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HELICALLY FORMED COIL FOR A NEURAL CUFF ELECTRODE

TECHNICAL FIELD

[0001] The present invention relates generally to implantable medical

devices. More specifically, the present invention relates to medical device leads

including helical neurostimulation electrodes.

BACKGROUND

[0002] A significant amount of research has been directed both to the direct

and indirect stimulation and sensing of the left and right vagus nerves, the phrenic

nerve, the sacral nerve, the cavernous nerve, and portions of the anatomy with

baroreceptors (e.g., the carotid artery) to treat a wide variety of medical,

psychiatric, and neurological disorders or conditions. For example, stimulation of

the vagus nerve has been proposed as a method for treating various heart

conditions, including heart failure. The nerves stimulated and/or sensed may be

sympathetic or parasympathetic in character.

[0003] In a nerve stimulation and sensing system, one or more electrodes

are formed on a lead that are electrically connected to an implanted electronic

package, such as a pulse generator. Electrical energy is delivered to the

electrodes by conductors that extend from the pulse generator at a proximal end

of the lead to the electrodes at a distal end of the lead. For direct stimulation of a

nerve, the electrodes may be configured to be secured directly to, wrapped

around, or laid next to the nerve.

SUMMARY

[0004] The present invention relates to a lead assembly for an implantable

medical device. The lead assembly includes a lead body having a proximal end

and a distal end, and one or more connectors at the proximal end of the lead body

that are each adapted for connection to a pulse generator. One or more

conductive elements are coupled to the one or more connectors at the proximal

end and extend through the lead body to the distal end. Each of the one or more

conductive elements includes an electrode coil that extends from the distal end of



the lead body that is formed into a helix having a diameter greater than a diameter

of the electrode coil.

[0005] In another aspect, the present invention relates to a lead assembly

for nerve stimulation including a lead body having a proximal end and a distal end.

One or more connectors at the proximal end of the lead body are each adapted

for connection to a pulse generator, and one or more conductive elements are

coupled to the one or more connectors at the proximal end and extend through

the lead body to the distal end. Each of the one or more conductive elements

includes an electrode coil coupled to a distal end of the conductive element that is

formed into a helix having an inner diameter that is sized to couple to a nerve.

[0006] In a further aspect, the present invention relates to a nerve

stimulation system. The system includes a stimulation device and one or more

conductive elements. Each conductive element includes a coil that is electrically

coupled to the stimulation device. Each coil includes a distal end that is formed

into a helix that is sized to couple to a nerve such that an inner surface of the helix

confronts the nerve. The inner surface of each helix is configured to deliver

electrical energy to the nerve.

[0007] While multiple embodiments are disclosed, still other embodiments

of the present invention will become apparent to those skilled in the art from the

following detailed description, which shows and describes illustrative

embodiments of the invention. Accordingly, the drawings and detailed description

are to be regarded as illustrative in nature and not restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 shows an embodiment of a neurostimulation system

according to the present invention and portions of an environment in which the

neurostimulation system is used.

[0009] FIG. 2 is a perspective view of a distal end of a neurostimulation

lead according to an embodiment of the present invention attached to a nerve

bundle.

[0010] FIG. 3 is a perspective view of a port element for providing access to

the lumen of the lead shown in FIG. 2 .



[001 1] FIG. 4 is a perspective view of a comb-like assembly including

mandrels suitable for accessing the lead lumen via the port shown in FIG. 3 .

[0012] FIGS. 5A-5C illustrate steps for coupling the lead electrode cuffs of

the neurostimulation lead shown in FIG. 2 to a nerve bundle.

[0013] While the invention is amenable to various modifications and

alternative forms, specific embodiments have been shown by way of example in

the drawings and are described in detail below. The intention, however, is not to

limit the invention to the particular embodiments described. On the contrary, the

invention is intended to cover all modifications, equivalents, and alternatives

falling within the scope of the invention as defined by the appended claims.

