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(57) Abstract: A lead assembly for an implant-
able medical device includes a lead body having
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lead body. The strain relief tube includes a flex-
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the lead body. The contours vary in response to
forces on the lead body to prevent strain at the
distal end of the lead body.
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STRAIN RELIEF FEATURE FOR AN IMPLANTABLE MEDICAL DEVICE LEAD
TECHNICAL FIELD

[0001] The present invention relates to medical devices. More specifically,

the invention relates to a strain relief feature for a medical device lead body.

BACKGROUND

[0002] A significant amount of research has been directed both to the direct
and indirect stimulation and sensing of the left and right vagus nerves, the phrenic
nerve, the sacral nerve, the cavernous nerve, and portions of the anatomy with
baroreceptors (e.g., the carotid artery) to treat a wide variety of medical,
psychiatric, and neurological disorders or conditions. For example, stimulation of
the vagus nerve has been proposed as a method for treating various heart
conditions, including heart failure. The nerves stimulated and/or sensed may be
sympathetic or parasympathetic in character.

[0003] In a nerve stimulation and sensing system, one or more electrodes
are formed on a lead that are electrically connected to an implanted electronic
package, such as a pulse generator. Electrical energy is delivered to the
electrodes by conductors that extend from the pulse generator at a proximal end
of the lead to the electrodes at a distal end of the lead. For direct stimulation of a
nerve, the electrodes may be configured to be secured directly to, wrapped
around, or laid next to the nerve. The lead should be configured so that the

electrodes remain in contact with the nerve to be stimulated.

SUMMARY

[0004] Discussed herein are strain relief features that are configured to
reduce strain or loading on the distal end of an implantable medical device lead,
as well as medical device leads including strain relief features.

[0005] In Example 1, a lead assembly for an implantable medical device
includes a lead body having a proximal end, a distal end, and a longitudinal axis
that extends between the proximal end and distal end. The lead assembly also
includes a strain relief tube that surrounds a portion of the lead body. The strain

relief tube includes a flexible material configured to include contours such that the
1



WO 2013/003278 PCT/US2012/044020

portion of the lead body surrounded by the strain relief tube maintains a formed
shape that varies from the longitudinal axis of the lead body. The contours vary in
response to forces on the lead body to prevent strain at the distal end of the lead
body.

[0006] In Example 2, the lead assembly according to Example 1, wherein
the strain relief tube further comprises one or more suture elements coupled to an
exterior of the strain relief tube and configured to secure the strain relief tube to
adjacent tissue after shaping the strain relief tube.

[0007] In Example 3, the lead assembly according to either Example 1 or 2,
wherein the strain relief tube includes preformed contours.

[0008] In Example 4, the lead assembly according to any of Examples 1-3,
wherein the strain relief tube moves with respect to the lead body.

[0009] In Example 5, the lead assembly according to any of Examples 1-4,
wherein the strain relief tube is securable to the lead body.

[0010] In Example 6, the lead assembly according to any of Examples 1-5,
wherein the strain relief tube comprises an embedded mesh material or
compression resistant material that facilitates mechanical coupling of the strain
relief tube to tissue.

[0011] In Example 7, the lead assembly according to any of Examples 1-6,
wherein the portion of the lead body surrounded by the strain relief tube is
proximate the distal end.

[0012] In Example 8, a lead assembly for an implantable medical device
includes a lead body having a proximal end, a distal end, and a longitudinal axis
that extends between the proximal end and distal end. The lead assembly also
includes one or more connectors at the proximal end of the lead body that are
each adapted for connection to a pulse generator. The lead assembly further
includes one or more electrodes at the distal end of the lead body electrically
coupled to the one or more connectors. A strain relief tube surrounds a portion of
the lead body. The strain relief tube comprises a flexible material configured to
include contours such that the portion of the lead body surrounded by the strain
relief tube maintains a shape that varies from the longitudinal axis of the lead
body.
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[0013] In Example 9, the lead assembly according to Example 8, wherein
the strain relief tube further comprises one or more suture elements coupled to an
exterior of the strain relief tube and configured to secure the strain relief tube to
adjacent tissue after shaping the strain relief tube.

[0014] In Example 10, the lead assembly according to either Example 8 or
9, wherein the strain relief tube includes preformed contours.

