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SYSTEMS AND METHODS FOR TRANSCUTANEOUS POWER TRANSFER
USING MICRONEEDLES

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to provisional application serial No. 62/447,488, filed

January 18, 2017, and provisional application serial No. 62/471,494, filed March 15, 2017, both

of which are incorporated herein by reference in their entirety.

INCORPORATION BY REFERENCE

[0002] All publications and patent applications mentioned in this specification are herein

incorporated by reference to the same extent as if each individual publication or patent

application was specifically and individually indicated to be incorporated by reference for all

purposes.

FIELD

[0003] This disclosure relates generally to methods and systems for transferring power

transcutaneously, and in certain respects, using a plurality of conductors to transfer power.

BACKGROUND

[0004] Implantable medical devices such as pacemakers, ventricular assist devices (VADs),

spinal cord stimulation (SCS) devices, and deep brain stimulation (DBS) devices require electric

power to operate. That power may be provided, for example, by an internal battery (e.g., for

pacemakers, SCS devices, and DBS devices), AC mains, or an external battery (e.g., for VADs).

[0005] Implanted batteries generally limit the amount of power that can be delivered to the

implanted device. Further, implanted batteries may require surgical replacements. More

recently, there has been a focus on developing systems for wirelessly transferring power to

implanted batteries. Such systems, however, may be relatively inefficient, and have yet to be

realized for high-powered devices such as VADs.



[0006] External batteries typically require a wired electrical connection to the implanted

device that passes through the skin of the patient. In the example of VADs, percutaneous cables

used to transfer power, data, or both through the skin are referred to as percutaneous drivelines.

For such drivelines, it is desirable to provide a safe, relatively small connection through the skin.

Further, it is desirable to prevent displacement of such drivelines.

[0007] Accordingly, it would be desirable to provide a transcutaneous power transfer system

that provides transfer of power and/or data from the outside of the body to the inside of the body.

There is a desire to improve existing mechanisms for transfer of power and/or data through the

skin of a patient.

SUMMARY OF THE DISCLOSURE

[0008] In one embodiment, a system for supplying power transcutaneously to an implantable

device implanted within a subject is provided. The system includes an external connector

including one of a microneedle array and a microwire holder. The system further includes a

power cable electrically coupled to the external connector and configured to supply power to the

one of the microneedle array and the microwire holder from an external power source, and an

internal connector configured to be implanted within the subject and electrically coupled to the

implantable device, the internal connector including the other of the microneedle array and the

microwire holder. The microneedle array includes a plurality of electrically conductive

microneedles, the microwire holder includes a plurality of electrical contacts, and the microwire

holder is configured to engage the microneedle array such that the plurality of electrically

conductive microneedles extend through the skin of the subject and electrically couple to the

plurality of electrical contacts. In various embodiments, the conductive microneedles are

relatively thin structures having a conductive wire or element. In various embodiments, the

microneedles are formed of a needle-like structure loaded with a conductive wire. The needle

like structure may an insulative body.

[0009] In one embodiment, a system for supplying power transcutaneously to an implantable

device implanted within a subject is provided. The system includes a first microconductor

configured to extend through the subject's skin, a second microconductor configured to extend

through the subject's skin, wherein the first microconductor and the second microconductor are



configured to receive and conduct power generated by an external power source, and a control

unit configured to be implanted within the subject. The control unit includes a housing, a first

electrical contact configured to electrically couple to the first microconductor, a second electrical

contact configured to electrically couple to the second microconductor, control circuitry

positioned within the housing and electrically coupled to the first and second electrical contacts,

the control circuitry configured to control operation of the implantable device, and a driveline

connector electrically coupled to the control circuitry, the driveline connector configured to

transfer power and control signals to the implantable device through a driveline extending

between the driveline connector and the implantable device.

[00010] In one embodiment, a method of implanting a transcutaneous power transfer system

in a subject is provided, the transcutaneous power transfer system operable to supply power

transcutaneously to an implantable device in the subject. The method includes implanting an

internal connector within the subject, the internal connector including a microwire holder that

includes a plurality of electrical contacts, connecting an external connector to the internal

connector by inserting a plurality of electrically conductive microneedles through the skin of the

subject such that the plurality of electrically conductive microneedles electrically couple to the

plurality of electrical contacts, connecting a power cable to the external connector, and supplying

power to the plurality of electrically conductive microneedles from an external power source

using the power cable.

[0001 1] In one embodiment, a method of implanting a transcutaneous power transfer system

in a subject is provided, the transcutaneous power transfer system operable to supply power

transcutaneously to an implantable device in the subject. The method includes implanting a

control unit within the subject, the control unit including a housing, a first electrical contact, a

second electrical contact, and control circuitry configured to control operation of the implantable

device, inserting a first microconductor through the skin of the subject such that the first

microconductor electrically contacts the first electrical contact, inserting a second

microconductor through the skin of the subject such that the second microconductor electrically

contacts the second electrical contact, and supplying power to the first and second

microconductors from an external power source.



[00012] In one embodiment, a method of forming a connection between an external connector

and an internal connector in a transcutaneous power transfer system is provided. The method

includes piercing skin of a subject with plurality of electrically conductive microneedles formed

on the external connector, and placing the plurality of electrically conductive microneedles in

contact with a plurality of electrical contacts formed on the internal connector.

[00013] In one embodiment, a system incorporating any of the features of paragraphs [0008]-

[00012] is provided.

[00014] In one embodiment, a device incorporating any of the features of paragraphs [0008]-

[00012] is provided.

[00015] Features that are described and/or illustrated with respect to one embodiment may be

used in the same way or in a similar way in one or more other embodiments and/or in

combination with or instead of the features of the other embodiments. That is, any feature

described herein may be used in any of the embodiments described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[00016] The novel features of the disclosure are set forth with particularity in the claims that

follow. A better understanding of the features and advantages of the present disclosure will be

obtained by reference to the following detailed description that sets forth illustrative

embodiments, in which the principles of the disclosure are utilized, and the accompanying

drawings of which:

[00017] Fig. 1 is a schematic diagram of one embodiment of a transcutaneous power transfer

system.

[00018] Fig. 2 is a schematic diagram of a microneedle array and a microwire holder that may

be used with the transcutaneous power transfer system shown in Fig. 1.

[00019] Fig. 3 is a schematic diagram of another embodiment of a transcutaneous power

transfer system.



