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(57) ABSTRACT

An apparatus, including an implantable portion of a hearing
prosthesis, wherein the apparatus is configured to at least
partially cancel a signal in the implantable portion, the signal
resulting from an external magnetic field generated external
to a recipient of the hearing prosthesis. In an exemplary
embodiment, the signal is a signal generated by the external
magnetic field interacting with an electrical lead extending
between a stimulation output device of the prosthesis and a
stimulator and/or receiver of the implantable portion.
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PROSTHESIS OPERATION IN THE FACE OF
MAGNETIC FIELDS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Application No. 62/810,884, entitled PROSTHESIS
OPERATION IN THE FACE OF MAGNETIC FIELDS,
filed on Feb. 26, 2019, naming Guy FIERENS of Mechelen,
Belgium as an inventor, the entire contents of that applica-
tion being incorporated herein by reference in its entirety.

BACKGROUND

[0002] Hearing loss is generally of two types, conductive
and sensorineural. Sensorineural hearing loss is due to the
absence or destruction of the cochlear hair cells which
transduce sound into nerve impulses. Various hearing pros-
theses have been developed to provide individuals suffering
from sensorineural hearing loss with the ability to perceive
sound. For example, cochlear implants have an electrode
assembly which is implanted in the cochlea. In operation,
electrical stimuli are delivered to the auditory nerve via the
electrode assembly, thereby bypassing the inoperative hair
cells to cause a hearing percept.

[0003] Conductive hearing loss occurs when the natural
mechanical pathways that provide sound in the form of
mechanical energy to cochlea are impeded, for example, by
damage to the ossicular chain or ear canal. For a variety of
reasons, such individuals are typically not candidates for a
cochlear implant. Rather, individuals suffering from conduc-
tive hearing loss typically receive an acoustic hearing aid.
Hearing aids rely on principles of air conduction to transmit
acoustic signals to the cochlea. In particular, hearing aids
amplify received sound and transmit the amplified sound
into the ear canal. This amplified sound reaches the cochlea
in the form of mechanical energy, causing motion of the
perilymph and stimulation of the auditory nerve.

[0004] Not all individuals suffering from conductive hear-
ing loss are able to derive suitable benefit from hearing aids.
For example, some individuals are prone to chronic inflam-
mation or infection of the ear canal. Other individuals have
malformed or absent outer ear and/or ear canals resulting
from various scenarios. For these and other individuals,
another type of hearing prosthesis has been developed in
recent years. This hearing prosthesis, commonly referred to
as a middle ear implant, converts received sound into a
mechanical force that is applied to the ossicular chain or
directly to the cochlea via an actuator implanted in or
adjacent to the middle ear cavity. Conversely, cochlear
implants can have utilitarian value with respect to recipients
where all of the inner hair inside the cochlea has been
damaged or otherwise destroyed. Electrical impulses are
provided to electrodes located inside the cochlea, which
stimulate nerves of the recipient so as to evoke a hearing
percept.

SUMMARY

[0005] In accordance with an exemplary embodiment,
there is an apparatus, comprising an implantable portion of
a hearing prosthesis, wherein the apparatus is configured to
at least partially cancel a signal in the implantable portion,
the signal resulting from an external magnetic field gener-
ated external to a recipient of the hearing prosthesis.
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[0006] In accordance with another exemplary embodi-
ment, there is an apparatus, comprising an implantable
hearing prosthesis, wherein the implantable hearing pros-
thesis is configured to function to reduce and/or eliminate a
hearing percept that would be evoked by the hearing pros-
thesis when subjected to an external magnetic field gener-
ated external to a recipient of the hearing prosthesis in the
absence of the functioning.

[0007] In accordance with another exemplary embodi-
ment, there is an apparatus, comprising an implantable
prosthesis, wherein the implantable prosthesis is configured
to provide a signal to an actuator of the prosthesis to actuate
the actuator at a different frequency and/or amplitude rela-
tive to a phenomenon induced signal induced in the pros-
thesis that otherwise results in a respective actuation fre-
quency and/or amplitude induced by a phenomenon
unrelated to the prosthesis while the phenomenon is present,
wherein the signal to actuate the actuator at the different
frequency and/or amplitude at least partially mitigates the
effects of the phenomenon induced signal.

[0008] In accordance with another exemplary embodi-
ment, there is a method, comprising exposing a recipient of
a prosthesis to an Mill field, wherein the exposure also
results in exposure of the prosthesis to the field and oper-
ating the prosthesis to operate in a different manner than that
which is normally the case while the recipient is exposed to
the MRI field.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Some embodiments are described below with ref-
erence to the attached drawings, in which:

[0010] FIG. 1 is a perspective view of an exemplary bone
conduction device in which at least some embodiments can
be implemented;

[0011] FIGS. 2A and 2B are schematic diagrams illustrat-
ing exemplary middle ear implants according to some exem-
plary embodiments;

[0012] FIG. 3 depicts an exemplary embodiment of an
implanted tube microphone utilized in conjunction with a
cochlear implant;

[0013] FIGS. 4A and 4B illustrate some exemplary
embodiments of the exemplary tube microphones;

[0014] FIG. 5 illustrates an exemplary embodiment of an
implantable apparatus;

[0015] FIGS. 6-11 present exemplary functional schemat-
ics of some exemplary embodiments;

[0016] FIGS. 12 and 13 present exemplary schematics of
an electromechanical actuator; and

[0017] FIG. 14 presents an exemplary flowchart for an
exemplary method.

DETAILED DESCRIPTION

[0018] Aspects of the present invention are generally
directed to an implantable component of a middle ear
hearing prosthesis. A middle ear transducer is operationally
coupled to the receiver-stimulator, and a transducer fixation
mechanism is connected to (in some embodiments, is an
integral part of) the transducer, and extends from the trans-
ducer into the middle ear cavity. While some of the embodi-
ments detailed herein are directed towards hearing prosthe-
ses in general and middle ear implants (direct acoustic
cochlear stimulator, as such is sometimes referred to) in
particular, other embodiments include an implanted trans-
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ducer used for sensing sound (implanted microphone, for
example) or sensing other phenomenon. Moreover, while
the teachings detailed herein are sometimes directed towards
a transducer in the form of an actuator, any such disclosure
corresponds to a disclosure in an alternate embodiment of a
transducer in the form of a microphone (and vice versa).
Also, while the embodiments detailed herein are directed
towards an embodiment where the prosthesis is a middle ear
hearing prosthesis, in other embodiments, the teachings
detailed herein, can be applicable to other technologies, such
as a cochlear implant that is a totally implantable hearing
prosthesis with an implanted transducer, or any other tech-
nology that has an implanted transducer where the magnetic
field effects detailed herein can result in one or more of the
phenomena detailed herein or variations thereof or other
phenomena (e.g., a mechanical actuator implanted in a
cochlea that imparts mechanical force to tissue inside the
cochlea, an optical stimulator implanted in the cochlea).
Embodiments of the teachings herein include active bone
conduction devices implanted in a recipient (e.g., where the
actuator herein is configured to vibrate skull bone, such as
the mastoid bone (the actuator can be directly attached to a
surface thereof) to evoke a hearing percept). Embodiments
of the teachings herein include devices that utilize actuators
to move tissue or impart energy into the recipient beyond
hearing prosthesis related devices. For example, a heart
actuator or a penile implant or an artificial limb actuator or
a jaw actuator. The teachings herein can be directed to body
fluid pumps that are implanted in the recipient. Moreover,
embodiments of the teachings herein can include compo-
nents that are not implanted in a recipient and may not even
be medical devices in the first instance, but are devices that
would be exposed to a magnetic field or an electromagnetic
field. Also, while implanted transducers herein are directed
to sound sensors, these devices may not be implanted. Also,
the transducers may not necessarily be sound sensors, but
sensors that sense other phenomenon, such as muscle move-
ment, blood pressure, temperature (a mechanical sensor
could be used to sense such), etc. Any transducer to which
the teachings herein can be applied can be used in some
embodiments. The teachings herein can be applicable to
bionic eyes/retinal implants, etc. Accordingly, embodiments
can include any apparatus disclosed herein in combination
with the specific magnetic field/EM field management
related teachings herein. Embodiments can include any
apparatus disclosed herein in combination with the specific
magnetic field/EM field management related teachings
herein to counter at least in part (including eliminate) the
sensory effects from the apparatus being exposed to the
aforementioned fields.

[0019] FIG. 1 is a perspective view of a human skull
showing the anatomy of the human ear. As shown in FIG. 1,
the human ear comprises an outer ear 101, a middle ear 105,
and an inner ear 107. In a fully functional ear, outer ear 101
comprises an auricle 110 and an ear canal 102. An acoustic
pressure or sound wave 103 is collected by auricle 110 and
channeled into and through ear canal 102. Disposed across
the distal end of ear canal 102 is a tympanic membrane 104
which vibrates in response to sound wave 103. This vibra-
tion is coupled to oval window or fenestra ovalis 112, which
is adjacent round window 121. This vibration is coupled
through three bones of middle ear 105, collectively referred
to as the ossicles 106 and comprising the malleus 108, the
incus 109, and the stapes 111. Bones 108, 109, and 111 of
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middle ear 105 serve to filter and amplify sound wave 103,
causing oval window 112 to articulate, or vibrate in response
to the vibration of tympanic membrane 104. This vibration
sets up waves of fluid motion of the perilymph within
cochlea 140. Such fluid motion, in turn, activates hair cells
(not shown) inside cochlea 140. Activation of the hair cells
causes 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 cause a
hearing percept.

[0020] As shown in FIG. 1, semicircular canals 125 are
three half-circular, interconnected tubes located adjacent
cochlea 140. Vestibule 129 provides fluid communication
between semicircular canals 125 and cochlea 140. The three
canals are the horizontal semicircular canal 126, the poste-
rior semicircular canal 127, and the superior semicircular
canal 128. The canals 126,127, and 128 are aligned approxi-
mately orthogonally to one another. Specifically, horizontal
canal 126 is aligned roughly horizontally in the head, while
the superior 128 and posterior canals 127 are aligned
roughly at a 45-degree angle to a vertical through the center
of the individual’s head.

[0021] Each canal is filled with a fluid called endolymph
and contains a motion sensor with tiny hairs (not shown)
whose ends are embedded in a gelatinous structure called the
cupula (also not shown). As the orientation of the skull
changes, the endolymph is forced into different sections of
the canals. The hairs detect when the endolymph passes
thereby, and a signal is then sent to the brain. Using these
hair cells, horizontal canal 126 detects horizontal head
movements, while the superior 128 and posterior 127 canals
detect vertical head movements.

[0022] FIG. 2A is a perspective view of an exemplary
direct acoustic cochlear stimulator 200A in accordance with
embodiments of the present invention. (Sometimes herein,
this is referred to as a middle ear implant.) Direct acoustic
cochlear stimulator 200A comprises an external component
242 that is directly or indirectly attached to the body of the
recipient, and an internal component 244A that is tempo-
rarily or permanently implanted in the recipient. External
component 242 typically comprises two or more sound input
elements, such as microphones 224, for detecting sound, a
sound processing unit 226, a power source (not shown), and
an external transmitter unit 225. External transmitter unit
225 comprises an external coil (not shown). Sound process-
ing unit 226 processes the output of microphones 224 and
generates encoded data signals which are provided to exter-
nal transmitter unit 225. For ease of illustration, sound
processing unit 226 is shown detached from the recipient.
Internal component 244A comprises an internal receiver unit
232, a stimulator unit 220, and a stimulation arrangement
250A in electrical communication with stimulator unit 220
via cable 218 extending through artificial passageway 219 in
mastoid bone 221. Internal receiver unit 232 and stimulator
unit 220 are hermetically sealed within a biocompatible
housing, and are sometimes collectively referred to as a
stimulator/receiver unit.

