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THREE-DIMENSIONAL SYSTEM OF ELECTRODE LEADS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of US Provisional Application number

60/980,657 filed 17 OCT 2007 and entitled "Three-Dimensional System of Electrode

Leads", which is hereby incorporated in its entirety by this reference.

[0002] This application is related to US Publication Number 2008/0208283

published on 28 AUG 2008 and entitled "Neural Interface System", which is

incorporated in its entirety by this reference.

TECHNICAL FIELD

[0003] This invention relates generally to the electrode lead field, and more

specifically to an improved system of electrode leads that can interface with tissue in a

three-dimensional manner.

BACKGROUND

[0004] Chronic Deep Brain Stimulation (DBS) devices - 'brain pacemakers' -

have emerged in the last decade as a revolutionary new approach to the treatment of

neurological and psychiatric disorders. Conventional DBS therapy involves controllable

electrical stimulation through a lead having four relatively large electrodes that are

implanted in the targeted region of the brain. While conventional DBS therapy is

generally safe and effective for reducing cardinal symptoms of the approved diseases, it

often has significant behavioral and cognitive side effects and limits on performance.



Additionally, the therapeutic effect is highly a function of electrode position with respect

to the targeted volume of tissue, and more specifically, a function of which neuronal

structures are influenced by the charge being delivered. With conventional electrodes,

there are limitations as to how the charge is delivered and stimulation fields are limited

as all of the electrode sites involved with stimulation are positioned along a single axis.

Thus, there is a need for an improved system of electrode leads to provide fine electrode

positioning, selectivity, precise stimulation patterning, and precise lead location. This

invention provides such an improved and useful system of electrode leads.

BRIEF DESCRIPTION OF THE FIGURES

[0005] FIGURE i is a schematic drawing of an electrode lead system with a

plurality of first electrical subsystems.

[0006] FIGURE 2 is a schematic drawing of the first and second variation of the

guiding element of the electrode lead system of the preferred embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0007] The following description of preferred embodiments of the invention is not

intended to limit the invention to these embodiments, but rather to enable any person

skilled in the art to make and use this invention.

[0008] As shown in FIGURE l , the electrode lead system io of the preferred

embodiments includes a series of first electrical subsystems 12, a guiding element that

positions the series of first electrical subsystems 12 in a three dimensional arrangement,

a second electrical subsystem, and at least one connector 14 that couples the first



electrical subsystems 12 to the second electrical subsystem. The electrode lead system 10

may further include a guide tube 24 and/or a stylet that facilitates the insertion of the

series of first electrical subsystems 12, provides structural support to the system during

implantation, and/or cooperatives with the guiding element to position the series of first

electrical subsystems 12 in a three dimensional arrangement. The system 10 of the

preferred embodiment is preferably designed for an implantable electrode lead system

for deep brain stimulation, and, more specifically, for an implantable electrode lead

system that can interface with deep brain tissue in a three-dimensional manner. The

system 10 of the preferred embodiments, however, may be alternatively used in any

suitable environment (such as the spinal cord, peripheral nerve, muscle, or any other

suitable anatomical location) and for any suitable reason.

L The Guiding Element

[0009] The guiding element of the preferred embodiment functions to position

the series of first electrical subsystems 12 in a three dimensional arrangement. The

electrode lead system 10 may include one guiding element for every first electrical

subsystem 12, such that the ratio of guiding elements to first electrical subsystems 12 is

1:1. Alternatively, the electrode lead system 10 may include one guiding element for

every two or more first electrical subsystems 12, such that the ratio of guiding elements

to first electrical subsystems 12 is less than 1:1. Additionally, the guiding elements may

be coupled to a chamber 26, as shown in FIGURE 1, or any other suitable element of the

electrode lead system 10 and may include a sharpened end adapted to penetrate the



tissue and aid in the insertion of the electrical subsystems and/or guiding elements into

the tissue. The guiding element is preferably one of several variations.

