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Description

BACKGROUND

Field of the Invention

[0001] The present invention relates generally to im-
plantable stimulator systems, and more particularly, to
impedance measurements in an implantable stimulator
system.

Related Art

[0002] Implantable medical devices have provided
benefits to recipients over recent decades. Implantable
medical devices are devices having one or more com-
ponents or elements that are at least partially implantable
in a recipient. One type of implantable medical device is
an active implantable medical device (AIMDs), which are
medical devices having one or more implantable com-
ponents that rely for their functioning upon a source of
power other than the human body or gravity, such as an
electrical energy source. Exemplary AIMDs include de-
vices configured to provide one or more of stimulation
and sensing, such as implantable stimulator systems and
implantable sensor systems.
[0003] Implantable stimulator systems provide stimu-
lation to a recipient of the device. Exemplary implantable
stimulator systems include, but are not limited, to coch-
lear implants, auditory brain stem implants, cardiac pace-
makers, neurostimulators, functional electrical stimula-
tion (FES) systems, etc.
[0004] Cochlear implants include an electrode assem-
bly implanted in the cochlea and are used to treat sen-
sorineural hearing loss. Electrical stimulation signals are
delivered directly to the auditory nerve via the electrode
assembly, thereby inducing a hearing sensation in the
implant recipient.
[0005] An Auditory Brain Stem Implants (ABI) is anoth-
er type of surgically implanted electronic device that pro-
vides a sense of sound to a recipient suffering from sen-
sorineural hearing loss. ABIs are typically used in recip-
ients suffering from sensorineural hearing loss that, due
to damage to the recipient’s cochlea or auditory nerve,
are unable to use a cochlear implant.
[0006] A cardiac pacemaker is a medical device that
uses electrical impulses, delivered by electrodes contact-
ing the heart muscles, to regulate the beating of a heart.
The primary purpose of a pacemaker is to maintain an
adequate heart rate.
[0007] A neurostimulator, also sometimes referred to
as an implanted pulse generator (IPG) is a battery pow-
ered device designed to deliver electrical stimulation to
the brain. Neurostimulators are sometimes used for deep
brain stimulation and vagus nerve stimulation to treat
neurological disorders.
[0008] FES uses electrical currents to activate nerves
innervating extremities affected by paralysis resulting

from, for example, spinal cord injury, head injury, stroke,
or other neurological disorders.
[0009] Other types of implantable stimulator systems
include systems configured to provide electrical muscle
stimulation (EMS), also known as neoromuscular stimu-
lation (NMES) or electromyostimulation, which involves
the application of electric impulses to elicit muscle con-
traction.
[0010] Exemplary sensor systems include, but are not
limited to, sensor systems configured to monitor cardiac,
nerve and muscular activity.
[0011] EP 1754509 A1 relates to an implant for the
insertion into a hollow bodv. The implant includes a car-
rying element comprising a distance sensor in order to
insert an implant safety and precisely into a narrow and
sensitive hollow space such as the cochlea of the inner
ear. The distance between the implant and the inner sur-
face of the hollow space is determined using the method
of impedance spectroscopy.

SUMMARY

[0012] The present invention provides method of op-
erating an active implantable medical device (AIMD) as
claimed in claim 1 and an active implantable medical de-
vice as claimed in claim 10. Preferred embodiments are
disclosed in the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Illustrative embodiments of the present inven-
tion are described herein with reference to the accom-
panying drawings, in which:

FIG. 1 is a perspective view of a cochlear implant
system in which embodiments of the present inven-
tion may be implemented;

FIG. 2 is a functional block diagram of the cochlear
implant system of FIG. 1, in accordance with an em-
bodiment of the present invention;

FIG. 3A is a simplified diagram of an exemplary stim-
ulating lead assembly, in accordance with an em-
bodiment of the present invention;

FIG. 3B illustrates the stimulating lead assembly of
FIG. 3A inserted in a cochlea;

FIG. 4 provides a simplified diagram of exemplary
circuitry for impedance spectroscopy in a cochlear
implant, in accordance with an embodiment of the
present invention;

FIG. 5 is a flow chart of an exemplary 500 for obtain-
ing impedance measurements, in accordance with
an embodiment of the present invention;
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FIG. 6A illustrates a platinum electrode surrounded
by a cellular medium (i.e. tissue);

FIG 6B illustrates an equivalent circuit model 600 of
the system illustrated in FIG. 6A;

FIG. 7A provides a diagram for illustrating how the
uneven surface of an electrode at the microscopic
level can be modeled as a CPE;

FIG. 7B provides a diagram of a circuit model for a
CPE in accordance with FIG. 7A;

FIG. 8 is an exemplary plot for an electrode surround-
ed by a cellular medium, such as shown in FIG. 6A;
and

FIG. 9 illustrates a square wave current pulse and a
resulting measured voltage 904, in accordance with
an embodiment of the present invention.

DETAILED DESCRIPTION

[0014] Embodiments of the present invention are gen-
erally directed to impedance spectroscopy in an active
implantable medical device (AIMD) comprising a com-
ponent with one or more electrodes. In an embodiment,
the AIMD applies a signal at a plurality of frequencies
using one or more of the electrodes. Measurements are
then taken for the applied signal. These measurements
are used to measure impedance(s) at the applied fre-
quencies of the tissue in which the electrodes are located.
The measured impedances are then analyzed to deter-
mine, for example, the proximity of the electrodes to one
or more biological structures of the recipient. This infor-
mation may be used by a surgeon during implantation of
the component of the AIMD in the recipient or by a clini-
cian at any time to diagnose potential problems with or
to confirm correct operation of one or more electrodes of
the AIMD or the tissue surrounding them.
[0015] Embodiments of the present invention are de-
scribed herein primarily in connection with one type of
Active Implantable Medical Device (AIMD), namely a co-
chlear implant system (commonly referred to as cochlear
prosthetic devices, cochlear prostheses, cochlear im-
plants, cochlear devices, and the like; simply "cochlea
implant systems" herein.) Cochlear implant systems gen-
erally refer to hearing prostheses that deliver electrical
stimulation to the cochlea of a recipient. As used herein,
cochlear implant systems also include hearing prosthe-
ses that deliver electrical stimulation in combination with
other types of stimulation, such as acoustic or mechan-
ical stimulation.
[0016] FIG. 1 is perspective view of a cochlear implant
system, referred to as cochlear implant system 100 im-
planted in a recipient. FIG. 2 is a functional block diagram
of cochlear implant system 100. The recipient has an
outer ear 101, a middle ear 105 and an inner ear 107.

