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MEDICAL LEAD COIL CONDUCTOR WITH SPACER ELEMENT

TECHNICAL FIELD

[0001] The present invention relates to implantable medical
devices for stimulating body tissues and/or sensing physiological
attributes. More specifically, the present invention relates to medical
electrical leads that dissipate and/or deflect electromagnetic energy
during medical procedures such as magnetic resonance imaging
(MRI).

BACKGROUND

[0002] Magnetic resonance imaging (MRI) is a non-invasive
imaging method that utilizes nuclear magnetic resonance techniques to
render images within a patient’s body. Typically, MRI systems employ
the use of a magnetic coil having a magnetic field strength of between
about 0.2 to 3 Teslas. During the procedure, the body tissue is briefly
exposed to RF pulses of electromagnetic energy in a plane
perpendicular to the magnetic field. The resultant electromagnetic
energy from these pulses can be used to image the body tissue by
measuring the relaxation properties of the excited atomic nuclei in the
tissue.

[0003] During imaging, the electromagnetic radiation produced
by the MRI system may be picked up by implantable device leads used
in implantable medical devices such as pacemakers or cardiac
defibrillators. This energy may be transferred through the lead to the
electrode in contact with the tissue, which may lead to elevated
temperatures at the point of contact. The degree of tissue heating is
typically related to factors such as the length of the lead, the
conductivity or impedance of the lead, and the surface area of the lead
electrodes. Exposure to a magnetic field may also induce an

undesired voltage in the lead.

SUMMARY
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[0004] The present invention relates to medical electrical leads
configured to dissipate and/or deflect electromagnetic energy during
medical procedures such as magnetic resonance imaging (MRI). An
illustrative medical electrical lead includes a proximal connector
configured to couple the lead to an implantable medical device, and an
insulated lead body coupled to the proximal connector and including at
least one electrode for use in providing therapeutic stimulus energy to
the body and/or for sensing electrical activity within the body. The lead
includes at least one helically coiled conductor wire electrically coupled
to an electrode, and at least one non-conductive spacer element
electrically isolated from the electrode. The turns of the spacer
element are interstitially disposed between the turns of the conductor
coil, and in some embodiments include a conductive inner core that
can be used to dissipate electromagnetic energy along the length of
the lead.

[0005] 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

[0006] Figure 1 is a schematic view showing an implantable
medical device including a lead implanted within the heart of a patient;
[0007] Figure 2 is a perspective view of a medical electrical lead
in accordance with an illustrative embodiment;

[0008] Figure 3 is a partial cross-sectional view showing an
illustrative conductor coil assembly for use with the medical electrical
lead of Figure 2;

[0009] Figure 4 is a cross-sectional view of the conductor coll
assembly along line 4-4 in Figure 3;
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[0010] Figure 5 is a partial cross-sectional view showing another
illustrative conductor coil assembly for use with a medical electrical
lead;

[0011] Figure 6 is a partial cross-sectional view showing another
illustrative conductor coil assembly for use with a medical electrical
lead;

[0012] Figure 7 is a partial cross-sectional view showing another
illustrative conductor coil assembly for use with a medical electrical
lead;

[0013] Figure 8 is a partial cross-sectional view showing another
illustrative conductor coil assembly for use with a medical electrical
lead; and

[0014] Figure 9 is a partial cross-sectional view showing another
illustrative conductor coil assembly for use with a medical electrical
lead.

[0015] While the invention is amenable to various modifications
and alternative forms, specific embodiments have been shown by way
of example in the drawings and are described in detail below. The
intention, however, is not to limit the invention to the particular
embodiments described. On the contrary, the invention is intended to
cover all modifications, equivalents, and alternatives falling within the
scope of the invention as defined by the appended claims.

DETAILED DESCRIPTION

[0016] Figure 1 is a schematic view showing an implantable
medical device 12 including a lead implanted within the body of a
patient. In the illustrative embodiment depicted, the implantable
medical device 12 includes a pulse generator 14 implanted within the
patient’s body and a lead 16 (e.g., a unipolar or bipolar lead) placed at
a location in or near the patient’'s heart 18. The heart 18 includes a
right atrium 20, a right ventricle 22, a left atrium 24, and a left ventricle
26. The pulse generator 14 can be implanted subcutaneously within
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the body, typically at a location such as in the patient's chest or
abdomen, although other implantation locations are possible.