DETAILED DESCRIPTION

[0014] FIG. 1 shows an embodiment of a neurostimulation system 10

according to the present invention implanted in a patient P. The neurostimulation

system 10 includes an implantable medical device (IMD) 12 with a lead 14 having

a proximal end 16 and a distal end 18. In one embodiment, the IMD 12 includes a

pulse generator. The IMD 12 can be implanted subcutaneously within the body,

typically at a location such as in a patient's chest or abdomen, although other

implantation locations are possible. The proximal end 16 of the lead 14 can be

coupled to the IMD 12 via one or more connectors 19. Alternatively, the lead 14

may be formed integrally with the IMD 12. The distal end 18 of the lead 14, in

turn, can be implanted at a desired location in the patient's body to stimulate

excitable tissue.

[0015] The distal end 18 of the lead 14 includes a plurality of electrode cuffs

20. The electrode cuffs 20 are electrically connected to the IMD 12 via one or

more conductors (not shown in FIG. 1) extending through the lead 14. As will be

described in more detail below, the electrode cuffs 20 are insulated coils or filars

that have been formed into a helical shape suitable for coupling to a nerve N, such

as a vagus nerve.

[0016] During operation, the lead 14 delivers electrical signals between the

IMD 12 and the electrode cuffs 20. The electrode cuffs 20 may be separately

controlled by IMD 12, such that energy having different magnitude, phase, and/or



timing characteristics may be delivered to or from each of the electrode cuffs 20.

While the lead 14 shown includes three electrode cuffs 20, any number of

electrode cuffs having any arrangement on the lead 14 can alternatively be

employed in the system 10. In addition, one or more of the electrode cuffs 20 may

alternatively be configured as a strain relief cuff that does not carry electrical

signals, but secures the distal end 18 relative to the nerve N to minimize

movement of the electrode cuffs 20 relative to the excitable tissue due to voluntary

or involuntary movements of the patient. Furthermore, the IMD 12 shown is

merely by way of illustration, and the IMD 12 may have any configuration suitable

for use in conjunction with the lead 14 and may be implanted in any suitable

location in the patient's body.

[0017] The electrode cuffs 20 are configured for stimulation or sensing of a

nerve or nerve bundle. In the embodiment shown, the distal end 18 is secured to

the vagus nerve N. The electrode cuffs 20 may be arranged around the nerve,

with the IMD 12 configured to deliver energy to the electrode cuffs 20 to stimulate

the nerve. Stimulating the sympathetic and parasympathetic nervous systems

can have effects on physiological parameters associated with the heart H, such as

heart rate and blood pressure. In addition, stimulating the sympathetic nervous

system dilates the pupil, reduces saliva and mucus production, relaxes the

bronchial muscle, reduces the successive waves of involuntary contraction

(peristalsis) of the stomach and the motility of the stomach, increases the

conversion of glycogen to glucose by the liver, decreases urine secretion by the

kidneys, and relaxes the wall and closes the sphincter of the bladder. Stimulating

the parasympathetic nervous system (inhibiting the sympathetic nervous system)

constricts the pupil, increases saliva and mucus production, contracts the

bronchial muscle, increases secretions and motility in the stomach and large

intestine, and increases digestion in the small intestine, increases urine secretion,

and contracts the wall and relaxes the sphincter of the bladder. The functions

associated with the sympathetic and parasympathetic nervous systems are many

and can be complexly integrated with each other.

[0018] The vagus nerve N has afferent properties, such that the neural

stimulation is transmitted to the central nervous system (CNS). Vagal stimulation



simultaneously increases parasympathetic and decreases sympathetic activity,

and is believed to prevent further remodeling or predisposition to fatal arrhythmias

in post-MI patients, to help restore autonomic balance and increase heart rate

variability (HRV), to increase parasympathetic and reduce sympathetic tone in

hypertrophic cardiac myopathy (HCM), neurogenic hypertension, and arrhythmia

protection, to reduce anginal symptoms, to increase coronary blood flow (CBF),

and to prevent development or worsening of congestive heart failure (CHF)

following Ml. The electrode cuffs 20 may be configured and arranged to stimulate

the vagus nerve N to provide any of the physiological responses described. While

the electrode cuffs 20 are shown arranged around the right vagus nerve N in FIG.

1, the electrode cuffs 20 can be configured and arranged to stimulate the left

vagus nerve N to treat other physiological and psychological conditions, such as

epilepsy and depression.