[0010] In a first variation, as shown in FIGURE 2, the guiding element is a

maneuverable guiding element 16. In this variation, the maneuverable guiding element

16 is adapted such that a user may maneuver the series of first electrical subsystems 12

into the tissue in a three-dimensional arrangement. In this variation, the maneuverable

guiding element 16 is coupled to the first electrical subsystem 12 and includes a system

of cables or robotics that are controlled by a user to position the subsystems. The

maneuverable guiding element 16 may further include joints or connections, as shown

in FIGURE 2, such that the maneuverable guiding element 16 is adapted to move and

position the subsystems in the tissue. The maneuverable guiding element 16 may also be

guidable remotely and/or wirelessly or in any other suitable fashion with any suitable

combination of guiding elements 16.

[001 1] In a second variation, as also shown in FIGURE 2, the guiding element is a

biased guiding element 18. In this variation, the biased guiding element 18 is biased to

move into a three-dimensional arrangement such that it will move into that

arrangement as it are inserted into the tissue. In this variation, the biased guiding

element 18 is preferably made from a material with shape memory or high elasticity.

The biased guiding element 18 is preferably used with the version of the electrode lead

system 10 that includes a guide tube 24. When the first electrical subsystems 12 and

biased guiding element 18 are in the guide tube 24, they are compact and generally

straight. When the guide tube 24 is pulled off of the first electrical subsystems 12, or the

first electrical subsystems 12 are pushed past the end of the guide tube 24, the biased



guiding element 18 will begin to return to its original shape or change shape and move

the first electrical subsystems 12 into a three-dimensional arrangement. Preferably, as

the first electrical subsystems are pushed further into the tissue, the biased guiding

element 18 will position them further away from one another into a three-dimensional

arrangement, i.e. the depth of the subsystems dictates their location and three-

dimensional spatial distance from one another. The biased guiding element 18 may

alternatively be biased in any other suitable fashion in any other suitable three-

dimensional arrangement. The material of the biased guiding element 18 is preferably

an elastic material such as metal or plastic, or a shape memory material such as nitinol.

The material may alternatively be made from any suitable material. The shape memory

material may change shape due to temperature, electrical stimulus, or any other suitable

mechanism. Prior to use, the first electrical subsystems 12 and biased guiding element

18 are preferably stored or prepared for use in a package, such as the guide tube 24, in

their compact state, to facilitate transport and use, but may alternatively be stored or

prepared for use in any other suitable fashion.

[0012] As previously mentioned, the electrode lead system 10 of the preferred

embodiments may include a guide tube 24 and/or a stylet. The guide tube 24 functions

to facilitate the insertion of the series of first electrical subsystems 12, functions to

provide structural support to the system during implantation, and/or cooperatively

functions with the guiding element to position the series of first electrical subsystems 12

in a three dimensional arrangement. The guide tube 24 may be further adapted to store

the series of first electrical subsystems 12 and the biased guiding element 18 in their

compact state, to facilitate transport and use. The guide tube 24 and/or stylet is



preferably made of a rigid material, which can be inserted into tissue or other

substances without buckling and can maintain a generally straight trajectory through

the tissue. The material may be uniformly rigid, or rigid only in a particular direction

(such as the axial direction). The material is preferably plastic (such as a medical grade

plastic) or metallic (such as titanium), but may alternatively be any suitable material

such as metal or a combination of materials. The guide tube 24 and/or stylet may

further include a sharpened end adapted to penetrate the tissue and aid in the insertion

of the guide tube 24 into the tissue, and may also include alignment and or fixation

features to facilitate positioning and stabilizing the series of first electrical subsystems

12 in the tissue, particularly during removal of the guide tube.

[001 3] Although the guiding element is preferably one of these two variations, the

electrode lead system 10 may be adapted to be introduced into the tissue three-

dimensionally in any suitable manner with any suitable combination of devices.

2. Series of First Electrical Subsystems

[0014] The first electrical subsystems 12 of the preferred embodiments function

to interface with the tissue, or any other suitable substance, within which they have been

implanted. The first electrical subsystems 12 may include multiple different electrical

subsystems or a plurality of the same subsystems. The first electrical subsystem is

preferably at least one of several variations or any combination thereof. In a first

variation, the first electrical subsystem 12 is a multi-banded cylindrical electrode with a

linear arrangement of four equally spaced cylindrical electrodes, which can be used in

monopolar or bipolar modes to deliver electrical stimulation to the surrounding tissue.



