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CONTROLLED POSITION ELECTRODE ARRAY

RELATED APPLICATION

[0001] This application claims priority to United States provisional patent application
Serial No. 62/218,359, filed September 14, 2015. This application is also related to a co-
pending United States provisional patent application serial No. 62/332,443 filed on May 5,
2016.

FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT

[0002] This work was made with government support under grant in part by NIH grant
NIDCD 5T32DC000040. The government has certain rights in the invention.

FIELD OF THE INVENTION

[0003] The present embodiment relates to medical or biotechnological hearing
restoration or neural prosthesis, and to an apparatus and a method related to a controlled

position electrode array.

BACKGROUND
[0004] There are 360 million people worldwide — 5% of the global population- with

moderate to profound hearing loss (>40 db). Hearing loss has a significant impact on
children and adults’ physical and mental health, education, employment, and overall quality
of life. Severe to profound hearing loss affects an estimated 53 million people worldwide. An
additional 300 million people have disabling moderate to severe hearing loss which may be
due to partial damage to the cochlea in the high frequency regions from common causes
such as noise exposure, drugs, genetic mutations or aging. These individuals maintain
*good” low frequency hearing, yet do not significantly benefit from hearing aids and are not
eligible for a traditional full length electrode due to the risk of damage to their “good” residual

hearing.

[0005] Cochlear implants have significantly impacted the treatment of severe hearing
loss over the last 30 years. Next generation implant technologies preserve residual good
hearing to enable improved performance. The recently FDA-approved Hybrid cochlear
implant utilizes a short electrode for electrical stimulation of high frequency ranges
combined with conventional acoustic hearing for the low frequency ranges in the same ear.
This “electrical acoustic stimulation” (EAS) has dramatically improved hearing outcomes,

specifically in difficult listening situations such as speech recognition in noisy environments
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or music appreciation. It has expanded the cochlear implant candidacy range to those who
previously could not receive one including patients with high-frequency hearing losses who

have normal or near normal pre-operative hearing in the low frequency ranges.

[0006] Referring to FIG. 1a which is a prior art cross-sectional view of an outer ear,
middle ear, and inner ear, the cochlea is the portion of the inner ear dedicated to hearing. It
comprises a spiraled, hollow, conical chamber of bone in which sound waves propagate from
the base to the apex. This vibrates a liquid (perilymph) that moves hairs in the organ of
Corti, converting the vibrations to electrical signals sent to the cochlear nerve. As shown in
FIG. 1b which is a prior art cross-sectional view of cochlea, the cochlea has a “snail shell”
appearance where the spiral tightens farther into the cochlea that sound waves progress. The
hair cells and nerves in the basal, the outer, first part of the spiral, are more sensitive to
higher frequencies and are frequently the first part of the cochlea to lose sensitivity. Lower
frequencies are found deeper into the spiral and many people suffering hearing loss retain
some hearing in this part of the cochlea. For patients who have residual, low frequency

hearing, a shorter electrode implant for stimulation may be indicated.

[0007] FIG. 2 shows a typical prior art cochlear implant arrangement. A cochlear
implant is an implanted surgical device comprising an external sound processor and
transmitter that converts sound into electrical signals then transmits the signal to a receiver
implanted under the skin. The receiver converts the signal to electrical impulses sent down an
electrode to an array of contacts. The electrode assembly is surgically inserted into the
cochlea. The array is electrically stimulated based on the frequencies received, with higher
frequencies resulting in stimulation in the “basal” region and lower frequencies stimulating
the cochlea farther into the distal end of the spiral or the “apical” region. For patients who
have good residual, low frequency hearing deep in the cochlea, a shorter electrode implant

may be indicated for stimulation of just the proximal.

[0008] Cochlear implants have had a remarkable impact on treatment of severe hearing
loss since their first clinical use over 30 years ago. Recent advances have resulted in
development of the first cochlear implant system designed for hearing preservation leading
to the recent FDA approval of the shorter, Hybrid L24 electrode. This new cochlear implant
technology has enabled expansion of cochlear implant candidacy to include patients with

high frequency hearing loss but who have near normal low frequency hearing. FIG. 3 shows
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a prior art “hybrid’ cochlear implant (“CI”). The hybrid Cl was developed with a shortened
10-19 mm electrode inserted into the basal portion only to allow for preservation of residual

low frequency hearing cells.

[0009] The Hybrid CI is indicated for mild to moderate hearing loss in the low
frequencies and severe to profound hearing loss in the high frequencies (>1500 Hz and less
than 60% discrimination scores). The implant uses electrical stimulation in the basal, high
frequency section, while protecting the apical, low frequency section, to provide benefit

using acoustic stimulation in the apical cochlea segment.

[0010] Combining a shortened electrode with conventional acoustic low frequency
hearing dramatically improves the outcomes achieved especially for difficult listening
situations such as speech recognition in noisy environment or music appreciation. This has
expanded the Cl candidacy range to include patients with significant high-frequency hearing
losses but have normal hearing in the low frequency ranges. However, after implantation of
a short electrode into the cochlea, there is often a progressive loss of residual low frequency
hearing. In these cases, the patient requires repeat surgery to implant a longer Cl electrode

in order to stimulate the apical low frequency segment of the cochlea.

[0011] Since there is no known method or device today to address this deterioration, if a
patient’'s hearing declines, they require a repeat surgery for electrode removal and
exchange with a full length implant in order to stimulate the lost hearing region. This not only
subjects the patient to repeated risks of surgery and anesthesia, but it carries a very high
risk of causing permanent profound complete hearing loss. In recent Hybrid L24 FDA clinical
trials, 22 of 50 patients developed subsequent profound or total low-frequency hearing loss
after cochlear implantation with 6 patients undergoing additional surgery to replace the short
hybrid implant with a full length standard implant. The FDA determined that the overall
benefits of the device outweigh risk for those who do not benefit from traditional hearing

aids.

[0012] An individual's hearing loss pattern is unique and progresses over time. The
current cochlear implants cannot accommodate the natural progression of hearing loss that
requires stimulation farther into the cochlea over time due to the fixed nature of a traditional

electrode implant.

[0013] The target population is patients who have lost high-frequency hearing and

consequently have significant difficulty with word understanding, but have too much residual
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hearing to qualify for a conventional cochlear implant. In these patients, conventional
electrode arrays inserted deep into the cochlea typically result in loss of all functional
residual acoustic hearing. Recent work has demonstrated the benefits and feasibility of
using short electrode arrays in patients who have lost high-frequency hearing but retain

residual low frequency hearing.

[0014] Current Cl electrode arrays have set electrode lengths and insertion depths.
Further each cochlea implant company is developing a panel of electrode arrays of varying,
but fixed, lengths due to the perceived market demands for electrode arrays of variable
lengths. To modify the insertion depth, a repeat surgery must remove the old implant and
insert a longer electrode. This not only subjects the patient to repeated risks of surgery and

anesthesia, it carries a high risk of causing permanent profound complete hearing loss.

[0015] Current Cl electrode arrays have preset electrode position determined by the
average tonotopic map along the axis of the cochlea length. Static electrode position to hair
cell frequency mismatch creates potential for neuronal stimulation mismatch as the
individual tonotopic frequencies vary from person to person, leading to lower functional
outcomes and poor hearing improvement particularly in the elder who exhibit less central

plasticity and diminished ability to adapt to tonotopic mismatch.