Components of outer ear 101, middle ear 105 and inner
ear 107 are described below, followed by a description
of cochlear implant system 100.
[0017] In a fully functional ear, outer ear 101 comprises
an auricle 110 and an ear canal 102. An acoustic pres-
sure or sound wave 103 is collected by auricle 110 and
channeled into and through ear canal 102. Disposed
across the distal end of ear cannel 102 is a tympanic
membrane 104 which vibrates in response to sound wave
103. This vibration is coupled to oval window or fenestra
ovalis 112 through three bones of middle ear 105, col-
lectively referred to as the ossicles 106 and comprising
the malleus 108, the incus 109 and the stapes 111. Bones
108, 109 and 111 of middle ear 105 serve to filter and
amplify sound wave 103, causing oval window 112 to
articulate, or vibrate in response to vibration of tympanic
membrane 104. This vibration sets up waves of fluid mo-
tion of the perilymph within cochlea 140. Such fluid mo-
tion, in turn, activates tiny hair cells (not shown) inside
of cochlea 140. Activation of the hair cells causes appro-
priate nerve impulses to be generated and transferred
through the spiral ganglion cells (not shown) and auditory
nerve 114 to the brain (also not shown) where they are
perceived as sound.
[0018] Cochlear implant system 100 comprises an ex-
ternal component 142 which is directly or indirectly at-
tached to the body of the recipient, and an internal com-
ponent 144 which is temporarily or permanently implant-
ed in the recipient. External component 142 typically
comprises one or more sound input elements, such as
microphone 124 for detecting sound, a sound processor
126, a power circuit (not shown), and an external trans-
mitter unit 128. External transmitter unit 128 comprises
an external coil 130 and, preferably, a magnet (not
shown) secured directly or indirectly to external coil 130.
Sound processor 126 processes the output of micro-
phone 124 that is positioned, in the depicted embodi-
ment, by auricle 110 of the recipient. Sound processor
126 generates encoded signals, sometimes referred to
herein as encoded data signals, which are provided to
external transmitter unit 128 via a cable (not shown).
Sound processor 126 may further comprise a data input
interface (not shown) that may be used to connect sound
processor 126 to a data source, such as a personal com-
puter or musical player (e.g., an MP3 player).
[0019] Internal component 144 comprises an internal
receiver unit 132, a stimulator unit 120, and a stimulating
lead assembly 118. Internal receiver unit 132 comprises
an internal coil 136, and preferably, a magnet (also not
shown) fixed relative to the internal coil. Internal receiver
unit 132 and stimulator unit 120 are hermetically sealed
within a biocompatible housing, sometimes collectively
referred to as a stimulator/receiver unit. The internal coil
receives power and stimulation data from external coil
130. Stimulating lead assembly 118 has a proximal end
connected to stimulator unit 120, and a distal end im-
planted in cochlea 140. Stimulating lead assembly 118
extends from stimulator unit 120 to cochlea 140 through
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mastoid bone 119. In some embodiments stimulating
lead assembly 118 may be implanted at least in basal
region 116, and sometimes further. For example, stimu-
lating lead assembly 118 may extend towards apical end
of cochlea 140, referred to as cochlea apex 134. In certain
circumstances, stimulating lead assembly 118 may be
inserted into cochlea 140 via a cochleostomy 122. In oth-
er circumstances, a cochleostomy may be formed
through round window 121, oval window 112, promontory
123 or through an apical turn 147 of cochlea 140.
[0020] Stimulating lead assembly 118 comprises a lon-
gitudinally aligned and distally extending array 146 of
electrodes 148 (also referred to as electrode contacts),
sometimes referred to as array of electrodes 146 or array
of electrode contacts 146 herein. Although array of elec-
trodes 146 may be disposed on stimulating lead assem-
bly 118, in most practical applications, array of electrodes
146 is integrated into stimulating lead assembly 118. As
such, array of electrodes 146 is referred to herein as be-
ing disposed in stimulating lead assembly 118. Stimulator
unit 120 generates stimulation signals which are applied
by electrodes 148 to cochlea 140, thereby stimulating
auditory nerve 114. Because, in cochlear implant system
100, stimulating lead assembly 118 provides stimulation,
stimulating lead assembly 118 is sometimes referred to
as a stimulating lead assembly. Stimulator unit 120 may
further be connected to an extra-cochlear electrode (not
shown) located external to the recipient’s cochlea 140.
[0021] In cochlear implant system 100, external coil
130 transmits electrical signals (that is, power and stim-
ulation data) to internal coil 136 via a radio frequency
(RF) link. Internal coil 136 is typically a wire antenna coil
comprised of multiple turns of electrically insulated sin-
gle-strand or multi-strand platinum or gold wire. The elec-
trical insulation of internal coil 136 is provided by a flexible
silicone molding (not shown). In use, implantable receiver
unit 132 may be positioned in a recess of the temporal
bone adjacent auricle 110 of the recipient.
[0022] FIG. 3A is a simplified diagram of an exemplary
stimulating lead assembly 318, in accordance with an
embodiment of the present invention. FIG. 3B illustrates
stimulating lead assembly 318 inserted in cochlea 140.
As illustrated, stimulating assembly 318 is configured to
adopt a curved configuration during and or after implan-
tation into the recipient’s cochlea 140. To achieve this,
in certain embodiments, stimulating assembly 318 is pre-
curved to the same general curvature of a recipient’s co-
chlea 140. In such embodiments, stimulating assembly
318 is sometimes referred to as perimodiolar stimulating
assembly where stimulating assembly 318 adopts its
curved configuration in cochlea 140. When implanted,
the surface of stimulating lead assembly 318 that faces
the interior of cochlea 140 is referred to herein as the
medial surface of stimulating lead assembly 318. As il-
lustrated, electrodes 348 are located on the medial side
of stimulating lead assembly 318. Further, as shown,
when implanted the tip 350 of stimulating lead assembly
318 is located near the cochlear apex 134.

[0023] Although FIGs. 3A-3B illustrate a perimodiolar
stimulating assembly. In other embodiments, stimulating
assembly may be a non-perimodiolar stimulating assem-
bly which does not adopt a curved configuration. For ex-
ample, stimulating assembly 318 may comprise a straight
stimulating assembly or a mid-scala assembly which as-
sumes a mid-scala position during or following implanta-
tion. In further embodiments, cochlear implant could in-
clude a stimulating assembly implantable into a natural
crevice in the cochlea that allows for the hydrodynamic
nature of the cochlea to be maintained, or an assembly
positioned adjacent to the cochlea.
[0024] The state of the tissue and anatomical struc-
tures surrounding the electrodes of a stimulating lead
assembly is typically an important factor with regard to
the effectiveness of stimulation delivered to the recipient.
Present stimulator systems measure the impedance of
each electrode, which provides a useful measure that
assists clinicians in diagnosing faults, assessing the po-
sition of the electrode and determining anatomical anom-
alies in the cochlea. This impedance is currently reported
as a single number and thus provides limited information
about the state of the tissue surrounding the electrode.
For example, this impedance is typically determined at
what is essentially a single frequency and used for the
limited purpose of fault detection in cochlear implants.
[0025] As will be discussed further below, an embod-
iment of the present invention, measures the impedance
of an electrode and its surrounding tissue over a range
of frequencies (referred to herein as impedance spec-
troscopy) to obtain a more detailed picture of the state
of the electrode and its surrounding tissue (including the
surrounding anatomical structures).
[0026] These impedance measurements may be used
in a plurality of applications. For example, these imped-
ance measurements may be used to determine the prox-
imity of an electrode to different physical structures (e.g.,
the modiolus, the lateral wall, etc.) within the cochlea
since different physical structures may present different
spectroscopic signatures. This information may be used
during surgical implantation, for example, to provide the
surgeon with information regarding the position of the
stimulating lead assembly in the recipient’s cochlea. For
example, this information may be used to determine the
instantaneous insertion depth of the stimulating lead as-
sembly 318. Further, post surgery, this information (e.g.,
the proximity of the electrodes to the modiolus) may be
useful in predicting performance of the cochlear implant.
[0027] Impedance spectroscopy in accordance with
embodiments of the present invention may also be useful
in detecting issues with the tissue surrounding the stim-
ulating lead assembly, such as assessing the extent of
scar tissue around the electrodes or the presence of an
infection near the electrode. Additionally, during surgical
implantation impedance spectroscopy in accordance
with embodiments may be useful in detecting tip fold-
over (i.e., when tip 350 folds back on stimulating lead
assembly 318 during the insertion process). Impedance
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spectroscopy in accordance with embodiments may also
be useful in detecting other stimulating lead assembly
faults (e.g., faults more complex than simple open circuits
or short circuits) as will be discussed in more detail below.
[0028] As noted above, an embodiment measures the
impedance of an electrode and its surrounding tissue
over a range of frequencies to obtain a more detailed
picture of the state of the electrode and its surrounding
tissue (including the surrounding anatomical structures).
In an embodiment, these impedances are measured by
measuring the impedance between a pair of electrodes
(e.g., an electrode of the stimulating lead assembly and
an extra-cochlear electrode) of a stimulating lead assem-
bly over the frequency range. The measurements may
be used to generate impedance spectroscopy plots. The
characteristics of the tissue close to the electrodes can
have a significant impact on the measured impedances,
and thus the shape of generated impedance spectros-
copy plots. For example, the close proximity of the modi-
olar wall to the electrode may have a profound effect on
the shape of the plot compared to the plot’s shape when
the electrode is surrounded by perilymph, the fluid which
occupies the space inside the cochlea 140. Thus, a plot
of measurements when the electrode is near the modi-
olus will look quite different from a plot of measurements
taken when the electrode is distant from it and surround-
ed by perilymph. As will be discussed further below, an
embodiment of the present invention uses impedance
spectroscopy to obtain an impedance spectroscopy plot
and then compares the obtained plot with different char-
acteristic plot shapes to obtain information regarding the
stimulating lead assembly, such as, for example, the
proximity of the electrode(s) to various cochlear struc-
tures, characteristics of the tissue surrounding the elec-
trode(s), issues with the stimulating lead assembly (e.g.,
tip fold-over, faults, etc.).
[0029] FIG. 4 provides a simplified diagram of exem-
plary circuitry for impedance spectroscopy in a cochlear
implant, in accordance with an embodiment of the
present invention. For ease of explanation only the com-
ponents discussed below are illustrated in FIG. 4. As il-
lustrated, stimulator unit 420 is connected to internal re-
ceiver unit 432, electrode 448 and extra-cochlear elec-
trode 450. Stimulator unit 420, internal receiver unit 432,
electrode 448, extra-cochlear electrode 450 may be, for
example, components such as the correspondingly
named stimulator unit 120, internal receiver unit 132,
electrode 148 and extra-cochlear electrode (not shown)
discussed above with reference to FIGs. 1-2.
[0030] As illustrated, stimulator unit 420, includes a
control circuit 402, a signal generator 404, a resistor 406,
and a voltage measurement circuit 408. Control circuit
402 may be a circuit (e.g., an Application Specific Inte-
grated Circuit (ASIC)) configured for exercising control
over the stimulator unit 420. For example, control circuit
402 may be configured for receiving, from the internal
receiver unit 432, the encoded data signals regarding the
sound and generating the stimulating signals for applying