[0019] FIG. 2 is a perspective view of the distal end 18 of the lead 14

according to an embodiment of the present invention. The lead 14 includes a lead

body 30 having a plurality of insulated conductors 32 extending therefrom. The

insulated conductors 32 each include a lumen access element 34 between the

lead body 30 and the helical electrode cuffs 20. The lumen access element 34

will be described in more detail below with regard to FIG. 3 . The helical electrode

cuffs 20 are shown wrapped around the nerve N such that the inner

circumferences of the electrode cuffs 20 (or portions thereof) confront the nerve N.

[0020] The lead body 30 extends from the IMD 12 at the proximal end 16

(FIG. 1) to the distal end 18 as shown, and contains the insulated conductors 32.

As discussed above, one or more connectors 19 are coupled to the proximal end

16 and are configured to electrically connect the IMD 12 to the insulated

conductors 32. In some embodiments, the lead body 30 is made of a flexible,

highly durable, fatigue resistant, and bio-compatible insulative material. For

example, the lead body 30 may be comprised of a polymeric material, such as

styrene isoprene butadiene (SIBS), polytetrafluoroethylene (PTFE), polyethylene

(PE), polypropylene (PP), fluorinated ethylene propylene (FEP), ethylene-

tetrafluoroethylene (ETFE), or another biocompatible polymer.



[0021] The insulated conductors 32 each includes an inner conductive coil

36 and an outer insulative layer 38. A conductive coil 36 is illustrated in FIG. 2 via

a cutaway portion of the insulative layer 38, but in actual implementation, the

insulative layer 38 is substantially continuous along the length of the conductive

coil 36. The insulated conductors 32 are shown arranged within the lead body 30

in parallel disposed around the longitudinal axis of the lead body 30. In an

alternative embodiment, the conductive coils 36 are arranged co-axially or co-

radially within the lead body 30. In such a configuration, the conductive coils 36

are separated and insulated at the distal end 18 to provide multiple electrode cuffs

to attach to the nerve N.

[0022] In some embodiments, each of the conductive coils 36 includes one

or more helically-wound co-radial conductive filars. In the embodiment shown, the

conductive coils 36 extend the length of each of the insulated conductors 32

through the lead body 30 and to the distal end of the helical electrode cuffs 20.

The conductive coils 36 may be comprised of a biocompatible conductive

material, including, but not limited to, MPTa, Pt-clad Ta, Pt-clad MP35N, MP35N,

MPAg, and Nitinol.

[0023] In an alternative embodiment, the conductive coils 36 are located

only in the portion of the insulated conductors 32 on the distal side of the lumen

access ports 34. In this latter embodiment, the portion of each insulated

conductor 32 on the proximal side of the lumen access ports 34 is electrically

coupled to the conductive coil 36, but may have any type of configuration, such as

a cable. For example, the cable may have an outer diameter that is less than the

inner diameter of the conductive coils 36, allowing the cable to be inserted into the

lumen of the conductive coil 36 and secured thereto (e.g., by crimping or laser

welding).

[0024] The use of conductive coils 36 as the conductor for the electrode

cuff 20 has several advantages. For example, coils can provide good compliance

to the contours of nerve N, especially if the nerve N swells acutely after

implantation. Coils can also provide stability after implantation. In addition, coils

provide stretch and lower impact or radial forces to the nerve N compared to



conventional foil and wire electrode configurations. Furthermore, coils are robust,

have excellent flex fatigue, and do not kink or wrinkle like foil electrodes.

[0025] The insulative layer 38 of each insulated conductor 32 may be a

tube that is placed over the conductive coil 36, or the insulative layer 38 may be

molded over the conductive coil 36. In some embodiments, the insulative layer 38

is made of a flexible, highly durable, fatigue resistant, and bio-compatible

insulative material. The insulative layer 38 may be coated with a drug-eluting

substance, steroid, or antibiotic. The insulative layer 38 may also be made of a

material that allows the electrode cuffs 20 to easily be extracted from the nerve N.

For example, the outer insulative layer 38 may be comprised of a polymeric

material, such as expanded polytetrafluoroethylene (ePTFE), PTFE, polyurethane,

ETFE, ultra-high molecular weight polyethylene (UHMWPE), or another

biocompatible polymer. The polymer may be coated or surface treated to make

the outer surface more lubhcious, hydrophobic, or hydrophylic. The outer

insulative layer 38 may alternatively be made of other types of biocompatible

material, such as silicone rubber.