[0023] Internal receiver unit 232 comprises an internal coil
(not shown), and optionally, a magnet (also not shown) fixed
relative to the internal coil. The external coil transmits
electrical signals (i.e., power and stimulation data) to the
internal coil via a radio frequency (RF) link. The internal
coil is typically a wire antenna coil comprised of multiple
turns of electrically insulated platinum or gold wire. The



US 2022/0072301 Al

electrical insulation of the internal coil is provided by a
flexible silicone molding (not shown). In use, implantable
receiver unit 232 is positioned in a recess of the temporal
bone adjacent auricle 110.

[0024] In the illustrative embodiment of FIG. 2A, ossicles
106 have been explanted. However, it should be appreciated
that stimulation arrangement 250A may be implanted with-
out disturbing ossicles 106.

[0025] Stimulation arrangement 250A comprises an actua-
tor 240, a stapes prosthesis 252A and a coupling element
251A which includes an artificial incus 261B. Actuator 240
is osseointegrated to mastoid bone 221, or more particularly,
to the interior of artificial passageway 219 formed in mas-
toid bone 221.

[0026] In this embodiment, stimulation arrangement 250A
is implanted and/or configured such that a portion of stapes
prosthesis 252 A abuts an opening in one of the semicircular
canals 125. For example, in the illustrative embodiment,
stapes prosthesis 252 A abuts an opening in horizontal semi-
circular canal 126. In alternative embodiments, stimulation
arrangement 250A is implanted such that stapes prosthesis
252A abuts an opening in posterior semicircular canal 127 or
superior semicircular canal 128.

[0027] As noted above, a sound signal is received by
microphone(s) 224, processed by sound processing unit 226,
and transmitted as encoded data signals to internal receiver
232. Based on these received signals, stimulator unit 220
generates drive signals which cause actuation of actuator
240. The mechanical motion of actuator 240 is transferred to
stapes prosthesis 252A such that a wave of fluid motion is
generated in horizontal semicircular canal 126. Because
vestibule 129 provides fluid communication between the
semicircular canals 125 and the median canal, the wave of
fluid motion continues into the median canal, thereby acti-
vating the hair cells of the organ of Corti. Activation of the
hair cells causes appropriate nerve impulses to be generated
and transferred through the spiral ganglion cells (not shown)
and auditory nerve 114 to cause a hearing percept in the
brain.

[0028] FIG. 2B depicts an exemplary embodiment of a
middle ear implant 200B having a stimulation arrangement
250B comprising actuator 240 and a coupling element 251B.
Coupling element 251B includes a stapes prosthesis 252B
and an artificial incus 261B which couples the actuator to the
stapes prosthesis. In this embodiment, stapes prosthesis
252C abuts stapes 111.

[0029] FIG. 3 is perspective view of a totally implantable
cochlear implant, referred to as cochlear implant 100,
implanted in a recipient. As shown, cochlear implant 100
comprises one or more components which are temporarily or
permanently implanted in the recipient. Cochlear implant
100 is shown in FIG. 3 with an external device 142 which,
as described below, is configured to provide power to the
cochlear implant.

[0030] In the illustrative arrangement of FIG. 3, external
device 142 may comprise a power source (not shown)
disposed in a Behind-The-Ear (BTE) unit 126. External
device 142 also includes components of a transcutaneous
energy transfer link, referred to as an external energy trans-
fer assembly. The transcutaneous energy transfer link is used
to transfer power and/or data to cochlear implant 100. As
would be appreciated, various types of energy transfer, such
as infrared (IR), electromagnetic, capacitive and inductive
transfer, may be used to transfer the power and/or data from
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external device 142 to cochlear implant 100. In the illustra-
tive embodiments of FIG. 1, the external energy transfer
assembly comprises an external coil 130 that forms part of
an inductive radio frequency (RF) communication link.
External coil 130 is typically a wire antenna coil comprised
of multiple turns of electrically insulated single-strand or
multi-strand platinum or gold wire. External device 142 also
includes a magnet (not shown) positioned within the turns of
wire of external coil 130. It should be appreciated that the
external device shown in FIG. 3 is merely illustrative, and
other external devices may be used with embodiments of the
present invention.

[0031] Cochlear implant 100 comprises an internal energy
transfer assembly 132 which may be positioned in a recess
of'the temporal bone adjacent auricle 110 of the recipient. As
detailed below, internal energy transfer assembly 132 is a
component of the transcutaneous energy transfer link and
receives power and/or data from external device 142. In the
illustrative embodiment, the energy transfer link comprises
an inductive RF link, and internal energy transfer assembly
132 comprises a primary internal coil 136. Internal coil 136
is typically a wire antenna coil comprised of multiple turns
of electrically insulated single-strand or multi-strand plati-
num or gold wire.

[0032] Cochlear implant 100 further comprises a main
implantable component 120 and an elongate electrode
assembly 118. In embodiments of the present invention,
internal energy transfer assembly 132 and main implantable
component 120 are hermetically sealed within a biocompat-
ible housing. In embodiments of the present invention, main
implantable component 120 includes a sound processing
unit (not shown) to convert the sound signals received by the
implantable microphone in internal energy transfer assem-
bly 132 to data signals. Main implantable component 120
further includes a stimulator unit (also not shown) which
generates electrical stimulation signals based on the data
signals. The electrical stimulation signals are delivered to
the recipient via elongate electrode assembly 118.

[0033] Elongate electrode assembly 118 has a proximal
end connected to main implantable component 120, and a
distal end implanted in cochlea 140. Electrode assembly 118
extends from main implantable component 120 to cochlea
140 through mastoid bone 119. In some embodiments,
electrode assembly 118 may be implanted at least in basal
region 116, and sometimes further. For example, electrode
assembly 118 may extend towards apical end of cochlea 140,
referred to as cochlea apex 134. In certain circumstances,
electrode assembly 118 may be inserted into cochlea 140 via
a cochleostomy 122. In other circumstances, a cochleostomy
may be formed through round window 121, oval window
112, the promontory 123 or through an apical turn 147 of
cochlea 140.

[0034] Electrode assembly 118 comprises a longitudinally
aligned and distally extending array 146 of electrodes 148,
sometimes referred to as electrode array 146 herein, dis-
posed along a length thereof. Although electrode array 146
may be disposed on electrode assembly 118, in most prac-
tical applications, electrode array 146 is integrated into
electrode assembly 118. As such, electrode array 146 is
referred to herein as being disposed in electrode assembly
118. As noted, a stimulator unit generates stimulation signals
which are applied by electrodes 148 to cochlea 140, thereby
stimulating auditory nerve 114.
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[0035] As noted, cochlear implant 100 comprises a totally
implantable prosthesis that is capable of operating, at least
for a period of time, without the need for external device
142. Therefore, cochlear implant 100 further comprises a
rechargeable power source (not shown) that stores power
received from external device 142. The power source may
comprise, for example, a rechargeable battery. During opera-
tion of cochlear implant 100, the power stored by the power
source is distributed to the various other implanted compo-
nents as needed. The power source may be located in main
implantable component 120, or disposed in a separate
implanted location.

[0036] Stimulator 132 receives a signal generated by an
implanted sound sensor 150, in this embodiment, via a cable
162. Sound sensor 150 is implanted in a cavity formed in
mastoid bone 119 so as to extend, in this embodiment, into
the middle ear cavity. Sound sensor 150 is configured to
detect sound received in a recipient’s ear through the use of
vibrations or pressure variations that occur in or along the
natural path that is followed by acoustic waves in the ear.
More specifically, sound sensor 150 senses vibration of a
structure of the recipient’s ear or vibration of fluid within
one of the recipient’s body cavities, such as the recipient’s
middle ear cavity, inner ear canals, cochlear ducts, etc. The
vibration of the recipient’s ear structure, or the vibration of
the fluid within a body cavity is a result of the receipt of
acoustic waves that travel from the recipient’s outer ear to
the middle and inner ear. That is, the received acoustic
waves result in the vibration of the middle or inner ear
structures, or travel through the middle ear cavity, creating
vibration of the fluid within the cavities. In the embodiment
illustrated in FIG. 3, the sound sensor detects sound based on
vibration of the recipient’s middle ear bones, and more
specifically, based on vibration of incus 109. In an exem-
plary embodiment, sound sensor is an electro-magnetic
transducer, and in other embodiments, it is a piezo-electric
transducer. In some embodiments, one or more of the
features detailed below with respect to the actuator below
are applicable to the sound sensor 150, and are present
therewith. Corollary to this is that any one or more of the
teachings associated with the microphones herein can be
present in the actuators disclosed herein.

[0037] Anembodiment of implantable sound sensor 150 is
described next below with reference to FIGS. 4A and 4B,
referred to herein as implantable sound sensor 250. Implant-
able sound sensor 250 comprises a housing 258 having, in
this embodiment, a substantially tubular shape. The tubular
shape may have a cylindrical or elliptical cross-sectional
shape. Other shapes, such as prismatic with square, rectan-
gular, or other polygonal cross-sectional shapes may also be
used in alternative embodiments. However, a cylindrical
shape may be advantageous for purposes of implantation
and manufacture.

[0038] In the embodiments of FIGS. 4A and 4B, housing
258 is closed at one end 246 by a membrane 248. Membrane
248 is connected to housing 258 as to hermetically seal the
one end 246. Membrane 248 may be connected to housing
258 through one of many known techniques, such as laser
welding or manufacturing (milling, turning) housing 258
and membrane 248 out of one piece.

[0039] Housing 258 is closed at the opposing end 264, that
is, the end remote from membrane 248, by a closure 260.
Closure 260 also provides a hermetical seal. Hence, housing
258, membrane 248 and closure 260 form a biocompatible
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hermetically-sealed enclosure that is substantially impen-
etrable to air and body fluids.

[0040] In embodiments of the present invention, mem-
brane 248 is substantially flexible and is configured to
vibrate. The thickness of membrane 248 is selected depend-
ing on, for example, the material of which it is made and the
body location in which sound sensor 250 will be implanted.
Additionally, membrane 248 and housing 258 may be each
made from the same or different titanium or a titanium alloy.
However, it would be appreciated that other biocompatible
materials may also be used. For example, in one alternative
embodiment, closure 260 may be manufactured of a bio-
compatible ceramic material.

[0041] A coupling mechanism 252 is secured to the exte-
rior surface of membrane 248. In the embodiment illustrated
in FIGS. 4A and 4B, coupling mechanism 252 comprises an
elongate rod 256 and a bracket 254 disposed on the distal
end of the rod. Bracket 254 may have a variety of configu-
rations depending on which structure of the natural ear the
device is to be secured. This is described in further detail
below.