[0017] A proximal portion 28 of the lead 16 can be coupled to or
formed integrally with the pulse generator 14. A distal tip portion 30 of
the lead 16, in turn, can be implanted at a desired location in or near
the heart 18 such as the right ventricle 22, as shown. Although the
illustrative embodiment depicts only a single lead 16 inserted into the
patient’s heart 18, in other embodiments multiple leads can be utilized
so as to electrically stimulate other areas of the heart 18. In some
embodiments, for example, the distal portion of a second lead (not
shown) may be implanted in the right atrium 20. In addition, or in lieu,
another lead may be implanted in or near the left side of the heart 18
(e.g., in the coronary veins) to stimulate the left side of the heart 18.
Other types of leads such as epicardial leads may also be utilized in
addition to, or in lieu of, the lead 16 depicted in Figure 1.

[0018] During operation, the lead 16 can be configured to
convey electrical signals from the pulse generator 14 to the heart 18.
For example, in those embodiments where the pulse generator 14 is a
pacemaker, the lead 16 can be used to deliver electrical therapeutic
stimulus for pacing the heart 18. In those embodiments where the
pulse generator 14 is an implantable cardiac defibrillator, the lead 16
can be used to deliver electric shocks to the heart 18 in response to an
event such as a heart attack or ventricular tachycardia. In some
embodiments, the pulse generator 14 includes both pacing and
defibrillation capabilities.

[0019] When the pulse generator 14 is subjected to a gradient
magnetic field, as shown generally by arrow “B” in Figure 1, a
magnetically-induced voltage may be induced on the lead 16 that
interferes with the therapeutic electrical signals normally delivered by
the lead 16. During an MRI procedure, for example, a rapidly changing
magnetic field B produced by an energized MRI coil may induce a

voltage on the lead 16 that combines with the excitation voltage
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normally generated by the pulse generator 14 for providing therapy.
This voltage is transmitted as a current on the lead 16 along with the
desired therapeutic stimulus current produced by the pulse generator
14. During operation, this voltage can result in undesirable currents on
the lead 16 that are then transmitted into the surrounding cardiac
tissue.

[0020] Figure 2 is a perspective view of a medical electrical lead
32 in accordance with an illustrative embodiment. As shown in Figure
2, the lead 32 includes an elongated lead body 34 having a proximal
section 36 and a distal section 38. The proximal section 36 of the lead
32 has a proximal end 40, which in some embodiments is coupled to a
hub connector 42 for use in connecting the lead 32 to an implantable
medical device such as a pulse generator. The distal section 38 of the
lead 32 terminates in a distal lead tip 44, which in some embodiments
includes a distal electrode 46 for transmitting a therapeutic stimulus to
the heart and/or for sensing electrical activity occurring in the heart.
The lead 32 can further include one or more other electrodes in
addition to, or in lieu of, the distal electrode 46. In a bipolar lead, for
example, the lead 32 can include a pair of distal electrodes 46 for
providing bipolar electrical energy to the heart.

[0021] The lead body 34 may be constructed of a flexible,
electrically non-conductive material that permits the lead 32 to bend or
flex to facilitate insertion of the lead 32 through the patient’s body to a
desired implantation site. In some embodiments, the lead 32 includes
a means to attach the lead 32 to adjacent tissue within the body. For
example, in some embodiments the lead 32 includes a number of
barbs or tines 48 that facilitate attachment of the distal section 38 of the
lead 32 to an inner wall of the heart or at some other desired location
within the body.

[0022] As discussed further herein with respect to several
embodiments, the lead 32 can be configured to dissipate and/or deflect

electromagnetic or RF energy picked up by the lead 32, which can
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cause tissue heating at the interface of the electrode 46 and the
surrounding tissue. In some embodiments, for example, the lead 32
can be configured to dissipate and/or deflect electromagnetic energy
caused by a gradient magnetic field B produced by an energized MRI
coil during magnetic resonance imaging. The lead 32 can be further
configured to dissipate and/or deflect electromagnetic energy or RF
energy produced by other sources of magnetic interference within the
patient’s body.