stimulation via electrodes 448 and 450.
[0031] Signal generator 404 generates a voltage for
application via the stimulating lead assembly. For ease
of explanation, signal generator 404 is a separate voltage
generator distinct from the electronics used for applying
stimulation to cause a hearing percept by the recipient.
It should be noted that FIG. 4 provides but one simple
example of an embodiment for performing impedance
spectroscopy in accordance with the present invention
and that in other embodiments other types of systems
and components may be used. For example, as will be
discussed further below, another embodiment uses the
existing current generator present in typical cochlear im-
plants for generating the signal in place of the voltage
generator used in the embodiment of FIG. 4.
[0032] As illustrated, a voltage measurement circuit
408 is connected to opposite ends of resistor 406. Re-
sistor 406 may be a standard resistor, such as, for ex-
ample, a 100 ohm resistor. Voltage measurement circuit
408 may include any type of circuitry configured to output
a signal indicative of the voltage across resistor 406. For
example, in an embodiment, voltage measurement cir-
cuit 408 may comprise a differential amplifier that takes
as inputs the signals on opposite sides of resistor 406
and then amplifies the difference in the voltage between
the two sides. Voltage measurement circuit 408 provides
the measured voltage to control circuit 402. Further, in
embodiments, voltage measurement circuit 408 may
comprise an analog to digital converter (ADC) that digi-
tizes the measured voltage before providing the meas-
ured voltage to the control circuit 402.
[0033] FIG. 5 provides a flow chart of an exemplary
method 500 for obtaining impedance measurements, in
accordance with an embodiment of the present invention.
Control circuit 402, at block 502, initiates the process for
measuring impedances. In an embodiment, the process
is performed during surgical implantation to obtain infor-
mation regarding the location of the stimulating lead as-
sembly in the recipient’s cochlea during the surgical im-
plantation procedure. In such an embodiment, the elec-
trode(s) of the stimulating lead assembly may be con-
nected to an external device configured to aid the sur-
geon during the implantation process. In the illustrated
embodiment of FIG. 4, the external device may be, for
example, connected to the sound processor 126 (FIG.
1), connected to the internal receiver unit 132, or con-
nected to the stimulator unit 120. In such examples, the
connection between the external device and the compo-
nent of the cochlear implant may be via a wired or wireless
connection. In such embodiments, the process may be
initiated by a command (e.g., initiated by the surgeon)
being transmitted from the external device to the control
circuit 402 to initiate the process. A further description of
exemplary external devices is provided below.
[0034] In another embodiment, the external device
may be directly connected to the leads connected to the
electrode(s), such as, for example, in embodiments in
which the stimulating lead assembly is implanted prior to
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connecting the stimulating lead assembly to the stimula-
tor unit. In such embodiments, the control circuit 402,
signal generator 404, resistor 406, and voltage measure-
ment circuit 408 may be implemented in the external de-
vice.
[0035] Or, for example, in embodiments in which the
process is performed after surgical implantation of the
stimulating lead assembly, a clinician may connect to the
sound processing unit 126 and direct sound processing
unit 126 to send a command to the stimulator unit 420 to
initiate the process. In another embodiment, control cir-
cuit 402 may, for example, determine to initiate the proc-
ess based on an amount of time that has elapsed since
the last measurement (e.g., the control circuit 402 per-
forms measurements once a day, week, month, etc.). Or,
for example, control circuit 402 may monitor performance
of the stimulator unit 420 and initiate the process if a
particular event occurs (e.g., a fault is detected).
[0036] In the presently discussed embodiment, at
block 504, control circuit 402 selects the first pair of elec-
trodes 448 and 450 for which impedance measurements
are to be taken. The selected pair of electrodes 448 and
450 may be a pair of electrodes that is used for application
of stimulation via monopolar stimulation, where current
flows from an electrode 448 of the stimulating lead as-
sembly to an extra-cochlear electrode 450. Or, for exam-
ple, (e.g., in systems that use bipolar stimulation) both
electrodes of the pair may be electrodes of the stimulating
lead assembly.
[0037] In an embodiment, the stimulating lead assem-
bly comprises 22 electrodes, where each electrode is
paired with the extra-cochlear electrode to provide 22
separate stimulation channels. In one such embodiment,
control circuit 402 performs impedance measurements
for each of the 22 separate stimulation channels using
the electrode pairs corresponding to each stimulation
channel. Control circuit 402 may select, for example, a
pair of electrodes corresponding to one of these stimu-
lation channels as the first selected pair of electrodes
and then in subsequent passes, control circuit 402 may
select the electrode pairs for the other stimulation chan-
nels.
[0038] For each selected electrode pair, control circuit
402 takes impedance measurements for a plurality of
frequencies. In an embodiment, these frequencies are
spaced across the operational frequency range of the
device. However, in other embodiments, the frequencies
may include frequencies outside the normal operation
range of the device.
[0039] The frequency of the applied sinusoidal voltage
may be swept from low to high or high to low in a number
of steps and measurements of the sinusoidal current am-
plitude and phase taken at each frequency step. For ex-
ample, in a system where the operation frequency range
is between 50 and 20kHz (i.e., a frequency sweep rang-
ing from 50-20kHz), control circuit 402 may take meas-
urements at 200 logarithmic steps along the frequency
range. The frequency range for which measurements are

