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(7) ABSTRACT

Implantable medical leads, lead assemblies, and methods for
implanting the leads into the human body, for example, for
use within the epidural spaces of the spinal column to
manage pain. A stylet lumen extends within the lead between
a side-wall stylet entrance port and a lead distal region. In
use, exemplary stylets may be inserted through the lead

(21) Appl. No.: 10/835,939 stylet port to stiffen only the distal portion of the lead, and
the distal portion of the lead inserted through an introducer
needle into the human body. The stiffened distal portion of

(22) Filed: Apr. 30, 2004 the lead may be short and easily controllable.
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IMPLANTABLE MEDICAL LEAD AND SYSTEM,
AND METHOD OF USE THEREOF

RELATED APPLICATIONS

[0001] This application is a continuation-in-part of U.S.
patent application Ser. No. 10/423,179, filed Apr. 25, 2003,
which is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

[0002] This application relates generally to medical leads,
and more specifically to implantable, electrical neurological
leads.

BACKGROUND OF THE INVENTION

[0003] Implantable leads having externally exposed ring
or band electrodes can be used to deliver electrical stimu-
lation to surrounding tissue and/or to sense electrical energy
produced by the surrounding tissue. Such leads are often
implanted, for example, within the epidural or intrathecal
spaces of the spinal column, along peripheral nerves, within
the brain, and about the heart. Electrical stimulation of the
spinal cord has been shown to be effective in relieving
intractable pain in some patients. Such electrical stimulation
can reduce or eliminate the use of pain relieving drugs.

[0004] One such lead is formed of polymeric material, for
example, polyurethane or silicone. The lead can be nomi-
nally 1 mm in outer diameter and about 20 ¢cm in length. A
typical lead may have a series of electrodes formed as bands
or rings disposed in a spaced apart relationship in a lead
distal region. The distal region of the lead can be introduced,
for example, into the epidural region for use in stimulation
of the spinal column. The lead proximal region may have a
corresponding set of band or ring connectors or terminals,
one for each corresponding electrode in the distal region.
Each proximal region terminal can thus be connected to one
distal electrode in a typical configuration.

[0005] The terminals can be used to couple the proximal
end of the lead to a lead extension, which can in turn be
coupled to an implantable pulse generator (IPG). The lead
extension can provide added length to extend the reach of
the lead to a more distantly placed IPG. In some embodi-
ments, the lead extension is between about 20 and 50 c¢m in
length.

[0006] The lead typically has a lumen extending from the
proximal end through to the distal region, with the lumen
being dimensioned to accept a stiffening member or stylet.
The lead, commonly formed of a polymeric material and
being very small in cross section, is typically very floppy
and not pushable. With a stylet or stiffening member
inserted, the lead gains the needed pushability, and can be
advanced into and up the spinal column to the desired
location.

[0007] Inuse, alarge gauge Toughy needle can be inserted
into the spinal column and into the spinal canal. The stylet
is then inserted into the lead, and the now stiffened lead
advanced through the needle and up into the spinal canal.
When the distal region of the lead is in the proper position,
the stiffening member can be removed and the introducing
needle also removed, leaving the proximal end of the lead
protruding from the patient.
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[0008] A small incision can then be made near the site of
entry of the lead, in order to direct the proximal end of the
neurological lead back into the body to be mated to a lead
extension or to the IPG. The proximal end of the lead
extension is coupled to the proximal end of the lead, and
electrical continuity established. The lead extension is used
to extend the useful length of the lead sufficient to reach the
implanted IPG, which can be, for example, 20-50 cm distant.
With the length increased by the extension, the free end of
the extension can be inserted into the incision and into the
body.

[0009] In one procedure, known as “tunneling”, an elon-
gate, flexible metal device is used to form a tunnel or
passageway under the skin, for example, around the torso, to
the site of the implanted or soon to be implanted IPG. This
tunneling procedure can be used to form the passageway for
the extension, which is then advanced through the passage-
way and to the IPG site.

[0010] The extension, while adding length, also adds
complexity and cost. It also adds yet another required step
for the treating physician to perform. Increasing the lead
length to do away with the need for the extension would be
desirable. However, with current leads, the stiffening mem-
ber or stylet would likewise have to be increased in length.
While this is possible, a significantly longer lead having a
stiffening member within would be somewhat unwieldy. For
example, a 50 cm long stylet inserted within a 50 cm long
lead would be difficult for the treating physician to maneu-
ver. This aspect is significantly limiting, given that the
treatment site is the spinal cord, where care must be exer-
cised.

