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FIXATION HELIX AND MULTIPOLAR MEDICAL ELECTRODE
TECHNICAL FIELD

[0001] The present invention relates to implantable medical
devices for stimulating body tissues and/or sensing physiological
attributes. More specifically, the invention relates to helical fixation

electrodes used in such devices.

BACKGROUND

[0002] Various physiological functions can be managed and/or
monitored using medical devices. Many such medical devices include
fixation electrodes, where the fixation electrode is configured to both fix
the medical device to a location in the body and also deliver an
electrical signal to a target location within the body and/or sense an
electrical signal at a target location within the body. For example,
implantable medical devices have been used in association with
cardiac rhythm management, which can include cardiac pacing,
cardiac defibrillation, and/or cardiac therapy, among other procedures.
Various designs for such fixation electrodes are known in the art.
There exists a need for alternative designs for fixation electrodes that

can be used in such medical devices.

SUMMARY

[0003] In one embodiment of the invention, a medical electrical
lead comprises a proximal connector, an insulative lead body, a
composite helical electrode, and first and second conductors. The
proximal connector is configured to couple the lead to an implantable
medical device. The insulative lead body extends distally from the
proximal connector. The composite helical electrode includes a first
generally tubular electrode having a first distal end portion, a second
electrode disposed at least partially within the first electrode and having
a second distal end portion, the first and second distal end portions
longitudinally spaced from one another, and an insulating layer
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disposed between the first and second electrodes, the insulating layer
extending distally of the first electrode and terminating between the first
and second distal end portions. The first conductor electrically couples
the proximal connector to the first electrode and the second conductor
electrically couples the proximal connector to the second electrode,
and the first and second conductors extend through the lead body from
the helical electrode to the proximal connector. Further, a distal portion
of the multipolar helical electrode is configured to be at least partially
implanted in the body tissue to fixate the lead thereto.

[0004] 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

[0005] Figure 1 shows an exemplary implantable medical device
according to embodiments of the present invention;

[0006] Figure 2 shows a longitudinal cross-sectional view of a
medical device lead according to embodiments of the present
invention; and

[0007] Figure 3 shows a longitudinal cross-sectional view of
another medical device lead according to embodiments of the present
invention.

[0008] 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.



WO 2009/079037 PCT/US2008/072789

DETAILED DESCRIPTION

[0009] Figure 1 is a combined cutaway view of a human heart 1
and a perspective view of an exemplary cardiac rhythm management
(CRM) device 2. The heart 1 has a right atrium 3, a right ventricle 4, a
left atrium 6, a left ventricle 8, an epicardium 10, an endocardium 12
and a myocardium 14. The CRM device 2 can be implanted at a site of
interest 16, as further discussed below.

[0010] The CRM device 2 includes a lead 21 and a pulse
generator 22. The lead 21 has a lead body 23 with a distal end portion
26 and a proximal end portion 27. The lead 21 also has a composite
helical electrode 30 (shown in detail in Figure 2) disposed on the lead
body distal end portion 26.

[0011] The composite helical electrode 30 operates as a fixation
helix, and the composite helical electrode 30 is configured to be
implantable in a portion of the heart 1 at the target site 16. As shown in
Figure 1, at least a portion of the composite helical electrode 30 is
implanted through the endocardium 12 and into the myocardium 14 at
the target site 16. In Figure 1, the target site 16 is at or near the
location of the His bundle of the heart 1. In other embodiments, the
lead 21 can be implanted at other locations in the heart 1. For
example, the lead 21 can be implanted at other locations in the right
ventricle 4, or in the right atrium 3, the left atrium 6 or the left ventricle
8.