[0015] In Example 11, the lead assembly according to any of Examples 8-
10, wherein the strain relief tube moves with respect to the lead body.

[0016] In Example 12, the lead assembly according to any of Examples 8-
11, wherein the strain relief tube is securable to the lead body.

[0017] In Example 13, the lead assembly according to any of Examples 8-
12, wherein the strain relief tube comprises an embedded mesh material or
compression resistant material that facilitates mechanical coupling of the strain
relief tube to tissue.

[0018] In Example 14, the lead assembly according to any of Examples 8-
13, wherein the portion of the lead body surrounded by the strain relief tube is
proximate the distal end.

[0019] In Example 15, a strain relief element for an implantable medical
device lead includes a flexible tube including a lumen configured to receive a
portion of a lead body of the implantable medical device lead such that the flexible
tube surrounds the portion of the lead body. The flexible tube shapeable to
include contours such that the portion of the lead body surrounded by the flexible
tube maintains a shape that varies from the longitudinal axis of the lead body.
[0020] In Example 16, the strain relief element according to Example 15,
and further comprising one or more suture elements coupled to an exterior of the
flexible tube and configured to secure the strain relief element to adjacent tissue
after shaping the flexible tube.

[0021] In Example 17, the strain relief element according to either Example
15 or 16, wherein the flexible tube includes preformed contours.

[0022] In Example 18, the strain relief element according to any of

Examples 15-17, wherein the strain relief element is securable to the lead body.
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[0023] In Example 19, the strain relief element according to any of
Examples 15-18, and further comprising an embedded mesh material or
compression resistant material that facilitates mechanical coupling of the strain
relief tube to tissue.

[0024] In Example 20, the strain relief element according to any of
Examples 15-19, wherein the flexible tube is comprised of a material selected
from the group consisting of silicone, polyurethane, polytetrafluoroethylene
(PTFE), and polyester.

[0025] 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

[0026] FIG. 1 is an embodiment of a neurostimulation system according to
the present invention and portions of an environment in which the
neurostimulation system is used.

[0027] FIG. 2 is a cross-section view of an embodiment of a strain relief
tube including suture elements and configured for shaping at implantation.

[0028] FIG. 3 is a cross-section view of an embodiment of a preformed
strain relief tube.

[0029] FIG. 4 is a cross-section view of an embodiment of a preformed
strain relief tube including suture elements.

[0030] FIG. 5 is a perspective view of an embodiment of a portion of a
preformed strain relief tube including a stylet lumen formed in a wall of the strain
relief tube.

[0031] FIG. 6 is a perspective view of an embodiment of a portion of a
preformed strain relief tube including a stylet lumen formed on an exterior of the
strain relief tube.

[0032] While the invention is amenable to various modifications and

alternative forms, specific embodiments have been shown by way of example in
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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

[0033] FIG. 1 shows an embodiment of a neurostimulation system 10
according to the present invention implanted in a patient P. The neurostimulation
system 10 includes an implantable medical device (IMD) 12 with a lead 14
including a lead body 15 and having a proximal end 16 and a distal end 18. In
one embodiment, the IMD 12 includes a pulse generator. The IMD 12 can be
implanted subcutaneously within the body, typically at a location such as in a
patient’'s chest or abdomen, although other implantation locations are possible.
The proximal end 16 of the lead 14 can be coupled to the IMD 12 via one or more
connectors 19. Alternatively, the lead 14 may be formed integrally with the IMD
12. The distal end 18 of the lead 14, in turn, can be implanted at a desired
location in the patient’s body to stimulate excitable tissue.

[0034] The distal end 18 of the lead 14 includes a plurality of electrode cuffs
20 including one or more rings or spirals containing electrodes. The electrode
cuffs 20 are electrically connected to the IMD 12 via one or more conductors (not
shown in FIG. 1) extending through the lead 14. The electrode cuffs 20 are
formed into a helical shape suitable for coupling to a nerve N, such as a vagus
nerve. In some embodiments, at least one of the electrode cuffs 20 may
alternatively be configured as an anchor tether or strain relief cuff that secures the
electrode assembly to the nerve N.

