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MEDICAL ELECTRICAL LEAD ANCHORING

The present invention generally relates to medical electrical leads and more
particularly to means for anchoring distal portions of such leads.
BACKGROUND

Electrical stimulation of body tissue and organs is often used as a method of

treating various conditions. Such stimulation is generally delivered by means of electrical
contact between a pulse generator device and a target site via one or more medical
electrical leads connected to the pulse generator device; leads typically include one or
more stimulation electrodes joined to a distal portion of the lead, which are positioned and
anchored in proximity to the target site. Various lead structures and methods for
positioning and anchoring lead electrodes in proximity to target sites have been developed
over the years. New structures and methods are necessary to anchor lead electrodes for
emerging therapy delivery requirements, examples of which include cardiac
resynchronization therapy wherein it may be desirable to implant an electrode in or on
myocardial tissue via an epicardial approach. Embodiments of the present invention are
described herein in the context of an epicardial implant, however those skilled in the art of
implantable medical devices will recognize that embodiments of the present invention may
be implemented in a host of other therapy delivery contexts.

BRIEF DESCRIPTION OF THE DRAWINGS

The following drawings are illustrative of particular embodiments of the

invention and therefore do not limit the scope of the invention, but are presented to assist
in providing a proper understanding. The drawings are not to scale (unless so stated) and
are intended for use in conjunction with the explanations in the following detailed
description. The present invention will hereinafter be described in conjunction with the
appended drawings, wherein like numerals denote like elements, and:

Figure 1A is a schematic overview of an implantable medical device (IMD)
including a medical electrical lead according to embodiments of the present invention;

Figure 1B is an enlarged detail from the schematic overview shown in Figure 1A;

Figure 2A is a plan view with partial section views of a medical electrical le(ad

according to one embodiment of the present invention,
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Figure 2B is a partial section view of the lead shown in Figure 2A assembled into an
insertion tool according to one embodiment of the present invention;

Figures 3A-C are schematics depicting implantation of a distal portion of the lead
shown in Figure 2A;

Figure 4 is a partial section view of a lead and an insertion tool according to
alternate embodiments; ,

Figure 5 is a partial section of a lead, according to an additional alternate
embodiment, and the insertion tool of Figure 2B;

Figure 6 is a plan view of a distal portion of a lead and an insertion tool according
to another embodiment of the present invention;

Figure 7 is a plan view of a lead according to yet another embodiment of the
present invention;

Figure 8A is a plan view with partial section views of a bipolar medical electrical
lead according to another embodiment of the present invention;

Figure 8B is a partial section view of the lead shown in Figure 8A assembled into
an insertion tool according to an embodiment of the present invention;

Figure 9 is a partial section view of a bipolar lead, according to an alternate
embodiment, assembled into the insertion tool of Figure 8B;

Figure 10 is a partial section view of another embodiment of a bipolar lead within
another embodiment of an insertion tool; and .

Figure 11 is a partial plan view of yet another embodiment of a bipolar lead and

yet another embodiment of an insertion tool according to-the present invention.

DETAILED DESCRIPTION OF THE DRAWINGS

The following detailed description is merely exemplary in nature and is not
intended to Iimit the scope, applicability, or configuration of the invention in any way.
Rather, the following description provides a convenient illustration for implementing
exemplary embodiments of the invention.

Figure 1A is a schematic overview of an implantable medical device (IMD)
including a medical electrical lead according to embodiments of the present invention.
Figure 1A illustrates an IMD including an implantable pulse generator (IPG) 1 coupled to
a medical electrical lead 10, which in turn is coupled to a heart left side 100 for
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stimulation thereof. Figure 1B is an enlarged detail showing salient portions of a distal
portion of lead 10. Figure 1B illustrates lead 10 including an electrode 13 coupled to a
lead body 11 and implanted in a wall 105 of left heart 100; electrode 13 is coupled to IPG
1 via a conductor (not shown) extending within lead body to a connector contact (not
shown) formed at a proximal end of lead 10, which is connected to IPG 1. According to
embodiments of the present invention, as illustrated in Figure 1B, lead 10 further includes
a tissue anchor 15 coupled to lead 10 via a non-rigid tether 14 extending distally from
electrode 13; tissue anchor 15 has been pushed into heart wall 105 followed by electrode
13. Tt should be noted that lead 10 might also be similarly implanted in a septal wall 16
approached from a right ventricle 17 via a transvenous route well known to those skilled in
the art, or in any other wall of the heart. L

Tissue anchor 15 includes a surface 51 to receive a push force, which will be
further described herein below, according to embodiments of the present invention.
According to some embodiments, anchor 15 is formed of a bioabsorbable material,
examples of which include those taught in lines 10 — 24 of U.S. Patent 6,173,206. One
example of an appropriate bioabsorbable material, polydioxanone is described along with
means for molding the material in U.S. Patent 4,490,326, the relevant teachings of which
are incorporated by reference herein.