to be taken may vary depending on the specifics of the
embodiment but is typically over many orders of magni-
tude (e.g. 50-20kHz, 10 mHz to 1 MHz, etc.)
[0040] In another embodiment the current is applied at
the selected frequency and the voltage is measured. In
this case block 508 in FIG. 5 would read "Apply current
at selected frequency" and block 510 in FIG. 5 would
read "Measure voltage".
[0041] In another embodiment the applied voltage sig-
nal is not of a single frequency but comprises the sum of
a plurality of frequencies. Since the response properties
of tissue for small voltage perturbations can be consid-
ered linear the recorded current will then contain signals
at the same frequencies as those in the stimulating volt-
age waveform. These frequencies can be separated with
appropriate filtering to yield the same information as if
individual frequencies had been applied and measured
sequentially as illustrated in FIG. 5. This method has the
advantage that it may be quicker to perform than the
method described in FIG. 5 since all frequencies are ap-
plied simultaneously. It has the disadvantage that it may
be less accurate than the method described in FIG. 5
due to the additional filtering step.
[0042] Blocks 506-512 illustrate a simplified method of
applying a frequency sweep and performing measure-
ments for a selected electrode pair. It should, however,
be understood that other mechanisms for applying a fre-
quency sweep and obtaining measurements may be
used. Further, the voltages, number of measurements
and frequency range of the sweep are exemplary only,
and in other embodiments different values may be used.
[0043] At block 506, control circuit 402 selects the start-
ing frequency (e.g., 50Hz) and voltage for the sweep
(e.g., 50mV). At block 508, control circuit 402 directs sig-
nal generator 404 to begin the frequency sweep. In re-
sponse, signal generator 404 applies a signal to the elec-
trodes at the specified frequency and voltage. The volt-
age selected at block 506 is preferably fairly small (e.g.
50 mV) so that the Voltage/Current (V/I) characteristic
for the medium to be measured can be considered linear
over the voltage range of the applied sinusoidal signal.
Further, in an embodiment, the selected voltage may be
a sub-threshold voltage, so that a hearing percept is not
caused by the applied signal and the recipient may be
unaware that the measurements are taking place. The
signal applied by signal generator 404 to electrodes 448
and 450 may be a fixed sinusoidal signal at the specified
frequency and voltage.
[0044] As noted above, resistor 406 is in series with
signal generator 404, electrode 448, the recipient’s tissue
452, and electrode 450. Thus, the current through resis-
tor 406 corresponds to the current passing through elec-
trodes 448 and 450. Control circuit 402 measures the
current through the electrodes 448 and 450 at block 510.
This measurement may include both the amplitude and
phase of the current. In the illustrated embodiment, volt-
age measurement circuit 408 measures the voltage drop
across resistor 406 and provides the measured voltage
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to control circuit 402, which converts the measured volt-
age to current using the formula: I=V/R, where I is the
measured current, V is the measured voltage, and R is
the resistance of resistor 406. Further, the measured cur-
rents (or voltages) can be converted to a total impedance
for the electrodes 448 and 450 and tissue 452 using the
following formula: Vtot=VR+I∗Rtot, where Vtot is the volt-
age supplied by signal generator 404, VR is the voltage
drop across resistor 406, I is the measured current
through resistor 406, and Rtot is the total impedance of
electrodes 448 and 450 and tissue 452. This formula can
be rewritten as Rtot=(Vtot-Vr)/I. Further, the measured
voltages, currents, and impedances may be complex
comprising real and imaginary parts based on the meas-
ured amplitudes and phases.
[0045] Control circuit 402 determines if the frequency
sweep is completed or not at decision 512. If not, control
circuit 402 increases the frequency of signal generator
404 at block 514. As noted above, in an embodiment,
the frequency sweep may range from 50Hz to 20kHz,
with the control circuit taking 200 measurements loga-
rithmically spaced between 50Hz and 20kHz. Thus, in
an embodiment, control circuit 402 may direct the signal
generator 404 to apply a signal at the next frequency
(e.g., 51.5Hz, 53.1Hz, .... 19409.8Hz, 20kHz) for which
the control circuit 402 is to obtain a measurement.
[0046] Once the frequency sweep is completed and
the measurements obtained, the control circuit 402 de-
termines, at decision 516, if measurements are to be ob-
tained for other electrode pairs. For example, in an em-
bodiment, control circuit 402 obtains measurements for
each electrode (paired with the extra-cochlear electrode)
of the cochlear implant. However, in embodiments, con-
trol circuit 402 only obtains measurements for a subset
of the electrodes.
[0047] If measurements are to be obtained for other
electrode pairs, the process returns to block 504 and
measurements are obtained for the next electrode pair.
Once measurements are obtained for each electrode pair
to be measured, the process proceeds to block 518 and
measurements are analyzed. The particulars of this anal-
ysis may vary depending on the particular information
sought. Exemplary mechanisms for analyzing and using
this data (e.g., presenting location information to a sur-
geon) are discussed below.
[0048] FIG. 6A illustrates a platinum electrode sur-
rounded by a cellular medium (i.e. tissue). FIG. 6A is
provided to illustrate how impedance spectroscopy can
be used to determine the properties of the medium sur-
rounding the electrode. FIG 6B illustrates an equivalent
circuit model 600 of the system illustrated in FIG. 6A. As
shown in FIG. 6B the equivalent circuit model 600 in-
cludes Constant Phase Elements (CPEs) 652 and 654
that are used to describe the circuit properties of biolog-
ical interfaces, which are typically rough or non-uniform
at the microscopic level. A description of the CPE circuit
model will be discussed below with reference to FIGs.
7A-7B.

[0049] As shown in FIG. 6A, current from the electrode
648 (e.g., an electrode 148 (FIG. 1)) travels from the elec-
trode’s surface 650 through the tissue via two paths: an
intra-cellular path where the current passes through cells
632 of the tissue and an extra-cellular current path where
the current travels around the cells 632.
[0050] As noted the electrode’s surface 650 is non-
uniform at the microscopic level and can be modeled as
a CPE 652. Similarly, the walls of the cells 632 may be
modeled as a CPE 654. The resistance of the intra-cel-
lular current path is modeled as resistive element, Rint
656. The resistance of the extra-cellular path is modeled
as resistive element, Rext 658.
[0051] FIG. 7A provides a diagram for illustrating how
the uneven surface of an electrode at the microscopic
level can be modeled as a CPE. As shown, the electrode
surface 702 may have one or more microscopic pores
704 and the surface can be modeled as an imperfect
capacitor.
[0052] FIG. 7B provides a diagram of a circuit model
for a CPE in accordance with FIG. 7A. The circuit model
uses conventional electrical components and comprises
a plurality of arms, each with a resistor 712 and a capac-
itor 714. The resistance and capacitance of each arm
increase by a factor of N (e.g., N=2) for each arm of the
circuit. The circuit model includes enough arms so that
the RC time constants for the circuit span the frequency
range being modeled. The CPE can be viewed as a circuit
element whose phase angle (angular difference between
the phase of the voltage sinusoid and the current sinu-
soid) remains the same, regardless of the frequency ap-
plied to it. In an embodiment, the phase angle is such
that the current leads the voltage by around 45 degrees.
[0053] As noted above with reference to FIGs. 4-5, the
data recorded for each electrode pair is in the form of the
amplitude and phase of a sinusoid resulting from the ap-
plied signal. This data can also be represented as real
and imaginary parts of the complex impedance of the
electrodes 448 and 450 and tissue 452 (FIG. 4). This
data can be plotted in a number of ways, each highlighting
different features of the medium being tested. For exam-
ple, the data can be plotted with the magnitude of the
impedance on the y-axis against frequency on the x-axis.
[0054] FIG. 8 is an exemplary plot for an electrode sur-
rounded by a cellular medium, such as shown in FIG.
6A. FIG. 8 provides a curve 800 of the measured imped-
ance amplitudes versus frequency for one of the meas-
ured electrodes 458 of the stimulating lead assembly. In
the model of FIGs. 6A-6B, at extremely high frequencies
the CPEs 652 and 654 all have very low impedance so
the total impedance of the circuit becomes the parallel
combination of Rint and Rext. Hence, above a certain fre-
quency, the system looks completely resistive. At very
low frequencies the CPEs 652 and 654 (representing the
platinum/tissue interfaces) dominate the system and the
magnitude of the interface CPEs 652 and 654 can be
determined. The bumps in the curve 800 at intermediate
frequencies are caused by the presence of the cells and
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cell walls in the medium. Different cell types cause dif-
ferent inflections and plateaus in this intermediate region
of the plot. Thus, obtaining impedance measurements
for plurality of frequencies, as shown, helps provide a
mechanism for distinguishing between impedances due
to the electrode and those due to the tissue.
[0055] In embodiments, the selected set of frequencies
to be measured can be tailored to the particular applica-
tion. For example, the typical time taken to run a full im-
pedance sweep can be several minutes or hours since
typically the frequencies in the milli-Hertz region require
long data collection times. Since these low frequency
measurements provide information mostly about the
electrode/tissue interface and not its surrounding struc-
tures, in certain embodiments (e.g., when used during
cochlear implant implantation), the method can omit
many of the low frequency measurements. For example,
when used during cochlear implantation, the method may
only take measurements for a subset of key frequencies
that can be quickly obtained and provide sufficient infor-
mation for identifying the location of the stimulating lead
assembly.
[0056] In the above discussed embodiment of FIG. 4,
a dedicated signal generator 404 (FIG. 4) was used for
applying the signal to the electrode pair. This dedicated
signal generator circuitry may be useful in forcing a si-
nusoidal voltage or current and measuring a resulting
sinusoidal current or voltage, respectively.
[0057] In other embodiments, the stimulating signal
generation circuitry used for applying stimulation to a re-
cipient in an implantable stimulator system may be used
to generate the signal(s) used to measure impedance.
For example, cochlear implants typically include circuitry
designed to deliver a square wave current pulse as part
of their neural stimulator function. Existing cochlear im-
plants also typically include circuitry for measuring a volt-
age drop across the electrodes (e.g., the voltage drop
across a particular electrode and the extra-cochlear elec-
trode or the voltage drop across two electrodes of the
stimulating lead assembly). Embodiments of the present
invention use the square wave current pulse of the signal
generation circuitry to obtain impedance spectroscopy
data by measuring and storing the voltage across the
electrodes (e.g., the electrode of the stimulating lead as-
sembly that applied the pulse and the extra-cochlear
electrode) at various times during the pulse.
[0058] FIG. 9 illustrates a square wave current pulse
902 and a resulting measured voltage 904, in accordance
with an embodiment of the present invention. In this em-
bodiment, the stimulating signal generation circuitry of
the cochlear implant is used to apply the current pulse.
Further, circuitry included in the stimulator unit is used
to measure the voltage across the electrode pair. Al-
though data obtained in this manner may not be exactly
translated into the data obtained through conventional
impedance spectroscopy, it is closely related to it and is
likely to provide useful information for deriving informa-
tion about the structures near the electrodes.