[0023] Figure 3 is a partial cross-sectional view showing an
illustrative conductor coil assembly 50 for use with the medical
electrical lead 32 of Figure 2. As shown in Figure 3, the conductor coll
assembly 50 includes a single filar conductor coil 52 helically disposed
about the longitudinal axis L of the assembly 50. The conductor coil 52
may be coupled proximally to electrical feedthroughs or connectors on
the pulse generator 14, and may extend along all or a portion of the
length of the lead body 34, terminating distally at one or more distal
electrodes. With respect to the lead 32 of Figure 2, for example, the
conductor coil 52 may be electrically connected at its proximal end (not
shown) to an implantable medical device (e.g., the pulse generator 14),
and may extend along the length of the lead body 34 to one or more
distal electrodes 46 on the lead 32.

[0024] In use, the conductor coil 52 can be configured to deliver
electrical energy through the lead body 34 to the electrodes 46, which
in some embodiments can be used for providing stimulus therapy to
the patient and/or for sensing electrical impedance or other parameters
within the patient's body. In some embodiments, for example, the
conductor coil 52 may be used in conjunction with a unipolar lead to
deliver electrical energy to heart tissue adjacent to the distal lead tip 44
or to other locations along the length of the lead 32.

[0025] In some embodiments, the conductor coil 52 comprises a
single filar wire coil formed from an electrically conductive material

such as gold or platinum. Alternatively, and in other embodiments, the
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conductor coil 52 comprises a multi-filar wire coil formed from an
electrically conductive material. In the embodiment depicted, the
conductive coil 52 has a substantially circular transverse shape
perpendicular to the length of the coil 52, which can be seen generally
at a cut portion of the assembly 50 indicated by cross-hatching in
Figure 3. In other embodiments, the conductive coil 52 may have an
oval, rectangular, square, polygonal, or other transverse shape.

[0026] The dimensions of the conductor coil 52 will typically vary
depending on the intended use of the lead 32 and the implantation
location of the lead 32 within the body. For cardiac applications in
which the lead 32 is implanted in or near the heart, and as further
shown in Figure 4, the conductor coil 52 may have an outer diameter
D1 in the range of about 0.2 mm to 3.0 mm, although other dimensions
are possible. The transverse dimension D, of the conductor coil 52
may be constant along the length of the coil 52, or can vary along the
length of the coil 52. In some embodiments, for example, the
conductor coil 52 has a constant transverse dimension D; in the range
of about 0.05 mm to 1.0 mm. In other embodiments, the transverse
dimension D, may vary continuously or at one or more discrete
locations along the length of the lead 32. In one embodiment, for
example, the transverse dimension D, may gradually taper from a
relatively large dimension (e.g., 1 mm) at or near the proximal end 40
of the lead 32 to a relatively small dimension (e.g., 0.05 mm) at or near
the distal end 44 of the lead 32.

[0027] The dimensions of the conductor coil 52 may vary
depending on the intended use and/or implantation location of the lead
32 within the body. In neurological applications, for example, the
conductor coil 52 may have an outer dimension D, in the range of
about 0.2 mm to 3.0 mm, and a transverse dimension D; in the range
of about 0.05 mm to 1.0 mm. The dimensions of the conductor coil 52
will typically vary depending on the anatomy of the patient at the

implantation location and the dimensions of the lead 32. Other design
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factors such as the flexibility of the lead 32, fatigue considerations,
manufacturing ease, and the ability to dissipate and/or deflect
electromagnetic energy along the length of the lead 32 may also affect
the dimensions D1,D; of the conductor coil 52.

[0028] In the embodiment of Figure 3, the coil assembly 50
further includes a non-conductive spacer filar 54 helically disposed
about the longitudinal axis L of the coil assembly 50 and interstitially
disposed between each adjacent turn of the conductive coil 52. In
contrast to the conductor coil 52, the spacer filar 54 is formed at least
in part of a non-conductive material, and is electrically isolated from the
conductor coil 52, the pulse generator 14, and the lead tip electrode or
electrodes 46. Examples of electrically non-conductive materials
include, but are not Ilimited to, polyurethane, silicon, and
polytetrafluoroethylene (PTFE).

