06/047168 A1 IR 0O 0 RO 0O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
4 May 2006 (04.05.2006)

' N\
) I 0 00000

(10) International Publication Number

WO 2006/047168 Al

(51) International Patent Classification:
AGIN 1/05 (2006.01)

(21) International Application Number:
PCT/US2005/037573
(22) International Filing Date: 19 October 2005 (19.10.2005)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:

60/621,018 21 October 2004 (21.10.2004) US
11/118,623 29 April 2005 (29.04.2005) US
(71) Applicant (for all designated States except US):

MEDTRONIC, INC. [US/US]; 710 Medtronic Park-
way, Minneapolis, MN 55432 (US).

(72) Inventors: CROSS, Thomas, E., Jr.; 23810 Nightingale
Street, St. Francis, MN 55070 (US). COLE, Mary,
L.; 1668 Hartford Avenue, St. Paul, MN 55116 (US).
BOLEA, Stephen, L.; 741 105th Street SE, Watertown,

MN 55388 (US).

(74) Agent: SHUMAKER, Steven, J.; Shumaker & Sieffert,
P.A., 8425 Seasons Parkway, Suite 105, St. Paul, MN

55125 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, LY,
MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO,
NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK,
SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ,
VC, VN, YU, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

(84)

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: IMPLANTABLE MEDICAL LEAD WITH STYLET GUIDE TUBE

& (57) Abstract: Animplantable lead has a lead body construction designed to accommodate loading forces exerted on the lead body
during patient movement. The lead body may be sufficiently stretchable to resist forces that could otherwise cause lead failure,
axial migration of the electrodes, anchor damage, or tissue damage. Increasing stretchability of a lead body can also increase the
vulnerability of the lead body to flex fatigue, buckling fatigue, kinking, and crush. Therefore, the lead described herein includes a
coiled wire stylet guide to provide enhanced column strength. The coiled wire stylet gunide may or may not be electrically conductive.

e
=



WO 2006/047168 PCT/US2005/037573

IMPLANTABLE MEDICAL LEAD WITH STYLET GUIDE TUBE

TECHNICAL FIELD
[0001] The invention relates to implantable medical devices and, more

particularly, implantable medical leads.

BACKGROUND
[0002] A variety of implantable medical devices (IMDs) are available to monitor
physiological conditions within a patient, deliver therapy to a patient, or both.
Typically, an IMD is coupled to one or more implantable leads that carry
electrodes to sense physiological electrical activity or deliver electrical stimulation.
Cardiac pacemakers and cardioverter-defibrillators, for example, are coupled to
one or more intravenous or epicardial leads that include sensing electrodes to
sense cardiac electrical activity, stimulation electrodes to deliver pacing,
cardioversion or defibrillation pulses, or a combination of sensing and stimulation
electrodes.
[0003] Neurostimulation systems also include implantable leads for delivery of
neurostimulation therapy to patients to treat a variety of symptoms or conditions
such as chronic pain, tremor, Parkinson’s disease, multiple sclerosis, spinal cord
injury, cerebral palsy, amyotrophic lateral sclerosis, dystonia, torticollis, epilepsy,
urinary incontinence, fecal incontinence, sexual dysfunction, obesity, or
gastroparesis or other gastric mobility disorders. An implantable neurostimulator
delivers electrical stimulation pulses via electrodes carried by leads implanted
proximate to the spinal cord, pelvic nerves, stomach, or gastrointestinal tract, or
within the cranium of a patient, e.g., for deep brain stimulation or occipital nerve
stimulation.
[0004] As a patient implanted with an IMD moves, some regions of the body may
expand and contract, resulting in changes in length. The movement may exert high
loading forces on anchors, leads, lead extensions, or body tissue. These forces may
cause lead failure, axial migration of electrodes, anchor damage, or tissue damage.
The patient may experience pain or operational failure or performance degradation

of the IMD.
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SUMMARY
[0005] In general, the invention is directed to implantable leads with a lead body
construction designed to accommodate loading forces exerted on the lead body
during patient movement. In some embodiments, the lead body may be
sufficiently stretchable to resist forces that could otherwise cause lead failure, axial
migration of the electrodes, anchor damage, or tissue damage. Increasing
stretchability of a lead body can also increase the vulnerability of the lead body to
flex fatigue, buckling fatigue, kinking, and crush. Therefore, the lead described
herein includes a coiled wire stylet guide to provide enhanced column strength.
The coiled wire stylet guide may or may not be electrically conductive.
[0006] The lead body may include a variety of features that reduce the axial
stiffness of the lead without significantly impacting the operation and structural
integrity of lead components, such as electrodes, conductors and insulators.
Several embodiments of a lead are described herein. For example, a lead body
may comprise a low durometer outer jacket and/or conductors with a low modulus
of elasticity, providing increased stretchability.
[0007] A helical reinforcement also may be added to the lead to create a lead body
that is resistant to flex fatigue, buckling fatigue, kinking and crush. Furthermore, a
coiled wire may be embedded between a first insulative layer and a second
insulative layer of an outer jacket of the lead body to improve column stiffness and
kink resistance. Utilizing one or more of the above features, the lead is able to
accommodate changes in length associated with typical patient movement while
maintaining structural integrity.
[0008] In one embodiment, the invention is directed to a medical lead for use with
an implantable medical device comprising a lead body having a distal end and a
proximal end, an electrode formed at the distal end, an electrical contact formed at
the proximal end, and a conductor electrically coupling the electrode and the
electrical contact. The medical lead also comprises a stylet guide tube within the
lead body, wherein the stylet guide tube comprises a coiled wire defining a lumen

to removably receive a stylet.
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[0009] In another embodiment, the invention is directed to an implantable medical
device comprising a housing, an implantable pulse generator, within the housing,
that generates electrical stimulation pulses, and a medical lead extending from the
housing. The medical lead comprises a lead body having a distal end and a
proximal end, an electrode formed at the distal end, an electrical contact formed at
the proximal end, a conductor electrically coupling the electrode and the electrical
contact, and a stylet guide tube within the lead body, wherein the stylet guide tube
comprises a coiled wire defining a lumen to removably receive a stylet.

[0010] The invention also contemplates methods of use and fabrication of an
implantable lead and implantable medical device.

[0011] The invention may be capable of providing one or more advantages. For
example, a lead constructed in accordance with the invention may result in reduced
mechanical loading on tissue anchor points, implantable lead extensions, the
implantable lead itself, and the IMD during typical patient movement. In addition,
the lead may improve resistance to flex fatigue, buckling fatigue, kinking, and
crush. These features may also provide advantages beyond strengthening the lead.
For example, the coiled wire stylet guide may provide improved column
steerability as well as enhanced stylet insertion and Withdrawal. In some
embodiments, straight wire conductors may be combined with the coiled stylet
guide to achieve low conductor impedance while maintaining stylet

maneuverability within the coiled guide.

BRIEF DESCRIPTION OF DRAWINGS
[0012] FIG. 1 is a diagram illustrating a stimulation lead introducing kit, which
includes components for percutaneously implanting a stimulation lead.
[0013] FIG. 2 is a schematic diagram illustrating a cutaway view of an implantable
medical lead for use with an implantable medical device according to an
embodiment of the invention.
[0014] FIG. 3 is a schematic diagram illustrating a cutaway view of another
implantable medical lead according to an embodiment of the invention.
[0015] FIGS. 4A-4E are schematic diagrams illustrating exemplary cross-sectional

views of leads with axially positioned conductors.
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[0016] FIG. 5 is a schematic diagram illustrating another exemplary cross-sectional
view of a lead with axially oriented coiled wire conductors.

[0017] FIG. 6 is a schematic diagram illustrating a cutaway view of a coiled wire
conductor.

[0018] FIG. 7 is a schematic diagram illustrating a cutaway view of another
implantable medical lead according to an embodiment of the invention.

[0019] FIG. 8 is a schematic diagram illustrating a cutaway view of another
implantable medical lead according to an embodiment of the invention.

