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APPARATUS AND METHODS FOR ANCHORING ELECTRODE

LEADS ADJACENT TO NERVOUS TISSUE

I. Field Of The Invention

[0001] This application generally relates to apparatus and methods for anchoring a

medical device, such as an electrical stimulation lead, catheter or other generally elongated or

tubular device in the body.

II. Background Of The Invention

[0002] Many medical devices incorporate an elongated or tubular element that is required

to be positioned at a particular anatomical site. Such devices include pacemakers, spinal cord

stimulators, peripheral nerve stimulators, and drug delivery catheters.

[0003] In the case of a pacemaker, for example, the leads may be threaded through a vein,

and then anchored using a fixation element at the distal tip of the lead to prevent

dislodgement. Such a fixation element may be a tine, fin, or screw that is secured in the

trabeculae or muscle tissue of the ventricle.

[0004] Generally, it is desirable to implant and anchor a medical device using a

minimally invasive approach, and for many devices, a percutaneous approach through a small

incision is preferable. One drawback of a percutaneous approach is that relatively large and

complex anchoring mechanisms cannot be deployed through the incision or using a needle,

catheter, or cannula. Additionally, in many cases, there is no convenient anatomical structure

to which the medical device may be anchored.

[0005] Sacral nerve stimulator leads may include a fixation element(s), such as a tine(s),

projecting from the lead body to constrain movement of the lead body relative to the

surrounding tissue. Tines on a sacral nerve lead, such as the InterStim™ lead available from

Medtronic, Inc. of Fridley, Minnesota, generally are located at a substantial proximal distance

from the electrodes and face in only one (proximal) direction. Such placement allows for

relative movement of the electrodes as the muscle and connective tissue within which the

tines are placed moves relative to the target of stimulation.



[0006] A spinal cord stimulator (SCS) may include an implantable pulse generator (IPG)

connected to one or more leads having one or more electrodes configured to deliver electrical

energy to the spinal cord to block pain signals from reaching the brain. Small changes in

electrode position may in some cases adversely impact the system's ability to effectively

deliver therapy. It may not be practical or feasible to provide an anchoring mechanism inside

the spinal canal to anchor a lead of the SCS. The conventional technique for securing the

lead is to stabilize the lead using a ligature sleeve or suture sleeve secured to the lead body

and attached to the superficial fascia with a suture as described, for example, in U.S. Patent

No. 5,957,968 to Belden and U.S. Patent No. 7,930,039 to Olson. This technique, while in

common use, suffers from drawbacks including significant incidence of lead dislodgement.

Another drawback is that the superficial tissue is often an undesirable distance from the target

tissue of stimulation. Any change in patient posture which results in a change in the relative

distance between the superficial fascia and the target tissue of stimulation results in tension

being applied to the lead body and subsequent movement of the electrodes.

[0007] U.S. Patent Application Publication No. 2008/0228241 to Sachs and U.S. Patent

Application Publication No. 201 1/0224665 to Crosby et al, both assigned to the assignee of

the present invention, and both incorporated herein in their entireties by reference, describe

implanted electrical stimulation devices that are designed to restore neural drive and

rehabilitate the multifidus muscle to improve stability of the spine. Rather than masking pain

signals while the patient's spinal stability potentially undergoes further deterioration, the

stimulator systems described in those applications are designed to reactivate the motor

control system and/or strengthen the muscles that stabilize the spinal column, which in turn is

expected to reduce persistent or recurrent pain. Sachs and Crosby also describe peripheral

nerve stimulation, in which electrical energy is applied to a nerve to effect a physiological

change, such as to elicit a muscle contraction or to block pain signals from traveling in the

peripheral nerve.

[0008] While the stimulator systems described in the Sachs and Crosby applications seek

to rehabilitate the multifidus and restore neural drive, use of those systems necessitates the

implantation of one or more electrode leads in the vicinity of a predetermined anatomical site,

such as the medial branch of the dorsal ramus of the spinal nerve to elicit contraction of the

lumbar multifidus muscle. For that application, there is no convenient anatomical structure

near the distal end of the lead to allow for use of a conventional anchoring mechanism on the



lead. Anchoring the lead to the superficial fascia as described above may be effective in

many cases, but may still be susceptible to the problems of dislodgement which may prevent

proper therapy delivery.

[0009] The challenges of anchoring medical devices extend beyond electrical stimulation.

