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(57) Claim

1. A body implantable lead system comprising:
a lead for electrically communicating with a tissue of a body, the lead 

having a coiled conductor having a proximal end and a distal end, the coiled 
conductor having a lumen, the coiled conductor covered between the proximal 
end and the distal end by an insulative sheath, a fixation helix positioned at 
the distal end of the coiled conductor, the fixation helix having a proximal end 
and a distal end, the proximal end of the fixation helix having means for 
receiving a torque;

a stylet disposed through the lumen, the stylet having a distal tip, a 
distal section, an intermediate section and a proximal section, the distal 
section of the stylet having a first diameter, the intermediate section having a 
second diameter, the second diameter being smaller than the first diameter; 
and wherein a torque coil is located about the intermediate section of the 
stylet and wherein the distal section has means for transmitting a torque which 
corresponds to the means for receiving a torque of the proximal end of the 
fixation helix.
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"Medical electrical lead system having 
a torque transfer stylet"

The following statement is a full description of this invention including the 
best method of performing it known to us:-
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REFERENCE TO RELATED APPLICATION
This application is related to the co-pending 

application of James T. Gates entitled "MEDICAL LEAD HAVING 
SEGMENTED ELECTRODE" filed this same day and assigned to the 
assignee of the present invention.
FIELD OF THE INVENTION

The present invention relates to a medical 
electrical lead system having a torque transfer stylet for 
electrically connecting an organ to an electrical device, and 
particularly to a torque stylet which provides the 
transmission of rotational torque from a proximal end of the 
stylet, outside the body, to a distal end of the stylet, 
inside the body, while the lead and stylet are bent.
BACKGROUND OF THE INVENTION

In the medical field, various types of body 
implantable leads are known and used. One type of commonly 
used implantable lead is an endocardial pacing lead.

Endocardial pacing leads are attached at their 
proximal end to an implantable pulse generator and at their 
distal end to the endocardium of a cardiac chamber. The 
distal end of an endocardial lead may engage the endocardium 
by either an active fixation mechanism or a passive fixation 
mechanism.

Passive fixation mechanisms, such as a tine 
assembly, lodge or passively fix the lead to the heart. 
Active fixation mechanisms use a structure, such as a helix 
or hook, to engage into or actively fix themselves onto the 
heart.

A preferred means for introducing an endocardial 
lead into the heart is through a vein. Specifically, such a 
lead, called a transvenous lead, is introduced into and 
maneuvered through the vein so the distal end is positioned 
within the heart. Introduction of an active fixation Isad, 
however, in such a manner presents difficulties. In 
particular, an exposed sharpened helix, may damage a vein 
during introduction. Thus many active fixation leads have 
helixes which either retract into the lead body or are

}
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shielded during introduction. See, for example, U.S. Patent 
No. 4,972,848 of the Di Domenico (helix shielded within lead 
body which may be extended to engage cardiac tissue): U.S. 
Patent No. 5,003,992 of Holleman et. al (plunger through 

5 helix guards against damage to tissue by the helix, plunger 
may be retracted to permit helix to engage tissue) and U.S.
Patent No. 4,827,940 of Mayer et. al. (soluble cover shields 
helix until positioned approximate fixation site.)

Retraction into and extension from the lead body is 
10 a preferred method of shielding the helix in a transvenous,

endocardial lead. Various means may be used to achieve such 
retraction and extension. One means used has been with a
stylet. For example, U.S. Patent No. 4,217,913 to Dutcher et 
al. discloses a lead having a coiled conductor encased within 
an insulating material. A ridged helix is attached at the 
distal end of the lead by a piston. The lead body is shaped 
to permit the introduction of a stylet therethrough. The 
stylet and piston, in particular, are shaped to mutually 
engage one another. Specifically, the stylet has a 
screwdriver shaped distal tip which engages into a slot in 
the head of the piston. When these two objects are mated 
together and the stylet is rotated, it transmits rotational 
torque to the piston. The piston, in turn, rotates the 
attached helix such that when rotated in the first direction, 
the helix is advanced out of the distal end of the lead body 
so it may introduced into endocardial tissue. When rotated 
in a second direction the helix retracts into the lead body 
so it disengages endocardial tissue. In various endocardial 
screw-in lead designs the helix may be either electrically 
isolated from a spaced electrode or may itself constitute the 
electrode.