SUMMARY OF THE INVENTION

[0011] Exemplary embodiments of the invention provide
(a) neurological stimulating leads that are sufficiently long
such that an extension is not required; (b) long neurological
leads having distal stiffness and pushability without being
unwieldy for the treating physician; or (¢) neurological leads
that may be provided in a variety of lengths all sharing a
common stiffening member (i.e. not requiring a different
stiffening member to match each size lead).

[0012] An exemplary embodiment includes an implant-
able lead including a proximal region, a distal region, an
intermediate region disposed between the proximal and
distal regions, and a side wall. The lead further includes at
least one proximal contact and at least one distal contact,
electrically coupled to each other by a conductor. The lead
includes a lumen disposed through the lead body between
the distal region and the intermediate region and a stylet port
providing access between the lead body sidewall and the
lumen in the intermediate region. The stylet port and lumen
can be adapted to slidably receive a stiffening member or
stylet through the port and into the lead distal region. Some
embodiments of the implantable lead assembly include the
implantable lead and a stylet adapted to be slidably received
in the implantable lead stylet port and stylet lumen.

[0013] Some exemplary lead embodiments have no pre-
formed stylet port to allow access from the lead body
exterior to the stylet lumen within. Such leads may require
formation of a stylet access port through the lead body
sidewall. To avoid inserting the stylet through the conductor,
some leads have an indicia of radial position on the lead
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body. The indicia can indicate a radial position about the
lead body at which the insertion of a stylet into the lead body
will not sever the conductors. Such indicia can be visible
stripes or dots in some embodiments. The indicia can also be
a depression or a longitudinal groove formed into the lead
body. The indicia can be used to properly position a stylet to
be inserted into the lead body, as well as to position an
introducer or a hole-forming device properly on the lead
body.

[0014] Some exemplary implantable lead embodiments
have a plurality of distal contacts and a plurality of proximal
contacts, with the stylet port disposed between the innermost
of the distal and the proximal contacts. Some exemplary
leads have a radiopaque marker disposed near the stylet port
for locating the stylet port under fluoroscopy. The marker
may include a radiopaque seal disposed at least partially in
the stylet port. Some leads include a stylet guide disposed
about the stylet port, the stylet guide including an aperture
for receiving the stylet. Some stylet guides include a stylet
guide arm extending radially and distally into the stylet port
for distally directing an inserted stylet. The stylet guide can
be formed of, and/or plated with, a radiopaque material such
as gold or platinum.

[0015] An additional exemplary embodiment includes
stylet introducers and hole-forming devices to aid in insert-
ing stylets into the lead bodies. One exemplary introducer or
hole-forming device includes a body having a sharp inward
protrusion to puncture the sidewall of the lead body, forming
a port to access the stylet lumen from outside of the lead
body. A stylet can then be advanced through a channel,
through the introducer sharp inward protrusion, and through
a lumen extending through the lead body.

[0016] Hole-forming fixtures, guides, or devices can also
be used to form a hole at the appropriate radial, longitudinal,
and angular position relative to the lead body. One such
hole-forming device includes a body having an angled shaft
secured to the body, with a channel extending through the
shaft and the body. The body can have a longitudinal
external channel to fit over the lead body and can also have
a downward protrusion or nib to mate to a longitudinal
groove in the lead body. The hole-forming device shaft
channel can be adapted to receive an elongate, sharp,
hole-forming member. The hole-forming device can thus be
used to puncture the lead at the appropriate position to form
an access port for the stylet to the stylet lumen of the lead
body.

[0017] Exemplary sealing sleeves may also be provided
for sealing the stylet port after the lead body has been
appropriately positioned within the patient. The sealing
sleeve can include a soft, pliable inner sleeve and a harder,
outer sleeve. The sealing sleeves can be disposed over the
stylet access port to seal the port. With the sealing sleeve or
sleeves in place, suture guides on some sealing sleeves can
be used to suture the sleeve into position and secure the
sleeve to a known position in the patient.