Figure 1B further illustrates means for promoting chronic adhesion to a surface of
heart wall 105 embodied by a layer 12 formed about lead body 11. According to some
embodiments of the present invention, layer 12 creates a porous or roughened surface on
lead body 11, which encourages tissue ingrowth; examples pf such a layer include a
polyester mesh sleeve formed about lead body 1 1.

Figure 2A is a plan view with partial section views of a medical electrical lead
1000 according to one embodiment of the present invention. Figure 2A illustrates a lead
body 110 including an optional layer 120 (indicated with dashed lines) as means
previously described for promoting chronic adhesion, a conductor 111 and an outer
insulative sheath 112; conductor 111 couples an electrode 130 to a connector contact 160
for coupling to an IPG, e.g. IPG 1 shown in Figure 1A. Sheath 112 may be formed of a
biocompatible polymer, examples of which include polyurethane and silicone rubber.
Materials from which electrode 130 may be formed are well known to those skilled in the

art and include platinum, gold, and tantalum; materials from which contact 160 may be
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formed are likewise known and include stainless steel and titanium; materials from which
conductor 111 may be formed are likewise known and include MP35N alloy. Means for
coupling conductor 111 to both electrode 130 and connector contact 160 include crimping
and welding along with other methods known to those skilled in the art of lead
construction.

Figure 2A further illustrates a tissue anchor 150, including resilient tine members
151, joined to lead body 110 via a non-rigid tether 140 extending distally from electrode
130 according to one embodiment of the present invention. Tine members 151 may be
formed from a polymer, for example polyurethane or silicone. Tether 140 and other tether
elements described below in conjunction with alternate embodiments are formed from
flexible materials, examples of which include, without limitation, nylon thread, |
polyethylene fiber, liquid crystal polymer fiber, polyester fiber, polypropylene wire,
silicone rod or tube and polyurethane rode or tube. In the embodiment illustrated by
Figure 2A, tether 140 also extends through and proximally from electrode 130 through a
lumen 141 formed within lead body 110 and is coupled to connector contact 160; thus lead
body 110 generally conforms to lead body embodiments taught by Williams and Chivers
in U.S. Patent 6,516,230 wherein means for mechanically coupling a fiber cord to lead
components are described. Construction methods taught by Williams and Chivers in the
“230 patent, incorporated by reference herein, may be used to build embodiments of the
present invention, both those wherein a fiber cord extending within lead body is used for a
tether and those in which a tether extends only between an electrode and an anchor. In
alternate embodiments a conductor is formed as a cable rather than a coil as illustrated in
Figure 2A. Furthermore, another embodiment according to the present inventi\on includes
an insulated portion of a cable conductor, which conductor couples electrode 130 to
contact 160, extending distally of electrode to form tether 140 joining anchor 150 to lead
body 110.

Figure 2B is a partial section view of lead 1000 assembled into an insertion tool
according to one embodiment of the present invention. Figure 2B illustrates the insertion
tool as a needle 20 including a lumen 25 slidably engaging lead 1000, wherein tine
members 151 have been folded distally when lead body 110 was pulled, in the direction of
arrow A, into needle 20, having been inserted, connector contact 160 first, at a distal end

22 of needle 20. Alternately lead 1000 may be inserted into needle 20 at a proximal end 23
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so that tines 151 are folded down in an opposite direction. According to this embodiment
of the present invention, undersides 152 of tines 151 are laterally extending surfaces which
comprise means for receiving a push force from a distal end 527 of a push tube 526
slideably engaged within lumen 25 of needle 20 and slideably engaged about lead 1000, in
order to insert anchor 150 into a segment of tissue at a target site. Needle 20 and push
tube 526 are preferably formed from a semi-rigid material, examples of which include,
without limitation, a PEEK polymer and a super-elastic metal such as Nitinol.

Figures 3A-C are schematics depicting insertion of anchor 150 into a segment of
tissue 30. For convenience, needle 20 is shown herein having a substantially straight
longitudinal axis, however it should be noted that the longitudinal axis of needle 20 may
have any curvature facilitating piercing a wall of an organ without risk of perforating that
wall, i.e. entry and exit at a same surface of the organ; some such curvatures are taught, in
the context of epicardial leads, by Bourgeois et al. in commonly assigned U.S. Patent
5,716,392. Furthermore, means for gaining access to a target site for insertion of a lead
via needle 20 are not illustrated but are well known to those skilled in the art of surgery,
either conventional or minimally invasive.