[0042] A vibrational sensor 272, such as a microphone, is
disposed inside housing 258. In certain such embodiments,
the vibrational sensor is a pressure sensitive transducer
configured to generate an electrical signal in response to
detected pressure waves. Microphone 272 may be arranged
such that the microphone’s sensing element is located proxi-
mal to membrane 248 with a defined gas layer 275 posi-
tioned between the microphone’s sensing element and the
membrane. The microphone’s sensing element is typically a
diaphragm.

[0043] The housing 258 is a cylindrical component, as can
be seen. In an exemplary embodiment, the microphone 250
has any one or more or all of the features of the transducer
disclosed in U.S. patent application Ser. No. 12/997,788,
entitled Implantable Sound Sensor for Hearing Prostheses,
to Koen Erik Van den Heuvel.

[0044] In the above embodiments, as coupling mechanism
252 vibrates membrane 248, the excitation of the membrane
is transmitted to the inside of housing 258, where it is sensed
by microphone 272. Microphone 272 may be an electret
microphone, such as from Sonion (Denmark) or Knowles
(USA). Other types of microphones may be used as well,
such as: magnetic, dynamic, piezo-electric, optical, or elec-
tro-mechanical.

[0045] In an alternative embodiment, vibrational sensor
272 is an accelerometer suitable for sensing vibrations of
membrane 248. In one particular embodiment, vibrational
sensor 272 is a micro-electromechanical system accelerom-
eter.

[0046] Vibrational sensor 272 is connected to housing 258
by means of a fluid suspension 276, which is preferably
made of, or that comprises, silicone. It should be appreciated
that in alternative embodiments, other mechanisms may be
implemented to isolate vibrational sensor 272 from the
motion of sound sensor 250.

[0047] Implantable sound sensor 250 further comprises a
transmitter for transmitting the signal generated by vibra-
tional sensor 272, either raw or processed, to an element
outside of sound sensor 250, such as to an implantable
stimulation device or other component of an implantable
hearing prosthesis.

[0048] The transmitter may comprise an electronic circuit
270 mounted inside housing 258 that is coupled to micro-
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phone 272 by wires 262. Electronic circuit 270 may be
configured to process the signal generated by the micro-
phone 272 for transmission to an implantable stimulation
device.

[0049] Electronic circuit 270 may be configured to convert
alternating electrical current (AC) to direct electrical current
(DC) and to deliver electrical power to the microphone 272.
In the embodiment of FIGS. 2A and 2B, electrical power is
provided from a source outside of sensor 250 through wires
262 (through AC current). In alternative embodiments, a
battery can be provided inside housing 258.

[0050] At least one feedthrough 266 is preferably provided
for passing electrical wires 262 to through housing 258.
Feedthrough 266 is preferably provided through closure
260. In certain embodiments, feedthrough 266 is formed in
closure 260; in other words, they are unitary.

[0051] Electrical wires 262 may be configured to pass
electrical power to implantable device 250. Wires 262 may
be configured to transmit the processed microphone signal to
the exterior of sound sensor 250. In the latter case, electronic
circuit 270 may be configured to modulate the signal on the
power wires.

[0052] In an alternative embodiment, the transmission is
wireless. In such embodiments, the implantable device 250
may be provided with an electromagnetic antenna (not
shown).

[0053] Rod 256 is an elongate member suitable for cou-
pling membrane 248 to a vibrating structure of the ear.
Alternatively, the sound sensor 250 may comprise one or
more brackets 254 for additionally connecting membrane
248 to a structure of the middle or inner ear. In certain
embodiments, rod 256 or bracket 254 may be coupled to the
tympanic membrane, and bracket 254 may be a bracket
similar to those used for tympanoplasty. That is, bracket 254
may comprise a disc for coupling to the tympanic mem-
brane. Additionally, in other embodiments, rod 256 or
bracket 254 may be coupled to the malleus, the incus, or the
stapes, and bracket 254 may comprise, for example, a
bracket such as those used for stapedioplasty. In such
embodiments, bracket 254 comprises a clip for coupling to
one of those structures. In still other embodiments, rod 256
or bracket 254 may be coupled to the elliptical window,
round window, the horizontal canal, the posterior canal or
the superior canal.

[0054] FIG. 5 is a perspective view of an exemplary
internal component 344 of a middle ear implant which
generally represents internal components 244A and 244B
described above. Internal component 344 comprises an
internal receiver unit 332, a stimulator unit 320, and a
stimulation arrangement 350. As shown, receiver unit 332
comprises an internal coil (not shown), and preferably, a
magnet 320 fixed relative to the internal coil. As would be
appreciated, stimulator unit 320 is typically hermetically
sealed within a biocompatible housing.

[0055] Stimulator unit 320 is connected to stimulation
arrangement 350 via a cable 328, which includes electrical
leads therein (not shown, but inside the sheathing of the
cable 328 —in some embodiments, there are two electrical
leads that are metallic based and are separately sheathed, and
the sheathing is further sheathed by an outer sheathing of the
cable—in some embodiments, the electrical leads extend
parallel to one another and in other embodiments, the cable
is a coaxial cable).
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[0056] In an exemplary embodiment, cable 328 has a
length extending from the implanted body 345 to the actua-
tor 340 of less than, more than, or equal to 0.5, 0.6, 0.7, 0.8,
09,1, 1.25,1.5,1.75, 2, 2.25, 2.5, 2.75, 3, 3.25, 3.5, 3.75,
4,4.25,4.5,4.75,5,5.25,5.5,5.75,6,6.25,6.5,6.75,7,7.5,
or 8 or more inches, or any value or range of values
therebetween in 0.1 inch increments (e.g., 1.1 inches, 7.8
inches, 3.2 inches to 5.6 inches, etc.). (The length of cable
162 can have these dimensions as well. It is noted that
embodiments can use the actuator and the tube microphone
as a totally implanted arrangement (e.g., instead of FIG. 3
being a cochlear implant, the cochlear implant is replaced
with a middle ear implant).

[0057] Stimulation arrangement 350 comprises an actua-
tor 340, a stapes prosthesis 354, and a coupling element 353.
A proximal end of stapes prosthesis 354 (if present—other
embodiments attached to other parts of the ossicles) is
connected to actuator 340 via coupling element 353, and in
operation, signals from the stimulator unit 320 are sent
through the electrical leads to actuate the actuator 340 so that
it vibrates stapes prosthesis 354. Middle ear implant internal
component 344 further includes actuator positioning mecha-
nism 370 for positioning actuator 340 and thereby position-
ing stapes prosthesis 354. The actuator positioning mecha-
nism may be attached to a fixation system (not shown)
secured directly to a bone. In one embodiment, the fixation
system comprising a cross-shaped component. The fixation
mechanism may be secured via one or more bone screws
drilled into the recipient’s skull through apertures located
towards the distal ends of the cross-shaped component. The
positioning mechanism may contain one or more position/
orientation adjustment components each of which commits
relative adjustments in position and/or orientation. In FIG. 5,
a position/orientation adjustment component in the form of
a ball joint 372 permits the articulation of actuator 340
relative to middle ear implant internal component 344.
Actuator support 374 is depicted as being in the form of a
collar, and receives and otherwise holds actuator 340
therein, and thus holds the actuator to the actuator position-
ing mechanism 370. Actuator support 374 allows for longi-
tudinal positioning of the actuator 340 within the actuator
support 374.

[0058] As may be appreciated by reference to FIG. 5, the
position of stapes prosthesis 354 may be adjusted by moving
actuator 340 and thereby moving stapes prosthesis 354
because it is rigidly coupled to actuator 340 by coupling 353.

[0059] Inan exemplary embodiment, a magnetic field that
has origins from outside the cable 328, such as by way of
example only and not by way of limitation, that which
results from magnetic resonance imaging, can result in the
generation of a signal within the electrical conduits (leads,
coaxial cable, etc.) of cable 328. This as distinguished from
the inductance field that can be generated from an external
component that is based on sound captured by a microphone
of the external component, where the external component is
located proximate the receiver unit 332, which inductance
field interacts with the coil of the receiver unit 332, the
interaction of which generates a signal that is provided to the
stimulator unit, where the actuation of the actuator 340 is
based thereupon. In some embodiments, the inductance field
powers the actuator. That is, the electricity that is utilized to
move the actuator to evoke a hearing percept based on the
captured sound is generated via the inductance field. In the
absence of the inductance field, in at least some exemplary
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embodiments, the actuator would not have power to actuate,
irrespective of whether or not there is an ambient sound.
Note also that in some alternate embodiments, such as in a
totally implantable hearing prosthesis, where, for example,
a microphone is implanted in the recipient, and the implant-
able prosthesis is essentially entirely self-contained, the
implantable component may include a battery, which battery
powers the actuator. Still, even in this exemplary embodi-
ment, an external component can be utilized to charge/
recharge the battery. This external component can, in at least
some exemplary embodiments, generate an inductance field,
which inductance field will interact with the receiver unit
332, and generate power which is utilized to recharge the
battery. That said, in some alternate embodiments, the
battery is a non-rechargeable battery, and has sufficient
capacity that the battery can remain implanted for a number
of years, such as five or six or seven or eight or nine or 10
or 11 or 12 or 13 or 14 or 15 years or more, at which point
at the end of the batteries charge, the battery could be
replaced via a relatively minor surgical procedure. It is
briefly noted that while the teachings herein are generally
detailed with respect to a magnetic field, the teachings herein
are also applicable, in some alternate embodiments, to
electromagnetic fields that cause the actuation of the actua-
tor/transduction in a transducer. Accordingly, any disclosure
herein relating to a magnetic field corresponds to a disclo-
sure of an alternate embodiment associated with an electro-
magnetic field. Also, it is noted that a device that reacts or
otherwise is operated in the face of a magnetic field can
correspond to a device that so operates in the face of an
electromagnetic field.

[0060] It is briefly noted that the above-described effect on
the leads can also have a somewhat analogous impact on the
lead(s) 162 from the tube mic 150 of FIG. 3, which can result
in a signal to the receiver stimulator (and thus might result
in activation of the cochlear implant) and/or the generation
of a signal to a transducer within the tube mic which moves
the working end 152 of the tube mic and thus potentially can
result in a hearing percept (if for example the cochlea retains
residual hearing), at least for transducers that are of the
electro-magnetic type and/or piezo type (as opposed to the
air gap arrangement of the tube microphone). Accordingly,
any disclosure herein associated with a middle ear implant
actuator corresponds to a disclosure of an alternate embodi-
ment where the actuator is instead a transducer.

[0061] In any event, the point is that the magnetic field at
issue that interacts with the electrical conductor and com-
ponents of the cable 328 is different than the inductance field
that is utilized to interact with the receiver unit 332. Further,
the magnetic field at issue is a magnetic field that influences
the implantable component due to interaction with the cable,
as opposed to interaction with the receiver unit. To be clear,
in some exemplary scenarios, the magnetic field at issue can
also interact with the coil of the receiver unit. However, at
issue here, for at least this exemplary embodiment, is the
effects of the interaction of that magnetic field with the cable
328.

[0062] In this regard, in at least some exemplary embodi-
ments, an external magnetic field can result in a voltage
being induced on the electrical conducting components of
the cable 328 connecting the actuator with the implanted
body 345. In an exemplary embodiment, this induced volt-
age can be the result of a changing magnetic field and/or
radiofrequency fields, with the gradient field as the domi-
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nating contributor. In at least some exemplary embodiments,
the aforementioned voltages that are induced in the elec-
tricity conducting components can result in movement of the
actuator. In an exemplary embodiment, such can result in
undesired stimulation of the recipient, such as an undesired
hearing percept being induced in the recipient. Such an
exemplary scenario can occur in an exemplary embodiment
where a changing magnetic field operates in audible fre-
quencies in at least some exemplary scenarios.

