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(57) Abstract: The present invention provides improvements to an implant, system and method using passive electrical conductors 
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a surface anodic electrode a) to a target tissue to route electrical signals from the target body tissue to devices external to the body; b) 
to implanted electrical devices to deliver electrical current to such devices, or c) to multiple target body tissues or to selective target 
body tissues to stimulate the target body tissues. The conductor has specialized ends for achieving such purposes.
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Improvements to an Implant, System and Method Using Implanted Passive 

Conductors for Routing Electrical Current

FIELD OF THE INVENTION

The present invention relates to improvements to an implant, system and method 

using passive electrical conductors which route electrical current to either external or 

implanted devices, to multiple target body tissues and to selective target body tissues.

BACKGROUND OF THE INVENTION

Electrical stimulation of body tissues and nerves is widely used for various 

indications. Several approaches are known which deliver electrical stimulation to the 

targeted body area or organ. Some approaches require focused delivery of the 

stimulation, while others require less targeted stimulation.

Transcutaneous electrical nerve stimulation (commonly referred to as TENS) 

involves providing electrical signals through the skin for stimulating nerves by attaching 

electrodes to the skin surface. TENS is advantageous in being non-invasive. However, 

its effectiveness is questionable since the delivered stimulation is not focused and only 

a small fraction of the electrical signals delivered through the skin is used effectively. 

The electrodes attached to the skin surface cannot select specific body areas, for 

example particular muscles or deeper muscle tissue. TENS is generally limited to pain 

relief. However, since the stimulation can be sensed by receptors in the skin, TENS 

can cause discomfort due to stimulation-induced pain.

Alternatively, percutaneous stimulation can be used to deliver targeted, effective 

stimulation without activating the skin receptors. A lead is implanted in bodily tissues 

and led through the skin for connection to an external stimulator. Electrical signals are 

delivered through the lead to the bodily tissues. However, percutaneous stimulation is 

not widely practiced since percutaneous leads are unaesthetic and unhygienic, 

providing a conduit for infection.

Miniature implantable stimulators, for example, the RF BION® device (Advanced 

Bionics Corporation, California, USA) deliver focused stimulation, while not violating 
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skin integrity. The implanted stimulator can be connected to an implanted lead to 

position the stimulator close to the skin, while delivering stimulation to deeper body 

areas. The miniature implanted stimulator requires the delivery of energy from outside 

the body, which is usually accomplished by an external coil in proximity to the skin to 
generate a low-frequency magnetic field. A disadvantage of the RF BION® device is the 

necessity for an external coil. The battery-powered BION® stimulator (Advanced 

Bionics Corporation) avoids this problem. The BION® stimulator is a miniature 

implantable stimulator containing a miniature rechargeable battery. The battery can be 

charged wirelessly using a charging coil, with a relatively short charging time. However, 

such implantable stimulators are not generally desirable due to their expense.

A system which overcomes the above problems of the current techniques is the 

“router system” as described in International Publication No. WO 2005/070494 A1 to 

Prochazka, published August 4, 2005 and claiming priority from United States 

Provisional Patent Application No. 60/538,618 filed January 22, 2004 (Neural Prosthesis 

Program Meeting, NIH Meeting, November 2004; Gan etal., 2005). The router system 

is based on a passive electrical conductor (for example, a lead) which extends from 

subcutaneous tissue located below a surface cathodic electrode to the target body 

tissue. The electrical conductor has a pick-up end for allowing the electrical current to 

flowthrough the conductor, and a stimulating end for delivering electrical current to the 

target body tissue. A surface anodic electrode is also positioned on the skin. 

Advantageously, the router system applies sub-sensational levels of transcutaneous 

stimulation, thereby avoiding stimulation-induced pain. Importantly, focused delivery of 

the stimulation to the target body tissue is achieved via the passive electrical conductor. 

Due to such significant advantages, further developments of the router system are 

desirable.

SUMMARY OF THE INVENTION

The present invention relates to improvements to an implant, system and method 

using passive electrical conductors which route electrical current to either external or 

implanted electrical devices, to multiple target body tissues and to selective target body 

tissues.
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In a broad aspect, there is provided a method for selectively and electrically 

stimulating a target body tissue in a subject comprising the steps of:

a) providing surface cathodic and anodic electrodes for making electrical contact 

with the subject’s skin;

b) providing an implant to act as a conductive pathway for at least a portion of 

the electrical current flowing between the surface cathodic and anodic electrodes 

positioned in spaced relationship on the subject’s skin and transmitting the portion of the 

electrical current to the target body tissue, the implant comprising

a passive electrical conductor of sufficient length to extend, once 

implanted, from subcutaneous tissue located below either or both of the surface 

cathodic electrode or the surface anodic electrode to the target body tissue,

the electrical conductor having a pick-up end and a stimulating end, and 

being insulated between its ends, the pick-up end having a plurality of conductive pick

up electrodes and the stimulating end having a plurality of conductive stimulating 

electrodes, and each of the conductive pick-up electrodes being electrically connected 

with one or more corresponding conductive stimulating electrodes, such that positioning 

of either or both of the surface cathodic electrode or the surface anodic electrode over 

one of the conductive pick-up electrodes causes the portion of the electrical current to 

be transmitted to the one or more corresponding conductive stimulating electrodes 

electrically connected to the one of the conductive pick-up electrodes;

c) implanting the implant entirely under the subject’s skin, with the conductive 

pick-up electrodes positioned in the subcutaneous tissue, the conductive stimulating 

electrodes positioned in the vicinity of the target body tissue, and one or more of the 

corresponding conductive stimulating electrodes positioned proximate to the target body 

tissue;

d) positioning the surface cathodic and anodic electrodes in spaced relationship 

on the subject’s skin, with either or both of the surface cathodic electrode or the surface 

anodic electrode positioned over the conductive pick-up electrode electrically connected 

with the one or more corresponding conductive stimulating electrodes which are 

proximate to the target body tissue, so that the portion of the current is transmitted 

through the electrical conductor to the one or more corresponding conductive 
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stimulating electrodes for stimulation of the target body tissue; and

e) applying direct, pulsatile or alternating electrical current between the surface 

cathodic electrode and the surface anodic electrode to cause the portion of the electrical 

current to flow through the implant sufficient to stimulate the target body tissue.

In another aspect, there is provided a system for selectively and electrically 

stimulating a target body tissue in a subject, comprising:

i) surface cathodic and anodic electrodes for making electrical contact with the 

subject’s skin, and which, when positioned in spaced relationship on the subject’s skin, 

transmit electrical current to subcutaneous tissue located below and between the 

surface cathodic and anodic electrodes;

ii) a stimulator external to the subject’s body, electrically connected to the 

surface cathodic and anodic electrodes, the stimulator supplying electrical current to the 

surface cathodic and anodic electrodes; and

iii) an implant for picking up a portion of the electrical current flowing between 

the surface cathodic and anodic electrodes and transmitting the portion of the electrical 

current to the target body tissue, the implant comprising

a passive electrical conductor of sufficient length to extend, once 

implanted, from subcutaneous tissue located below either or both of the surface 

cathodic electrode or the surface anodic electrode to the target body tissue, and

the electrical conductor having a pick-up end and a stimulating end, and 

being insulated between its ends, the pick-up end having a plurality of conductive pick

up electrodes and the stimulating end having a plurality of conductive stimulating 

electrodes, and each of the conductive pick-up electrodes being electrically connected 

with one or more corresponding conductive stimulating electrodes, such that positioning 

of either or both of the surface cathodic electrode or the surface anodic electrode over 

one of the conductive pick-up electrodes causes the portion of the electrical current to 

be transmitted to the one or more corresponding conductive stimulating electrodes 

electrically connected with that one of the conductive pick-up electrodes.

In another broad aspect, there is provided a method for delivering electrical 

current to one or more electrical devices implanted within a subject’s body, comprising 
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the steps of:

a) providing surface cathodic and anodic electrodes for making electrical contact 

with the subject’s skin;

b) providing an implant to act as a conductive pathway for at least a portion of 

the electrical current flowing between surface cathodic and anodic electrodes positioned 

in spaced relationship on the subject’s skin and transmitting the portion of the electrical 

current to to the one or more electrical devices, the implant comprising

a passive electrical conductor of sufficient length to extend, once 

implanted, from the subcutaneous tissue located below either or both of the surface 

cathodic electrode or the surface anodic electrode to the one or more electrical devices,

the electrical conductor having a pick-up end and a delivery end and being 

insulated between its ends, the pick-up end forming an electrical termination having a 

sufficient surface area to allow a sufficient portion of the electrical current to flow 

through the conductor, and the delivery end forming an electrical termination for 

delivering the portion of electrical current to the one or more electrical devices;

c) providing the one or more electrical devices;

d) implanting the implant entirely under the subject’s skin, with the pick-up end 

positioned in subcutaneous tissue located below either or both the surface cathodic 

electrode or the surface anodic electrode;

e) implanting the one or more electrical devices entirely under the subject’s skin, 

the one or more electrical devices being positioned along the electrical conductor or 

formed as the electrical termination of the pick-up end, and the one or more electrical 

devices being electrically connected to the electrical conductor such that the electrical 

current is transmitted from the electrical conductor to the one or more electrical devices;

f) positioning the surface cathodic and anodic electrodes in spaced relationship 

on the subject’s skin, with either or both the surface cathodic electrode or the surface 

anodic electrode positioned over the pick-up end of the electrical conductor so the 

portion of the current is transmitted through the conductor to the one or more electrical 

devices, and returns to either the surface cathodic electrode or the surface anodic 

electrode through body tissues; and

g) applying direct, pulsatile or alternating electrical current between the surface 

cathodic electrode and the surface anodic electrode to cause the portion of the electrical 
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current to flow through the implant sufficient to deliver electrical current to the one or 

more electrical devices.