[00020] Fig. 4 is a schematic diagram of a microconductor that may be used with the

transcutaneous power transfer system shown in Fig. 3 .

[00021] Fig. 5 is a schematic diagram of an injection tool that may be used to implant the

microconductor shown in Fig. 4 .

[00022] Fig. 6 is a schematic diagram of the microconductor shown in Fig. 4 loaded into the

injection tool shown in Fig. 5 .

[00023] Fig. 7 is a schematic diagram of a control unit that may be used with the

transcutaneous power transfer system shown in Fig. 3 .

[00024] Fig. 8 is a schematic diagram of a portion of the control unit shown in Fig. 7 .

[00025] Fig. 9 is a schematic diagram of one configuration of a positive microconductor, a

negative microconductor, a positive electrical contact, and a negative electrical contact that may

be used with the transcutaneous power transfer system shown in Fig. 3 .

[00026] Fig. 10 is a schematic diagram of another configuration of a positive microconductor,

a negative microconductor, a positive electrical contact, and a negative electrical contact that

may be used with the transcutaneous power transfer system shown in Fig. 3 .

[00027] Fig. 11 is a schematic diagram of a mechanical circulatory support system implanted

in a subject's body that may be used with the systems shown in Fig. 1 and Fig. 3 .

DETAILED DESCRIPTION

[00028] In the description that follows, like components have been given the same reference

numerals, regardless of whether they are shown in different embodiments. To illustrate an

embodiment s) of the present disclosure in a clear and concise manner, the drawings may not

necessarily be to scale and certain features may be shown in somewhat schematic form. Features

that are described and/or illustrated with respect to one embodiment may be used in the same

way or in a similar way in one or more other embodiments and/or in combination with or instead

of the features of the other embodiments.



[00029] The systems and methods in certain embodiments include a transcutaneous power

transfer system. The transcutaneous power transfer system includes electrical connections that

pass through the subject's skin, but that are relatively small. In some embodiments, an electrical

connection is formed using a plurality of parallel sub-passages that, when taken together, provide

enough power to drive an implanted medical device or recharge an implanted battery. Each sub-

passage is on a micro-scale such that it passes through pores already present in the skin, reducing

irritation and risk of infection to the subject.

[00030] Turning now to Fig. 1, a transcutaneous power transfer system is indicated generally

at 100. Specifically, system 100 is configured to transfer power through the skin 102 of a subject

(e.g., a patient) to supply power to an implanted medical device (not shown). System 100 may

be used to transfer alternating current (AC) or direct current (DC) power, depending on the

desired application. In this embodiment, system 100 includes an external connector 104

electrically couple-able to an internal connector 106. Internal connector 106 is positioned within

the body 108 of the patient, and external connector 104 is positioned outside of body 108. In the

embodiment shown in Fig. 1, internal connector 106 is located subcutaneously. Alternatively,

depending on the application, internal connector 106 may be located deeper within body 108. In

various embodiments, internal connector 106 is configured to be positioned within the abdominal

cavity of the subject. Internal connector 106 may be hermetically sealed and formed of

corrosion-resistant materials to enable placement within the body. In various embodiments,

internal connector 106 is positioned adjacent to and/or anchored to a bone (e.g. a rib).

[0003 1] External connector 104 includes a microneedle array 110 for electrically and

physically coupling to internal connector 106. Specifically, microneedle array 110 includes a

plurality of electrically conductive microneedles 112. Each microneedle 112 includes a rigid or

semi-rigid conductive core material coated with an insulation material (e.g., Tefzel ETFE). The

conductive core material is exposed at a tip of microneedle 112. For example, each microneedle

112 may include a metal alloy coated with a thin polymer insulation material. In this

embodiment, microneedles 112 are evenly spaced from one another, and may be arranged in a

one-dimensional array (i.e., spaced along a line) or a two-dimensional grid. Microneedles 112

include a positive set of microneedles and a negative set of microneedles. To couple to internal

connector 106, microneedles 112 pierce skin 102 (e.g., passing through pores in skin 102).



[00032] In various respects, the term "microneedle" refers to a thin-diameter or needle-like

structure with a conductive element, and in certain respects a conductive structure configured for

piercing tissue or the skin. One of skill will appreciate from the description herein that a variety

of assemblies may be used to form the microneedles depending on the application. For example,

the conductive microneedles may be formed entirely of conductive materials. In another

example, the microneedle includes an insulative body and a conductive element. The

microneedle may be formed of an insulator hollow body loaded with a conductive material.

Other structures will be further understood from the following description.

[00033] Further, internal connector 106 includes a microwire holder 114 that has a plurality

of electrical contacts 116. Electrical contacts 116 include a positive set of electrical contacts and

a negative set of electrical contacts. To transfer power, external connector 104 is positioned

relative to internal connector 106 such that microneedles 112 extend through the skin 102 and

engage electrical contacts 116, electrically coupling external connector 104 to internal connector

106. Specifically, external connector 104 is positioned such that the positive set of microneedles

engages the positive set of electrical contacts and the negative set of microneedles engages the

negative set of electrical contacts.

[00034] In an alternative embodiment, external connector 104 includes microwire holder 114

and internal connector 106 includes microneedle array 110. Accordingly, instead of extending

from the outside of a subject's body to the inside of the subject's body, microneedles 112 extend

from the inside of the subject's body to the outside of the subject's body. In such an

embodiment, microwire holder 114 is external to the subject's body (instead of subcutaneous),

and receives microneedles 112 extending from internal connector 106.

[00035] In this embodiment, system 100 further includes a power cable 120 that supplies

power to external connector 104 from an external power source (not shown). The power source

may include external batteries, AC mains, or an external controller. Power cable 120 includes a

plug 122 that engages an electrical socket 124 on external connector 104. In some embodiments,

plug 122 magnetically couples to electrical socket 124. Accordingly, when a sufficient force is

exerted on power cable 120, plug 122 disengages from electrical socket 124 without pulling

external connector 104 away from internal connector 106.



[00036] As shown in Fig. 1, internal connector 106 is electrically coupled to an internal power

cable 126. Internal power cable 126 may power from internal connector 106 to, for example, an

implanted medical device and/or an implanted battery. Implanted medical device may be any

medical device capable of receiving power using system 100. For example, implanted medical

device may be a pacemaker, a ventricular assist device (VAD), a spinal cord stimulation (SCS)

device, or a deep brain stimulation (DBS) device.