[0035] During operation, the lead 14 delivers electrical signals between the
IMD 12 and the electrode cuffs 20. The electrode cuffs 20 may be separately
controlled by IMD 12, such that energy having different magnitude, phase, and/or
timing characteristics may be delivered to or from each of the electrode cuffs 20.
While the lead 14 shown includes three electrode cuffs 20, any number of
electrode cuffs having any arrangement on the lead 14 can alternatively be

employed in the system 10. In addition, one or more of the electrode cuffs 20 may
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alternatively be configured as a strain relief cuff that does not carry electrical
signals, but secures the distal end 18 relative to the nerve N to minimize
movement of the electrode cuffs 20 relative to the excitable tissue due to voluntary
or involuntary movements of the patient. Furthermore, the IMD 12 shown is
merely by way of illustration, and the IMD 12 may have any configuration suitable
for use in conjunction with the lead 14 and may be implanted in any suitable
location in the patient's body. For example, the electrode cuffs 20 may
alternatively be configured as band electrodes on a straight lead that are placed
adjacent to the nerve N to deliver stimulation energy.

[0036] The electrode cuffs 20 are configured for stimulation or sensing of a
nerve or nerve bundle. In the embodiment shown, the distal end 18 is secured to
the vagus nerve N. The electrode cuffs 20 may be arranged around the nerve,
with the IMD 12 configured to deliver energy to the electrode cuffs 20 to stimulate
the nerve. Stimulating the sympathetic and parasympathetic nervous systems
can have effects on physiological parameters associated with the heart H, such as
heart rate and blood pressure.

[0037] The vagus nerve N has afferent properties, such that the neural
stimulation is transmitted to the central nervous system (CNS). Vagal stimulation
simultaneously increases parasympathetic and decreases sympathetic activity,
and is believed to prevent further remodeling or predisposition to fatal arrhythmias
in post-MI patients, to help restore autonomic balance and increase heart rate
variability (HRV), to increase parasympathetic and reduce sympathetic tone in
hypertrophic cardiac myopathy (HCM), neurogenic hypertension, and arrhythmia
protection, to reduce anginal symptoms, to increase coronary blood flow (CBF),
and to prevent development or worsening of congestive heart failure (CHF)
following MI. The electrode cuffs 20 may be configured and arranged to stimulate
the vagus nerve N to provide any of the physiological responses described. While
the electrode cuffs 20 are shown arranged around the right vagus nerve N in FIG.
1, the electrode cuffs 20 can be configured and arranged to stimulate the left
vagus nerve N to treat other physiological and psychological conditions, such as

epilepsy and depression.
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[0038] After implantation, the lead 14 may become encapsulated with
tissue, causing the lead 14 to move in concert with the tissue to which it is
attached. For example, when the electrodes 20 are coupled to a vagus nerve,
head or torso movement by the patient P may result radial and/or axial force along
the lead 14. To reduce strain on the distal end 18 when the patient P moves, the
lead body 15 may be formed into or secured in a configuration that allows the lead
14 to extend, flex, or otherwise move while minimizing movement and strain at the
distal end 18. For example, the lead body 15 may include one or more bends
proximate the distal end 18, which provides additional lead length (i.e., slack) to
allow for axial and/or radial movement of the lead 14 when the patient P moves
without pulling on the electrode cuffs 20. As another example, the lead body 15
may be arranged to include one or more sinusoidal or waved sections that also
reduce movement at the distal end 18 when the patient P moves. As a further
example, the lead body 15 may be arranged to include one or more three-
dimensional spiral sections. The strain relief assemblies as described herein
facilitate forming strain relief shapes or features at any section along the lead
body 15 to reduce loading on the distal end 18 of the lead 14.

[0039] FIG. 2 is a cross-sectional view of an embodiment of a strain relief
tube 50 disposed around the lead body 15 and configured to maintain the lead
body 15 in a shape that allows the lead 14 to move with adjacent tissue to
minimize load at the distal end 18. The strain relief tube 50 introduces contours in
the lead body 15 that vary from the longitudinal axis of the lead 14. The strain
relief tube may be include contours that vary in two or three dimensions. The
strain relief tube 50 is configured such that, when engaged with the lead 14,
surrounds or wraps around the lead body 15. In some embodiments, the strain
relief tube 50 may be slid into position over the lead body 15 from the proximal
end 16 or distal end 18 of the lead 14. In other embodiments, the strain relief tube
50 includes an opening (e.g., a slit) between its ends to allow strain relief tube 50
to be opened and positioned over the lead body 15 at the desired location.