The electrodes can deliver approximately spherical potential fields from separate

locations along a cylindrical carrier.

[0015] In a second variation, as shown in FIGURE l , the first electrical subsystem

12 is a neural interface electrode array. The electrode array preferably has a plurality of

electrode sites, and more preferably has more than four electrode sites. The neural

interface electrode array is adapted to provide dynamic tunable electrical stimulation

ranging from stimulation with macroscale specificity to microscale directional

patterning. The electrode array is preferably adapted to optimally sample (record)

and/or selectively activate (stimulate) neural populations. The plurality of electrode

sites are preferably tuned for recording, stimulation, any other suitable function, or any

combination thereof. Additionally, at least two electrode sites may be grouped to form a

larger composite site that enables tuning the neural interface region for recording

and/or stimulation. This grouping of sites can be through intrinsic connection of the site

traces, or it can be through external connections for von the fly' tuning. The electrode

array may further include fluidic channels providing the capability to deliver therapeutic

drugs, drugs to inhibit biologic response to the implant, or any other suitable fluid.

[0016] For stimulation, a larger composite site increases the effective site area to

allow increased charge injection while maintaining safe electrochemical and biological

limits. This will enable, for example, precise current steering to selectively stimulate

neural structures. For recording, a composite site can be used to change the recording

selectivity of the device to emphasize, for example, field potential recording over single-

unit recordings. The composite sites can have diverse shapes that are driven by desired

requirements of the neural interface. For example, a composite site may be a vertical



strip along the array or a horizontal band. It may also tie together opposing strips to

form a contiguous band. Composite sites can be used to establish one or more tunable

neural interface region for the device. Multiple neural interface regions can be

overlapping or non-overlapping.

[001 7] The ability to combine microelectrode and macroelectrode sites on a single

device allows for sites to be used in a customized mode of operation. The positions of the

sites selected for stimulation can be adjusted as needed to optimally interface with the

neural region of interest. This allows for sites to be configured to create an optimized

arrangement of anode and cathode configurations. Additionally, sites can be used on an

individual basis or as a group to effectively form a single macroelectrode comprised of a

plurality of microelectrodes. This provides an additional degree of freedom when tuning

the stimulation parameters in order to optimally interface with the targeted neural

region.

[0018] The neural interface electrode array is preferably made from a thin-film

polymer substrate such that there is high density of electrode sites at a first end of the

array (the distal end) and bonding regions at a second end of the array (the proximal

end). The polymer substrate is preferably parylene or some combination of parylene and

inorganic dielectrics, but may alternatively be made out of any suitable material. The

distal end of the array is preferably coupled to a carrier to provide structural support.

Additionally, the distal end will be in direct contact with the tissue and so will preferably

be made from suitable materials for both biocompatibility and dielectrics.

[0019] The neural interface electrode array is preferably comprised of conductive

interconnects disposed between layers of dielectrics that insulate the interconnects on



top and bottom sides. At least some interconnects preferably terminate with electrode

sites on the distal end and/or with bond pads for electrical connection to external

instrumentation and/or hybrid chips on the proximal end. The electrode sites are

preferably patterned directly onto the polymer substrate. The precision, consistency,

and reproducibility of the electrode sites on the microelectrode array result in

predictable electrical and spatial characteristics. These characteristics enable the sites to

be grouped in a manner that enables precise, predictable, and selective tuning of neural

interface regions. The electrode sites are preferably metal such as iridium, platinum,

gold, but may alternatively be any other suitable material. The conductive leads or traces

are preferably metal or polysilicon, but may alternatively be any other suitable material.

Polyimide, parylene, inorganic dielectrics, or a composite stack of silicon dioxide and

silicon nitride is preferably used for the dielectrics however, any other suitable materials

may alternatively be used.