[0029] In some embodiments, the spacer filar 54 has an outer
diameter and transverse dimension similar to that of the conductor coil
52. In certain embodiments, for example, the spacer filar 54 has an
outer diameter in the range of about 0.2 mm to 3.0 mm, and a
transverse dimension in the range of about 0.05 mm to 1.0 mm. In
other embodiments, the outer diameter and/or transverse dimension of
the spacer filar 54 may differ from the conductor coil 52. The
transverse shape of the spacer filar 54 may be similar to the transverse
shape of the conductor coil 52, or alternatively, can have a different
transverse shape from that of the conductor coil 52.

[0030] In some embodiments, the spacer filar 54 is configured to
contact each adjacent wire turn of the conductive coil 52, forming a
close-wound coil assembly 50 along all or a portion of the length of the
lead body 34. As used herein, the term “close-wound” indicates that
there are no significant gaps or spaces between any of the turns of the
conductive coil 52 or spacer filar 54. In other embodiments, a small
gap or spacing may exist between one or more of the spacer filar 54

turns and adjacent conductor coil 52 turns, forming an open-wound coil
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assembly 50 along all or a portion of the lead body 34. In one
embodiment, for example, a first portion of the coil assembly 50 (e.g., a
proximal portion) may be close-wound with each spacer filar turn 54
contacting an adjacent conductor coil 52 turn whereas a second portion
of the coil assembly 50 (e.g., a distal portion) may be open-wound with
each spacer filar turn 54 spaced a distance apart from an adjacent
conductor coil 52 to form a small gap or space therebetween.

[0031] The coil assembly 50 can be manufactured using medical
electrical lead fabrication techniques known in the art. In some
embodiments, for example, the coil assembly 50 can be fabricated by
drawing a conductive wire and non-conductive wire through a series of
dies to impart a desired transverse shape to each wire, and then
wrapping both wires together about a mandrel to impart the desired
helical shape to the assembly 50. Other lead fabrication techniques
are also contemplated.

[0032] In use, the presence of the spacer filar 54 between each
turn of the conductor coil 52 increases the lateral distance D3 between
each of the conductor coil turns 52 while also maintaining the desired
flexibility and fatigue characteristics of the coil assembly 50. As a
result, the spacing provided by the spacer filar 54 acts to increase the
pitch of the conductor coil 52 relative to single-filar conductor coil
designs with no interstitial spacer filar, thus reducing the total length of
the conductor coil 52 within the lead 32. For example, for a close-
wound coil assembly employing a spacer filar 54 having a transverse
dimension D, similar to that of the conductor coil 52, the effective pitch
of the conductor coil 52 is approximately twice that of a close-wound
conductor coil with no spacer filar. When subjected to electromagnetic
or RF energy during an MRI or other such medical procedure, this
reduced length of the conductor coil 52 may help to deflect a greater
amount electromagnetic energy away from the lead 32, thus reducing
the effects of tissue heating within the body.
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[0033] Figure 5 is a partial cross-sectional view showing another
illustrative coil assembly 56 for use with a medical electrical lead. As
shown in Figure 5, the coil assembly 56 includes a pair of conductor
coils 58,60 each helically disposed about the longitudinal axis L of the
assembly 56. A first conductor 58 of the coil assembly 56 is coupled
proximally to a first electrical feedthrough or connector on the pulse
generator 14, and may extend along all or a portion of the length of the
lead body 34, terminating distally at a first electrode on the lead 32. A
second conductor 60 of the coil assembly 56, in turn, is coupled
proximally to a second electrical feedthrough or connector on the pulse
generator 14, and may extend along all or a portion of the length of the
lead body 34, terminating distally at a second electrode on the lead 32.
In use, and in some embodiments, the conductor coils 58,60 can be
used in conjunction with a bipolar lead to deliver bipolar electrical
energy through the lead body 34 for providing therapy to the patient
and/or for sensing parameters such as electrical impedance within the
patient’s body. In some embodiments, for example, the conductor coils
58,60 may function, respectively, as anode and cathode electrodes to
deliver bipolar electrical energy to body tissue adjacent to the distal
lead tip 44 or to other locations along the length of the lead 32.