For example, an intrathecal pump is a medical device configured to deliver small and metered

amounts of a fluid containing a drug to target tissue, such as the spinal cord. The drug may

be delivered by a small catheter that is placed inside the spinal canal, and the problems of

dislodgement are similar to those described above. It would be desirable to provide a

mechanism which more effectively anchors the catheter to prevent dislodgement and the

possibility of the drug missing its intended target, or being delivered to an incorrect site.

[0010] U.S. Patent No. 7,493,175 to Cates describes apparatus for subcutaneously

anchoring a cardiac electrode lead using multiple tines. Such an apparatus would be

undesirable for implantation in or adjacent to spinal muscle as the tines may become

dislodged and tear the muscle during movement.

[0011] U.S. Patent No. 7,797,053 to Atkinson describes a tether and a stent like device at

the distal portion of a lead that may be expanded inside a cardiac vein to anchor a cardiac

pacing lead. A similar stent-like anchor for a neurostimulation lead is described in U.S.

Patent No. 7,917,230 to Bly. U.S. Patent No. 7,908,015 to Lazeroms describes a stimulation

lead to be placed subcutaneously in which the fixation mechanism includes a movable

mechanism at the distal end of the lead such that the lead diameter is increased at the distal

end when engaged to provide anchoring. U.S. Patent No. 8,170,690 to Morgan describes use

of a helical element (screw) for anchoring a lead. These previously known anchoring

systems are ill suited for neuromuscular stimulation because such systems have a high risk of

dislodgement of the lead when implanted in or adjacent to muscle.

[0012] It would be desirable to provide electrode leads and methods of implantation

wherein the lead is securely anchored within a patient, thus reducing the risk of dislodgement

of the lead.

[0013] It further would be desirable to provide electrode leads and methods of

implantation wherein an anchoring mechanism may be deployed using a percutaneous

approach, a needle, a catheter, the lead itself, and/or a cannula.



III. Summary Of The Invention

[0014] The present invention overcomes the drawbacks of previously-known by

providing apparatus for neuromuscular electrical stimulation including an elongated member

having a proximal region and a distal region, one or more electrodes disposed at the distal

region of the elongated member, and first and/or second fixation elements disposed at the

distal region of the elongated member. The first fixation element may be shaped and sized to

contact, but not penetrate, tissue (e.g., a muscle, ligament, tendon, fascia) within a patient

without damaging the tissue, so as to secure the one or more electrodes in or adjacent to a

desired anatomical site within the patient. Also, the first and second fixation elements may

be shaped and sized to sandwich or bracket tissue within a patient therebetween without

damaging the tissue so as to secure the one or more electrodes in or adjacent to a desired

anatomical site within a patient. Alternatively, at least one of the first or second fixation

elements may be configured to be deployed between tissue layers (e.g., muscle layers)

without damaging the tissue layers so as to secure the one or more electrodes in or adjacent to

a desired anatomical site within a patient. The fixation elements may be configured to

contact, but not penetrate tissue.

[0015] The one or more electrodes may be configured to be implanted in or adjacent to

nervous tissue. A radiopaque marker(s) may be disposed at the distal region of the elongated

member. For example, the radiopaque marker may be disposed on or within the first fixation

element, the second fixation element, or both. The second fixation element may be a helical

screw. Alternatively, the first fixation element may be angled distally or proximally relative

to the elongated member and the second fixation element may be angled distally or

proximally relative to the elongated member. The second fixation element may be disposed

distally on the elongated member relative to the first fixation element and the second fixation

element may be disposed at the distal end of the elongated member. The first and second

fixation elements may be disposed on opposite sides of the elongated member relative to a

longitudinal axis of the elongated member. The fixation elements may be expandable and/or

extendable. The first and second fixation elements may be a flange, a partial flange, or a

divided flange. The elongated member may have a groove and the first and/or second

fixation elements may be partially disposed within the groove such that the first and/or

second fixation elements rotate freely around the elongated member within the groove. The

elongated member may have an elastic section that may be between the first and second



fixation elements. The elongated member also may include a discontinuous portion at the

distal region wherein the first fixation element is a coil exposed in the discontinuous portion.

The apparatus may further include an implantable pulse generator and/or an implantable

microstimulator coupled to the proximal region of the elongated member.

[0016] In accordance with yet another aspect of the present invention, a method of

anchoring an elongated member having one or more electrodes for neuromuscular electrical

stimulation is provided. The method may include providing an elongated member having a

fixation element disposed at a distal region of the elongated member and inserting the

fixation element against or between tissue layers (e.g., muscle layers) without damaging the

tissue layers so as to secure the one or more electrodes in or adjacent to a desired anatomical

site within a patient.

