various concepts. However, it
will be apparent to those skilled in the art that these concepts may be practiced without these
specific details. Several aspects of the apparatus and methods are described by various
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blocks, functional units, modules, components, etc. (collectively referred to as "elements").
Depending upon particular application, design constraints or other reasons, these elements
may be implemented using other equivalent elements.

[0074] The hearing aid that is adapted to improve or augment the hearing capability of a user
by receiving an acoustic signal from a user's surroundings, generating a corresponding audio
signal, possibly modifying the audio signal and providing the possibly modified audio signal as
an audible signal to at least one of the user's ears. Such audible signals may be provided in
the form of an acoustic signal transferred as mechanical vibrations to the user's inner ears
through bone structure of the user's head.

[0075] The hearing aid is adapted to be worn in any known way. This may include arranging a
unit of the hearing aid attached to a fixture implanted into the skull bone such as in a Bone
Anchored Hearing Aid or at least a part of the hearing aid may be an implanted part.

[0076] A "hearing system" refers to a system comprising one or two hearing aids, and a
"binaural hearing system" refers to a system comprising two hearing aids where the devices
are adapted to cooperatively provide audible signals to both of the user's ears or the hearing
aid of bone conduction type may be part of a bimodal system comprising a cochlea implant
and a bone conduction hearing aid. The system may further include auxiliary device(s) that
communicates with at least one hearing aid, the auxiliary device affecting the operation of the
hearing aids and/or benefitting from the functioning of the hearing aids. A wired or wireless
communication link between the at least one hearing aid and the auxiliary device is established
that allows for exchanging information (e.g. control and status signals, possibly audio signals)
between the at least one hearing aid and the auxiliary device. Such auxiliary devices may
include at least one of remote controls, remote microphones, audio gateway devices, mobile
phones, public-address systems, car audio systems or music players or a combination thereof.
The audio gateway is adapted to receive a multitude of audio signals such as from an
entertainment device like a TV or a music player, a telephone apparatus like a mobile
telephone or a computer, a PC. The audio gateway is further adapted to select and/or combine
an appropriate one of the received audio signals (or combination of signals) for transmission to
the at least one hearing aid. The remote control is adapted to control functionality and
operation of the at least one hearing aids. The function of the remote control may be
implemented in a SmartPhone or other electronic device, the SmartPhone/ electronic device
possibly running an application that controls functionality of the at least one hearing aid.

[0077] In general, a hearing aid includes i) an input unit such as a microphone for receiving an
acoustic signal from a user's surroundings and providing a corresponding input audio signal,
and/or ii) a receiving unit for electronically receiving an input audio signal. The hearing aid
further includes a signal processing unit for processing the input audio signal and an output
unit for providing an audible signal to the user in dependence on the processed audio signal.

[0078] The input unit may include multiple input microphones, e.g. for providing direction-
dependent audio signal processing. Such directional microphone system is adapted to
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enhance a target acoustic source among a multitude of acoustic sources in the user's
environment. In one aspect, the directional system is adapted to detect (such as adaptively
detect) from which direction a particular part of the microphone signal originates. This may be
achieved by using conventionally known methods. The signal processing unit may include
amplifier that is adapted to apply a frequency dependent gain to the input audio signal. The
signal processing unit may further be adapted to provide other relevant functionality such as
compression, noise reduction, etc. The output unit may include an output transducer for
providing mechanical vibrations either transcutaneously or percutaneously to the skull bone.

[0079] Referring to Fig. 1, a diagram explaining a method 100 for detecting health conditions
of a cochlea 2 during insertion of an electrode array 4 of a cochlea implant system 6 is seen.
The method 100 comprising applying 102 a plurality of acoustic stimulations 8, and where each
of the plurality of acoustic stimulations 8 includes a tone burst with different frequencies. An
electrocochleography probe 10 is arranged 104 to an outer wall of the recipient's cochlea, and
measuring 106 via the electrocochleography probe 10 a plurality of cochlea baseline
responses 12 based on the plurality of acoustic stimulations 8, before insertion of the electrode
array 4 into the recipient's cochlea 2. Then, a plurality of cochlea responses 11 is measured
108 continuously via the electrocochleography probe 10 based on the plurality of acoustic
stimulations 8, during insertion of the electrode array 4 into the recipient's cochlea 2. A plurality
of electrical response differences 13 between the plurality of cochlea baseline responses 12
and the plurality of cochlea responses 11, respectively, is determined 110, and a plurality of
health conditions 15 of the cochlea 2 is determined 112 during insertion of the electrode array
4 based on the plurality of electrical response differences 13.

