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FIGURE 1

(57) Abstract: Disclosed is an electrode, such as an SCS paddle electrode, having a lead attached thereto along an interior portion
of the electrode. The lead and electrode are configured such that the lead may be positioned generally coplanar with a top surface
of the electrode, and may likewise be erected from such coplanar orientation up and away from the top surtace of the electrode.
Thus, the lead can maintain the typical configuration of emerging from the back end of the electrode, but because at least portions
of the lead are not permanently bonded into the electrode paddle, the lead (when desired) can be pulled upward, with or without
surrounding strain relief material, to emerge from the top surface of the paddle at an angle or curve to such top surface. This al-
lows the base of the paddle to engage a bony opening, such as when the electrode is inserted into a patient's spine, skull, plane of
fascia, etc.
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ELECTRODE HAVING ERECTABLE LEAD

Technical Field

The present invention relates generally to the field of implantable medical
electronic devices, such as electrical stimulators, epidural electrodes, defibrillators
and pacemakers, and more particularly to an electrode having an emerging lead
capable of being erected away from the plane of the electrode.

Background Art

Many humans (and other mammals and animals) receive benefit from
implantable medical devices that deliver electrical pulses to or record from desired
locations within their bodies. Such medical devices may comprise, for instance,
spinal cord stimulation (““SCS”) electrodes which typically comprise a small lead wire
that is connected at one end to a power source and at the opposite end to a plurality of
electrical contacts configured to transfer an electrical signal to the tissues that are to
be stimulated. Those electrical contacts may, for instance, be situated in a paddle
configured for implantation in a patient adjacent the tissue that is to be stimulated,
such as along the spinal cord of a patient. SCS paddles typically have the lead wire or
wires emerging from the bottom edge of the paddle, in the same plane as the body of
the paddle. Also, typically there is a strain relief, molded along with the paddle,
which surrounds the emerging lead or leads for approximately 5-8mm, and beyond
that the flexible leads continue onward to the power source.

SCS paddles provided with such coplanar strain relief and lead assemblies can
provide certain advantages. For instance, such assembly can be advanced through an
opening in the spinal canal (i.e., a laminectomy) upward or downward until the paddle

and even the strain relief and a portion of the lead disappear from view. This can be
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useful in mapping stimulating contact positions higher or lower in the spinal canal
than would be allowed by the length of the paddle alone. Moreover, molding and
overall manufacturing are more easily accomplished for such configurations.
Unfortunately, however, such coplanar configurations also carry significant
disadvantages. The placement of such components can be quite challenging, as the
health care provider must specifically place the electrical contacts so that, when
energized, they will record from or stimulate only the intended tissue, but not other
tissue (stimulation of which in turn may cause perceived paresthesia, muscle
contractions or even pain beyond that for which the patient originally sought
treatment). In the case of traditional paddle electrode configurations, the emerging
lead wire and strain relief must be bent as they emerge through an opening in bone,
fascia or other tissue (for instance, laminectomy in the spine or burr hole in the skull),
and to the extent that they are elastic, this introduces a bending moment, which tends
to make the paddle migrate to one side or the other. Such migration will typically
require surgical revision to replace the paddle in the proper position. Moreover, the
techniques used to anchor such electrodes in place inside of the patient are insecure,
such that the electrodes have a tendency to migrate away from the site at which they
are originally implanted in the patient, at times in response to normal body movement
of the patient. To the extent that it might not be anchored securely and can migrate
downward, the lowermost part of a traditionally configured paddle electrode can come
up and out of the spinal canal or skull, such that this part is no longer useful. Still
further, during implantation, it can be quite difficult to engage a traditionally
configured paddle electrode with the bony window formed by the laminectomy or
burr hole, so as to mechanically lock the paddle in place within the epidural space of

the spine or intracranially.
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Attempts have previously been made to provide a paddle electrode in which
the lead attaches to and emerges from the paddle along a face of the paddle, in turn
reducing, at least to some extent, the bending moments that might be applied to the
paddle from the lead. However, such prior efforts have themselves carried
disadvantages, in that they prevent passage of the portion of the paddle at which the
lead attaches above or below the bony window created by the laminectomy, because
the nearly perpendicular emerging lead wire blocks further progress as it runs into the
bony edge.