[0018] In use, an exemplary implantable lead having the
desired total length and suitable characteristics is selected
for implantation. The lead preferably has a stylet lumen
extending between the lead side wall stylet port and the lead
distal region. The length between the stylet port and the end
of the stylet lumen is preferably dimensioned to receive the
stylet, regardless of the total lead length. An introducer
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needle can be advanced into the body near the implantation
site. The stiffening member or stylet can be inserted into the
lead stylet port and further distally into the lead to stiffen the
lead distal region. The stiffened lead can be inserted through
the lumen of the introducer needle and further distally from
the needle to the target site. The stylet can be retracted from
the lead, and the introducer needle retracted as well, leaving
the lead proximal region extending from the body. In some
methods, the lead proximal end is coupled to a lead exten-
sion before being tunneled into the body to fully implant the
lead.

[0019] With the lead positioned and the stylet retracted
from the lead, the stylet port of certain exemplary embodi-
ments may be sealed using a sealant or a curable adhesive.
In some exemplary methods, a sealing sleeve or sleeves is
either longitudinally slid over the stylet port or transversely
applied over the port. Some sealing sleeves are at least
partially radiopaque to indicate the position of the sleeve
under fluoroscopy.

[0020] Exemplary embodiments of the lead, lead assem-
bly, and lead implantation methods allow for implanting a
variety of lead lengths while stiffening only the lead distal
portion. The lead portion disposed proximal of the stylet port
need not be stiffened and/or include a stylet lumen within.
This remaining lead proximal portion can be sufficiently
long to eliminate the need for a lead extension by not
requiring that the entire lead length accept a stylet to provide
for stiffening. A single length stylet may thus be used with
a family of leads, each having a different total length, but
having a similar length stylet lumen within.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1 is a side view of an implantable lead having
an intermediate stylet insertion port and a stylet for insertion
into the port;

[0022] FIG. 2 is a fragmentary, longitudinal cross-sec-
tional view of a distal portion of the lead of FIG. 1;

[0023] FIG. 3 is a transverse, cross-sectional view taken
through 3-3 of FIG. 2, showing a distal tri-lumen portion of
the lead;

[0024] FIG. 4 is a perspective view of a stylet guide or
marker that can be positioned over the intermediate insertion
port of a lead;

[0025] FIG. 5 is a fragmentary, cutaway view of a lead
intermediate portion having the stylet marker of FIG. 4
guiding a stylet into the intermediate insertion port;

[0026] FIG. 6 is a fragmentary, longitudinal, cross-sec-
tional view of the lead intermediate portion of FIG. 5,
having a sealing filler material sealing the intermediate
insertion port;

[0027] FIG. 7 is a fragmentary, perspective view of an
assembly having a stylet handle adapted to grip a neuro-
logical lead;

[0028] FIG. 8 is a transverse, cross-sectional view of the
handle of FIG. 7, having the lead held within the longitu-
dinal channel,

[0029] FIG. 9 is an end view of an introducer or hole-
forming device for introducing a stylet into the stylet lumen
of a lead;
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[0030] FIG. 10 is a longitudinal, cross-sectional view of
the introducer of FIG. 9;

[0031] FIG. 11 is a perspective view of a lead body and a
hole-forming device or guide for forming a port in the lead
body to access the stylet lumen;

[0032] FIG. 12 is a perspective view of an elongate
member for forming a hole or port into a lead body to access
the lead lumen;

[0033] FIG. 13 is a perspective view of the lead and
hole-forming device of FIG. 11 having the elongate member
of FIG. 12 inserted into the lead to form a port;

[0034] FIG. 14 is a fragmentary, highly diagrammatic,
perspective view of a lead body and stylet port having a
sleeve or sealer tube disposed over the lead body together
with a sealant source;

[0035] FIG. 15 is an exploded view of a sleeve assembly
including a lead body, an inner sealing sleeve, and an outer
sealing sleeve having wings and suture guides;

[0036] FIG. 16 is a fragmentary, perspective view of the
lead body and sealing sleeves of FIG. 15, having the outer
sleeve holding the inner sealing sleeve against the lead body;

[0037] FIG. 17 is an exploded, perspective view of the
lead body and inner sealing sleeve of FIG. 15, and an outer
sealing sleeve having suture guides and wings for opening
the outer sleeve to receive the lead body; and

[0038] FIG. 18 is a fragmentary, perspective view of the
sealing sleeve of FIG. 7, shown disposed over the lead body
of FIG. 7.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0039] FIG. 1 illustrates a neurological stimulation lead
20 having a distal region 24, a proximal region 26, and an
immediate region 28 disposed between the distal and proxi-
mal regions. In a preferred embodiment, the intermediate
region is defined to lie between the innermost distal and
proximal electrical contacts described below. A stylet
entrance or insertion part 42 may be seen in intermediate
region 28. Lead 20 can be formed of a body or shaft 34
extending between a distal end 30 and a proximal end 32.
Lead body 34 has an exterior surface or tubular side wall 36.
Lead body 34 is preferably formed of a polymeric material,
for example, polyurethane or silicone.