[0017] The one or more electrodes may be secured in or adjacent to nervous tissue, e.g.,

the medial branch of the dorsal rami. The method may further include delivering electrical

energy to the dorsal rami or other nervous tissue with the one or more electrodes.

IV. Brief Description Of The Drawings

[0018] FIG. 1 shows an anterior-posterior view of two lumbar vertebrae, including the

inter-transverse ligament and surrounding tissue.

[0019] FIG. 2 shows a lateral view of two lumbar vertebrae, including the inter-transverse

ligament and surrounding tissue.

[0020] FIGS. 3A and 3B depict exemplary embodiments for bidirectional stabilization of

a medical device.

[0021] FIG. 4 shows an exemplary electrode lead having a distal helical screw and a

fixation element.

[0022] FIG. 5 illustrates the distal region of an alternative electrode lead having a distal

helical screw and a fixation element.

[0023] FIG. 6 shows the distal region of an exemplary electrode lead having first and

second fixation elements employed in opposing directions to obtain bidirectional

stabilization.



[0024] FIGS. 7A through 7C depict cross sectional views of a number of possible fixation

element configurations.

[0025] FIG. 8 shows the distal region of an exemplary electrode lead having first and

second fixation elements that are each single projections opposed to each other in both

direction as well as being on opposite sides of the lead body.

[0026] FIG. 9 shows the electrode lead of FIG. 8 placed with the tissue surrounding the

inter-transverse ligament.

[0027] FIG. 10 shows the distal region of an exemplary electrode lead having opposing

fixation elements wherein the lead located between the fixation elements is configured to be

temporarily elongated.

[0028] FIGS. 11A and 1IB show the distal region of an exemplary electrode lead having

an expandable fixation element, wherein the fixation element is expanded in FIG. 11A and

contracted in FIG. 1IB.

[0029] FIGS. 12A through 12C show the distal region of exemplary electrode leads in the

deployed state having a flexible shape for anchoring the lead, wherein FIG. 12A shows a

serpentine shape, FIG. 12B shows a J-shape, and FIG. 12C shows a spiral shape.

[0030] FIG. 12D depicts the electrode lead of FIG. 12C in a delivery state.

[0031] FIG. 13 shows the electrode lead of FIG. 12C deployed at tissue immediately

surrounding the inter-transverse ligament.

[0032] FIG. 14 shows the distal region of an exemplary electrode lead having an

expandable fixation element in a delivery state.

[0033] FIG. 15 shows the electrode lead of FIG. 14 having the fixation element expanded

in the deployed state.

[0034] FIG. 16 shows an exemplary threaded cap that may be used in the electrode lead

of FIG. 14.

[0035] FIG. 17 shows an exemplary ratcheting cap that may be used in the electrode lead

of FIG. 14.



[0036] FIG. 18 illustrates the distal region of an exemplary electrode lead having an

exposed fixation element to allow for tissue ingrowth.

[0037] FIG. 19 shows an exemplary implantable microstimulator coupled to an electrode

and fixation elements of the present invention.

V. Detailed Description Of The Invention

[0038] The present invention is directed to methods and apparatus for anchoring

electrode leads suitable for use with an implantable neuromuscular electrical stimulation

("NMES") device, such as described in the above-incorporated U.S. Patent Application

Publication Nos. 2008/0228241 to Sachs and 201 1/0224665 to Crosby. The devices

described in those applications supply electrical pulses to nerves innervating the spinal

muscles, such as the multifidus muscles, and stimulate the nerves controlling those muscles

to effect a therapy designed to restore neural control and rehabilitation of the muscle. The

implantable stimulator is disposed subcutaneously, and is coupled to one or more electrode

leads having electrodes in contact with the target muscle, or nerves innervating the target

muscles, or other anatomical structures associated with the muscle, such as ligaments and

tendons. The NMES stimulation supplied by the stimulator applies a pulse regime that is

very different than those employed by previously-known Spinal Cord Stimulation or

Peripheral Nerve Stimulation therapy devices, where the goal of the stimulation is simply to

reduce or block the transmission of pain signals to the patient's brain, rather than reactivate

the motor control system and/or rehabilitate the muscle.

[0039] Conventional anchoring mechanisms are ill suited for anchoring NMES electrode

leads to muscle and/or between muscle layers, especially to spinal muscles, because such

muscles are mobile creating high risks of lead dislodgement and muscle damage.