It would therefore be beneficial to provide an electrode that is more easily
implanted by the health care provider in the intended position, and that is less prone to
migration from the intended implantation site than previously known electrodes.

Disclosure of Invention

Disclosed is an electrode, such as an SCS paddle electrode, having a lead
attached thereto along an interior portion of the electrode. The lead and electrode are
configured such that the lead may be positioned generally coplanar with a top surface
of the electrode, and may likewise be erected from such coplanar orientation up and
away from the top surface of the electrode. Thus, the lead can maintain the typical
configuration of emerging from the back end of the electrode, but because at least
portions of the lead are not permanently bonded into the electrode paddle, the lead
(when desired) can be pulled upward, with or without surrounding strain relief
material, to emerge from the top surface of the paddle at an angle or curve to such top
surface. This allows the base of the paddle to engage a bony opening, such as when
the electrode is inserted into a patient’s spine, skull, plane of fascia, etc.

With respect to a particularly preferred embodiment of the invention, and

implantable electrode is provided comprising an electrode body having a front end, a
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back end, a top surface, and a bottom surface, and a lead having an electrode engaging
portion extending into said electrode body from the back end and fixed to the
electrode body at least at a lead terminal point located between the front end and the
back end, wherein a section of said electrode engaging portion of said lead is
erectable away from said top surface of said electrode.

Brief Description of the Drawings

The numerous advantages of the present invention may be better understood
by those skilled in the art by reference to the accompanying drawings in which:

FIG. 1 is a top view of an electrode according to one aspect of a particularly
preferred embodiment of the invention.

FIG. 2 is a side, cross-sectional view of the electrode of Figure 1.

FIG. 3 is a cross-sectional view along section line A-A of Figure 1.

FIG. 4 is a side, perspective view of the electrode of Figure 1 placed into a
patient’s spine.

FIGS. 5A and 5B are cross-sectional views of an electrode according to
another aspect of the invention.

FIG. 6 is a side view of an electrode according to yet another aspect of the
invention.

FIG. 7 is a cross-section view of the electrode of Figure 6.

Best Mode(s) for Carryving Out the Invention

The following description is of a particular embodiment of the invention, set
out to enable one to practice an implementation of the invention, and is not intended
to limit the preferred embodiment, but to serve as a particular example thereof. Those
skilled in the art should appreciate that they may readily use the conception and

specific embodiments disclosed as a basis for modifying or designing other methods



WO 2011/011671 PCT/US2010/043033

10

15

20

25

and systems for carrying out the same purposes of the present invention. Those
skilled in the art should also realize that such equivalent assemblies do not depart
from the spirit and scope of the invention in its broadest form.

With regard to a particularly preferred embodiment of the invention, an
implantable electrode is provided, such as a SCS paddle electrode, capable of being
surgically implanted inside of a patient so as to transfer an electrical signal from a
power source to targeted tissue in the patient. The paddle electrode is particularly
configured so as to allow the lead wire to lie flat and generally coplanar with a surface
of the paddle in those applications where a coplanar configuration is desired, but to
likewise allow erection of the lead out of the plane of the paddle in those applications
where an angled orientation between the lead and the paddle is desired.

With regard to a particularly preferred embodiment of the invention and with
reference to Figures 1 and 2, a paddle electrode 100 is shown having a top surface
102, bottom surface 104, front end 106, and back end 108. A lead 110 enters the
paddle electrode 100 through back end 108. Lead 110 contains a plurality of wires
112 that engage electrical contacts 114 situated on paddle electrode 100, and at an
opposite end of lead 110 connect to a power source (not shown) so as to convey an
electrical signal from such a power source to each of electrical contacts 114.