[0034] The configuration of the conductor coils 58,60, including
the shape and/or dimensions of the conductors 58,60, may be similar
to that of the conductor coil 52 of Figure 3. Alternatively, and in other
embodiments, the shape and/or dimensions of the conductor coils
58,60 may vary from the conductor coil 52. In the embodiment of
Figure 5, each of the conductor coils 58,60 comprises an insulated wire
having an inner core 62,64 of electrically conductive material such as
gold or platinum. In some embodiments, each of the conductor coils
58,60 include a layer or coating 66,68 of electrically non-conductive
material disposed about the inner core 62,64. For example, the
conductor coils 58,60 can include a layer or coating 66,68 of

polyurethane, silicon, or polytetrafluoroethylene (PTFE) disposed about
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an inner core 62,64 of gold or platinum. Other configurations, however,
are possible.

[0035] The coil assembly 56 further includes a number of non-
conductive spacer filars 70,72 interstitially disposed between laterally
adjacent turns of the conductor coils 58,60. Each of the spacer filars
70,72 are formed at least in part of an electrically non-conductive
material, and are electrically isolated from the conductor coils 58,60,
the pulse generator 14, and the lead tip electrode or electrodes 46.
The configuration of the spacer filars 70,72, including the shape and/or
dimensions of the spacer filars 70,72 may be similar to that of the
spacer filar 54 of Figure 3. Alternatively, and in other embodiments,
the shape and/or dimensions of the spacer filars 70,72 may differ from
the spacer filar 54 of Figure 3.

[0036] In the embodiment of Figure 5, each of the spacer filars
70,72 comprises a respective inner core 74,76 made from an
electrically conductive material, and an outer layer or coating 78,80
made from an electrically non-conductive material. For example, in
some embodiments each of the spacer filars 70,72 can be fabricated
from a gold or platinum wire jacketed or coated with polyurethane,
silicon, or polytetrafluoroethylene (PTFE) shielding.

[0037] As with the embodiment of Figure 3, the presence of the
spacer filars 70,72 between the turns of the conductor coils 58,60
increases the pitch of the coils 58,60, which in turn, reduces the length
of the conductor coils 58,60. This reduced length of the conductor coils
58,60 may help to deflect a greater amount of electromagnetic energy
away from the lead 32, thus reducing the effects of tissue heating
within the body. The presence of the inner core 74,76 of conductive
material within the spacer filars 70,72 may further help to collect and
dissipate electromagnetic energy received by the lead 32, further
reducing the effects of tissue heating within the body.

[0038] Figure 6 is a partial cross-sectional view showing another

illustrative coil assembly 82 for use with a medical electrical lead. As
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shown in Figure 6, the coil assembly 82 includes a pair of conductor
coils 84,86 each helically disposed about the longitudinal axis L of the
assembly 82. A first conductor 84 of the assembly 82 is coupled
proximally to a first electrical feedthrough or connector on the pulse
generator 14, and may extend along all or a portion of the length of the
lead body 34, terminating distally at a first electrode on the lead 32. A
second conductor 86 of the assembly, in turn, is coupled proximally to
a second electrical feedthrough or connector on the pulse generator
14, and may extend along all or a portion of the length of the lead body
34, terminating distally at a second electrode on the lead 32. In some
embodiments, the conductor coils 84,86 can be configured for use in a
bipolar lead to deliver bipolar electrical energy through the lead body
34 that can be used to provide therapy to the patient and/or for sensing
parameters such as electrical impedance within the patient’s body.
[0039] In the embodiment of Figure 6, each of the conductor
coils 84,86 includes an associated spacer filar 88,90 coupled to or
formed integrally with the conductor coils 84,86. In some
embodiments, for example, each of the conductor coils 84,86 is formed
from an inner core 92,94 of electrically conductive material (e.g., gold
or platinum) and an outer layer or coating 96,98 of an electrically non-
conductive material. In one embodiment, fabrication of each of the
conductor coils 84,86 is accomplished via a co-extrusion process in
which the outer, non-conductive layer or coating 96,98 (including the
material forming the spacer filar 88,90) is co-extruded with the inner
core 92,94 material, forming a non-symmetric extrusion (e.g., a dumb-
bell shape) over the conductor coils 84,86. Other techniques such as
over-molding the outer layer or coating 96,98 over the inner wire core
92,94 material can also be used to fabricate each of the conductor coils
84,86.