One difficulty sometimes encountered with such a 
design is when it becomes necessary to bend the lead so the 
distal end may be positioned in a desired location. This 
type of bending is often required, for example, when the lead 
needs to be implanted in the right atrium of the heart. 
Bending of the lead body may be readily accomplished by 
various means. Inducing a torque to the distal end while 
bent, however, presents a challenge. Specifically, because
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the lead is bent rotation of the proximal end of the stylet 
will tend to cause the bent stylet and thus bent lead body to 
rotate thereabout, that is, it will cause the entire bent 
lead to rotate such that the distal end dislodges from its 
desired location. It is preferred if rotation of the stylet, 
even though bent, does not cause the distal end to dislodge, 
but rather only rotates about its longitudinal axis.

One solution which has been proposed to permit a 
helix to be rotated at the distal end of a lead by a stylet 
while the lead and stylet are bent may be seen in the U.S. 
Patent No. 4,350,169 to Dutcher et al. As seen, this 
discloses a stylet having a narrowed or necked region 
adjacent to the distal end of the stylet. This necked or 
narrowed section increases the flexibility of the stylet in 
that region without detracting from the ability of the stylet 
to transmit torque from its proximal end to its distal end. 
In particular it was believed that by providing a readily 
flexible necked or narrowed intermediate section the stylet 
would bend in conformity with the lead body but would rotate 
about its longitudinal axis when rotated.

In practice, it has been found, however, that this 
necked or narrowed section in the stylet still imparts a 
considerable tendency to straighten the bend or curve in the 
lead and thus dislodge the tip of the lead from the desired 
position. In order to offset this straightening tendency, 
the J-shape of the preformed atrial leads must be made 
inherently stiffer. This stiffening can cause additional 
chronic trauma at the implant site which can lead to higher 
stimulation thresholds or poor sensing or both during chronic 
use of the lead. These difficulties have slowed wide-spread 
adoption of transvenous endocardial screw-in leads.

One device used to provide the transmission of 
torque about a bend is disclosed in U.S. Patent No. 5,165,421 
of Fleischhacker et al. which discloses a hollow lumen cable 
apparatus. Specifically this apparatus comprises a pair of 
counter wound coils. These coils permit the apparatus to be 
highly flexible and pliant while permitting torque to be 
readily transferred. One drawback with such an apparatus, 
however, is its flexibility. For lead implantation, although
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it may be necessary for the lead to bend, it is still necessary for the stylet to 
provide some degree of stiffness to the lead.
Summary of the Invention

The present invention seeks to provide a medical electrical lead system 
having a torque stylet which transmits torque from the proximal end of the 
stylet to the distal end of the lead while both are bent.

According to the present invention, there is provided a body 
implantable lead system comprising:

a lead for electrically communicating with a tissue of a body, the lead 
having a coiled conductor having a proximal end and a distal end, the coiled 
conductor having a lumen, the coiled conductor covered between the proximal 
end and the distal end by an insulative sheath, a fixation helix positioned at 
the distal end of the coiled conductor, the fixation helix having a proximal end 
and a distal end, the proximal end of the fixation helix having means for 
receiving a torque;

a stylet disposed through the lumen, the stylet having a distal tip, a 
distal section, an intermediate section and a proximal section, the distal 
section of the stylet having a first diameter, the intermediate section having a 
second diameter, the second diameter being smaller than the first diameter; 
and wherein a torque coil is located about the intermediate section of the 
stylet and wherein the distal section has means for transmitting a torque which 
corresponds to the means for receiving a torque of the proximal end of the 
fixation helix.
Brief Description of the Drawings

The present invention may be better understood and appreciated with 
reference to a detailed description of the invention, when read in conjunction 
with the accompanying drawings, wherein:

Fig. 1 is a plan view of a stylet-activated, steroid eluting, screw-in 
endocardial bipolar pacing lead in which the stylet of the present invention 
maybe used;