[0012] In addition, the lead 21 can be implanted through the
epicardium 10 and into the myocardium 14. For example, the lead 21
can be implanted through the epicardium 10 and into the myocardium
14 of the right atrium 3, the right ventricle 4, the left atrium 6 or the left
ventricle 8. In such cases, the lead 21 can be delivered through the
circulatory system of the heart to the location of interest, or it can be
implanted in the epicardium 10 by gaining access to the pericardial

space.
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[0013] CRM devices that comprise two or more electrodes can
be multipolar. In some multipolar systems, two electrodes function as
the two poles of the CRM device. This is often called a “bipolar”
system. In other multipolar systems, one of the electrodes of the CRM
device acts as one pole of an electrical system, and the second pole of
the electrical system can be located remotely from the electrode. For
example, the second pole of the electrical system can be located on a
pulse generator, or it can be located in another portion of the patient’s
body or on the surface of the patient’'s body. The CRM device can be
programmed to sense which of the electrodes most efficiently
stimulates tissues. The CRM device can then use the most efficient
electrode as one pole of the device and the remote pole as the second
pole of the device. Various configurations for multipolar devices are
known in the art.

[0014] When the CRM device is energized, an electrical
potential can be created between the two electrical poles of the device.
This potential can create an electrical field and, in some cases, can
create a current between the poles. When this electrical field or current
is sufficiently strong, and when myocardial cells are disposed within the
field or current, the myocardial cells can become depolarized, which
leads to the contraction of the heart muscle. In addition, myocardial
cells have the ability to propagate this electrical signal, causing
depolarization of adjacent myocardial cells. This self propagation
within the myocardium allows a target area of the heart to contract
upon the stimulation of only a portion of the target area.

[0015] Further, when a CRM device is disposed near a nerve or
other specialized tissues, for example the AV node or the His bundle,
stimulation of the nerve or specialized tissues can cause a signal to be
sent to one or more regions of myocardial cells. Again, as mentioned
above, the myocardial cells then have the ability to self-propagate this
electrical signal.

[0016] Alternatively, or in addition to stimulating the cardiac
tissues, in some embodiments the electrodes of the CRM device can
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be configured to sense certain physiological attributes of the heart. For
example, the heart’'s natural electrical signals can be received by an
electrode and transmitted to a remote location (e.g., the pulse
generator 22). In discussing embodiments of this invention, reference
will be made primarily to electrodes stimulating body tissues. However,
those of ordinary skill in the art will recognize that some or all of these
electrode configurations could also be used to receive electrical signals
from the body.

[0017] Figure 2 is a partial cut-away view of the lead 21
according to embodiments of the present invention. The lead 21
includes the lead body 23, the composite helical electrode 30, a
composite conductor 31 and a proximal connector 32. The composite
conductor 31 is disposed within and extends through at least a portion
of the lead body 23. The composite conductor 31, as described further
below, electrically couples electrodes 33, 36 of the composite helical
electrode 30 to the proximal connector 32. The proximal connector 32
is shaped and configured to facilitate the mechanical and electrical
connection of the lead 21 to the pulse generator 22 or other device.
[0018] The composite helical electrode 30 comprises a first
tubular shaped electrode 33, a second electrode 36 disposed within the
first electrode 33, and an electrode insulating layer 40 radially disposed
between the first and second electrodes 33, 36 in order to insulate the
first and second electrodes 33, 36 from one another.

[0019] At least a portion of the first electrode 33 comprises an
exposed surface that can act as a first pole of the composite helical
electrode 30. As shown in Figure 2, a distal portion of the first
electrode 33 is exposed (i.e., uncovered by insulative material), with a
proximal portion being electrically insulated from the surrounding
environment by the lead body 23. A proximal portion can also be
insulated by an outer electrode insulating layer (not shown).

[0020] The electrode insulating layer 40 extends distally from a
distal end of the first electrode 33, and the second electrode 36
extends distally from an electrode insulating layer distal end 41. A
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portion of the second electrode distal end 37 that extends distally from
the electrode insulating layer 40 forms a distal exposed surface of the
second electrode 36 and also forms a distal end of the composite
helical electrode 30.