[0080] Figs. 2A and 2B illustrate different configuration of a system 1 for performing the
method 100. Both figures illustrate a system 1 which includes a receiver 3 for applying a
plurality of acoustic stimulations to a recipient. In Fig. 2A, the receiver 3 is a speaker and in
Fig. 2B the receiver 3 is a bone conduction device. The system 1 includes an electrode array 4
which is connected to a stimulator processor 16. The stimulator processor 16 is configured to
apply the electrical stimulation to each of the electrodes of the electrode array 4.In Fig. 2A, the
stimulator processor 16 is part of the processor unit 17, and in Fig. 2B, the stimulator
processor 16 is connected externally to the processor unit 17. Furthermore, the system 1
includes an electrocochleagraphy probe 10 which is arranged on to an outer wall of the
recipient's cochlea 2. In Fig. 2A, the probe 10 is part of the processor unit 17, and in Fig. 2B
the probe 10 is connected externally to the processor unit 17. The probe 10 is configured to
perform measurements of a plurality of cochlea baseline responses based on the plurality of
acoustic stimulations, before insertion of the electrode array into the recipient's cochlea, and to
perform continuously or sequentially measurements of a plurality of cochlea responses based
on the plurality of acoustic stimulations, during insertion of the electrode array into the
recipient's cochlea.

[0081] The processor unit 17 is configured to determine a plurality of electrical response
differences between the plurality of cochlea baseline responses and the plurality of cochlea
responses, received from the probe 10. Based on the plurality of electrical response



DK/EP 3818933 T3

differences a plurality of health conditions at different location of the cochlea is determined
during insertion of the electrode array.

[0082] Fig. 3 illustrates a diagram of the method 100 which further comprises applying 114
sequentially an electrical stimulation to each of a plurality of electrodes of the electrode array 4,
performing 116 a plurality of impedance measurements of each plurality of electrodes during
insertion of the electrode array 4 into the recipient's cochlea 2 based on the electrical
stimulations, and determining 118 a plurality of correlation signals based on the plurality of
impedance measurements and the plurality of electrical response differences, respectively.

[0083] Figs. 4A to 4F illustrate the method 100 for detecting a plurality of health conditions of
the cochlea 2 during insertion of the electrode array 4. The electrode array 4 includes N
number of electrodes (EO to EN) distributed along a longitudinal axis of the electrode array 4.
Th electrocochleography probe 10 is applied on to the outer wall of the cochlea 2 for
measuring the cochlea response (11,12) of the cochlea 2 while applying a plurality of acoustic
stimulations 8 which includes a tone burst. In the examples illustrated in Figs. 4A to 4F, three
tone bursts with three different frequencies (F1, F2, F3) are used. In Figs. 4A and 4B, a
cochlea baseline response (12A,12B,12C) is measured for each of the tone burst over a time
period while not inserting the electrode array 4 into the cochlea 2.

[0084] In Figs. 4C and 4D, the electrode array 4 is inserted into the cochlea 2 while applying
the plurality of acoustic stimulations 8 including the three frequencies (F1, F2, F3). A cochlea
response (11A, 11B, 11C) is measured for each of the acoustic stimulation 8 while inserting the
electrode array 4, and an electrical response difference (13A,13B,13C) is determined by
determining the difference between the measured cochlea response (11A, 11B, 11C) and the
respective cochlea baseline response (12A,12B,12C) which is measured while applying an
acoustic stimulation 8 having a tone burst with the same frequency. The electrical response
difference (13A,13B,13C) is determined as a function of an insertion time 19.