Fig. 2a is a greatly enlarged sectional view of a distal segment of the 
lead of Fig. 1 including the lead’s electrode assembly;

Fig. 2b is a greatly enlarged sectional view of a distal portion of he 
electrode assembly of Fig. 2a;
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FIG. 2c is a greatly enlarged sectional view of a 
proximal portion of the electrode assembly of FIG. 2a;

FIGS. 3a and 3b are front and sectional views, 
respectively, of a distal tip electrode in the electrode 
assembly of FIG. 2a;

FIG. 3c is a front view of an alternate embodiment 
of a distal tip electrode;

FIG. 4 is a greatly enlarged side view of a coiled 
conductor within the lead of FIG. 1;

FIG. 5 is a side view of a helix assembly from the 
electrode assembly of FIG. 2a;

FIGS. 6a and 6b are rear and sectional views, 
respectively, of a helix seal in the electrode assembly of 
FIG. 2a; and

FIGS. 7a and 7b are greatly enlarged side and 
distal end views, respectively, of a stylet used in 
conjunction with the lead from FIG. 1;

FIG. 8 is an enlarged side view of the distal end 
segment of the stylet showing the variations in diameter of 
wire coil attachment junctions of the proximal and distal 
straight wire sections;

FIG. 9 is an enlarged sectional view of the stylet 
of FIG. 7 showing the bonding of a proximal end section of 
the wire torque coil to the proximal straight wire section in 
the reduced diameter portion thereof;

FIG. 10 is an enlarged sectional view of the stylet 
of FIG. 7 showing the bonding of the distal end section of 
the wire torque coil to the distal straight wire section in 
the reduced diameter portion thereof;

FIG. 11 is a partial sectional view of an alternate 
embodiment of a stylet according to the present invention;

FIGS. 12 and 13 are sectional views of alternate 
embodiments of the helical wire torque coil used in a lead 
system of the present invention;

FIG. 14 depicts the torque stylet used to activate 
a helix in a bent lead;

FIG. 15 is a side view of an alternate embodiment 
of a stylet used in conjunction with the lead from FIG. 1; 
and .
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FIG. 16 is a partial sectional view of the 
alternate embodiment of a stylet depicted in FIG. 15

The drawings are not necessarily to scale. 
DETAILED DESCRIPTION OF THE INVENTION

The present invention is described within the 
context of a screw-in bipolar transvenous endocardial lead 
adapted for use in connection with an implantable cardiac 
pulse generator. The present invention, however, may be 
advantageously practiced in conjunction with many different 
types of implantable medical devices as well as many other 
various embodiments of a medical electrical lead besides the 
particular bipolar lead described herein.
MEDICAL ELECTRICAL LEAD

FIG. 1 is a plan view of a stylet-activated, 
steroid eluting, screw-in endocardial bipolar pacing lead 10 
in which the stylet of the present invention may be used. As 
seen Lead 10 has a flexible, elongate lead body 12 covered by 
an insulative sleeve, such as polyurethane or silicone 
rubber. Terminal assembly 14 is provided at the proximal end 
for coupling lead 10 to an implantable pulse generator (not 
shown.) Terminal assembly 14 has sealing rings 16 and 
terminal pin 18, all of a type known in the art.

An anchoring sleeve 20 (shown partially in cross­
section) may also be provided for suturing lead body 12 to 
body tissue. Anchoring sleeve 20 and terminal assembly 14 
are preferably fabricated from silicone rubber, although they 
may also be constructed of any other suitable biocompatible 
material known in the art.

Lead 10 also includes stylet guide 22 and torque 
transfer stylet 24 coupled to terminal pin 18 for imparting 
stiffness to lead 10 during placement and for actuation of 
the lead's fixation helix, described below.