[0026] When the insulative layer 38 is comprised of an electrically porous

material (e.g., ePTFE), the insulative layer 38 allows electrical signals to pass

from the conductive coil 36 to the nerve N from portions of the electrode cuffs 20

that confront the nerve N (i.e., the inner circumference of the electrode cuffs 20).

In addition, coils that are coated or insulated with ePTFE are easily extractable

(e.g., due to infection) because body tissue does not firmly bond to it. In portions

of the insulated conductor 32 that do not confront the nerve N, the insulative layer

38 may be electrically sealed to prevent current leakage from the insulated

conductor 32. Portions of the insulative layer 38 may be sealed, for example, by

applying an electrically non-porous material or adhesive to the portions.

[0027] When the insulative layer 38 is comprised of an electrically non-

porous material (e.g., silicone rubber), portions of the insulative layer 38 that

confront the nerve N are modified to expose the conductive coil 36, thereby

making it electrically porous. For example, the inner circumference of the

insulated conductor 32 may be laser ablated to allow electrical conductivity

between the conductive coil 36 and the nerve N. The portions of the insulative



layer 38 that are ablated may be selected to allow for different electrode

implantation positions.

[0028] When the coils 38 are multifilar, the insulative layer 38 may be

configured to allow multiple signals to be delivered by the insulated conductor 32

to the nerve N from different filars. For example, when the insulative layer 38 is

comprised of an electrically porous material, the insulative layer 38 may be

selectively sealed to make portions of each filar electrically conductive with the

nerve N along desired portions of the electrode cuff 20. Similarly, when the

insulative layer 38 is comprised of an electrically non-porous material, the

insulative layer 38 may be selectively ablated to make portions of each filar

electrically conductive with the nerve N along desired portions of the electrode cuff

20. This allows the electrode cuffs 20 to be positioned to better select the nerve

or nerves in the nerve bundle to be stimulated.

[0029] The helical configuration of the electrode cuffs 20 may be generated

in a variety of ways. In one exemplary embodiment, a straight conductive coil 36

is formed, a polymer filament is placed inside and extends from the lumen, and

the distal end of the conductive coil 36 is helically wound around a rod or mandrel

having a size smaller in diameter and shape similar to the nerve N. A tension

force is then applied to the polymer filament in the distal end of the conductive coil

36 that is sufficient to exceed the elastic limit of the conductive coil 36 such that

the conductive coil 36 retains the helical shape. This may be accomplished by, for

example, securing a weight to the polymer filament in the lumen of the conductive

coil 36. In another exemplary embodiment, an insulative elastomeric layer 38

having a distal end pre-molded into a helical shape may be provided with a lumen

suitable to receive the conductive coil 36. In this case, a less elastic conductive

coil 36 may be used because the insulative layer 38 returns the conductive coil 36

to its helical shape. In a further exemplary embodiment, a Nitinol or other shape

memory material may be wound into a helical shape and heat set into the helical

shape.

[0030] In order to implant and secure the electrode cuffs 20 to the nerve N,

the electrode cuffs 20 may be unwound and positioned relative to the nerve N

such that, when the electrode cuffs 20 return to their helical shape, they are



disposed around and confront the nerve N. One way to accomplish this is to

insert a device into the lumen of the conductive coil 36 that extends through the

lumen to the distal end of the conductive coil 36 to straighten the electrode cuff 20

for implantation.

[0031] For example, FIG. 3 is a perspective view of the lumen access

element 34 shown in FIG. 2 . The lumen access element 34 includes a lumen

access port 40, proximal coil retention element 42, and distal coil retention

element 44. The proximal coil retention element 42 and distal coil retention

element 44 retain portions of the conductive coil 36 on opposite sides of the lumen

access port 40. In the region between coil retention elements 42 and 44, the pitch

of the conductive coil 36 is increased to expand the space between adjacent turns

in the conductive coil 36. The lumen access port 40 is disposed at an angle

relative to the longitudinal axis of the conductive coil 36 and passes between the

separated turns of the conductive coil 36 in the region between coil retention

elements 42 and 44. The lumen access element 34 allows access to the lumen

46 of the conductive coil 36 via the port opening 48 in the port 40. Consequently,

a mandrel-like device may be inserted through the port opening 48 that extends

through the port 40 and into the lumen 46 of the conductive coil 36 in the distal

coil retention element 44. In some embodiments, the port 40 includes an

elastomehc seal plug including an access slit for receiving the device. The length

of the device is sufficient to reach the distal end of the electrode cuff 20 through

the lumen, thereby straightening the helical portion of the electrode cuff 20. This

allows easy placement of the electrode cuffs 20 under nerve N to subsequently

wrap around nerve N when the mandrel-like device is removed from the lumen 46.

