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Description

Technical Field

[0001] The present invention relates generally to the
field of implantable electrodes, and more particularly to
a system including an electrode and a stylus configured
to steer an electrode toward its intended position during
implantation.

Background Art

[0002] Percutaneous electrodes were introduced in
the 1970’s as a minimally invasive technique to deliver
spinal cord stimulation (SCS), so as to screen patients
for satisfactory responses before implanting permanent
electrodes via laminectomy. The technique was quickly
adapted for chronic implantation, and since the 1980’s
the majority of permanent systems have used percuta-
neous rather than laminectomy electrodes.
[0003] Percutaneous SCS electrodes are inserted into
the epidural space through a Tuohy type needle, bent at
its tip to allow the electrode to emerge at an angle and
then ascend cephalad, in or parallel to the midline. Since
the early 1980’s they have had multiple contacts, forming
a linear electrode array. Two or more can be placed in
parallel to form a two-dimensional array. Insertion is guid-
ed by intraoperative fluoroscopy and by test stimulation
as the electrode is advanced in the epidural space. The
tip of the advancing electrode is bent at an angle so that
it may be steered as it advances by rotating it, moving
the tip from right to left. Right-left positioning is critical,
to such an extent that a well-placed midline electrode
placed percutaneously was seen to outperform two elec-
trodes placed side by side, in a series of controlled trials
performed at Johns Hopkins Hospital from 2003-2005.
In engineering terms, the system (patient and stimulator)
resolves smaller dimensions than the width of standard
percutaneous electrodes, such that simply placing more
electrode contacts does not substitute for precise place-
ment.
[0004] Anterior-posterior position (in front of or behind
dorsal epidural fat) is important, as well - not only because
proximity of the electrodes to the spinal cord increases
efficiency and selectivity (of dorsal columns vs. dorsal
roots), but also because recruitment of small pain fibers
in ligamentum flavum (behind epidural fat) commonly
causes painful side effects, and one way to mitigate them
is to keep the electrode in front of epidural fat and in direct
contact with the dura. An experienced operator will at-
tempt to keep track of which way the tip of the advancing
electrode is pointing, even on monoplanar (anterior-pos-
terior) fluoroscopy, and attempt to direct the tip of the
electrode from right to left and from front to back.
[0005] Where SCS is to be administered by less expe-
rienced practitioners, multiple electrodes will often be
used to bracket or "carpet bomb" the target area. Most
(70-80%) percutaneous systems currently implanted

have dual electrodes - in part for this reason, and in part
to provide redundancy - the demonstrable inferiority of
dual lead systems for common low back conditions not-
withstanding. The best use of this technology may in fact
be to place triple electrodes, which offer potential advan-
tages whether they are placed perfectly, or by experi-
enced hands (taking advantage of transverse tripole ca-
pabilities) or imperfectly (simply offering redundancy).
[0006] In any of the above settings, and whether in
experienced or inexperienced hands, percutaneous SCS
electrode steerability is very important, and none of the
presently available products address it adequately. Not
only must the electrode be steerable, but the steering
must also be variable. More particularly, major steering
input is required as the electrode emerges from the tip
of a Tuohy or similar needle, which necessarily is not
parallel to the epidural space as seen in the sagittal plane.
The electrode must negotiate a bend; if it does not bend
sufficiently, it may indent the dura (or even the spinal
cord). If it deviates to one side, it will still tend to continue
ventrally, into the "gutter" in the lateral epidural space.
Not only is there a bend in the sagittal plane, there is
often one in the coronal plane, as the needle generally
is not parallel to the midline, as it is inserted off the midline
to avoid the spinous processes. Thus, as the electrode
emerges it tends to deviate laterally, to one side or the
other, and once it has done so it may not be possible to
steer it back to the midline. An analogy may be made
with descending a steep "on ramp" onto an icy highway
which has a high crown in the center of the road and deep
gutters on either side.
[0007] Once having deviated substantially from the
midline, even if it is steered back, as seen on A-P fluor-
oscopy, the electrode may end up ventral to the spinal
cord and dura, and this may not be appreciated without
changing to a lateral fluoroscopic view.
[0008] Minor steering inputs are required after the elec-
trode has negotiated the bend at the tip of the Tuohy
needle and is ascending in the midline. The large bend
which was an asset in negotiating the initial turn becomes
a liability, as relatively small right-left adjustments are
made as the electrode is advanced to its final position.
Pointing a large bend to the left or right causes major
unwanted deviations to either side; pointing it dorsally
tends to engage dorsal ligamentous structures and webs,
at the same time moving it away from the spinal cord.
Pointing it ventrally, so that it slides along the dura, push-
es the dura anteriorly; this tends to be unstable, and the
electrode tip may rotate and jump to one side or the other.
Furthermore, when the electrode is curved significantly
in the sagittal plane its contacts are at different distances
from the spinal cord, and stimulation thresholds vary sub-
stantially. This frustrates test stimulation to guide place-
ment.
[0009] Since they were first introduced in the 1970’s,
all percutaneous SCS electrodes have consisted of rigid
cylindrical metal contacts on flexible catheters (for exam-
ple silicone elastomer, polyethylene, and more recently
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polyurethane). The flexible catheter, within which are
electrical conductor(s) to the electrode contact(s), ac-
commodates bending, allowing for example insertion
through a Tuohy needle with a bend at the tip, so that
the advancing assembly can negotiate the bend. The rig-
id contacts must negotiate the bend in the needle first,
and as they increase in length it becomes all the more
difficult to negotiate this bend, and then to steer to the
target beyond.
[0010] As shown in the top view Figure 1, a typical cur-
rent, commercially available percutaneous electrode as-
sembly ("lead") 10 has a removable, malleable stylet 20,
which may be inserted within the body of the flexible,
hollow lead 10. A bend in the stylet 20 causes the lead
10 around it to bend correspondingly. The stylet 20 typ-
ically is bent at the tip - indeed, most models come with
a bend already in place - and typically the stylet may be
inserted all the way to the tip of the lead 10, and to the
most distal electrode contact, so that the tip of the lead
10 and the electrode contacts assume a bend. The distal
end of the lead 10 has a plurality of rigid electrode con-
tacts 12, and flexible spacer portions 13 between the
contacts 12. As the bent tip is advanced under fluoro-
scopic guidance it can be steered by rotating the stylet
20 and/or the lead 10 so that the advancing tip deviates
to the left and the right, dorsally and ventrally, etc. As the
bent tip is advanced, as seen on A-P fluoroscopy, rotating
it allows it to be steered. Not only can it be steered right-
left, it can also be steered dorsal-ventral if the operator
follows it on lateral as well as A-P fluoroscopy (and/or
keeps mental track of its orientation using the A-P view
alone). The electrode tip is most easily steered if it re-
sponds in a linear fashion to rotation by the operator at
the other end of the lead. Further, as shown in the bottom
view of Figure 1, the bend in stylet 20 may be advanced
into and withdrawn from lead 10 so as to modify the extent
to which lead 10 bends. If the stylet 20 is not inserted
fully within the lumen of lead 10, the bend of stylet 20 is
located proximal to the distal end of lead 10, resulting in
a larger bend of lead 10 while the tip of lead 10 lacks
stiffening and, thus, remains flexible.
[0011] Most stylets are coated with Teflon, which facil-
itates removal and replacement, as is often necessary
to change the bend at the tip. It is typically necessary to
increase the bend to negotiate the sharp turn at the tip
of the needle, as the tip of the electrode enters the epi-
dural space and must be steered to (or back to) the mid-
line; once this has been achieved, a large bend becomes
a liability, as noted. The only way to reduce the bend is
to withdraw the stylet and replace it - after straightening
it, or substituting another stylet with a smaller bend. This
is cumbersome, and it can be challenging for the operator
to thread the stylet back into the tiny lumen of the lead.
Some leads resist this maneuver, and on occasion it be-
comes necessary to ask for a new lead - which means
withdrawing the existing lead and giving up the position
achieved so far.
[0012] Electrode steerability is best if the curved elec-