[0021] The second electrode distal exposed surface acts as a
second pole of the composite helical electrode 30. The electrode
insulating layer 40 extends distally from the first electrode 33 a
sufficient distance in order to electrically isolate the exposed surfaces
of the first and second electrodes 33, 36. As such, the insulating layer
40 terminates between the distal end of the first electrode 33 and the
second electrode distal end 37. The distance between the exposed
surfaces of the first and second electrodes 33, 36 is shown as Dy. This
distance is measured along an axis extending along the lead body 23.
In one embodiment, the distance Di is about 1.5 mm. In other
embodiments, D4 is between about 1 mm and about 2 mm, between
about 1 mm and about 3 mm, or between about 1 mm and about 4
mm.

[0022] A composite helical electrode proximal end is coupled to
the composite conductor 31. The composite conductor 31 electrically
connects the electrodes 33, 36 of the composite helical electrode 30 to
the proximal connector 32. As such, the composite conductor 31
comprises two elongate conductors 52, 54. In the example shown in
Figure 2, the composite conductor 31 has a first inner conductor 52
disposed within a second outer, tubular conductor 54. A conductor
insulating layer 56 is radially disposed between the two conductors 52,
54 in order to electrically isolate the two conductors 52, 54 from one
another.

[0023] The first conductor 52 extends distally of both the
conductor insulating layer 56 and the second conductor 54, forming a
first distal outer surface of the composite conductor 31. The conductor
insulating layer 56 extends distally from the distal end of the second
conductor 54. In addition, a distal portion (i.e., the distal end) of the
second conductor 54 defines a second distal outer surface of the
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composite conductor 31.  The insulating layer 56 terminates between
the distal ends of the first and second conductors 52, 54, electrically
insulating the distal outer surfaces of the first and second conductors
52, 54 from one another.

[0024] In addition, a composite helical electrode proximal end
portion defines proximal outer surfaces. For example, a proximal end
35 of the first electrode 33 comprises a first proximal outer surface of
the composite helical electrode 30. As shown in Figure 2, this first
proximal outer surface can mechanically and electrically couple to the
first distal outer surface of the first conductor 52. In the illustrated
embodiment, the first proximal outer surface of the first electrode 33 is
wrapped around the first distal outer surface of the first conductor 52
and/or the two outer surfaces can be crimped, brazed or welded to one
another, or they can be coupled to one another in any other fashion
known in the art.

[0025] Further, the insulating layer proximal end 42 extends
proximally from the first electrode proximal end 35, and the second
electrode proximal end 38 extends proximally from the insulating layer
proximal end 42, forming a second proximal outer surface of the
composite helical electrode 30. This second proximal outer surface is
mechanically and electrically coupled to the distal outer surface of the
second conductor 54. For example, the proximal outer surface of the
second electrode 36 is wrapped around the distal outer surface of the
second conductor 54 and/or the two outer surfaces can be crimped,
brazed or welded to one another, or they can be coupled to one
another in any other fashion known in the art.

[0026] As mentioned above, the insulating layer proximal end 42
extends proximally from the first electrode proximal end 35, and as
such terminates between the first and second electrode proximal ends
35, 38, effectively insulating the proximal outer surfaces of the first and
second electrodes 33, 36 from one another. As shown in the
illustrative embodiment of Figure 2, the portion of the electrode
insulating layer proximal end 42 that extends proximally from the first
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electrode proximal end 35 is substantially coextensive with the portion
of the conductor insulating layer 56 that extends distally from the distal
end of the second conductor 54. In this way, the first electrode 33 and
the first conductor 52 form an electrically conductive pathway that is
electrically insulated from an electrically conductive pathway formed by
the second electrode 36 and the second conductor 54.

[0027] In the illustrated embodiment, the connector 32 includes
a connector pin 62 extending from a connector body 64. The
connector pin 62 includes a first electrical contact 66 and the connector
body 64 includes a second electrical contact 68. The composite
conductor 31 extends through the lead body 23 from the lead body
distal end portion 26 to the lead body proximal end portion 27. A
composite conductor proximal end 58 is attached to the proximal
connector 32. The first electrical contact 66 can be electrically coupled
to one of the first and second conductors 52, 54 and the second
electrical contact 68 can be electrically coupled to the other of the first
and second conductors 52, 54. The proximal connector 32 is shaped
and configured to be received within a port in the header of the pulse
generator 22 shown in Figure 1.