[0085] In Figs. 4E and 4F, the electrode array 4 is inserted into the cochlea 2 while applying
the plurality of acoustic stimulations 8, but in this example, the electrode array 4 collides with
the inner wall of the cochlea 2. The collision between the electrode array 4 and the inner wall is
depicted in Fig. 4F as a drop in the determined electrical response difference 13B while
applying an acoustic stimulation 8 which includes frequency F2. The drop in the electrical
response difference 13B indicates that the cochlea 2 is in a second health condition, which in
this specific example, leads to a lower residual hearing. The method 100 or the system 1 is
configured to determine a plurality of health conditions of the cochlea 2 which includes at least
a first health condition and at least a second health condition, and where the cochlea 2 is in the
at least first health condition if the determined electrical response difference 13 is above or
equal a response difference threshold 18, and where the cochlea 2 is in the at least second
health condition if the determined electrical response difference 13 is below the response
difference threshold 18.

[0086] In the example illustrated in Fig. 4F, the drop in the electrical response difference 13B
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in response to a tone burst with frequency F2 represents a collision between the electrode
array 4 and an area of the inner wall of the cochlea 2 which includes hair cells tuned to a
frequency range including frequency F2.

[0087] Figs.5A to 5C lllustrate different examples of a situation where the electrode array 4
collides with the inner wall of the cochlea 2. In Fig. 5A, the determined electrical response
difference 13 drops below the response difference threshold 18 and increases again after a
short period of time above the threshold 18. In this situation the health condition of the cochlea
is a temporal lowering of the cochlea response 11 over a short period of time which may lead
to a slight lowering of the residual hearing of the cochlea.

[0088] In Fig. 5B, the determined electrical response difference 13 drops below the response
difference threshold 18 and increases again above the threshold 18 after a longer period than
in the example illustrated in Fig. 5A. In this situation, the health condition of the cochlea is a
temporal lowering of the cochlea response 11 over a long period of time which may lead to a
more severe lowering of the residual hearing of the cochlea when comparing to the example
where the temporal lowering of the cochlea response 11 is over a short period of time.

[0089] In Fig. 5C, the determined electrical response difference 13 drops fast below the
response difference threshold 18 and does not increase again above the threshold 18. In this
situation, the health condition of the cochlea is a permanently lowering of the cochlea response
11 which leads to a permanently lowering of the residual hearing of the cochlea 2.

[0090] The measured cochlea response 11 and the determined electrical response difference
13 may be performed continuously while inserting the electrode array 4 into the cochlea 2, and
the determined electrical response difference 13 may be visualized to a surgency through a
graphical user interface. The graphical user interface may receive data from the processing
unit 17 and/or the probe 19, where the data includes measured cochlea response 11,
measured cochlea baseline response 12 and/or determined electrical response difference 13.
The data is continuously updated. The graphical user interface helps the surgency to
immediately stop the insertion when seeing a drop in the electrical response difference 13. An
immediately reaction of the surgency will lead to a reduction in the lowering of the residual
hearing because a further damaging of the residual hearing is avoided.

[0091] Figs. 6A and 6B illustrate the method 100 and the system configured to performing a
plurality of impedance measurements. A stimulator processor 16 is connected to the electrode
array 4 and applies sequentially an electrical stimulation to each of the plurality of electrodes
(EO to EN) of the electrode array 4. For each of the electrodes (EO to EN) an impedance
measurement 20 is perform while inserting the electrode array 4 into the cochlea 2. The
impedance measurement 20 is perform via the electrode (EO to EN) and the processor unit 17.
In Fig. 6A, electrodes EO to E4 are within the cochlea and the remaining electrodes are outside
the cochlea, and in Fig. 6B an impedance is measurable for electrodes EO to E4 and for the
remaining electrodes the impedance is not measurable. Thereby, the processor unit 17 is
configured to determine whether an electrode (EO to EN) of the electrode array 4 is in a first or



DK/EP 3818933 T3

in a second state. An electrode (EO to EN) is in the first state if the measured impedance 20 is
above a first impedance level 21, and the electrode (EO to EN) is in the second state if the
measured impedance 20 is below the first impedance level 21. When the electrode (EO to EN)
is in the first state, the electrode is within the cochlea, and when the electrode (EO to EN) is in
the second state, the electrode is outside the cochlea.