[0063] Accordingly, in at least some exemplary embodi-
ments of the implantable component of FIG. 5, there is
contraindication with respect to exposing a recipient of the
implant to an MRI field. In an exemplary embodiment, there
is contraindication with respect to exposing the recipient of
the implant to an MRI field that is greater than 0.5, 0.75, 1,
1.25,1.5,1.75,2,2.25,2.5,2.75,3,3.25,3.5,3.75, 4, 4.25,
4.5,475,5,55,6,6.5,7,8,9,10,11,12,13, 14 or 15 T field
or any value or range of values therebetween in 0.1 T
increments.

[0064] The above said, in at least some exemplary
embodiments, changes to the design of the implant can be
made that make the implant more compatible with exposure
to an MRI magnetic field. By way of example only and not
by way of limitation, twisted wire leads/a twisted pair is
utilized in cable 328. In an exemplary embodiment, this can
have utilitarian value with respect to limiting/reducing or
otherwise eliminating radiofrequency induced voltages. Still
further, in an exemplary embodiment, the design of the
implant can be configured so as to limit/reduce and/or
eliminate gradient induced voltages. By way of example
only and not by way of limitation, a feedback-based arrange-
ment can be utilized. In some embodiments, such an
arrangement can at least partially address the gradient
induced voltages, while in other embodiments, such can at
least partially address the RF frequency induced voltages.

[0065] FIG. 6 presents an exemplary functional schematic
of an exemplary implantable prosthesis. In this exemplary
embodiment, actuator 340 is the middle ear actuator detailed
above, and can be an electromagnetic actuator and/or a
piezoelectric actuator or any other actuator that is actuated
via the application of an electrical signal. Briefly, while the
embodiments above and herein focus upon a middle ear
implant. In some alternate embodiments, the teachings
detailed herein can be applicable to other types of implant-
able components, such as by way of example only and not
by way of limitation, active transcutaneous bone conduction
devices. Accordingly, any disclosure herein of a middle ear
implant corresponds to a disclosure of an alternate embodi-
ment associated with an active transcutaneous bone conduc-
tion device, whether partially implanted or a totally implant-
able system, however powered. Note also that in at least
some exemplary embodiments, the teachings detailed herein
are not limited to only hearing prostheses. In an exemplary
embodiment, the teachings detailed herein can be applicable
to other types of implanted devices, such as other types of
medical devices that have an actuator that actuates, which
actuator is implanted in the body. Thus, in an exemplary
embodiment, the functional schematic of FIG. 6 can also
represent an active transcutaneous bone conduction device,
and in other exemplary embodiments, the functional sche-
matic of FIG. 6 can also represent another type of prostheses
or otherwise another type of implanted medical device. Any
implantable arrangement where the teachings detailed
herein can have utilitarian value can be the subject of at least
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some exemplary embodiments, and thus at least some exem-
plary embodiments include combination of the teachings
detailed herein with such.

[0066] In any event, whatever actuator corresponds to
actuator 340, as can be seen, there is an electrical lead
assembly 629 that extends from the implanted body 645,
which can be a receiver and/or a receiver stimulator, to
actuator 340. As shown, RF frequency field of an MRI
magnetic field interacts with the electrical lead assembly
629, as conceptually represented by arrow 699. Also as
shown, gradient field of an MRI magnetic field interacts with
the electrical lead assembly 629, as conceptually represented
by arrow 698. In this exemplary embodiment, at least one of
the fields, such as the gradient field 698, induces a voltage
in the lead assembly 629. This voltage results in electrical
current flowing along lead 629. In at least some exemplary
embodiments, without the teachings detailed herein, this can
result in the actuation of actuator 340, which can result in
stimulation to the recipient, such as, for example, stimula-
tion that can result in a hearing percept. In an exemplary
embodiment, gradient field 698 can be a field that has a
frequency that is less than, greater than, or equal to 1000,
1500, 2000, 2500, 3000, 3500, 4000, 4500, 5000, 5500,
6000, 6500, 7000, 7500, 8000, 9000, 10,000, 11,000,
12,000, 13,000, 14,000, 15,000, 16,000, or more or any
value or range of values therebetween in 1 Hz increments.

[0067] Inthis exemplary embodiment, the induced voltage
travels towards the implant body 645. In this exemplary
embodiment, the implantable component is provided with a
processor 620 that is configured to receive the resulting
signal/voltage, process that signal, and output a first signal
to mixer 630. This first signal will be combined at adder 630
(or subtractor) with a second signal from digital sound
processor 610, which can represent a “clean” signal that is
based on captured sound (essentially, the signal that would
be outputted by the digital sound processor in the absence of
the teachings detailed herein to evoke a hearing percept
based on the captured sound). Adder 630 adds and/or
subtracts from the second signal, in order to counteract the
induced voltages. Thus, the actuator 340 is ultimately pre-
sented with a “clean” or at least a “cleaner” signal than that
which would be the case in the absence of the feedback (or
feedforward) arrangement.

[0068] In an exemplary embodiment, processor 620 is
configured to measure voltages and/or measure frequency
and/or measure another parameter that is utilitarian to
executing one or more of the method actions detailed herein
and/or to enable one or more of the functionalities detailed
herein and output a signal to counteract such. In an exem-
plary embodiment, the outputted first signal can be an
inverted signal and/or a signal that is out of phase in a
manner such that the outputted first signal would cancel out,
at least partially, the signal induced by the gradient field. In
an exemplary embodiment, the processor 620 can include
memory and/or can have access to memory that is also
located in the implant body 645 which can include lookup
tables or the like so that a given measure voltage and/or
frequency can be compared against the lookup table, and an
output signal based on the measurement can be selected
utilizing the lookup table, and then, based on that selection,
the first signal can be outputted having features correspond-
ing to that of the lookup table for that given measurement.
In an exemplary embodiment, the processor can have access
to a program that can computationally evaluate the mea-
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surements and determine what characteristics should be
present in the first signal to reduce and/or eliminate or
otherwise mitigate the effects of the external magnetic field
vis-a-vis the lead assembly 629. In at least some exemplary
embodiments, component 620 can be a microprocessor
and/or a computer chip that is configured to implement the
teachings detailed herein. In an exemplary embodiment,
component 620 can be integral with the digital sound
processor 615 and/or can be a separate component. Indeed,
in some embodiments, the component 620 or otherwise the
functionality associated therewith can be integrated with or
otherwise be a part of the digital sound processor. By way
of example only and not by way of limitation, FIG. 7
provides a path 679 for a feedback or feedforward loop to
the digital sound processor 610, although it is noted that in
other embodiments, the lead assembly 629 can provide the
conduit for the magnetic field induced voltages to the digital
sound processor 610. That said, in an exemplary embodi-
ment, a one-way diode or current restrictor device can be
located between the digital signal processor and the lead
assembly 629, where the path 679 would bypass such.
Indeed, in some embodiments, flow restrictors can be
located anywhere that can enable the teachings detailed
herein. In some embodiments, path 679 is not present.

[0069] The above said, in at least some exemplary
embodiments, signal comparison can be utilized. In this
regard, the digital sound processor 610 would know what it
is outputting, if it is outputting anything, and could compare
what it outputted/what it “believes” it outputted to the
received signal, and thus comparing the two, can determine
the contribution of the magnetic field induced voltages.

[0070] FIG. 8 presents an alternate exemplary embodi-
ment where the digital sound processor 615 may not be
present in the implant. Such an exemplary embodiment can
be the case with respect to a partially implanted hearing
prosthesis where the processing features and the sound
capture components are located external to the recipient, and
a processed signal based on captured sound is provided via
an RF inductance field to the implanted radiofrequency coil,
where the signal resulting from the RF inductance field is
utilized to actuate the actuator 340. That is, at least some, if
not all, of the processing is executed external to the recipi-
ent. In this regard, in an exemplary embodiment, instead of
processor 615 being present, a radiofrequency coil or
antenna, etc., would be present and would be in signal
communication with component 630 (intervening compo-
nentry can be present, such as signal boosting devices,
capacitor devices, etc.). In this exemplary embodiment,
component 620 would operate in a manner the same as that
detailed above in some embodiments, and first signal could
be added and/or subtract into the second signal, where the
second signal has its basic origins outside of the recipient.
[0071] Note further that at least some exemplary embodi-
ments do not utilize a feedback and/or feedforward arrange-
ment and/or can utilize other arrangements to implement the
teachings detailed herein. In this regard, FIG. 9 depicts an
exemplary embodiment where an antenna 653 is utilized to
obtain measurements associated with the magnetic field that
is impinging upon the lead assembly 629. Here, measure-
ments are taken of the field via component 620, and based
on the measurements, the first output signal is identified and
outputted to component 630. The first output signal interacts
with the system in a manner that is analogous to or otherwise
the same as the teachings detailed above. By way of example
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only and not by way of limitation, based on a signal that
results from the magnetic field interacting with the antenna
653, the signal can be compared in a lookup table, and based
on the lookup table, a first signal can be outputted to
component 630.

[0072] It is also noted that some embodiments do not
necessarily need an antenna 653, at least not one that is
outside of the body 645. Any magnetic field sensor that can
enable the teachings detailed herein can be utilized in at least
some exemplary embodiments. In any event, any device,
system, and/or method that can enable a determination of
one or more features of the magnetic field (strength, fre-
quency, etc.) that can enable the teachings detailed herein,
such as that which can enable the frequency of the magnetic
field to be determined and/or that which can enable an
estimated first signal to be generated or otherwise outputted
to at least partially cancel or otherwise mitigate the signal
that results from the interaction of the magnetic field with
the lead assembly, can be utilized in at least some exemplary
embodiments.

[0073] Note also that in some embodiments, there is no
magnetic field sensor and/or no feedback/feedforward
arrangement. Instead, the prosthesis can be placed into an
MRI compatibility mode where a preprogrammed first sig-
nal will be generated for a given MRI experience. By way
of example only and not by way of limitation, different first
signals can be generated for given magnetic field strengths
for a given MRI machine, etc. For example, if the magnetic
field is a 1.5 Tesla field, a first type of first signal will be
outputted by component 620, and if the magnetic field is a
3.0 Tesla field, a second type of first signal will be outputted
by component 620 (if the different fields result in different
induced voltages). Still further, if the gradient field operates
at a given frequency for a given MRI machine, the first
signal will be a signal that corresponds to that frequency, and
other first signals that are different can be utilized for other
gradient field frequencies. In an exemplary embodiment,
data can be uploaded to the implant just prior to exposure to
the MRI magnetic field for the particular machine and/or for
the particular magnetic field, if known.