With continued reference to FIG. 1, an electrode 
and fixation assembly designated generally as 26 is disposed 
at the distal end of lead body 12. Electrode and fixation 
assembly 26 is, in the disclosed embodiment, of the bipolar 
type and has tip electrode 28 at its distal end and a ring 
electrode 30 spaced proximally back from the distal end. Tip 
electrode 28 and ring electrode 30 are coupled to separate,

35
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insulated lead conductors (not shown in FIG. 1) which extend 
along the length of lead body 12. Lead conductors are 
preferably configured as concentric multi-filar coils of 
MP35N or any other suitable biocompatible conductive, alloy, 
such as a platinum-iridium alloy. The concentric coiled 
design allows for a longitudinal lumen to exist along the 
length of lead body 12, such that a stylet may be received 
therein.

In FIG. 2a, there is shown a greatly enlarged 
sectional view of a distal portion of lead body 12 and 
electrode and fixation assembly 26. In FIG. 2b there is 
shown the portion of FIG. 2a contained within dashed line 2b, 
and in FIG. 2c there is shown the portion of FIG. 2a 
contained within dashed line 2c, both even further enlarged 
for the sake of clarity.

As shown in FIGS. 2a and 2c, lead body 12 has an 
outer flexible insulative sheath 32 made of silicone rubber, 
polyurethane, or the like. Outer insulative sheath 32 covers 
first coiled conductor 34. Conductor 34 extends along 
through lead body 12 and terminates at its distal end where 
it is electrically coupled, for example by spot or laser 
welding, to a crimp sleeve 36 made of stainless steel or the 
like. Crimp sleeve 36, in turn, is in electrical connection 
with a sleeve 38 which is similarly made of stainless steel 
or the like. Sleeve 38 is engaged within and in electrical 
contact with substantially cylindrical ring electrode 30, 
which is preferably made of a 90/10 platinum/iridium alloy.

Partially engaged between ring electrode 30 and 
sleeve 38 is a tip/ring spacer 40, which is preferably made 
of silicone rubber. In addition to establishing a 
predetermined distance between ring electrode 30 and tip 
electrode 28, tip/ring spacer 40 functions to define a 
substantially cylindrical chamber in which the remaining 
components are disposed as well as to define the outer 
surface of electrode and fixation assembly 26. In the 
disclosed embodiment, tip/ring spacer 40 has dimensions such 
that a constant lead body diameter is maintained between tip 
electrode 28 and ring electrode 30.

35
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Extending along the length of lead body 12 through 
crimp sleeve 36, sleeve 38, ring electrode 30, and tip/ring 
spacer 40 is a second coiled conductor 42, which is insulated 
from outer coiled conductor 34 by inner insulative sheath 44 
which, like outer sheath 32 is made of silicone rubber, 
polyurethane, or the like. Inner conductor 42 terminates at 
a substantially cylindrical helix sleeve 46. In the 
presently preferred embodiment, helix sleeve 46 is made of 
machined polysulfone, and is provided with a rectangular slot 
48 which allows the diameter of the coil defined by inner 
conductor 42 to increase at a "dog-leg" point designated 
generally as 90 in FIGS. 2a and 2b. Distally from "dog-leg" 
point 90, inner conductor 42 coils around the outer surface 
of helix sleeve 46 toward the distal end of helix sleeve 46, 
and is electrically coupled, e.g., by spot or laser welding, 
to tip electrode 28. The configuration of inner conductor 42 
and "dog-leg" point 90 are best seen in FIG. 4, which shows 
conductor 42 in isolation.

At its distal end, inner conductor 42 is 
electrically coupled, via spot or laser welding or the like, 
to tip electrode 28, shown in FIGS. 3a and 3b, respectively. 
Tip electrode 28 comprises a substantially cylindrical 
portion 50 and a forward-oriented face portion comprising a 
substantially annular section 51. Annular section 51 has a 
segmented pattern of forward-facing tabs 52 arranged radially 
about the lead body axis and separated from one another by a 
segmented pattern of spaces 53. Tabs 52 each have a through- 
hole 54 therein, where through-holes 54 function as steroid- 
elution ports, as will be hereinafter described.