trode tip is seen on fluoro and felt by the operator’s hand
to move in a linear 1:1 fashion as the stylet emerging
from the end of the lead assembly is rotated by the op-
erator’s hand. A right-handed operator will generally ro-
tate the stylet (which may rotate within the lead) or the
stylet/lead assembly (which may rotate together) with
his/her left hand, as the thumb and index fingertip of the
right hand advance and withdraw the body of the lead as
it emerges from the hub of the Tuohy needle in the epi-
dural space. Some Seldinger wire lead blanks achieve
this, but no electrode assembly does so; to varying de-
grees they lag, jump, and sometimes seem to wind up,
as though lacking in torsional rigidity.
[0013] The malleable stylet may rotate in unison with
the "lead" around it, or it may rotate within the lead, or it
may (and commonly does, to varying degrees) do both.
One presently available device may be clipped to the end
of the lead so that the two necessarily rotate together (at
least within and adjacent to the clip; they may decouple
farther away.) This incurs friction between the outside of
the lead, along its length within the needle and the patient;
the friction is cumulative as the lead is advanced, and
ultimately the stylet begins to rotate within the lead, thus
impeding steerability. Rotation and translation of the tip
no longer track operator inputs 1:1.
[0014] Other presently available devices may have a
knob at the end of the stylet, but no clip secures it to the
lead; the stylet is unconstrained and can rotate within the
lead. The tip of the stylet may engage a bearing within
the lead tip in order to reduce friction. As the length of
the lead and stylet assembly increases, however, the cu-
mulative drag or friction between the outside of the stylet
and the inside of the lead body can become significant,
so that the lead tip no longer tracks operator inputs faith-
fully, 1:1. US 2002/0022873 discloses a system for po-
sitioning a lead within a patient, the lead comprising a
plurality of waisted regions between each of the elec-
trodes of the lead, A bent stylet can be introduced in a
stylet lumen to steer the lead.
[0015] Other problems and idiosyncrasies are intro-
duced by assembly and packaging of some available de-
vices. For instance, if the metal stylet inside the plastic
lead body is bent, then the plastic lead tends to take a
"set" which remains, if only temporarily, after withdrawal
of the stylet. This can be useful during implantation, in
that it provides finer control over steering, but it then be-
comes a liability: the lead retains this bend following im-
plantation, and so it may curve left-right, or dorsal-ventral.
With time, the curve may straighten out, with unpredict-
able results.
[0016] Moreover, the "set" in the plastic and the bend
in the stylet are, of course, pointing in the same direction
when the assembly is removed from the package, and
they remain so unless disturbed. It is very common, how-
ever, to withdraw the stylet at least in part during place-
ment, and if this is done it may not be in phase with the
lead, i.e. pointing in the same direction, when the stylet
is re-inserted. Sometimes the stylet is removed and re-
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placed, e.g. with a stiffer one, or one with a different bend.
In To the inventor’s knowledge, there is no provision to
address this in any existing product. Marking the stylet
and the lead in order to allow alignment would be possi-
ble, but they may not be rigid in torsion, and so this might
not be reliable.
[0017] Still further, the "set" in the plastic lead is, on
balance, a liability. Current potential solutions include
preassembling with a straight stylet, and allowing the us-
er bend it as desired, or furnishing the stylet separately.
Presently available packages include leads that are
shipped with a bent stylet in place, incurring the above
problem.