[00037] In this embodiment, internal connector 106 includes an anchor 130 for securing the

position of internal connector 106 within body 108. For example, as will be appreciated by those

of skill in the art, anchor 130 may anchor internal connector 104 to a bone (e.g., a rib) of the

subject. Alternatively, anchor 130 may be any suitable anchoring device. For example, anchor

130 may be implemented using nitinol hooks or sutures that engage tissue of the subject.

Further, tissue ingrowth around internal connector 106 may be used to anchor internal connector

106. One will appreciate that internal connector 106 may include a variety of tissue or skin

anchors 130 depending on the application. In various embodiments, internal connector 106 is

anchored to a bone. The optional anchoring may be used to mitigate the risk of migration of

internal connector 106 over time. External connector 104 and internal connector 106 may be left

in place for a relatively long period of time and/or may be replaced periodically. In such cases,

there may be the possibility that internal connector 106 moves from its implant location and

makes it harder for internal connector 106 to be located and/or accessed. If internal connector

106 migrates too much, there may also be the risk of the connection to external connector 104

becoming loose. In certain applications and implant locations, however, the risk of migration is

relatively low and tolerable even without anchoring structures. In some embodiments, external

connector 104 and/or internal connector 106 may include safety mechanisms to prevent an

overcurrent condition if external connector 104 and/or internal connector 106 are incorrectly

connected to one another.

[00038] Fig. 2 is a schematic diagram of microneedle array 110 and microwire holder 114 that

may be used with the transcutaneous power transfer system shown in Fig. 1. In this

embodiment, each microneedle 112 includes a rigid or semi-rigid conductive core material

coated with an insulation material (e.g., Tefzel ETFE). The conductive core material is exposed

at a tip 140 of microneedle 112. For example, each microneedle 112 may include a metal alloy



coated with a thin polymer insulation material. Alternatively, any materials may be used that

enable microneedle array 110 to function as described herein. In some embodiments,

microneedles 112 have an anti-bacterial coating and/or an anti-corrosive coating. In various

embodiments, microneedles 112 include a corrosion-resistant material such as MP35N, titanium,

DFT® sold by Fort Wayne Metals, Pt-Ir, and the like. In various embodiments, microneedles

112 are formed of an outer body of corrosion-resistant material and/or biologically-compatible

material as understood by one of skill.

[00039] As shown in Fig. 2, in this exemplary embodiment, both microneedle array 110 and

microwire holder 114 have a sawtooth configuration. Accordingly, when coupling microneedle

array 110 to microwire holder 114, microneedles 112 are guided into and automatically aligned

with microwire holder 114 to electrically couple to electrical contacts 116. This allows the

subject or another individual (e.g., a physician) to successfully couple microneedle array 110 to

microwire holder 114 relatively easily. One will appreciate from the description herein other

structures for guiding microneedle array 110 into connection with internal connector 106. Other

examples include rails, pins, and similar mechanical guides. In various embodiments, at least

one of microneedle array 110 and internal connector 106 includes magnets (e.g. permanent

and/or electromagnets) for guiding them into proper alignment. In the case of use of magnets,

system 100 may include a mechanism for sensing when the magnets are in contact. In various

embodiments, system 100 includes a resistor for detecting when microneedle array 110 and

internal connector 106 have formed a proper connection. System 100 can thus generate a signal

to indicate to a user whether a proper connection has been formed or not. In various

embodiments, system 100 includes a mechanism for signaling to a user whether a proper

connection has been made. The signal may be visual, audible, or tactile (e.g., internal connector

106 may vibrate). System 100 may be configured to generate a signal indicative of whether

proper connection has been made. The signal may be transmitted to another component (e.g., a

controller). In response, the controller or other component may generate an alarm if an improper

connection occurs. The controller may enter a unique mode, such as a low power state or auto

shutoff to avoid further consequence. In one embodiment, when an improper connection occurs,

power is switched from an external power source to an internal power source.



[00040] In some embodiments, external connector 104 is easily detachable from internal

connector 106. Further, external connector 104 and/or internal connector 106 may include safety

mechanisms to prevent an overcurrent condition if external connector 104 and internal connector

106 are incorrectly connected to one another.

[00041] For example, in some embodiments, an external power source (not shown in Figs. 1

and 2) includes an overcurrent detector that includes a resistor (e.g., of approximately 0.1 Ohm)

in series with the external power source. A differential amplifier may be used to detect the

voltage drop across the resistor, and if the voltage drop exceeds a predetermined threshold (e.g.,

100 mV), a solid state switch may be used to switch off or limit the current delivered by the

external power source. In the event of an overcurrent condition, an alarm or other alert may be

generated directly by the external power source and/or transmitted to a remote computing device

(e.g., a smartphone, tablet, etc.) to notify the subject and/or physician of the overcurrent

condition.

[00042] In some embodiments, the safety mechanism includes fuse circuity that breaks when

an overcurrent condition occurs. Specifically, the fuse circuitry measures a total resistance

between a positive end and a negative end of the fuse circuitry. If the measured total resistance

is below a first predetermined threshold, the circuit breaks (e.g., short circuits). Further, if the

measured total resistance is greater than a second predetermined threshold, a loose

connection/disconnection alert is generated. This fuse circuitry may be located, for example,

outside of the subject (e.g., within power cable 120), and may be powered by an external power

source. Alternatively, the fuse circuity may be located within the subject, and may be powered

by a subcutaneous device battery.

[00043] In some embodiments, the safety mechanism includes an analog switch for each

electrical contact 116. For example, each analog switch could be coupled to a resistor (e.g., of

approximately 0 .1 Ohm). If there is an overcurrent and/or a voltage drop exceeding a

predetermined threshold (e.g., 100 mV) for only a few electrical contacts 116 (e.g., one or two

electrical contacts 116), those electrical contacts 116 can be switched off, allowing the remaining

electrical contacts 116 to continue supplying power to the implanted device. However, if more



electrical contacts 116 demonstrate an overcurrent and/or a voltage drop exceeding the

predetermined threshold, power may be disconnected completely.

[00044] By using microneedle array 110 and microwire holder 114, system 100 prevents

overheating at the connection between external connector 104 and internal connector 106.

Heating occurs due to the flow of current through resistive wires. The flow of current produces

generation of power (i.e., P = I R) which subsequently results in a temperature rise. As

temperature increases, power dissipation by convention, conduction, and radiation also increases.