[0020] FIG. 9 is a schematic diagram illustrating a cutaway view of another
implantable medical lead according to an embodiment of the invention.

[0021] FIG. 10 is a schematic diagram illustrating an implantable medical device
for delivering electrical stimulation pulses to a patient.

[0022] FIG. 11 is a block diagram illustrating components within the device of
FIG. 10.

DETAILED DESCRIPTION
[0023] FIG. 1 is a diagram illustrating a stimulation lead introducing kit 10, which
includes components for percutaneously implanting a stimulation lead in
accordance with the invention. In other embodiments, the lead may be surgically
implanted. As shown in FIG. 1, kit 10 includes a needle 12, a needle stylet 14, a
guidewire 16, a dilator 18, a sheath 20, a stimulation lead 22, and a lead stylet 24,
Lead 22 has a lead body that is constructed to accommodate loading forces exerted
on the lead during patient movement. FIG 1 shows a distal portion 22A and a
proximal portion 22B of lead 22. In some embodiments, lead 22 may be
sufficiently stretchable to resist forces that could otherwise cause lead failure, axial
migration of the electrodes, anchor damage, or tissue damage.
[0024] Lead 22 may be coupled to an implantable medical device (IMD), either
directly or via a lead extension. As a patient moves, portions of the patient’s body
in which an IMD may be implanted change in length. For example, the fascial
surface dorsal to the lumbar spine elongates approximately 3.7 inches (94 cm)ina
typical individual from a neutral or standing position to a fully flexed or bent over

position as measured from the iliac crest to the area near the spinous process of the



WO 2006/047168 PCT/US2005/037573

first lumbar vertebra. Conventional lead bodies are unable to accommodate some
changes in length within a patient’s body, even with the addition of subcutaneous
strain relief loops in the lead and/or lead extensions. Consequently, some lead
bodies may be prone to lead failure or performance degradation due to fractures or
electrical shorting, axial migration of electrodes coupled to the lead body, anchor
damage, and/or tissue damage at anchor points.

[0025] Lead 22 may include a lead body constructed to exhibit a reduced axial
stiffness that permits the lead body to better accommodate changes in length along
a patient’s body. In one embodiment, for example, the lead body of lead 22
exhibits an axial stiffness of no greater than 5.0 pounds/inch/inch (0.35 kg/cm/cm),
more preferably between approximately 5.0 pounds/inch/inch and 1.5
pounds/inch/inch (0.105 kg/cm/cm), and even more preferably between
approximately 3.3 pounds/inch/inch (0.23 kg/cm/cm) and 1.5 pounds/inch/inch.
These ranges of axial stiffness may be achieved by selection of appropriate
materials and design features for lead 22. For example, in some embodiments,
lead 22 may combine low durometer outer jacket materials with structural features
such as low filar count coiled conductors to enhance stretchability, while also
incorporating additional structural features such as a coiled stylet guide and helical
reinforcement wires for structural integrity.

[0026] A reduced axial stiffness in the above range promotes increased
stretchability in the lead body to better accommodate changes in length along the
patient’s body. A medical lead body with an axial stiffness in the above ranges
may permit an axial elongation of approximately five percent to approximately
thirty percent, and more preferably approximately ten percent to thirty percent,
without breakage or degradation of performance. In some cases, the enhanced
stretchability may substantially eliminate lead failure due to fractures or electrical
shorting, axial migration of electrodes coupled to the lead body, anchor damage,
and/or tissue damage at anchor points. The above axial stiffness values are
expressed in pounds/inch/inch, rather than simply pounds/inch, as the lead body
may have different lengths, depending upon the model and manufacturer, as well
as different degrees of elongation during use. As an example, however, the lead

body of lead 22 may generally correspond to a lead body with a length of
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approximately 12 inches to 14 inches (30 cm to 36 cm), and more preferably
approximately 13 inches (33 cm), at an elongation of approximately 1 inch (2.54
cm). In some embodiments, the lead body of lead 22 may have longer lengths,
e.g., for application in which no lead extension is used to couple to an IMD. In
these cases, the lead body may be up to approximately 120 cm in length.

[0027] Several embodiments of leads are described herein. For example, a lead
body may comprise a low durometer outer jacket and/or conductors with a low
modulus of elasticity. In addition, the lead may comprise a coiled wire stylet guide
to provide enhanced column strength and steerability while improving stylet
insertion and withdrawal. The lead may also include a helical reinforcement wire
to create a lead body that is resistant to flex fatigue, buckling fatigue, axial
displacement, kinking and crush. Furthermore, a coiled wire may be embedded
between a first insulative layer and a second insulative layer within an outer jacket
of the lead body to improve column stiffness and kink resistance. In this way, the
lead is able to accommodate changes in length within the body associated with
typical patient movement while maintaining structural integrity. Some of the
features described herein may be applied not only to leads, but also leads that are
not significantly stretchable.

[0028] With further reference to FIG. 1, a stimulation lead 22 may be
percutaneously implanted in the epidural region proximate a spine of a patient.
Although kit 10 depicts the deployment of a lead for purposes of spinal cord
neurostimulation, other applications are contemplated. For example, a lead as
described herein may be used in a variety of sensing and therapy applications such
as spinal cord neurostimulation, sacral neurostimulation, deep brain stimulation,
and cardiac sensing and stimulation, e.g., for pacing, cardioversion or
defibrillation. However, spinal cord neurostimulation will be described for
purposes of illustration.

[0029] The elements in kit 10 are not necessarily shown to scale in FIG. 1. The
diagram of FIG. 1 depicts the distal ends and proximal ends of the parts in kit 10 at
the left and right, respectively. In general, a “distal” end will refer to the first end
of a component that is introduced into the patient, whereas the “proximal” end

generally extends outside of the body for manipulation by medical personnel.
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[0030] Needle 12 has a lumen to receive needle stylet 14. In some instances,
needle 12 may take the form of a modified Tuohy needle, which has an opening
that is angled, e.g., approximately 45 degrees, so that an instrument passing
through the needle exits through the needle at an angle. Needle stylet 14 fills the
lumen of needle 12 to prevent coring in the tissue of a patient when needle 12 is
inserted into the patient.

[0031] Guidewire 16 {s an elongated, flexible instrument that is steerable to permit
deployment of the guidewire to a desired “target” site, e.g., within the epidural
region. In practice, guidewire 16 may be inserted through needle 12 and steered
through the epidural region to the target site for neurostimulation therapy.
Guidewire 16 prepares a path so that a stimulation lead introducer, formed by
dilator 18 and sheath 20, can reach the target site by advancing over guidewire 16.
[0032] Dilator 18 has a cross-section that produces a widened path through body
tissue for deployment of stimulation lead 22. Sheath 20 fits over dilator 18 to form
the stimulation lead introducer. In particular, sheath 20 permits passage of
stimulation lead 22 when dilator 18 is not present in sheath 20, i.e., upon
withdrawal of dilator 18.

[0033] Stimulation lead 22 may include a cylindrical structure with at least one
ring electrode 36 to provide stimulation to tissue within a patient, as shown in FIG.
1. In other embodiments, the stimulation lead may comprise a paddle lead. FIG. 1
depicts a distal end of stimulation lead 22, including a lead body 33, which carries
electrodes 36 that function as tissue-stimulating electrodes. A proximal end of lead
body 33 is coupled to an implantable medical device (IMD) (not shown), such as a
neurostimulator that generates neurostimulation energy for delivery via electrodes
36. In particular, proximal portion 22B of lead 22 includes electrical contacts 39
for electrical contact with terminals within an IMD.

[0034] Lead 22 defines a lumen that receives lead stylet 24. Lead stylet 24 may
comprise a wire sized to fit within a stylet lumen of lead 22. In some
embodiments, lead stylet 24 may have an outer diameter of approximately 0.012
inches to 0.010 inches (0.03 cm to 0.025 cm). Lead stylet 24 may be substantially

steerable to permit deployment of stimulation lead 22 to a desired “target” site
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within the epidural region. In practice, lead stylet 24 may be inserted through lead
22 to steer lead 22 to the target site for neurostimulation therapy.