[0092] Fig. 7 illustrates in more detail how the method 100 and the system 1 determines a
plurality of correlation signals, wherein the plurality of correlation signals includes information
about why a drop of the electrical response difference 13 is seen. The processor unit 17
receives from the electrocochleography probe 10 a plurality of cochlea responses 11 and a
baseline cochlea response 12 from which the processor unit 17 is configured to determine a
plurality of electrical response differences 13 for each of the plurality of acoustic stimulations 8.
Furthermore, the processor unit receives from a memory unit 22 at least a length of the
electrode array 4 and/or a distance between each of the electrodes (EO to EN) of the electrode
array 4. Additionally, the processor unit 17 receives an output from each of the electrodes (EO
to EN) of the electrode array 4 which is used for measuring the impedance 20 for each of the
electrodes (EO to EN). The measured impedance 20 for each of the electrodes (EO to EN) and
the plurality of electrical response differences 13 are used for determine a plurality of
correlation signals 118. The plurality of correlation signals is transferred to a graphical user
interface 24.

[0093] For example, a drop in the electrical response difference 13 for a given tone burst
which includes frequency F is detected, and the drop represents a potential collision between
the electrode array 4 and at an area of the inner wall of the cochlea 2 which includes hair cells
tuned to a frequency range including frequency F. A first position of the collision within the
cochlea is then determined by extracting the position from the physiological cochlea place-
frequency map based on the frequency F. Then a second position of for example the most
apical electrode EO of the plurality of electrodes of the electrode array 4 is determined. The
second position of the most apical electrode EO is then determined based on the plurality of
impedance measurements 20 and the distance between each of the plurality of electrodes. For
example, lets assume that five electrodes (EO to EN) have a measurable impedance, that
means, the five electrodes (EO to EN) are within the cochlea 2. The distance between each of
the plurality of electrodes is constant 2 mm. The length of the electrode array 4 which is within
the cochlea 2 may be determined to be 10 mm (5 times 2 mm). Then, the second position of
the most apical electrode is then determined by extracting the position from the physiological
cochlea place-frequency map based on the length of the electrode array 4 which is within the
cochlea.

[0094] For example, the first position of the collision is greater than the second position of the
most apical electrode EO, has the meaning that the most apical electrode EO of the electrode
array 4 has not yet passed the first position. Thereby, the correlated signal includes information
about that the probe 10 has an error.

[0095] In another example, the first position of the collision is equal than the second position of
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the most apical electrode, has the meaning that the most apical electrode of the electrode
array 4 is located at the collision point. Thereby, the correlated signal includes information
about that the most apical electrode EO has collided with the cochlea 2.

[0096] In yet another example, the first position of the collision is less than the second position
of the most apical electrode, has the meaning that the most apical electrode of the electrode
array 4 has passed the collision point. Thereby, the correlated signal includes information
about that a part of the electrode array 4 (not including the most apical electrode EO) has
collided with the cochlea 2.

[0097] Figs. 8A and 8B illustrate a graphical user interface which shows the information of the
correlated signal (25A, 25B, 25C, 25D) on a drawing of a cochlea 2. Furthermore, the
graphical user interface 24 includes an estimated position of each of the electrodes of the
electrode array 4 which are inside the cochlea 2. In Fig. 8A, the electrode array 4 is fully
inserted into the cochlea 2, and three collisions between the electrode array 4 and the cochlea
have been detected by the system 1. The position and the content of correlated signal at that
given position is marked with a marker (25A,25B, 25C). In Fig. 8B, the electrode array 4 is only
partly inserted into the cochlea 2. A collision is detected but the marker 25D tells that an error
in the probe has appeared.

[0098] Figs. 9A and 9B illustrate different examples of a plurality of acoustic stimulations 8
including a tone burst. Fig. 9A illustrates a tone burst which comprises a sweep tone that has a
continuous acoustic signal in which the frequency varies over time. In this specific example, the
tone burst includes frequencies F1, F2 and F3. Fig. 9B illustrate a tone burst with a harmonic
complex acoustic signal which includes a convolution or a multiplication of different tones. In
this example, the tone burst includes a mix of frequencies F1 and F2.