[0059] In an embodiment, the time during the pulse at
which the voltage across the electrodes is measured is
closely related to the inverse of the frequency in a con-
ventional impedance spectroscopy system. For exam-
ple, the voltage measured 10ms after the start of the cur-
rent pulse is closely related to the amplitude data that
would be obtained at a frequency of 100 kHz (=1/10ms)
with a conventional impedance spectroscopy system.
Similarly, voltage measured 100ms after the start of a
pulse is closely related to an impedance spectroscopy
amplitude measured at a frequency of 10kHz =1/ 100ms.
[0060] The Laplace transform can be used to relate
the measured voltage during the stimulation pulse to the
frequency spectrogram as follows: During (phase 1 of) a
constant current stimulation pulse, assume the time do-
main current is I(t) and the time domain voltage is V(t).
I(t) and V(t) can be transformed using the Laplace oper-
ator to yield the frequency domain current, I(s), and fre-
quency domain voltage, V(s) as follows.
[0061] For a constant current stimulator I(t) = I (a con-
stant) so the frequency domain current, I(s) is the Laplace
transform of the constant I so: I(s) = I/s. The signal V(t)
is measured numerically by the AIMD. The Laplace trans-
form, V(s), of the time domain voltage waveform, V(t),
can be calculated numerically from the measured values
of time domain voltage, V(t). i.e.: V(s) = L[V(t)] where L
is the Laplace operator.
[0062] From the frequency domain current, I(s), and
the frequency domain voltage, V(s), the frequency do-
main impedance, also known as the impedance spectro-
gram, can be calculated as: Z(s) = V(s)/I(s). As noted
above, the measured impedance data may be analyzed
in various manners depending on the particular imple-
mentation. For example, in an embodiment, the raw cur-
rent measurements may be provided by control circuit
402 (FIG. 4) to an external device that analyzes the meas-
urements to display information to a surgeon regarding
the location of the stimulating lead assembly. This exter-
nal device may be, for example, a computer or special-
ized piece of hardware and/or software. Or, for example,
in an embodiment, the data is analyzed by cochlear im-
plant 100, such as by the sound processor 126 or control
unit 402. The cochlear implant 100 analyzes the data to,
for example, determine if a fault occurred or the stimu-
lating lead assembly has shifted position from its initial
position. The cochlear implant (e.g., sound processor
126) then takes appropriate action such as, for example,
modifying the map used in generating electrical stimula-
tion, providing an indication to the external speech proc-
essor that can be used to notify the recipient or surgeon
of an issue with the cochlear implant, or, for example,
terminate the application of stimulation to the recipient.
[0063] As noted, in an embodiment, control circuit 402
provides the raw data to an external device, such as a
computer or specialized piece of hardware that analyzes
the data. In such an embodiment, the external device
may be connected to the sound processor 126 (FIG. 1)
by a wired or wireless connection. For example, in an
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embodiment, control circuit 402 provides the data to in-
ternal receiver unit 132 (FIG. 1), which transmits the data
to external transmitter unit 128. External transmitter unit
128 then provides the data to sound processor 126, which
then provides the data to the external device.
[0064] The external device may compute a curve, such
as curve 800, from the raw data and compare the com-
puted curve to known curve patterns representing differ-
ent characteristics to identify the proximity of the elec-
trode to a particular structure. Various techniques may
be employed for performing this comparison, such as,
for example, by using a neural network to compare the
measured curve to known curve patterns to determine
the proximity of the electrode to different structures. For
example, the curve shape for an electrode close to the
modiolus will
be different than the curve shape for an electrode that is
located away from the modiolus and surrounded by per-
ilymph.
[0065] The following provides an exemplary descrip-
tion of an embodiment in which the measured information
is provided to an external device so that information on
the location of the stimulating lead assembly may be pre-
sented to a surgeon during implantation of the stimulation
lead assembly. In an embodiment, this information is pro-
vided in real time so that a surgeon implanting a stimu-
lating lead assembly can obtain real time data about the
cochlear structures near the stimulating lead assembly.
This information may be displayed to the surgeon in a
visual form (for example a head up display of one or more
of the impedance spectroscopy plots). Or, for example,
this visual data may be presented through the operating
microscope as a head-up display. Or, for example, the
data may be presented aurally as a single frequency con-
tinuous tone (e.g. the tone frequency or amplitude could
be related to the impedance spectroscopy amplitude data
measured at a particular frequency). Or the sound could
be a continuous, complex sound (e.g. consisting of a
summation of multiple tones, each tone related to the
impedance spectroscopy amplitude at a range of fre-
quencies). Or the sound could be a series of tone bursts
where the tone burst frequency is related in some way
to the salient impedance spectroscopy data.
[0066] As noted, in embodiments the data is presented
in real time (so the tone or visual data changes more or
less instantaneously as the stimulating lead assembly is
moved) or it may be presented after the fact. The advan-
tage of real time is that it allows the surgeon to respond
instantly to any detected changes or problems associat-
ed with the proximity to neural structures. The advantag-
es of "after the fact" presentation is that it allows more
time for any post processing of data that may be neces-
sary in order to extract the most useful data to present
to the surgeon.
[0067] The data processing, salient feature extraction
and presentation means will vary depending on the ap-
plication required. For example, if a surgeon wishes to
know the proximity of all the electrodes of a cochlear