[0020] In one specific variation of the neural interface electrode array, as shown

in FIGURE i , the electrode array preferably includes sixty-four stimulation electrodes

20 and thirty-two recording electrodes 22 positioned around and along a carrier. Each

stimulation site 20 has a surface area of preferably 0.196 mm2 (diameter = 500 µm), but

may alternatively have any suitable surface area. Each recording site 22 has a surface

area of preferably 0.00196 mm2 (diameter = 50 µm), but may alternatively have any

suitable surface area. The stimulation sites 20 are preferably positioned such that four

sites will be equally spaced around the circumference of a carrier (center-to-center

spacing " 750 µm). Sites will also be preferably spaced at 750 µm in the axial direction

(center-to-center) and positioned at sixteen successive locations. Between each row of



stimulations sites 20, two recording sites 22 will preferably be positioned on opposite

sides of the cylinder. The positions of each recording site pair 22 will preferably shift

ninety degrees between successive depths. Alternatively, there may be any suitable

number of stimulation sites 20 and recording sites 22, and the stimulation sites 20 and

recording sites 22 may alternatively be positioned in any other suitable arrangement.

[0021] The first electrical subsystem 40 may be adapted for long term

implantation as in the first two variations, or alternatively may be adapted for short-

term intraoperative use as in the following third variation. In the third variation, the

first electrical subsystem 12 is a mapping electrode system, which is adapted to perform

clinical deep brain electrophysiological mapping for use in neurosurgical applications.

More specifically, the mapping electrode system is preferably adapted to perform

simultaneous multichannel neural recording from precisely known locations along the

deep microelectrode track. The mapping electrode may further have extended

functionality such as multichannel recording and/or stimulation or fluid delivery. The

mapping electrode system is preferably a planar electrode array disposed on an

insulated metal wire. The metal wire is preferably made from a metal such as tungsten,

stainless steel, platinum-iridium, or any other suitable metal. The electrode array

preferably includes multiple recording sites and more preferably includes twenty-four

recording sites (twelve on each side) spaced to provide neural recordings. Although the

first electrical subsystem 12 is preferably one of these several variations, the first

electrical subsystem 12 may be any suitable element or combination of elements to

perform the desired functions.



3 The Second Electrical Subsystem and the Connector

[0022] The second electrical subsystem of the preferred embodiments functions

to operate with the first electrical subsystem 12. The second electrical subsystem may

include multiple different electrical subsystems or a series of the same subsystems. The

second electrical subsystem is preferably at least one of several variations or any

combination thereof. The second electrical subsystem is a suitable electronic subsystem

to operate with an implantable neural interface. The second electrical subsystem may be

a printed circuit board with or without on-board integrated circuits and/or on-chip

circuitry for signal conditioning and/or stimulus generation, an Application Specific

Integrated Circuit (ASIC), a multiplexer chip, a buffer amplifier, an electronics interface,

an implantable pulse generator, an implantable rechargeable battery, integrated

electronics for either real-time signal processing of the input (recorded) or output

(stimulation) signals, integrated electronics for control of the fluidic components, any

other suitable electrical subsystem, or any combination thereof. Although the second

electrical subsystem is preferably one of these several subsystems, the second electrical

subsystem may be any suitable element or combination of elements to operate any

suitable first electrical subsystem(s) 12.

[0023] The connector 14 of the preferred embodiments functions to couple the

first electrical subsystems 12 to the second electrical subsystem. The connector 14 is

preferably one of several variations. As shown in FIGURE 1, the connector 14 is

preferably a flexible ribbon cable. The ribbon cable is preferably polymer ribbon cable,

but may alternatively be any other suitable ribbon cable. The ribbon cable may be

encased in silicone or any other suitable material. In some situations, the electrical



subsystem may have multiple ribbon cables. Preferably, multiple ribbon cables would be

physically attached along their entire length, using a suitable adhesive such as medical

grade adhesive or any other suitable connection mechanism. The cable is preferably

connected to the electrical subsystems through ball bonds, ball bonds, or any other

suitable connection mechanisms. The connector 14 may alternatively be seamlessly

manufactured with the first and or second electrical subsystem. The connector 14 may

further include fluidic channels adapted to deliver therapeutic drugs, drugs to inhibit

biologic response to the implant, or any other suitable fluid. The connector 14 may

alternatively be any suitable element to couple the first electrical subsystems 12 to the

second electrical subsystem, such as wires, conductive interconnects, etc.