[0040] Figure 7 is a partial cross-sectional view showing another
illustrative coil assembly 100 for use with a medical electrical lead. The

coil assembly 100 is similar to the coil assembly 50 of Figure 3,
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including a single filar conductor coil 102 helically disposed about the
longitudinal axis L of the assembly 100. In the embodiment of Figure
7, however, the coil assembly 100 includes a pair of non-conductive
spacer filars 104,106 interstitially disposed between each laterally
adjacent turn of the conductive coil 102. The spacer filars 104,106 can
be formed from a solid wire coil, or alternatively can be formed from an
inner core of electrically conductive material and one or more outer
layers or coatings of an electrically non-conductive material.

[0041] In use, and as with other embodiments herein, the
presence of the spacer filars 104,106 between each coil turn of the
conductor coil 102 functions to increase the pitch of the conductor coil
102 while also maintaining the flexibility and fatigue characteristics of
the coil assembly 100. This increase in pitch reduces the total length
of the conductor coil 102 along the length of the lead 32, which may
help to deflect a greater amount of electromagnetic energy away from
the lead 32.

[0042] The number of conductor coils and/or spacer filars can be
varied to produce other coil assemblies. In one embodiment depicted
in Figure 8, for example, the coil assembly 108 includes two conductor
coils 110,112 and three spacer filars 114,116,118. The coil assembly
108 can include a greater or lesser number of spacer filars and/or
conductor coils. For example, in some embodiments the coil assembly
includes a single filar conductor coil having two or more non-conductive
spacer filars interstitially disposed between each coil turn of the
conductor coil. Alternatively, and in other embodiments, the coill
assembly includes multiple conductor coils (e.g., two, three, four, etc.)
with one or more spacer filars interstitially disposed between each
conductor coil turn.

[0043] Figure 9 is a partial cross-sectional view showing another
illustrative coil assembly 120 for use with a medical electrical lead. As
shown in Figure 9, the coil assembly 120 includes a pair of conductor

coils 122,124 and a pair of spacer filars 126,128. The conductor coils
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122,124 may each be coupled proximally to electrical feedthroughs or
connectors on the pulse generator 14, and may extend along all or a
portion of the length of the lead body 34, terminating distally at a
respective set of electrodes on the lead 32. In some embodiments, for
example, the conductor coils 122,124 can be configured for use in
bipolar leads to deliver bipolar electrical energy through the lead body
34 for providing therapy to the patient and/or for sensing parameters
such as electrical impedance within the patient’s body.

[0044] The configuration of the conductor coils 122,124,
including the shape and/or dimensions of the coils 122,124 may be
similar to that of the conductor coil 52 of Figure 3. Alternatively, and in
other embodiments, the shape and/or dimensions of the conductor
coils 122,124 may vary from the conductor coil 52. In the embodiment
of Figure 9, each of the conductor coils 122,124 comprises an
insulated wire having an inner core 130,132 of electrically conductive
material, and an outer layer or coating of electrically non-conductive
material 134,136. In other embodiments, the conductor coils 122,124
may each comprise a solid, conductive material with no insulation.
[0045] In the embodiment of Figure 9, the spacer filars 126,128
are each interstitially disposed between laterally adjacent turns of the
conductor coils 122,124. The spacer filars 126,128 can be configured
to contact each adjacent turn of the conductor coil 122,124, as shown,
or can be spaced apart from each adjacent turn of the conductor coil
122,124 via a small gap or spacing. In some embodiments, the spacer
filars 126,128 can be formed from a solid coil of electrically non-
conductive material. In other embodiments, the spacer filars 126,128
can be formed from an inner core of electrically conductive material
and one or more outer layers or coatings of an electrically non-
conductive material.