[0035] In some embodiments, lead 22 may have a length of approximately 12 to

14 inches (30 to 36 cm), and more preferably approximately 13 inches (33 cm). At
an elongation of approximately 1 inch (2.54 cm), lead body 33 exhibits an axial
stiffness of no greater than 0.50 pounds/inch (0.09 kg/cm), more preferably
between approximately 0.5 pounds/inch and 0.15 pounds/inch (0.03 kg/cm), and
even more preferably between approximately 0.33 pounds/inch (0.06 kg/cm) and
0.15 pounds/inch. In this manner, lead 22 allows typical patient movement without
causing lead failure or performance degradation due to axial migration, anchor
damage, and/or tissue damage at anchor points.

[0036] The distal portion 22A of stimulation lead 22 shown in FIG. 1 includes four
ring electrodes 36 and a spacer 37 placed between electrodes 36. A similar
arrangement may be provided in proximal portion 22B with electrical contacts 39.
Electrodes 36 may be formed from a variety of electrically conductive,
biocompatible materials. Example electrode materials includes platinum and
platinum iridium. Spacer 37 may comprise a polyurethane or silicone material, or
an alloy of silicone and polyurethane. In various embodiments, stimulation lead 22
may take the form of an octad lead including eight ring electrodes or a quad lead
including four ring electrodes, shown in FIG. 1. However, stimulation lead 22 may
be designed to accommodate any number of electrodes. A line of neurostimulation
leads utilizing ring electrodes is commercially available from Medtronic, Inc. of
Minneapolis, Minnesota.

[0037] Lead body 33 of lead 22 may comprise an outer jacket 34. Lead body 33
carries conductors 35 within a lumen created by outer jacket 34. Conductors 35
connect electrodes 36 to the IMD coupled to the proximal end of lead body 33. As
shown in FIG. 1, a set of distal tissue-stimulating electrodes 36 in distal portion
22A are coupled to a set of proximal electrical contacts 39 in proximal portion 22B
via conductors 35. Distal electrodes 36 deliver electrical stimulation pulses to
tissue within the patient. Proximal contacts 39 are coupled to an implantable pulse
generator (IPG) within the IMD to receive the stimulation pulses. As an example,

conductors 35 may comprise braided strand wire (BSW) cables.
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[0038] The stranded wire used to create the BSW cables for conductors 35 may
comprise a silver core. As an example, the stranded wire may comprise MP35N™
alloy, which is a biocompatible, nonmagnetic, nickel-cobalt-chromium-
molybdenum alloy with high strength and corrosion resistance, with a silver core to
improve conductance. However, the silver may create difficulties when welding
conductors 35 to electrodes 36, which may comprise platinum iridium (Ptlr).
[0039] As one solution, a crimp tube 38 comprising a weldable material may be
crimped onto the end of each of conductors 35. Crimp tube 38 may then be laser
welded to electrodes 36 at distal lead portion 22A and proximal lead portion 22B.
Crimp tube 38 may comprise a material that substantially eliminates silver from
the weld. In some cases, crimp tube 38 may comprise platinum. A similar
arrangement may be used for electrical contacts 39. In other embodiments, a
variety of other solutions may be utilized to connect conductors 35 to electrodes
36.
[0040] Outer jacket 34 of lead body 33 may be made of an extruded or molded
material, such as a polyurethane or silicone material, or an alloy of silicone and
polyurethane. The material may include a substantially low durometer material,
substantially similar to an elastomer, to accommodate changes in length within a
patient’s body. For purposes of illustration, in one exemplary embodiment,
assuming lead 22 is approximately 13 in (33 cm) in length and at an elongation of
approximately 1 inch (2.54 cm), the material of outer jacket 34 may have a
modulus of elasticity between approximately 0.37 pounds/inch2 (0.026 kg/cm?) and
0.1 pounds/inch? (0.007 kg/cm?), and more preferably between approximately 0.2

. pounds/inch2 (0.014 kg/cmz) and 0.1 pounds/inchz.
[0041] Conductors 35, within lead 22 conforming to the above listed dimensions,
may comprise an axial stiffness between approximately 0.13 pounds/inch (0.023
kg/cm) and 0.05 pounds/inch (0.009 kg/cm), and more preferably between
approximately 0.08 pounds/inch (0.014 kg/cm) and 0.05 pounds/inch. Conductors
35 comprising BSW cables may provide increased flexibility. Coiling or helically
winding conductors 35 allows conductors 35 to elongate or stretch. In particular,
the individual coils tend to narrow in diameter as they are stretched along the

longitudinal axis of lead 22. Furthermore, the coiled or helically wound
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conductors may form a lumen for insertion and withdrawal of lead stylet 24. To
increase an overall elasticity of lead body 33, conductors 35 may comprise a low
number of filars per coil. With a low number of filars, e.g., two to four per coil,
concentric conductor coils can be used to achieve a required number of conductors.
Furthermore, conductor coils may be designed with a high coil diameter to wire
diameter ratio. In other embodiments, the conductors may comprise flat wire
wound into coils.

[0042] When lead 22 is implanted within a patient, outer jacket 34 of lead body 33
may become hydrated by bodily fluids. This can alter physical properties of a
material comprising outer jacket 34, such as a polyurethane material. Outer jacket
34 may become more stretchable when in the hydrated state. The altefed physical
properties may include modulus of elasticity, durometer, impact resistance, and the
like. _

[0043] Enhancing the elasticity of lead body 33 reduces forces on lead 22, lead
extensions, anchors, and body tissue at anchor sites, which can cause the patient
pain and/or render the IMD inoperable. In either case, not accommodating
changes in length within the patient’s body can be detrimental to the patient’s
health. However, increasing stretchability of lead body 33 can also increase the
lead body’s vulnerability to flex fatigue, buckling fatigue, kinking, and crush.
[0044] In order to maintain structural integrity of lead body 33 while reducing
overall axial stiffness, one or more reinforcing structures may be added to lead 22.
For example, coiled wire may form an inner stylet guide tube. The coiled wire
stylet guide may be electrically conductive or nonconductive, and increases
column strength and resistance to kinking while providing a smooth reliable path
for lead stylet 24.

[0045] A reinforcement wire may be helically wound around conductors 35 to
prevent bi-lateral collapse of lead body 33 during buckling. In some cases, the
helically wound reinforcement wire may create a helical channel in which
conductors 35 may lie. Furthermore, a coiled wire may be included within outer
jacket 34 or between two thin jacket extrusions external to outer jacket 34. The
embedded wire may provide protection against kinking of lead body 33,ina

manner similar to the wire often embedded in a vacuum cleaner hose.
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[0046] FIG. 2 is a schematic diagram illustrating a cutaway view an implantable
medical lead 40 for use with an implantable medical device according to an
embodiment of the invention. Lead 40 may comprise a strefchable lead
substantially similar to lead 22 (FIG. 1). Accordingly, lead 40 may be
percutaneously implanted using a stimulation lead introducing kit substantially
similar to kit 10 illustrated in FIG. 1. Lead 40 may include at least one electrode to
provide stimulation to a patient. The electrode may include a ring electrode or an
arrangement of electrodes on a paddle lead.

[0047] Lead 40 includes an outer jacket 42 and a coiled stylet guide 46 positioned
within a lumen formed by outer jacket 42. Coiled stylet guide 46 may be formed
by flat or cylindrical wires, which may be electrically conductive or
nonconductive. Outer jacket 42 may comprise an external diameter of
approximately 0.045 to 0.055 inches (0.114 to 0.14 cm), and more preferably
approximately 0.052 inches (0.13 cm). Stylet guide 46 may comprise an external
diameter of approximately 0.012 to 0.020 inches (0.03 to 0.05 cm), and more
preferably approximately 0.016 inches (0.04 cm). A set of conductors 45 wraps
around stylet guide 46 to form one or more conductor coils 44. In the illustrated
embodiment, lead 40 comprises an octad lead with eight conductors included in set
of conductors 45. In other embodiments, lead 40 may comprise a quad. lead
including four electrodes or another type of lead including any number of
electrodes.