[0032] FIG. 4 is a perspective view of a comb-like assembly 50 including

mandrels 52 suitable for accessing the lumens of the conductive coils 36 via the

port 40 shown in FIG. 3 , according to an exemplary embodiment. The mandrels

52 may also be configured for insertion into the lumen of a helical cuff that does

not include a conductive coil 36 (e.g., a strain relief cuff). The mandrels 52 are

mounted on a handle 54. In some embodiments, the mandrels 52 have a

substantially circular cross-section and are comprised of a polymeric material.

The mandrels 52 each have a length L that is sufficient to pass through the port



40 of the lumen access element 34 and traverse to the distal end of the electrode

cuff 20 via the lumen of the conductive coil 36. Thus, when the mandrels 52 are

completely inserted into the lumens 46 of the conductive coils 36, the handle 54 is

proximate to the lumen access elements 34. In addition, the mandrels 52 may be

spaced apart on the handle 54 by a distance D that provides the desired spacing

between adjacent electrode cuffs 20 when secured to the nerve N. In some

embodiments, the mandrels 52 are comprised of stainless steel or Nitinol.

[0033] In some embodiments, the handle 54 is configured to allow

mandrels 52 to be moved and removed to vary the arrangement and number of

mandrels 52 on the handle 54. For example, in some situations it may be

desirable to manipulate only one electrode cuff 20 at a time, so all but a single

mandrels may be removed from the handle 54. Additionally, when a certain

spacing of electrode cuffs 20 is desired to stimulate certain nerves in a nerve

bundle, the mandrels 52 may be positioned along the handle 54 to provide the

desired spacing between the insulated conductors 32.

[0034] Prior to implanting the electrode cuffs 20, the mandrels 52 may be

inserted into the lumen access ports 40. Consequently, when the electrode cuffs

20 are near the nerve N, the handle 54 may be grasped with a medical instrument

or fingers and manipulated to move the electrode cuffs 20 into position. When the

electrode cuffs 20 are positioned adjacent to the nerve N, the handle 54 may be

manipulated to remove the mandrels 52 from the lumens 46 of the conductive

coils 36, thereby allowing the electrode cuffs to return to their helical shape and

wrap around the nerve N.

[0035] It should be noted that, while the lumen access element 34 shown

and described above with regard to FIG. 3 has a particular configuration, any

assembly that provides access to the lumens of the conductive coils 36 is

contemplated by the present invention. For example, access to the lumen 46 may

be provided at the proximal end 16 of the lead 14, such that the mandrel traverses

substantially the entire length of the lead 14 to straighten the electrode cuffs 20. If

the lead 14 includes multiple conductive coils 36 that each terminate in an

electrode coil 20, access to each lumen 46 may be provided at the proximal end

16. In addition, while the assembly 50 of FIG. 4 is shown having a comb-like



configuration, any suitable arrangement of mandrels may be used to straighten

the electrode cuffs 20 when securing the electrode cuffs 20 to the nerve N.

[0036] To illustrate the process of implanting the lead 14, FIGS. 5A-5C

illustrate steps for coupling the electrode cuffs 20 to the nerve N. FIG. 5A is a

cross-sectional view of an electrode cuff 20 in its normal helical configuration.

The electrode cuff 20 includes a conductive coil 36 that extends to the distal end

60 of the electrode cuff 20. A lumen 46 extends axially through the conductive

coil 36. In some embodiments, a lumen cap 62 is included provided at the distal

end of the conductive coil 36 to provide an end cap to the lumen 46.