Disclosure of Invention

[0018] The present invention provides a system ac-
cording to claim 1. Preferred embodiments are defined
by the dependent claims.
[0019] The system is provided for positioning a lead
within a patient, the system comprising a lead having a
shaft with at least three electrode contacts disposed on
the shaft and a flexible spacer portion between each of
the electrode contacts, and a stylet lumen extending into
the lead from a proximal end of the lead towards a distal
end of the lead, along with a stylet having a plurality of
bends and relatively straight portions extending between
the bends, wherein the bends are positioned a distance
apart from one another so as to simultaneously align with
the flexible spacer portions of the lead when the stylet is
positioned within the stylet lumen.
[0020] With regard to the use of the system, a method
of using such system is provided that comprises the steps
of inserting the stylet into the stylet lumen toward the
distal end of the lead a sufficient distance so that at least
one of the bends in the stylet is aligned with at least one
of the electrode contacts, moving the lead within a patient
in a first direction, moving the stylet in the stylet lumen
so as to align such bend in the stylet with one of the
flexible spacer portions so as to change the angle of at
least a portion of the lead, and further moving the lead
within the patient in a second direction different from the
first direction.

Brief Description of the Drawings

[0021] The numerous advantages of the present in-
vention may be better understood by those skilled in the
art by reference to the accompanying drawings in which:

FIG. 1 is a side view of a prior art multi-contact lead
and a bent stylet engaging such lead.
FIG. 2 is a side view of a system comprising a multi-
contact lead and stylet according to certain aspects
of a particularly preferred embodiment of the inven-
tion.
FIG. 3 is a side view the system of Figure 2 showing
the effect of varied flexibility of portions of a lead on

bending of the lead.
FIG. 4 is a side view of the system of Figure 2 show-
ing further effects of varied flexibility of portions of a
lead on bending of the lead.
FIG. 5 is a side and various cross-sectional views of
the lead of Figure 2 with varied configurations of flex-
ible spacer portions.
FIG. 6 is a side view of the lead of Figure 2 with a
segmented electrode contact.
FIG. 7 is a side and various cross-sectional views of
the lead of Figure 2 with further varied configurations
of flexible spacer portions.
FIG. 8 is a side, cross-sectional view of the lead of
Figure 2 depicting various configurations of asym-
metric spacer portions and electrode contacts.
FIG. 9 is a side view of certain lead configurations
of Figure 8 showing the effect of such configurations
when subjected to bending from a bent stylet.
FIG. 10 is a side view of the lead of Figure 2 showing
various configurations for indexing a stylet and an
associated lead.

Best Mode(s) for Carrying Out the Invention

[0022] The following description is of a particular em-
bodiment of the invention, set out to enable one to prac-
tice an implementation thereof, and is not intended to
limit the preferred embodiment, but to serve as a partic-
ular example thereof. Those skilled in the art should ap-
preciate that they may readily use the conception and
specific embodiments disclosed as a basis for modifying
or designing other systems for carrying out the same pur-
poses of the present invention. Those skilled in the art
should also realize that such equivalent assemblies do
not depart from the scope of the invention as defined by
the appended claims. As shown in Figure 2, a flexible
lead 10 comprising a multicontact electrode is provided
with an electrode array having rigid electrode contacts
12 separated by flexible spacer portions 13, typically of
uniform length. A stylet 20 is also provided which, when
such stylet is inserted into flexible lead 10, is configured
to cause the lead 10 to bend. As the stylet 20 is advanced
within flexible lead 10, lead 10 will conform to the stylet
20 and the bend will advance. To the extent that the lead
is inflexible, it will not conform to the bend in the stylet,
and in the extreme case in which it is completely rigid,
e.g. a cylindrical electrode contact of sufficient length,
within which the stylet is constrained by the inside diam-
eter, it will not bend at all.
[0023] In accordance with one aspect of an embodi-
ment of the invention, stylet 20 is provided preferably
multiple focal bends 22, which are relatively acute (i.e.,
having a relatively small radius or curvature), with rela-
tively straight (i.e., having a large to infinite radius of cur-
vature) segments between focal bends 22, the dimen-
sions of which are preferably chosen so that one or more
of the bends may be made to line up with the flexible
spacer portions 13 when the stylet is inserted to just the
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right depth of flexible lead 10. This will cause the tip of
the electrode array to bend to the maximum degree, as
shown in the middle illustration of Figure 2. When the
stylet 20 is moved to a position in which its bends are
within the rigid electrode contacts 12 and its relatively
straight sections are within the flexible spacer portions
13, this reduces the bend in the array to a minimum, as
shown in the bottom illustration of Figure 2.
[0024] As shown in Figure 2, bends 22 (two are shown
in Figure 2) may be positioned so as to lie within flexible
spacer portions 13 of lead 10, causing the lead 10 to
bend, or within a rigid segments, in this case the electrode
contacts 12, minimizing the resulting bend in lead 10.
Although a single bend will create a bending effect, the
exemplary embodiment depicted in Figure 2 shows two
bends 22 in series, with identical and complementary
spacing of electrode contacts and flexible spacer por-
tions, so that the effects are cumulative or additive. When
the bends in stylet 20 are in phase with the flexible spacer
portions 13, the assembly bends; when they are out of
phase with the flexible spacer portions 13, the assembly
straightens.
[0025] The phase of one or more bends 22 in stylet 20
with respect to the flexible spacers and the rigid electrode
contacts of the electrode array, as its longitudinal position
is varied, determines the magnitude of the bend of the
assembly.
[0026] Although the contacts 12 and flexible spacer
portions 13 are of uniform length in the exemplary em-
bodiment depicted in Figure 2, such that the spacing be-
tween stylet bends 22 is equal to the sum of one contact
and one spacer length, this need not be the case. Those
of ordinary skill in the art will recognize that there are
multiple possible variations in the lengths of each of these
elements that may allow the rigid and flexible elements
to interact with the bends in the stylet so as to increase
or reduce the curvature of the assembly at one or more
points along its length. Common to all is the interaction
of the relatively acute stylet bend with the relatively flex-
ible spacer at one or more points. Also common to all,
and a benefit of the instant invention, is the ability to vary
the bend in a flexible lead 10 (in particular at or near the
tip, within or near the electrode contacts 12) by moving
the stylet 20 within the lead 10, without changing its bend,
removing it, or replacing it, resulting in significant con-
venience for the operator. With particular regard to Figure
3, flexible lead 10, or specific portions thereof, may be
provided in varying degrees of flexibility, which in turn
will affect the extent to which stylet 20 will cause flexible
lead 10 to bend when it is inserted into lead 10. As shown
in Figure 3, the flexible lead shown in the top illustration
is less flexible than the flexible lead shown in the bottom
illustration. As a result, when an identically bent stylet 20
is inserted in either of the two flexible leads 10 shown in
Figure 3, the more flexible conforms more readily to the
bend in the stylet 20, approaching the angle of the original
bend in the stylet 20, while the more rigid lead 10 bends
less.