In another aspect, there is provided a system for delivering electrical current to 

one or more electrical devices implanted within a subject’s body, comprising:

i) surface cathodic and anodic electrodes for making electrical contact with the 

subject’s skin, and which, when positioned in spaced relationship on the subject’s skin, 

transmit electrical current to subcutaneous tissue located below and between the 

surface cathodic and anodic electrodes;

ii) a stimulator external to the subject’s body, electrically connected to the 

surface cathodic and anodic electrodes, the stimulator supplying electrical current to the 

surface cathodic and anodic electrodes;

iii) an implant for picking up a portion of the electrical current flowing between 

the surface cathodic and anodic electrodes and transmitting that portion of the electrical 

current to the one or more electrical devices, the implant comprising

a passive electrical conductor of sufficient length to extend, once 

implanted, from subcutaneous tissue located below either or both of the surface 

cathodic electrode or the surface anodic electrode to the one or more electrical devices,

the electrical conductor having a pick-up end and a delivery end and being 

insulated between its ends, the pick-up end forming an electrical termination having a 

sufficient surface area to allow a sufficient portion of the electrical current being applied 

to flow through the conductor, in preference to current flowing through body tissue 

between the surface cathodic and anodic electrodes, such that the one or more devices 

are supplied with current, and the delivery end forming an electrical termination with the 

one or more devices for delivering the portion of electrical current to the one or more 

devices; and

iv) the one or more electrical devices being electrically connected to the 

electrical conductor such that the electrical current is transmitted from the conductor to 

the one or more electrical devices.

In another broad aspect, there is provided a method for delivering an electrical 

signal from a target body tissue to one or more external devices located external to a

6
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subject’s body, the method comprising the steps of:

a) providing a surface electrode for making electrical contact with the subject’s 

skin;

b) providing an implant to act as a conductive pathway for the electrical signals 

from the target body tissue, the implant comprising

a passive electrical conductor of sufficient length to extend, once 

implanted, from subcutaneous tissue located below a surface electrode positioned on 

the subject’s skin to the target body tissue,

the electrical conductor having a pick-up end and a delivery end and being 

insulated between its ends, the pick-up end forming an electrical termination having a 

sufficient surface area to allow the electrical signal from the target body tissue to flow 

through the conductor, and the delivery end forming an electrical termination for 

delivering the electrical signal to the one or more external devices;

c) implanting the implant entirely under the subject’s skin, with the delivery end 

positioned in subcutaneous tissue located below the surface electrode, and the pick-up 

end positioned proximate to the target body tissue; and

d) positioning the surface electrode on the subject’s skin, with the surface 

electrode positioned over the delivery end of the electrical conductor, the 

surface electrode being electrically connected to the one or more external 

devices such that the electrical signal from the target body tissue is 

transmitted through the conductor to the one or more external devices.

In another aspect, there is provided a system for delivering electrical signals from 

a target body tissue to one or more external devices to be located external to a subject’s 

body comprising:

i) at least one surface electrode for making electrical contact with the subject’s 

skin; and

ii) an implant for picking up the electrical signal from the target body tissue and 

transmitting the electrical signal to the one or more external devices, the implant 

comprising

a passive electrical conductor of sufficient length to extend, once 
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implanted, from subcutaneous tissue located below the at least one surface electrode to 

the target body tissue,

the electrical conductor having a pick-up end and a delivery end and being 

insulated between its ends, the pick-up end forming an electrical termination having a 

sufficient surface area to allow the electrical signal from the target body tissue to flow 

through the conductor, and the delivery end forming an electrical termination for 

delivering the electrical signal to the one or more external devices.

In another broad aspect, there is provided a method for stimulating a plurality of 

target body tissues comprising the steps of:

a) providing one or more surface cathodic and anodic electrodes for making 

electrical contact with the subject’s body;

b) providing one or more external stimulators, the one or more external 

stimulators being external to the subject’s body, electrically connected to the one or 

more surface cathodic and anodic electrodes, the stimulator supplying electrical current 

to the one or more surface cathodic and anodic electrodes;

c) providing a plurality of implants for electrically stimulating a plurality of target 

body tissues independently or in unison, each implant acting as a conductive pathway 

for at least a portion of the electrical current flowing between the one or more surface 

cathodic and anodic electrodes positioned in spaced relationship on the subject’s skin 

and transmitting the portion of the electrical current to the plurality of target body 

tissues, each implant comprising

a passive electrical conductor of sufficient length to extend, once 

implanted, from subcutaneous tissue located below either the one or more surface 

cathodic electrodes or the one or more surface anodic electrodes to a plurality of target 

body tissues, and

each electrical conductor having a pick-up end and a stimulating end and 

being insulated between its ends, the pick-up end forming an electrical termination 

having a sufficient surface area to allow a sufficient portion of the electrical current to 

flow through the conductor such that the target body tissue is stimulated, and the 

stimulating end forming an electrical termination for delivering the portion of electrical 

current to the target body tissue;
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d) implanting the plurality of implants entirely under the subject’s skin, with the 

pick-up ends of the electrical conductors positioned in subcutaneous tissue located 

below either or both of the one or more surface cathodic electrodes or the one or more 

surface anodic electrodes, and the stimulating ends positioned proximate to the plurality 

of target body tissues;

e) positioning the surface cathodic and anodic electrodes in spaced relationship 

on the subject’s skin, with either or both of the surface cathodic electrodes or the 

surface anodic electrodes positioned over the pick-up ends of the electrical conductors 

so the portion of the current is transmitted through the conductors to the plurality of 

target body tissues, so that the current flows through the plurality of target body tissues 

and returns to either the surface cathodic electrodes or the surface anodic electrodes 

through body tissues; and

f) applying direct, pulsatile or alternating electrical current between the one or 

more surface cathodic electrodes and anodic electrodes to cause the portion of the 

electrical current to flow through the plurality of implants sufficient to stimulate the 

plurality of target body tissues.

In another aspect, there is provided a system for electrically stimulating a plurality 

of target body tissues in a subject comprising:

i) surface cathodic and anodic electrodes for making electrical contact with the 

subject’s skin, and which, when positioned in spaced relationship on the subject’s skin, 

transmit electrical current to the plurality of target body tissues;

ii) a stimulator external to the subject’s body, electrically connected to the 

surface cathodic and anodic electrodes, the stimulator supplying direct, pulsatile, or 

alternating current to the surface cathodic and anodic electrodes; and

iii) a plurality of implants for picking up a portion of the electrical current flowing 

between the surface cathodic and anodic electrodes and transmitting that portion of the 

electrical current to the plurality of the target body tissues, each of the plurality of 

implants comprising

a passive electrical conductor of sufficient length to extend, once 

implanted, from subcutaneous tissue located below either the surface cathodic 

electrode or the surface anodic electrode to the target body tissue,

the electrical conductor having a pick-up end and a stimulating end and 
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being insulated between its ends, the pick-up end forming an electrical termination 

having a sufficient surface area to allow a sufficient portion of the electrical current 

being applied to flow through the conductor, in preference to current flowing through 

body tissue between the surface cathodic and anodic electrodes, such that the target 

body tissue is stimulated, and the stimulating end forming an electrical termination for 

delivering the portion of electrical current to the target body tissue.

In general, the terms and phrases used herein have their art-recognized 

meaning, which can be found by reference to standard texts, journal references and 

contexts known to those skilled in the art. The following definitions are provided to 

clarify their specific use in the context of the invention.

“Activating” or “activate” is meant to refer to inducing the conduction or 

propagation of action potentials or nerve impulses along the axons of the target nerve 

partially or completely.

“Biocompatible” means generating no significant undesirable host response for 

the intended utility. Most preferably, biocompatible materials are non-toxic for the 

intended utility. Thus, for human utility, biocompatible is most preferably non-toxic to 

humans or human tissues.

“Blocking” or “block” is meant to refer to preventing the conduction or propagation 

of action potentials or nerve impulses along the axons of a target nerve partially or 

completely.

“Body tissue” is meant to refer to a neural tissue (in the peripheral or central 

nervous system), a nerve, a muscle (skeletal, respiratory, or cardiac muscle) or an 

organ, for example, the brain, cochlea, optic nerve, heart, bladder, urethra, kidneys and 

bones.

“Electrical device” means an device powered by electrical current or which 

processes electrical signals.

10
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“Electrically connected” means connected in a manner to permit transmission of 

electrical current.

“Electrical current” is meant to refer to current applied at the surface of the skin 

that is resistively and capacitively coupled to the implanted passive conductor, which in 

turn conveys the current to the target body tissue or device.

“Proximate” means a distance sufficiently close to stimulate the target body 

tissue including direct contact with the target body tissue.

“Stimulate” means stimulating a target nerve to either activate or block the 

conduction or propagation of action potentials or nerve impulses along the axons of the 

target nerve partially or completely.

“Subject” means an animal including a human.

“Vicinity” means a distance near the target body tissue but not sufficiently close 

to stimulate the target body tissue.