Accordingly, the present invention is directed toward anchoring stimulation leads into an

anatomical structure, e.g., tissue such as muscle, with at least one fixation element using

either minimally invasive or percutaneous techniques. Advantageously, the fixation

element(s) are sized and shaped to secure the lead to muscle without damaging the muscle

such that one or more electrodes are positioned in or adjacent to a desired anatomical site,

e.g., nervous tissue, within a patient. Such fixation elements may be a flange, a partial

flange, or a divided flange optionally having a flat and/or smooth surface configured to



minimize muscle damage/tear. The fixation elements provide bidirectional stabilization for

the electrode lead and may or may not be angled relative to the lead.

[0040] FIG. 1 and FIG. 2 show anterior-posterior projection and lateral projection,

respectively, of a segment of a typical human lumbar spine having a vertebral body V,

transverse process TP, inter-transverse ligament ITL, and a dorsal rami DR. As described

herein, an apparatus of the present invention, such as an electrode lead, may be anchored so

as to secure the apparatus in or adjacent to a desired anatomical structure, e.g., nervous tissue.

In one embodiment, the apparatus is anchored in or adjacent to the medial branch of the

dorsal rami DR such that electrodes may stimulate the medial branch of the dorsal rami DR.

[0041] FIGS. 3A and 3B illustrate bidirectional stabilization of a medical device in

accordance with aspects of the present invention. In FIG. 3A, the medical device includes

elongated member 30 having first fixation element 3 1 and second fixation element 32

disposed at distal region 33 of elongated member 30. First and second fixation elements 31

and 32 are shaped and sized to sandwich or bracket tissue T (e.g., a muscle, ligament, tendon,

fascia, or other suitable tissue) therebetween without damaging the tissue T. Such fixation

elements may be a flange, a partial flange, or a divided flange optionally having a flat and/or

smooth surface configured to minimize muscle damage/tear. First fixation element 31 may

be configured to resist displacement in a first direction (e.g., advancement) and second

fixation element 32 may be configured to resist displacement in a second direction (e.g.,

retraction). Illustratively, second fixation element 32 is disposed distally on elongated

member 30 relative to first fixation element 31 and second fixation element 32 may be

disposed at the distal end of elongated member 30.

[0042] FIG. 3B shows an alternative embodiment of the medical device of the present

invention, wherein elongated body 34 and fixation element 35 are disposed at the distal

region 36 of elongated body 34. The lead body is stabilized by deployment of fixation

element 35 configured to resist displacement bidirectionally within a tissue plane or between

two discrete tissue planes, e.g., muscle layers ML.

[0043] FIG. 4 illustrates an exemplary apparatus for neuromuscular electrical stimulation

having an electrode lead constructed in accordance with the principles of the present

invention. Apparatus 40 includes elongated member 4 1 having fixation elements 42, helical

screw 43, electrodes 44, and implantable pulse generator (IPG) 45. Fixation elements 42,



helical screw 43, and electrodes 44 are disposed at distal region 46 of elongated device 41.

Fixation elements 42 are sized and shaped to secure electrodes in or adjacent to a desired

anatomical site. Fixation elements 42 may comprise a polymer, metal or ceramic, and are

configured to resist motion in a first direction and prevent, in the case illustrated, excessive

distal advancement of the apparatus, as well as migration distally. Helical screw 43 is

configured to secure elongated member 4 1 to an anatomical structure and may configured to

engage tissue immediately distal to the elongated member 4 1 forming a mechanical lock

preventing movement in a second direction. Helical screw 43 may be anchored to the tissue

by rotation of elongated member 4 1 or by deployment of a mechanism in which the screw

rotates relative to elongated member 41, as is known in the art of cardiac leads. While the

apparatus illustratively includes helical screw 43, it should be understood that a barb, hook,

or the like may be used may also serve as one of the electrodes. Electrodes 44 are configured

to deliver electrical energy and may be stimulation electrodes known in the art. Elongated

member 4 1 (e.g., a lead) illustratively includes three electrodes 44, although the scope of the

disclosure is not limited thereto.

[0044] IPG 45 is disposed at proximal region 47 of elongated member 4 1. IPG 45 is

operatively coupled to electrodes 44 and is configured to direct electrodes 44 to deliver

electrical energy. IPG 45 may be coupled to electrodes 44 via a lead. Alternatively,

electrodes may be incorporated into an implantable microstimulator without a lead, as

described below. IPG 45 may include may comprise a commercially available

microcontroller unit including a programmable microprocessor, volatile memory, nonvolatile

memory such as EEPROM for storing programming, and nonvolatile storage, e.g., Flash

memory, for storing a log of system operational parameters and patient data. As will be

appreciated by one of ordinary skill in the art, while IPG 45 is illustratively implantable, the

pulse generator may be disposed external to a body of a patient on a temporary or permanent

basis without departing from the scope of the present invention. In such an embodiment, the

pulse generator may be coupled to the electrodes by percutaneous leads. Alternatively, the

pulse generator and the electrodes may be completely external such that the leads are applied

to the skin over a suitable location to elicit muscle contraction.