[0027] Next, as shown in Figure 4, a single flexible lead
10 may be provided with segments of different flexibility.
In Figure 4, the two spacer portions 13A and 13B nearest
the tip of the electrode are more stiff (less flexible), and
the two spacer portions 13C and 13D further from the tip
are less stiff (more flexible). Thus, as stylet 20 with a
particular given bend is advanced into flexible lead 10,
when the bend encounters the more flexible spacer por-
tions 13C and 13D, the lead 10 bends maximally. When
the stylet 20 is advanced further into the more rigid spacer
portions 13A and 13B at the tip of the lead 10, the bend
is minimal.
[0028] Those of ordinary skill in the art will thus recog-
nize from the foregoing that the flexibility of spacer por-
tions 13 in a flexible lead 10, as well as the flexibility of
the electrode contacts 12 (as discussed in more detail
below), may be varied at any position along the length
of the lead 10, giving any particular segment more or less
overall flexibility. A stylet bend traversing this segment
will cause the lead 10 to bend correspondingly more or
less. Thus, a wide variety of flexible lead configurations
may be provided whose varying degrees of flexibility may
be particularly well suited for specific applications. As
shown in Figure 4, two relatively stiff spacer portions 13A
and 13B and two relatively flexible spacer portions 13C
and 13D may be used with presumably stiff electrode
contacts 12, although this is merely one possible exam-
ple, and the numbers of electrode contacts and spacer
portions, and their flexibility, may vary without departing
from the spirit and scope of the invention.
[0029] Once again, a benefit of the instant invention is
to allow the operator to vary the bend in the lead by simply
repositioning the stylet 20 within flexible lead 10, instead
of requiring the operator to, for instance, remove and
reconfigure the bend and thereafter attempt to replace
the stylet 20 within the lead 10. In the particular example
shown in Figure 4, the operator may use the maximum
bend to negotiate the sharp turn at the tip of the needle
entering the epidural space, and then advance the stylet
20 within the lead to reduce the bend for finer steering
adjustments as the procedure continues. This allows the
operator to vary the bend at the tip of the lead 10 by
simply moving the stylet 20 longitudinally a small amount.
This avoids the cumbersome process of withdrawing the
stylet 20 from the lead 10 to change its bend.
[0030] Relatively small radius bends are shown in the
representative Figures for illustrative purposes. In prac-
tice, those of ordinary skill in the art will recognize that
the radius of the bend should be large enough, and the
stylet 20 should be flexible enough, to advance and with-
draw through the inside diameter of the lead 10. Those
of ordinary skill in the art will also find it beneficial to mark
or index the stylet 20 and/or the lead to indicate their
relative positions (visibly and/or palpably), and in some
applications to secure the stylet with respect to the lead
to maintain their relative positions, as discussed in great-
er detail below.
[0031] Next, Figure 5 shows various configurations for
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altering the flexibility of spacer portions 13 in lead 10. A
typical lead segment 13E consists of a cylindrical tube
or catheter segment. However, the flexibility of any given
catheter segment may be modified in a number of ways.
First, the configuration of the lead segment may be varied
without changing materials (as shown in optional cross-
sectional views of segment 13F) by relieving or removing
portions of the inner wall, such as by adding grooves or
ridges, or substituting another form of the same material
such as foam, to reduce durometer and increase flexibil-
ity, by comparison with a full thickness wall. Moreover,
the materials of which a spacer segment is comprised
may be modified, such as by using material of different
durometer, such as silicone elastomer instead of poly-
urethane. Still further, materials may be combined, for
example silicone elastomer inside of polyurethane, or for
example adding stiffening elements, which may simply
resist bending or may function as tension or compression
elements in a beam, as shown at the bottom illustration
of Figure 5. Wires (which may or may not function as
electrical conductors) or stylets may be added as well to
vary flexibility.
[0032] Moreover, and with reference to Figure 6, flex-
ibility of electrode contacts 12 may likewise be modified.
In the example shown in Figure 6, this may be accom-
plished by segmenting electrode contacts 12. Where a
series of N electrode contacts 12 are provided in a linear
array, one such contact at a particular distance from the
tip of the lead 10 (i.e., where increased flexibility is de-
sired) may be replaced with n (two or more) shorter elec-
trode contacts 12A, the lengths of which preferably sum
to less than the length of the original electrode contact
12. The difference in length is made up by flexible spacer
portions separating the shorter electrode contacts (for
purposes of this example, although not necessarily or in
general, as lengths may vary). If the electrode contacts
12A are connected in parallel, together they will consti-
tute a single virtual electrode contact, the position of
which will be equivalent to that of the larger electrode
contact 12. Local current density at the individual seg-
ments will be a bit higher, but current density will be the
same several millimeters away, e.g., at the spinal cord.
Impedance will be a bit higher, as well. The virtual elec-
trode contact will preferably have the same length as the
original electrode contact, and so the uniformity of elec-
trode contact spacing by comparison with the original
can be preserved.
[0033] The individual electrode contact segments
could optionally be connected to the generator individu-
ally, and programmed as such, increasing spatial reso-
lution, but current density would be much higher (at least
n times higher, exceeding n to the extent flexible spacer
portions replace contact surface). The segments could
be distinguished as N1, N2, etc., and would occupy the
position originally occupied by electrode contact N.
[0034] As noted above, the multiple short electrode
contact segments 12A are preferably connected in par-
allel, i.e., wired together, for example with spiral conduc-