[0016] Therefore, there is a need to address this hearing decline and the ability to adjust

the electrode position within the cochlea following surgery.
SUMMARY

[0017] In one embodiment, the present disclosure teaches an implantable system for
advancing a cochlear electrode into cochlea. The system may comprise a hollow sheath,
drive assembly, and an electrical stimulator. The hollow sheath may have a proximal end
and a distal end. The hollow sheath may be configured to house the cochlear electrode. The
drive assembly may comprise a main body and a motor. The main body may have a sheath
anchor element secured to the proximal end of the hollow sheath. The motor may be
disposed inside the main body. The motor may drive the cochlear electrode to move inside
the hollow sheath, such as from the proximal end toward to the distal end inside the hollow

sheath. The electrical stimulator may be designed for stimulating the cochlear electrode.

[0018] Current CI surgery requires the surgeon to manually insert the Cl electrode which
can cause local trauma to the cochlea wall and hair cells. The invention allows for precisely

controlled insertion rates and forces. As a result the perilymph insertion pressure and
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cochlea wall forces are decreased minimizing damage to the basilar membrane and organ
of Corti. The present embodiment would enable controlled, constant and standardized ClI

insertion rate and forces which would minimize trauma and preserve residual hearing.

[0019] In another embodiment, an implantable system may be used for moving an
electrode within a patient's body. The implantable system may include a main body, a
motor, and a position sensor. The motor may be mounted inside the main body and may be
coupleable to the electrode and drive the electrode relative to (such as move away or

toward to) the main body. The position sensor may sense the position of the electrode.

[0020] In yet another embodiment, the present disclosure discloses a method of
remotely controlling movement of an electrode inside a living person’s body. The method
may be carried out by implanting an implantable system inside the living person’s body. The
implantable system has a motor. The motor may be coupled to the electrode in such that the
electrode may be movable by the motor. The motor may be remotely controlled by a

controller outside the body of the living person.

[0021] Additional features and advantages of the present disclosure will be set forth in
the detailed description, which follows, and in part will be readily apparent to those skilled in
the art from that description or recognized by practicing the embodiments described,

including the detailed description, the claims, and the appended drawings.

[0022] It is to be understood that both the foregoing general description and the
following detailed description describe various embodiments and provide an overview or
framework for understanding the claimed subject. The accompanying drawings are included
to provide a further understanding of the embodiments, and are incorporated into and
constitute a part of this specification. The drawings illustrate the embodiments described,

and with the description explain the principles and operations of the claimed subject matter.
BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The following is a description of the figures in the accompanying drawings. The
figures are not necessarily to scale, and certain features and certain views of the figures

may be shown exaggerated in scale or in schematic in the interest of clarity or conciseness.

[0024] FIG. 1a is a prior art cross-sectional view of an outer ear, middle ear, and inner

ear.

[0025] FIG. 1b is a prior art cross-sectional view of cochlea.
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[0026] FIG. 2 illustrates a prior art hybrid cochlear implant in use.
[0027] FIG. 3 illustrates a prior art hybrid cochlear implant.

[0028] FIG. 4a illustrates an exemplary embodiment of the present disclosure in use for

a cochlear implant.

[0029] FIG. 4b illustrates another exemplary embodiment of the present disclosure in
use for a cochlear implant where the implantable system is integrated with a

receiver/stimulator.

[0030] FIG. 5a is an exploded view of an implantable system for a cochlear implant

according to one embodiment.

[0031] FIG. 5b is a top cross-sectional view of a rotor technique for moving isolated

electrode according to one embodiment.

[0032] FIG. 5c¢ is a side cross-sectional view of a rotor, drive wheel, motor, and housing

partition according to another embodiment.

[0033] FIG. 6a illustrates an exemplary embodiment of a main body without a cover for

clarity purpose.

[0034] FIG. 6b illustrates a top cross-sectional view of a main body, a hollow sheath,

and an electrode according to one embodiment.

[0035] FIG. 6¢ is a side cross-sectional view of guide wire with a spool, motor, drive

wheel and electrode according to yet another embodiment.
[0036] FIG. 7a is a cross-sectional view of a sheath according to one embodiment.
[0037] FIG. 7b is a cross-sectional view of a sheath according to another embodiment.

[0038] FIG. 8a is a perspective view of a sealable tip connected to the distal end of the

hollow sheath.
[0039] FIG. 8b is a side-view of a sealable tip according to one exemplary embodiment.

[0040] FIG. 8c is a side-view of a sealable tip according to another exemplary

embodiment.

[0041] FIG. 9 is a flow chart illustrating a method of remotely controlling movement of an

electrode inside a living person’s body.

[0042] FIG. 10a illustrates an image of electrode inserted in a phantom cochlea model.
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[0043] FIG. 10b illustrates an image of an electrode insertion sheath in cadaver round

window.

[0044] FIG. 10c is a representative microCT image of human temporal bone with

cochlea midmodiolar axis view.

[0045] FIG. 11a is a graph illustrating an insertion force profile by hand in a Cadaveric

cochlea through the round window as a function of cochlea insertion depth.

[0046] FIG. 11b is a graph illustrating an insertion force profile by the present disclosure

in a Cadaveric cochlea through the round window as a function of cochlea insertion depth.

[0047] The foregoing summary, and the following detailed description of certain
inventive techniques, will be better understood when read with the figures. It should be
understood that the claims are not limited to the arrangements and instrumentality in the
figures. The industrial design in the figures is one of many ornamental appearances that can

achieve the stated functions of the apparatus.

DETAILED DESCRIPTION

[0048] The present disclosure can be understood more readily by reference to the
following detailed description, drawings, examples, and claims, and their previous and
following description. However, before the present compositions, articles, devices, and
methods are disclosed and described, it is to be understood this disclosure is not limited to
the compositions, articles, devices, and methods disclosed unless otherwise specified and
can vary. It is also to be understood that the terminology used is to describe particular

aspects only and is not intended to be limiting.

[0049] The following description of the disclosure is provided as an enabling teaching of
the disclosure in certain embodiments. Those skilled in the art will recognize and appreciate
that many changes can be made to the aspects of the disclosure described, while still
obtaining the beneficial results of the present disclosure. It will also be apparent that some
of the desired benefits of the present disclosure can be obtained by selecting some of the
features of the present disclosure without utilizing other features. Those who work in the art
will recognize that many modifications and adaptations to the present disclosure are
possible and can even be desirable in certain circumstances and are a part of the present
disclosure. The following description is provided as illustrative of the principles of the

present disclosure and not in limitation thereof.
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[0050] Reference will now be made to the present preferred embodiment(s), examples
of which are illustrated in the accompanying drawings. Using a particular reference

character in the respective views indicates the same or like parts.