In the present embodiment of the invention, a 
porous structure (not shown) may be sintered onto tabs 52 and 
over through-holes 54. The porous structure may be made by 
mixing a conductive material and a binder to form preferably 
a conductive slurry mixture as is well known in the art. 
Next this slurry may be deposited onto tabs 52 and sintered. 
Once sintered the porous structure is then preferably 
electroplated with a material to provide a relatively high 
microscopic surface area, such as platinum black in the 
preferred embodiment. Electroplating may be accomplished in

35
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any manner suitable to produce an electrode having a platinum 
black surface coating which is sufficiently durable to permit 
it to be implanted within a body. The porosity, together 
with the platinum black coating is intended to reduce 
capacitive resistance and polarization, as is well known in 
the art.

Except for the sintered distal faces of tabs 52, 
the remainder of tip electrode 28 is preferably insulated, 
thereby increasing the electrode pacing impedance by 
minimizing the exposed macroscopic surface area thereof. The 
macroscopic surface area is further minimized as a result of 
radially-oriented spaces 53 of the forward-facing, 
substantially annular portion 51 of electrode 28, since the 
presence of spaces 53 leaves only tabs 52 exposed to make 
electrical contact with endocardial tissue.

Although tip electrode 28 is segmented through four 
forward-facing radially-oriented tabs 52 (and a corresponding 
number of intervening spaces 53) it is contemplated electrode 
28 may alternatively have more or fewer tabs 52 and spaces 
53.

I
1
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30

In an alternative embodiment depicted in FIG. 3c, 
no radially-oriented space sections 53 are provided; instead, 
annular portion 51, although intact, is coated in radially- 
oriented sections with an insulative material 55, such that 
annular section 51 effectively comprises alternating 
radially-oriented conductive and non-conductive segments.

Referring again to FIGS. 2a and 2b, disposed within 
tip electrode 28, directly behind annular portion 51, is a 
washer-like polysulfone electrode shim 56 having holes 
therein which, in the presently disclosed embodiment of the 
invention, aligns with holes 54 in tabs 52 of tip electrode 
28, previously described with reference to FIG. 3a. Directly 
behind electrode shim 56 is an annular space occupied by a 
similarly annular steroid monolithic controlled release 
device (MCRD) 58. Holes 54 and the corresponding holes in 
electrode shim 56, along with the porous sintered coating on 
tabs 52, allow steroid to elute into the tissue proximate to 
the distal end of lead 10. Although in the preferred

I

i
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embodiment a separate MCRD 58 is provided, it is also 
possible to provide the MCRD function to shim 56.

It is contemplated tabs 52 in annular portion 51 of 
electrode 28 may not be provided with steroid-elution 
through-holes 54. Instead, steroid elution could be 
accomplished though electrode shim 56 in the regions thereof 
which align with spaces 53 in annular section 51 of electrode 
28. That is, electrode shim may itself be porous, at least 
in the regions which align with spaces 53, such that no 
steroid-elution ports 54 would be required in tabs 52.

Helix assembly 60 is slidably disposed, in a 
piston-like fashion, in the cylindrical interior of helix 
sleeve 46. A greatly enlarged side view of helix assembly 60 
is shown in FIG. 5. Helix assembly 60 comprises a stylet 
socket portion 62, which is preferably made of hard plastic, 
and a sharpened helix 64, the base of which may be molded 
into stylet socket 62 and which extends axially outward from 
stylet socket 62. Helix 64 is preferably made of a 
platinum/iridium alloy. As shown in FIGS. 2a, 2b, and 5, 
stylet socket 62 has an axially-oriented rectangular slot 66 
formed therein, preferably having a flared opening 68 
corresponding to screwdriver tip of a stylet, described 
below.

Helix assembly 60, best seen in FIGS. 2a, 2b and 5, 
**’* 25 is secured within helix sleeve 46 by means of a substantially 

cylindrical helix seal 70 which is made of molded silicone 
rubber. Helix seal 70 is provided with a helical lumen or 
channel 72 extending from front to back, through which helix 
64 is able to pass, as depicted in FIGS. 2a and 2b. Helix 

30 seal 70 is further provided with a flared portion 74 around
its circumference to secure seal 70 between electrode shim 56 
and helix sleeve 46. When so secured, the front (distal) end 
of helix seal 70 defines a substantially circular, non- 
conductive central portion in the face of tip electrode 28.