tors, to function as one longer contact with internal flex-
ibility, giving this segment of a multicontact array more
flexibility.
[0035] While not shown explicitly in the drawings, it is
also envisaged that the joints between electrode contacts
12 and spacer portions 13 may themselves also be flex-
ible, and such flexibility may be varied, for the same pur-
poses as described above.
[0036] Next, as shown in Figure 7, radial asymmetry
may also be used to vary the flexibility of segments of
lead 10. More particularly, while all commercially availa-
ble percutaneous electrode contacts known to the inven-
tor herein are cylindrical, and thus in cross-section are
radially symmetric, Figure 7 shows the general case of
an asymmetrical spacer, and Figure 8 shows specific ex-
amples of variously asymmetrically configured spacers
and electrode contacts, which may be used to alter the
flexibility of segments of lead 10.
[0037] As shown in Figure 7, by constructing a lead 10
so that, as seen in the cross-sectional view of illustration
(a) of Figure 7, one side 13A is of lower durometer than
the other side 13B, then it will bend more readily toward
this lower durometer side. Thus, if the bend in a stylet is
toward the low durometer side 13A, the assembly will
bend maximally; if it is turned 180 degrees, toward the
high durometer side 13B, it will bend minimally. The con-
cept of "phase" as discussed above may be introduced
again, this time radially: the stylet may be rotated so that
the bend is in phase with the preferred bend of the lead,
for maximal bending of the assembly. It may be rotated
180 degrees out of phase for minimal bending. It may be
rotated to intermediate positions for intermediate bend-
ing.
[0038] As shown in Figure 7, the asymmetric cross-
section of the lead 10 may be achieved in a number of
different ways, to the same effect. If the stylet lumen
(which may be considered as the inside diameter of a
single lead catheter or as one catheter inside another) is
concentric with the outside of the lead, then the materials
on one side and/or the other may be chosen to resist
tension or compression, achieving the requisite asym-
metry. If the stylet lumen is off-center, as shown in illus-
tration (b), so that the wall thickness varies from one side
to the other, this confers asymmetry. In practice, there
will be at least one electrical conductor within the lead,
all the way to the tip contact; and there will be more and
more proximally, to serve additional electrode contacts;
these conductors can be arranged so that they function
as mechanical elements, to confer asymmetry.
[0039] As was the case with the longitudinally phased
example described above, the radially phased example
of Figure 7 allows the bend at the tip of lead 10 to be
varied by small movements of the stylet 20; in this case,
rotary movements. Once again, this avoids the need to
re-bend, remove, or replace the stylet 20.
[0040] Similarly, such asymmetric cross-section of
lead 10 may be achieved by way of wedge-shaped elec-
trode contacts and complementary intervening flexible,
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compressible plastic (e.g., polyurethane) spacer por-
tions, examples of which are shown in the various cross-
sectional views of Figure 8, which by virtue of the longer
compressible segments between the shorter side(s) of
the contact segment(s) allow the assembly to bend more
easily in this direction, to a greater (more acute) angle.
This will facilitate steering when a more pronounced bend
is needed, e.g., when the electrode array first emerges
from the end of a Tuohy needle into the dorsal spinal
epidural space.
[0041] As used here, the term "wedge" refers generi-
cally to a shape which, as seen from either side, is longer
at one edge and shorter at the other edge. The sloping
contour from one edge to the other may be straight,
curved, sawtooth, etc. The term "wedge" should also be
considered to encompass shapes in which the height at
one edge is zero, and even one in which there is a gap,
so that the contact does not encircle the full 360 degree
circumference of the catheter.
[0042] Turning a bent stylet 180 degrees within the
body of lead 10, thus reversing its direction and causing
the bend to reverse, will cause equal and symmetric
bending of the electrode assembly if the contacts and
spacers are cylindrical and of uniform material. If, on the
other hand, wedges are provided in lead 10 as generally
shown in Figure 8, rotating the bent stylet tip toward the
side or edge with the shorter portion of metallic electrode
contact segments 12 and the longer compressible plastic
spacer portions will allow a more pronounced bend, as
this side is more compressible. Rotating the stylet 180
degrees so that the bent tip is toward the shorter plastic
spacer portions and the longer electrode contact seg-
ments will result in a less pronounced bend, as this side
of the assembly is less compressible, thus providing for
a straighter tip for more subtle steering, as when nearing
target level. Intermediate angles of rotation will produce
intermediate bends. All of such varied bends in lead 10
may be accomplished without requiring that the operator
withdraw or replace the stylet.
[0043] It is noted that ancillary benefit may be had by
providing contacts in such wedge-shaped configurations
beyond providing controlled curvature of lead 10 in re-
sponse to radial movement of a stylet within such lead.
More particularly, the narrow part of a wedge may still
function as an electrode; thus, in spinal cord stimulation
applications, if the narrow side of the wedge-shaped elec-
trode contact is placed towards the dura, and the wider
part toward the ligamentum flavum, this will reduce local
current density and thus may reduce painful side effects.
Moreover, the wedge electrode contacts on a cylindrical
catheter may provide it the attributes of a "percutaneous
paddle," while being forgiving of inverted placement.
[0044] Next, as shown in Figure 9, various configura-
tions of electrode contacts 12 are shown. In illustrations
(a) and (b), electrode contact configurations are shown
that are visibly (and thus radiographically) asymmetric,
while in illustration (c), electrode contact configurations
are shown that are not visibly asymmetric. Regardless,