[0099] Figs. 10A and 10B illustrate that the tone burst 26 is shaped by an
electrocochleography profile 30. The profile 30 is configured to adapt the shape of the tone
burst 26 differently in different time windows (W1, W2, W3), and each of the time windows (W1,
W2, W3) has a given length (T1, T2, T3). In Fig. 10A the tone burst 26 includes the sweep
tone, and in this specific example, the tone burst includes frequencies F1 and F2. In a first time
window W1, the profile 30 has an increasing profile which adapts the amplitude A of the tone
burst 26 to have an increasing amplitude. In a second window W2 the profile 30 has a constant
profile which adapts the amplitude A of the tone burst 26 to have a constant amplitude. In a
third window W3 the profile 30 has a decreasing profile which adapts the amplitude A of the
tone burst 26 to have a decreasing amplitude. Fig. 10B illustrates a similar example for the
tone burst 26 including the harmonic complex acoustic signal. In this specific examples the
tone burst 26 includes frequencies F1 and F2.

[0100] Fig. 11A illustrates a position of a cochlea response within a cochlea 2 based on an
acoustic stimulation 8 which includes a sweep tone. At time, t=0, the cochlea response 11 is
measured for frequency F1, at time, t=1, the cochlea response 11 is measured for frequency
F2, and at time t=2, the cochlea response 11 is measured for frequency F3. In this example,
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each of the plurality of electrical response differences 13 is determined continuously, and the
fastness of detecting a potential collision between the electrode array 4 and the cochlea 2 is
depending on the sweep time from the start frequency to the end frequency, which in this
example is from frequency F1 to frequency F3.

[0101] Fig. 11B illustrates a position of a cochlea response within a cochlea 2 based on an
acoustic stimulation 8 which includes a harmonic complex acoustic signal. At time, t=0, the
cochlea response 11 is measured for frequency F1 and frequency F2, and in this example,
each of the plurality of electrical response differences 13 for frequency F1 and F2 are
determined at the same. In this example, the fastness of detecting a potential collision between
the electrode array 4 and the cochlea 2 is independent on the sweep time from the start
frequency to the end frequency. Therefore, the advantage of using a tone burst which includes
a harmonic complex acoustic signal is that a potential collision is faster detected when
comparing to a tone burst which includes a sweep tone.

[0102] Figs. 12A to 12D illustrate an example of determining a frequency map of the
electrodes of the electrode array 4 after the insertion of the electrode array 4 has completed.
In Fig. 12A, a baseline frequency and a baseline cochlea response of a given electrode of the
electrode array 4 is found. This is achieved by applying a plurality of acoustic stimulations 8 to
the user of a cochlea implant system 6 including the inserted electrode array 4, and where
each of the plurality of acoustic stimulations 8 includes a tone burst 26 with different
frequencies, such as 300 Hz, 350 Hz, 400 Hz, 450 Hz, 500 Hz, 550 Hz, and 600 Hz. Then, a
cochlea response 11, i.e. cochlea amplitude response, is measured by one or more of the
electrodes of the electrode array and for each of the different frequencies. For example, the
frequency of the different frequencies which provides the highest cochlea response on any of
the electrodes (EO to EN), i.e. the highest eCOchG amplitude response, is the baseline
frequency, and the highest cochlea response is the baseline cochlea response. The one
electrode is preferably the most apical electrode of the electrodes of the electrode array. For
example, the baseline frequency response is 400 Hz and the one electrode is the most apical
electrode, i.e. electrode number 20.

[0103] The baseline frequency and the baseline cochlea response for the one electrode may
be stored in the memory unit of the system or within a memory of the cochlea implant system.

[0104] The one electrode is denoted as the baseline electrode.

[0105] In Fig. 12B, a single acoustic stimulation 8 is applied to the user, wherein the single
acoustic stimulation 8 includes the baseline frequency, e.g. 400 Hz. A cochlea response 11 is
measured by a group of electrodes (E3, E7, E10,E13) which includes electrodes of the
electrode array 4 other than the baseline electrode, e.g. other than electrode number 20.