[0028] The composite conductor 31 extends through the lead
body 23 in a straight (uncoiled), or substantially straight, configuration.
In some embodiments, the composite conductor 31 can be coaxial
within the lead body 23, although other configurations are possible.
Further, the first conductor 52 is a core member of the composite
conductor 31, and the first and second conductors 52, 54 and the
conductor insulating layer 56 are arranged coaxially with respect to one
another, although other configurations are possible. For example, in
some embodiments the composite conductor 31 can comprise multiple
coils, and the coils can be configured co-radially or co-axially.
Examples of coiled composite conductors are further discussed below
with respect to Figure 3.

[0029] The combination of one of the contacts 66, 68, the first
conductor 52 and the first electrode 33 forms a first electrically
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conductive pathway. This first electrically conductive pathway can be
used to send electrostimulating signals to the first electrode 33 and/or
to sense electrical signals that occur near the first electrode 33.
Further, the combination of the other of the contacts 66, 68, the second
conductor 54 and the second electrode 36 forms a second electrically
conductive pathway. This second electrically conductive pathway can
be used to send electrostimulating signals to the second electrode 36
and/or to sense electrical signals that occur near the second electrode
36. As mentioned above, the first and second electrically conductive
pathways are electrically insulated from one another, and as such each
of the electrically conductive pathways act as separate poles of the
lead 21. As mentioned earlier, such a lead body 21 can be configured
to function in various multipolar configurations.

[0030] The lead body 23 is formed around the composite
conductor 31 and can extend from the proximal connector 32 distally to
cover a proximal portion of the composite helical electrode 30. The
lead body 23 can comprise any suitable biocompatible, flexible
material, such as silicon, polyurethane, PTFE or other suitable
materials. Further, the combination of the lead body 23 and the
composite conductor 31 can facilitate transmission of torque from the
lead body proximal end 27 to the lead body distal end 26. In turn, the
torque can facilitate the implantation of the composite helical electrode
30 at a site of interest.

[0031] In embodiments such as those shown in Figure 2, the
lead 21 can be delivered through a delivery catheter, or by other
methods known in the art. In other embodiments, the lead body 23 can
have a stylet lumen (not shown) formed therethrough. As is known in
the art, a stylet can be placed in the stylet lumen in order to facilitate
delivery of the lead 21.

[0032] Also disclosed is a method of manufacturing the
composite helical electrode 30. In the method, a composite billet can
be formed which comprises a first tubular member corresponding to the
first electrode 33 and an elongate member (e.g., a rod or wire)
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corresponding to the second electrode 36. An insulative material
corresponding to the electrode insulating layer 40 can be disposed on
the outer surface of the elongate member and/or on the inner surface
of the first tubular member. The elongate member can be placed
inside the first tubular member, forming the composite billet. In the
alternative, or in addition, the material corresponding to the electrode
insulating layer 40 can be provided by a second tubular member which
can be placed between the elongate member and the first tubular
member to form the composite billet.

[0033] The composite billet can then be drawn down to the
desired dimensions, which can cause the different components of the
composite billet to fuse together. The drawn composite billet can then
be formed into a desired shape, for example a helical shape. Before or
after being formed into a helix, the composite billet can be cut to length
and portions of the electrode insulating layer 40 and the first electrode
33 can be removed in order to form the distal exposed surface and the
proximal outer surface of the second electrode, as discussed above.
[0034] In another method of manufacturing the composite helical
electrode 30, an elongate member (i.e., a wire or rod) corresponding to
the second electrode 36 can be coated with an insulating material
corresponding to the electrode insulating layer 40. The coating can be
disposed on the elongate member by heat-shrinking a tubular member
around the elongate member, by dipping the elongate member in a
molten form of the insulative material, or by other methods known in
the art. A tubular member corresponding to the first electrode 33 can
then be disposed over the insulative material, forming an elongate
composite member. Each of the individual components of the elongate
composite member can have the helical shape of the composite helical
electrode 30 before they are assembled to form the elongate
composite member, or the elongate composite member can be formed
into the helical shape after the elongate composite member is formed.
The elongate composite member can be cut to length and portions of
the electrode insulating layer 40 and the first electrode 33 can be

10
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removed in order to form the distal exposed surface and the proximal
outer surface of the second electrode, as discussed above.