common to each such configuration is the visible change
in bend as the stylet is rotated in and out of phase, as
depicted in the bottom two illustrations of Figure 9. More
particularly, as shown in illustration (d) of Figure 9, as
stylet 20 is rotated in lead 10 to an out of phase orienta-
tion, a minimal bend results in lead 10. In contrast, as
shown in illustration (e) of Figure 9, as stylet 20 is rotated
in lead 10 to an in phase orientation, a maximum bend
results in lead 10. Notably, whether the leads 12 are vis-
ibly asymmetric or not, the bend that results in lead 10
when stylet 20 is rotated is radiographically visible, thus
aiding the operator in maintaining proper orientation dur-
ing insertion of the lead 10.
[0045] As shown in Figure 10, in order to further assist
the operator in maintaining proper orientation during in-
sertion of the lead 10, the radial position of a stylet with
respect to lead 10 may be indexed. Rotation of a stylet
20 within lead 10, as well as rotation of the two together
or separately, may be significant with the radially asym-
metric designs shown herein. Thus, a point or radial po-
sition 14 on the circumference of the connector end 18
of the lead may be marked, where it is visible to and
palpable by the operator. Similarly, as shown in the bot-
tom illustrations of Figure 10, the handle (or knob or loop)
on the stylet may be marked to indicate the direction of
the bend in stylet 20. In the exemplary illustration of Fig-
ure 10, there is a loop at the back end of stylet 20 (the
end manipulated by the operator) which points in the
same direction as the bend in the front end or tip of stylet
20.
In use, and by way of non-limiting example, the bent stylet
20 may be inserted into the radially asymmetric lead "in
phase" to achieve the maximal bend. The operator would
pass the assembly through the Tuohy needle with the
bend directed left or right as appropriate. The bend (and
perhaps wedges, if present) will be visible in profile as
the electrode tip emerges from the tip of the needle and
negotiates the turn out of the needle, which is the most
difficult corner of all. The stylet may then be rotated out
of phase with the lead as a smaller bend is required there-
after.
[0046] It is believed that the present invention and
many of its attendant advantages will be understood by
the forgoing description. It is also believed that it will be
apparent that various changes may be made in the form,
construction and arrangement of the components thereof
without departing from the scope of the invention as de-
fined by the appended claims.

Industrial Applicability

[0047] The present invention is applicable to surgical
medical devices and related methods. The invention dis-
closes an electrode and stylus configured for aiding in
the placement of such electrode at a desired location
within a patient’s body. The device can be made in in-
dustry and practiced in the medical field.
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Claims

1. A system for positioning a lead within a patient, com-
prising:

a lead comprising a shaft having at least three
electrode contacts disposed thereon and a flex-
ible spacer portion between each of said at least
two electrode contacts, and a stylet lumen ex-
tending into said lead from a proximal end there-
of towards a distal end thereof; and
a stylet having a plurality of bends therein and
relatively straight portions extending between
said bends, wherein said bends are positioned
a distance apart from one another so as to si-
multaneously align with said flexible spacer por-
tions of said lead when said stylet is positioned
within said stylet lumen, and wherein a first one
of said flexible spacer portions has greater flex-
ibility than a second one of said flexible spacer
portions, such that one of said bends in said
stylet engaging said first one of said flexible
spacer portions will cause said lead to bend at
a larger angle than said stylet engaging said sec-
ond one of said flexible spacer portions.

2. The system of claim 1, wherein said first one of said
flexible spacer portions comprises a cylindrical wall
having a first thickness, and a second flexible spacer
portion comprises a cylindrical wall having a second
thickness that is greater than said first thickness.

3. The system of claim 1, wherein said first one of said
flexible spacer portions is formed of a first material,
and said second flexible spacer portion is formed of
a second material, wherein said first material has a
greater flexibility than said second material.

4. The system of claim 1, said second flexible spacer
portion further comprising at least one stiffening in-
sert embedded within said second flexible spacer
portion.

5. The system of claim 1, wherein at least a first one of
said electrode contacts has a first length L, and at
least two second electrode contacts each have a
second length that is less than L/2, and wherein said
first flexible spacer portion is positioned between
said first one of said electrodes and one of said sec-
ond electrodes, and said second flexible spacer por-
tion is positioned between said at least two second
electrodes.

6. The system of claim 5, wherein a combined length
of two of said second electrodes and said second
flexible spacer portion equals L.

7. The system of claim 1, wherein said system is con-

figured such that aligning at least one of said bends
in said stylet with a first one of said flexible spacer
portions will cause said lumen to bend at an angle,
and rotation of said stylet within said stylet lumen
when said at least one bend in said stylet is aligned
with said first one of said flexible spacers will cause
the magnitude of said angle to vary.