[0048] In some embodiments, lead 40 provides enhanced stretchability to prevent
lead failure, axial migration, anchor damage, and/or tissue damage at anchor points
during typical patient movement. Outer jacket 42 may be made of an extruded or
molded material, e.g., a polyurethane material, with a substantially low durometer.
Conductors 45 may comprise braided strand wire (BSW) cables that provide
increased flexibility.

[0049] Conductors 45 may be constructed as BSW cables wound into a helix.
Coiling or helically winding conductors 45 into conductor coil 44 allows
conductors 45 to elongate or stretch as lead 40 experiences axial loading forces
during use. Helically wound conductors 45 may provide desirable axial

compliance as well as needed bend-flex fatigue life. In a case of severe buckling,
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the helically wound conductors 45 may collapse, binding the conductors and
concentrating the bend into a small radius. To address this problem, as described
above, a reinforcement wire may be helically wound with the wound conductors 45
in a way that prevents bilateral collapse of the structure during buckling. The
wound reinforcement wire also may be helically extruded, forming a helical
channel in which the conductors reside, as will be described in greater detail
herein.

[0050] Coiled wire stylet guide 46 creates a lumen 47 to receive a stylet 48. In
some cases, stylet 48 comprises a wire with a diameter between approximately
0.012 inches and 0.01 inches (0.03 cm and 0.025 cm). Stylet 48 may be inserted
into lumen 47 of stylet guide 46 to steer lead 40 to a target site within a patient’s
body. The coil design of stylet guide 46 eases the insertion and withdrawal of
stylet 48 by forming a smooth path along which stylet 48 slides. In addition, coiled
wire stylet guide 46 may enhance steerability of lead 40, which increases accuracy
when positioning lead 40 within a patient.

[0051] At a distal end of lead 40, not shown, stylet guide 46 may be sealed such
that stylet 48 cannot extend beyond the distal end of lead 40. Sealing the distal end
of stylet guide 46 decreases the probability of inadvertently puncturing epidural
tissue and causing a “wet tap,” or cerebral spinal fluid (CSF) leak, which is an
event that may cause severe headaches or, if the leak is severe, may cause
neurological damage. A CSF leak may occur if stylet 48 extends beyond stylet
guide 46 into the epidural region proximate the spine of a patient, causing a
puncture in the dura membrane of the epidural region.

[0052] During typical patient movement, the lead 40 may experience compressive
buckling. Conventional leads may comprise an extruded plastic stylet guide. In
that case, the plastic stylet guide may be prone to bi-lateral collapse, which creates
a flat and wide cross-section. If the kink formed in the plastic stylet guide forces
the conductors into a sharp bend radius, this cyclical loading may cause lead
failure. In contrast, coiled stylet guide 46 can resist such probiems.

[0053] FIG. 2 illustrates a coiled wire stylet guide 46 comprising an electrically
passive helically wound wire. In the illustrated embodiment, coiled stylet guide 46

comprises a flat or ribbon wire. In other embodiments, coiled stylet guide 46 may
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comprise a round wire or a wire with a rectangular cross section. Stylet guide 46
may comprise a metal wire, such as an MP35N wire. In some embodiments, stylet
guide 46 may be insulated with a polymer, such as ethylene-tetrafluoroethylene
(ETFE). Other examples of insulative materials include polytetrafluoroethylene
(PTFE), modified PTFE, and polyimide, as well as polyurethane, silicone, and
polyester. Although the wire in stylet guide 46 may be electrically inactive,
insulating the coiled wire stylet guide 46 reduces abrasion with conductors 45.
[0054] The wire is wound in a helical fashion to form a substantially cylindrical
shape for stylet guide 46. As discussed above, stylet guide 46 comprises a
diameter of approximately 0.012 inches to 0.020 inches (0.03 cm and 0.05 cm),
and preferably approximately 0.016 inches (0.04 cm). In general, stylet guide 46
comprises a diameter small enough to allow conductor coil 44 to fit between coiled
stylet guide 46 and outer jacket 42 and large enough to resist crushing and
collapse.

[0055] The helically coiled structure separates between adjacent turns to allow
stylet guide 46 to bend, either at a corner or during compression, while maintaining
a substantially round cross-section. Stylet guide tube 46 is coiled in an opposite
direction of conductors 45. This may prevent conductors 45 from being pinched
by coils of stylet guide tube 46. Coiled wire stylet guide 46 is able to substantially
withstand crushing and collapse by preventing cross-sectional flattening and
forcing a larger bend radius than traditional plastic stylet guides. In some
embodiments, coiled wire stylet guide 46 may comprise a single wire strand, i.e., a
mono-filar cable. In this case, stylet guide 46 may experience less torsional stress
during bending than a multi-filar cable.

[0056] FIG. 3 is a schematic diagram illustrating a cutaway view of another
implantable medical lead 50 for use with an implantable medical device according
to an embodiment of the invention. Lead 50 may be substantially similar to lead
22 from FIG. 1 and lead 40 from FIG. 2. Lead 50 includes an outer jacket 52 and a
coiled wire stylet guide 56 positioned within a lumen formed by outer jacket 52.
Coiled wire stylet guide 56 creates a lumen 57 to receive a stylet 58. Outer jacket
52 and stylet guide 56 may comprise diameters substantially similar to outer jacket

42 and stylet guide 46 described in reference to FIG. 2. A set of conductors 55 lies
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axial to stylet guide 56, also within the lumen formed by outer jacket 52. In the
illustrated embodiment, lead 50 comprises an octad lead with eight conductors
included in set of conductors 55. In other embodiments, lead 50 may comprise a
quad lead including four electrodes or another type of lead including any number
of electrodes.

[0057] As in the example of FIG. 2, conductors 55 may comprise braided strand
wire (BSW) cables. As an example, the stranded wire may comprise MP35N
alloy. In the illustrated embodiment of FIG. 3, however, conductors 55 comprise
straight wires that extend axially along the length of lead 50. The straight ‘
orientation of conductors 55 serves to reduce the overall length of the conductors,
relative to coiled conductors, and thereby reduces conductor impedance.
Decreasing impedance of conductors 55 may significantly increase battery
longevity of an IMD to which lead 50 is coupled.

[0058] FIGS. 4A-4E are schematic diagrams illustrating exemplary cross-sectional
views of leads with axially positioned conductors. Each of the illustrated leads in
FIGS. 4A-4E may be substantially similar to lead 50 from FIG. 3. In the illustrated
embodiments, the leads comprise octad leads that include eight conductors. In
other embodiments, each of the leads may comprise a quad lead including four
conductors or another type of lead comprising any number of conductors.

[0059] FIG. 4A illustrates a lead 60 comprising a coiled wire stylet guide 62
substantially similar to coiled wire stylet guide 46 (FIG. 2) and coiled wire stylet
guide 56 (FIG. 3). In the illustrated embodiment, an electrically nonconductive
ribbon wire forms coiled wire stylet guide 62. The ribbon wire may be formed
from a metallic alloy such as MP35-N, stainless steel, titanium, titanium alloy,
tantalum, tantalum alloy, nitinol or other metals or metallic alloys. Lead 60
includes a conventional extruded outer jacket 63 with an expanded extruded inner
wall defining lumen 61. Outer jacket 63 may be formed from polyurethane or
silicone, or an alloy of silicone and polyurethane. Stylet guide 62 is encapsulated
within lumen 61 of outer jacket 63. In this way, a conventional outer jacket 63
may be modified to incorporate stylet guide 62.