Equilibrium is reached when power generation equals power dissipation. Assuming that

radiation is the only source of power dissipation, the rise in temperature for current I is given by:

εσΤ π 2 d n2

where p is the resistivity of the material, I is the length of the wire, d is the diameter of the wire,

n is the number of wires in the connector, σ is the Stefan-boltzman constant, TR =300K is the

room temperature, and e is emissivity.

[00045] An exemplary VAD may require approximately 7 Watts of power at 12 Volts, which

results in a current flow of 0.583 Amps. This gives n = 307 for a AT = 0.1C using copper wire

(p = 1.68 e 8 m, e = 0.04) with d = ΙΟµιη and 1 = mm. As the radiation is taken as the only

mechanism of power dissipation, n = 307 should result in an even lower change in temperature.

Further, d up to 40 µιη (skin pore size is approximately 50 µιη) may be used if needed. Also,

using oxidation, the emissivity of copper can be increased to 0.8 if needed. If both of these

adjustments are made together, n = \ (i.e., a single microneedle 112) results in a temperature rise

of 0 .1 C . Notably, these figures may be conservative examples, as they only consider radiation

as a heat dissipation mechanism. Accordingly, fewer microneedles 112 could likely be used.

The above specifications are representative only. One of skill in the art will appreciate that the

specifications of system 100 may vary depending on the desired application.

[00046] Fig. 3 is a schematic diagram of another embodiment of a transcutaneous power

transfer system 200. Instead of a microneedle array, system 200 includes at least one positive

microconductor 202 and at least one negative microconductor 204 that extend through the skin



102. In Fig. 3, one positive microconductor 202 and one negative microconductor 204 are

shown. However, those of skill in the art will appreciate that system 200 may include multiple

positive microconductors 202 and multiple negative microconductors 204 (e.g., for redundancy

purposes). Positive and negative microconductors 202 and 204 are conductive components that

conduct AC and/or DC power generated by an external power source 206. Positive and

negative microconductors 202 and 204 may each be, for example, a cable having a first electrical

terminal and a second electrical terminal at opposite ends of the cable, as described below in

association with Fig. 4 . External power source 206 may be, for example, a battery pack capable

of supplying approximately 12-14 Volts at 0.76 Amps. Alternatively, external power source 206

may be any suitable power source.

[00047] System 200 further includes a control unit 210 implanted in the subject. Control unit

210 may be subdermally implanted (e.g., embedded in a subcutaneous fat layer), or may be

implanted deeper within patient. Control unit 210 includes a housing 212 that encloses a

plurality of electronic components, as described in detail in association with Fig. 7 . Control unit

210 receives power from positive and negative microconductors 202 and 204, and supplies

power to an implanted device (not shown) via a driveline 214. Specifically, control unit 210

includes positive and negative electrical contacts (not shown in Fig. 3) that electrically couple to

positive and negative microconductors 202 and 204, respectively. Driveline 214 may be, for

example, a driveline cable as described in U.S. Patent Application Publication No. 2016/00641 17

filed September 3, 2015, which is hereby incorporated by reference in its entirety for all

purposes. Driveline 214 may provide DC power, bi-phasic power, or tri-phasic power to the

implanted device in accordance with the power requirements of the implanted device. For

example, if the implanted device includes a brushless DC motor, driveline 214 may carry DC

power.

[00048] In some embodiments, control unit 210 may be external to the subject's body (i.e., not

subcutaneously implanted). In such embodiments, driveline 214 may extend through skin 102

(e.g., using a connector assembly similar to that shown in Figs. 1 and 2) and may directly power

the implanted device.



[00049] In this embodiment, positive and negative microconductors 202 and 204 are each

electrically coupled to a detachable button 220 adhered to skin 102 using a protective barrier

222. Further, each button 220 is electrically coupled to external power source 206 via a power

cable 224. Protective barrier 222 may be, for example, an adhesive tape barrier. When a

sufficient force is exerted on power cables 224, buttons 220 detach from skin 102 and positive

microconductors 202 and 204 to prevent injury to the subject.

[00050] Fig. 4 is a schematic diagram of a microconductor 400 that may be used with system

200 (shown in Fig. 3). For example, microconductor 400 may be positive microconductor 202 or

negative microconductor 204 (shown in Fig. 3). As shown in Fig. 4, microconductor 400

includes a cable 402 having a first electrical terminal 404 and a second electrical terminal 406 at

opposite ends of cable 402. In this embodiment, cable 402 includes a rigid or semi-rigid

conductive core material coated with an insulation material. For example, cable 402 may be a

Tefzel coated cable having a diameter of approximately 0.0085 inches. Alternatively, cable 402

may have any composition and dimensions that enable microconductor 400 to function as

described herein. In some embodiments, microconductor 400 has an anti-bacterial coating

and/or an anti-corrosive coating. In some embodiments, cable 402 may be made of 7 or 19

strands of MP35N, each strand having a core of silver to enhance the overall conductivity of

cable 402. Further, a display end of cable 402 may be made entirely of silver because of silver's

high conductivity and antimicrobial properties. In some embodiments, the Tefzel insulation on

cable 402 may include a thin outer layer of Tefzel embedded with nanoparticles of silver that

impart antimicrobial properties to cable 402.

[00051] First electrical terminal 404 contacts the positive electrical contact of control unit 210

to electrically couple microconductor 400 to control unit 210. As shown in Fig. 4, first electrical

terminal 404 has a pointed profile to facilitate piercing skin 102 and piercing housing 212, as

described in detail below. Second electrical terminal 406 electrically couples microconductor

400 to button 220 in this embodiment. Further description of exemplary materials and structures

for a VAD-based system in connection with the embodiments described herein may be

understood from U.S. Pub. No. 2016/00641 17, which is hereby incorporated by reference in its

entirety for all purposes.



[00052] Fig. 5 is a schematic diagram of an injection tool 500 that may be used to implant

exemplary microconductor 400. Injection tool 500 includes a hollow injector barrel 502 that

receives microconductor 400. Injector barrel 502 may have, for example, a diameter of

approximately 0.01625 inches (i.e., equivalent to a 27 gauge needle). Injection tool 500 also

includes a handle 504 that enables a user (e.g., a physician) to hold and guide injection tool 500

when implanting microconductor 400.

[00053] Fig. 6 is a schematic diagram of microconductor 400 loaded into injection tool 500.