[0051] Unless otherwise indicated, all numbers expressing quantities of ingredients,
properties such as size, weight, reaction conditions and so forth used in the specification
and claims are to be understood as modified in all instances by the term “about”. Unless
indicated to the contrary, the numerical parameters in the following specification and
attached claims are approximations that may vary depending upon the desired properties
sought to be obtained by the invention. At the least, and not as an attempt to limit the
application of the doctrine of equivalents to the claims, each numerical parameter should be
construed in light of the number of reported significant digits and by applying ordinary
rounding techniques, and the figures are not production drawings and should not be

construed as necessarily showing all elements to scale.

[0052] Various inventive features are described below that can each be used

independently of one another or in combination with other features.

[0053] Exemplary embodiments may take the form of an entire hardware embodiment,
an entire software embodiment (including firmware, resident software, micro-code, etc.) or
an embodiment combining software and hardware aspects that may all be referred to as a
*circuit,” “module” or “system.” Exemplary embodiments may take the form of a computer
program product embodied in any tangible medium of expression having computer-usable

program code embodied in the medium.

[0054] Any combination of one or more computer usable or computer readable
medium(s) may be utilized. The computer-usable or computer-readable medium may be but
not limited to, an electronic, magnetic, optical, electromagnetic, infrared, or semiconductor
system, apparatus, device, or propagation medium. More examples (a non-exhaustive list)
of the computer-readable medium would include: an electrical connection having one or
more wires, a portable computer diskette, a hard disk, a random access memory (RAM), a
read-only memory (ROM), an erasable programmable read-only memory (EPROM or Flash
memory), an optical fiber, a portable compact disc read-only memory (CD-ROM), an optical
storage device, a transmission media such as those supporting the Internet or an intranet, or
a magnetic storage device. Note that the computer-usable or computer-readable medium
could even be paper or another suitable medium upon which the program is printed, as the

program can be electronically captured, via, for instance, optical scanning of the paper or
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other medium, then compiled, interpreted, or otherwise processed in a suitable manner and
then stored in a computer memory. In this document, a computer-usable or computer-
readable medium may be any medium that can contain, store, communicate, propagate, or
transport the program for use by or for the instruction performance system, apparatus, or
device. The computer-usable medium may include a propagated data signal with the
computer-usable program code embodied therewith, either in baseband or as part of a
carrier wave. The computer usable program code may be transmitted using any appropriate

medium, including but not limited to wireless, wireline, optical fiber cable, and RF.

[0055] Computer program code for carrying out operations of embodiments may be
written in any combination of one or more programming languages, including an object
oriented programming language such as Java, Smalltalk, C++ or the like or any
conventional procedural programming languages, such as the "C" programming language or
similar programming languages. The program code may execute entirely on the user's
computer, partly on the user's computer, as a stand-alone software package, partly on the
user's computer and partly on a remote computer or entirely on the remote computer or
server. In the latter scenario, the remote computer may be connected to the users
computer through any network, including a local area network (LAN) or a wide area network
(WAN), or the connection may be made to an external computer (for example, through the

Internet using an Internet Service Provider).

[0056] Embodiments are described below regarding flowchart illustrations and/or block
diagrams of methods, apparatus (systems) and computer program products. It will be
understood that each block of the flowchart illustrations and/or block diagrams, and
combinations of blocks in the flowchart illustrations and/or block diagrams, can be

implemented by computer program instructions.

[0057] These computer program instructions may be provided to a processor of a
general purpose computer, special purpose computer, or other programmable data
processing apparatus to produce a machine, such that the instructions, which execute via
the processor of the computer or other programmable data processing apparatus, create
means for implementing the functions/acts specified in the flowchart and/or block diagram

block or blocks.

[0058] These computer program instructions may also be stored in a computer-readable
medium that can direct a computer or other programmable data processing apparatus to

function in a particular manner, such that the instructions stored in the computer-readable
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medium produce an article of manufacture including instruction means which implement the
function/act specified in the flowchart and/or block diagram block or blocks. The computer
program instructions may also be loaded onto a computer or other programmable data
processing apparatus to cause operational steps to be performed on the computer or other
programmable apparatus to produce a computer implemented process such that the
instructions which execute on the computer or other programmable apparatus provide
processes for implementing the functions/acts specified in the flowchart and/or block

diagram block or blocks.

[0059] Broadly, the present disclosure relates to systems and methods for treating
sensorineural hearing loss, and to an implantable device and a method of controlling
movement of an electrode inside the living person’s body. The present disclosure allows the
electrode position of an implanted electrode (or any other long, thin implanted medical
device) to be adjusted based on the patient's evolving needs without repeat surgical
interventions. The technology allows a full length cochlear implant electrode to be partially
inserted for preservation of “good” residual hearing. Then, if hearing continues to decline
over time, the present embodiment allows a clinician to extend an original full length
electrode further into the cochlea to account for the change without surgery. Currently, there
are no known devices that would extend a fully implanted electrode after the initial hearing
preservation surgery. Patients must choose between continued diminishing hearing and
repeat surgery that eliminates all residual hearing. Prolonged hearing loss has been linked
to an increased risk of dementia and increased feelings of depression, frustration, anxiety,
and social isolation. Hearing loss is second to depression in number of years lost to
disability. The present embodiment allows for the adjustment of the cochlear implant
electrode array position to stimulate regions of the individualized frequency tonotopic map
that have lost hearing while preserving the function of the intact areas of the cochlea. This
would enable an individualized treatment regimen. The invention is described in the context
of cochlear implants for restoring hearing, but it will be understood that the device can be

applied in other implanted device contexts.

[0060] The electrode positioning system can provide better patient care at a lower cost
by addressing two critical unmet needs. First, the present technology may enhance ability to
preserve residual hearing by limiting insertional forces and trauma. It offers the ability to
dynamically adjust the depth of an electrode array in-office to best fit a patient’'s evolving

hearing loss over a lifetime with no further surgery. This will reduce overall healthcare costs,
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significantly enhance the outcomes achieved with current electrode systems, and may
significantly expand the cochlear implant candidacy range, adding value for patients,

healthcare systems, and implant companies.

[0061] A present embodiment may pair with current full length cochlear implants and
standard posterior tympanotomy surgical techniques. It may be placed subcutaneously at
the time of initial cochlear implantation. The miniaturized micromechanical device may then
enable both controlled initial electrode insertion and future nonsurgical cochlear implant
repositioning, allowing the cochlear implant to adapt to further hearing decline. The
implanted system may remotely move the cochlear implant electrode where it needs to be,
when it needs to be there to optimize hearing quality. Initial benchtop studies have
demonstrated concept feasibility and insertion forces substantially lower than forces from

manual insertion that may lead to decreased cochlear trauma.

[0062] The inventors have developed a fully implantable, remotely controllable, and
adjustable implant system that allows remote nonsurgical electrode advancement to
overcome post-surgical hearing loss and customize the treatment process. The present
technology may personalize the treatment regimen for cochlear implant recipients. The
device may control and monitor the cochlear implant to enable novel in—office hearing

optimization as an individual's hearing evolves with no repeat surgery.

[0063] The system may enable partial initial insertion of current full length electrodes for
hearing preservation and future nonsurgical advancement as needed to function as a full
length electrode. This may provide a significant commercial advantage to the first cochlear
implant manufacturer to adopt it for use with their full length implant through a value added

product enhancement.