[0060] The stylet guide tube 62 may be assembled into the lead by sliding stylet
guide tube 62 into the lumen 61 of the outer jacket 63. The stylet guide tube 62
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may be incorporated in the lead body assembly during the extrusion forming
process of the outer jacket 63. Another option would be to insert mold the stylet
guide tube 62 into the outer jacket, using a suitable mold incorporating core pins
used to form lumens 65A, 65B, or other lumens in the examples of FIGS. 4B-4E.
Coiled wire stylet guide 62 eases insertion and withdrawal of a stylet from lumen
61 and may enhance steerability of lead 60. In addition, stylet guide 62 allows lead
60 to maintain a substantially circular cross section during bending to resist bi-
lateral collapse or kinking.

[0061] Outer jacket 63 also forms a first conductor lumen 65A and a second
conductor lumen 65B through which conductors 64 may pass axially to lead 60. In
the illustrated embodiment, first lumen 65A includes four of conductors 64 and
second lumen 65B also includes four of conductors 64. Conductors 64 are
positioned axially, rather than coiled, along the length of outer jacket 63 of lead 60.
Outer jacket 63 may comprise a low durometer material to decrease the stiffness of
lead 60. For example, outer jacket 63 may comprise a polyurethane or silicone
material, or an alloy of silicone and polyurethane. Conductors 64 may include
BSW cable to increase flexibility of lead 60.

[0062] FIG. 4B illustrates another lead 66 comprising a coiled wire stylet guide 68.
In the illustrated embodiment, a passive insulated metal wire forms coiled wire
stylet guide 68. For example, stylet guide 68 may comprise a coiled silver core
wire coated with urethane insulation. For example, stylet guide 68 may include an
MP35N wire. Lead 66 includes an extruded outer jacket 69 flowed to contact the
coating of stylet guide 68. Stylet guide 68 forms a lumen 67 that receives a stylet,
which steers lead 66 to a therapy delivery position. Stylet guide 68 also increases a
resistance of lead 60 to collapse during compression by forcing a larger bend
radius.

[0063] Outer jacket 69 also forms a first conductor lumen 71A and a second
conductor lumen 71B through which conductors 70 may pass axially to lead 66. In
the illustrated embodiment, first lumen 71A includes four of conductors 70 and
second lumen 71B also includes four of conductors 70, all of which are axially
oriented along the length of lead 66. Again, as in the example of FIG. 4A, outer

jacket 63 may comprise a low durometer material, such as polyurethane, to
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increase stretchability of lead 66. Conductors 70 may comprise BSW to increase
flexibility of lead 66. |
[0064] FIG. 4C illustrates another lead 72 comprising a coiled wire stylet guide 74
with axially positioned conductors. In the illustrated embodiment, a passive metal
wire coated with an insulation material forms coiled wire stylet guide 74. As in the
example of FIG. 4B, stylet guide 74 may comprise a MP35N wire coated with
urethane insulation. Lead 72 includes an extruded outer jacket 75 flowed to
contact the insulative coating of stylet guide 74. Stylet guide 74 forms a lumen 73
that receives a stylet. Outer jacket 75 fornis four conductor lumens 77 through
which conductors 76 may pass axially along the length of lead 72. In the
illustrated embodiment, each of conductor lumens 77 includes two of conductors
76. Again, outer jacket 75 may comprise a polyurethane material with a low
durometer, while conductors 76 may comprise BSW to increase flexibility of lead
72.
[0065] FIG. 4D illustrates another lead 78 comprising a coiled wire stylet guide 80
with axially pbsitioned conductors. In the illustrated embodiment, a passive metal
wire coated with an insulation forms coiled wire stylet guide 80. For example,
stylet guide 80 may comprise a MP35N wire coated with urethane insulation.
Lead 78 includes an extruded outer jacket 71 flowed to the coating of stylet guide

- 80. Stylet guide 80 forms a lumen 79 that receives a stylet. In the example of FIG.
4D, outer jacket 81 forms a single conductor lumen 83 through which all eight of
conductors 82 may pass axially to lead 78.
[0066] FIG. 4E illustrates another lead 86 comprising a floating coiled wire stylet
guide 88 and axially positioned conductors. In the illustrated embodiment, lead 86
includes an outer jacket 89 that forms a lumen 90, which receives stylet guide 88.
Conductors 91 are positioned between outer jacket 89 and stylet guide 88.
Conductors 91 may comprise flexible BSW. Neither stylet guide 88 nor
conductors 91 are anchored within lumen 90 of outer jacket 89. Instead, outer
jacket 89 contains stylet guide 88 and conductors 91, such that the conductors are
sandwiched between the outer jacket and the stylet guide'. An electrically
conductive or nonconductive metal wire coated with a lubricating insulation forms

coiled wire stylet guide 88. For example, stylet guide 88 may comprise a MP35N
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wire coated with ETFE. The insulation around the coil turns in stylet guide 88
reduces abrasion with conductors 91. Other examples of insulative materials
include polytetrafluoroethylene (PTFE), modified PTFE, and polyimide, as well as
polyurethane, silicone, and polyester.

[0067] FIG. 5 is a schematic diagram illustrating an exemplary cross-sectional
view of a lead 92 with axially oriented coiled wire conductors 97. Coiled wire
conductors 97 are axially oriented in the sense that they each form a conductor that
extends axially along the length of lead 92. In the example of FIG. 5, although
each individual coiled wire conductor 97 includes a single- or multi-filar coil, none
of the conductors are actually coiled about the central axis of lead 92. Conductors
97 preferably are formed in tight coils, such that each of the conductors forms a
substantially continuous cylindrical shape.

[0068] Lead 92 illustrated in FIG. 5 may be substantially similar to lead 50 from
FIG. 3. In the illustrated embodiment of FIG. 5, lead 92 comprises an octad lead
that includes eight conductors. In other embodiments, lead 92 may comprise a
quad lead including four conductors or another type of lead comprising any
number of conductors.

[0069] In FIG. 5, lead 92 includes an outer jacket 93 that forms a lumen 96, which
receives a stylet guide tube 94. Stylet guide tube 94 may be substantially similar to
coiled wire stylet guide 46 (FIG. 2) and coiled wire stylet guide 56 (FIG. 3). In
other cases, stylet guide tube 94 may comprise a conventional plastic stylet guide
tube. Stylet guide tube 94 forms a lumen 95 that receives a stylet. Conductors 97
are positioned between outer jacket 93 and stylet guide 94, at different angular
positions about the central axis of lead 92. Hence, conductors 97 extend along the
length of lead 92 substantially parallel to the center axis defined by outer jacket 93.
Yet, each axially oriented conductor 97 is formed by a single- or multi-filar coil.
[0070] In some embodiments, as described herein, lead 92 provides enhanced
stretchability to prevent lead failure, axial migration, anchor damage, and/or tissue
damage at anchor points during typical patient movement. Outer jacket 93 may
comprise a low durometer material to decrease the stiffness of lead 92. For
example, outer jacket 93 may comprise a polyurethane or silicone material, or an

alloy of silicone and polyurethane.
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[VU71] Conductors 97 may comprise one or more BSW cables that provide
increased flexibility. The stranded wire used to create the BSW cables for
conductors 97 may comprise a silver core. As an example, the stranded wire may
comprise MP35N™ alloy, which is a biocompatible, nonmagnetic, nickel-cobalt-
chromium-molybdenum alloy with high strength and corrosion resistance, with a
silver core to improve conductance. In other cases, conductors 97 may comprise
platinum iridium (Ptlr) wires or tantalum tungsten (TaW) wires.

[0072] Conductors 97 may be constructed as BSW cables wound into a helix.
Coiling or helically winding conductors 97 allows the conductors to elongate or
stretch as lead 92 experiences axial loading forces during use. Helically wound
conductors 97 may provide desirable axial compliance as well as desirable bend-
flex fatigue life. However, in a case of severe buckling, some of the helically
wound conductors 97 may collapse, causing cross-sectional flattening and
concentrating the coiled wires into a small bend radius. Furthermore, conductors
97 may over-extend longitudinally during lead stretching, causing permanent
deformation of the coiled wires.