When a Markush group or other grouping is used herein, all individual members 

of the group and all combinations and subcombinations possible of the group are 

intended to be individually included in the disclosure. Whenever a range is given in the 

specification, for example, a temperature range, a time range, or a composition range, 

all intermediate ranges and subranges, as well as all individual values included in the 

ranges given are intended to be included in the disclosure.

As used herein, “comprising” is synonymous with “including," “containing,” or 

“characterized by,” and is inclusive or open-ended and does not exclude additional, 

unrecited elements or method steps. As used herein, “consisting of’ excludes any 

element, step or ingredient not specified in the claim element. As used herein, 

“consisting essentially of’ does not exclude materials or steps that do not materially 

affect the basis and novel characteristics of the claim. Any recitation herein of the term 
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“comprising,” particularly in a description of components of a composition or a 

description of elements of a device, is understood to encompass those compositions 

and methods consisting essentially of and consisting of the recited components or 

elements. The invention illustratively described herein suitably may be practiced in the 

absence of any element or elements, limitation or limitations which is not specifically 

disclosed herein.

The use of the indefinite article "a" in the claims before an element means that 

one of the elements is specified, but does not specifically exclude others of the 

elements being present, unless the context clearly requires that there be one and only 

one of the elements.

The terms and expressions which have been employed are used as terms of 

description and not of limitation, and there is no intention in the use of such terms and 

expressions of excluding any equivalents of the features shown and described or 

portions thereof, but it is recognized that various modifications are possible within the 

scope of the invention claimed. Thus, it should be understood that although the present 

invention has been specifically disclosed by the preferred embodiments and optional 

features, modification and variation of the concepts herein disclosed may be resorted to 

by those skilled in the art, and that such modifications and variations are considered to 

be within the scope of this invention as defined by the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be further described by way of example only and with 

reference to the following figures in which similar references are used in different figures 

to denote similar components, and wherein:

Figure 1 is a schematic three-dimensional view of the router system of the prior 

art having an implanted electrical conductor, surface cathodic and anodic electrodes, 

and an implanted electrical return conductor.

Figure 2 is a schematic sectional view illustrating passive electrical conductors 

implanted subcutaneously for acquiring ENG signals.
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Figure 3 is a schematic sectional view illustrating passive electrical conductors 

implanted subcutaneously and incorporation of implanted electrical devices with the 

conductors.

Figure 4 is a schematic sectional view illustrating passive electrical conductors 

implanted subcutaneously and connection of implanted electrical devices in series or in 

parallel with the conductors.

Figure 5 is a schematic sectional view illustrating a passive electrical conductor 

implanted subcutaneously and incorporation of an ENG sensing device with the 

conductor.

Figure 6 is a schematic sectional view illustrating a passive electrical conductor 

implanted subcutaneously and incorporation of an over-stimulation protection circuit 

with the conductor.

Figure 7 is a schematic view illustrating waveforms for transmitting stimulus and 

data.

Figure 8A is a schematic view illustrating two channels, using two surface 

cathodic electrodes, two terminations and a common surface anodic electrode.

Figure 8B is a schematic view illustrating a single patch, two-channels surface 

electrode.

Figure 9A is a schematic view illustrating several electrical conductors connected 

to the same termination.

Figure 9B is a schematic view illustrating several electrical conductors connected 

to terminations which are positioned under a common surface cathodic electrode.

Figure 10 is a schematic sectional view illustrating a passive electrical conductor 

implanted subcutaneously, with the conductor having a lead incorporating three 
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conductive stimulating electrodes designated as e1, e2 and e3 and connected to three 

conductive pick-up electrodes p1, p2 and p3, respectively

Figure 11 is a schematic sectional view illustrating a passive electrical conductor 

implanted subcutaneously, and positioning of the surface cathodic electrode over the 

conductive pick-up electrode p3 to divert electrical current via the p3-e3 path.

Figure 12A is a schematic sectional view illustrating a passive electrical 

conductor implanted subcutaneously, and insulation of conductive pick-up electrodes p1 

and p2 and exposure of conductive pick-up electrode p3 to divert electrical current to 

stimulating electrode e3.

Figure 12B is a schematic sectional view illustrating a passive electrical 

conductor implanted subcutaneously, and insulation of conductive pick-up electrode p1 

and exposure of conductive pick-up electrodes p2 and p3 to divert electrical current to 

stimulating electrodes e2 and e3.

Figure 12C is a schematic sectional view illustrating a passive electrical 

conductor implanted subcutaneously, and insulation of conductive pick-up electrodes p2 

and exposure of conductive pick-up electrodes p1 and p3 to divert electrical current to 

conductive pick-up electrodes e1 and e3.

Figure 12D is a schematic sectional view illustrating a passive electrical 

conductor implanted subcutaneously, and positioned below both of the surface cathodic 

and anodic electrodes.

figure 12E is a schematic sectional view illustrating two passive electrical 

conductors implanted subcutaneously, with one conductor being positioned below the 

surface cathodic electrode, and the other conductor being positioned below the surface 

anodic electrode.

Figure 13 is a schematic view illustrating wireless selection of conductive pick- 

up/stimulating electrodes by electronic circuits based on non-volatile memory.
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Figure 14A is a schematic sectional view illustrating a passive electrical 

conductor implanted subcutaneously, and a branched arrangement of the conductive 

pick-up electrodes.

Figure 14B is a schematic sectional view illustrating the conductive pick-up 

electrodes of Figure 14A following trimming.

Figure 15A is a schematic view illustrating a lead having a conductive pick-up 

electrode and three conductive stimulating electrodes.

Figure 15B is a schematic view illustrating a lead having a conductive pick-up coil 

electrode with insulating backing.

Figure 15C is a schematic view illustrating a lead having a conductive pick-up 

circular electrode and three conductive stimulating electrodes.

Figure 15D is a schematic view illustrating lead having a conductive pick-up 

circular electrode with insulating backing and three conductive stimulating electrodes.

Figure 15E is a schematic view illustrating a lead having a conductive pick-up 

electrode to which insulating backing is attached during implantation.

Figure 16A is a schematic plan view illustrating a “paddle type” electrode having 

a paddle with conductive stimulating electrodes and disc-shaped conductive pick-up 

electrodes, arranged in a line.

Figure 16B is a schematic plan view illustrating a “paddle type” electrode having 

a paddle with conductive stimulating electrodes and disc-shaped conductive pick-up 

electrodes, arranged as a cluster.

Figures 17A and 17B are schematic sectional views illustrating a conductive pick

up electrode with insulating material implanted subcutaneously.
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DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention broadly relates to improvements of a “router system” as 

described in International Publication No. WO 2005/070494 A1 to Prochazka (published 

August 4, 2005 and claiming priority from United States Provisional Patent Application 

No. 60/538,618 filed January 22, 2004), and United States Patent Application Serial No. 

11/337,824 filed January 23, 2006 to Gaunt and Prochazka. These applications 

describe an implant for electrically stimulating a target body tissue, such as a nerve, in a 

subject to either activate or block neural impulses depending on the condition to be 

treated.

Figure 1 taken from WO 2005/070494 A1 shows the subject’s skin 10, a nerve

12, nerve sheath 14, and a muscle 16. The implant 18 provides a conductive pathway 

for at least a portion of the electrical current flowing between the surface cathodic and 

anodic electrodes 20, 22. The implant 18 comprises a passive electrical conductor 24 

of sufficient length to extend, once implanted, from subcutaneous tissue located below 

the surface cathodic electrode 20 to the target body tissue 12. The electrical conductor 

has a pick-up end 26 and a stimulating end 28, of which one or both form electrical 

terminations 30 having sufficient surface areas for reducing the electrical impedance of 

the interface between the pick-up and stimulating ends 26, 28 of the electrical conductor 

24 and the surrounding body tissues. The terminations 30 are shown in Figure 1 in the 

form of an embracing cuff 32 placed around the nerve 12. An optional electrical return 

conductor 34 provides a low-impedance conductive pathway from the target body tissue 

to the surface anodic electrode 22, thereby concentrating the electric field through the 

target tissue 12. The electrical return conductor 34 has a collecting end 36 and a 

returning end 38. Cathodic wire 42 and anodic wire 44 are connected to an external 

stimulator (not shown) to which operating power is provided by a power source (not 

shown). Once implanted, the implant 18 provides a conductive pathway for at least a 

portion of the electrical current flowing between the surface cathodic and anodic 

electrodes 20, 22.

The router system has been described in International Publication No. WO 

2005/070494 A1 and United States Patent Application Serial No. 11/337,824 as 

beneficial for various conditions in which stimulation to either activate or block neural 
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impulses is required. Such conditions can include movement disorders (e.g., spasticity, 

hypertonus, rigidity, tremor and/or muscle weakness, Parkinson's disease, dystonia, 

cerebral palsy), muscular disorders (e.g., muscular dystrophy), incontinence (e.g., 

urinary bladder disorders), urinary retention, pain (e.g., migraine headaches, neck and

5 back pain, pain resulting from other medical conditions), epilepsy (e.g., generalized and 

partial seizure disorder), cerebrovascular disorders (e.g., strokes, aneurysms), sleep 

disorders (e.g., sleep apnea), autonomic disorders (e.g., gastrointestinal disorders, 

cardiovascular disorders), disorders of vision, hearing and balance, and 

neuropsychiatric disorders (e.g., depression). The router system may also be used for

10 promoting bone growth (as required, for example, in the healing of a fracture), wound 

healing or tissue regeneration.