Figure 3A illustrates lead 1000 carried in lumen 25 of needle 20 as distal end 22 of
needle 20 begins to pierce tissue 30. Figure 3B illustrates needle 20 having carried anchor
150, tether 140 and electrode 130 into tissue 30 and Figure 3C illustrates a removal of
needle 20 over electrode 130 and lead body 110 leaving anchor 150, tether 140 and
electrode 130 implantéd in tissue 30. As previously described, underside 152 of tine 151
receives a push force from distal end 527 of a push tube 526 slideably engaged within
lumen 25 of needle 20; the force, according to arrow B, carries lead 1000 forward in order
to implant anchor 150, tether 140 and electrode in tissue 30. It should be noted that a
depth of insertion may be varied from that illustrated such that electrode 130 is positioned
at a surface 300 of tissue segment 30 rather than within tissue segment 30. Furthermore,
although electrode 130 is described as terminating lead body 110 in the illustrated
embodiment, electrode 130 need not terminate lead body 110; according to alternate
embodiments an electrode is positioned more proximally along lead body and insertion
depth corresponds to the position of the electrode in order to implant electrode in contact

with tissue segment 30.
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Figure 4 is a plan view with a partial section of a lead and an insertion tool
according to additional alternate embodiments. Figure 4 illustrates a lead body 410
terminated at a distal end with electrode 430 which is coupled to a connector contact 460
via a conductor within lead body 410 (not shown) and from which extends a non-rigid
tether 440 joined to a tissue anchor 450 formed by a substantially spherical member. As
with previous embodiments, a laterally extending surface 452 of anchor 450 is means for
receiving a push force, however according to the alternate embodiment of an insertion
tool, the push force is provided by a protrusion 27 extending into a lumen 425 of a needle
420 which is slideably engaged about lead body 410. In one embodiment, wherein tether
440 is formed from a nylon thread, melting a distal end of tether 440 integrally forms
tissue anchor 450. According to the embodiment illustrated in Figure 4, lead body 410
may be pulled, in the direction of arrow A, into needle 420, having been inserted,
connector contact 460 first, at a distal end 422 of needle 420. Of course needle 20 and
push tube 526 previously described may also be used as an insertion tool for the lead
illustrated in Figure 4.

Figure 5 is a partial section of a lead, according to an additional alternate
embodiment, assembled within the insertion tool of Figure 2B. Figure 5 illustrates a lead
body 510 terminated at a distal end with electrode 530 which is coupled to a connector
contact 560 via a conductor within lead body 510 (not shown) and from which extends a
helically formed non-rigid tether 540 joined to a tissue anchor 550 formed by a
substantially conical member. As with previous embodiments, laterally extending surface
552 of anchor 550 is means for receiving a push force provided by distal end 527 of push
tube 526 slidably engaged about lead body 510 and slidably engaged within needie 20.

Figure 6 is a plan view of a distal portion of a lead and an insertion tool according
to another embodiment of the present invention. Figure 6 illustrates a lead body 610
terminated by an electrode 630 from which extends a tether 640 joined to a tissue anchor
650 including a resilient tine member 651 and a recess 653. According to embodiments of
the present invention, Figure 6 further illustrates recess 653 as means for receiving a push
force from a distal end 627 of a stylet insertion tool 626 in order to insert tissue anchor
650 into a segment of tissue thus implanting electrode 630. Alternately, a needle insertion
tool, e.g. needle 420, or a push tube within a needle, e.g. push tube 526 within needle 20,
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may-be used to insert anchor 650 by engaging a laterally extending surface 654 of anchor
650 as previously described for other embodiments.

Figure 7 is a plan view of a lead according to yet another embodiment of the
present invention. Figure 7 illustrates a lead body 710 terminated by an electrode 730
from which extends a tether 740 joined to a tissue anchor 750 including resiiienf tine
members 751 and a recess 753. According to embodiments of the present invention, in
order to implant electrode 730 by inserting tissue anchor 750 into a tissue segment, recess
753 comprises means for receiving a push force from a stylet insertion tool, e.g. stylet 626
and, according to alternate embodiments, laterally extending surface 752 comprises means
for receiving a push force from a needle, e.g. needle 420, or a push tube, e.g. push tube
526. |