implant stimulating lead assembly to the lateral wall of
the cochlea, then, in an embodiment, data from all the
electrodes of the array are measured, processed and
presented to he surgeon, in more or less real time.
[0068] In another embodiment, a clinician may wish to
determine, postoperatively, the proximity of the elec-
trodes of a stimulating lead assembly to the modiolus.
This may provide useful data that affects the way the
cochlear implant is programmed (e.g. there is evidence
to show that close modiolar positioning of the electrodes
reduces current spread and potentially allows the use of
programming strategies requiring greater spatial selec-
tivity). In this case there is no need for real time process-
ing of the data since the clinician has ample to time to
consider the best way to program the cochlear implant.
In this case it may be advantageous to do more complex
processing and presentation of the impedance spectros-
copy data, perhaps presenting the data in a range of pres-
entation styles and methods, since additional information
relevant to modiolar proximity may be obtained through
greater processing of the raw data.
[0069] In addition to plotting the measured impedance
amplitudes versus frequency and comparing the plot to
known patterns, embodiments of the present invention
may also analyze the data in different ways depending
on the particular physical characteristics of the cells or
electrode that are to be determined. These other mech-
anism include, for example, plotting (a) the phase angle
of the complex impedance vs. frequency; (b) the real
component of the complex impedance vs. frequency; (c)
the imaginary component of the complex impedance vs.
frequency; and (d) the real (e.g., x-axis) vs. imaginary (y-
axis) impedance components for each frequency meas-
ured. Further, in another embodiment, rather than simply
using the raw data, the data may be further processed.
For example, in an embodiment, the derivative of the
measured impedance (or voltage or current) vs. time is
obtained and the resulting derivative is used, for exam-
ple, to obtain information regarding the stimulating lead
assembly, such as information regarding the proximity
of the electrode to the structure of the medium surround-
ing the tissue. In one such embodiment, the resulting
derivative values are plotted versus frequency and dis-
played to the surgeon, or for example, used as inputs to
a classification algorithm (e.g., neural network) such as
discussed above.
[0070] In an embodiment, the impedance spectrosco-
py data may be combined (e.g., by an external device)
with other data relating to structures near the electrode
(e.g., x-rays and other imaging data, optical measure-
ments, force measurements, etc.).
[0071] It should be noted that the above description
provides one example for obtaining impedance spectros-
copy measurements, and in other embodiments, more
complex impedance spectroscopy measurements may
be obtained. For example, in the embodiment the current
is measured on the same electrode as the one that ap-
plies the voltage. It is also possible to apply current or
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voltage on one electrode and measure voltage or current
respectively on one or more other electrodes in the array
of electrodes. Applying voltage or current on one elec-
trode and measuring the voltage or current on another
electrode is known to those of skill in the art and is not
discussed further herein. The system of forcing current
on one electrode and then measuring voltage on other
electrodes in an array of electrodes is sometimes referred
to as electrode field imaging.
[0072] As noted above, impedance spectroscopy data
may be used for determining proximity information. Ad-
ditionally, as noted above, the impedance spectroscopy
data may be used for obtaining other types of information.
For example, the impedance spectroscopy data may be
used to determine if tip fold over occurs during surgical
implantation of a stimulating lead assembly. When tip
fold-over occurs, the electrode spacing is changed, such
that one or more electrodes may be located very near
another electrode. In embodiments in which impedance
spectroscopy data is used to detect tip fold over, a current
or voltage may be applied on one or more electrodes and
measured on one or more different electrodes. If tip fold
over occurs the current or voltage applied on the elec-
trode(s) may be received on the other electrode(s) with
a resulting distinctive profile that may be used to detect
tip fold over. In such an embodiment, a classification al-
gorithm (e.g., a neural network) may be used to deter-
mine if the measured values indicate that tip fold over
has occurred.
[0073] In another embodiment, the impedance spec-
troscopy data is used to detect whether there is a fault
or whether the tissue includes diseased or damaged
cells. In such an embodiment, these faults, as well as
issues with the tissue may each have distinctive imped-
ance spectroscopy characteristics. In an embodiment, a
classification algorithm (e.g., neural network) may be
used to analyze the measured impedance spectroscopy
data to determine if any of these issues has occurred.
[0074] In another embodiment, impedance spectros-
copy measurements are obtained using a four point im-
pedance method. In this method the voltage between two
nearby electrodes is measured while passing current be-
tween two other electrodes flanking the measurement
electrodes. A further description of an exemplary four
point impedance method is provided in U.S. Patent Pub-
lication No. 2011/0087085 entitled "Method and Device
for Intracochlea Impedance Measurements."
[0075] Reference herein to "one embodiment" or "an
embodiment" means that a particular feature, structure,
operation, or other characteristic described in connection
with the embodiment may be included in at least one
implementation of the invention. However, the appear-
ance of the phrase "in one embodiment" or "in an em-
bodiment" in various places in the specification does not
necessarily refer to the same embodiment. It is further
envisioned that a skilled person could use any or all of
the above embodiments in any compatible combination
or permutation.

[0076] It is to be understood that the detailed descrip-
tion and specific examples, while indicating embodi-
ments of the present invention, are given by way of illus-
tration and not limitation. The invention is defined by ap-
pended claims 1-13.

Claims

1. A method of operating an active implantable medical
device, AIMD, comprising a stimulating lead assem-
bly with a plurality of electrodes (148, 448, 450), a
signal generator (404) and a control circuit (402),
wherein the AIMD is a cochlear implant (100), the
method comprising:

selecting at least one pair of electrodes with the
control circuit (402);
applying with the signal generator (404) a meas-
urement signal with a selected subthreshold
voltage at a plurality of frequencies to a recipient
of the AIMD using the selected pair of elec-
trodes;
performing, with the control circuit (402), an im-
pedance spectroscopy measurement, respon-
sive to the measurement signal and indicative
of an impedance of the selected pair of elec-
trodes and surrounding tissue of the recipient,
at each of the plurality of frequencies; and
analyzing the impedance spectroscopy meas-
urement data by the cochlear implant (100);
determining by the cochlear implant (100),
based on the analyzing, if a fault occurred or the
stimulating lead assembly has shifted position
from its initial position; and
performing by the cochlear implant (100), one
of the following steps: modifying a map used in
generating electrical stimulation, providing an
indication to an external speech processor or,
terminating application of stimulation to the re-
cipient.

2. The method of claim 1, further comprising:
analyzing the impedance spectroscopy measure-
ment to determine information regarding location of
the stimulating lead assembly and/or to determine a
fault regarding the AIMD.

3. The method of claim 2, wherein the analyzing com-
prises:
analyzing the impedance spectroscopy measure-
ment to determine information regarding a proximity
of the selected electrodes to one or more tissue
structures.

4. The method of any one of the claims 1 - 3, wherein
the applying comprises:
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applying a measurement signal at a first of the
plurality of frequencies with a specified electrical
characteristic using the selected pair of elec-
trodes (148, 448, 450); and
applying a measurement signal at a second of
the plurality of frequencies with the specified
electrical characteristic using the selected pair
of electrodes (148, 448, 450); and
wherein the performing comprises:

measuring a first impedance of the selected
pair of electrodes (148, 448, 450) and sur-
rounding tissue in response to the meas-
urement signal at the first of the plurality of
frequencies; and
measuring a second impedance the select-
ed pair of electrodes (148, 448,450) and
surrounding tissue in response to the meas-
urement signal at the second of the plurality
of frequencies.

5. The method of claim 4, further comprising:

computing a curve using the first and second
impedances; and
comparing the computed curve to one or more
known curve patterns to identify the proximity of
the selected pair of electrodes (148, 448, 450)
to one or more tissue structures.

6. The method of claim 5, wherein comparing compris-
es:
using a neural network in comparing the computed
curve to one or more known curve patterns.

7. The method of any one of the claims 2 - 6, further
comprising
displaying on a device external to the AIMD the lo-
cation information, wherein the displayed informa-
tion may comprise the curve computed using the
measurement in the method step according to claim
5.

8. The method of claim 7, where the displaying com-
prises:
displaying the information on a heads-up display.

9. The method of any one of the claims 1 - 8, where
the applying and performing are performed for each
of the plurality of frequencies using a frequency
sweep.

10. An active implantable medical device (100), wherein
the active implantable medical device (100) is a co-
chlear implant, the active implantable medical device
comprising:

a stimulating lead assembly (118) comprising a

plurality of electrodes (148, 448, 450);
a signal generator (404) configured to apply a
signal with a selectable voltage using a selected
pair of the the plurality of electrodes (148, 448,
450) at a plurality of frequencies; and
a control circuit (402) configured to select at
least one pair of electrodes to perform an im-
pedance spectroscopy measurement, respon-
sive to the signal, indicative of an impedance of
the at least one selected pair of electrodes (148,
448, 450) and surrounding tissue for each of the
plurality of frequencies, wherein
the cochlear implant (100) is configured to:

analyze the impedance spectroscopy
measurement data,
determine, based on the analyzing, if a fault
occurred or the stimulating lead assembly
has shifted position from its initial position;
and
perform one of the following steps: modify-
ing a map used in generating electrical stim-
ulation, providing an indication to an exter-
nal speech processor or, terminating appli-
cation of stimulation to the recipient.