The present embodiment would allow for customized advancement of the implant electrode
with no implant removal and reimplantation with a full length electrode. Insertion depth may
be customized according to each patient's hearing demands and can be adjusted
dynamically according to the patient’'s evolving hearing needs. In addition, by controlling
implantation rate and forces, the present embodiment optimizes the rate of advancement
and forces to advance the electrode array to minimize trauma and likely enhance

preservation of residual cochlear structures and hearing.

[0064] The present implantable position control system addresses a critical unmet need

regarding post-surgical hearing loss for patients undergoing hearing preservation cochlear
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implant surgery. There is no current means to address this problem without additional
surgery. The proposed technology overcomes current cochlear implant limitations by
allowing wireless, customized, controlled cochlear implant insertion rate and depths at any
point during or after initial surgery. These added capabilities will enhance doctor’s ability to
preserve residual hearing by limiting insertional forces and trauma. It has been established
that atraumatic techniques aimed at reducing the insertion force of the electrode during
surgery can reduce the inflammation associated with surgery and improve hearing
outcomes. Using finely controlled insertion rates, the cochlea insertion forces are decreased
minimizing intracochlear damage with the potential to minimize resulting inflammatory

response and preserve residual hearing.

[0065] The present disclosure further offers the capability to remotely and precisely
move an intracochlear electrode. The present implantable system offers the ability to
remotely adjust an electrode array depth to best fit a patient’s current and changing hearing
loss over a lifetime with no further surgery. The envisioned product would insert a full length
electrode only a portion of the way into the cochlea to preserve remaining hearing,
especially at the mid and low frequencies. Following surgery and if hearing loss progresses,
the device could further insert the electrode without surgery to reach the deeper areas of the
cochlea. This enables an individualized treatment regimen to accomplish the goal of
improved hearing outcomes. Based on the average tonotopic map along the axis of the
cochlea length, static electrode position to hair cell frequency mismatch may create potential
for neuronal stimulation mismatch as the individual tonotopic frequencies vary from person
to person, leading to lower functional outcomes and poor hearing improvement. This is
particularly important in the elderly who exhibit less central plasticity and diminished ability to
adapt to tonotopic mismatch. Although the electrode stimulation can be adjusted by signal
processing techniques, the proposed technology will allow for the adjustment of the physical
cochlear implant electrode array position at the discretion of a clinician to best match an
individual’s physical frequency tonotopic map to the electrical stimulation they received. It
offers the ability to dynamically adjust the depth of the electrode array to best fit a patient’s
evolving hearing loss over a lifetime with no further surgery. Both may significantly enhance
the outcomes achieved with current electrode systems, improve cochlear implant hearing
outcomes, and enable more people the option of receiving a cochlear implant by expanding

candidacy ranges.
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[0066] The embodiment provides a modifiable and adjustable treatment of sensorineural
hearing loss via user-defined dynamic advancement and feedbacks. The general
arrangement for a Cl is shown in FIG. 4. The implantable system of FIG. 4a includes an
external sound processor 420 and transmitter 430, as is known in the art. The external
sound processor 420 communicates through the skin to an implanted coil 440 which is
connected to an implanted electrode stimulator/receiver 460. The implanted
stimulator/receiver 460 contains sealed electronics and control for an attached electrode
126, which in conventional devices has been manually surgically inserted into the cochlea
480 to a desired distance. In the present disclosure, a motor is enclosed in an implantable

system 100.

[0067] An insert in the FIG. 4a further shows the movement direction of the electrode
inside the cochlea. The implantable system 100 may control and monitor the position of the
electrode within the cochlea by moving in a linear path while tracking electrode insertion
distance. The system control may be accomplished via a remote communications through
an external interface unit (a controller 190) using a low energy communication spectrum
such as near field communication (NFC) or radio frequency (RF). The near field
communication is a wireless communication standard that enables two devices to establish
a communication channel in a short range and period of time using radio waves in the 13.56
MHz frequency range. This may enable three-tiered security features including separate on-
off access key/unit, close proximity (<10-20 cm) communication only, and secure access to

an external user interface unit (i.e., such as the controller 190).

[0068] In one embodiment, the implantable system 100 may be standalone and
separate away from the stimulator/receiver 460. In another embodiment, as shown in FIG.
4b, the implantable system 100 is sealed and may be formed as a compartment in the
implanted electrode stimulator/receiver 460. The motor includes an implantable mechanical
positioning unit to insert the electrode or as means to make positional adjustments after
implantation and surgical site closure. The implantable device 100 may be controlled using
an implanted electronic control unit capable of electrode array position adjustment and may
be controlled with an external, nonsurgical controller 190. The nonsurgical controller 190
may be advantageously combined with the existing communications and used to control the
implanted stimulator 460 in an integrated device. The controller 190 may be accessed
externally via remote connection or with a device near the surface of the skin. The technique

allows for control, modification, and monitoring of the electrode array position after
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implantation using an external means. This could entail mapping the individual’s tonotopic
hearing loss pattern and tailoring the electrode array implant position accordingly at any

point in time after surgical implantation.

[0069] As shown in FIG. 5, the implantable system 100 may be configured for moving
an electrode 126 within a patient's body. The implantable system 100 may be used for
advancing a cochlear electrode into the cochlea. The implantable system 100 may include a
drive assembly 110. The drive assembly 110 may have a main body 120, a motor 122, and
a position sensor 124. The motor 122 may be mounted inside the main body 120 and
coupled to the electrode 126, such as a cochlea electrode. The motor 122 may drive the
electrode 126 to move relative to the main body 120, such as away from or closer to the
main body 120. For a cochlear implant, the volume available in the typical location for an
implant to house the motor 122 may be limited to a maximum of roughly 3.2cm x 2.4cm x
3.7cm, however in the designs contemplated the motor assembly may be realized in a
volume of approximately 2.5cm x 2.5cm x 1.25cm or smaller, and further reductions may be
had by integrating the motor into the electrode stimulator housing. It will be appreciated that
the figures accordingly are for illustration and are not necessarily to scale. The motor may
have peak force from about 0.01 N to about 10 N. The resolution of the motor may be from
about 100 nm to about 1,000 nm. The stroke length may be from about 1 mm to about 100
mm. The voltage run for the motor may be from about 0.1 V to about 10 V. There may be no
power consumption when the motor rests. The motor 122 is advantageously magnetic

resonance imaging compatible, such as a piezoelectric motor.

[0070] The motor 122 is mounted in the main body 120 placed in a bony cavity created
surgically in the mastoid bone to fit the shape of the motor assembly. Fibrous tissue and
new bone growth over time further fixes the motor assembly in place relative to the cochlear
implant and the cochlea. Additional spikes, teeth, or protrusions could firmly secure the
motor assembly, although it is expected that the opposing force for electrode insertion is
small for an electrode floating within the cochlea fluid space. The motor may be constructed
of piezoelectric material that has a reversible, linear electromechanical interaction between
the mechanical and electrical state. The piezoelectric material in the motor is subjected to
electrical stimulation and produces mechanical strain resulting in positional change. This

can be harnessed in a rotary or linear motor to generate forces on different drive surfaces.