[0074] In some embodiments, the first signal does not
necessarily completely cancel out the resulting stimulation,
but can cancel out enough of the voltage that is generated as
a result of the magnetic field to have utilitarian value.
[0075] Again, while embodiments of the teachings
detailed herein have focused on component 620 providing a
first signal, in some embodiments, the digital sound proces-
sor 615 can output the first signal and/or can adjust the
output of the second signal to at least partially cancel or
otherwise mitigate the signal that results from the magnetic
field interacting with the lead assembly 629. That said, the
above is applicable to the totally implantable prostheses
where the digital sound processor is implanted in the recipi-
ent. It is unlikely, at least in some embodiments, that the
external component that includes the digital signal processor
in a partially implanted prosthesis will be utilized in the MRI
machine. Still, if such is done, the external digital signal
processor can provide the second signal as modified so as to
at least partially cancel the signal induced by the magnetic
fields in lead assembly 629.

[0076] FIG. 10 provides an exemplary embodiment where
there is no true active processing or the like in the implant,
but instead, more simple circuitry is utilized to enable the
teachings detailed herein. In this regard, in the exemplary
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embodiment seen in FIG. 10, there is a component, such as
an inverter or a phase shifting device 625, that receives the
signal resulting from the interaction of the magnetic field
with the lead assembly 629, and inverts and/or changes the
phase of that signal, and provides that modified signal to
component 630, where irrespective of any signal received
from a digital sound processor, the modified signal at least
partially cancels the signal or otherwise mitigates the signal
that results from the magnetic field interacting with the lead
assembly 629.

[0077] Consistent with the embodiment of FIG. 10, and
other embodiments where there is no digital sound processor
with the recipient when the recipient is exposed to the MRI
field, and/or in scenarios where there is silence (however
unlikely), and there is no output from the implanted digital
sound processor, there can be scenarios where there is no
sound based signal that is being provided to component 630.
Accordingly, at least some of the teachings detailed herein
include providing the first signal in isolation from any other
sound-based signals that are being provided to component
630 and/or to the lead assembly 629. Thus, some embodi-
ments of the teachings detailed herein are executed in
combination with evoking a hearing percept based on sound
that is captured by the prostheses, while other embodiments
of the teachings detailed herein are executed without evok-
ing a hearing percept based on sound that is captured by the
prosthesis.

[0078] In some embodiments, the teachings associated
with the mitigation of the signal that results from interaction
of the magnetic field with the electrical lead is executed at
a temporal location that is less than or greater than or equal
to 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.1,
0.25,0.5,0.75,1,1.25,1.5,1.75, 2,3,4,5,6,7,8,9, 10, 11,
12,13, 14, 15,1 6, 171, 8, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28, 29, 30, 45, 60, 100, 120, 150, 200, 300, 400, 500, 600,
1,000, 1,500, 2,000, 2.5k, 3k, 4k 5k, 6k, 7k 8k, 9Kk,
10k, 11 k, 12k, 13 k, or 14 k seconds, or any value or range
of values therebetween in 0.01 second increments from the
last time that a hearing percept was evoked using the
prosthesis based on sound captured by a microphone or
other sound capture device of the hearing prosthesis, where
such was transduced into a signal to cause a stimulation of
tissue of the recipient evoke the hearing percept.

[0079] Thus, in view of the above, in at least some
exemplary embodiments, the implant is turned on during the
MRI scan so that the recipient is able to hear during the MRI
scan, while in other embodiments, the implant, while func-
tioning, is not functioning to evoke a hearing percept. With
regard to the latter, there can be utilitarian value with respect
to putting the implant into an “MRI mode” and not stimu-
lating the recipient during the scan for the purposes of
evoking a hearing percept based on ambient sound, but
where any stimulation that occurs is a result of the efforts to
at least partially cancel or otherwise mitigate the resulting
signal from the interaction of the magnetic field with the
electrical lead 629 that actuates the actuator 340 at, for
example, audible frequencies (which, even if such evokes a
hearing percept, is not a hearing percept based on ambient
sound). Accordingly, at least some exemplary embodiments
include at least partially canceling the induced voltages that
result from the magnetic field interaction with the lead
assembly 629 without adding a digital sound processor
signal to the lead assembly 629, and thus not providing that
signal to the actuator 340.
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[0080] FIG. 11 presents another exemplary embodiment of
an arrangement that can mitigate the effects of the signal
induced in the lead assembly 629. Here, a component 1120
is located downstream of the lead assembly 629 relative to
the body 645. In this exemplary embodiment, component
1120 is located inside the actuator 340. That said, in an
exemplary embodiment, component 120 can be located
outside the actuator. It can be mounted on the actuator were
on the lead assembly 629 a bit distant from the actuator 340.

[0081] Inan exemplary embodiment, component 1120 can
be a filter, while in other embodiments, component 1120
breaks the circuit between the lead assembly 629 and the
actuated components of the actuator. By way of example
only and not by way of limitation, component 1120 can be
a switch, while in other embodiments, component 1120 can
be a device that increases resistance in a variable manner so
as to prevent the signal that is induced via the magnetic field
from reaching the actuated components of the actuator.

[0082] With respect to the exemplary filter embodiment, in
an exemplary embodiment, component 1120, when such
corresponds to a filter, can be a variably controlled filter that
can variably filter out electrical signals within a certain
range of frequencies. By way of example only and not by
way of limitation, when the prosthesis is placed into an MRI
mode, filter 1120 prevents signals having frequencies
between 2 kHz and 8 kHz from reaching the actuator
components of the actuator 340. In some embodiments, the
filter can be a narrower filter or a broader filter. In some
embodiments, the filter can prevent signals above and/or
below or at 750, 1,000, 1,250, 1,500, 1,750, 2,000, 2,250,
2,500, 3,000, 3,500, 4,000, 5,000, 6,000, 7,000, 8,000,
9,000, 10,000, 11 k, 12 k, 13k, 14 k, 15k, 16 k, 17 k, 18
k, 19k, 20 k, 21 k, 22 kHz or greater, or any value or range
of values therebetween in 1 kHz increments.

[0083] Accordingly, if the gradient field creates a signal
having a frequency of 5 kHz, a filter that will not permit
signals with frequencies of 3 kHz to 7 kHz to pass will
prevent the signal from actuating the actuator, while the
prosthesis permits signals at different frequencies outside
that range to reach the actuator, thus permitting the actuator
to evoke a hearing percept while the recipient is being
exposed to the MRI magnetic field.

[0084] That said, in some embodiments, the hearing pros-
thesis is not configured to evoke a hearing percept when the
recipient is in the MRI, such as where, for example, the
external component has been removed from the recipient.
Thus, in some embodiments, there is a hearing prosthesis
that is a partially implantable hearing prosthesis where the
implantable portion is configured such that a cancellation
signal is present when exposed to the external magnetic field
that at least partially cancels the signal resulting from the
external magnetic field.

[0085] Note also that in some embodiments where the
range is relatively broad, and it is desired for the recipient to
at least hear ambient sound having the frequencies that are
filtered, in some embodiments, in the MRI mode, the digital
sound processor can purposely reduce and/or increase the
frequencies of ambient sound falling within the range so that
the recipient will have a hearing percept of those sounds,
albeit at a different frequency. That is, for example, if a
speaker has a voice frequency that has much content around
4 kHz, the digital sound processor will reduce that to 2 kHz,
and output a signal accordingly, which will get through the
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filter albeit the evoke a hearing percept will sound much
lower than that which would otherwise be the case.

[0086] When the recipient is done with the MRI, compo-
nent 1120 will be deactivated, and the prosthesis will work
accordingly.

[0087] FIG. 12 depicts a cross-sectional view of the actua-
tor 340, showing that the actuated component of the actuator
is an electromagnetic actuator with a coil wrapped around a
bobbin 1234, and permanent magnets 1236 straddling the
yoke 1232, where the bobbin 1234 is supported by Springs
1230 which are mounted against the interior housing wall of
the housing of the actuator 340, and where the coupling
element 353 moves with movement of the bobbin 1234
when the coil is energized. When an alternating current is
applied via the electrical lead assembly 629, the bobbin will
move back and forth relative to the housing, and thus move
the coupling element 353 back and forth, which in turn will
move the portion of the ossicles and/or the portion of the
round window or oval window or other anatomical compo-
nent to evoke a hearing percept.

[0088] As can be seen in FIG. 12, component 1120 is
interposed between the lead assembly 69 and the coil that is
wrapped around the bobbin 1234. Component 1120 is
located in the housing of the actuator 340, and can operate
as detailed above. Thus, with the embodiment of FIG. 12,
and induced current in the lead assembly 629 can be
prevented from reaching the coil of the actuator, at least in
an alternating manner, and thus the actuation will be pre-
vented.

[0089] Note that consistent with the above, the teachings
herein are not limited to electromagnetic actuators as seen in
FIG. 12. Instead, the leads could lead to a piezoelectric
actuator or any other component that can cause actuation.
Moreover, the leads could lead to another type of stimulation
device.

[0090] Inview of at least some of the embodiments above,
it can be seen that in an exemplary embodiment, there is an
apparatus comprising an implantable portion of a hearing
prosthesis, wherein the apparatus is configured to at least
partially cancel a signal in the implantable portion resulting
from an external magnetic field generated external to a
recipient of the hearing prosthesis. In an exemplary embodi-
ment, the signal is a signal generated by the external
magnetic field interacting with an electrical lead extending
between a stimulation output device (e.g., actuator 340) of
the prosthesis and a stimulator (e.g., DSP 610) and/or
receiver (e.g., inductance coil) of the implantable portion.
[0091] In some embodiments, the implantable portion of
the hearing prosthesis includes an actuator and electrical
leads extending from the actuator, and the actuator will
actuate due to at least some varying magnetic fields in an
overall field that has a value that is greater than at least 1.5
T as a result of interaction of the magnetic field with the
leads. In an exemplary embodiment, the at least some
varying magnetic fields is in a field that is greater than 0.5,
0.75,1,1.25,1.5,1.75,2,2.25,2.5,2.75,3,3.25,3.5,3.75,
4,4.25, 45,475, or 5T, or any value or range of values
therebetween in 0.1 T increments and/or has a frequency that
is less than, greater than and/or equal to 500, 1,000, 1,500,
2,000, 2,500, 3,000, 3,500, 4,000, 4,500, 5,000, 5,500,
6,000, 6,500, 7,000, 7,500, 8,000, 9,000, 10,000, 11,000,
12,000, 13,000, 14,000, 15,000, 16,000, 17,000, 18,000,
19,000, 20,000, 21,000, 22,000 or more, or any value or
range of values therebetween in 1 Hz increments. The
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varying magnetic field can have a maximum gradient value
of between 10 to 75 mT, or, for example, can have a value
of1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 20, 25, 30,
35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, or 100 mT
or more, or any value or range of values therebetween in 0.1
mT increments.

[0092] Insomeembodiments, the signal resulting from the
external magnetic field is an alternating current that has
component(s) having frequencies less than 100 kHz, 80 kHz,
60 kHz, 50, 40, 30, 29, 28, 27, 26, 25, 24, 23, 22, 21, 20, 19,
18,17, 16, 15, 14, 13, 12, 11, 10, 9, 8,7, 6, 5, 4,3, 2, or 1
kHz or lower, or any value or range of values therebetween
in 1 Hz increments and/or less than 500, 450, 400, 350, 300,
250, 200, 150, 100, 90, 80, 70, 60, 50, 40, 30, 25, 20, 19, 18,
17, 16, 15, 14, 13, 12, 11, 10,9, 8,7, 6, 5,4, 3,2, or 1 mV,
or any value or range of values therebetween in 0.1 mV
increments. In an exemplary embodiment, the components
having the aforementioned features constitute at least about
10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 81,
82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97,
98, 99, or 100 percent, or any value or range of values
therebetween in 1% increments of the total energy in the
lead generated by the magnetic field.