[0037] FIG. 5B is a cross-sectional view of the electrode cuff 20 with a

mandrel 52 extending through the lumen 46 of the conductive coil 36. As

discussed above, the mandrel 52 may be inserted prior to implantation of the

electrode cuff 20. The mandrel 52 is inserted into the lumen 46 via, for example,

lumen access port 40, and a force is applied to the handle 54 to move the mandrel

52 through the electrode cuff 20. As the mandrel 52 traverses the lumen 46, the

electrode cuff 20 unwinds into a substantially straight configuration. The mandrel

52 is forced through the lumen 46 until the mandrel 52 confronts the lumen cap

62, at which point the electrode cuff 20 is completely unwound. The handle 54 is

then manipulated to position the unwound electrode cuff 20 adjacent to the nerve

N at a location that allows the electrode cuff 20 to stimulate the desired portion of

the nerve N. In one exemplary embodiment, the mandrel 52 has a diameter in the

range of about 0.1 mm to about 0.3 mm, and the conductive coil 36 has an inner

diameter in the range of about 0.2 mm to about 0.5 mm.

[0038] FIG. 5C is a cross-sectional view of the electrode cuff 20 after the

mandrel 52 has been removed from the lumen 46. To remove the mandrel 52

from the lumen 46, the handle 54 is pulled away from the lumen access port 40.

As the mandrel 52 exits the lumen, the distal end 60 winds around the nerve N.

The mandrel 52 is removed until the electrode cuff 20 is wrapped around the

nerve N. The inner diameter of the electrode cuff 20 is sized such that the inner

circumference of the electrode cuff 20 confronts the outer surface of the nerve N.

In one exemplary embodiment, the inner diameter of the electrode cuff 20 is in the

range of about 1 mm to about 5 mm.



[0039] While the neural cuffs 20 have been described as being provided on

the distal end 18 of a lead 14, in other embodiments, the neural cuffs 20 as

described may be provided in other system configurations suitable for delivering

signals to a nerve N. For example, the neural cuffs 20 may be provided as part of

a transdermal microstimulator system in which the neural cuffs 20 are connected

to a device that is implanted beneath the skin. The device may include power and

control circuitry, for example. An external control device, which may be wearable,

may be employed to inductively couple with the device to power and control the

implanted system. One example microstimulator system into which the neural

cuffs 20 may be integrated is described in U.S. Patent No. 6,051 ,017, entitled

"Implantable Microstimulator and Systems Employing the Same," which is

incorporated by reference in its entirety.

[0040] In summary, the present invention relates to a lead assembly for an

implantable medical device. The lead assembly includes a lead body having a

proximal end and a distal end, and one or more connectors at the proximal end of

the lead body that are each adapted for connection to a pulse generator. One or

more conductive elements are coupled to the one or more connectors at the

proximal end and extend through the lead body to the distal end. Each of the one

or more conductive elements includes an electrode coil that extends from the

distal end of the lead body that is formed into a helix having a diameter greater

than a diameter of the electrode coil. The helices of the lead are easily

implantable, for example using a mandrel-like device as described herein. In

addition, the helices are easily extracted from the nerve, for example in case of

infection.

[0041] Various modifications and additions can be made to the exemplary

embodiments discussed without departing from the scope of the present

invention. For example, while the embodiments described above refer to

particular features, the scope of this invention also includes embodiments having

different combinations of features and embodiments that do not include all of the

described features. Accordingly, the scope of the present invention is intended to

embrace all such alternatives, modifications, and variations as fall within the

scope of the claims, together with all equivalents thereof.



CLAIMS

We claim:

1. A lead assembly for an implantable medical device, the lead

assembly comprising:

a lead body having a proximal end and a distal end;

one or more connectors at the proximal end of the lead body that are

each adapted for connection to a pulse generator; and

one or more conductive elements coupled to the one or more

connectors at the proximal end and extending through the lead

body to the distal end, wherein each of the one or more

conductive elements comprises an electrode coil that extends

from the distal end of the lead body, and wherein the electrode

coil is formed into a helix at the distal end having a diameter

greater than a diameter of the electrode coil.

2 . The lead assembly of claim 1, wherein each electrode coil includes a

lumen extending through the electrode coil to the distal end of the conductive

element.

3 . The lead assembly of claim 2 , wherein the lumen is accessible with

a mandrel employable to unwind the helix during implantation.

4 . The lead assembly of claim 3 , wherein the mandrel is provided on a

comb-like structure including a plurality of mandrels each employable to unwind

the helix of one of the one or more electrode coils.