The present invention contemplates use of the router system for specific 

categories of conditions described in Table 1:

15

Table 1. Summary of Conditions

Category of 
Condition

Examples of Specific Conditions

Functional/ 
Rehabilitation

Hand rehabilitation, gait control, transfers and standing, FES- 
induced bicycling, arm cranking, FES systems for grasping and 
reaching, ejaculation, erectile dysfunction, dysphagia, cervical 
dystonia, diaphragm pacing, fecal incontinence, cough 
assistance, improvement of circulation, prevention and treatment 
of pressure sores, prevention or treatment of osteoporosis.

The termination (stimulating electrode) is positioned near the 
appropriate motor point. For example, for treatment of foot drop, 
the stimulating electrode may be located near the common 
peroneal nerve. The pick-up end is positioned on the leg, below 
the knee. The external stimulus generator delivers the required 
stimulation (for example, symmetric or asymmetric stimulation, 
30 pulses per second, 200psec pulse width) upon triggering by a 
Foot Sensor, indicating heel on / heel off events.

17
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Exercise 
(Spasticity/ 
Pain 
Prevntion)

Shoulder subluxation, cerebral palsy, Bell’s palsy.

The termination (stimulating electrode) is positioned near the 
appropriate motor point. For example, for treatment of shoulder 
subluxation, the stimulating electrode may be positioned near the 
axillary nerve. The pick-up end is positioned below the skin in 
the shoulder area. The external stimulator is activated for a 
specific time, for example 1 hour, with symmetric or asymmetric 
stimulation, 30 pulses per second, 200psec pulse width, 5sec ON 
and 5sec OFF time.

Orthopedic 
Recovery

Prevention / reversal of muscle atrophy, knee replacement (post 
procedure pain)

Pain treatment can be delivered in several ways, namely by 
stimulating subcutaneously, stimulating peripheral nerves, or 
stimulating nerve roots, for example in the epidural space. Pain 
treatment stimulation usually requires higher frequencies (more 
pulses per second) as compared to the motor point stimulation - 
usually within the range of 30-50 pulses per second. The 
termination (stimulating end) is positioned in the appropriate 
area, and the pick-up end is positioned subcutaneously in a 
convenient space. An optimal location is one that does not 
cause the lead to cross the joints, or the pick-up end to be 
positioned in the moving area. The stimulation is initiated or 
stopped by the patient.

Systemic pain Cancer pain, terminal illness pain, rheumatoid arthritis, 
osteoarthritis, phantom limb syndrome, bursitis, causalgia, 
multiple sclerosis, postherpetic neuralgia (shingles), synovitis, 
diabetic peripheral neuropathy, neuralgia.

For these purposes, the router system is applied in a similar 
manner as described for the orthopedic recovery applications.

Head and 
neck pain

Cluster headaches, dental disorders, migraine headaches, 
spondylosis, sprains, strains, suboccipital headaches, TMJ 
disorders, torticollis, whiplash, thoracic outlet syndrome.

For these purposes, the router system is applied in a similar 
manner as described for the orthopedic recovery applications.

Abdominal 
pain

Diverticulosis, dysmenorrhea, labor pain, Caesarean section 
(post-operative pain), incisions (post-operative pain).

For these purposes, the router system is applied in a similar 
manner as described for the orthopedic recovery applications.
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Back pain Facet syndrome, intercostal neuralgia, sacroiliac joint 
dysfunction, lumbago, lumbosacral pain, radiculitis, IVD 
syndrome, degenerative disc disease, spinal stenosis, sprains, 
strains, throacodynia, whole back pain.

For these purposes, the router system is applied in a similar 
manner as described for the orthopedic recovery applications.

Extremity pain Sprains, strains, fractures, ischialgia, tendonitis, peripheral nerve 
injury, subdeltoid bursitis, frozen shoulder, impingement 
syndrome, epicondylitis, elbow pains, lateral epicondylitis, 
medical epicondylitis, radial tunnel syndrome, cubital tunnel 
syndrome, wrist pain, DeQuervain’s tenosynovitis, Guyon’s canal 
syndrome, hand pain, trigger finger and thumb, intersection 
syndrome, sciatica, knee pain, ankle pain, foot pain, stretch pain, 
thrombophlebitis, Raynaud’s syndrome, Carpal Tunnel 
Syndrome.

For these purposes, the router system is applied in a similar 
manner as described for the orthopedic recovery applications.

Cosmetic Electrical muscle stimulation to supplement regular training to 
fully exhaust muscle and to speed up recuperation to enhance 
maximum strength, maintain muscles at peak condition when 
normal exercise is suspended due to injury, tone up slack 
muscles, maintenance of peripheral circulation, relax muscles in 
case of strain, firm loose abdominal muscles to regain shape 
after childbirth.

For these purposes, the router system is applied in a similar 
manner as described for the functional / rehabilitation 
applications.

The categories of conditions in Table 1 broadly relate to muscle stimulation (e.g., 

functional/rehabilitation stimulation, prevention of pain or spasticity, orthopedic 

recovery); pain treatment; and cosmetic applications. Functional/rehabilitation

5 stimulation attempts to restore normal activity by activating selected muscles. 

Functional/rehabilitation stimulation can be continuous (e.g., as applied to urge 

incontinence) or repeatable (e.g., as applied to diaphragm-pacing, arm rehabilitation 

and gait control). Prevention of pain or spasticity includes stimulation applications for 

preventing pain, rather than suppressing pain. Orthopedic recovery includes muscle

10 stimulation to prevent atrophy or prevention of post-procedure pain as associated with 

knee replacement. The same areas of the body may be stimulated; for example, 

radiculitis and lower back pain may overlap and have the same stimulation sites.
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Cosmetic applications include electrical stimulation targeted at cosmetic improvements, 

for example, electrical stimulation to help build and maintain muscles in peak condition 

(e.g., when normal exercise is suspended due to injury), maintain peripheral circulation, 

relax muscles following strain, or firm abdominal muscles following childbirth.

The present invention contemplates that the router system can be used to deliver 

electrical current to either external or implanted devices, to multiple target body tissues 

and to selective target body tissues as described below.

A. Delivery of Electrical Energy to External and Implanted Electrical Devices 

Using the Router System

The present invention contemplates that the router system can be used to deliver 

electrical energy to one or more electrical devices which are powered by electrical 

current or which process electrical signals. Non-limiting examples of such electrical 

devices may include, for example, sensors (for example, ENG sensors, temperature 

sensors, pressure sensors, pH sensors, impedance sensors, and others known to one 

skilled in the art), amplifiers, filters, high voltage/constant current generators, switches, 

power supplies, batteries, battery-charging circuits, miniature rechargeable batteries, 

processors, frequency shifters, over-stimulation protection circuit, communication 

modules (wired or wireless) and other suitable devices known to those skilled in the art. 

Such electrical devices can be either external to the body or implanted within the body.

Implanted electrical devices are preferably biocompatible and non-toxic, or 

enclosed in a biocompatible case, generating no significant undesirable host response 

for the intended utility. For example, biocompatible sensors for assessing intra-body 

parameters and pre-processing circuits, communication circuits and power supply 

circuits are typically implanted within the body, such that raw data from implanted 

electrical devices, for example sensors, are transmitted to devices external to the body, 

for example, post-processing circuits which involve sophisticated algorithms, and 

greater processing power, space and power requirements compared to implanted
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devices.

i) Use of Router System with External Electrical Devices

The router system can be used to deliver electrical signals (monopolar and bi

polar signals) from target tissues within the body (electroneurographic or ENG signals) 

to external electrical devices. As an example, ENG is a common non-invasive test for 

examining the integrity of target tissues or organs by recording the spontaneous 

electrical activity of target tissues or organs, or by assessing the response of electrically 

excitable tissues or organs to stimulation. As a further example, the Auditory Brainstem 

Response (ABR) test provides objective information about the upper auditory system 

including the inner ear and brainstem. The target tissue is typically a nerve, for example 

a peripheral nerve, or organ for example a particular muscle innervated by a nerve.

Figure 2 illustrates use of the router system for acquiring ENG signals. Two 

surface electrodes (for example, two surface cathodic electrodes 20a and 20b) are 

shown positioned separately over two implanted passive electrical conductors 24a and 

24b. Electrical conductor 24a is focused in proximity to first point of the nerve 12, while 

electrical conductor 24b is in proximity to a second point of the same nerve 12. One 

surface reference electrode (for example, surface anodic electrode 22) is positioned on 

the skin 10.

Electrical conductors 24a and 24b deliver the electrical signal from the first and 

second points of the nerve 12, respectively. A differential amplifier 46 is provided to 

amplify the difference between the ENG signals at each of the first and second points of 

the nerve 12. Measurement of the amplified electrical signal is subsequently performed 

for example, by an RMS meter, peak meter, or oscilloscope, or digital data acquisition 

system. Differential amplifier 46a amplifies the signal at the first point (ENG1), while 

differential amplifier 46b amplifies the signal at the second point (ENG2). Alternatively, 

the ENG signal can be amplified by a differential amplifier connected between an 

electrical conductor 24 and a surface reference electrode (for example, surface anodic 

electrode 22).

The signal-to-noise ratio of the ENG signal can be improved by implanting an 
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amplifier. The amplifier is implanted and connected between the conductors 24a and 

24b. The amplifier amplifies the ENG signal and delivers the amplified signal via the 

electrical conductor 24 and termination 30 to an external signal acquisition device which 

is connected between the external surface electrodes 20a and 20b. The implanted 

amplifier and additional electronic circuits (for example, a series of amplifiers; a band

pass filter to limit the bandwidth to only the signals of interest; or a band stop filter to 

prevent entry of 50Hz or 60Hz induced by the power lines) can be powered by an 

external generator delivering sub-threshold current through the skin 10.