[0093] It is noted that in at least some exemplary embodi-
ments, the signal can have frequencies that are larger than
the aforementioned frequencies and/or magnitudes. It is just
that the signals must have the aforementioned values in
some embodiments. To be clear, in at least some exemplary
embodiments, there are frequencies and voltages that are
induced as a result of other features of the magnetic field,
such as the radiofrequency nature of the magnetic field. In
some exemplary embodiments, the teachings detailed herein
not address those frequencies/magnitudes that results there
from, at least not with respect to the cancellation/mitigation
teachings detailed herein associated with the audible fre-
quencies or otherwise that would result in the actuation of
the actuator in a manner that would evoke a hearing percept.
Still, in other embodiments, the teachings detailed herein,
such as the utilization of a twisted pair of leads, can be
utilized to address potentially generated signals that are
outside the aforementioned ranges, although it is noted that
in at least some exemplary embodiments that utilize the
twisted pairs, the signal is not generated because the twisted
pairs shield against such.

[0094] Indeed, in an exemplary embodiment, the teach-
ings detailed herein are not directed towards shielding
against the magnetic field and/or preventing the generation
of'the voltages as a result of interaction of the magnetic field
with the implant. In this regard, in at least some exemplary
embodiments, the voltages are generated/the signals are
generated having the aforementioned features, and the pros-
theses cancels or otherwise mitigate such.

[0095] In some embodiments of the above detailed appa-
ratus, the implantable portion of the hearing prosthesis
includes circuitry configured to at least partially cancel the
signal generated by the magnetic field. The implantable
portion of the hearing prosthesis is further configured with
a feedforward and/or feedback circuit that enables the signal
to be provided to the circuitry, and the circuitry is configured
to at least partially cancel the signal using the output of the
feed forward and/or feedback circuit.

[0096] Inan exemplary embodiment, at least about 25, 30,
35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 81, 82, 83, 84, 85, 86,
87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100

Mar. 10, 2022

percent of the signal is canceled, where the percentages can
be the total magnitude of the signal or the total voltage of the
signal, etc. Also, in some embodiments, the aforementioned
percentages are for frequencies below 100 kHz, 80 kHz, 60
kHz, 50, 40, 30, 29, 28, 27, 26, 25, 24, 23, 22, 21, 20, 19,
18, 17, 16, 15, 14,13, 12, 11, 10, 9, 8, 7, 6, 5, 4, or 3 kHz,
or any value or range of values therebetween in 1 kHz
increments. It is noted that the aforementioned cancellation
figures can be for any of the embodiments detailed herein,
not just the embodiments that utilize feedback and/or feed-
forward arrangements. Indeed, consistent with the teachings
detailed above, in some embodiments, the feedback and/or
feedforward circuits are not necessarily used, and other
embodiments, such as the preprogrammed cancellation sig-
nal, is utilized. Accordingly, in at least some exemplary
embodiments, the implantable portion of the hearing pros-
thesis is configured to provide a cancellation signal that at
least partially cancels the signal resulting from the external
magnetic field.

[0097] As noted above, at least some exemplary embodi-
ments enable the prosthesis to be utilized to evoke a hearing
percept based on ambient captured sound while the signal
mitigation is implemented. Thus, in some embodiments, the
implantable portion of the hearing prosthesis is configured to
evoke a hearing percept based on ambient sound while at
least partially canceling the signal resulting from an external
magnetic field. (It is noted that any disclosure herein of
partially canceling the signal corresponds to a disclosure in
an alternate embodiment of totally canceling the signal,
unless otherwise noted. Note also that at least partially
canceling the signal includes totally canceling the signal.)

[0098] An alternate embodiment does not necessarily
involve cancellation of the signal that is generated as a result
of the interaction of the magnetic field with the lead 629
and/or preventing the signal from reaching the actuator.
Instead, in an exemplary embodiment, there is the action of
driving or otherwise providing a signal to the actuator
having a frequency component and/or magnitude that has
utilitarian value respect to at least partially mitigating the
effects of the signal with respect to the generation of a
hearing percept.

[0099] In an exemplary embodiment, the aforementioned
signal induced by the magnetic field reach is the actuator,
and this signal would otherwise result in the actuator actu-
ating to evoke a hearing percept, but by operating the
actuator according to the teachings detailed herein, at least
about 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 81, 82,
83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98,
99, or 100 percent of the hearing percept that would other-
wise result due to the signal is eliminated, as measured based
on the total magnitude of the percept across all frequencies.
[0100] In an exemplary embodiment, the signal would
otherwise result in the actuator actuating to evoke a hearing
percept, and the hearing percept would have an average,
across all frequencies, less than, greater than or equal to 50,
55, 60, 65,70, 75, 80, 85, 100, 105, 110, 115, 120 dB, or any
value or range of values therebetween in 1 dB increments.
[0101] Thus, in an exemplary embodiment, there is an
implantable hearing prosthesis, wherein the implantable
hearing prosthesis is configured to function to reduce and/or
eliminate a hearing percept that would be evoked by the
hearing prosthesis when subjected to an external magnetic
field generated external to a recipient of the hearing pros-
thesis in the absence of the functioning. It is noted by
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functioning, this is different than disabling the hearing
prosthesis and/or breaking a circuit to prevent stimulation/
prevent the actuator from operating. In this regard, such
would exclude the embodiment of FIG. 11.

[0102] Consistent with the teachings above, the prosthesis
can be such that it at least partially cancels a signal generated
by interaction of the external magnetic field with the pros-
thesis. That said, in some alternate embodiments, the pros-
thesis does not cancel, in part or in whole, the signal. In
some embodiments, the prosthesis is configured to generate
a signal having a frequency and amplitude that reduces
and/or eliminates the hearing prosthesis, where the signal
causes actuation of the actuator. In an exemplary embodi-
ment, the prosthesis is configured to generate a low fre-
quency, high amplitude signal so as to reduce and/or elimi-
nate the hearing percept, which signal actuates the actuator
of the prosthesis, whether or not such actuation results in a
hearing percept (some embodiments may result in such, and
some embodiments may not result in such). Still further, in
an exemplary embodiment, the prosthesis is configured to
generate a high frequency, high amplitude signal so as to
reduce and/or eliminate the hearing percept, which signal
actuates the actuator of the prosthesis, again whether or not
such actuation results in a hearing percept. In some embodi-
ments, the prosthesis is configured to generate a medium
frequency, high amplitude signal, so as to reduce and/or
eliminate the hearing percept, again which signal actuates
the actuator of the prosthesis. (It is noted that such does not
require the actuator operate at that frequency, only that the
signal be generated, as this is in reference to the signal.)

[0103] It is noted by way of example that the generation/
application of the aforementioned signals can be executed in
a scenario where the ambient sound does not include or
otherwise does not effectively include any meaningful com-
ponents at the frequencies and/or amplitudes associated with
the signal that is applied to the actuator. Indeed, in at least
some exemplary embodiments, during normal operation of
the hearing prosthesis, the hearing prosthesis would not
operate at those frequencies even if sound as corresponding
to sounds having the frequencies and/or amplitudes existed
in the environment. In an exemplary embodiment, the pros-
thesis is configured to generate the aforementioned signals
in the complete absence of any ambient sound having those
frequencies and/or amplitudes. Indeed, in an exemplary
embodiment, the prosthesis is configured to generate those
signals in the complete absence of any input associated with
or otherwise based on the ambient sound. That is, in the
complete absence of any sound capture, whether because
there is no sound or because the microphone is shut down or
otherwise removed from the system (such as in the case of
a partially implantable hearing prosthesis), the aforemen-
tioned signals will still be generated.

[0104] In some exemplary embodiments, the prosthesis is
configured to generate a signal having a frequency of less
than, greater than and/or equal to 0.01, 0.05, 0.1, 0.2, 0.3,
04,0.5,0.6,0.7,08,09,1,1.1,1.2,1.3,1.4,1.5,1.6, 1.7.
1.8, 1.9, 2, 2.25, 2.5, 2.75, 3, 3.25, 3.5, 3.75, 4, 4.25, 4.5,
475,5,55,6,6.5,7,75,8,85,9,9.5, 10, 11, 12, 13, 14,
15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30,
31,32, 33, 34, 35, 36, 37, 38, 39, 40, 45, 50, 55, 60, 65, 70,
75, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190,
or 200 Hz, or any value or range of values therebetween in
0.01 Hz, increments, so as to reduce and/or eliminate the
hearing percept, which causes the actuator to actuate
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[0105] In some exemplary embodiments, the prosthesis is
configured to generate a signal having a frequency of less
than, greater than and/or equal to 15 kHz, 16, kHz, 17, kHz,
18,19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33,
34, or 35 kHz or greater, or any value or range of values
therebetween in 1 Hz, increments, so as to reduce and/or
eliminate the hearing percept, which causes the actuator to
actuate.

[0106] In some exemplary embodiments, the prosthesis is
configured to generate a signal having a frequency of less
than, greater than and/or equal to 4, 5, 6, 7, 8, 9, 10, 11, 12,
13, 14, 15, 16, or 17 kHz or greater, or any value or range
of values therebetween in 1 Hz, increments, so as to reduce
and/or eliminate the hearing percept, which causes the
actuator to actuate.

[0107] In some exemplary embodiments, the prosthesis is
configured to generate a signal having a mean or median or
maximum amplitude that is at least 30, 35, 40, 45, 50, 55, 60,
65, 70, 75, 80, 85, 90, 95, or 100%, or any value or range of
valuates therebetween in 1% increments of the maximum
amplitude that can be generated for actuation of the actuator
based on ambient sound (e.g., very loud sounds), so as to
reduce and/or eliminate the hearing percept. In an exemplary
embodiment, the maximum amplitude of the signal that can
be generated to actuate the actuator is less than, greater than
orequalt0 0.3,0.4,0.5,0.6,0.7,0.8,0.9,1,1.1,1.2,1.3,1.4,
1.5,1.6,1.7,18,1.9,2,2.25,2.5,2.75,3,3.5,4,45,5,5.5,
6, 6.5,7,0r 8V, or any value or range of values therebetween
in 0.01 V.

[0108] In at least some exemplary embodiments, the
amplitude of the signal that is generated and provided to the
actuator is at least 2, 3,4, 5,6,7,8,9, 10,11, 12, 13, 14, 15,
16,17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35,
40, 45, 50, 55, 60, 70, 80, 90, 100, 125, 150, 175, 200, 250,
300, 350, 400, 500, 600, 700, 800, 900, or 1,000 or more
times the amplitude of the signal that is generated as a result
of exposure of one or more of the aforementioned magnetic
fields to the electrical leads.

[0109] In an exemplary embodiment, the prosthesis is
configured to dampen stimulation that results in the hearing
percept via functioning of the prosthesis in an MRI mode. In
an exemplary embodiment, the prosthesis is configured to
mask an MRI induced voltage to reduce and/or eliminate the
hearing percept that results from the MRI induced voltage.
[0110] In an exemplary embodiment, by moving the actua-
tor at the aforementioned frequencies and at the magnitudes
corresponding to the aforementioned amplitudes, in at least
some exemplary embodiments, this has the result of damp-
ing the stimulation. By operating the actuator at certain
frequencies coupled with certain magnitudes, the hearing
percept that would otherwise exist owing to the signal that
results from the magnetic field interacting with the electrical
leads is dampened.