[0040] In some embodiments, the strain relief tube 50 includes one or more
suture elements 52 that facilitate securing of the strain relief tube 50 to adjacent

tissue. After the strain relief tube 50 is positioned over the lead body 15, the
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clinician may configure the lead body 15 and strain relief tube 50 into any shape
that reduces the load on the distal end 18 during movement of the patient P. This
may occur prior to or during implantation of the lead 14. For example, the clinician
may secure the electrodes 20 to the nerve N, and subsequently shape the portion
of the lead body 15 surrounded by the strain relief tube 50 into the selected
configuration. When the lead 14 is positioned and the strain relief tube 50 is
shaped, the clinician may secure the strain relief tube 50 to adjacent tissue via the
suture elements 52. The strain relief tube 50 may then become encapsulated by
the surrounding tissue, allowing the strain relief tube 50 and shaped portion of the
lead body 15 to move in concert with surrounding tissue to minimize loading at the
distal end 18.

[0041] In alternative embodiments, the strain relief tube 50 comprises a
pre-shaped or preformed member with the desired shape. The preformed
member may be free to move relative to the lead body 14 or may be attached to
the lead body 14.

[0042] The lead body 15 may be allowed to freely slide within the strain
relief tube 50. For example, the diameter of the interior lumen 54 of the strain
relief tube 50 may be slightly larger than the outer diameter of the lead body 15 to
allow the lead body 15 to move relative to the strain relief tube 50. The strain
relief tube 50 may additionally or alternatively be made of a material that reduces
friction between the lead body 15 and the strain relief tube 50. In alternative
embodiments, the strain relief tube 50 is secured to the lead body 15 to prevent
relative movement between the strain relief tube 50 and lead body 15. For
example, the strain relief tube 50 may be mechanically or chemically coupled to
the lead body 15.

[0043] In the embodiment shown, the strain relief tube 50 is arranged in a
serpentine configuration including two bends. In this configuration, the lead 14 in
the region of the strain relief tube 50 responds to forces in the radial direction with
variation in the distance between turns of the strain relief tube 50. The strain relief
tube 50 also allows the lead 14 to respond to forces in the axial direction with
elongation of the strain relief tube 50 (i.e., unwinding of the turns). The ability of

the lead 14 to flex in the region covered by the strain relief tube 50 reduces the
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amount of load that is transferred to the distal end 18, thereby preventing patient
discomfort or migration or dislodgement of the electrodes 20 from the nerve N.
The strain relief tube 50 is configured to return to its implanted shape after radial
and/or axial forces are no longer applied to the lead 14.

[0044] In some embodiments, the strain relief tube 50 is comprised of a
flexible biocompatible material. Example materials that are suitable for use in the
strain relief tube 50 include, but are not limited to, silicone, polyurethane,
polytetrafluoroethylene (PTFE), and polyester. The strain relief tube 50 may also
comprise a mesh material to encourage tissue in-growth and secure the strain
relief tube 50 to surrounding tissue. In embodiments in which the strain relief tube
50 is secured to the lead body 15, a mesh component or other compression
resistant material may also be embedded into the polymer to facilitate mechanical
coupling (e.g., suturing) of the strain relief tube 50 to surrounding tissue.

[0045] FIG. 3 is a cross-sectional view of an embodiment of a strain relief
tube 60 having a preformed shape that reduces loading on the distal end 18 of the
lead 14. The strain relief tube 60 surrounds or wraps around the lead body 15
and, after becoming encapsulated with surrounding tissue, moves in concert with
the encapsulated tissue. In some embodiments, the strain relief tube 60 may be
slid into position over the lead body 15 from the proximal end 16 or distal end 18
of the lead 14. In other embodiments, the strain relief tube 60 includes an
opening (e.g., a slit) between its ends to allow strain relief tube 60 to be opened
and positioned over the lead body 15 at the desired location. The strain relief
tube 60 may be comprised of materials similar to those discussed above with
regard to strain relief tube 50.