[0035] The first and second electrodes 33, 36 can comprise any
conductive material that is suitably rigid to facilitate implantation of the
composite helical electrode 30. For example, the first and second
electrodes 33, 36 can comprise platinum, platinum alloys (i.e.,
platinum-iridium alloys), palladium, palladium alloys, MP35N, Stainless
steel, titanium, and titanium alloys. The electrodes 33, 36 can also be
partially or entirely coated, for example with an iridium-oxide coating.
The electrode insulating layer can comprise any suitable insulative
material, for example polyimide polyurethane, ETFE (e.g., Tefzel®
ETFE) or composite materials (e.g., silicone/polyurethane composites).
[0036] As mentioned above, the composite conductor 31 can
comprise a tubular member corresponding to the second conductor 54
and a core member corresponding to the first conductor 52. The
composite conductor 31 can be manufactured in any suitable manner,
including a drawing process similar to the drawing process discussed
above with respect to the composite helical coil 30. In other
embodiments, the composite conductor 31 can comprise an inner and
outer coil, the inner coil corresponding to the first conductor 52 and the
outer coil corresponding to the second conductor 54. These inner and
outer coils can be insulated from one another, for example by the
conductor insulating layer 56 or by disposing an insulating material on
one or both of the coils. In addition, the coils corresponding to the first
and second conductors 52, 54 can be disposed in a side-by-side
manner, as shown below in Figure 3. Additional information regarding
composite conductors is disclosed in U.S. Patent Provisional
Application No. 60/980351, entitled “Stimulation and Sensing Lead with
Non-Coiled Wire Construction,” filed on October 16, 2007, which is
incorporated herein in its entirety.

[0037] Figure 3 is a cut-away view of another lead 121 according
to embodiments of the invention. As shown, the lead 121 is overall
similar to the lead 21, and includes a lead body 123 and a composite

11
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helical electrode 130. In the embodiment of Figure 3, however, the
electrode 130 is extendable/retractable. That is, in this embodiment,
the composite helical electrode 130 can be rotated and extended with
respect to the lead body 123, for example to facilitate implantation of
the composite helical electrode 130.

[0038] As further shown in Figure 3, the composite helical
electrode 130 is coupled to an actuation mechanism 180, which in turn
is coupled to a composite conductor 131. The composite conductor
131 extends proximally from the actuation mechanism 180 through the
lead body 123 to a proximal connector 160.

[0039] The composite helical electrode 130 can be similar to the
composite helical electrode 30 described above. The distal end is
shaped and configured to function as a fixation helix, and the proximal
end is rotatably and axially fixed to a portion of the actuation
mechanism 180, as further described below.

[0040] The actuation mechanism 180 is configured to extend
and retract the composite helical electrode 130. For example, the
actuation mechanism 180 comprises a jack screw 182 with a distal end
184 and a proximal end 186. The jack screw 182 includes teeth 188
disposed thereon. As shown, the inner wall of the lead body 123
includes teeth 190, and the two sets of teeth 188, 190 are shaped and
configured to mesh with one another such that, when the jack screw
182 is rotated, the jack screw 182 will move longitudinally with respect
to the lead body 123. The composite helical electrode proximal end
can be rotatably and axially fixed to the jack screw distal end 184, and
as such actuating the jack screw 182 can cause the composite helical
electrode 130 to rotate and move longitudinally. In addition, other
mechanisms for rotatably and/or longitudinally actuating the composite
helical electrode 130 are known in the art.