8. The system of claim 7, wherein said first one of said
flexible spacer portions further comprises a cylindri-
cal section formed of compressible material having
a top side and a bottom side opposite said top side,
and wherein said top side has a first durometer rating
and said bottom side has a second durometer rating
different from said first durometer rating.

9. The system of claim 8, wherein said first one of said
flexible spacer portions further comprises a cylindri-
cal section formed of compressible material, and
wherein said stylet lumen extends through said first
one of said flexible spacer portions along an axis that
is set off from a central axis of said at least one flex-
ible spacer portion.

10. The system of claim 8, wherein at least one of said
electrode contacts is radially asymmetric such that
a first side of said at least one electrode contact is
of a greater length than a second side of said at least
one electrode contact opposite said first side, and
wherein said first one of said flexible spacer portions
is adjacent said at least one electrode and has a
radially asymmetric configuration that is comple-
mentary to said at least one electrode contact.

11. The system of claim 8, said stylet further comprising
an indicia configured to indicate both a radial orien-
tation and a longitudinal orientation of said stylet with
respect to said stylet lumen.

Patentansprüche

1. System zum Positionieren einer Leitung in einem Pa-
tienten, umfassend:

eine Leitung, die eine Welle umfasst, die zumin-
dest drei daran angeordnete Elektrodenkontak-
te und ein flexibles Distanzteil zwischen jedem
der zumindest zwei Elektrodenkontakte und ein
Sondenlumen aufweist, das sich von einem pro-
ximalen Ende davon in Richtung eines distalen
Endes davon in die Leistung erstreckt; und
eine Sonde, die eine Vielzahl von Krümmungen
darin und relativ gerade Abschnitte aufweist, die
sich zwischen den Krümmungen erstrecken,
wobei die Krümmungen in einer Entfernung ent-
fernt voneinander positioniert sind, um gleich-
zeitig mit den flexiblen Distanzteilen der Leitung
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ausgerichtet zu werden, wenn die Sonde in dem
Sondenlumen positioniert ist, und wobei ein ers-
tes von den flexiblen Distanzteilen eine größere
Flexibilität aufweist als ein zweiten von den fle-
xiblen Distanzteilen, sodass ein Eingriff von ei-
ner der Krümmungen in der Sonde in das erste
von den flexiblen Distanzteilen dazu führt, dass
sich die Leitung in einem größeren Winkel
krümmt als wenn die Sonde in das zweite von
den flexiblen Distanzteilen eingreift.

2. System nach Anspruch 1, wobei das erste von den
flexiblen Distanzteilen eine zylindrische Wand um-
fasst, die eine erste Dicke aufweist, und ein zweites
flexibles Distanzteil eine zylindrische Wand umfasst,
die eine zweite Dicke aufweist, die größer ist als die
erste Dicke.

3. System nach Anspruch 1, wobei das erste von den
flexiblen Distanzteilen aus einem ersten Material ge-
bildet ist und das zweite flexible Distanzteil aus ei-
nem zweiten Material gebildet ist, wobei das erste
Material eine größere Flexibilität aufweist als das
zweite Material.

4. System nach Anspruch 1, wobei das zweite flexible
Distanzteil ferner zumindest einen Versteifungsein-
satz umfasst, der in dem zweiten flexiblen Distanzteil
eingebettet ist.

5. System nach Anspruch 1, wobei zumindest eine von
den Elektrodenkontakten eine erste Länge L auf-
weist und zumindest zwei zweite Elektrodenkontak-
te jeweils eine zweite Länge aufweisen, die geringer
ist als L/2 und wobei das erste flexible Distanzteil
zwischen der ersten von den Elektroden und einer
von den zweiten Elektroden positioniert ist und das
zweite flexible Distanzteil zwischen den zumindest
zwei zweiten Elektroden positioniert ist.

6. System nach Anspruch 5, wobei eine kombinierte
Länge der zwei von den zweiten Elektroden und des
zweiten flexiblen Distanzelements gleich L ist.

7. System nach Anspruch 1, wobei das System derart
konfiguriert ist, dass das Ausrichten von zumindest
einer von den Krümmungen in der Sonde an einem
ersten von den flexiblen Distanzteilen dazu führt,
dass sich das Lumen in einem Winkel krümmt, und
eine Drehung der Sonde in dem Sondenlumen,
wenn die zumindest eine Krümmung in der Sonde
mit dem ersten von den flexiblen Distanzstücken
ausgerichtet ist, dazu führt, dass der Betrag des Win-
kels variiert.

8. System nach Anspruch 7, wobei das erste von den
flexiblen Distanzteilen ferner einen zylindrischen Ab-
schnitt umfasst, der aus zusammendrückbarem Ma-

terial gebildet ist, das eine Oberseite und eine Un-
terseite gegenüber der Oberseite aufweist, und wo-
bei die Oberseite einen ersten Durometer-Härtegrad
aufweist und die Unterseite einen zweiten Durome-
ter-Härtegrad aufweist, der sich von dem ersten Du-
rometer-Härtegrad unterscheidet.

9. System nach Anspruch 8, wobei das erste von den
flexiblen Distanzteilen ferner einen zylindrischen Ab-
schnitt umfasst, der aus zusammendrückbarem Ma-
terial gebildet ist und wobei sich das Sondenlumen
durch das erste von den flexiblen Distanzteilen ent-
lang einer Achse erstreckt, die zu einer zentralen
Achse des einen zumindest einen der flexiblen Dis-
tanzteile versetzt ist.