[0046] In the embodiment shown, the strain relief tube 60 is arranged in a
waved configuration including multiple undulations. In this configuration, the strain
relief tube 60 allows the lead 14 to respond to forces in the axial and/or radial
directions with elongation of the strain relief tube 60 (i.e., straightening of the
undulations). The strain relief tube 60 is configured to return to its implanted
shape after radial and/or axial forces are no longer applied to the lead 14.

[0047] The lead body 15 may be allowed to freely slide within the strain

relief tube 60. In some embodiments, the diameter of the interior lumen 64 of the
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strain relief tube 60 may be slightly larger than the outer diameter of the lead body
15 to allow the lead body 15 to move relative to the strain relief tube 60. The
strain relief tube 60 may additionally or alternatively be made of a material that
reduces friction between the lead body 15 and the strain relief tube 60.

[0048] In alternative embodiments, the strain relief tube 60 is secured to the
lead body 15 to prevent relative movement between the strain relief tube 60 and
lead body 15. For example, the strain relief tube 60 may be mechanically or
chemically coupled to the lead body 15. In some embodiments, a mesh
component is embedded into the material of the strain relief tube 60 to facilitate
mechanical coupling (e.g., suturing) of the strain relief tube 60 and adjacent
tissue.

[0049] FIG. 4 is a cross-sectional view of a strain relief tube 70 having a
similar shape and configuration as the strain relief tube 60, and including one or
more suture elements 72 that facilitate securing of the strain relief tube 70 to
adjacent tissue. After the strain relief tube 70 is positioned over the lead body 15,
the clinician may configure the lead body 15 and strain relief tube 70 into any
shape that reduces the load on the distal end 18 during movement of the patient
P. This may occur prior to or during implantation of the lead 14. For example, the
clinician may secure the electrodes 20 to the nerve N, and subsequently shape
the portion of the lead body 15 surrounded by the strain relief tube 70 into the
selected configuration. When the lead 14 is positioned and the strain relief tube
70 is shaped, the clinician may secure the strain relief tube 70 to adjacent tissue
via the suture elements 72. The strain relief tube 70 may then become
encapsulated by the surrounding tissue, allowing the strain relief tube 70 and
shaped portion of the lead body 15 to move in concert with surrounding tissue to
minimize loading at the distal end 18.

[0050] FIG. 5 is a perspective view of an embodiment of a portion of a
strain relief tube 80 having a preformed shape. The strain relief tube 80 may also
include one or more suture elements 82 that facilitate securing of the strain relief
tube 80 to adjacent tissue. As with earlier described embodiments, the strain
relief tube 80 surrounds or wraps around the lead body 15 (not shown) such that

the lead body 15 is positioned within lumen 84 After becoming encapsulated with
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surrounding tissue, moves in concert with the encapsulated tissue. In some
embodiments, the strain relief tube 80 may be slid into position over the lead body
15 from the proximal end 16 or distal end 18 of the lead 14. In other
embodiments, the strain relief tube 80 includes an opening (e.g., a slit) between
its ends to allow strain relief tube 80 to be opened and positioned over the lead
body 15 at the desired location. The strain relief tube 60 may be comprised of
materials and have characteristics similar to those discussed above with regard to
strain relief tubes 50, 60 and 70.

[0051] In the embodiment shown in FIG. 5, the strain relief tube 80 also
includes a stylet lumen (or straightening wire lumen) 86 configured to receive a
stylet or straightening wire during implantation. The lumen 86 may be formed in a
wall of the strain relief tube 80. The stylet or straightening wire straightens the
preformed shape of the strain relief tube 80 so that the clinician can more easily
deliver the lead 14 and coupled strain relief tube 80 to the implant site. The lumen
86 allows for the insertion of a stylet or straightening wire to straighten only the
strain relief tube 80 (and portion of the lead 14 therein) such that the entire lead
14 does not straighten during implantation. After positioned at the implant site,
the stylet or straightening wire is removed from the lumen 86, and the strain relief
tube 80 returns to its preformed shape.

[0052] The stylet lumen or straightening wire lumen may alternatively have
other configurations. For example, FIG. 6 is a perspective view of a portion of a
strain relief tube 90 including one or more suture elements 92 that facilitate
securing of the strain relief tube 90 to adjacent tissue and a lumen 94 configured
to retain a portion of the lead body 15. In this embodiment, a stylet lumen (or
straightening wire lumen) 96 is formed on an exterior of the strain relief tube 90.
The positioning of the stylet lumen with respect to the strain relief tube may be
based on the length and preformed shape of the strain relief tube.