[0041] The composite conductor 131 has a proximal end 158
and a distal end 159. The composite conductor distal end 159 is
rotatably and axially fixed to the jack screw proximal end 186. The
composite conductor 131 facilitates the transmission of torque to the

12
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jack screw proximal end 186 from the proximal connector 132, as
further described below. The composite conductor 131 comprises two
or more coils 152, 154 in a co-radial configuration. As shown in Figure
3, the coils 152, 154 are incorporated into the composite conductor in a
side-by-side manner, and the coils can be insulated from one another
by coating one or both of the coils with insulative material. In other
embodiments, the coils 152, 154 can be disposed in a layered manner,
for example with the first coil 152 disposed co-axially within the second
coil 154.

[0042] In addition to transmitting torque from the proximal
connector 132 to the jack screw 182, the coils 152, 154 also facilitate
the transmission of electrical signals between the proximal connector
132 and the composite helical electrode 130. For example, the first coil
152 can extend into the jack screw 182 and attach to a first electrode of
the composite helical electrode 130 and the second coil 154 can
extend into the jack screw 182 and attach to a second electrode of the
composite helical electrode 130. The coils 152, 154 can attach directly
or indirectly to the first and second electrodes of the composite helical
electrode 130.

[0043] As mentioned above, the composite conductor 131
mechanically couples the jack screw 182 to the proximal connector
132. The proximal connector 132 has a connector pin 162 and a
connector body 164. In addition, the connector body 164 is divided into
distal 170 and proximal 172 portions. The distal 170 and proximal 172
portions are rotatable with respect to one another, and interface at a
rotatable interface 174. The connector body distal portion 170 is
rotatably and longitudinally fixed to the lead body proximal end, while
the connector body proximal portion 172 is rotatably and longitudinally
fixed to the composite conductor proximal end 158. When the
connector body proximal portion 172 is rotated with respect to the
connector body distal portion 170, the composite conductor 131
transmits torque from the connector body proximal portion 172 to the
jack screw 182, which causes the jack screw 182 to rotate. Rotation of

13
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the jack screw 182 causes rotational and longitudinal movement of the
jack screw 182, and in turn rotational and longitudinal movement of the
composite helical electrode 130. The rotational and longitudinal
movement of the composite helical electrode 130 can be used to
implant the composite helical electrode 130 at a site of interest.
Further, as the jack screw 182 is extended, the coils 152, 154 of the
composite conductor 131 stretch in order to accommodate the
movement of the jack screw 182.

[0044] The proximal connector 132 also has two or more
electrical contacts 166, 168. These contacts can be similar to the
contacts 66, 68 described above with respect to Figure 2.

[0045] 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 that fall within the

scope of the claims, together with all equivalents thereof.
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CLAIMS

| claim:

1.

PCT/US2008/072789

A medical electrical lead comprising:

an insulative lead body including a proximal portion and a
distal portion;

a proximal connector disposed on the proximal portion of
the lead body, the connector configured to couple the
lead to an implantable medical device, the connector
having a rotatable portion that is rotatable with
respect to the lead body;

a composite helical electrode including a first generally
tubular electrode having a first distal end portion, a
second electrode disposed at least partially within the
first electrode and having a second distal end portion,
the first and second distal end portions longitudinally
spaced from one another, and an insulating layer
disposed between the first and second electrodes,
the insulating layer extending distally of the first
electrode and terminating between the first and
second distal end portions;

a first conductor providing an electrical pathway between
the rotatable portion of the proximal connector and
the first electrode and a second conductor providing
an electrical pathway between the rotatable portion of
the proximal connector and the second electrode;
and

a jack screw disposed in the lead body, a proximal
portion of the jack screw coupled to the conductors
and a distal portion of the jack screw coupled to the
composite electrode, the jack screw having first

15
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threads disposed on the outer surface thereof
configured to mechanically interact with second
threads on the inner surface of the lead body to
convert rotational motion of the jack screw into linear
motion of the jack screw such that rotating the
rotatable portion of the proximal connector results in
both rotational and linear motion of the composite
electrode.