[0045] FIG. 5 illustrates the distal region of an exemplary electrode lead having

elongated member 51, fixation elements 52, helical screw 53, and electrode 54. Fixation

elements 52 are disposed within groove 55 of elongated member 5 1 such that fixation



elements 52 are free to rotate with respect to elongated member 51 and electrode 54. Such a

configuration allows for deployment of the helical screw 53 without the risk of fixation

elements 52 impeding rotation or becoming undesirably entangled in a structure such as a

nerve during rotation.

[0046] FIG. 6 illustrates the distal region of an exemplary electrode lead having

elongated member 61, first fixation elements 62, second fixation elements 63, and electrodes

64. First fixation elements 62 are angled distally relative to elongated member 61, and resist

motion in the first direction and prevent, in the case illustrated, insertion of the lead too far, as

well as migration distally. Second fixation elements 63 are angled proximally relative to

elongated member 6 1 and penetrate through a tissue plane and deploy on the distal side of the

tissue immediately adjacent to the target of stimulation. First fixation elements 62 are

configured to resist motion in the opposite direction relative to second fixation elements 63.

This combination prevents migration both proximally and distally, and also in rotation. The

spacing between the fixation elements is defined by the structure around which they are to be

placed. In one embodiment, the spacing is between 2 mm and 10 mm.

[0047] FIGS. 7A through 7C illustrate exemplary fixation element configurations in

accordance with the principles of the present invention. The fixation elements may be made,

for example, of a polymer, metal and/or ceramic. The fixation elements may be a flange, a

partial flange, or a divided flange optionally having a flat and/or smooth surface configured

to minimize muscle damage/tear. The fixation elements provide bidirectional stabilization

for the electrode lead and may or may not be angled relative to the lead. Fixation elements

may include any number of projections, generally between 1 and 8. FIGS. 7A, 7B, and 7C

illustrate a medical device wherein the fixation element with two projections 71, three

projections 72 and four projections 73, respectively. In one embodiment, the length of each

projection is between 1 mm and 5 mm and the width is between 0.25 mm and 2 mm.

[0048] Based on the anatomical structures adjacent to the target of stimulation and the

available access to approach said structures, it may be desirable to orient the fixation

elements such that they minimize the size of the structure needed in order to achieve suitable

placement. FIG. 8 illustrates the distal region of an electrode lead having elongated member

81, first fixation element 82 angled distally, second fixation element 83 angled proximally,

and electrodes 84.



[0049] FIG. 9 shows the electrode lead of FIG. 8 placed around the tissue surrounding the

inter-transverse ligament ITL for stimulating the medial branch. In this configuration, during

lead placement elongated member 81 may be rotated so as to orient fixation elements 82 and

83 relative to the inter-transverse ligament ITL, which lies parallel to the spine between

adjacent transverse processes TP.

[0050] FIG. 10 illustrates the distal region of an exemplary electrode lead having

elongated member 101, first fixation element 102, second fixation element 103, and elastic

portion 104. Elastic portion 104 is substantially more elastic than the main structure of the

elongated member 101 to allow for penetration of the intended anatomic structure and

deployment of first fixation element 102 on the distal side of the structure. Once achieved,

axial tension applied proximally causes elongation of elastic portion 104 up to the point that

second fixation element may deploy on the proximal side of the intended anatomic structure.

This configuration permits placement of a single design within anatomical structures of

different thicknesses. Elastic portion 104 would be capable of elongating up to 300% of its

natural length and subsequently return to that natural length after the loading is removed.

The elasticity may be achieved through the selection of lower durometer polymers with

suitable elastic properties, or by incorporation of a super-elastic spring made of a material

such as nitinol.

[0051] FIGS. 11A and 1IB illustrate the distal region of an another exemplary electrode

lead having elongated member 111 and expandable fixation element 112. Expandable

fixation element 112 has a significantly larger diameter than elongated member 111 in an

expanded state. FIG. 11A shows expandable fixation element 112 in the expanded state and

FIG. 1IB shows expandable fixation element 112 in a contracted state. In one embodiment,

expandable fixation element 112 is contracted using a vacuum coupled to the proximal end of

elongated member 111 permitting placement via standard techniques. Once the distal end of

elongated member 111 is passed through the intended structure, the vacuum is removed and

expandable fixation element 112 returns to its original size as shown in FIG. 11A. This

arrangement overcomes the challenges typically associated with expanding a structure such

as a balloon for fixation in that a typical balloon requires constant pressure to remain inflated.