[0053] 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
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described features. For example, while the disclosed strain relief assemblies
have been described with respect to a neural stimulation system, the disclosed
strain relief assemblies may also be employed in association with other types of
leads, such as leads in a cardiac stimulation system. 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.

12
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CLAIMS

We claim:

1. A lead assembly for an implantable medical device, the lead

assembly comprising:

a lead body having a proximal end, a distal end, and a longitudinal

axis that extends between the proximal end and distal end; and

a strain relief tube that surrounds a portion of the lead body, the
strain relief tube comprising a flexible material configured to
include contours such that the portion of the lead body
surrounded by the strain relief tube maintains a formed shape
that varies from the longitudinal axis of the lead body, wherein
the contours vary in response to forces on the lead body to

prevent strain at the distal end of the lead body.

2. The lead assembly of claim 1, wherein the strain relief tube further
comprises one or more suture elements coupled to an exterior of the strain relief
tube and configured to secure the strain relief tube to adjacent tissue after shaping

the strain relief tube.

3. The lead assembly of claim 1, wherein the strain relief tube includes

preformed contours.

4. The lead assembly of claim 1, wherein the strain relief tube moves

with respect to the lead body.

5. The lead assembly of claim 1, wherein the strain relief tube is

securable to the lead body.

6. The lead assembly of claim 5, wherein the strain relief tube
comprises an embedded mesh material that facilitates mechanical coupling of the

strain relief tube to tissue.

13
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7. The lead assembly of claim 1, wherein the portion of the lead body

surrounded by the strain relief tube is proximate the distal end.

8. A lead assembly for an implantable medical device, the lead

assembly comprising:

a lead body having a proximal end, a distal end, and a longitudinal

axis that extends between the proximal end and distal end;

one or more connectors at the proximal end of the lead body that are

each adapted for connection to a pulse generator;

one or more electrodes at the distal end of the lead body electrically

coupled to the one or more connectors; and

a strain relief tube that surrounds a portion of the lead body, the
strain relief tube comprising a flexible material configured to
include contours such that the portion of the lead body
surrounded by the strain relief tube maintains a shape that

varies from the longitudinal axis of the lead body.

9. The lead assembly of claim 8, wherein the strain relief tube further
comprises one or more suture elements coupled to an exterior of the strain relief
tube and configured to secure the strain relief tube to adjacent tissue after shaping
the strain relief tube.

10. The lead assembly of claim 8, wherein the strain relief tube includes

preformed contours.

11. The lead assembly of claim 8, wherein the strain relief tube moves
with respect to the lead body.

12. The lead assembly of claim 8, wherein the strain relief tube is

securable to the lead body.

14
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13. The lead assembly of claim 12, wherein the strain relief tube
comprises an embedded mesh material that facilitates mechanical coupling of the

strain relief tube to tissue.

14. The lead assembly of claim 8, wherein the portion of the lead body

surrounded by the strain relief tube is proximate the distal end.

15. A strain relief element for an implantable medical device lead, the
strain relief element comprising a flexible tube including a lumen configured to
receive a portion of a lead body of the implantable medical device lead such that
the flexible tube surrounds the portion of the lead body, the flexible tube
shapeable to include contours such that the portion of the lead body surrounded

by the flexible tube maintains a shape that varies from the longitudinal axis of the

lead body.
16. The strain relief element of claim 15, and further comprising:
one or more suture elements coupled to an exterior of the flexible
tube and configured to secure the strain relief element to
adjacent tissue after shaping the flexible tube.
17. The strain relief element of claim 15, wherein the flexible tube

includes preformed contours.

18. The strain relief element of claim 15, wherein the strain relief

element is securable to the lead body.

19. The strain relief element of claim 18, and further comprising:

an embedded mesh material that facilitates mechanical coupling of

the strain relief tube to tissue.
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20. The strain relief element of claim 15, wherein the flexible tube is
comprised of a material selected from the group consisting of silicone,

polyurethane, polytetrafluoroethylene (PTFE), and polyester.
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