2. The medical electrical lead of claim 1, wherein the
rotatable portion of the proximal connector is a proximal part of the
proximal connector and a distal portion of the connector is rotatably
fixed with respect to the lead body.

3. The medical electrical lead of claim 1, wherein the first
and second conductors are both coil conductors.

4. The medical electrical lead of claim 3, wherein the coils
are disposed in a side-by-side configuration.

5. The medical electrical lead of claim 3, wherein the coils
are disposed in a layered configuration.

6. The medical electrical lead of claim 1, wherein a distal

end of the first and second conductors are coupled to the jack screw.

7. The medical electrical lead of claim 1, wherein the first
and second conductors couple directly to the first and second
electrodes, respectively.

8. The medical electrical lead of claim 1, wherein the
composite electrode has a sharpened distal end shaped and
configured to pierce tissue.

16
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9. A medical electrical lead comprising:

an insulative lead body having a distal end and a
proximal end and an inner surface defining a lumen

extending between the distal and proximal ends;

a proximal connector configured to couple the lead to an
implantable medical device, a rotatable portion of the

connector rotatable with respect to the lead body;

first and second conductors coupled to the rotatable
portion and extending distally from the rotatable
portion through the lumen,;

a composite helical multipolar electrode electrically
coupled to the first and second conductors;

an actuation member disposed in the lumen and coupled
to the composite electrode and the first and second
conductors, the outer surface of the actuation
member configured to mechanically interact with an
inner surface of the lead body such that rotating the
rotatable portion of the proximal connector results in
both rotational and linear motion of the composite

electrode.

10. The medical electrical lead of claim 9, wherein the
rotatable portion of the proximal connector is a proximal part of the
proximal connector and a distal portion of the connector is rotatably
fixed with respect to the lead body.
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11. The medical electrical lead of claim 9, wherein the
actuation member is a jack screw disposed in the lead body, a proximal
end of the jack screw coupled to the conductors and a distal end of the
jack screw coupled to the composite electrode, the jack screw having
first threads disposed on the outer surface thereof configured to
mechanically interact with second threads on the inner surface of the
lead body to convert rotational motion of the jack screw into linear
motion of the jack screw such that rotating the rotatable portion of the
proximal connector results in both rotational and linear motion of the

composite electrode

12. The medical electrical lead of claim 9, wherein the first

and second conductors are both coil conductors.

13. The medical electrical lead of claim 12, wherein the coils
are disposed in a side-by-side configuration.

14. The medical electrical lead of claim 12, wherein the coils

are disposed in a layered configuration.

15. The medical electrical lead of claim 9, wherein a distal
end of the first and second conductors are coupled to the jack screw.

16. The medical electrical lead of claim 9, wherein the first
and second conductors are coupled directly to the first and second
composite electrodes, respectively.

17. The medical electrical lead of claim 9, wherein the
composite electrode has a sharpened distal end shaped and

configured to pierce tissue.

18. A method of implanting a lead at a desired location in a
patient comprising:

18
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providing a lead having an insulative lead body, a
proximal connector with a rotatable portion that is
rotatable with respect to the lead body, a composite
multipolar helical electrode disposed on a distal
portion of the lead body, the composite electrode
electrically and mechanically coupled to the rotatable
portion, and an actuation member disposed between
the rotatable portion and the composite electrode, an
outer surface of the actuation member mechanically
interacting with an inner surface of the lead body to
convert rotational motion of the rotatable portion into
both linear and rotational motion of the composite

electrode;

rotating the rotatable portion of the proximal connector
with respect to the lead body to extend the composite
electrode from the lead body and implant the lead at

the desired location within the patient.

19. The method of claim 18, wherein a distal end of the
composite electrode is sharpened and is configured to pierce tissue,
and wherein tissue is pierced with the sharpened distal end as the
electrode is extended from the lead body and implanted at the desired

location.

20. The method of claim 18, wherein the electrode is

implanted near the His bundle of a patient.
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