To implant microconductor 400, a user (e.g., a physician) maneuvers injection tool 500 such that

first electrical terminal 404 pierces skin 102. The user further maneuvers injection tool 500 to

ensure first electrical terminal 404 pierces housing 212 and contacts the positive electrical

contact of control unit 210. Once microconductor 400 is successfully electrically coupled to

control unit 210, the user withdraws injection tool 500, leaving microconductor 400.

[00054] Fig. 7 is a schematic diagram of control unit 210. As shown in Fig. 7, housing 212

includes a self-healing septum 702 attached to a metallic (e.g., titanium) case 703. Specifically,

septum 702 is able to be pierced (i.e., by first electrical terminal 404) and them reform around

the object that did the piercing. Septum 702 may be made of, for example, silicone or any other

suitable material (e.g., hydrophobic polymer materials). In this embodiment, a positive electrical

contact 704 and a negative electrical contact 706 are embedded within septum 702. Positive

electrical contact 704 receives and electrically couples to positive microconductor 202, and

negative electrical contact 706 receives and electrically couples to negative microconductor 204.

[00055] In this embodiment, positive and negative electrical contacts 704 and 706 each

include a metallic mesh 708 (e.g., titanium wool) or highly conductive silicone that is doped with

microparticles of metallic silver. Accordingly, positive and negative microconductors 202 and

204 need only contact a portion of the metallic mesh or conductive silicone, as opposed to a

discrete electrical contact. This improves ease of implantation and operation of system 200.

Each metallic mesh 708 is sintered to a metallic (e.g., titanium) plate 710, which is in turn

connected to a feedthrough 712 for electrically coupling to electrical components inside control

unit 210. Similarly, in embodiments with conductive silicone, the conductive silicone may be



adhered to a metallic (e.g., silver) plate that is in turn connected to a feedthrough for electrically

coupling to electrical components inside control unit.

[00056] In this embodiment, microconductors 202 and 204 are electrically coupled to a full

wave bridge rectifier 720 that receives AC power from positive and negative microconductors

202 and 204 and converts it to DC power for use by control unit 210. This approach simplifies

connection of the power source, because when microconductors 202 and 204 conduct AC power,

microconductors 202 and 204 may be inserted positive and negative electrical contacts 704 and

706 without any concern about the polarity. Alternatively, as noted above, control unit 210 may

receive DC power from positive and negative microconductors 202 and 204. The DC power is

regulated using power conditioning circuitry 722 and provided to a microprocessor 724 that

controls operation of control unit 210. In this embodiment, power conditioning circuitry also

provides power to recharge circuitry 726 for charging a battery 728 within control unit 210. If

control unit 210 stops receiving power from external power source 206, battery 728 may

temporarily provide power to control unit 210 and the implanted device. Battery 728 may be, for

example, a lithium ion battery having a nominal voltage of 3.2 V and a rated capacity of 1150

milliampere hours (mAh). Alternatively, battery 728 may have any specifications that enable

control unit 210 to function as described herein. In some embodiments, control unit 210 may not

include recharge circuitry 726 and battery 728.

[00057] Microprocessor 724 is communicatively coupled to a Bluetooth low energy (BLE)

transceiver 730. Using an antenna 732, BLE transceiver 730 is capable of transmitting and

receiving signals from a remote device (e.g., an external programmer). For example, antenna

732 may transmit signals to a remote device (e.g., a mobile computing device, a smartphone, a

tablet, etc.) to notify the subject and/or physician of problems associated with operation of the

implanted device and/or control unit 210 (e.g., cavitation, suction, arrhythmia, excessive pump

loading, failure of battery 728, low power from external power source 206, intermittent

connectivity with/disconnection from positive and negative microconductors 202 and 204, etc.).

For example, antenna 732 may transmit signals to a remote device when an overcurrent

condition is detected or fuse circuitry breaks, as described above. The remote device may

include a patient's personal smartphone. Further, the remote device may include an application

that communications with the patient directly and that communicates with a remote data



management system that provides data to health care management personnel and/or a physician

to aide in management of the implanted device.

[00058] Alternatively, microprocessor 724 may communicate with remote devices using any

suitable communications scheme. For example, in some embodiments, microprocessor 724 may

communicate conductively (e.g., using amplitude or frequency modulated signals) through

microconductors 202 and 204. Further, in some embodiments, driveline 214 may transmit a

communication signal (e.g., encoded as an amplitude or frequency modulated signal) on top of

the power signal.

[00059] Microprocessor 724 is also communicatively coupled to a motor microcontroller

740. Motor microcontroller 740 controls operation of the implanted device (e.g., a VAD, SCS

device, and/or DBS device) based on control signals received from microprocessor 724.

Specifically, motor microcontroller 740 causes a motor driver 742 to transmit control signals to

the implanted device through driveline 214. Driveline 214 also provides power to the implanted

device. In this embodiment, motor driver 742 is communicatively coupled to driveline 214 via a

plurality of driveline feedthroughs 744 and a driveline connector 746, as shown in Fig. 7 . In

various embodiments, a microcontroller is disposed on-board the implanted medical device (e.g.

VAD or pacemaker) or in a hermetic housing separate from control unit 210.

[00060] In system 200, control unit 210 is capable of detecting that at least one of positive and

negative microconductors 202 and 204 has become disconnected from positive and negative

electrical contacts 704 and 706. For example, in one embodiment, power conditioning circuit

722 may include a voltage detection circuit that detects a voltage level delivered by external

power source 206. When the voltage drops below a predetermined level, either due to a

disconnection or because a battery of external power source 206 has become sufficiently

discharged to warrant replacement/recharging, an alert for the patient and/or healthcare provider

maybe generated and transmitted using BLE transceiver 730. The voltage level delivered by

external power source 206 may be measured by microprocessor 724 using an integral AID

converter. Alternatively, external power source 206 may monitor a voltage drop across a resistor

(e.g., 0.1 ohm) in series with external power source 206 to detect when the voltage drop is too

low (thus indicating that delivered current is too low or zero).



[00061] Further, as described above, safety mechanisms to detect a disconnection may include

an overcurrent detector in series with external power source 206, fuse circuity that breaks when

an overcurrent condition occurs, and/or analog switches for each electrical contact point. In

response to detecting a disconnection, control unit 210 generates an alert. For example, in one

embodiment, control unit 210 generates an audible alert. In another embodiment, control unit

210 vibrates. In yet another embodiment, BLE transceiver 730 causes antenna 732 to transmit an

alert signal. Alternatively, control unit 210 may generate any suitable alert. Furthermore, a

smartphone or other mobile computing device that receives an alert may transmit the alert to a

device management center. The smartphone or other mobile computing device may have an

application that instructs the patient how to manage the implanted device (e.g., instructing the

patient to replace external power source 206, or to replace microconductors 202 and 204 when a

voltage of external power source 206 remains high but a voltage at power conditioning circuit

722 is excessively low. Of course, if system 200 shows signs of failure or malfunction, both the

patient and professionals helping the patient manage the implanted device will be notified.