35 Referring to FIG. 6b, helical lumen 72 in helix
seal 70 is sealed at point 76. When helix 64 is screwed into 
helix seal 70 from the back, helix seal 70 guides helix 64 to 
advance forward, such that the pointed tip of helix 64 
pierces point 76 of lumen 72. When helix 64 is screwed back
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out, the resiliency of silicone rubber seal 70 is such that lumen 72 effectively 
seals itself. This self-sealing arrangement is believed to be advantageous in 
that it tends to prevent body fluids from entering electrode and fixation 
assembly 26.

5 TORQUE TRANSFER STYLET
Fixation assembly 26 is actuated by a torque transfer stylet 24. Torque 

transfer stylet 24 may be best seen in FIGS. 7-13 and has essentially three 
sections, a proximal straight wire section 122, a distal straight wire section 
124, and an intermediate section 121 located therebetween. As seen

10 intermediate section 121 has a length of helical torque coil 130 attached 
therearound.

Proximal and distal straight wire sections 122 and 124 are preferably 
constructed of a corrosion resistant steel wire, such as type 304 stainless steel 
wire, having a nominal, maximum diameter Dx of approximately 0.04cm (0.016 

15 inches) which corresponds to the diameter of prior art stylet wires 
conventionally used. Proximal section 122 has a knob 174 having finger 
gripping members 180 formed on it to aid in transmitting torque.

Distal section 124 of torque transfer stylet 24, as best seen in FIG. 8, 
has a length Y ending with tip 162. Length Y is preferably between 0.40 and 

20 0.46cm (0.160 and 0.180 inches). Tip 162 has a length Y2 of typically 0.3,3cm
(0.13 inches), and a tapered length Ya of 0.08cm (0.03 inches), typically. Tip 
162 may have a radius of 0.02cm (0.008 inches) and a thickness Tt between its 
flattened sides in region Y2 of 0.02cm (0.008 inches). Although tip 162 is 
depicted as a screwdriver, it may also be configured to conform to a variety of 

25 attachment mechanisms or conventions, e.g. TORX, hexagonal socket or 
Phillips driver shapes, shaped in slot 66 of helix assembly 60.

Proximal and distal sections 122 and 124 are depicted in FIG. 8 with 
proximal and distal, tapered portions 126 and 128, respectively, having lengths 
denoted as X mid X2, respectively, to facilitate attachment within and to 

30 helical torque coil 130 (not depicted in FIG. 8 for clarity.) The reduced 
diameter, proximal and distal portions 126 and 128 are tapered down to a 
reduced diameter D2 of about 0.02cm (0.008 inches).
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Moreover, these portions may or may not be provided in any 
appreciable length or degree, as the length of each may reflect a wire drawing 
or grinding transition zone dependent on the method and equipment employed 
to draw or grind ends of proximal and distal wire sections 122 and 124 down to 

5 reduced diameter D2 from the regular diameter Dj. As depicted in FIG. 7 
helical torque coil 130 extends over length X of torque transfer stylet 24. The 
exact dimension X may depend on the length of a J-shape pre-formed in the 
atrial endocardial lead the stylet is to be used in as well as the corresponding 
length of portion 125. For example, length X may be on the order of about or 

10 approximately 10 cm or 4.0 inches. The wire of helical torque coil 130 is 
preferably a 304 stainless steel of a diameter in the range of 0.08cm (0.003 
inches) and has an inside coil diameter approximating reduced diameter D2 or 
about 0.02cm (0.008 inches).

Helical torque coil 130 as seen in FIG. 11 preferably consists of a pair 
15 of counter-wound coils 130 and 131 which extend between distal section 124

and proximal section 122 (although only a portion of coils 130, 131 are shown 
for clarity.) An acceptable torque coil 130 may be one such as disclosed in the 
U.S. Patent No. 5,165,421 to Fleischhacker discussed above. Although a pair 
of counter-wound coils is preferred for torque coil, it should be understood a 

20 single coiled wire may also be used. Coils 130, 131 may be fastened to the 
torque transfer stylet 24 in any acceptable fashion, preferably through use of a 
brazing alloy 136.