An electrode engaging portion 123 of lead 110 extends into paddle electrode
100 through a hollow channel 120, which electrode engaging portion 123 extends
from back end 108 into a central portion of the body of paddle electrode 100, and
terminating in such central portion of paddle electrode 100 at a lead terminal point
121. A longitudinal slit 122 likewise extends from back end 108 of paddle electrode
100 into such central portion, and extends downward into top surface 102 of paddle

electrode 100 and into channel 120. Slit 122 thus provides an opening in top surface
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102 of paddle electrode 100 through which lead 110 may be pulled, thus raising at
least a section of lead engaging portion 123 of lead 110 out of the plane of the top
surface 102 of paddle electrode 100, while the forward-most end 124 of lead 110
(coinciding with lead terminal point 121) remains affixed to and generally parallel to
the major axis of paddle electrode 100.

Figure 3 provides a cross-sectional view along section line A-A of Figure 1 of
paddle electrode 100, in which it can be seen that slit 122 extends downward through
top surface 102 of paddle electrode 100 and down to lead 110, thus allowing at least a
section of lead engaging portion 123 of lead 110 to be pulled upward and away from
paddle electrode 100. Thus, when circumstances so dictate, the healthcare provider
may pull the lead 110 upward so that a portion of lead 110 emerges from top surface
102 at an angle or a curve. As shown in Figure 4, this allows the base of the paddle to
mechanically engage a bony opening formed from a laminectomy procedure for
purposes of inserting an electrode into a patient’s spine. As those of ordinary skill in
the art will appreciate, such application is not limited, however, to implantation of an
electrode in a patient’s spine, and may likewise be used for implantation of an
electrode in a patient’s skull, in a plane of fascia, subcutaneously, or in any other
tissue.

With regard to another aspect of an embodiment of the invention and with
particular reference to Figures SA and 5B, paddle electrode 100 may be provided with
a keel 200 positioned on top side 102 of paddle electrode 100. Once again, an
electrode engaging portion of lead 110 extends into keel 200 through a hollow
channel 220 in the same manner as described above. In this case, slit 122 may be

provided extending downward from the top surface of keel 200 to lead 110, in turn
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allowing at least a section of the electrode engaging portion of lead 110 to be pulled
upward and away from paddle electrode 100.

With regard to another aspect of an embodiment of the invention and with
particular reference to Figures 6 and 7, paddle electrode 100 may again be provided a
keel 200. Instead of a slit as shown in Figures 1-5, and while lead 110 extends into
and is affixed to keel 200, a strain relief portion 202 of keel 200 is separable from the
top surface 102 of paddle electrode 100. In this configuration, lead 110 may remain
within the keel 200 as it separates from top surface 102 of paddle electrode 100, so
that they might be erected together, with the portion 202 of keel 200 serving as strain
relief.

As shown in Figure 6, a membrane 204 may optionally be provided between
keel 200 and top surface 102 of paddle electrode 100, which membrane maintains
continuity between the lead 110 and the paddle electrode 100 when they diverge. The
purpose of such web is to prevent tissue ingrowth which might make removal of the
paddle electrode 100 more difficult once the patient’s body encapsulates it in scar.
Omitting this feature, on the other hand, would lead to greater tissue ingrowth and
stability.

Optionally, adhesive may be used to bond lead 110 into paddle electrode 100
at or before the time of implantation, in the case that using it in the erected position is
not contemplated. It is envisaged, however, that the above-described construction
will be sufficiently secure, when lead 110 is simply engaged in paddle electrode 100,
that this is not essential.

It shall be understood that various other characteristics of the novel erectable
lead electrode of the current invention may be changed without departing from the

scope and spirit of the present invention. For instance, the material composition of
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the paddle electrode may comprise any preferably chemically, electrically, and
biologically inert material, such as medical grade, inert, elastomeric polymer or a
silicone elastomer, or any other similarly configured flexible material suitable for
surgical implantation and for use with electrodes 114. The material composition of
the lead 100 may be similar to or different from that of the paddle electrode 100. In
addition, while the exemplary embodiments show a paddle electrode of generally
constant proportion and configuration throughout, it is contemplated that parts of the
paddle electrode may include varying proportions or configurations.