[00062] In various embodiments, system 200 includes a resistor for detecting when positive

and negative microconductors 202 and 204 and positive and negative electrical contacts 704 and

706 have formed a proper connection. System 200 can thus generate a signal to indicate to a

user whether a proper connection has been formed or not. In various embodiments, system 200

includes a mechanism for signaling to a user whether a proper connection has been made. The

signal may be visual, audible, or tactile (e.g., control unit 210 may vibrate). System 200 may be

configured to generate a signal indicative of whether proper connection has been made. The

signal may be transmitted to another component (e.g., a controller). In response, the controller or

other component may generate an alarm if an improper connection occurs. The controller may

enter a unique mode, such as a low power state or auto shutoff to avoid further consequence. In

one embodiment, when an improper connection occurs, power is switched from an external

power source to an internal power source.

[00063] Fig. 8 is a schematic diagram of a portion of control unit 210. Specifically, Fig. 8

shows positive and negative electrical contacts 704 and 706 implemented as metallic mesh 708

embedded within septum 702. As described above, metallic mesh 708 may be, for example,

titanium wool.



[00064] In the embodiment of Figs. 7 and 8, positive and negative electrical contacts 704 and

706 are located side by side (relative to skin 102). Alternatively, positive and negative electrical

contacts 704 and 706 may be located in different orientations with respect to one another. For

example, Fig. 9 is a schematic diagram of an alternative configuration of positive and negative

electrical contacts 704 and 706. In the embodiment of Fig. 9, positive electrical contact 704 is

positioned above negative electrical contact 706. Those of skill will appreciate that alternatively,

negative electrical contact 706 may be positioned above positive electrical contact 704. That is,

positive electrical contact 704 is located closer to skin 102 than negative electrical contact 706.

As before, positive and negative electrical contacts 704 and 706 are located within septum 702,

but septum is omitted from Fig. 9 for clarity.

[00065] Fig. 10 is a schematic diagram of another alternative configuration. In the

embodiment of Fig. 10, similar to the embodiment of Fig. 9, positive electrical contact 704 is

positioned above negative electrical contact 706. However, unlike the embodiment of Fig. 9,

positive and negative microconductors 202 and 204 are coaxial with one another. Specifically,

positive microconductor 202 circumscribes a segment of negative microconductor 204 that

extends between skin 102 and positive electrical contact 704. After positive microconductor 202

terminates, negative microconductor 204 extends until it reaches negative electrical contact 706.

Having positive and negative microconductors 202 and 204 coaxial with one another may

improve the ease of implantation of system 200. For example, in such embodiments, positive

and negative microconductors 202 and 204 may be implanted at the same time using the same

injection tool (e.g., similar to injection tool 500).

[00066] The systems and methods described herein may be used to provide power to any

suitable implanted device. For example, the systems and methods described herein may be used

in conjunction with devices and systems described in U.S. Patent Publication No. 2015/0290374

filed April 15, 2015, U.S. Patent Publication No. 2015/0290378 filed April 15, 2015, U.S. Patent

No. 6,100,618 filed October 1, 1997, U.S. Patent No. 6,365,996 filed February 10, 1998, U.S.

Patent No. 5,708,346 filed June 11, 1996, U.S. Patent No. 8,562,508 filed December 30, 2009,

U.S. Patent No. 8,794,989 filed December 8, 201 1, U.S. Patent No. 8,858,416 filed August 26,

2013, and U.S. Patent No. 8,682,431 filed January 23, 2013, all of which are hereby incorporated

by reference in their entirety.



[00067] As an Example, Fig. 11 is a schematic diagram of an exemplary mechanical

circulatory support system 1110 implanted in a subject's body 1112. System 1110 includes a

transcutaneous connector 1113 similar to those described above. In various embodiments,

connector 1113 is implemented using components of system 100 (shown in Fig. 1) and/or system

200 (shown in Fig. 3). Alternatively, connector 1113 may include any components that enable

system 1110 as would be understood by one of skill from the description herein. Further,

connector 1113 is not limited to being used with mechanical circulatory support system 1110,

but may be used in any system in which power is supplied transcutaneously to an implanted

device.

[00068] Mechanical circulatory support system 1110 includes an implantable blood

pump 1114, ventricular cuff 1116, outflow cannula 1118, system controller 1120, and power

sources 1122. One or more components of system controller 1120 and/or power sources 1122

may be implanted within the subject instead of external to the subject as shown in Fig. 11 .

Implantable blood pump 1114 may include a VAD that is attached to an apex of the left

ventricle, as illustrated, or the right ventricle, or both ventricles of the heart 1124. The VAD may

include a centrifugal (as shown) or axial flow pump capable of pumping the entire output

delivered to the left ventricle from the pulmonary circulation (i.e., up to 10 liters per minute).

Related blood pumps applicable to the systems and methods described herein are described in

greater detail in U.S. Pat. Nos. 5,695,471, 6,071,093, 6,1 16,862, 6,186,665, 6,234,772,

6,264,635, 6,688,861, 7,699,586, 7,976,271, 7,997,854, 8,007,254, 8,152,493, 8,652,024, and

8,668,473 and U.S. Patent Publication Nos. 2007/0078293, 2008/0021394, 2009/0203957,

2012/0046514, 2012/0095281, 2013/0096364, 2013/0170970, 2013/0121821, and

2013/0225909, all of which are incorporated herein by reference for all purposes in their entirety.

With reference to Fig. 11, blood pump 1114 may be attached to the heart 1124 via the ventricular

cuff 1116 which is sewn to heart 1124 and coupled to blood pump 1114. The other end of blood

pump 1114 connects to the ascending aorta via outflow cannula 1118 so that the VAD effectively

diverts blood from the weakened ventricle and propels it to the aorta for circulation to the rest of

the patient's vascular system.