[0040] Tead distal region 24 may include a number of
electrodes 38, which may, for example, be disposed con-
centrically about lead body 34 in a spaced-apart configura-
tion. Electrodes 38 may also be described as electrical
contacts or contacts. Electrodes 38 are normally adapted to
be inserted into the human body, are externally exposed, and
can be used for neurological stimulation. One exemplary use
of electrodes 38 is the stimulation of the nerves within the
spinal cord. Proximal region 26 can include a number of
connector bands or connector rings 40 disposed in a spaced-
apart configuration. Connectors 40 may also be described as
electrical contacts or terminals, and are preferably also
externally exposed. Electrodes 38 and connectors 40 may be
formed of Platinum and/or Iridium. Connectors 40 can be
used for connecting lead 20 to a lead extension to extend the
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effective length of the lead. In some uses, connectors 40 may
also be used to directly couple lead 22 to an implantable
pulse generator.

[0041] Electrodes 38 and connectors 40 can be coupled to
each other in a one-to-one arrangement. In some leads, the
distal-most electrode is coupled to the distal-most connector,
the second-to-distal-most electrode coupled to the second-
to-distal-most connector, and so forth. The electrodes and
connectors can be coupled through conductors extending
between the two. In some leads, the conductors are embed-
ded within the lead while in other leads, the conductors lie
within lumens extending the length of the lead. In some
leads, the conductors are disposed within lumens that are
later backfilled to substantially fill the lumens with a poly-
meric material.

[0042] FIG. 1 also illustrates a stylet 50. Stylet 50
includes generally a shaft 56 extending between a distal tip
52 and a proximal end or handle 54. Stylet 50 is typically
dimensioned to be slideably received within stylet entrance
42 and further within a lumen extending distally from stylet
entrance 42 toward distal region 24.

[0043] Tead 20 can be varied in outer diameter and length
to suit the application for which it is intended. In some
embodiments, lead 20 has a total length of between about 5
cm and about 100 cm. In other embodiments, lead 20 has an
outer diameter of less than about 1 mm and a total length of
between about 10 cm and 150 cm. The lead length between
stylet entrance 42 and distal end 30 can vary as well. In some
embodiments, the distance from stylet entrance 42 to distal
end 30 is less than 50 cm, preferably less than 30 cm, and
most preferably less than about 20 cm. Stylet 50 preferably
has a length adapted to approximately match the length
between stylet entrance 42 and distal end 30. Stylet 50
preferably has a shaft outer diameter of less than about 0.050
inches, more preferably less than about 0.020 inches, and
most preferably less than about 0.010 inches.

[0044] FIG. 2 illustrates a distal portion of lead 20 in
longitudinal cross-section. Lead 20 may be seen to have a
flared lumen portion 41 extending from stylet entrance or
port 42 toward distal region 24. A stylet lumen 43 may be
seen to extend distally from stylet opening 42. In the
embodiment illustrated, stylet lumen 43 terminates proximal
of lead distal end 30. In some leads, port 42 lies at an angle
of between about 20 and 60 degrees from the longitudinal
axis of the lead. In one lead embodiment, port 42 lies at an
angle of about 30 degrees from the lead longitudinal axis. In
other embodiments, port 42 is dimensioned and configured
such that a stiffening member inserted into lead 20 to distal
region 24 lies at an angle of less than about 40 degrees,
preferably about 30 degrees, from the lead longitudinal axis
near port 42. Leads preferably have a distal region wall
thickness of at least about 0.004 inch. In some leads, a plug
material can be disposed within or about stylet port 42 in
order to provide a seal between the lead lumen or lumens
and the body in which it is inserted. In some leads, a silicone
polymeric material carrying a radiopaque marker material is
used to plug stylet port 42. In one such plug material,
silicone carrying a barium oxide radiopaque material is used
as the plug material. The plug or seal material can be
inserted into port 42 during manufacture. The stylet distal tip
can be advanced through the silicone sealing material to
stiffen the lead, and can later be retracted. In some embodi-





