[0071] The motor 122 may be a micro and nano stepper motor or magnetic and

nonmagnetic actuator units with a noncaptive stepper motor. The motor may be capable of
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controlled rotation and horizontal advancement or withdrawal. In one embodiment, the
piezoelectric motor may have one axis. In another embodiment, the piezoelectric motor may
have two axes. A first portion of the motor may operate to control depth. A second portion

may operate to control axial rotation.

[0072] The motor 122 may contain a means, such as a position sensor 124, to monitor
electrode position within the insertion site. The position sensor 124 may sense the position
of the electrode 126, monitoring its advancement position. The position sensor 124 may be
configured to connect to a pulley wheel 130 with a textured surface. The electrode array
may be capable of rotation to optimize electrode array placement near auditory neural
elements. The electrode array housing may be encased in a protective hollow sheath or
may telescope to prevent fibrosis from inhibiting subsequent advancement. The travel range
of the Cl electrode array may be from about 1 mm to about 30 mm. The control motor may
be capable of micro step advancements. The electrode may be inserted initially manually in
the standard fashion and then may be connected with the control motor and unit for
subsequent mechanical, controlled, monitored final insertion either after surgical closure or
during initial surgical intervention. Control of rotation is important for navigating the electrode
through the spiral cochlea, as the electrode may be pre-curved and the ability to twist the
electrode as it is moved can assist insertion with minimal damage to residual hearing. The
electrode can engage with the driving surfaces either directly, or with an adaptor such as a

sleeve or rod that the electrode is in contact with.

[007 3] The main body 120 may further include a drive wheel 128. The drive wheel 128
may be made of MRI compatible materials, such as ceramic. The drive wheel 128 may be
driven by the motor 122. Instead of a drive wheel, the motor drive surfaces can be screw
threads, gears, electrically stimulated bending “fingers”, magnets, or other style of actuator
surface that may either directly engage the electrode or engage an adapter or carrying
member that the electrode is in sufficient friction or fixed contact with such that the electrode

is advanced.

[0074] The main body 120 may further include a cover 180 so the main body 120 is
hermetically sealed. The main body 120 further has a housing partition 132. The housing
compartment 132 is configured to store the electrode 126. The main body 120 may further
include an RF controller and transceiver (not shown) for establishing a wireless link between

the implanted motor and an external monitor/control device.
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[0075] The implantable system 100 may be powered transcutaneously using implanted
rechargeable components such as a supercapacitor or a battery 160. The battery 160 may
be charged wirelessly by a wireless controller 190 using near field communications (NFC) or
radio frequency (RF). Power may be transferred transcutaneously to a subcutanesous unit
charging an implanted supercapacitor or battery. The typical motion may consume about
300 mW. However, the wireless communication without motion may consume about 10 mW.
The charge vs. move time ratio may be from about 30:1 to about 100:1. Typical wireless
motion at 500 um/sec over a total distance of 10 mm may take about 200 second (3.3 min)
with charge-discharge incremental motion. The wireless communication is based on ultra-
low power multiprotocol SoC (system on a chip) NFC or Bluetooth low energy
communication. The main body 120 may further include a circuit board 140. The wireless
controller 190 may be configured to control the motor 122. The electrode 126, such as

cochlear electrode, may be coupled to a speech processor (shown in FIG. 4).

[0076] The motor 122 may be isolated from the rest of the electronics. The motor 122
and the associated controls may conduct electricity and therefore needs to be sealed from

fluids and leakage in separate sealed compartments as with other electronics.

[0077] In one embodiment, one method includes bonding a flexible polymer material
such as silicon around the motor housing and the outer circumference of the piezoelectric
drive tip, leaving only a ceramic tip exposed. This may seal the entire motor 122 so that the
electrical conductive piezoelectric material may be isolated from fluid exposure. This also
allows the inert ceramic tip to be mobile and exposed within the encasement. The flexible
polymer permits the ceramic tip to ultrasonically vibrate and move with the surrounding seal

while still maintaining direct frictional contact with the ceramic drive wheel.

[0078] Ideally, the main body and components within the main body may be sealed from
fluid exposure or leakage. To allow the electrode to move in and out of the motor housing
area without leakage into the control unit case over time, a valve-like compression seals and
gaskets may be designed at the control unit case exit opening and along the hollow sheath
150. Multiple seals may be placed in series along internal length of sheath. These valves
seal by compressing against the electrode carrier material to create fluid-tight seal yet still
allow the electrode to pass through when moving in or out. The valves also allow for a
variety of electrodes outer diameter dimensions to pass through while still maintaining

compression and a fluid-tight seal.
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[0079] The above method requires good friction seals to isolate from body fluids.
Another contemplated method that allows complete isolation of all motion components and
electronics with no movable seals translates rotary motion through a fixed polymeric
compressible and stretchable sheath 580 to the freely mobile electrode 126 within by a

peristaltic pump type mechanism of motion as shown in FIGS. 5b or 5c.

[0080] FIG. 5b shows a top cross-sectional view of a rotor technique for moving isolated
electrode according to one embodiment. The sheath inner opening is bonded and fixed both
at the inner "excess electrode housing" opening 570 and to the "electrode exit opening 590.”
The compressible sheath 580 may transverse through the encasement and may join with a
hollow sheath 150. Within the sealed unit encasement—the main body 120, a rotor 520 with
multiple rollers or wipers 540 attached to its external circumference, i.e., the drive wheel
128, compress onto the flexible polymeric compressible sheath 580 which in turn
compresses and "grabs" the floating electrode 126 housed within the compressible sheath
580. As shown in FIG. 5¢, which is a side cross-sectional view of a rotor, drive wheel, motor,
and housing partition according to another embodiment, as the motor 122 turns the rotor
520 and the compressing roller/wipers 540 revolve, the electrode 126 may translate and
move linearly within the compressible sheath 580. The repeated cycles of compress,
translate, and release advances the electrode. On each cycle, the sheath 580 relaxes to its
starting position without pulling back the free floating electrode as it is released by the
roller/wiper. The rotor 520 may be attached or fixed coaxially to the drive wheel 128 in such
that as the drive wheel 128 turns the wiper rotates. The rotor 520 and the drive wheel 128
may be a single piece. Alternatively, the rotor 520 may be a separate piece from the drive
wheel 128. Any fluids that advance into the housing through sheath 150 and find their way
into the compressible sheath 580 are confined to the interior of the sheath, which is sealed
to a compartment wall at the point where the electrode is electrically connected by a

hermetically sealed electrical connection to the electrode electronics.

[0081] As shown in FIG. 6a, the implantable system 100 may further include a hollow
sheath 150. The sheath 150 protects and stabilizes the electrode in the cavity between the
motor or implant electronics housing and the entry into the cochlea. The hollow sheath 150
may have a proximal end 152, a middle part 154 and a distal end 156. The distal end 156
may slide within the middle part 154 of the hollow sheath. The hollow sheath 150 may be
configured to house the electrode 126 (shown in FIG. 5). The main body 120 of the drive

assembly 110 may have a sheath anchor element 162 (also shown in FIG. 5). The proximal
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end 152 of the hollow sheath 150 may be connected to the sheath anchor element 162. The
initial proximal end 152 may couple to the main body 120 for a hermetic or water tight seal.
This may be achieved through direct fusion with the case material, screw, barb, clamp, or
other means to seal the tubing to the case. The proximal portion may be tapered from the
initial larger diameter to smaller mid or distal diameters. It may include a clear portion to
visualize the inner electrode or filaments. The motor 122 may drive the electrode 126 to
move inside the hollow sheath 150, such as from the proximal end 152 toward the distal end
156 or from the distal end 156 to the proximal end 152 inside the hollow sheath 150. The
hollow sheath 150 may further include a taper 620 from the proximal end 152 to the distal
end 156. The interior space of said sheath may be isolated from fluid communication with
any portion of the main housing by extending said sheath through the motor housing such
that all spaces occupied by said electrode in the main housing may be isolated from fluid

communication with the spaces housing said motor.