Various conditions require use of the router system as described above to deliver 

electrical signals from target tissues within the body; for example, monitoring of gastric 

activity. Deviations in the electrical pattern of gastric activity can be indicative of 

different pathological conditions, for example, delayed gastric emptying time. The prior 

art approach is to record electrical activity by external electrodes, which have the 

disadvantage of being exposed to electrical noise and electrical signals from non

targeted organs. The present application contemplates that the router system as useful 

in the stomach area to improve the ability to monitor these signals.

ii) Use of Router System with Implanted Electrical Devices

The present invention contemplates that the router system can be also used to 

deliver electrical current to one or more implanted electrical devices 48. For this 

purpose, the implanted passive electrical conductor 24 has a pick-up end 26 and a 

delivery end 28 (rather than a stimulating end 28 per se). The pick-up end 26 allows a 

sufficient portion of electrical current to flow thorugh the electrical conductor 24. The 

delivery end 28 delivers electrical current to one or more electrical devices 48.

Further, the present invention contemplates that the router system can be used 

for dual purposes, namely to deliver electrical current to one or more implanted devices 

48, and to stimulate a target body tissue. For this purpose, the implanted passive 

electrical conductor 24 has one end which is a pick-up end 26 and another end which 

acts as both a delivery end 28 to deliver electrical current to one or more implanted 

electrical devices 48, and a stimulating end 28 to deliver electrical current to a target 

body tissue.
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For illustrative purposes, the electrical conductor 24 is schematically shown in 

Figures 3, 4, 5 and 6 as being positioned under the surface cathodic electrode 20; 

however, it will be appreciated by those skilled in the art that the electrical conductor 24 

can be positioned below either or both of the surface cathodic electrode 20 or the 

surface anodic electrode 22.

Implanted electrical devices 48 can be positioned anywhere along the electrical 

conductor 24 or can be formed as part of the termination 30 for example, of the pick-up 

end 26. Figure 3 illustrates several approaches as examples for incorporating 

implanted electrical devices 48 with the router system. An external stimulator 50 

delivers sub-threshold (or above threshold) transcutaneous electrical current picked up 

by a termination 30a, 30b, 30c. Implanted devices 48 can be built as part of the 

termination 30a (for example, device 48a); as separate but adjacent to the termination 

30b (for example, device 48b); or as separate and remote relative to the termination 30c 

(e.g., implanted near the nerve as for example, device 48c).

As shown in Figure 4, the implanted electrical device 48 can be connected in 

series, as illustrated by the positioning of device 48a. The external stimulator 50 

provides electrical current to the surface cathodic electrode 20 which is delivered to 

termination 30a. The electrical current picked up by termination 30a (designated as “It”) 

then flows through device 48a, continues through the electrical conductor 24a and the 

stimulating end 28a to be delivered into the target body tissue, for example nerve 12. 

The electrical current returns through the body tissue and the surface anodic electrode 

22 to the external stimulator 50. Alternatively, a “parallel" connection, as illustrated by 

the positioning of device 48b, can be used. The device 48b consumes a portion 

(designated as “le”) of the “It” electrical current picked up by the termination 30b. The 

return current is shown flowing from device 48b through body tissue to the surface 

anodic electrode 22. The electrical current (designated as “Is” which is It - le) flows via 

the electrical conductor 24b to the stimulating end 28b and returns to the surface anodic 

electrode 22 through body tissue.

Various conditions require use of the router system as described above to deliver 
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electrical signals to implanted devices within the body. For example, implanted 

amplifiers can improve the quality of the acquisition of the intra-body electrical signals. 

Electrical current is delivered to power the amplifier. The required current can be, for 

example, less than 1 mA, and at a frequency of higher than 50KHz in order to pass 

easily through the skin, to avoid sensation or stimulation, or to avoid interference with 

the measured ENG signal.

As an example, Figure 5 illustrates the use of the router system to deliver 

electrical energy to implanted devices for acquiring ENG signals from a target tissue, for 

example a nerve 12. The implanted devices shown generally at 48 include a power 

supply 52, a differential amplifier 46, a frequency shifter 54 and a reference electrode 

56. The reference electrode 56 serves to measure the difference of potentials between 

it and the nerve 12, as picked by the stimulating end 28 and a reference electrode 

located elsewhere in the tissue. The reference electrode 56 can be positioned within 

the distance of several millimeters to several centimeters of the stimulating end 28. The 

external stimulator 50 delivers a sub-threshold signal, which can be, for example, a 

sinusoidal signal having a frequency outside those of the ENG, to the surface cathodic 

electrode 20 which delivers the electrical current to termination 30. The electrical 

current, picked up by termination 30, is then rectified and stabilized by the power supply 

52. In order to deliver energy through the tissue without causing skin irritation, pain, or 

local muscle contractions, the external stimulator 50 is used to deliver a symmetrical 

waveform of high frequency, for example, usually higher than 30-50KHz. In order to 

power the electronic circuitry, and specifically the differential amplifier 46, DC current is 

required. Power supply 52 rectifies the current delivered by the stimulator 50 to pick-up 

electrode 30, and than stabilizes it and creates the required voltages/currents. The 

power supply 52 in turn delivers power to the differential amplifier 46. The differential 

amplifier 46 amplifies the nerve signal 12 picked up by the stimulating end 28. The 

amplified signal is then fed back to the termination 30 to the external cathodic electrode.

Specifially, the current flows from the external stimulator 50 to the surface 

cathodic electrode 20, via capacitive coupling to termination 30, via power supply 52 to 

electronic circuits, e.g. amplifier 46, continues to the electrical conductor 24, stimulating 

end 28, and returns through the tissue to the surface anodic electrode 22, to the 
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external stimulator 50. It will be appreciated by those skilled in the art that the signals 

generated by the amplifier 46 and the frequency shifter 54 can be superimposed on the 

same current path. These signals do not interfere with the measurements, since a 

frequency shifter 54 can be optionally provided to shift the amplified ENG signal outside 

the frequency spectrum of the original ENG signal, thereby preventing interference with 

the original ENG signal. Several techniques are known in the art to achieve frequency 

shifting, for example, amplitude modulation (where the signal is mixed with a carrier 

wave, resulting in shifting the original signal spectrum to be around the carrier 

frequency), single side band modulation (SSB), frequency modulation (FM) and phase 

modulation (PM). The signal can be transmitted in its analog form or using digital 

encoding. The amplified signal can be processed by using analog or digital processing 

techniques; for example, the amplified signal can be filtered by an external filter 58, 

shifted back to the original frequency, and output for the further processing.

As is known to those skilled in the art, time division could be used. In one time 

slot, the ENG signal is amplified and recorded in the implanted module or recording 

device, and in the next time slot, the recorded signal is transmitted through the 

termination 30. Wireless transmission of the information also can be applicable.

As a further example, Figure 6 illustrates use of the router system to deliver 

electrical energy to an over-stimulation protection circuit shown generally at 60. A 

controller 62 and a power supply 52 are implanted in connection with the passive 

electrical conductor 24. The controller 62 includes a switch 64 for selectively 

disconnecting the stimulating end 28. The disconnection can be performed, for 

example, if the electrical current exceeds a pre-defined threshold. Alternatively, an 

external device can be used to provide a signal to connect or disconnect the stimulating 

end 28. The power supply 52 can incorporate a non-volatile memory to store a serial 

number or code number of an external stimulator 50. The external stimulator 50 

transmits a number and, if the number matches the stored number, the stimulating end 

28 is then connected; otherwise, the stimulating end 28 is disconnected. This approach 

prevents use of unauthorized or unapproved external stimulators.

As yet a further example, the router system can be used to deliver electrical 
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energy to charge implanted batteries. For example, miniature implantable stimulators 

can be charged using this approach.

One of the possibilities for transmitting both stimulus and data is shown in Figure

7. One possible approach is to transmit the data between the successive stimuli. The 

data is transmitted, for example, by modulating a sub-threshold sine wave. Amplitude 

modulation is shown in the example; however, various other modulation techniques 

alternatively could be used.

B. Stimulation of Multiple Target Body Tissues Using the Router System

International Publication No. WO 2005/070494 A1 and United States Patent 

Application Serial No. 11/337,824 describe an embodiment of the router system as 

involving a plurality of implants for electrically stimulating more than one target body 

tissue independently or in unison to activate neural impulses. The presence of multiple 

implants necessitates positioning of a plurality of surface cathodic electrodes, and one 

or more surface anodic electrodes appropriately relative to the implants to stimulate the 

different target body tissues independently or in unison. One or more external 

stimulators are required. The present invention contemplates several arrangements as 

set out below.

For illustrative purposes, the electrical conductor 24 is schematically shown in 

Figures 8A, 9A and 9B as being positioned under the surface cathodic electrode 20; 

however, it will be appreciated by those skilled in the art that the electrical conductor 24 

can be positioned below either or both of the surface cathodic electrode 20 or the 

surface anodic electrode 22.

a) A plurality of surface cathodic electrodes 20 sharing one surface anodic 

electrode 22, and one or more external stimulators 50 can be used.