4 Variations of the Preferred Embodiments

[0024] The electrode lead system 10 of the preferred embodiment may further

include a carrier. The carrier functions to shuttle the first electrical subsystem 12 and

the connector 14 into tissue or other substances. In some variations, the first electrical

subsystem 12 is attached to the carrier, such that the carrier functions to provide

structural support. The shape of the carrier is preferably tubular with about a l-mm

diameter, but may alternatively be any suitable shape of any suitable diameter for the

desired functions. The carrier may include a sharpened end adapted to penetrate the

tissue and aid in the insertion of the carrier and electrical subsystems into the tissue.

The carrier may further extend the functionality of the system by providing fluidic

channels through which therapeutic drugs, drugs to inhibit biologic response to the

implant, or any other suitable fluid may be transmitted. This provides for the precise



delivery of specific pharmaceutical compounds to localized regions of the body, such as

the nervous system, and could facilitate, for example, intraoperative mapping

procedures or long-term therapeutic implant devices. The fluidic channels may also

provide a location through which a stiffener or stylet may be inserted to aid with

implantation. Alternatively, the carrier may further include a separate lumen through

which the stiffener or stylet may be inserted.

[0025] The carrier is preferably one of several variations. In a first variation, the

carrier is a polymeric carrier. The carrier is preferably made of polyimide or silicon, but

may be alternatively made from any other suitable material. The carrier is preferably

flexible, but may alternatively be rigid or semi rigid. In a second variation, the carrier is

resorbable carrier, which is resorbed into tissue after a period of time. If the carrier is

supporting a first electrical subsystem 12, upon resorption, the subsystem will be left to

float freely in the brain or other suitable tissue or material. The resorbable carrier is

preferably made of implantable medical fabric woven or knitted from a bioresorbable

polymer. The bioresorbable polymer is preferably polyglycolide or polylactide, but may

alternatively be made from any suitable bioresorbable material. Although the carrier is

preferably one of these two variations, the carrier may be any suitable element to shuttle

the first electrical subsystem 12 and the connector 14 into tissue or other substances and

provide structural support.

[0026] The electrode lead system 10 of the preferred embodiment may further

include a stylet. The stylet of the preferred embodiments functions to penetrate the

tissue or other material, functions to provide structural support to the system during

implantation, and/or cooperatively functions with the guiding element to position the



series of first electrical subsystems 12 in a three dimensional arrangement. The stylet is

preferably inserted into a lumen of a carrier, but may alternatively be located and

inserted into any suitable component of the system in any suitable manner. The stylet

may include a sharpened end adapted to penetrate the tissue and aid in the insertion of

the stylet, the carrier, and/or the electrical subsystems into the tissue. The stylet is

preferably removed from the tissue following the placement of an electrical subsystem,

but may alternatively be adapted to remain in the tissue while still allowing the

implanted first electrical subsystem 12 to float freely in the brain. This may be

accomplished by the stylet being selectively flexible (through electrical stimulus or other

suitable method) or by being resorbable into the tissue after a period of time. The stylet

is preferably made from a stiff material such as metal, but may alternatively be made

from any suitable material. In one variation, the metal is preferably insulated metal

wire. In this variation, the insulated metal wire may not have insulation covering a

sharpened tip, and thus can be used as a conventional single-channel microelectrode.

[0027] The preferred method of implanting the electrode lead system 10 includes

any combination of the following steps (or any other suitable steps):

• attaching the chamber 26 to the scull (preferably in a cranial burr-hole) of a

patient;

• implanting, through the guide tube 24 and/or with a stylet, a first electrode lead

system with a guiding element and a series of first electrical subsystem 12 in a

three-dimensional arrangement which are preferably mapping electrode systems;

• removing, through the guide tube 24 and/or with a stylet, the first electrode lead

system 10 following microelectrode recording;



• implanting, through the guide tube and/or with a stylet, a second electrode lead

system 10 with a series of guiding element and a series of first electrical

subsystem 12 in a three-dimensional arrangement which are preferably neural

interface electrode arrays coupled via a connector 14 to a second electrical

subsystem;

• removing the guide tube 24 over the second electrical subsystem and/or

removing the stylet;

• placing the second electrical subsystem within the chamber 26; and

• sealing the electrical subsystems within the chamber 26.