The adoption of a vacuum to reduce diameter as opposed to using positive pressure to

increase diameter effectively ameliorates the concerns of chronic stability in these types of

structures.



[0052] FIGS. 12A through 12C show the distal region of exemplary electrode leads in the

deployed state having a flexible shape for anchoring the lead, wherein FIG. 12A shows a

serpentine shape electrode lead 121, FIG. 12B shows a J-shape electrode lead 122, and FIG.

12C shows a spiral shape electrode lead 123. This shape may be achieved by prefabricating

the lead body in the desired shape, or incorporating a component that retains this shape, or

both. That shape may be three dimensional or two dimensional in nature and may be of

consistent pitch or variable pitch. This shape may be straightened via the insertion of a stylet

or other stiffening element during lead placement, and then the lead body will relax into the

anchor shape in the absence of the stiffening element.

[0053] FIG. 12D depicts the electrode lead of FIG. 12C in a delivery state. Introduction

of a wire 125, such as a stylet, causes distal end 124 to straighten. Lead 123 then may be

placed in the desired location. After placement, wire 125 is removed and distal end 124

returns to its natural state, engaging the desired anatomical structure, illustratively muscle M,

and providing stabilization in both a first and a second direction as shown in FIG. 13.

[0054] The present invention further provides embodiments for deploying fixation

elements actively as shown in FIGS. 14 and 15. FIG. 14 depicts the distal region an

exemplary electrode lead having an expandable fixation element shown in a delivery state.

The electrode lead includes elongated member 141, cap 142, nut 143, and expandable

fixation element 144. Cap 142 is disposed at the distal end of elongated member 141. The

proximal end of cap 142 interfaces with nut 143, also joined to elongated member 141, but

more proximally. Between cap 142 and nut 143, elongated member 141 is slit allowing

expandable fixation element 144 to deform in a predictable manner. Upon deployment of the

electrode lead, cap 142 is driven proximally through nut 143 within elongated member 141.

This effectively shortens the distance between the joining points of 142 and 143 to elongated

member 141 resulting in a bulging of expandable fixation element 144. These protrusions

may be located such that the provide stabilization within a tissue plane or between two

adjacent tissue planes.

[0055] FIG. 16 illustrates an exemplary cap for use in the electrode lead of FIG. 14. Cap

161 includes external threads 162, stopper 163, and opening 164. Threads are configured to

mate with threads on the nut of FIG. 14. Rotation of cap 161 within the nut drives the two

together resulting in deployment. Opening 164 at the distal end of cap 161 is configured to

accept a stylet fitted with an end designed to mate with 164 and allow transmission of torque.



Cap 161 may also incorporate stopper 163 designed to prevent excessive deployment and to

secure the position of the two components relative to each other.

[0056] FIG. 1 illustrates an alternative cap for use in the electrode lead of FIG. 14. Cap

171 includes cantilevered arms 172 that incorporate linearly arranged external teeth 173

configured to mate with internal teeth on the nut. Wire 175 is engaged into cap 171 allowing

wire 175 to be pulled proximally into the nut locking the two together via the meshed teeth.

Alternatively, wire 175 may be a pre-installed length of suture which is used to bring the two

components together via counter traction. The excess length of suture would then be

trimmed and placed inside the device header. This mechanism may be removed by insertion

of a stylet which incorporates a distal feature that mates with the leading edge bevel 176 of

cantilevered arms 172. Pressure applied inwards on arms 172 would disengage the teeth and

allow cap 171 to move distally.

[0057] FIG. 18 illustrates the distal region of an exemplary electrode lead having

elongated member 181, electrodes 182, and fixation element 183. Illustratively, one

electrode 182 is disposed distal to fixation element 183 and another electrode 182 is disposed

proximal fixation element 183 although, as will be understood by one of ordinary skill in the

art, the scope of the invention is not limited thereto. Fixation element 183 may be a

conductor coil of at least one insulated wire coupled to distal electrode(s) 182. The wire may

be cowound with one or more other conductors which connect to other electrodes 182 in

elongated member 181, and the wires may be enclosed in elongated member 181 insulating

tubing for most of its length. The leads are connected to the IPG with a demountable

connector or permanently with a typical construction well known to one familiar with the art.