[00069] In various embodiments, mechanical circulatory support system 1110 is configured

for a temporary support mode. In an exemplary embodiment, mechanical circulatory support



system 1110 is configured to enable a free mode whereby the patient can be supported for a time

free from the external components. Batteries 1122 and control circuitry can be implanted to

operate the pump. Connector 1113 facilitates easy disconnection (and reconnection) of the

external components. In normal usage, a driveline 1126 is connected through connector 1113.

Blood pump 1114 is powered by main batteries or another power source outside body 1112. To

convert to free mode, the external portion of driveline 1126 is removed from connector 1113.

System 1110 recognizes the disconnection and converts to the free mode by operating using the

implanted power source. In some embodiments, the control circuitry includes a state detection

module and selects a state based on whether driveline 1126 is connected. For example, in free

mode system 1110 can be preprogrammed to operate in a manner to lower the power usage. In

various embodiments, connector 1113 is configured as a breakaway connector. Connector 1113

may be configured such that driveline 1126 can be removed only after a force above a selected

threshold is applied. Examples of a breakaway connector are described in U.S. Pat. Nos.

8,794,989 filed December 8, 201 1 8,894,561 filed March 5, 2013; 9,387,285 filed October 16,

2015; and 8,152,035 filed July 6, 2006, the entire contents of which are incorporated herein in

their entirety by reference.

[00070] With continued reference to Fig. 11, a mechanical circulatory support system 1110 is

connected to battery 1122 for powered operation. Batteries 1122 may be external, as shown in

Fig. 11, or may be implanted within the subject's body 1112 (e.g., as described above in

association with systems 100 and 200). Driveline 1126 exits through the subject's skin via

connector 1113 and connects implanted blood pump 1114 to system controller 1120, which

monitors system 1110 operation. As noted above, in some embodiments, one or more

components of system controller 1120 may be implanted within the subject.

[00071] Related controller systems applicable to the systems and methods described herein

are described in greater detail in U.S. Pat. Nos. 5,888,242, 6,991,595, 8,323,174, 8,449,444,

8,506,471, 8,597,350, and 8,657,733 and U.S. Patent Publication Nos. 2005/0071001 and

2013/0314047, all of which are incorporated herein by reference for all purposes in their entirety.

The system may be powered by either one, two, or more batteries 1122. It will be appreciated

that although system controller 1120 and power source 1122 are illustrated outside/external to the

subject body, driveline 1126, system controller 1120 and/or power source 1122 may be partially



or fully implantable within the patient, as described above in relation to systems 100 and 200,

and as separate components or integrated with the blood pump 1114. Examples of such

modifications are further described in U.S. Pat. No. 8,562,508 and U.S. Patent Publication No.

2013/0127253, all of which are incorporated herein by reference for all purposes in their entirety.

[00072] The systems described herein (e.g., systems 100 and 200) may be configured to

generate an alert upon detecting a disconnection of connector 1113 (e.g., disconnection of

external connector 104 from internal connector 106 (shown in Fig. 1), disconnection of power

cables 224 and buttons 220 from microconductors 202 and 204 (shown in Fig. 3), etc.). Further,

as described above, an internal battery may be used to provide temporary power in the event of a

disconnection of connector 1113. In some embodiments, the systems described herein may be

configured to operate in a temporary support mode, in which the internal components are able to

operate autonomously for a period of time after an intentional or unintentional disconnection of

connector 1113.

[00073] To facilitate a temporary support mode, in some embodiments, the systems described

herein include an internal power source (e.g., a battery) capable of supplying power for a

predetermined period of time. In the temporary support mode, the internal power source may be

capable of supporting the patient, for example, for at least twenty minutes, at least thirty minutes,

at least forty-five minutes, at least one hour, or at least four hours. Accordingly, the patient

could disconnect from external power sources for a period of time (e.g., to take a shower, go for

a swim, or participate in other activities that might be difficult or impossible for the patient to

undertake without disconnection from external power sources). In some embodiments, the

internal power source may be capable of supporting the patient for extended periods of time

(e.g., approximately four to six hours).

[00074] In various embodiments, a cover is provided to cover connector 1113 when driveline

1126 is disconnected. The cover may comprise a sealing assembly to fluidly seal the electrical

contacts of connector 1113 to prevent a short, corrosion, and other issues. The sealing assembly

may include, for example, one or more hermetic waterproof seals, hermetic waterproof caps,

self-healing membranes, and/or other suitable structures capable of preventing exposure from the

contacts to the environment. For example, in system 100, the sealing assembly may be formed,



for example, on microwire holder 114, electrical contacts 116, and/or microneedles 112 (all

shown in Fig. 1). In system 200, the sealing assembly may be formed, for example, on

microconductors 202 and 204 and/or housing 212 (all shown in Fig. 3).

[00075] The systems and methods described herein provide several clinical and technical

advantages over at least some known existing transcutaneous power transfer systems. For

example, the embodiments described herein use small-diameter conductors to facilitate reducing

inflammatory response and risk of infection in a subject. The distribution across a plurality of

relatively thin conductors may provide increased redundancy while reducing the amount of

current going through each conductor. This can lead to lowering corrosive activity and infection

risk. Decreasing the size of the conductors and increasing the number of connections may

increase redundancy and mitigate against the risk of a short by faulty connections (e.g., a broken

conductor or fluid ingress in the connector). Further, the small-diameter conductors may be

replaced and/or relocated periodically to allow previous power transfer sites to heal. Further, as

described herein, internal and external components of the transcutaneous power transfer systems

described herein are relatively easy to connect and disconnect from one another. For example, in

the embodiment shown in Figs. 1 and 2, the external connector described herein may be replaced

by unplugging the microneedle array from the internal connector. If the connection is left open

(subject to appropriate clinical treatment to avoid infection, etc.), the small holes from the

microneedles can heal and effectively close the exit site. An example where this might be useful

is a VAD patient whose heart has recovered. In various embodiments, a first microneedle array

is withdrawn and a second replacement microneedle array is inserted to form a connection to the

internal connector. In contrast to conventional systems which form a relatively large defect site,

the system described herein only forms very small needle holes, facilitating easy connections and

disconnections.

[00076] The foregoing descriptions of specific embodiments of the present invention have

been presented for purposes of illustration and description. They are not intended to be

exhaustive or to limit the invention to the precise forms disclosed, and obviously many

modifications and variations are possible in light of the above teaching. The embodiments were

chosen and described in order to best explain the principles of the invention and its practical

application, to thereby enable others skilled in the art to best utilize the invention and various



embodiments with various modifications as are suited to the particular use contemplated. It is

intended that the scope of the invention be defined by the Claims appended hereto and their

equivalents.