Figure 8A is a plan view with partial section views of a bipolar medical electrical
lead according to another embodiment of the present invention. Figure 8A illustrates lead
80 including a first conductor 811 and an outer insula{tive sheath 812 forming a lead body
810; first conductor 811 couples a first electrode 830 to a first connector contact 860.
Figure 8A further illustrates lead 80 including a second conductor 841 within an inner
insulative sheath 842 forming a second elongated insulated conductor 840; second
elongated insulated conductor 840 includes two portions, a first portion extending within
lead body 810 and second portion ektending distally from first electrode 830, which
happens to coincide with a distal end of lead body 810 according to the illustrated
embodiment, and terminated by a tissue anchor 850, which includes resilient tine members
851 as previously described in conjunction with Figure 2A. According to embodiments of
the present invention, as illustrated in Figure 8A, a second electrode 835, mounted on
tissue anchor 850, is coupled to a second connector contact 865 via second elongated
insulated conductor 840 to form a bipolar pair with first electrode 830.

Figure 8B is a partial section view of the lead shown in Figure 8A assembled into
an insertion tool according to an embodiment of the present invention. Figure 8B
illustrates lead body 810 slideably engaged within lumen 425 of needle 420 having been
loaded into distal end 422 of needle 420 per arrow A. As previously described, a push
force to insert tissue anchor 850 into a segment of tissue is provided by protrusion 27
extending into lumen 425 of needle 420, and a laterally extending surface 852 of anchor

850 is means for receiving the push. Referring back to Figure 1B, tissue anchor 850 may
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be pushed into heart wall 105 such that first electrode 830 is positioned in close proximity
to heart wall 105 while second electrode 835, being carried on tissue anchor 850, is
implanted within heart wall 105, spaced apart from first electrode 830 to form a bipolar
pair for pacing and / or sensing. A means to promote chronic adhesion is also included on
lead 80 embodied by a layer 820, as illustrated in Figure 8A; layer 820 is similar to layer
120 previously described. Referring now to Figures 3A-C, needle 420 may be use(d ina
similar fashion to needle 20 and push tube 526 to insert tissue anchor 850 of lead 80.

Figure 9 is a partial section view of a bipolar lead, according to an alternate
embodiment, assembled into the insertion tool of Figure 8B. Figure 9 illustrates lead body
910 slideably engaged within lumen 420 of needle 420 and terminated at a distal end by a
first electrode 930, which is coupled to a first connector contact 960 via a first conductor
(not shown) extending within lead body 910. Figure 9 further illustrates a second
elongated insulated conductor 940, which includes two portions, a first portion (not
shown) extending within lead body 910 and second portion extending distally from first
electrode 930 and terminated by a substantially spherical member forming a tissue anchor
950. According to embodiments of the present invention, a second electrode 935 mounted
on tissue anchor 950 is coupled to a second connector contact 965 via second elongated
insulated conductor 940; second electrode 935 is implanted within a segment of tissue by
needle 420 wherein protrusion 27 applies a push force to a laterally extending surface 952
of anchor 950.

Figure 10 is a partial section view of another embodiment of a bipolar lead within
another embodiment of an insertion tool. Figure 10 illustrates lead body 1010 slideably
engaged within lumen 525 of needle 20 and terminated at a distal end by a first electrode
1030, which is coupled to a first connector contact 1060 via a first conductor (not shown)
extending within lead body 1010. Figure 10 further illustrates a second elongated
insulated conductor 1040, which includes two portions, a first portion (not shown)
extending within lead body 1010 and second portion extending distally from first electrode
1030, forming a helix, and terminated by a substantially conical member forming a tissue
anchor 1050. According to embodiments of the present invention, a second electrode
1035 mounted on tissue anchor 1050 is coupled to a second connector contact 1065 via
second elongated insulated conductor 1040; second electrode 1035 is implanted within a

segment of tissue by needle 20 wherein push tube 526, slideably engaged about lead body
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1010, applies a push force, via distal end 527, to a laterally extending surface 1052 of
anchor 1050.

Figure 11 is a partial plan view of yet another embodiment of a bipolar lead and
yet another embodiment of an insertion tool according to the present invention. Figure 11
illustrates a lead body 1110 terminated by a first electrode 1130, which is coupled to a first
connector cbntact (not shown) via a first conductor (not shown) extending within lead
body 1110. Figure 11 further illustrates a second elongated insulated conductor 1140,
which includes two portions, a first portion (not shown) extending within lead body 1 110
and a secénd portion extending distally from first electrode 1130 and terminated bya
tissue anchor 1150; tissue anchor 1150 includes a resilient tine member 1151, a laterally
extending surface 1154 and a recess 1153. According to embodiments of the present
invention, a second electrode 1135, mounted on anchor 1150, is coupled to a second
connector contact (not shown) via second elongated insulated conductor 1140 and is
implanted in a segment of tissue via a push force from stylet 626 whose distal end 672 is
received within receptacle 1153 of anchor 1150. Alternately, either of needle insertion
tools 20/520 or 420 may be used to insertion tissue anchor 1150 by engaging laterally
extending surface 1154 of anchor 1150.