In this arrangement, each surface cathodic electrode 20a, 20b is positioned over 

a separate implanted passive electrical conductor 24a, 24b which extends to a different 

target body tissue 12a, 12b. Each electrical conductor 24a, 24b forms an electrical 

26



WO 2007/002741 PCT/US2006/025146

5

10

15

20

25

30

termination 30a, 30b at its pick-up end 26a, 26b, and provides a conductive pathway for 

at least a portion of the electrical current flowing between the plurality of surface 

cathodic electrodes 20a, 20b and the one anodic electrode 22. Each surface cathodic 

electrode 20a, 20b can be connected either to separate stimulators 50a, 50b (i.e., 

creating two separate channels as shown in Figure 8A) or to a single multi-channel 

stimulator 50 (for example, a single patch, two-channels surface electrode arranged on 

conductive material 65 as shown in Figure 8B). The surface anodic electrode 22 can be 

connected to each of the separate stimulators 50a, 50b or to the single multi-channel 

stimulator 50.

b) One surface cathodic electrode 20 and one surface anodic electrode 22 

sharing one external stimulator 50 can be used.

In this arrangement, the surface cathodic electrode 20 is positioned over one 

termination 30 to which more than one separate implanted passive electrical conductors 

24a, 24b, 24c are connected by any suitable means, for example, a crimp connection 

67 or by welding (Figure 9A). In an alternate arrangement, the surface cathodic 

electrode 20 can be positioned over more than one separate termination 30a, 30b in 

order to provide electrical current to more than one electrical conductor 24a, 24b (Figure 

9B).

c) A segmented surface cathodic electrode

In order to compensate for a possible misalignment of the surface cathodic 

electrode 20 and the stimulation, the surface cathodic electrode 20 can be divided into 

segments, with each segment being connected individually to an external stimulator 50 

by a switching matrix. The switches are operated either manually or by a controller. 

Electrical stimulation is thereby delivered mainly to the area of the surface cathodic 

electrode 20 which is positioned above the termination 30 of the electrical conductor 24. 

It will be appreciated by one skilled in the art that appropriate algorithms can be 

determined to deliver optimal stimulation; for example, by choosing the segment having 

the lowest impedance. This arrangement provides easier alignment with the electrical 

conductor 24; a smaller skin surface 10 conducting the electrical current; and a way of
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balancing stimulation when a plurality of electrical conductors 24 are present.

The situation might arise where the stimulation site, for example the back, might 

not be easily accessible. A solution is to implant the termination 30 in an accessible 

place, and to tunnel a lead to the target body tissue. The stimulation site can be either 

focused (i.e., adjacent the target body tissue) or dispersed (i.e., not adjacent to any 

specific target body tissue).

The above arrangements require one or more external stimulators 50 for 

supplying electrical current to the surface cathodic and anodic electrodes 20, 22. 

Suitable external stimulators 50 include an external stimulator 50 connected to 

electrodes 20, 22, a portable stimulator 50 attached to electrodes 20, 22 and including a 

power source, or a portable stimulator 50 controlled by a remote control.

The external stimulator 50 can be simply connected by the cathodic and anodic 

wires 42, 44 to the surface cathodic and anodic electrodes 20, 22 placed on the skin 10 

(as shown in Figure 1). However, attachment of the electrodes 20, 22 might be 

challenging, requiring individual placement of the electrode 20, 22 and individual 

connection of the electrode 20, 22 to the stimulator 50. The inconvenience may be 

extreme on unreachable body parts, e.g., on the shoulder. Further, the size of the 

stimulator 50 might limit mobility of the subject. While acceptable for applications 

requiring limited duration of stimulation, it might be limiting for other applications.

Alternatively, a portable stimulator 50 which includes cathodic and anodic 

electrodes 20, 22 and display and control buttons can be used. However, access to the 

stimulator’s control and display buttons might be inconvenient and/or limited. For 

example, placement on the shoulder will prevent access to such display and control 

buttons. The portable stimulator 50 includes, but is not limited to, multiple-use 

electrodes, a limited user interface (on/off LED) and remote control unit with display and 

control functions. However, this set-up requires an additional device in the form of the 

remote control, and additional regulatory aspects (for example, FCC, European Radio 

regulations). A single remote unit can be used to control several stimulators 50 which 

might require more complicated communication protocol and unique ID for each
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stimulator 50 in order to prevent collision between different users.

The difficulty of positioning surface cathodic and anodic electrodes 20, 22, for 

example on the shoulder, can be overcome by using a flexible garment or a rigid 

orthosis. Non-limiting examples include the T-CUFF™ (A. Prochazka, University of 

Alberta) comprising a glove in which the stimulator is embedded, and the NESS H200™ 

(NESS Ltd., Israel) comprising a rigid orthosis having embedded electrodes and a 

stimulator connected by a wire.

Various conditions require use of the router system as described above to deliver 

electrical signals to multiple target body tissues; for example, arm rehabilitation 

generally requires alternative operation of flexors and extensors. The pick-up 

electrodes 20 for activating flexors and extensors can be positioned under the skin 10 in 

the forearm. The activation may be achieved, for example, by applying pulses of 

200psec duration, 30 pulses per second, for several seconds, alternating between 

flexors and extensors.

C. Use of the Router System to Stimulate Body Tissues Selectively

Although the router system can be used to stimulate multiple target body tissues 

as discussed above, greater stimulation of particular body tissues over others may be 

needed. For example, in subcutaneous stimulation for pain treatment, it may be 

required to stimulate the entire area of pain. The present invention further contemplates 

that the router system can be used to deliver electrical current selectively.

The passive electrical conductor 24 can be formed from a lead 66 having a pick

up end 26 and a stimulating end 28 (for example, as shown in Figure 10). The pick-up 

end 26 can comprise one or more conductive pick-up electrodes 68, and the stimulating 

end 28 can comprise one or more conductive stimulating electrodes 70. The conductive 

stimulating electrode 70 on the lead 66 usually has a optimal size. If the conductive 

stimulating electrode 70 is too small, for example, having surface of less than 10mm2, 

the transfer impedance between the conductive stimulating electrode 70 and the target 

body tissue 12 will be too high. If the conductive stimulating electrode 70 is too large, 
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for example, greater than 50-60mm2, the current density delivered by the conductive 

stimulating electrode 70 will be too low to activate target body tissue, for example the 

nerve 12. The optimal length of the conductive stimulating electrode 70 is usually of 
several millimeters, preferably 3-4mm, having an area of about 20mm2. It is generally 

positioned in the vicinity of the targeted nerve, preferably 1-3mm, more preferably 1mm 

or less. Due to constraints of implantation and concern of mechanical nerve damage, 

the conductive stimulating electrode 70 is generally not placed touching the nerve; 

otherwise, the required stimulation levels will be too high, causing undesirable 

sensations and/or local muscle contractions.

Since such accuracy in insertion of the lead 66 is challenging, a solution is to 

implant an array of electrodes 68, 70 and to activate the electrodes 68, 70 in the desired 

locations, or to implant a combination of electrodes 68, 70 resulting in an optimal 

delivery of stimulation, known as “current steering.” The ability to select different pick

up or stimulating electrodes 68, 70 during or after implantation of the lead 66 can be 

beneficial; for example, if the stimulating end 28 or the target tissue have migrated 

within the body and the selected stimulating electrode 70 is no longer in the vicinity of 

the target body tissue; or if any wires between the pick-up electrode 68 and the 

stimulating electrode 70 become damaged.

Figure 10 (panel A) shows an implanted passive electrical conductor 24 

comprising a lead 66 incorporating three conductive stimulating electrodes 70 

designated as e1, e2 and e3 and three conductive pick-up electrodes 68 designated as 

p1, p2 and p3, respectively. Figure 10 (panel B) shows that each conductive pick-up 

electrode 68 has a corresponding conductive stimulating electrode 70. Alternatively, 

each conductive pick-up electrode 68 can have more than one corresponding 

conductive stimulating electrode 70. Conductive stimulating electrode e3 is positioned 

closest to the target body tissue (i.e., nerve 12). A surface cathodic electrode 20 is 

positioned on the skin 10 above the conductive pick-up electrode “p1.” The electrical 

current provided to the surface cathodic electrode 20 flows through “p1" and “e1" to the 

surface anodic electrode 22 (e1 is the corresponding conductive stimulating electrode 

for conductive pick-up electrode p1). Most of the electrical current is thus not delivered 

to the nerve 12. However, as shown in Figure 11, positioning the surface cathodic 
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electrode 20 over the conductive pick-up electrode p3 diverts the current via the p3-e3 

path, resulting in the electrical current passing in the vicinity of the nerve 12 to provide 

stimulation (e3 is the corresponding conductive stimulating electrode for conductive 

pick-up electrode p3).

To simplify the positioning of the surface cathodic electrode 20 over the 

conductive pick-up electrodes 68, the surface cathodic electrode 20 can be sized to 

overlap one or more conductive pick-up electrodes 68, although delivery of the electrical 

current might be less focused. Further, one or more conductive pick-up electrodes 68 

can be exposed, while the remaining conductive pick-up electrodes 68 are insulated 

with a layer of single use or removable and re-attachable electrical insulation. The 

insulation layer can be scratched, cut or dissolved during the fitting process (i.e., testing 

which conductive pick-up and stimulating electrodes 68, 70 are the most efficient to 

deliver stimulation to the target body tissue). Alternatively, the insulation layer can be 

removed and re-attached to the conductive pick-up electrode 68 by suitable means, for 

example a sleeve which is either slidable over the conductive pick-up electrode 68 to 

provide insulation preventing the flow of electrical current, or removable and re

attachable to expose the conductive pick-up electrode 68, thereby receiving the flow of 

electrical current.