[0106] In Fig. 12C, a cochlea response model 27 including a cochlea response distribution
along a cochlea 2 to a given tone may be derived based on collected data, a general shape of
a cochlea response distribution profile along a cochlea, surface image or 3D field image of the
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cochlea. The cochlea response distribution of the cochlea response model 27 includes a
maxima cochlea response 28, and the maxima cochlea response 28 is centered at the
baseline frequency, and the maxima cochlea response is equal to the baseline cochlea
response.

[0107] In Fig. 12 D, the measured cochlea response 11 for each of the electrode of the group
of electrodes (E3, E7, E10, E13) is matched to a hypothesized frequency (fh1,fh2,fh3,fh4)
where the measured cochlea response 11 is equal to a theoretical cochlea response
(11A,11B,11C,11D) of the cochlea response model 27.

[0108] Each of the electrode of the group of electrodes (E3,E7,E10,E13) is matched to a
hypothesized frequency (fh1,fh2,fh3,fh4).

[0109] Thereby, the frequency map of the electrode array 4 may include the baseline
frequency of the baseline electrode and the hypothesized frequencies (fh1,fh2,fh3,fh4) of the
group of electrodes (E3,E7,E10,E13).

[0110] The frequency map of the electrode array 4 may be derived by applying a curve fitting
method to the baseline frequency of the baseline electrode and the hypothesized frequencies
(fh1,fh2,fh3,fh4) of the group of electrodes (E3,E7,E10,E13) for determine a hypothesized
frequency (fh1,fh2,fh3,fh4) to each of the electrodes of the electrode array 4 or the remaining
electrodes of the electrode array 4. Fig. 13 illustrates the system 1 which includes a vibrator 50
configured to evokes acoustic soundwaves into the skull of the recipient, and the acoustic
soundwaves will reduce the friction force while inserting the electrode array 4. For the acoustic
soundwave not to interfere with the measurements of the cochlea responses, the
frequencies(y) of the acoustic soundwaves are selected to be different from the frequency of
the tone burst.

[0111] As used, the singular forms "a,” "an," and "the" are intended to include the plural forms
as well (i.e. to have the meaning "at least one"), unless expressly stated otherwise. It will be
further understood that the terms "includes,” "comprises,” "including," and/or "comprising,”
when used in this specification, specify the presence of stated features, elements,
components, and/or steps but do not preclude the presence or addition of one or more other
features, elements, components, and/or steps thereof. It will also be understood that when an
element is referred to as being "connected" or "coupled” to another element, it can be directly
connected or coupled to the other element, but an intervening element may also be present,
unless expressly stated otherwise. As used herein, the term "and/or" includes any and all
combinations of one or more of the associated listed items. The steps of any disclosed method
are not limited to the exact order stated herein, unless expressly stated otherwise.

[0112] It should be appreciated that reference throughout this specification to "one
embodiment” or "an embodiment” or "an aspect” or features included as "may"” means that a
particular feature, structure or characteristic described in connection with the embodiment is
included in at least one embodiment of the disclosure. Furthermore, the particular features,
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structures or characteristics may be combined as suitable in one or more embodiments of the
disclosure. The previous description is provided to enable any person skilled in the art to
practice the various aspects described herein. Various modifications to these aspects will be
readily apparent to those skilled in the art, and the generic principles defined herein may be
applied to other aspects.

[0113] The scope should be judged in terms of the claims that follow.
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Patentkrav

1. System, der omfatter:

« en modtager (3), der er konfigureret til at pafere en flerhed af akustiske
stimulationer til en modtager, og hvor hver af flerheden af akustiske
stimulationer indbefatter en toneimpuls, der indbefatter flere akustiske
impulser moduleret ved en tone med én frekvens,

« et cochlea-implantatsystem (6), der omfatter;

o et elektrodearray (4), der er konfigureret til at tilvejebringe en elektrisk
stimulation til herenerverne i modtagerens cochlea, og elektrodearrayet
indbefatter en flerhed af elektroder,

o en stimulatorprocessor (16), der er forbundet til elektrodearrayet, og hvor
stimulatorprocessoren er konfigureret til:

= sekventiel pafering af en elektrisk stimulation til hver af flerheden af
elektroder i det elektriske array,

= at udfere en flerhed af impedansmalinger af hver flerhed af elektroder under
indsaettelse af elektrodearrayet i modtagerens cochlea, der er baseret pa de
elektriske stimulationer, og

= at bestemme en flerhed af korrelationssignaler, der er baseret pa henholdsvis
flerheden af impedansmalinger og flerheden af elektriske responsforskelle,

« en elektrokochleografisonde (10), der er anbragt pa en ydre veeg i
modtagerens cochlea, og

hvor elektrokochleografien er konfigureret til:

o at udfgre malinger af en flerhed af cochlea-basislinje-responser, der er
baseret pa flerheden af akustiske stimulationer, fer indseettelse af
elektrodearrayet i modtagerens cochlea,

o at udfere kontinuerligere malinger af en flerhed af cochlea-responses, der er
baseret pa flerneden af akustiske stimulationer, under indseettelse af
elektrodearrayet i modtagerens cochlea,

« en processorenhed (17), der | det mindste er forbundet il
elektrokochleografisonden, og hvor processoren er konfigureret til at
bestemme en flerhed af elektriske responsforskelle mellem henholdsvis
flerheden af cochlea-basislinje-responser og flerheden af cochlea-responses,
og til at bestemme en flerhed af sundhedstilstande i cochlea pa forskellige
steder under indseettelse af elektrodearrayet, der er baseret pa flerheden af
elektriske responsforskelle.
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2. System ifalge krav 1, hvor en farste tilstand og en anden tilstand for hver af
elektroderne i flerheden af elektroder bestemmes baseret pa hver af flerheden
af impedansmalinger, og hvor en elektrode af flerheden af elektroder er i den
ferste tilstand, hvis impedansmalingen ligger over et farste impedansniveau,
og elektroden er i den anden tilstand, hvis impedansmalingen ligger under det
ferste impedansniveau

3. System ifelge et hvilket som helst af de foregaende krav, der indbefatter en
alarmenhed, der er konfigureret til at generere et alarmsignal i
overensstemmelse med bestemmelsen af den ferste elektriske
responsforskel, og/eller den anden elektriske responsforskel ligger under en
ferste responsforskelstaerskel.

4. System ifslge krav 3, hvor alarmenheden er en del af processorenheden.

5. System ifglge et hvilket som helst af de foregaende krav, hvor flerheden af
basislinjeresponser og flerheden af cochlea-responses indbefatter malinger af
cochlea-mikrofonik af cochlea.

6. System ifelge et hvilket som helst af kravene, hvor den akustiske stimulering
er tilvejebragt af en modtager, der er konfigureret til at tilvejebringe flerheden
af akustiske stimulationer i en @regang hos modtageren, eller flerheden af
akustiske stimulationer er tilvejebragt af en knogleledningsanordning, der er
konfigureret til at tilvejebringe flerhneden af akustiske stimulationer via en
temporal knogle hos modtageren.

7. System ifglge et hvilket som helst af de foregaende krav, hvor flerheden af
korrelationssignaler yderligere bestemmes baseret pa en leengde af
elektrodearrayet, en leengde af hver af flerheden af elektroder og/eller en
afstand mellem hver af flerheden af elektroder.

8. System ifelge krav 7, hvor flerheden af impedansmalinger omfatter
bestemmelse af realtidsimpedansmalinger af hver af flerheden af elektroder.

9. System ifelge krav 2, hvor elektroden i elektrodearrayet er placeret uden for
cochlea, hvis elektroden er i den ferste tilstand, og elektroden af flerheden af
elektroder er placeret inde i cochlea, hvis elektroden er i den anden tilstand.
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10. System ifalge et hvilkket som helst af de foregaende krav, hvor
bestemmelsen af flerheden af sundhedstilstande omfatter bestemmelse af en
flerhed af sundhedstilstande i realtid.
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