In the foregoing specification, the invention has been described with \reference to
specific embodiments. However, it may be appreciated that various modifications and
changes can be made without departing from the scope of the invention as set forth in the
appended claims. For example the electrode illustrated terminating a distal end of a lead
body may alternately be position proximal to a distal end of the lead body; furthermore the
lead bodies described although illustrated as coaxially constructed may take on other
forms known to those skilled in the art. Accordingly, the specification and figures are to
be regarded as i_llustrative rather than as restrictive, and all such modifications are intended

to be included within the scope of the present invention.
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Whiat is claimed is:

1. A medical electrical lead, comprising:

a lead body including a distal end, a first elongated insulated conductor
extending toward the distal end and a first electrode coupled to the first conductor;

a second elongated insulated conductor including a first portion extending
within the lead body to the distal end and a second portion extending distally from the
distal end of the lead body;

" atissue anchor terminating the second portion of the second conductor and
including a surface for receiving a push force from an insertion tool adapted to insert
the anchor within a segment of tissue such that the first electrode of the lead body isin
close proximity to the segment of tissue; and

a second electrode mounted on the tissue anchor and coupled to the second
conductor.

»

2. The medical electrical lead of claim 1, wherein the second portion of the

second conductor forms a helix in between the distal end of the lead body and the

anchor. ,

3. The medical electrical lead of claim 1, wherein the surface of the anchor

extends laterally from the second portion of the second conductor.

4. The medical electrical lead of claim 1, wherein the surface of the anchor

\

forms a recess.

i

5. The medical electrical lead of claim 1, wherein the anchor comprises a

’

resilient tine member.

6. The medical electrical lead of claim 1, wherein the anchor comprises a

substantially spherical member.
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7.  The medical electrical lead of claim 1, wherein the anchor comprises a

substantially conical member.

8.  The medical electrical lead of claim 1, further comprising means

promoting chronic adhesion of the lead body to the segment of tissue; the means

positioned in proximity to the distal end of the lead body.

9. A medical electrical lead, comprising:

a lead body including a distal end, a first elongated insulated conductor
extending toward the distal end and a first electrode coupled to the first conductor;

~ asecond elongated insulated conductor including a first portion extending
within the lead body to the distal end and a second portion extending distally from the
distal end of the lead body;

a tissue anchor terminating the second portion of the second conductor and
including means for receiving a push force from an insertion tool adapted to insert the
anchor within a segment of tissue such that the first electrode of the lead body is in
close proximity to the segment of tissue; and

a second electrode mounted on the tissue anchor and coupled to the second

conductor.

10. A medical implant system, comprising:
a medical electrical lead body including a distal end, a first elongated
insulated conductor extending toward the distal end and a first electrode
coupled to the first conductor;
a second elongated insulated conductor including a first portion extending
within the lead body to the distal end and a second portion extending
distally from the distal end of the lead body;
a tissue anchor terminating the second portion of the second conductor;
a second electrode mounted on the tissue anchor and coupled to the second

conductor; and
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an insertion tool adapted to push the anchor into a segment of tissue in
order to implant the first electrode in proximity to the tissue and the second electrode
within the segment of tissue;
wherein the anchor includes a surface receiving the push from the insertion
tool.
11.  The implant system of claim 10, wherein the insertion tool comprises a

needle including a lumen adapted to slideably engage the lead body.

12.  The implant system of claim 11, wherein the needle further includes an
protrusion extending into the lumen and interfacing with the surface of the anchor to
push the anchor.

13.  The implant system of claim 11, wherein the insertion tool further
comprises a push tube slidably engaged within the needle lumen and slidably engaged
about the lead body; the push tube including a distal end interfacing with the surface of

the anchor to +push the anchor.

14.  The implant system of claim 10, wherein the second portion of the
second conductor forms a helix in between the distal end of the lead body and the

anchor.

. 15.  The implant system of claim 10, wherein the anchor comprises a
member selected from the group consisting of a resilient tine, a substantially spherical

member, and a substantially conical member.

16. The implant system of claim 10, wherein:
the insertion tool comprises a stylet including a distal end; and

the surface of the anchor forms a recess receiving the distal end of the stylet.
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