[0082] The main body 120 may further include a plurality of fixation flanges 158 outside
the main body (i.e., at both sides of the main body 120). The flanges 158 may fix the main
body 120 to the bones of a patient’s body. The main body 120 further includes an electrode
insertion opening 164. The main body 120 may store a portion of the electrode. More
specifically, the electrode 126 may be inserted into the housing partition 132 that stores a
portion of the electrode 126, such as cochlear electrode, via the electrode insertion opening
164. It will be appreciated if the housing 120 is integrated with the electrode stimulator
electronics, the proximal portion of the electrode will terminate in an electrical connection
that is hermetically sealed and passes to the stimulator electronics, eliminating the opening
164. The electrode 126 may be inserted from the housing partition to an area between the
drive wheel 128 and the pulley wheel 130 to the hollow sheath 150. The electrode 126 may
be pinched between two wheels and may move when the drive wheel 128 turns by the
motor 122. The distal end 156 of the hollow sheath 150 may have a sealing disk/gasket 159

outside the hollow sheath so liquid or solid materials may not move to the main body 120.

[0083] The hollow sheath 150 may be a fully implantable sheath. The hollow sheath 150
may house the electrode, guide insertion, direct motion of the electrode, and prevent
surrounding tissue formation and fibrosis which would hinder future electrode or filament
movement. The hollow sheath 150 may be envisioned to serve as future means for liquid

therapeutic delivery via a double lumen or single lumen design in which therapeutic agent
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surrounds internal electrode housing or flows through a separate divided channel into the

cochlea.
.
/ j ;
| PTFE lined, Polyimide
Experimental 1.5-18 1.3-1.6 . composite, Non-
Test tubing mm mm ' ferromagnetic coil
reinforced
Total 15-1.8 1.3-1.6 1= | Adjustable, thin, clear,
Extracochlear mm mm ) " | flexible, maintains lumen
1.4-3.1 ;
1.5-3.5 mm, Tapers, Stretch over
Proximal 1st BN tapering pels, ;
mm barb/sealed to unit, Clear
to1.3- 2
mm
1.4-2.0 Flexible, kink
: 1.8-3.1 o resistant@90deg radius
Mid 2nd taper to S
mm 1.5cm, low internal
1.3 mm .
~ friction
. 1.0-1.5 1.0-1.3 0.1- Clear, adjustable or cht
13-1.0 ‘ Soft, Flexible,
iptracochiear | 1915 1 taperto Polyimide/Silicon,
P 0.8 mm ~ Biocompatible

[0084]  Table 1.

[0085] The hollow sheath 150 may be made of a biocompatible materials, such as
polymeric (polyimide, polytetrafluoroethylene (PTFE), silicon), thermoplastic, metals, or
composite materials (non-ferromagnetic coil or braid reinforced) which can be permanently
implanted for up to 30 years or more with representative dimensions in table 1 above.
Although one continuous unit, the sheath length may have varying physical properties along
its length to meet specific needs of the envisioned application, for example, cochlear implant
electrode insertion and positioning. The tube structure is kink-resistant yet flexible. One
embodiment incorporates composite non-ferromagentic wire coils/braids into walls to

maintain luminal space while implanted.
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[0086] The internal sheath surface may be lined with functionalizing materials for
decreased internal friction such as PTFE or include inner features protruding into inner
lumen such as linear grooves, pattern, rings or guidance tracks. These internal luminal
surface features have several functions such as decreasing inner surface friction, guide
moving electrode/filament to maintain specified configurations (i.e. rotational or spatial

relationship) or preventing passage of intraluminal fluids or materials.

[0087] As shown in FIG. 6b, the electrode 126 may be pushed by a guide wire 630,
such as an insertion guide wire. The excessive guide wire 630 may be coiled around the
drive wheel 128 and may be advanced as needed and carrying the electrode 126 with it. In
another embodiment, as shown in FIG. 6c, the guide wire 630 may be wound around a
spool 770 that is coaxial with the drive wheel 128. In further another embodiment, the
excess guide wire 630 may be housed in a housing compartment (not shown) which may be

similar to the housing partition 132 that stores the excess electrode 126.

[0088] In one embodiment, an electrode 126 may be paired with multiple guide wires
630 and the motorized control of multiple electrode guide wires for controlled insertion
geometry. Multiple guide wire channels within the electrode may allow for guide wires of
varying stiffness and geometry. If a straight guide wire is stiffer than an adjacent curved
memory alloy wire, the electrode may remain straight if the stiff wire and curved memory
alloy wire are in similar positions. To place the electrode along the cochlea curvature, the
stiff guide wire may be retracted by the motor control units at the point of desired curvature,
allowing the curved guide wire to assume its shape within the cochlea. The curved guide
wire may then advance the electrode to the desired position along the cochlea using the
implanted motor control unit. Multiple memory alloy wires may optimize cochlear electrode

placement.

[0089] The guide wire retraction order and distance may be programed into the motor
control software to provide customized insertion based on patient’s individual anatomy and

hearing needs. This would minimize trauma to the cochlea during insertion.

[0090] The subsequent connection to the implantable system may be accomplished by
reversible, interchangeable replaceable connection. In the event of the need for Cl electrode
exchange, the implantable system may remain in place and the electrode array may be
replaced without removing the motor, drive wheel, position sensor, and a pulley wheel. The

new electrode may be reconnected with the implanted mechanical and control units.
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[0091] As shown in Figs. 7a and 7b intermittently spaced internal valves 710, 720, 730
or 740 or a ring gasket 159 (as shown in FIG. 6) form water tight seal around the internal
electrode/filament wire to prevent backflow of any fluid or material retrograde to main body.
The valves or inner septum are composed of a thin elastic polymeric material which does
not impede the inner electrode/filament movement or significantly increase frictional forces

yet creates a water tight seal with the electrode and the more distal lumen.

[0092] The middle part 154 of the hollow sheath 150 has increased flexibility up to 90
degree kink resistant radius while maintaining luminal internal shape and wall rigidity. As in
Table 1 above, inner and outer diameters taper to the dimensions of the distal third of the
sheath.