It is believed that the present invention and many of its attendant advantages
will be understood by the forgoing description. It is also believed that it will be
apparent that various changes may be made in the form, construction and arrangement
of the components thereof without departing from the spirit and scope of the invention
or without sacrificing all of its material advantages. The form herein before described
is merely an explanatory embodiment thereof.

Industrial Applicability

The present invention is applicable to surgical medical devices. The invention
discloses an implantable electrode having a lead attached thereto and capable of being
erected upward and away from the top surface of the electrode. The device and

method can be made in industry and practiced in the medical field.



WO 2011/011671 PCT/US2010/043033

CLAIMS

I claim:

1 1. Animplantable electrode comprising:

2 an electrode body having a front end, a back end, a top surface, and a bottom

3  surface; and

4 a lead having an electrode engaging portion extending into said electrode body
5  from the back end and fixed to the electrode body at least at a lead terminal point

6  located between the front end and the back end;

7 wherein a section of said electrode engaging portion of said lead is erectable

8 away from said top surface of said electrode.

1 2. The implantable electrode of claim 1, further comprising a plurality of electrical
2 contacts within one of said top surface and said bottom surface of said electrode, and
3 aplurality of wires extending from said lead at said lead terminal point to said

4 plurality of electrical contacts.

1 3. The implantable electrode of claim 1, wherein said lead terminal point is located at
2 apoint on said electrode body that is closer to a midpoint of said electrode body

3 between said front end and said back end than to the back end of said electrode body.

1 4. The implantable electrode of claim 1, said electrode body further comprising a
2 hollow channel extending between said top surface and said bottom surface and into

3 said electrode body from the back end thereof to said lead terminal point, and wherein
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said lead extends into said hollow channel from the back end to the lead terminal

point.

5. The implantable electrode of claim 4, said electrode body further comprising a
longitudinal slit on said top surface of the electrode body extending from said top

surface to said hollow channel.

6. The implantable electrode of claim 5, wherein said section of said electrode
engaging portion of said lead is erectable outward from said hollow channel through

said longitudinal slit and away from said top surface of said electrode body.

7. The implantable electrode of claim 1, said electrode body further comprising a keel
on the top surface of said electrode body, wherein said lead extends into said keel

from said back end of said electrode body.

8. The implantable electrode of claim 7, said keel further comprising an elongate strip
positioned on said top surface of said electrode body and having a width less than a

width of the top surface of said electrode body.

9. The implantable electrode of claim §, wherein at least a portion of said keel is

fixed to the top surface of said electrode body.

10. The implantable electrode of claim 7, wherein said lead extends into a hollow
channel extending into said keel from the back end of said electrode body to said lead

terminal point.

10
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1 11. The implantable electrode of claim 10, said keel further comprising a
2 longitudinal slit on a top surface of said keel extending from said top surface of said

3  keel to said hollow channel.

1 12. The implantable electrode of claim 11, wherein said section of said electrode
2 engaging portion of said lead is erectable outward from said hollow channel through

3 said longitudinal slit and away from said top surface of said electrode body.

1 13. The implantable electrode of claim 10, wherein said keel is directly attached to
2 said top surface of said electrode body along only a first portion of the length of said
3 keel, and is not directly attached to said top surface of said electrode body along a

4 second portion of the length of said keel.

1 14. The implantable electrode of claim 13, wherein said section of said electrode and

2 said second portion of said keel are extendable away from said top surface of said

3 electrode body.

1 15. The implantable electrode of claim 14, further comprising a membrane situated

2 between said top surface of said electrode body and said second portion of said keel.

11
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SUBSTITUTE SHEET (RULE 26)
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