As illustrated, fixation element 183 may be exposed for a portion of its length, for example

between electrodes 182, where a portion of elongated member 181 is discontinuous. The

exposed coil section provides a scaffolding for tissue ingrowth (such as scar tissue), and the

tissue ingrowth reduces risk of or prevents movement of electrodes 182. During the acute

phase (before tissue ingrowth), the geometry of the exposed electrode (e.g., non-smooth

sides) provides sufficient anchoring to reduce the risk of or prevent dislodgement or

movement of the lead. During implantation, a locking stylet of construction well known to

one of ordinary skill in the art may be used to lock to at least one of the electrodes 182 to

provide structural strength during the surgical procedure. Advantageously, elongated

member 181, leads, and fixation element 183 are isodiametric, allowing implantation and



straightforward re-positioning with a percutaneous technique through a needle or introducer.

The lead may be removed by using a locking stylet which engages with at least one of

electrodes 182, thus providing structural strength. Alternatively, the lead my be removed by

sliding a catheter over the outside of the lead along its entire length which is enabled by the

fact that the lead body is isodiametric.

[0058] FIG. 19 shows another aspect of the present invention wherein the fixation

element(s) and electrode(s) are coupled to an implantable microstimulator. Illustratively, the

device includes elongated member 191 coupled to microstimulator 192 at proximal region

193, and electrode 194, first fixation element 195, and second fixation element 196 at distal

region 197. Microstimulator 192 is operatively coupled to electrode 194 and is configured to

direct electrode 194 to deliver electrical energy. Microstimulator 192 may be configured

similarly to stimulators described in, for example, U.S. Patent No. 6,735,474 to Loeb or U.S.

Patent Application Publication No. 2012/0283800 to Perryman. Microstimulator 192 may be

injectable, surgically placed, or placed percutaneously, and may be internally powered or

externally powered, e.g., via an external power source that transmits power to

microstimulator 192 by radio frequency (RF) or microwaves. Microstimulator 192 may be

secured to tissue T (e.g., a muscle, ligament, tendon, fascia, or other suitable tissue) such that

one or more electrodes 194 are disposed in or adjacent to a desired anatomical site within the

patient. Illustratively, the device may be anchored using first and second fixation elements

195, 196 similar to first and second fixation elements 62 and 63 of FIG. 6 . However, as will

be understood by one of ordinary skill in the art, fixation elements 31, 32 (FIG. 3A), 35 (FIG.

3B), 42, 43 (FIG. 4), 52, 53 with groove 55 (FIG. 5), 82, 83 (FIG. 8), 102, 103 with elastic

portion 104 (FIG. 10), 112, (FIGS. 11A-1 1B), 144 (FIG. 14), and/or 183 (FIG. 18) maybe

coupled to an implantable microstimulator without departing from the scope of the present

invention.

[0059] In FIG. 19, illustratively, first fixation element 195 is disposed proximal to tissue

T to reduce the risk of or prevent further advancement through the tissue plane, and second

fixation element 196 is disposed distal to tissue T to reduce the risk of or prevent retraction

(dislodgement) of microstimulator 192 and electrode 194.

[0060] Pigtail 198 may be removably coupled to microstimulator stimulator. Pigtail 198

also may include one or more electrodes disposed along its length to provide flexibility in

choice of stimulation configuration or parameters. In one embodiment, first and second



fixation elements 195, 196 are coupled to pigtail 198. In such an embodiment, elongated

member 191, microstimulator 192, and electrode 194 have a lumen therethrough

longitudinally such that pigtail 198 may pass through the lumen. In operation, pigtail 198

having first and second fixation elements 195, 196 is advanced to tissue T by a delivery

mechanism (e.g., a guidewire, needle, stylet or the like) and first and second fixation

elements 195, 196 are secured to tissue T. Next, the proximal end of pigtail 198 is passed

through the lumen and elongated member 191, microstimulator 192, and electrode 194 are

slid along the length of pigtail 198 until electrode 192 is positioned in or adjacent to a desired

anatomical site. Pigtail 198 may include a one-way locking mechanism (e.g., a tine) (not

shown) such that the lumen may slide over the locking mechanism as elongated member 191,

microstimulator 192, and electrode 194 move distally over the locking mechanism. Once

elongated member 191, microstimulator 192, and electrode 194 are disposed distal to the

locking mechanism, the locking mechanism activates (e.g., expands) to prevent proximal

movement of elongated member 191, microstimulator 192, and electrode 194 past the locking

mechanism to keep microstimulator 192 in the desired location and electrode 194 in or

adjacent to the desired anatomical site.