[0093] The distal end 156 of the hollow sheath 150 may include an adjustable length
portion with representative dimensions in table 1 above that may be modified in length to fit
varying anatomical requirements. The length may be modified by various means yet still
maintain a water tight seal from the surrounding environment. The sheath may be
premarked for precise material removal by cutting to a desired length. In another
embodiment, the length is increased or decreased by repeated small folding of the walls in
an “accordion-like” movement of the walls as needed to meet individual anatomical
requirements. In another embodiment, the sheath length may be increased or decreased by
intussuscepting the walls so the distal luminal wall moves within the larger proximal lumen
as one unit without interrupting the continuity of the inner and outer luminal integrity or seal.
In the further embodiment, the distal end portion slides within the proximal larger lumen so
the inner diameter of the proximal lumen matches or is slightly smaller than the outer
diameter of the distal sheath for a water tight seal yet still allows for sheaths to slide to

adjustment.

[0094] As shown in FIGS. 7a and 7b, the hollow sheath 150 may further have a sealable
tip 725 at a terminal end of the distal end 156 of the hollow sheath 150. The sealable sheath
tip 725 has the exemplary dimensions in Table 1 above and functions as an adapter and
transition from larger to smaller inner and outer diameters to fit the round window opening or
a surgical cochleostomy. The proximal lumen inner diameter of the terminal tips serves as a
hard stop fail safe to prevent electrode insertion past maximal desired insertion distance.
The terminal tip 725 may be conical shaped to facilitate penetration of the round window

membrane.
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[0095] As shown in FIG. 8a, the sealable tip 730 may have a slit 750 in an outer surface
740. To meet the functional goals, the tip material and mechanical properties have been
tailored to be stiff in the longitudinal direction at the tip yet compression flexible radially. This
may be achieved by longitudinal slits (from about 3 slits to about 12 slits, preferred 8 slits)
evenly spaced in the distal terminal conical tip which create flexible tabs of material. When
point forces on the conical tip are directed retrograde or proximally, as in during penetration
of the round window membrane, the multiple segments maintain their overall pointed
integrity. However, when inner luminal electrode/filament moves antegrade or distally
through the lumen and conical tip, the flexible slits in the conical tip allow to expand the
circumferential segments to accommodate the electrode passage. This expandable feature
of the conical tip may allow for device use with a range of electrode diameters and sizes to
pass through distal tip into the cochlea. In one embodiment, as shown in FIG. 8b, the
sealable tip 725 may have a tip opening 760 at the center. As shown in FIG. 8c, the tip
opening 760 may be offset from the center to guide the electrode to a desired round window
opening quadrant region to minimize insertion trauma and contact with intracochlear
structures. Tapering of the tip allows for size variation in round window or surgically created

cochleostomy.

[0096] In another embodiment, the sealable tip 725 may not incorporate a conical tip but
instead the inner diameter is tailored to closely fit the outer diameter of the intracochlear
electrode. It could be envisioned to incorporate an opening for a second lumen for
intracochlear therapeutic delivery. This sealable tip 725 protrudes into the cochlea from
about 1 to about 1.5 mm. Therefore, the distal tip is composed of a biocompatible material to
prevent or minimize any intracochlear inflammatory response. Similarly, to minimize any
intracochlear material response, the sealable tip 730 may be coated in thin films or
antifouling agents which reduce fibrotic tissue formation around the site. In one embodiment,
the sealable tip is composed of silicon. In another embodiment, the sealable tip may be a
thin walled polyimide, but it could be made of any polymer, metal, or composite

biocompatible material.

[0097] The interface between the distal tip outer surface and bony round window
opening is a potential location for fluid leakage and sealing. The current embodiment
incorporates the ring gasket 159 (shown in FIG. 6) of thin material that functions as a
stopper to plug region around sheath and round window or cochleostomy. The material may

be synthetic material either bio-resorbable or permanent. In both instances, the material and
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material structural microarchitecture scaffold that encourages tissue ingrowth to create a

tissue plug using body’s own ingrowth of cells and tissue formation.

[0098] The implantable system 100 may contain force sensors within an integrated
sensor (not shown) that controls the amount of force applied via closed loop feedback
mechanism to control insertion after implantation including means for safety fail safe stop.
This would sense the force feedback on the cochlea wall and surrounding structures with
safety stop command if force limit is exceeded. The implantable system 100 may further
include integrated sensors also capable of real-time force sensing and position feedback.
The integrated sensors may also be capable of monitoring hair cell and neuronal membrane
voltage.

[0099] As shown in FIG. 9, the present disclosure teaches a method 900 of remotely
controlling movement of an electrode, such as a cochlear electrode, inside a living’s
person’s body. The method may be carried out by implanting an implantable system inside
the living person’s body in a step 920. The implantable system has a motor. The motor may
be coupled to the electrode in such that the electrode may be movable by the motor in a
step 940. The motor may be remotely controlled by a controller outside the body of the living
person in a step 960. Optionally in any embodiments, the implantable system may have a
main body, where the motor, such as a piezoelectric motor, is mounted inside the main
body. The implantable system may have a hollow sheath. The hollow sheath may have a
proximal end and a distal end. The proximal end of the hollow sheath may be secured to a
sheath anchor element of the main body. The hollow sheath may further have a sealable tip
at a terminal end of the distal end. The sealable tip may have a slit in an outer surface of the
sealable tip. Optionally in any embodiments, the hollow sheath may be sized to house the
electrode and have a taper from the proximal end to the distal end. The main body may
further include a drive wheel driven by the motor and a housing partition configured to store

the electrode.

[00100] Optionally in any embodiment, the main body may have an energy source, such
as a battery and a position sensor. The position sensor, such as a potentiometer or Hall
sensor may be configured to connect to a pulley wheel with a textured surface so that the
implantable system can monitor or control the position of the electrode. The method 900
may further include remotely charging the energy source, such as the battery inside the

main body wirelessly and coupling the electrode to a speech processor.

Date Regue/Date Received 2021-09-20



24-

[00101] The method 900 may further include sending real-time remote data to a user
including data on insertion forces, insertion position/length, surrounding electrical resistance
and potentials, and rate of advancement during insertion for monitoring. The control
functions need not be integrated in the position sensor but may be distributed to the
receiver/stimulator or other portion of the device with adequate space to house the control

functions.

[00102] In an exemplary method, the implantable system 100 may contain a manual
override mechanism in which the surgeon may manually insert the electrode using a
mechanism including dial turn, screw, or direct insertion using standard soft insertion
techniques. The device may then be connected and integrated with the implantable system
and allow the system to be adjusted further via the controller described previously after

implantation.
[00103] Examplel

[00104] A benchtop model has been used to establish proof of concept using
components that are scalable and miniaturizable for subsequent development of an
implantable robotic position system for cochlear implant electrode position control. Through
preliminary studies in both 3D printed cochlea models and human cadaveric temporal bone
insertion testing, the ability to reposition an intracochlear electrode has been demonstrated.
(FIGS.10a-10c). FIG. 10a shows an image of electrode inserted in a phantom cochlea
mode. FIG. 10b shows an electrode insertion sheath in a cadaver round window. FIG. 10c is
a representative microCT image of human temporal bone with cochlear midmodiolar axis

view.

[00105] Compared to standard manual surgical insertion forces, the preliminary results
showed a 7x decrease in maximum insertion force and a decrease in insertion force
variability using the present control system components (FIG. 11a and 11b). Through a
controlled insertion protocol, the maximum insertion force using components of the system
were 20.1 £ 4.9 mN (Table 2), which is less than about 30-40 mN force required to damage
the basilar membrane, a vital and delicate intracochlear structure important for preservation

of hearing.