10. System nach Anspruch 8, wobei zumindest einer von
den Elektrodenkontakten derart radial asymmet-
risch ist, dass eine erste Seite des zumindest einen
Elektrodenkontakts eine größere Länge aufweist als
eine zweite Seite des zumindest einen Elektroden-
kontakts gegenüber der ersten Seite, und wobei das
erste von den flexiblen Distanzteilen benachbart zu
der zumindest einen Elektrode ist und eine radial
asymmetrische Konfiguration aufweist, die den zu-
mindest einen Elektrodenkontakt ergänzt.

11. System nach Anspruch 8, wobei die Sonde ferner
ein Zeichen umfasst, das konfiguriert ist, um sowohl
eine radiale Ausrichtung als auch eine Längsaus-
richtung der Sonde in Bezug auf das Sondenlumen
anzuzeigen.

Revendications

1. Système permettant de positionner un fil à l’intérieur
d’un patient, comprenant :

un fil comprenant une tige ayant au moins trois
contacts d’électrode disposés sur celle-ci et une
partie d’espaceur flexible entre chacun desdits
au moins deux contacts d’électrode, et une lu-
mière de stylet s’étendant dans ledit fil depuis
une extrémité proximale de celui-ci vers une ex-
trémité distale de celui-ci ; et
un stylet ayant une pluralité de coudes à l’inté-
rieur de celui-ci et des parties relativement droi-
tes s’étendant entre lesdits coudes, dans lequel
lesdits coudes sont positionnés à une certaine
distance l’un de l’autre de façon à être alignés
simultanément avec lesdites parties d’espaceur
flexible dudit fil lorsque ledit stylet est positionné
à l’intérieur de ladite lumière de stylet, et dans
lequel une première desdites parties d’espaceur
flexible a une plus grande flexibilité qu’une se-
conde desdites parties d’espaceur flexible, de
telle sorte qu’un desdits coudes dans ledit stylet
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en prise avec ladite première desdites parties
d’espaceur flexible fera en sorte que ledit fil se
coude selon un angle plus grand que ledit stylet
en prise avec ladite seconde desdites parties
d’espaceur flexible.

2. Système selon la revendication 1, dans lequel ladite
première desdites parties d’espaceur flexible com-
prend une paroi cylindrique ayant une première
épaisseur, et une seconde partie d’espaceur flexible
comprend une paroi cylindrique ayant une seconde
épaisseur qui est supérieure à ladite première épais-
seur.

3. Système selon la revendication 1, dans lequel ladite
première desdites parties d’espaceur flexible est
constituée d’un premier matériau, et ladite seconde
partie d’espaceur flexible est constituée d’un second
matériau, dans lequel ledit premier matériau a une
plus grande flexibilité que ledit second matériau.

4. Système selon la revendication 1, ladite seconde
partie d’espaceur flexible comprenant en outre au
moins un insert de renforcement intégré dans ladite
seconde partie d’espaceur flexible.

5. Système selon la revendication 1, dans lequel au
moins un premier desdits contacts d’électrode a une
première longueur L, et au moins deux seconds con-
tacts d’électrode ont chacun une seconde longueur
qui est inférieure à L/2, et dans lequel ladite première
partie d’espaceur flexible est positionnée entre ladite
première desdites électrodes et une desdites secon-
des électrodes, et ladite seconde partie d’espaceur
flexible est positionnée entre lesdites au moins deux
secondes électrodes.

6. Système selon la revendication 5, dans lequel une
longueur combinée de deux desdites secondes élec-
trodes et de ladite seconde partie d’espaceur flexible
est égale à L.

7. Système selon la revendication 1, dans lequel ledit
système est configuré de telle sorte qu’un aligne-
ment d’au moins un desdits coudes dans ledit stylet
avec une première desdites parties d’espaceur flexi-
ble fera en sorte que ladite lumière se coude selon
un certain angle, et une rotation dudit stylet à l’inté-
rieur de ladite lumière de stylet lorsque ledit au moins
un coude dans ledit stylet est aligné avec ledit pre-
mier desdits espaceurs flexibles fera en sorte que la
grandeur dudit angle varie.

8. Système selon la revendication 7, dans lequel ladite
première desdites parties d’espaceur flexible com-
prend en outre une section cylindrique constituée
d’un matériau compressible ayant une face supé-
rieure et une face inférieure opposée à ladite face

supérieure, et dans lequel ladite face supérieure a
une première dureté nominale et ladite face inférieu-
re a une seconde dureté nominale différente de la-
dite première dureté nominale.

9. Système selon la revendication 8, dans lequel ladite
première desdites parties d’espaceur flexible com-
prend en outre une section cylindrique constituée
d’un matériau compressible, et dans lequel ladite lu-
mière de stylet s’étend à travers ladite première des-
dites parties d’espaceur flexible le long d’un axe qui
est décalé par rapport à un axe central de ladite au
moins une partie d’espaceur flexible.

10. Système selon la revendication 8, dans lequel au
moins un desdits contacts d’électrode est radiale-
ment asymétrique de telle sorte qu’une première fa-
ce dudit au moins un contact d’électrode est d’une
plus grande longueur qu’une seconde face dudit au
moins un contact d’électrode opposée à ladite pre-
mière face, et dans lequel ladite première desdites
parties d’espaceur flexible est adjacente à ladite au
moins une électrode et a une configuration radiale-
ment asymétrique qui est complémentaire audit au
moins un contact d’électrode.

11. Système selon la revendication 8, ledit stylet com-
prenant en outre un indice configuré pour indiquer à
la fois une orientation radiale et une orientation lon-
gitudinale dudit stylet par rapport à ladite lumière de
stylet.
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