As shown in the partial cross section drawing of FIG. 9, portion 126 of 
proximal wire section 122 may be formed with a tapered sub-portion 123 

25 terminating in relatively straight sub-portion 125 of length Xj. Portion 126 is 
fitted within lumen 132 defined by the inner diameter of helical torque coil 
130 such that wire coil lumen 132 is expanded as the end-most turns of end 
section 134 of helical torque coil 130 are forced onto tapered sub-portion 123 
of length X/. The various dimensions including lengths X1; Xi', X/1 depicted 

30 in FIG. 10 (as well as the other figures) are arbitrary in relation to the stylet 
wire diameters for ease of illustration and therefore may be relatively shorter 
or longer in practice.

*
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End section 134 of helical torque coil 130 extending over tapered sub­
portion 123 and part of straight sub-portion 125 is brazed to the underlying 
surface of portion 126 as shown by darkened brazing alloy 136. The diameter 
Dx of the portion of torque transfer stylet 24 having helical torque coil 130 is

5 restored after brazing by grinding down any expanded turns of end section 134 
of helical torque coil 130 and any excess brazing alloy 136. In this fashion, a 
secure bond of end section 134 of helical torque coil 130 and straight wire 
section 122 is obtained while maintaining uniform outer diameter Dx.

Diameter D2 of straight wire sub-portion 125 is smaller than inner
10 diameter defining wire coil lumen 132. In the example described above, 

diameter D2 may be reduced 0.02cm (0.008 inches) from the 0.04cm (0.016 
inch) diameter Dt and thus to 0.02cm (0.008 inches) to allow the 0.08cm (0.003 
inch) wire diameter helical torque coil 130 to be wound thereon with a slight 
gap, in the present embodiment as illustrated 0.0025cm (0.001 inches). This

15 gap allows helical torque coil 130 to stretch longitudinally and flex laterally 
and bear against sub-portion 125 when torque transfer stylet 24 is bent in the 
length of helical torque coil 130. This action reinforces the junction of 
attachment from fracture, and is desirable particularly in the more proximal 
attachment of straight wire section 122 with helical torque coil 130 which may

20 be subjected to greater stress. For example, when torque transfer stylet 24 is 
inserted into the lumen of connector pin 18 of a lead, length X of helical 
torque coil 130 may be bent laterally as torque transfer stylet 24 is inserted, 
applying force on the junction of attachment in the length XP Distal straight 
wire section 124 is shorter and easier to insert into lumen or connector pin 18

25 without bending and stressing the junction of attachment. Of course helical
torque coil 130 may also be directly attached to intermediate section 121 as 
well as directly wrapped about intermediate section 121 without departing 
from the cope of the present invention.
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FIG. 10 depicts an alternate attachment which may 
be more useful in the junction of attachment of distal 
section 124 with helical torque coil 130 in portion 128. In 
this embodiment, portion 128 is substantially straight, 
rather than tapered, although a minor unintended taper may 
exist due to wire forming and fabrication limitations at the 
junction with distal section 124. Brazing alloy 136 fills 
the gap between inner diameter lumen 132 of helical torque 
coil 130 and diameter D2 as well as the gaps between adjacent 
turns of helical torque coil 130 over entire junction length 
X2. Again, excess brazing alloy 132 is ground away to 
maintain uniform outer diameter Dx.

As mentioned above, portions 126 and 128 may take 
any of the forms depicted in the FIGS, and may be used in any 
combination in any given stylet following the construction 
techniques described above. Other techniques of attaching 
helical torque coil 130 around first or second sections 126 
and 128, e.g. by welding or bonding the contacting coil turns 
to the surface of the reduced diameter portion, may also be 
employed.