[0073] To address these problems, conductors 97 are coiled around fibers 98.
Each of conductors 97 defines a lumen which receives fiber 98. Fiber 98 may
comprise a composite that includes materials such as fluoropolymer, modified
fluoropolymer, polyester, nylon, liquid crystal polymer (LCP), modified LCP, ultra
high molecular weight (UHMW) polyethylene, or Kevlar® fiber. Kevlar® fiber is
commercially available from DuPont. In general, fiber 98 provides the coiled wire
with structural integrity and limits displacement of conductor 97 along the length
of lead 92.

[0074] Fiber 98 prevents bilateral collapse of the coiled wire during buckling.
More specifically, fiber 98 substantially reduces an amount of cross-sectional
flattening and forces a larger bend radius. When lead 92 is in use, the coiled wire
of conductor 97 may stretch when a patient moves. Fiber 98 comprises a material
composite that allows fiber 98 to elongate along with conductor 97. However,
fiber 98 also limits an axial stiffness and extension of conductor 97 to prevent
over-extension of conductors 97 due to axial loading. In addition, fiber 98

preferably is elastic, so that the fiber 98 retumns to its original length upon release
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of the axial loading. In this way, fiber 98 ensures that the coiled wire of conductor
97 is not over-extended, and fully recovers after reaching a maximum axial
extension. |
[0075] For example, the coiled wire of conductor 97 has an axial stiffness of no
greater than 5.0 pounds/inch/inch (0.35 kg/cm/cm), more preferably between
approximately 5.0 pounds/inch/inch and 1.5 pounds/inch/inch (0.105 kg/cm/cm),
and even more preferably between approximately 3.3 pounds/inch/inch (0.23
kg/cm/cm) and 1.5 pounds/inch/inch. Fiber 98 limits the axial stiffness of the
coiled wire of conductor 97 to no less than approximately 1.5 pounds/inch/inch
(0.105 kg/cm/cm).

[0076] In the illustrated embodiment, each of conductors 97 comprises a single-
filar coil. Each coiled wire connects a tissue-stimulating electrode on a distal end
of lead 92 and an electrical contact on a proximal end of lead 92. In this case, lead
92 includes eight conductors 97 that each couple to an electrode. In other
embodiments, lead 92 may include conductors that comprise one or more multi-
filar coils. For example, four conductors may be coiled into a single multi-filar
coil. In this way, lead 92 may include eight electrodes, but carry only two multi-
filar coils within lumen 96 of outer jacket 93.

[0077] Neither stylet guide tube 94 nor conductors 97 need to be anchored within
lumen 96 of outer jacket 93. Instead, outer jacket 93 contains stylet guide tube 94
and conductors 97, such that the conductors are sandwiched between outer jacket
93 and stylet guide tube 94. Fibers 98 comprise distal ends and proximal ends. In
some cases, the distal ends of each of fibers 98 may be attached to the distal end of
lead 92. In other cases, the proximal ends of each of fibers 98 may be attached to
the proximal end of lead 92. Furthermore, fibers 98 may be attached to both the
distal and the proximal ends of lead 92. In other embodiments, where fibers 98 are
not attached to lead 92, conductors 97 are substantially free to float within lumen
96 of outer jacket 93.

[0078] Attachment of proximal and distal ends of fibers 98 to lead 92, in
combination with limitations on the axial stretchability of the fibers 98, can ensure
that lead 92 does not over-stretch coiled conductors 97. In this manner, fibers 98

can provide a stretch-limit for lead 92 that prevents damage to coiled conductors
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97. Although fibers 98 are disposed within lumens defined by coiled conductors
97, one or more fibers alternatively or additionally may be formed elsewhere
within lead 92 to limit extension of the overall lead. For example, one of more
fibers 98 may be placed between outer jacket 93 and stylet guide tube 94, and
extend axially along the length of lead 92. In this case, each fiber 98 may be
coupled to outer jacket 93, stylet guide tube 94, or both to limit extension of lead
92. Each fiber 98 may be coupled, e.g., at proximal and distal ends, to outer jacket
93, stylet guide tube 94, or both.

[0079] In some embodiments, the diameter of the lumen defined by each coiled
wire conductor 97 may vary over the length of lead 92. For example, a coiled wire
conductor 97 may present a larger diameter along substantially all of the lead 92,
but a reduced diameter adjacent a distal tip of the lead so that the lead is more
flexible in the region in which electrodes are positioned. The outer diameter of
coiled wire conductor 97 contributes to the outer diameter of lead 92. Hence, the
diameter of coiled wire conductor 97 may change along the length of lead 92 so
that the outer diameter of the lead transitions from a larger, more extensible lead
body to a smaller, more flexible distal electrode end.

[0080] FIG. 6 is a schematic diagram illustrating a cutaway view of coiled wire
conductor 97 from lead 92 of FIG. 5. Conductor 97 coils around fiber 98 to create
a coil 99. In some embodiments, an insulative outer member may be included
around coil 99. In this way, conductor 97 may be redundantly insulated not only
with direct urethane insulation, but also by the insulative outer member. The
insulative outer member may reduce abrasion with stylet guide tube 94 and other
conductors within lumen 96 of outer jacket 93. The insulative outer member may
comprise a low durometer material, such as a polyurethane or silicone material, or
an alloy of silicone and polyurethane.

[0081] Coil 99 of conductor 97 may comprise an external diameter of
approximately 0.004 to 0.021 inches (0.01 to 0.053 cm), more preferably
approximately 0.004 to 0.016 inches (0.01 to 0.04 cm), and even more preferably
approximately 0.006 to 0.015 inches (0.015 to 0.038 cm). Fiber 98 may comprise
an external diameter of approximately 0.002 to 0.015 inches (0.005 to 0.038 cm),
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more preferably approximately 0.002 to 0.010 inches (0.005 to 0.025 cm), and
even more preferably approximately 0.005 to .0.007 inches (0.013 to 0.018 cm).
[0082] The outer diameter of coil 99 may depend on the number of conductors
included in coil 99. In addition, the distance between adjacent turns in coils (i.e.,
the pitch) may also depend on the number of conductors included in coil 99. For
example, a single-filar coil may comprise a pitch of approximately 0.002 to 0.015
inches (0.005 to 0.038 cm). A multi-filar coil may comprise a pitch of
approximately 0.003 to 0.025 inches (0.008 to 0.064 cm). Any number of
conductors may be coiled around fiber 98 as long as the multi-filar coil maintains
an outer diameter small enough to fit between stylet guide tube 94 and outer jacket
93.

[0083] FIG. 7 is a schematic diagram illustrating a cutaway view of another
implantable stretchable medical lead 100 for use with an IMD according to an
embodiment of the invention. Lead 100 may be percutaneously implanted using a
stimulation lead introducing kit substantially similar to kit 10 illustrated in FIG. 1.
Lead 100 includes an outer jacket 101, a helical reinforcement 102 and conductors
108 coiled about the reinforcement. Helical reinforcement 102 includes a raised
acme thread 104 with an embedded reinforcement wire 105. Alternatively, in
some embodiments, thread 104 may have a trapezoidal crosé—section. For
illustrative purposes, stylet 106 is also shown, but is not part of lead 100 itself.
Conductors 108 wrap around helical reinforcement 102 in substantial alignment
with the raised acme thread 104. In particular, raised acme thread 104 defines a
helical trough or channel between adjacent turns to accommodate conductors 108.
[0084] Lead 100 differs from lead 40 shown in FIG. 2 and lead 50 shown in FIG. 3
in that lead 100 does not comprise a separate stylet guide tube. The body of helical
reinforcement 102 has a one-piece design that includes a substantially cylindrical
tube and helical thread 104 on the outer surface of the tube. The body of helical
reinforcement 102 may consist of machined or extruded urethane, for example,
such that acme thread 104 is integrally formed with the cylindrical tube or is
wound onto surface of the cylindrical tube and bonded in place. Stylet 106 fits

inside a lumen 103 formed from the cylindrical shape of helical reinforcement 102.
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[0085] As discussed previously, e.g., in the description of FIG. 1, reducing the
axial stiffness of a medical lead may provide a variety of benefits. The
embodiment of the invention depicted in FIG. 7 may have a relatively low axial
stiffness. For example, the body of helical reinforcement 102 may consist of
urethane or other materials having a low modulus of elasticity, providing increased
stretchability. Likewise, outer jacket 101 may also consist of urethane having a
low modulus of elasticity.