[0028] Although omitted for conciseness, the preferred embodiments include

every combination and permutation of the various electrode lead systems, the various

electrical subsystems, the various cables, and the various guide tubes.

[0029] As a person skilled in the art will recognize from the previous detailed

description and from the figures and claims, modifications and changes can be made to

the preferred embodiments of the invention without departing from the scope of this

invention defined in the following claim.



CLAIMS

We claim:

1. An electrode lead system for implantation into body tissue comprising:

• a series of first electrical subsystems that interfaces with body tissue;

• a guiding element that positions the series of first electrical subsystems in a three

dimensional arrangement within body tissue;

• a second electrical subsystem; and

• at least one connector that couples the first electrical subsystems to the second

electrical subsystem.

2. The electrode lead system of claim i , wherein the series of first electrical

subsystem includes at least one electrode array that interfaces with neural tissue.

3. The electrode lead system of claim 2, wherein the electrode array includes a

plurality of electrode sites that electrically stimulate different portions of neural tissue.

4. The electrode lead system of claim 3, wherein the electrode array further includes

a plurality of electrode sites that electrically record different portions of neural tissue.

5. The electrode lead system of claim 2, wherein the electrode array is made of a

thin-film polymer substrate.



6. The electrode lead system of claim 5, wherein the electrode array further includes

conductive interconnects that terminate in an electrode site at one end and a bond pad

for electrical connection to an external instrumentation on the other end, and layers of

dielectrics that insulate the interconnects on either side of the interconnects.

7. The electrode lead system of claim 1, wherein the guiding element operates in the

following two modes:

• consolidates the trajectories of the first electrical subsystems to a substantially

singular path within body tissue; and

• diverges the trajectories of the first electrical subsystems to more than one paths

within body tissue, which positions the series of first electrical subsystems in a

three dimensional arrangement within body tissue.

8. The electrode lead system of claim 1, further comprising a guide tube that

facilitates implantation of the series of first electrical subsystems within body tissue and

temporarily contains the series of first electrical subsystems.

9. The electrode lead system of claim 8, wherein the guiding element provides a

non-linear bias on the series of first electrical subsystems.



10. The electrode lead system of claim 9, wherein the guiding element provides a

non-linear bias on the series of first electrical subsystems such that, when not contained

by the guide tube, the first electrical subsystems diverge along more than one path into a

three dimensional arrangement within body tissue.

11. The electrode lead system of claim 10, wherein the guiding element provides a

non-linear bias on the series of first electrical subsystems such that, when contained by

the guide tube, the first electrical subsystems maintain a substantially singular path

within body tissue.

12. The electrode lead system of claim 1, wherein the second electrical subsystem

provides at least one of the following: signal conditioning and stimulus generation.

13. The electrode lead system of claim 1, wherein the connector is a flexible ribbon

cable.



14- An electrode lead system for implantation into body tissue comprising:

• a series of electrode arrays that interface with neural tissue;

• a guide tube that facilitates implantation of the series of electrode arrays within

body tissue and temporarily contains the series of electrode arrays; and

• a guiding element that provides a bias on the series of electrode arrays such that:

o when contained by the guide tube, the first electrical subsystems maintain

a substantially singular path within body tissue, and

o when not contained by the guide tube, the first electrical subsystems

diverge along more than one path into a three dimensional arrangement

within body tissue.

15. The electrode lead system of claim 14, wherein the electrode array includes a

plurality of electrode sites that electrically stimulate different portions of neural tissue.

16. The electrode lead system of claim 15, wherein the electrode array further

includes a plurality of electrode sites that electrically record different portions of neural

tissue.
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