5 . The lead assembly of claim 1, wherein each electrode coil is at least

partially surrounded by a biocompatible insulator.

6 . The lead assembly of claim 4 , wherein the biocompatible insulator is

selected from the group consisting of expanded polytetrafluoroethylene (ePTFE),



PTFE, polyurethane, ethylene tetrafluoroethylene (ETFE), ultra-high molecular

weight polyethylene (UHMWPE), and silicone rubber.

7 . The lead assembly of claim 1, wherein each electrode coil is

comprised of a biocompatible material selected from the group consisting of

MPTa, Pt-clad Ta, Pt-clad MP35N, MP35N, MPAg, and Nitinol.

8 . A lead assembly for nerve stimulation, the lead assembly

comprising:

a lead body having a proximal end and a distal end;

one or more connectors at the proximal end of the lead body that are

each adapted for connection to a pulse generator; and

one or more conductive elements coupled to the one or more

connectors at the proximal end and extending through the lead

body to the distal end, wherein each of the one or more

conductive elements includes an electrode coil coupled to a

distal end of the conductive element, and wherein the electrode

coil is formed into a helix having an inner diameter that is sized

to couple to a nerve.

9 . The lead assembly of claim 8 , wherein each electrode coil includes a

lumen extending through the electrode coil.

10 . The lead assembly of claim 9 , wherein the lumen is accessible with

a mandrel employable to straighten the helix during implantation.

11. The lead assembly of claim 8 , wherein each electrode coil is at least

partially surrounded by a biocompatible insulator.



12. The lead assembly of claim 11, wherein the biocompatible insulator

is electrically porous, and wherein portions of each helix that do not confront the

nerve are electrically sealed.

13 . The lead assembly of claim 11, wherein the biocompatible insulator

is not electrically porous, and wherein portions of each helix that confront the

nerve are ablated.

14. The lead assembly of claim 11, wherein the biocompatible insulator

is selected from the group consisting of expanded polytetrafluoroethylene

(ePTFE), PTFE, polyurethane, ethylene tetrafluoroethylene (ETFE), ultra-high

molecular weight polyethylene (UHMWPE), and silicone rubber.

15. The lead assembly of claim 8 , wherein each electrode coil is

comprised of a biocompatible material selected from the group consisting of

MPTa, Pt-clad Ta, Pt-clad MP35N, MP35N, MPAg, and Nitinol.

16. A neurostimulation system comprising:

a stimulation device; and

one or more conductive elements each comprising a coil that is

electrically coupled to the stimulation device, each coil including

a distal end that is formed into a helix that is sized to couple to a

nerve such that an inner surface of the helix confronts the nerve,

wherein the inner surface of each helix is configured to deliver

electrical energy to the nerve.

17. The neurostimulation system of claim 16, wherein the stimulation

device comprises a pulse generator, and wherein the neurostimulation system

further comprises:

a lead body having a proximal end and a distal end, wherein the one

or more conductive elements extend through the lead body; and



one or more connectors at the proximal end of the lead body that are

connectable to the pulse generator, wherein the one or more

conductive elements are connected to the one or more

connectors at the proximal end, wherein each of the one or

more conductive elements.

18. The neurostimulation system of claim 16, wherein the stimulation

device comprises an implantable microstimulator.

19. The neurostimulation system of claim 16 , wherein each coil includes

a lumen extending through the helix.

20. The neurostimulation system of claim 19 , wherein the lumen is

accessible with a mandrel employable to straighten the helix during implantation.

2 1 . The neurostimulation system of claim 16 , wherein each helix is at

least partially surrounded by a biocompatible insulator.

22. The neurostimulation system of claim 2 1, wherein the biocompatible

insulator is electrically porous, and wherein portions of each helix that do not

confront the nerve are electrically sealed.

23. The neurostimulation system of claim 2 1, wherein the biocompatible

insulator is not electrically porous, and wherein portions of each helix that confront

the nerve are ablated.

24. The neurostimulation system of claim 2 1, wherein the biocompatible

insulator is selected from the group consisting of expanded

polytetrafluoroethylene (ePTFE), PTFE, polyurethane, ethylene

tetrafluoroethylene (ETFE), ultra-high molecular weight polyethylene (UHMWPE),

and silicone rubber.
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