[0061] Although the medical device described in this disclosure is illustratively an

electrode lead, the medical device could readily include an alternative medical device such as

a catheter or other generally tubular medical device. Additionally, although the fixation

element is described as being configured to be anchored to a muscle or muscle layer, the

anchor could be readily configured to be anchored to any convenient anatomical structure

which provides a stable location, such as a ligament, joint capsule, fibrous membrane, tendon,

fascia, and the like.

[0062] It should of course be understood that it is within the scope of this invention to

provide bilateral stimulation of the multifidus muscle by electrical stimulation of the tissues

that may activate the multifidus such as the medial branch of the dorsal ramus nerve. It

further should be understood that multiple levels, for example the medial branch of the dorsal

ramus L3, L4 and L5, may be stimulated by leads to train the multifidus muscle to its fullest

extent. While the dorsal ramus nerve is described as the targeted nerve for stimulation, it is

within the scope of this patent that stimulation of one or more other anatomical structures

such as ligaments, tendons, fascia, and/or nerves of other than spine stabilization muscles



(e.g., transverse abdominus, psoas, interspinales, longissimus, ileocostalis, intertransversus,

quadratus) may comprise adequate therapy.

[0063] While various illustrative embodiments of the invention are described above, it

will be apparent to one skilled in the art that various changes and modifications may be made

therein without departing from the invention. The appended claims are intended to cover all

such changes and modifications that fall within the true scope of the invention.



WHAT IS CLAIMED:

1. An apparatus for neuromuscular electrical stimulation, the apparatus

comprising:

an elongated member having a proximal region and a distal region;

one or more electrodes disposed at the distal region of the elongated member; and

at least a first fixation element disposed at the distal region of the elongated member,

the first fixation element shaped and sized to contact, but not penetrate, tissue within a patient

without damaging the tissue, so as to secure the one or more electrodes in or adjacent to a

desired anatomical site within the patient.

2 . The apparatus of claim 1, wherein the one or more electrodes are configured to

be implanted in or adjacent to nervous tissue.

3 . The apparatus of claim 1, further comprising a radiopaque marker disposed on

or within the first fixation element.

4 . The apparatus of claim 1, wherein the elongated member has a groove and the

first fixation element is partially disposed within the groove such that it rotates freely around

the elongated member within the groove.

5 . The apparatus of claim 1, wherein the first fixation element is angled distally

relative to the elongated member.

6 . The apparatus of claim 1, wherein the first fixation element comprises a flange,

a partial flange, or a divided flange.

7 . The apparatus of claim 1, wherein the elongated member comprises an elastic

section.

8. The apparatus of claim 1, wherein the first fixation element is expandable.

9 . The apparatus of claim 1, further comprising an implantable pulse generator

coupled to the proximal region of the elongated member.



10. The apparatus of claim 1, wherein the first fixation element is shaped and

sized to be deployed between muscle layers without damaging the muscle layers.

11. The apparatus of claim 1, further comprising a second fixation element

disposed distally relative to the first fixation element on the elongated member.

12. The apparatus of claim 11, wherein the second fixation element comprises a

helical screw.

13. The apparatus of claim 1, wherein the tissue comprises a muscle.

14. The apparatus of claim 1, further comprising a second fixation element

disposed at the distal region of the elongated member, wherein the first and second fixation

elements are configured to sandwich a muscle layer therebetween.

15. The apparatus of claim 11, wherein the second fixation element is expandable.

16. The apparatus of claim 11, wherein the second fixation element is angled

proximally relative to the elongated member.

17. The apparatus of claim 1, wherein the elongated member includes a

discontinuous portion at the distal region, and

wherein the first fixation element is a coil exposed in the discontinuous portion.

18. The apparatus of claim 1, further comprising an implantable microstimulator

coupled to the elongated member at the proximal region.

19. A method of anchoring an elongated member having one or more electrodes

for neuromuscular electrical stimulation, the method comprising:

providing an elongated member having a fixation element disposed at a distal region

of the elongated member; and



inserting the fixation element against or between muscle layers without damaging the

muscle layers so as to secure the one or more electrodes in or adjacent to a desired anatomical

site within a patient.

20. The method of claim 19, wherein the elongated member comprises an

additional fixation element, further comprising sandwiching the muscle layers between the

fixation elements.

2 1. The method of claim 19, wherein the one or more electrodes are secured in or

adjacent to nervous tissue.

22. The method of claim 21, wherein the nervous tissue comprises the medial

branch of the dorsal rami, further comprising delivering electrical energy to the dorsal rami

with the one or more electrodes.
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