[0086] Helical reinforcement wire 105 and conductors 108 do not experience
significant axial strain as lead 100 experiences strain from patient movement,
because helical reinforcement wire 105 and conductors 108 are helically wrapped
around the cylindrical shape of helical reinforcement 102. As lead 100 experiences
strain, the helical reinforcement 102 is deformed, reducing the diameter of the
cylindrical shape of helical reinforcement 102, which allows the coils of
conductors 108 and reinforcement wire 105 to extend under relatively low forces,
without experiencing significant axial tension.

[0087] Reducing the axial stiffness of a medical lead can also increase the lead
vulnerability to flex fatigue, buckling fatigue, kinking, and crush. Each of these
circumstances may result in increased conductor resistivity or even conductor
failure. However, stretchable medical lead 100 may not only have a relatively low
modulus of elasticity, but its design may also reduce conductor failure due to flex
fatigue, buckling fatigue, kinking, and crush.

[0088] Helical reinforcement 102, including reinforcement wire 105 embedded in
acme thread 104, may generally improve the structural integrity of lead 100. For
example, helical reinforcement 102 may provide protection against kinking of lead
100 and bi-lateral collapse of helical reinforcement 102. The helical shape of
reinforcement wire 105 resists bilateral collapse, buckling fatigue, flex fatigue,
crush, and kinking, and reinforcement wire 105 provides structural support for lead
100. Use of a reinforcement wire, as described herein, may provide a very durable
construction, particularly for a small profile lead, and supports axial compliance
that may help compensate for implant technique error and allow for greater patient

comfort.
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[0089] Reinforcement wire 105 may be formed from a metallic alloy such as
MP35-N, stainless steel, titanium, titanium alloy, tantalum, tantalum alloy, nitinol
or other metals or metallic alloys. Further, wire 105 may be redundantly insulated
not only by acme thread 104, but also direétly with urethane insulation. While
reinforcement wire 105 does not carry a current, insulating reinforcement wire 105
may decrease the chance that reinforcement wire 105 would propagate a short
among conductors 108.
[0090] The outer surface of acme thread 104 may touch the inner surface of outer
jacket 101, but acme thread 104 is not otherwise attached to outer jacket 101. In
_this manner, conductors 108 fit in the helical trough-like space formed between
helical reinforcement 102 and outer jacket 101. This may prevent conductors 108
from bunching or kinking within lead 100, even if lead 100 experiences repeated
elongation and contraction caused by patient movement. In addition, conductors
108 may not overlap acme thread 104. While thread 104 is illustrated as an acme
thread in the example of FIG. 7, other threads may also be used.
[0091] FIG. 8 is a schematic diagram illustrating a cutaway view of another
implantable stretchable medical lead 110 for use with an implantable medical
device according to an embodiment of the invention. Lead 110 may be
peréutaneously implanted using a stimulation lead introducing kit substantially
similar to kit 10 illustrated in FIG. 1. Lead 110 includes an outer jacket 112, a
‘helical reinforcement wire 116, conductors 114, and a stylet guide tube 118. For
illustrative purposes, stylet 120 is also shown inserted through lumen 119 formed
by stylet guide tube 118, but is not part of lead 110 itself. Conductors 114 wrap
around stylet guide tube 118 in substantial alignment with helical reinforcement
wire 116.
[0092] Lead 110 functions in a substantially similar manner to the embodiment of
the invention depicted in FIG. 7. Consequently, lead 110 has a low axial stiffness
for the same general reasons lead 100 of FIG. 7 has a low axial stiffness. As
opposed to lead 100 of FIG. 7, lead 110 includes a separate stylet guide tube 118.
Stylet guide tube 118 is formed by an electrically inactive (or active) coiled flat
wire, for example, as described with reference to FIG. 2. In other embodiments of

the invention, different stylet guide tubes may be used.

23



WO 2006/047168 PCT/US2005/037573

[0093] As lead 110 experiences axial strain, the coils of stylet guide tube 118
separate under relatively low stresses, but the cylindrical shape of stylet guide tube
118 is maintained to provide structural support. Stylet guide tube 118 is coiled in
an opposite direction of helical reinforcement wire 116 and conductors 114. This
may prevent helical reinforcement wire 116 and conductors 114 from being
pinched by coils of stylet guide tube 118. In addition, conductors 114 may not
overlap helical reinforcement wire 116 and helical reinforcement wire 116 may not
overlap conductors 114. |

[0094] Helical reinforcement wire 116 includes an insulated metallic wire 117
embedded for structural support. For example, helical reinforcement wire 116 may
provide protection against kinking and bi-lateral collapse of lead 110. Helical
reinforcement wire 116 includes insulated metallic wire 117, which may be formed
from a metallic alloy such as MP35-N, stainless steel, titanium, titanium alloy, .
tantalum, tantalum alloy, nitinol or other metals or metallic alloys. While insulated
metallic wire 117 may not carry a current, insulation may decrease the chance that
wire 117 would propagate a short among conductors 114.

[0095] Helical reinforcement wire 116 has a rectangular cross section and may be
formed from polyurethane, polysulfone, polypropylene or PEEK. The outer
surface of helical reinforcement wire 116 may touch the inner surface of outer
jacket 112. In this manner, conductors 114 fit in a helical space formed between
stylet guide tube 118 and outer jacket 112. This may prevent conductors 114 from
bunching or kinking within lead 110, even if lead 110 experiences repeated
elongation and contraction caused by patient movement.

[0096] FIG. 9 is a schematic diagram illustrating a cutaway view of another
implantable stretchable medical lead 140 for use with an implantable medical
device according to an embodiment of the invention. Lead 140 includes an outer
jacket 142, a helical reinforcement wire 148, conductors 146 and a stylet guide
tube 150. For illustrative purposes, stylet 152 is also shown inserted through
lumen 151 formed by stylet guide tube 150. Conductors 146 wrap around stylet
guide tube 150 in substantial alignment with helical reinforcement wire 148, which

includes an embedded wire 149.
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[0097] Lead 140 is the same as lead 110 in FIG. 8 except that outer jacket 142
includes a coiled wire 143. Coiled wire in outer jacket 142 functions in a similar
manner to a wire in a common vacuum cleaner hose. In particular, coiled wire 143
provides structural support to outer jacket 142 while allowing lead 140 to have
sufficient flexibility. As lead 140 experiences axial strain, outer jacket 142
elongates under rélatively low stresses, but continues to provide structural support
to resist bilateral collapse and kinking. Furthermore, the coils of stylet guide tube
150 separate under relatively low stresses, but the cylindrical shape of stylet guide
tube 150 is maintained to provide structural support. Stylet guide tube 150 is
coiled in an opposite direction of helical reinforcement wire 148 and conductors
146. In the illustrated embodiments, embedded coiled wire 143 within outer jacket
142 is coiled in the same direction as stylet guide tube 150. In other embodiments,
embedded coiled wire 143 may be coiled in an opposite direction of stylet guide
tube 150.

[0098] Embedded coiled wire 143 may be sandwiched between two thin jacket
extrusions. For example, outer jacket 142 comprises an inner layer and an outer
layer. The inner layer and the outer layer may both comprise urethane. In other
cases, the inner layer and the outer layer may both comprise silicone. Coiled wire
143 is embedded in outer jacket 142, between the outer layer and the inner layer.
Coiled wire 143 may be formed from a metallic alloy such as MP35-N, stainless
steel, titanium, titanium alloy, tantalum, tantalum alloy, nitinol or other metals or
metallic alloys. Coiled wire 143 may be insulated redundantly by both the inner
and outer layer and with a direct insulative coating on the wire 143. While
reinforcement wire 143 may not carry a current, insulating wire 143 may decrease
the chance that wire 143 could propagate a short among conductors 146.