[0111] In an exemplary embodiment, such as where, for
example, the actuator is moved at a low frequency, such as
for example, 1 Hz, without being bound by theory, the
resulting signal that is generated by the magnetic field
interacting with the leads is essentially drowned out and no
hearing percept at the frequency of the magnetic field results
or otherwise the hearing percept that results at those fre-
quencies is reduced relative to that which would otherwise
be the case. In an exemplary embodiment, there is little to no
hearing percept that is evoked at the frequency at which the
actuator is driven (e.g., the 1 Hz). Still further, in an



US 2022/0072301 Al

exemplary embodiment, such as where, for example, the
actuator is moved at a high frequency, such as 25,000 Hz,
without being bound by theory, the resulting signal that is
generated by the magnetic field interacting with the leads is
essentially drowned out and no hearing percept at the
frequency of the magnetic field results or otherwise the
hearing percept that results at those frequencies is reduced
relative to that which would otherwise be the case. In an
exemplary embodiment, there is little to no hearing percept
that is evoked at that frequency at which the actuator is
driven.

[0112] It is noted that any of the reductions detailed herein
can correspond to any embodiment unless otherwise noted.

[0113] Still further, in an exemplary embodiment, also
without being bound by theory, the signal that is applied to
the leads at the aforementioned frequency and amplitude is
such that the signal that results from the magnetic field
interacting with the electrical leads has little to no impact on
the actuation of the actuator because the signal having the
higher amplitude overwhelms the other signal, and thus little
to no hearing percept is evoked at the frequencies of the
magnetic field and/or at any hearing percept that exist is
reduced relative to that which would otherwise be the case.
Moreover, again consistent with the teachings of the above,
in an exemplary embodiment, there is little to no hearing
percept that is evoked at the frequency at which the signal
is applied.

[0114] Note further that in at least some exemplary
embodiments, instead of an alternating current that is
applied to the actuator, a direct current is applied (it is noted
that any disclosure of a signal with a frequency corresponds
to an alternating current unless otherwise noted). In this
regard, in an exemplary embodiment, the prosthesis is
configured to provide an alternating current to the actuator
to actuate the actuator to evoke a hearing percept during
normal operation. In at least some exemplary embodiments,
the alternating currents is applied at the frequency of the
sound that is captured, or at least otherwise related to the
sound that is captured. Conversely, when implementing the
functionality of the prosthesis to reduce and/or eliminate the
hearing percept that results from the frequency that interacts
with the electrical leads, the prosthesis is configured to apply
a direct current to the actuator. Thus, in an exemplary
embodiment, such as where the prosthesis includes an
actuator, the prosthesis can be configured to apply a current
to the actuator to urge a moving part of the actuator to and/or
towards a given location to reduce and/or eliminate the
hearing percept. In this regard, FIG. 13 depicts an exemplary
scenario where the prosthesis functions to do exactly that. As
can be seen, the prosthesis has driven the moving component
of the actuator forward, and that location is held or otherwise
generally maintained by maintaining a direct current through
the coil. It is noted that the current can be reversed and
maintained, and thus, in at least some embodiments, the
location depicted in FIG. 13 would be reversed (the springs
would be deflected away from the working end instead of
being deflected towards the working end). In any event,
whatever the results, in at least some exemplary embodi-
ments, providing that the moving component of the actuator
is held in place or otherwise is prevented or otherwise
limited from moving while the magnetic field is generating
the signal, a hearing percept is reduced and/or prevented
from occurring because the actuator cannot actuate, at least
not completely.
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[0115] In an exemplary embodiment, the application of the
electrical current effectively locks out the actuator. Note that
in the embodiment of FIG. 13, there is no mechanical
locking mechanism. Instead, the prosthesis is functioning to
lockout the actuator. This as opposed to an embodiment
where a mechanical lock is used. Indeed, in an exemplary
embodiment, a second actuator could be located within the
actuator that would actuate to move a lock and thus prevent
the actuator from actuating. However, that would not cor-
respond to causing the hearing prosthesis to function to
reduce and/or eliminate the hearing percept. That is, such a
locking device would not correspond to an implantable
hearing prosthesis that is configured to function to reduce
and/or eliminate a hearing percept that would be evoked by
the hearing prostheses when subjected to an external mag-
netic field generated external to a recipient of the hearing
prostheses in the absence of the functioning. That said, in an
alternate embodiment, instead of this feature or in addition
to this feature, a mechanical locking device can be also
included in at least some exemplary embodiments.

[0116] In an exemplary embodiment, the prosthesis is
configured to function to saturate the electromagnetic actua-
tor with respect to the dynamic magnetic flux such that the
actuator will not respond or otherwise responds relatively
weakly to the signal generated by the magnetic field. By way
of example only and not by way of limitation, a very high
amplitude current can be applied that creates a very strong/
high magnetic flux that results in any dynamic magnetic flux
that results from the signal that is generated as a result of the
magnetic field interacting with the lead being de minimis or
otherwise reducing and/or eliminating any hearing percept
that would be evoked because of such.

[0117] In at least some exemplary embodiments, there is
an apparatus, comprising an implantable prosthesis, wherein
the implantable prosthesis is configured to provide a signal
to an actuator of the prosthesis to actuate the actuator at a
different frequency and/or amplitude relative to a phenom-
enon induced signal induced in the prosthesis that otherwise
results in a respective actuation frequency and/or amplitude
induced by a phenomenon unrelated to the prosthesis while
the phenomenon is present, wherein the signal to actuate the
actuator at the different frequency and/or amplitude at least
partially mitigates the effects of the phenomenon induced
signal.

[0118] In at least some embodiments, the phenomenon is
a magnetic field of an MRI machine that generates at least
a 1 T magnetic field (or any of'the fields detailed herein), and
the implantable prosthesis is a middle ear implant (again, not
all embodiments are directed to middle ear implants, or
hearing prostheses for that matter), and the prosthesis is
configured to operate to accommodate the magnetic field
gradient of the MRI field with respect to the influence
thereof on the prosthesis, thereby at least partially mitigating
the effects of the phenomenon induced signal. In some
embodiments, the provided signal is a signal that results in
a frequency of actuation of the actuator that is at least one
of above 15 kHz or below 30 Hz (or any of the values
detailed herein as discussed above). In at least some embodi-
ments, the provided signal is a signal that is at least 0.2, 0.3,
04,05,06,0.7,08,0.9,1,1.25,25,2.75, 2,25, 3, 3.5,
4,45,5,55,6,65,7,8,9, or 10V, or any value or range
ofvalues therebetween in 0.01V increments and the actuator
is configured to operate to evoke a hearing percept having a
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maximum amplitude at at least 2, 3, 4,5, 6,7, 8, 9, 10, 11,
12, 13, 14, or 15 times the voltage provided.

[0119] Further, as can be seen from the above, the implant-
able prosthesis can be configured to provide an alternating
signal to the actuator and enable voltages induced via the
phenomenon to be superimposed onto the alternating signal,
thereby at least partially mitigating the effects of the phe-
nomenon induced signal. Further, the implantable prosthesis
can be configured to dampen the phenomenon induced
signal in the absence of external stimulus.

[0120] Embodiments include methods. In this regard, FIG.
14 provides an exemplary flowchart for an exemplary
method, method 1400, which includes method action 1410,
which includes exposing the recipient of a prosthesis to an
MRI field. In this exemplary embodiment, the exposure also
results in exposure of the prosthesis to the field. The field can
be any of the fields detailed herein or variations thereof.
Method 1400 also includes method action 1420 which
includes operating the prosthesis to operate in a different
manner than that which is normally the case while the
recipient is exposed to the MRI field. It is noted that the
action of operating is different than the embodiment of
breaking the circuit as detailed above with respect to FIG.
11. However, variably filtering the signal according to that
embodiment would constitute operating.

[0121] Consistent with the teachings above, the action of
operating the prosthesis can result in an output by the
prosthesis of a low frequency, high amplitude output. Here,
the actuator operates. Also, consistent with the teachings
detailed above, the action of operating the prosthesis results
in an output by the prosthesis of a high frequency, high
amplitude signal. In an exemplary embodiment, such as
where the prosthesis is a hearing prosthesis, the action of
operating the prosthesis in a different manner than that
which is normally the case can correspond to doing some-
thing with the hearing prostheses that also corresponds to
operation of the hearing prostheses that would not otherwise
be done when the hearing prosthesis is being utilized to
evoke a hearing percept based on captured ambient sound.
For example, the utilization of the feedback and/or feedfor-
ward circuit to cancel at least a portion of the signal in the
electrical leads would not normally be done. Still further by
example, the operation of the actuator at the above-noted
frequencies and amplitudes would also not be done, at least
in a scenario where the ambient sound does not include or
otherwise does not effectively include any meaningful com-
ponents at the frequencies and/or amplitudes associated with
the signal that is applied to the actuator. Again, as noted
above, in an exemplary embodiment, the prosthesis is con-
figured to generate the aforementioned signals in the com-
plete absence of any ambient sound having those frequen-
cies and/or amplitudes. In an exemplary embodiment,
method action 1420 can include operating the prosthesis
such that output by the prosthesis of a low frequency high
amplitude output exists or otherwise results even though
there is no ambient sound that would result in the actuator
actuating at those frequencies and/or amplitudes. Again, in
some embodiments, the actuator can be actuated in the
complete absence of any input related to ambient sound.
Thus, in an exemplary embodiment, method action 1420 can
be executed with a hearing prosthesis where the hearing
prosthesis is not receiving any input indicative or otherwise
based on ambient sound.
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[0122] In an exemplary embodiment, the action of oper-
ating the prosthesis according to method action 1420, such
as where the prosthesis is a hearing prosthesis, is executed
such that the hearing prosthesis actuates the actuator even
though there is no ambient sound that exists that would
otherwise cause the actuator to actuate in such a manner
and/or even though the ambient sound that is present would
cause the prosthesis to actuate the actuator in a different
manner than that which is the case if the prostheses was
operated in a normal manner.

[0123] Consistent with the teachings detailed herein,
method action 1420 can at least partially counteract the
effects of the MRI field on the prosthesis.

[0124] In at least some exemplary embodiments, the
action operating the prosthesis results in at least one of the
elimination of or a reduction in a loudness of a hearing
percept evoked by the prosthesis due to interaction of the
MRI field with the prosthesis by at least 10, 15, 20, 25, 30,
35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, or 100%
relative to that would otherwise be present in the absence of
the action of operating the prosthesis. In an exemplary
embodiment, loudness is the total amplitude of all frequency
components, while in other embodiments, it is a mean or
median or mode of the amplitude of all frequency compo-
nents.