[0046] 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
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above refer to particular features, the scope of this invention also
includes embodiments having different combinations of features and
embodiments that do not include all of the described features.
Accordingly, the scope of the present invention is intended to embrace
all such alternatives, modifications, and variations as fall within the

scope of the claims, together with all equivalents thereof.
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CLAIMS
What is claimed is:

1. A medical electrical lead, comprising:

an insulated lead body including at least one electrode;

at least one helically coiled conductor electrically coupled
to the at least one electrode, the at least one
conductor including a plurality of turns disposed
about a longitudinal axis of the lead body;

at least one helically coiled spacer element electrically
isolated from the at least one electrode, the at least
one spacer element including a plurality of turns
disposed about the longitudinal axis, wherein one or
more turns of the spacer element are interstitially
disposed between at least one adjacent turn of the

conductor; and

wherein the at least one helically coiled conductor and
the at least one helically coiled spacer element form a
close-wound coil assembly extending along a length
of the lead body.

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

least one helically coiled conductor is an insulated wire.

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

least one helically coiled conductor is a non-insulated wire.

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

least one helically coiled conductor comprises a single conductor filar.
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5. The medical electrical lead of claim 1, wherein the at
least one helically coiled conductor comprises multiple conductor filars.

0. The medical device of claim 1, wherein the at least one
helically coiled conductor comprise a plurality of helically coiled

conductor wires each including a plurality of wire turns.

7. The medical device of claim 1, wherein the at least one
helically coiled conductor extends from the at least one electrode to a

proximal connector coupled to an implantable medical device.

8. The medical electrical lead of claim 1, wherein the at
least one helically coiled spacer element has a circular transverse

shape.

9. The medical electrical lead of claim 1, wherein the at
least one helically coiled spacer element includes a single polymeric
filar.

10. The medical electrical lead of claim 1, wherein the at
least one helically coiled spacer element includes a plurality of
polymeric filars.

11. The medical electrical lead of claim 1, wherein the at
least one helically coiled spacer element includes at least one insulated

metal filar.

12. The medical electrical lead of claim 1, wherein the at
least one helically coiled spacer element is integrally formed with the at
least one helically coiled conductor.
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13. The medical electrical lead of claim 1, wherein the at
least one helically coiled spacer element includes a plurality of spacer
elements interstitially disposed between adjacent turns of the at least
one helically coiled conductor.

14. The medical electrical lead of claim 1, wherein the one or
more turns of the spacer element are interstitially disposed adjacent to

and in contact with at least one adjacent turn of the conductor.

15. The medical electrical lead of claim 1, wherein the at
least one helically coiled spacer element comprises a plurality of
helically coiled spacer elements.

16. The medical electrical lead of claim 15, wherein the
plurality of helically coiled spacer elements includes two or more
spacer elements disposed adjacent to and in contact with each other.

17. The medical electrical lead of claim 1, wherein the
medical electrical lead is a unipolar lead.

18. The medical electrical lead of claim 1, wherein the
medical electrical lead is a bipolar lead.

19. A medical electrical lead, comprising:
a proximal connector configured to couple the lead to an

implantable medical device;

an insulated lead body extending distally from the
proximal connector and including at least one

electrode;

a single helically coiled conductor wire electrically

coupled to the at least one electrode, the conductor
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wire including a plurality of turns disposed about a

longitudinal axis of the lead body;

at least one helically coiled non-conductive spacer
element electrically isolated from the at least one
electrode, the at least one spacer element including a
plurality of turns disposed about the longitudinal axis,
wherein one or more wire turns of the spacer element
are interstitially disposed between adjacent turns of

the conductor wire; and

wherein the helically coiled conductor wire and the at
least one helically coiled non-conductive spacer
element form a close-wound coil assembly extending

along a length of the lead body.

20. A medical electrical lead, comprising:

a proximal connector configured to couple the lead to an
implantable medical device;

an insulated lead body extending distally from the
proximal connector and including a plurality of

electrodes;

a pair of helically coiled conductor wires electrically
coupled to the electrodes, each conductor wire
including a plurality of turns disposed about a
longitudinal axis of the lead body;

at least one helically coiled non-conductive spacer
element electrically isolated from the electrodes, the
at least one spacer element including a plurality of
turns disposed about the longitudinal axis, wherein

one or more turns of the spacer element are
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interstitially disposed between adjacent turns of the

conductor wires; and

wherein the pair of helically coiled conductor wires and
the at least one helically coiled non-conductive
spacer element form a close-wound coil assembly

extending along a length of the lead body.
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