11. The active implantable medical device (100) of claim
10, further comprising:
an interface configured to provide the impedance
spectroscopy measurement to an external device for
analysis to determine location information regarding
the electrode (148,448,450).

12. The active implantable medical device (100) of claim
10, wherein the component (118) further comprises
an extra cochlear electrode (450); and
wherein each electrode of the simulating lead as-
sembly is paired with the extra cochlear electrode;
wherein the signal generator (404) is configured to
apply a first signal at a plurality of frequencies using
a first pair of electrodes (450); and
wherein the signal generator (404) is configured to
apply a second signal at a plurality of frequencies
using a second pair electrodes (450); and
wherein the control circuit (402) is configured to per-
form first and second measurements, responsive to
the first and second signals, indicative of an imped-
ance of the one of the first and second pair of elec-
trodes and tissue of the recipient at each of the plu-
rality of frequencies.

13. The active implantable medical device (100) of claim
10, wherein the measurement signal comprises a
square shaped pulse.
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Patentansprüche

1. Verfahren zum Betreiben eines aktiven implantier-
baren medizinischen Geräts, AIMG, das eine Stimu-
lationsleitungsanordnung mit einer Vielzahl von
Elektroden (148, 448, 450), einen Signalgenerator
(404) und einen Steuerungsschaltkreis (402) um-
fasst, wobei das AIMG ein Gehörschneckenimplan-
tat (100) ist, wobei das Verfahren umfasst:

Auswählen von mindestens einem Elektroden-
paar mit dem Steuerungsschaltkreis (402);
Anlegen mit dem Signalgenerator (404) eines
Messsignals mit einer ausgewählten Spannung
unter dem Schwellwert bei einer Vielzahl von
Frequenzen an einen Empfänger des AIMGs
unter Verwendung des ausgewählten Elektro-
denpaars;
Durchführen mit dem Steuerungsschaltkreis
(402) eine Impedanzspektroskopiemessung, in
Reaktion auf das Messsignal, die eine Impe-
danz des ausgewählten Elektrodenpaars und
des umgebenden Gewebes des Empfängers
charakterisiert, bei jeder der Vielzahl von Fre-
quenzen; und
Analysieren der Impedanzspektroskopiemess-
daten durch das Gehörschneckenimplantat
(100);
Bestimmen durch das Gehörschneckenimplan-
tat (100), basierend auf dem Analysieren, ob ein
Fehler aufgetreten ist, oder ob sich die Position
der Stimulationsleitungsanordnung von ihrer
Anfangsposition verschoben hat; und
Durchführen durch das Gehörschneckenimp-
lantat (100), einen der folgenden Schritte: Mo-
difizieren einer Map, die beim Erzeugen elektri-
scher Stimulation verwendet wird, Bereitstellen
einer Meldung an einen externen Sprachpro-
zessor, oder Beenden des Anlegens der Stimu-
lation an den Empfänger.

2. Verfahren nach Anspruch 1, das weiterhin umfasst:
Analysieren der Impedanzspektroskopiemessung,
um Ortsinformationen der Stimulationsleitungsan-
ordnung zu bestimmen und/oder um einen Fehler
bezüglich des AIMG zu bestimmen.

3. Verfahren nach Anspruch 2, wobei das Analysieren
umfasst:
Analysieren der Impedanzspektroskopiemessung,
um Information zu gewinnen betreffend einer Nähe
der ausgewählten Elektroden zu einer oder mehre-
ren Gewebestrukturen.

4. Verfahren nach einem der Ansprüche 1 bis 3, wobei
das Anlegen umfasst:

Anlegen eines Messsignals bei einer ersten der

Vielzahl von Frequenzen mit einer speziellen
elektrischen Charakteristik unter Verwendung
des ausgewählten Elektrodenpaars (148, 448,
450); und
Anlegen eines Messsignals bei einer zweiten
der Vielzahl von Frequenzen mit der speziellen
elektrischen Charakteristik unter Verwendung
des ausgewählten Elektrodenpaars (148, 448,
450); und
wobei das Durchführen umfasst:

Messen einer ersten Impedanz des ausge-
wählten Elektrodenpaars (148, 448, 450)
und des umgebenden Gewebes in Reaktion
auf das Messsignal bei der ersten der Viel-
zahl von Frequenzen; und
Messen einer zweiten Impedanz des aus-
gewählten Elektrodenpaars (148, 448, 450)
und des umgebenden Gewebes in Reaktion
auf das Messsignal bei der zweiten der Viel-
zahl von Frequenzen.

5. Verfahren nach Anspruch 4, das weiterhin umfasst:

Berechnen einer Kurve unter Verwendung der
ersten und zweiten Impedanzen; und
Vergleichen der berechneten Kurve mit einer
oder mehreren bekannten Kurvenmuster, um
die Nähe des ausgewählten Elektrodenpaars
(148. 448, 450) zu einer oder mehreren Gewe-
bestrukturen zu identifizieren.

6. Verfahren nach Anspruch 6, wobei das Vergleichen
umfasst:
Verwendung eines neuronalen Netzwerks beim Ver-
gleichen der berechneten Kurve mit einer oder meh-
reren bekannten Kurvenmustern.

7. Verfahren nach einem der Ansprüche 2 bis 6, das
weiterhin umfasst
Anzeigen der Lageinformation auf einem zu dem
AIMG externen Gerät, wobei die angezeigte Infor-
mation die Kurve umfasst, die unter Verwendung der
Messung in dem Verfahrensschritt gemäß Anspruch
5 berechnet wurde.

8. Verfahren nach Anspruch 7, wobei das Anzeigen
umfasst:
Anzeigen der Information auf einem Heads-up-Dis-
play.

9. Verfahren nach einem der Ansprüche 1 bis 8, wobei
das Anlegen und Durchführen für jede der Vielzahl
von Frequenzen unter Verwendung eines Fre-
quenz-"wobbelns" durchgeführt wird.

10. Aktives implantierbares medizinisches Gerät (100),
wobei das aktive implantierbare medizinische Gerät
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(100) ein Gehörschneckenimplantat ist, wobei das
aktive implantierbare medizinische Gerät umfasst:

eine Stimulationsleitungsanordnung (118), das
eine Vielzahl von Elektroden (148, 448, 450)
umfasst;
einen Signalgenerator (404), der konfiguriert ist,
ein Signal mit einer wählbaren Spannung unter
Verwendung eines ausgewählten Paares der
Vielzahl von Elektroden (148, 448, 450) bei einer
Vielzahl von Frequenzen anzulegen; und
einen Steuerungsschaltkreis (402), der konfigu-
riert ist, mindestens ein Elektrodenpaar auszu-
wählen, um eine Impedanzspektroskopiemes-
sung durchzuführen, in Reaktion auf das Signal,
die eine Impedanz des mindestens einen Elek-
trodenpaares (148, 448,450) und des umgeben-
den Gewebes für jede der Vielzahl von Frequen-
zen charakterisiert, wobei
das Gehörschneckenimplantat (100) konfigu-
riert ist, um:

die Impedanzspektroskopiemessdaten zu
analysieren,
basierend auf dem Analysieren zu bestim-
men, ob ein Fehler aufgetreten ist, oder ob
sich die Position der Stimulationsleitungsa-
nordnung von seiner Angangsposition ver-
schoben hat; und
eins der folgenden Schritte durchzuführen:
Modifizieren einer Map, die beim Erzeugen
elektrischer Stimulation verwendet wird,
Bereitstellen einer Meldung an einen exter-
nen Sprachprozessor, oder Beenden des
Anlegens der Stimulation an den Empfän-
ger.

11. Aktives implantierbares medizinisches Gerät (100)
nach Anspruch 10, weiterhin umfassend:
eine Schnittstelle, die konfiguriert ist, die Impedanz-
spektroskopiemessung an ein externes Gerät zur
Analyse bereitzustellen, um Ortsinformationen be-
treffend der Elektrode (148, 448, 450) zu bestimmen.