[00106]
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Electrode Insertion by Hand into| Electrode Insertion by Device into
Cadaveric Cochlea through the | Cadaveric cochlea through the
Round Window Round Window
Average Max
Insertion Force (mN) 1442 + 31.5 20.1+£49
Average Insertion 2018 + 424 constant 100
Rate (um/sec)
(mm/min) 121+ 25 constant 6
Insertion Force
Standard Deviation 28.4 4.49
(mN)

[00107] Table 2. Manual versus the present motorized (benchtop model) insertion forces

[00108] A novel device for post-operative adjustment of a neural stimulator has been
described. Different arrangements of driving surfaces and mechanisms for coupling the

electrode to the motor can be made and still be within the spirit of the invention.

[00109] It should be understood that the foregoing description relates to exemplary
embodiments of the invention and that modifications may be made without departing from

the spirit and scope of the invention as set forth in the following claims.

[00110] The claims appended hereto should be taken as the sole representation of the
breadth of the present disclosure and the corresponding scope of the various embodiments
described herein. Further, it will be apparent that modifications and variations are possible
without departing from the scope of the invention defined in the appended claims. More
specifically, although some aspects of the present disclosure are identified herein as
preferred or particularly advantageous, it is contemplated that the present disclosure is not

necessarily limited to these aspects.

[00111] It is noted that one or more of the following claims utilize the term "wherein" as a
transitional phrase. For the purposes of defining the present disclosure, it is noted that this
term is introduced in the claims as an open-ended transitional phrase that is used to
introduce a recitation of a series of characteristics of the structure and should be interpreted

in like manner as the more commonly used open-ended preamble term "comprising."

[00112] It is also noted that recitations herein of "at least one" component, element, etc.,
should not be used to create an inference that the alternative use of the articles "a" or "an"

should be limited to a single component, element, etc.
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[00113] It is further noted that recitations herein of a component of the present disclosure
being "configured" in a particular way, to embody a particular property, or to function in a
particular manner, are structural recitations, as opposed to recitations of intended use. More
specifically, the references herein to the manner in which a component is "configured"
denotes an existing physical condition of the component and, as such, is to be taken as a

definite recitation of the structural characteristics of the component.

[00114] It is noted that terms like "preferably," "commonly," and "typically," when utilized
herein, are not utilized to limit the scope of the claimed invention or to imply that certain
features are critical, essential, or even important to the structure or function of the claimed
invention. Rather, these terms are merely intended to identify particular aspects of an
embodiment of the present disclosure or to emphasize alternative or additional features that

may or may not be utilized in a particular embodiment of the present disclosure.

[00115] In this disclosure, it is noted that the terms "substantially" and "approximately"
are utilized herein to represent the inherent degree of uncertainty that may be attributed to
any quantitative comparison, value, measurement, or other representation. The terms
"substantially" and "approximately" are also utilized herein to represent the degree by which
a quantitative representation may vary from a stated reference without resulting in a change

in the basic function of the subject matter at issue.

[00116] While the invention has been described with respect to a limited number of
embodiments, those skilled in the art, having benefit of this disclosure, will appreciate that
other embodiments can be devised that do not depart from the scope of the invention as
disclosed herein. Accordingly, the scope of the invention should be limited only by the

attached claims.
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CLAIMS:

1. An implantable system for advancing a cochlear electrode into cochlea, the

system, comprising;

a hollow sheath having a proximal end and a distal end, wherein the hollow sheath
is configured to house the cochlear electrode;

a drive assembly comprising;

a main body, wherein the main body has a sheath anchor element connected
to the proximal end of the hollow sheath; and

a motor inside the main body, wherein the motor drives the cochlear
electrode to move inside the hollow sheath; and

an electrical stimulator for stimulating said cochlear electrode.

2. The implantable system of claim 1, further comprising a position sensor
that senses the position of the cochlear electrode.

3. The implantable system of claims 1 or 2, wherein the motor is a

piezoelectric motor or a step motor.

4, The implantable system of any one of claims 1-3, further comprising a
guide wire configured to push the electrode.

5. The implantable system of any one of claims 1-4, further comprising a
drive wheel driven by the motor.

6. The implantable system of any one of claims 1-5, wherein the main body

has a housing partition configured to store a portion of said cochlear electrode.

7. The implantable system of any one of claims 1-6, wherein the main body
further comprises an energy source that can be charged wirelessly.

8. The implantable system of any one of claims 1-7, wherein the main body
further comprises a circuit board.

9. The implantable system of any one of claims 1-8, further comprising a

wireless controller configured to control the motor.
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10. The implantable system of claim 9 when dependent on claim 7, wherein the

wireless controller charges said energy source wirelessly.

11, The implantable system of any one of claims 1-10, wherein the hollow
sheath further has a sealable tip at a terminal end of the distal end of the hollow
sheath, wherein the sealable tip has a slit in an outer surface of the sealable tip.

12. The implantable system of claim 2 or any one of claims 3-11 when
dependent on claim 2, wherein the position sensor is configured to connect to a
pulley wheel with a textured surface.

13. An implantable system for moving an electrode within a patient's body,

comprising;
a main body;

a motor mounted inside the main body, coupleable to the electrode and that drives
the electrode to move relatively to the main body; and

a position sensor sensing the position of the electrode.

14. The implantable system of claim 13, further comprising a hollow sheath
having a proximal end and a distal end, wherein the proximal end of the hollow
sheath is secured to a sheath anchor element of the main body.

15. The implantable system of claim 14, wherein the hollow sheath further has
a sealable tip at a terminal end of the distal end of the hollow sheath, wherein the
sealable tip has a slit at an outer surface of the sealable tip.

16. The implantable system of any one of claims 14-15, wherein the hollow
sheath has a taper from the proximal end to the distal end.

17. The implantable system of any one of claims 14-16, wherein the hollow
sheath is sized to house the electrode.

18. The implantable system of any one of claims 13-17, wherein the motor is a

piezoelectric motor.
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19. The implantable system of any one of claims 13-18, wherein the electrode

is coupled to a speech processor.

20. The implantable system of claim 14 or any one of claims 15-19 when
dependent on claim 14, wherein an interior space of said hollow sheath is isolated
from fluid communication with any portion of the main body by extending said
hollow sheath through the main body such that all spaces occupied by said

electrode in the main body are isolated from fluid communication with said motor.

21. The implantable system of any one of claims 13-20, wherein the main body
stores a portion of the electrode.

22. The implantable system of any one of claims 13-21, wherein the main body

further comprises an energy source that can be charged wirelessly.

23. The implantable system of any one of claims 13-22, wherein the main body

further comprises a circuit board.

24. The implantable system of any one of claims 13-23, further comprising a

wireless controller configured to control said motor.

25. The implantable system of claim 24 when dependent on claim 22, wherein

the wireless controller charges said energy source wirelessly.

26. The implantable system of any one of claims 13-25, further comprising a
guide wire configured to push said electrode.

27. The implantable system of any one of claims 13-26, wherein the position

sensor is configured to connect to a pulley wheel with a textured surface.
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