CLAIMS

What is claimed is:

1. A system for supplying power transcutaneously to an implantable device

implanted within a subject, the system comprising:

an external connector comprising one of a microneedle array and a microwire holder;

a power cable electrically coupled to the external connector and configured to supply

power to the one of the microneedle array and the microwire holder from an external power

source; and

an internal connector configured to be implanted within the subject and electrically

coupled to the implantable device, the internal connector comprising the other of the microneedle

array and the microwire holder, the microneedle array comprising a plurality of electrically

conductive microneedles, the microwire holder comprising a plurality of electrical contacts, the

microwire holder configured to engage the microneedle array such that the plurality of

electrically conductive microneedles extend through the skin of the subject and electrically

couple to the plurality of electrical contacts.

2 . The system of claim 1, wherein the power cable is magnetically coupled to the

external connector such that the power cable is configured to disengage from the external

connector when a predetermined force is exerted on the power cable.

3 . The system of claim 1, wherein the plurality of microneedles comprise a positive

set of microneedles and a negative set of microneedles, and wherein the plurality of electrical

contacts comprise a positive set of electrical contacts and a negative set of electrical contacts.

4 . The system of claim 3, wherein the microwire holder is configured to engage the

microneedle array such that the positive set of microneedles electrically couples to the positive

set of electrical contacts and the negative set of microneedles electrically couples to the negative

set of electrical contacts.



5 . The system of claim 1, wherein each microneedle of the plurality of microneedles

comprises a conductive core material coated with an insulation material, and wherein the

conductive core material is exposed at a tip of the microneedle.

6 . The system of claim 5, wherein each microneedle comprises a metal alloy coated

with a thin polymer insulation material.

7 . The system of claim 1, wherein the plurality of microneedles are coated with at

least one of an antibacterial coating and an anticorrosive coating.

8 . The system of claim 1, wherein the internal connector comprises an anchor

configured to secure the internal connector to a bone of the subject.

9 . The system of claim 1, wherein the system is configured to operate in a temporary

support mode when the external connector is disconnected from the internal connector.

10. A system for supplying power transcutaneously to an implantable device

implanted within a subject, the system comprising:

a first microconductor configured to extend through the subject's skin;

a second microconductor configured to extend through the subject's skin, wherein the

first microconductor and the second microconductor are configured to receive and conduct

power generated by an external power source; and

a control unit configured to be implanted within the subject, the control unit comprising:

a housing;

a first electrical contact configured to electrically couple to the first

microconductor;

a second electrical contact configured to electrically couple to the second

microconductor;



control circuitry positioned within the housing and electrically coupled to the first

and second electrical contacts, the control circuitry configured to control operation of the

implantable device; and

a driveline connector electrically coupled to the control circuitry, the driveline

connector configured to transfer power and control signals to the implantable device through a

driveline extending between the driveline connector and the implantable device.

11 . The system of claim 10, wherein the housing comprises a self-healing septum.

12. The system of claim 10, wherein the control circuitry comprises a Bluetooth

transceiver configured to communicate with a remote device.

13. The system of claim 10, wherein the first and second electrical contacts each

comprise a titanium wool mesh.

14. The system of claim 10, wherein the first microconductor and the second

microconductor are coaxial with one another.

15. The system of claim 10, wherein the control circuity is configured to:

detect that at least one of the first and second microconductors has become disconnected

from the control unit; and

generate an alert in response to the detection.

16. The system of claim 15, wherein to generate an alert, the control circuitry is

configured to generate an audible alert.

17. The system of claim 15, wherein to generate an alert, the control circuitry is

configured to cause the control unit to vibrate.

18. The system of claim 10, wherein the first and second microconductors are

configured to conduct alternating current power generated by the external power source.



19. The system of claim 10, wherein the control circuitry comprises a battery

configured to store power received from the external power source.

20. The system of claim 10, wherein the system is configured to operate in a

temporary support mode when the control unit is disconnected from the external power source.

2 1. A method of implanting a transcutaneous power transfer system in a subject, the

transcutaneous power transfer system operable to supply power transcutaneously to an

implantable device in the subject, the method comprising:

implanting an internal connector within the subject, the internal connector including a

microwire holder that includes a plurality of electrical contacts;

connecting an external connector to the internal connector by inserting a plurality of

electrically conductive microneedles through the skin of the subject such that the plurality of

electrically conductive microneedles electrically couple to the plurality of electrical contacts;

connecting a power cable to the external connector; and

supplying power to the plurality of electrically conductive microneedles from an external

power source using the power cable.

22. The method of claim 21, wherein connecting a power cable to the external

connector comprises magnetically coupling the power cable to the external connector such that

the power cable is configured to disengage from the external connector when a predetermined

force is exerted on the power cable.

23. The method of claim 21, wherein implanting an internal connector comprises

securing a position of the internal connector within the subject using an anchor.

24. The method of claim 21, wherein inserting a plurality of electrically conductive

microneedles comprises inserting the plurality of electrically conductive microneedles through

pores in the skin of the subject.



25. The method of claim 21, inserting a plurality of electrically conductive

microneedles comprises inserting a plurality of electrically conductive microneedles arranged in

a two-dimensional array on the external connector.

26. A method of implanting a transcutaneous power transfer system in a subject, the

transcutaneous power transfer system operable to supply power transcutaneously to an

implantable device in the subject, the method comprising:

implanting a control unit within the subject, the control unit including a housing, a first

electrical contact, a second electrical contact, and control circuitry configured to control

operation of the implantable device;

inserting a first microconductor through the skin of the subject such that the first

microconductor electrically contacts the first electrical contact;

inserting a second microconductor through the skin of the subject such that the second

microconductor electrically contacts the second electrical contact; and

supplying power to the first and second microconductors from an external power source.

27. The method of claim 26, wherein the first and second microconductors are coaxial

with one another, and wherein inserting the first and second microconductors comprises inserting

the first and second microconductors simultaneously.

28. The method of claim 26, wherein inserting the first microconductor comprises

piercing a self-healing septum of the housing and electrically contacting a metallic mesh with the

first microconductor.

29. The method of claim 26, wherein inserting the first microconductor comprises

inserting the first microconductor using an injection tool that includes a hollow injector barrel

housing the first microconductor and a handle coupled to the hollow injector barrel.
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