12. Aktives implantierbares medizinisches Gerät (100)
nach Anspruch 10, wobei die Komponente (118) wei-
terhin eine Extra-Gehörschneckenelektrode (450)
umfasst; und
wobei jede Elektrode der Stimulationsleitungsanord-
nung mit der Extra-Gehörschneckenelektrode ge-
paart ist;
wobei der Signalgenerator (404) konfiguriert ist, ein
erstes Signal bei einer Vielzahl von Frequenzen un-
ter Verwendung eines ersten Elektrodenpaars (450)
anzulegen; und
wobei der Signalgenerator (404) konfiguriert ist, ein
zweites Signal bei einer Vielzahl von Frequenzen
unter Verwendung eines zweiten Elektrodenpaars

(450) anzulegen; und
wobei der Steuerungsschaltkreis (402) konfiguriert
ist, erste und zweite Messungen durchzuführen, in
Reaktion auf die ersten und zweiten Signale, die eine
Impedanz des einen des ersten und zweiten Elek-
trodenpaars und des Gewebes des Empfängers an
jeder der Vielzahl von Frequenzen charakterisiert.

13. Aktives implantierbares medizinisches Gerät (100)
nach Anspruch 10, wobei das Messsignal einen
rechteckförmigen Impuls umfasst.

Revendications

1. Procédé de fonctionnement d’un dispositif médical
implantable actif, AIMD, comprenant un ensemble
de fils de stimulation ayant une pluralité d’électrodes
(148, 448, 450), un générateur de signal (404) et un
circuit de commande (402), l’AIMD étant un implant
cochléaire (100), le procédé comprenant :

la sélection d’au moins une paire d’électrodes
avec le circuit de commande (402) ;
l’application avec le générateur de signal (404)
d’un signal de mesure ayant une tension infra-
liminaire sélectionnée à une pluralité de fré-
quences à un bénéficiaire de l’AIMD utilisant la
paire sélectionnée d’électrodes ;
la réalisation, avec le circuit de commande
(402), d’une mesure de spectroscopie par im-
pédance, sensible au signal de mesure et indi-
catrice d’une impédance de la paire sélection-
née d’électrodes et du tissu environnant du bé-
néficiaire, au niveau de chacune de la pluralité
des fréquences ; et
l’analyse des données de mesure de spectros-
copie par impédance par l’implant cochléaire
(100) ;
la détermination par l’implant cochléaire (100),
sur la base de l’analyse, du fait qu’un défaut ap-
paraissait ou que l’ensemble de fils de stimula-
tion présente une position décalée par rapport
à sa position initiale ; et
la réalisation par l’implant cochléaire (100), de
l’une des étapes suivantes : modification d’une
carte utilisée dans la génération de stimulation
électrique, fourniture d’une indication à un pro-
cesseur vocal externe ou, achèvement de l’ap-
plication de stimulation au bénéficiaire.

2. Procédé selon la revendication 1, comprenant en
outre :
l’analyse de la mesure de spectroscopie par impé-
dance pour déterminer les informations concernant
la localisation de l’ensemble des fils de stimulation
et/ou pour déterminer une erreur concernant l’AIMD.

23 24 



EP 2 719 199 B1

14

5

10

15

20

25

30

35

40

45

50

55

3. Procédé selon la revendication 2, l’analyse
comprenant :
l’analyse de la mesure de spectroscopie par impé-
dance pour déterminer les informations concernant
une proximité des électrodes sélectionnées vis à vis
d’une ou plusieurs structures tissulaires.

4. Procédé selon l’une quelconque des revendications
1 à 3, l’application comprenant :

l’application d’un signal de mesure au niveau
d’une première de la pluralité des fréquences
ayant une caractéristique électrique spécifiée
en utilisant la paire sélectionnée d’électrodes
(148, 448, 450) ; et
l’application d’un signal de mesure à une secon-
de de la pluralité des fréquences ayant la carac-
téristique électrique spécifiée en utilisant la pai-
re sélectionnée d’électrodes (148, 448, 450) ; et
la réalisation comprenant :

la mesure d’une première impédance de la
paire sélectionnée d’électrodes (148, 448,
450) et du tissu environnant en réponse au
signal de mesure au niveau de la première
de la pluralité des fréquences ; et
la mesure d’une seconde impédance de la
paire sélectionnée d’électrodes (148, 448,
450) et du tissu environnant en réponse au
signal de mesure au niveau de la seconde
de la pluralité des fréquences.

5. Procédé selon la revendication 4, comprenant en
outre :

le calcul d’une courbe utilisant la première et la
seconde impédance ; et
la comparaison de la courbe calculée à un ou
plusieurs profils de courbe connus pour identi-
fier la proximité de la paire sélectionnée d’élec-
trodes (148, 448, 450) vis-à-vis d’une ou de plu-
sieurs structures tissulaires.

6. Procédé selon la revendication 5, la comparaison
comprenant :
l’utilisation d’un réseau neuronal dans la comparai-
son de la courbe calculée à un ou plusieurs profils
de courbe connus.

7. Procédé selon l’une quelconque des revendications
2 à 6, comprenant en outre
l’affichage sur un dispositif externe à l’AIMD des in-
formations de localisation, les informations affichées
pouvant comprendre la courbe calculée en utilisant
la mesure dans l’étape de procédé selon la reven-
dication 5.

8. Procédé selon la revendication 7, où l’affichage

comprend :
l’affichage des informations sur un affichage vertical
frontal.

9. Procédé selon l’une quelconque des revendications
1 à 8, l’application et la réalisation étant effectuées
pour chacune de la pluralité des fréquences en uti-
lisant un balayage de fréquence.

10. Dispositif médical implantable actif (100), le dispo-
sitif médical implantable actif (100) étant un implant
cochléaire, le dispositif médical implantable actif
comprenant :

un ensemble de fils de stimulation (118) com-
prenant une pluralité d’électrodes (148, 448,
450) ;
un générateur de signal (404) configuré pour ap-
pliquer un signal avec une tension pouvant être
sélectionnée en utilisant une paire sélectionnée
de la pluralité d’électrodes (148, 448, 450) à une
pluralité de fréquences ; et
un circuit de commande (402) configuré pour
sélectionner au moins une paire d’électrodes
pour effectuer une mesure de spectroscopie par
impédance, sensible au signal, indicatrice d’une
impédance de la au moins une paire sélection-
née d’électrodes (148, 448, 450) et du tissu en-
vironnant pour chacune de la pluralité des fré-
quences,
l’implant cochléaire (100) étant configuré pour :

analyser les données de mesure de spec-
troscopie par impédance,
déterminer, sur la base de l’analyse, si une
erreur s’est produite ou si l’ensemble de fils
de stimulation a une position décalée par
rapport à sa position initiale ; et
effectuer l’une des étapes suivantes : mo-
dification d’une carte utilisée dans la géné-
ration de stimulation électrique, fourniture
d’une indication à un processeur vocal ex-
terne ou, achèvement de l’application de sti-
mulation au bénéficiaire.

11. Dispositif médical implantable actif (100) selon la re-
vendication 10, comprenant en outre :
une interface configurée pour fournir la mesure de
spectroscopie par impédance à un dispositif externe
pour l’analyse afin de déterminer les informations de
localisation concernant l’électrode (148, 448, 450).

12. Dispositif médical implantable actif (100) selon la re-
vendication 10, le composant (118) comprenant en
outre une électrode cochléaire supplémentaire
(450) ; et
chaque électrode de l’ensemble de fils de stimulation
étant appariée à l’électrode cochléaire
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supplémentaire ;
le générateur de signal (404) étant configuré pour
appliquer un premier signal à une pluralité de fré-
quences en utilisant une paire d’électrodes (450) ; et
le générateur de signal (404) étant configuré pour
appliquer un second signal à une pluralité de fré-
quences en utilisant une seconde paire d’électrodes
(450) ; et
le circuit de commande (402) étant configuré pour
effectuer de première et seconde mesure, sensibles
au premier et second signal, indicatrices d’une im-
pédance de l’une de la première et de la seconde
paire d’électrodes et du tissu du bénéficiaire au ni-
veau de chacune de la pluralité de fréquences.

13. Dispositif médical implantable actif (100) selon la re-
vendication 10, le signal de mesure comprenant une
impulsion de forme carrée.
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