[0125] An exemplary embodiment includes a saturation
technique that involves the prosthesis saturating the middle
ear of the recipient. Thus, in an exemplary embodiment, the
prosthesis is configured to saturate a middle ear of the
recipient when functioning to reduce and/or eliminate the
hearing percept. By way of example, there can be an MRI
mode into which the prosthesis can be entered where high
amplitude, low frequency infrasound is used to stimulate the
patient during MRI. This low frequency sound can be
inaudible by the patient, and the high amplitude may cause
a saturation of the middle ear. The voltages induced during
MRI can be superimposed to this dominating low frequency
signal, resulting in a dampened audible stimulation for the
patient. In an alternate embodiment, there can be an MRI
mode into which the prosthesis where high frequency infra-
sound is used (high amplitude can be used therewith, but in
other embodiments, the amplitude can be lower).

[0126] Consistent with some of the teachings herein, in an
exemplary embodiment, the prosthesis includes an electro-
magnetic actuator and the action of operating the prosthesis
magnetically saturates at least a portion of the actuator. This
can prevent or at least limit actuator movement when the
lead(s) experience the magnetic field and a voltage that
would otherwise result in movement of the actuator that
would cause a hearing percept because of the saturation of
the magnetic component(s) of the actuator. Saturation can be
achieved by any means.

[0127] In an exemplary embodiment, the MRI mode can
include the application of a very high frequency alternating
current that prevents or limits actuator movement, thus at
least reducing, if not eliminating, the hearing percept that
results from the voltage that is induced in the lead(s).
Alternatively, a very strong direct current can be applied.
[0128] In an exemplary embodiment, there is an implant-
able prosthesis that is configured to actuate to purposely
trigger a stapedius reflex in a repeatable manner to at least
partially mitigate the effects of the phenomenon induced
signal. In this regard, an MRI mode can be present where the
prosthesis is actuated to trigger a stapedius/acoustic reflex.
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This can occur repeatedly or can be maintenance of such, or
at least maintain such for longer than that which is normal.
The actuator (or more accurately, the prosthesis) can mimic
input that would result in the reflex.

[0129] In an exemplary embodiment, depending on the
arrangement of the connection of the actuator with tissue of
the recipient, the actuator can be configured or otherwise
controlled by the prosthesis to pull the stapes or a component
connected thereto away from the oval window of the cochlea
or otherwise have the tensor tympani muscle stiffen the
ossicular chain and/or pull the malleus in toward the middle
ear or otherwise duplicate such action. This can be done in
a manner that maintains the reflex/reflex features for a
sufficient duration and/or in a repeated manner, providing
that such at least partially results in blockage/limitation of
the hearing percept that would otherwise result as a result of
the voltage induced in the leads from the MRI magnetic
field. Programming in the prosthesis can enable the control
of the actuator to mimic the input that results in the reflect
(or partially results in the reflex).

[0130] To be clear, while this embodiment at least partially
mimics the stapedius reflex/results thereof, the goal is not
necessarily to protect the organ of Corti (although if such
happens, that is good as well). The goal is to reduce/
eliminate the hearing percept that results from the induced
voltages in the leads. Thus, the resulting “movements” or
“positioning” of the components of the middle ear may not
necessarily be that which would correspond to that which
results from the stapedius reflex, providing that those move-
ments ultimately reduce/eliminate the hearing percept.
[0131] In view of the above, it can be seen that embodi-
ments include an implantable prosthesis that is configured to
actuate to purposely trigger a stapedius reflex in a repeatable
manner to at least partially mitigate the effects of the
magnetic field induced signal.

[0132] In another embodiment, there is an action of oper-
ating the prosthesis causes a stapes in the recipient to move
in a rocking motion around a long and/or short axes of a
footplate thereof, thus at least partially reducing a hearing
percept that would otherwise be evoked via the exposure of
the MRI field to the prosthesis. Corollary to this is that in an
exemplary embodiment, the prosthesis is configured to be
operated in an MRI mode where the prosthesis actuates the
actuator to cause the above noted movement of the stapes.
Note that in some embodiments, normal operation of the
actuator to evoke a hearing percept based on normal ambient
sounds does not cause the aforementioned rocking, or at
least to the extent that such exists, it is at least 50, 60, 70, 80,
90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% less than that which
is purposely caused for Mill compatibility functionality.
[0133] Embodiments include prostheses configured to be
placed into a conditional Mill mode. When in such, the
prosthesis can be configured to detect that a voltage has been
induced in the leads, and then take action to reduce/elimi-
nate/avoid the hearing percept. In the absence of detection of
the voltages when in the Mill mode, the prosthesis will
function normally and/or will not actuate at all. In some
embodiments, it is only when the voltage is detected that the
prosthesis takes action to avoid the resulting hearing per-
cept.

[0134] The entrance into the MRI mode can be manually
initiated or can be automatically initiated. With respect to the
former, a code or a signal can be provided to the implant to
engage MRI mode. With respect to the latter, the implant can
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detect the magnetic field and/or detect the voltage in the
leads, and determine that it should enter the MRI compat-
ibility mode.

[0135] It is noted that any disclosure of a device and/or
system herein corresponds to a disclosure of a method of
utilizing such device and/or system. It is further noted that
any disclosure of a device and/or system herein corresponds
to a disclosure of a method of manufacturing such device
and/or system. It is further noted that any disclosure of a
method action detailed herein corresponds to a disclosure of
a device and/or system for executing that method action/a
device and/or system having such functionality correspond-
ing to the method action. It is also noted that any disclosure
of'a functionality of a device herein corresponds to a method
including a method action corresponding to such function-
ality. Also, any disclosure of any manufacturing methods
detailed herein corresponds to a disclosure of a device
and/or system resulting from such manufacturing methods
and/or a disclosure of a method of utilizing the resulting
device and/or system.

[0136] Unless otherwise specified or otherwise not
enabled by the art, any one or more teachings detailed herein
with respect to one embodiment can be combined with one
or more teachings of any other teaching detailed herein with
respect to other embodiments. Corollary to this is that unless
otherwise specified or otherwise not enabled by the art, any
one or more teachings detailed herein can be explicitly
excluded from combination with one or more other teach-
ings of another teaching detailed herein with respect to other
embodiments. In an exemplary embodiment, the prosthesis
to which the teachings herein are directed is not a cochlear
implant.

[0137] While various embodiments have been described
above, it should be understood that they have been presented
by way of example only, and not limitation. It will be
apparent to persons skilled in the relevant art that various
changes in form and detail can be made therein without
departing from the spirit and scope of the invention. Thus,
the breadth and scope of the present invention should not be
limited by any of the above-described exemplary embodi-
ments, but should be defined only in accordance with the
following claims and their equivalents.

1. An apparatus, comprising:

an implantable portion of a hearing prosthesis, wherein

the apparatus is configured to at least partially cancel a
signal in the implantable portion, the signal resulting
from an external magnetic field generated external to a
recipient of the hearing prosthesis.

2. The apparatus of claim 1, wherein the signal is a signal
generated by the external magnetic field interacting with an
electrical lead extending between a stimulation output
device of the prosthesis and a stimulator and/or receiver of
the implantable portion.

3. (canceled)

4. The apparatus of claim 1, wherein:

the implantable portion of the hearing prosthesis includes

circuitry configured to at least partially cancel the
signal;
the implantable portion of the hearing prosthesis is con-
figured with a feedforward and/or feedback circuit that
enables the signal to be provided to the circuitry; and

the circuitry is configured to at least partially cancel the
signal using the output of the feed forward and/or
feedback circuit.
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5. The apparatus of claim 1, wherein:

the implantable portion of the hearing prosthesis is con-
figured to provide a cancellation signal that at least
partially cancels the signal resulting from the external
magnetic field.

6. (canceled)
7. The apparatus of claim 1, wherein:

the signal resulting from the external magnetic field is an
alternating current that has component(s) having a
frequency less than 10 kHz and is less than 100 mV.

8. The apparatus of claim 1, wherein:

the hearing prosthesis is a partially implantable hearing
prosthesis such that the implantable portion configured
such that a cancellation signal is present when exposed
to the external magnetic field that at least partially
cancels the signal resulting from the external magnetic
field.

9. An apparatus, comprising:

an implantable hearing prosthesis, wherein the implant-
able hearing prosthesis is configured to function to
reduce and/or eliminate a hearing percept that would be
evoked by the hearing prosthesis when subjected to an
external magnetic field generated external to a recipient
of the hearing prosthesis in the absence of the func-
tioning.

10. The apparatus of claim 9, wherein:

the prosthesis at least partially cancels a signal generated
by interaction of the external magnetic field with the
prosthesis.

11. The apparatus of claim 9, wherein:

the prosthesis includes an actuator that is configured to
actuate to evoke a hearing percept; and

the prosthesis is configured to generate a low frequency,
high amplitude signal so as to reduce and/or eliminate
the hearing percept, which signal actuates the actuator
of the prosthesis.

12. The apparatus of claim 9, wherein:

the prosthesis includes an actuator that is configured to
actuate to evoke a hearing percept; and

the prosthesis is configured to generate a high frequency,
high amplitude signal so as to reduce and/or eliminate
the hearing percept, which signal actuates an actuator
of the prosthesis.

13. (canceled)
14. The apparatus of claim 9, wherein:

the prosthesis is configured to mask an Mill induced
voltage to reduce and/or eliminate the hearing percept.

15
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15. The apparatus of claim 9, wherein:

the prosthesis includes an actuator; and

the prosthesis applies a current to the actuator to urge a
moving part of the actuator to and/or towards a given
location to reduce and/or eliminate the hearing percept.

16. The apparatus of claim 9, wherein:

the prosthesis is configured to saturate a middle ear of the
recipient when functioning to reduce and/or eliminate
the hearing percept.

17. An apparatus, comprising:

an implantable prosthesis, wherein the implantable pros-
thesis is configured to provide a signal to an actuator of
the prosthesis to actuate the actuator at a different
frequency and/or amplitude relative to a phenomenon
induced signal induced in the prosthesis that otherwise
results in a respective actuation frequency and/or
amplitude induced by a phenomenon unrelated to the
prosthesis while the phenomenon is present, wherein
the signal to actuate the actuator at the different fre-
quency and/or amplitude at least partially mitigates the
effects of the phenomenon induced signal.

18. The apparatus of claim 17, wherein:

the phenomenon is a magnetic field of an Mill machine
that generates at least a 1 T magnetic field; and

the implantable prosthesis is a middle ear implant, and
wherein the prosthesis is configured to

operate to accommodate the magnetic field gradient of the
MRI field with respect to the influence thereof on the
prosthesis, thereby at least partially mitigating the
effects of the phenomenon induced signal.

19. The apparatus of claim 17, wherein:

the provided signal is a signal that results in a frequency
of actuation of the actuator that is at least one of above
7 kHz or below 500 Hz.

20. The apparatus of claim 17, wherein:

the provided signal is a signal that is at least 0.5 V; and

the actuator is configured to operate to evoke a hearing
percept having a maximum amplitude at no more than
2 V.

21. The apparatus of claim 17, wherein:

the implantable prosthesis is configured to provide an
alternating signal to the actuator and enable voltages
induced via the phenomenon to be superimposed onto
the alternating signal, thereby at least partially mitigat-
ing the effects of the phenomenon induced signal.

22. The apparatus of claim 17, wherein:

the implantable prosthesis is configured to dampen the
phenomenon induced signal in the absence of external
stimulus.

23. The apparatus of claim 17, wherein:

the implantable prosthesis is configured to actuate to
purposely trigger a stapedius reflex in a repeatable
manner to at least partially mitigate the effects of the
phenomenon induced signal.

24-31. (canceled)