[0099] Placing a coiled wire 143 inside outer jacket 142 will significantly improve
column strength and kink resistance. As an example, a 2 to 3 mil wire may be
wound around a thin walled inner layer with a large pitch angle, and then an outer
layer is extruded over the wire and the inner jacket, thereby producing a composite
jacket with a wire reinforcement.

[0100] In different embodiments of the invention, an outer jacket that includes an

embedded coiled wire, similar to outer jacket 142, may be used with any internal
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structure of a lead. For example, an outer jacket similar to outer jacket 142 may be
used with a lead comprising axial conductors, rather than helical conductors. In
some cases, an outer jacket similar to outer jacket 142 may be used with a lead
comprising a helical reinforcement as shown in FIG. 7. Similarly, a lead having an
outer jacket 142 with an embedded coiled wire 143 may not include a helical
reinforcement wire 148 or a coiled wire stylet guide tube 150 as shown in FIG. 9.
[0101} FIG. 10 is a schematic diagram illustrating an implantable medical device
(IMD) 160 for delivering electrical stimulation pulses to a patient. In the example
of FIG. 10, IMD 160 includes an IMD housing 161, leads 162A, 162B, and a
connector bock 163. Leads 162A, 162B each have a proximal end carrying a set of
electrical contacts for connection to reciprocal electrical contacts within connector
block 163, and a distal end carrying a set of electrical stimulation electrodes 164A,
164B, respectively. Although two leads 162A, 162B with eight electrodes 164A,
164B each are shown in FIG. 10, a lesser or greater number of leads or electrodes
may be used in other embodiments. In general, leads 162A, 162B may be
constructed according to any of the embodiments described herein, such that the
leads exhibit reduced axial stiffness that permits a degree of stretching when
implanted within a patient.

[0102] FIG. 11 is a block diagram illustrating components within the IMD housing
161 of FIG. 10. As shown in FIG. 11, IMD housing 161 may include a processor
166, memory 168, telemetry module 170, power source 172, stimulation pulse
generator 174, and switch matrix 176. Processor 166 executes instructions stored
in memory 168 to control telemetry module 170, stimulation pulse generator 174,
and switch matrix 176. In particular, processor 166 controls telemetry module 170
to exchange information with an external programmer by wireless telemetry.
Processor 166 specifies stimulation parameters, such as amplitude, pulse, width
and pulse rate, for use by stimulation pulse generator 174 in the generation of
stimulation pulses for delivery to a patient. Different stimulation parameters may
be stored in memory 168 as programs or parameter sets.

[0103] The pulses may be delivered via switch matrix 176 and conductors carried
by leads 162 and coupled to respective electrodes 164. Processor 166 controls

switch matrix to select particular combinations of electrodes 164 for delivery of
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stimulation pulses generated by stimulation pulse generator 174. For example,
electrodes 164 may be combined in various bipolar or multi-polar combinations to
deliver stimulation energy to selected sites, such as nerve sites adjacent the spinal
column, pelvic floor nerve sites, or cranial nerve sites. The stimulation energy
generated by stimulation pulse generator 174 may be formulated as
neurostimulation energy, e.g., for treatment of any of a variety of neurological
disorders, or disorders influenced by patient neurological response. Alternatively,
in other embodiments, stimulation pulse generator 174 could be configured to
generate cardiac pacing pulses, or cardioversion/defibrillation shocks.

[0104] Power source 172 may take the form of a small, rechargeable or non-
rechargeable battery, or an inductive power interface that transcutaneously receives
inductively coupled energy. In the case of a rechargeable battery, power source
172 similarly may include an inductive power interface for transcutaneous transfer

of recharge power.
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CLAIMS:

1. A medical lead for use with an implantable medical device comprising:
a lead body having a distal end and a proximal end;
an electrode formed at the distal end;
an electrical contact formed at the proximal end;
a conductor electrically coupling the electrode and the electrical contact;
and
a stylet guide tube within the lead body, wherein the stylet guide tube

comprises a coiled wire defining a lumen to removably receive a stylet.

2. The medical lead of claim 1, wherein the stylet guide tube is electrically

isolated from the conductor, the electrode and the electrical contact.

3. The medical lead of any of claims 1 or 2, wherein the coil extends

substantially throughout the length of the lead body.

4, The medical lead of any of claims 1-3, wherein the coil is formed of metal
wire.
5. The medical lead of any of claims 1-4, wherein the metal wire is selected

from the group consisting of cylindrical wire or ribbon wire.

6. The medical lead any of claims 1-5, wherein the metal wire is electrically
insulated.
7. The medical lead of any of claims 1-6, wherein the metal wire is formed of

a material selected from the group consisting of stainless steel, nickel-cobalt-

chromium-molybdenum alloy, titanium, and nitinol.

8. The medical lead of any of claims 1-8, wherein the coiled wire has a

substantially rectangular cross-section.
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9. The medical lead of any of claims 1-8, wherein the stylet guide tube is
formed in a tight coil, such that the stylet guide tube forms a substantially

continuous cylindrical shape.

10.  The medical lead of any of claims 1-9, wherein the stylet guide tube defines

a center axis; and the conductors is substantially parallel to the center axis.

11.  The medical lead of any of claims 1-10, wherein the conductor is coiled
around the stylet guide tube in a first direction, and the coiled wire of the stylet

guide tube is coiled in a second direction different from the first direction.

12.  The medical lead of any of claims 1-11, wherein the conductor includes a

plurality of conductors.

13.  The medical lead of any of claims 1-12, further comprising a helical
reinforcement wound around the stylet guide tube and inside the outer jacket,
wherein the conductors are wound around the stylet guide tube in a channel

defined by the helical reinforcement.

14.  The medical lead of any of claims 1-13, wherein the lead body is generally

cylindrical.

15.  The medical lead of any of claims 1-14, wherein the lead body includes a
tubular outer jacket defining a lumen, the coiled wire being disposed within the
lumen of the tubular outer jacket, and the conductor being disposed within the

lumen of the tubular outer jacket outside the coiled wire.

16.  The medical lead of claim 15, wherein the coiled wire is substantially free

to float within the lumen of the tubular outer jacket.
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17.  The medical lead of any of claims 1-16, wherein the coil includes a
proximal end and a distal end, the proximal end of the coiled wire being attached

to the proximal end of the lead body.

18.  The medical lead of any of claims 1-17, wherein the electrode includes a

plurality of electrodes.

19.  The medical lead of any of claims 1-18, wherein the outer jacket comprises:
a first insulative layer;
a second insulative layer inside the first insulative layer; and
a coiled reinforcing wire embedded between the first layer and the second

layer of the outer jacket.

20.  The medical lead of any of claims 1-19, wherein the lead body has an axial
stiffness in a range of approximately 0.105 kg/cm/cm to approximately 0.35
kg/cm/cm.

21.  The medical lead of any of claims 1-19, wherein the lead body has an axial
stiffness in a range of approximately 0/105 kg/cm/cm to approximately 0.23
kg/cm/cm.

22.  Themedical lead of any of claims 1-21, wherein the lead body has a length

of approximately 30 to 36 centimeters.

23.  The medical lead of any of claims 1-21, wherein the lead body has a length

of approximately 33 centimeters.
24.  The medical lead of any of claims 1-23, wherein the lead body exhibits an

axial stiffness in the presence of elastic deformation under an axial elongation of

approximately five percent to approximately thirty percent.
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25.  The medical lead of any of claims 1-24, further comprising a stylet
extending through the stylet guide tube.

26.  Animplantable medical device comprising:

a housing;

an implantable pulse generator, within the housing, that generates electrical
stimulation pulses; and

a medical lead, extending from the housing, and comprising the features of

any of claims 1-25.
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