Figure 12A illustrates conductive pick-up electrodes p1 and p2 which are 

insulated and conductive pick-up electrode p3 which is exposed. The electrical current 

is subsequently diverted to the conductive stimulating electrode e3 positioned in the 

vicinity of the nerve 12 (e3 is the corresponding conductive stimulating electrode for 

conductive pick-up electrode p3). Figure 12B illustrates the nerve 12 positioned 

between conductive stimulating electrodes e2 and e3. Insulation of conductive pick-up 

electrode p1 and exposure of conductive pick-up electrodes p2 and p3 diverts electrical 

current to conductive stimulating electrodes e2 and e3, thereby stimulating the nerve 

12.

In a further aspect, Figure 12C illustrates two nerves 12a, 12b, with conductive 

stimulating electrode e3 positioned at one nerve 12a and conductive stimulating 

electrode e1 positioned at the other nerve 12b. Conductive pick-up end p2 is insulated, 
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while conductive pick-up electrodes p1 and p3 are exposed. Electrical current is 

diverted to conductive pick-up electrodes p1 and p3, which deliver the electrical current 

to conductive pick-up electrodes e1 and e3 respectively, to stimulate the nerves 12a, 

12b.

For illustrative purposes, the electrical conductor 24 is schematically shown in 

Figures 10, 11,12A, 12B and 12C as being positioned under the surface cathodic 

electrode 20; however, it will be appreciated by those skilled in the art that the electrical 

conductor 24 can be positioned below either or both of the surface cathodic electrode 

20 or the surface anodic electrode 22. For example, Figure 12D illustrates an implanted 

passive electrical conductor 24 having a lead 66 incorporating three conductive pick-up 

electrodes 68 designated as p1, p2 and p3 and three conductive stimulating electrodes 

70 designated as e1, e2 and e3, respectively. The conductive pick-up electrodes 68 of 

the lead 66 are positioned below both the surface cathodic and anodic electrodes 20, 22 

Conductive pick-up electrode p1 is positioned below the surface cathodic electrode 20, 

and conductive pick-up electrode p3 is positioned below the surface anodic electrode 22 

(e1 is the corresponding conductive stimulating electrode for conductive pick-up 

electrode p1, while e3 is the corresponding conductive stimulating electrode for 

conductive pick-up electrode p3).

Figure 12E illustrates two implanted passive electrical conductors 24a, 24b. 

Electrical conductor 24a has a lead 66a incorporating three conductive pick-up 

electrodes 68a designated as p1, p2 and p3, and three conductive stimulating 

electrodes 70a designated as e1, e2 and e3, respectively. Electrical conductor 24a is 

positioned below the surface cathodic electrode 20, with conductive pick-up electrode 

p3 located below surface cathodic electrode 20 (e3 is the corresponding conductive 

stimulating electrode for conductive pick-up electrode p3). Electrical conductor 24b has 

a lead 66b incorporating two conductive pick-up electrodes 68b designated as p4 and 

p5, and two conductive stimulating electrodes 70b designated as e4 and e5, 

respectively. Electrical conductor 24b is positioned below the surface anodic electrode 

22, with conductive pick-up electrode p4 located below the surface anodic electrode 22 

(e4 is the corresponding conductive stimulating electrode for conductive pick-up 

electrode p4).
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In yet a further aspect, wireless or wired selection of conductive pick-up and 

stimulating electrodes 68, 70 can be achieved by including, for example, electronic 

circuits based on non-volatile memory 72 (Figure 13). The electrical current is picked 

by the conductive pick-up electrodes (p1, p2, p3, p4) and passes through an implanted 

power supply 52 to operate the non-volatile memory 72. Outputs of the non-volatile 

memory 72 drive switches (T1, T2, T3, T4) which enable or disable the path of electrical 

current between the conductive pick-up electrodes (p1, p2, p3, p4) and the conductive 

stimulating electrodes (e1, e2, e3, e4). A pre-defined pattern picked by the conductive 

pick-up electrodes 68 activates a programming circuit 74 to change the non-volatile 

memory 72 so that different patterns of the conductive stimulating electrodes 70 can be 

selected.

Alternatively, a switching matrix based on shape memory alloy (SMA) can be 

used. SMA is a metal which remembers its geometry. After a sample of SMA has been 

deformed from its original conformation, it regains its original geometry by itself during 

heating when exposed to a temperature above a particular threshold. By heating the 

SMA contact, it changes its shape and disconnects the stimulating electrode. For 

example, SMA changes its shape when heated to 5°C above the body temperature, and 

it will maintain this new shape unless it will be cooled 5°C below the body temperature. 

Transcutaneous heating performed for example, by an ultrasonic beam, can operate the 

SMA based switch from ON to OFF. Non-limiting examples of SMA include copper- 

zinc-aluminum, copper-aluminum-nickel, and nickel-titanium alloys.

Testing of conductive pick-up and stimulating electrodes 68, 70 can be 

conducted, for example during implantation. Following implantation of the conductive 

stimulating electrodes 70 at the target body tissue, the conductive pick-up electrodes 68 

still protrude percutaneously. The conductive pick-up electrodes 68 can be connected 

directly to the external stimulator 50, and the best conductive pick-up electrode 68 may 

be chosen. The external stimulator 50 is connected (e.g. with a clamp) to a certain 

conductive pick-up electrode or a combination of electrodes. The response is observed. 

For example, in the case of motor point stimulation, the combination which causes the 

lowest activation threshold may be selected. As a further example, in the case of pain 
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treatment, the patient response is examined. If the stimulation causes a tingling 

sensation and the pain disappears, it is an indication of successful combination of the 

electrodes.

One method of selecting pick-up electrodes 68 is to position the surface 

electrode (for example, surface cathodic electrode 20) over a particular implanted pick

up electrode (for example, pick-up electrode p3 as shown in Figure 14A). Alternatively, 

electrodes which are not used may be trimmed during the implantation and fitting 

procedure (Figure 14B).

Non-limiting examples of leads 66 useful for the described “current steering” and 

other applications described herein are illustrated in Figures 15A-15E. Figure 15A 

shows a lead 66 having a conductive pick-up electrode 68 and three conductive 

stimulating electrodes 70. Insulating backing 76 can be attached to the conductive pick

up electrode 68 to increase efficacy of the pick-up end 26. Suitable insulating backing 

76 can include, for example, silicone, polyester fiber such as Dacron™ (Invista, Inc) or 

other appropriate biocompatible materials. Figure 15B illustrates a lead 66 having a 

conductive pick-up coil electrode 68 with insulating backing 76. Figure 15C shows a 

lead 66 having a conductive pick-up circular electrode 68 and three conductive 

stimulating electrodes 70, with Figure 15D showing a conductive pick-up circular 

electrode 68 with insulating backing 76 and three conductive stimulating electrodes 70. 

Figure 15E shows a lead 66 having a conductive pick-up electrode 68 to which also 

insulating backing 76 can be attached, for example, during implantation.

A further non-limiting example of a lead 66 is a double helix lead enclosed in a 

sheath. The construction of the double helix, the anchor and other parts is similar to the 

lead described by Memberg etal. (1994). Memberg etal. (1994) describe a lead 

including a double helix enclosed in a sheath. The double helix is separated and the 

non-insulated wires are wound back on the stimulating end to which an anchor is 

attached. Similarly, an electrode without an anchor may serve as a single pick-up end 

electrode. For the purposes of the present invention, the lead of Memberg et al. (1994) 

has been modified. At the pick-up end 26, the double helix is separated and the wires 

wound back, forming two separate conductive pick-up electrodes 68. Similarly, at the 
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stimulating end 28, the double helix is separated and the wires are wound back, forming 

two separate conductive stimulating electrodes 70. Alternatively, the double helix is 

separated and the wires are wound back separately to form two separate conductive 

pick-up electrodes 68 and two separate conductive stimulating electrodes 70. 

Optionally, anchor-shaped tines can be formed at the stimulating end 28 to anchor the 

conductive stimulating electrodes 70 in position.

Alternatively, commercially available multiple electrodes leads 66 can be 

connected via matching connectors to the array of conductive pick-up electrodes 68. 

Non-limiting examples include Axxess 3/6 lead (Advanced Neuromodulation Systems 

Inc., USA) or TO type lead (Dr. Osypka, GmbH Medizintechnik, Germany).

An implant including a plurality of conductive stimulating electrodes 70 arranged 

as a cluster on a non-conductive substrate, a lead 66, and a plurality of conductive pick

up electrodes 68 arranged either in a line or as a cluster can be used. For example, 

Figures 16A and 16B show a “paddle type” electrode 78 incorporating both conductive 

pick-up and stimulating electrodes 68, 70. Figure 16A illustrates a “paddle type” 

electrode 78 having a paddle 80 with conductive stimulating electrodes 70, and disc

shaped conductive pick-up electrodes 68 arranged in a line. Figure 16B illustrates a 

“paddle type” electrode 78 having disc-shaped conductive pick up electrodes 68 

arranged as a cluster. The advantages of specific arrangement depends on the size 

and the shape of the area that should be covered by the electrodes.

Optionally, a conductive pick-up electrode 68 with insulating material 82 covering 

its surface and periphery is beneficial. Electrical current from the surface cathodic 

electrode 20 may “escape” (escaping current designated as “lescape”) from the 

periphery of the conductive pick-up electrode 68 into the tissue (Figure 17A). The path 

of this electrical current through the skin 10 may be short (indicated as “d”); thus, the 

resistance of the path may be small. It is known that the larger the diameter of the 

conductive pick-up electrode 68, the larger the peripheral area. This phenomenon acts 

against and may neutralize improved transcutaneous delivery for the larger diameter of 

the conductive pick-up electrode 68. In order to attenuate “lescape,” insulating material 

82 is can be applied to cover the periphery of the conductive pick-up electrode 68 to 
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cover the distance similar to the thickness of the skin 10 (Figure 17B). Alternatively, 

insulating material 82 can be positioned below and extended beyond the conductive 

pick-up electrode 68. Suitable insulating material 82 can include, for example, silicone, 

polyester fiber such as Dacron™ (Invista, Inc) or other appropriate biocompatible 

materials. In this arrangement, the surface cathodic electrode 20 is preferably at least 

10 mm in diameter. The conductive pick-up electrode 68 is preferably at least 16 mm in 

diameter. The conductive pick-up electrode 68 is covered with for example, at least 3 

mm of insulating material 82 on its periphery.

Those skilled in the art will appreciate that the invention described herein is 

susceptible to variations and modifications other than those specifically described. It is 

to be understood that the invention includes all such variations and modifications. The 

invention also includes all of the steps, features, compositions and compounds referred 

to or indicated in this specification, individually or collectively, and any and all 

combinations of any two or more of said steps or features.

All references cited in the present application are incorporated in their entirety by 

reference to the extent not inconsistent herewith.
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1 The claims defining the invention are as follows:

1. An apparatus, comprising:

a passive electrical conductor having a first end portion and a second end

5 portion, the first end portion including a stimulation electrode, the second end portion 

including a pick-up electrode, the passive electrical conductor configured to be 

disposed within a body such that the stimulation electrode is disposed adjacent a 

target tissue and the pick-up electrode is entirely beneath a surface of a skin; and 

an insulating backing coupled to the second end portion of the passive

10 electrical conductor, the insulating backing configured to define, at least in part, a 

current pathway within the body along which a portion of an electrical current flows 

between a surface electrode coupled to the surface of the skin and the pick-up 

electrode.

15 2. The apparatus of claim 1, wherein the passive electrical conductor is insulated

between the first end portion and the second end portion.

3. The apparatus of claim 1, wherein the insulating backing is constructed from 

any one of silicone and polyester.

20

4. The apparatus of claim 1, wherein the insulating backing is configured to 

inhibit the flow of the electrical current through a portion of a subcutaneous tissue.

5. The apparatus of claim 1, wherein the insulating backing is configured to limit 

25 flow of the electrical current from the surface electrode to a bodily tissue beneath the

insulating backing.

6. The apparatus of claim 1, wherein at least a portion of the insulating backing is 

disposed about a periphery of the pick-up electrode.

30

7. The apparatus of claim 1, wherein:

the pick-up electrode is a first pick-up electrode from a plurality of pick-up 

electrodes; and
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1 the current pathway is defined, at (east in part, by the insulating backing such 

that a portion of the electrical current flows between the surface electrode and a 

second pick-up electrode of the plurality of pick-up electrodes.

5 8. The apparatus of claim 1, wherein at least a portion of the pick-up electrode

has a coil shape.

9. The apparatus of claim 1, wherein the stimulation electrode is a stimulation 

electrode from a plurality of stimulation electrodes.

10

10. The apparatus of claim 1, wherein a surface area of the stimulation electrode 

is less than approximately 50 square millimeters.

11. The apparatus of claim 1, wherein a surface area of the stimulation electrode 

15 is between approximately 10 square millimeters and approximately 50 square

millimeters.

12. The apparatus of claim 1, wherein:

the pick-up electrode is a pick-up electrode from a plurality of pick-up

20 electrodes; and

the stimulation electrode is a stimulation electrode from a plurality of 

stimulation electrodes, each stimulation electrode from the plurality of stimulation 

electrodes being electronically coupled to a corresponding pick-up electrode from the 

plurality of pick-up electrodes.

25

13. The apparatus of claim 1, further comprising:

an anchor coupled to the first end portion of the passive electrical conductor, 

the anchor configured to limit movement of the stimulation electrode relative to the 

target tissue when the passive electrical conductor is disposed within the body.

30

14. A system, comprising:

an electronic device configured to be disposed outside of a body, the 

electronic device configured to at least produce or receive an electrical signal;
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an electrode configured to be electrically coupled to the electronic device, the 

electrode configured to be coupled to the surface of a skin of the body; and

an electrically conductive member configured to be disposed entirely within 

the body such that a proximal end portion of the electrically conductive member is 

disposed below the electrode, the electrically conductive member configured to 

convey at least a portion of the electrical signal between the proximal end portion and 

a distal end portion, the proximal end portion of the electrically conductive member 

including an insulative backing.

15. The system of claim 14, wherein the electronic device includes any one of a 

stimulator, a signal generator, an amplifier and a switch.

16. The system of claim 14, wherein the distal end portion of the electrically 

conductive member includes a plurality of stimulation electrodes.

17. The system of claim 14, wherein:

the proximal end portion of the electrically conductive member includes a pick

up electrode having a coiled shape; and

the distal end portion of the electrically conductive member includes a plurality 

of stimulation electrodes.

18. The system of claim 14, wherein the insulative backing is constructed from 

any one of silicone and polyester.

19. The system of claim 14, wherein the insulative backing is movably coupled to 

the proximal end portion of the electrically conductive member.

20. A method, comprising:

inserting a conductive member within a body such that a stimulating electrode 

disposed at a distal end portion of the conductive member is adjacent a target tissue 

within the body and a pick-up electrode disposed at a proximal end portion of the 

conductive member is beneath a surface of a skin of the body; and

positioning at least a portion of an insulative backing relative to the pick-up 

electrode such that the insulative backing defines, at least in part, a portion of a 
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current pathway through which a current from a surface electrode can be directed 

from the surface electrode to the pick-up electrode.

21. The method of claim 20, wherein an exterior surface of the conductive 

member is insulated between the distal end portion and the proximal end portion.

22. The method of clam 20, wherein the positioning includes positioning the 

insulative backing to limit flow of an electrical current from the surface electrode to a 

subcutaneous tissue substantially beneath at least one of the insulative backing and 

the pick-up electrode.

23. The method of claim 20, wherein the insulative backing is coupled to the 

proximal end portion of the conductive member.

24. The method of claim 20, further comprising:

coupling a surface electrode to the surface of the skin such that at least a 

portion of the pick-up electrode is below the surface electrode.

25. A method, comprising:

inserting a conductive member within a body such that a stimulating electrode 

disposed at a distal end portion of the conductive member is adjacent a target tissue 

within the body and a pick-up electrode disposed at a proximal end portion of the 

conductive member is beneath a surface of a skin of the body;

coupling a surface electrode to the surface of the skin such that at least a 

portion of the pick-up electrode is below the surface electrode; and

defining at least a portion of a current pathway within the body such that a 

portion of an electrical current produced by the surface electrode is directed towards 

the pick-up electrode.

26. The method of claim 25, wherein:

the conductive member includes a first insulation member disposed about an 

exterior surface of the conductive member; and

the defining includes moving at least a portion of a second insulation member 

relative to the proximal end portion of the conductive member after the inserting.
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27. The method of claim 25, wherein:

the conductive member includes a first insulation member disposed about an 

exterior surface of the conductive member; and

the defining includes removing at least a portion of a second insulation 

member from a portion of the pick-up electrode.

28. The method of claim 25, wherein:

the conductive member includes a first insulation member disposed about an 

exterior surface of the conductive member; and

the defining includes coupling a second insulation member to the proximal end 

portion of the conductive member.

29. The method of claim 25, wherein:

the pick-up electrode is a first pick-up electrode from a plurality of pick-up 

electrodes;

the stimulation electrode is a stimulation electrode from a plurality of 

stimulation electrodes, each stimulation electrode from the plurality of stimulation 

electrodes being electronically coupled to a corresponding pick-up electrode from the 

plurality of pick-up electrodes; and

the defining includes moving at least a portion of an insulation member such 

that a at least portion of the insulation member is disposed about a second insulation 

member.

30. An apparatus, comprising:

a passive electrical conductor having a first end portion and a second end 

portion, the first end portion including a first electrical termination, the second end 

portion including a second electrical termination, the passive electrical conductor 

being insulated between the first end portion and the second end portion, the passive 

electrical conductor configured to be disposed within a body such that the first 

electrical termination is disposed adjacent a target tissue and the second electrical 

termination is beneath a surface of a skin; and

a backing member coupled to the second end portion of the passive electrical 

conductor, the backing member configured to direct a portion of a transcutaneous

42



20
06

26
16

66
 

11
 M

ay
 2

01
1 current produced by an electrode coupled to the surface of the skin to the second 

electrical termination.

31. The apparatus of claim 30, wherein the backing member is movably coupled

5 to the second end portion of the passive electrical conductor.

32. The apparatus of claim 30, wherein the backing member is constructed from 

any one of silicone and polyester.

10 33. The apparatus of claim 30, wherein:

the first electrical termination is a stimulation electrode having a surface area 

less than approximately 50 square millimeters; and

the second electrical termination is a pick-up electrode having a coiled shape.

15 34. The apparatus of claim 30, further comprising:

an anchor coupled to the first end portion of the passive electrical conductor, 

the anchor configured to limit movement of the first electrical termination relative to 

the target tissue when the passive electrical conductor is disposed within the body.
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