FIGS. ·3τ3~ and Ί4- are cross sectional views of 
alternate embodiments of coils which may be used within the 
helical torque coil 130 of the present invention. Such 
various geometries may be used to tailor the specific torque 
transfer and stylet stiffness characteristics desired. As 
seen in FIG. 13 a helical torque coil 13 0 used in a stylet of 
the present invention may feature a non-circular rectangular 
cross section. As seen in FIG. 14 a helical coil 30 used in 
a stylet of the present invention may further feature a non­
circular elliptical cross section. Further details and 
examples of the use of various cross sectional geometries to 
accomplish torque transfer through a helical coil may be 
found in the co-pending application of Karel Smits U.S. 
Patent-Appiicati~3n—Serial. No.^^-04-3--^885 filed April 7, 199-3 
and entitled "Conductor Coil with Specific Ratio of Torque to 
Bending Stiffness."

FIG. 15 illustrates the torque transfer stylet 24 
of the present invention disposed through a lead 26. As seen 
rotation of knob 180 in direction 200 causes distal end of
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torque transfer stylet 24 and thus helix 64 to also rotate in 
the same coaxial direction (it should be noted it appears to 
be in the opposite direction since the lead is bent 180 
degrees). Due to the increased flexibility of the torque 
transfer stylet 24 along intermediate portion 124 along with 
the provision of torque coil 130 stylet 24 readily rotates 
about its longitudinal axis without bending -ew causing the 
distal end of the lead 26 to be displaced. '

A further alternate embodiment of the present 
invention may be seen in FIGS. 15 and 16. In particularFIG.
15 is a side view of this additional alternate embodiment. 
As seen this embodiment is identical to that shown in FIG. 7a 
and described above but for the addition of sleeve 201. FIG.
16 is a partial sectional view of the alternate embodiment of 
a stylet depicted in FIG. 15. As seen sleeve 201 wraps 
around and cover torque coils 130, 131 (although shown only 
partially covering these coils for the sake of clarity.) 
Sleeve 201 acts as a lubricous solid layer to facilitate 
rotation of stylet within lead even when deflected (as best 
seen in FIG. 14)
coil from directly contacting lead coil, 
facilitates 
longitudinal 
from a hard, 
as polyimide 
metal,
INTRODUCTION AND FIXATION OF
THE MEDICAL ELECTRICAL LEAD WITH THE TORQUE TRANSFER STYLET

• ·
• · · « ·

• · · ·
• ·
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Specifically sleeve 201 prevents torque 
Sleeve 201 also 

sliding of lead 86 over stylet 2 in a 
direction. Sleeve 201 is preferably constructed 
high elastic modulus, polymeric material, such 

. Sleeve 201 may also be constructed from a
such as stainless steel or Nitinol.

β
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Transvenous implantation of lead 10 may be 
accomplished using conventional lead introduction techniques. 
During the implantation procedure, torque transfer stylet 24 
is used to provide stiffness to lead body 12, facilitating 
manipulation of lead 10 through the patient's venous system. 
Helix assembly 60 is maintained in its most retracted 
position until the distal end of electrode and fixation 
assembly is brought into contact with the desired endocardial 
stimulation site. Since helix assembly 60 is contained 

~ x completely within the electrode and fixation assembly, it is

,. s-.j. 4.·Μ·. '
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prevented from damaging tissue as lead 10 is advanced through 
the venous system.

Once the desired electrode positioning is achieved, 
torque transfer stylet 24 is rotated in the appropriate 
direction to cause helix 64 to advance through helical 
channel 72 within helix seal 70, eventually piercing sealed 
portion 76 at the distal end of helical channel 72. 
Continued rotation of helix 64 will cause further 
advancement, so that helix 64 pierces and engages the 
endocardial tissue. In this way, electrode and fixation 
assembly 26, and in particular, tip electrode 28, is secured 
in contact with the desired stimulation site. The porous 
sintered coating on tabs 52 of electrode 28 allows steroid 
from MCRD 58 to elute from the lead at the location of the 
lead/tissue interface. Thus, the full benefits associated 
with steroid elution, well documented in the prior art, are 
realized, and secure fixation of the lead at the stimulation 
site is achieved.

A further advantage of the present invention is 
that the fixation mechanism of lead 10 can be released, 
without significant damage to the cardiac tissue, by simply 
rotating torque transfer stylet 24 in the opposite direction. 
Such retraction of helix 64 may be desired, for example, if 
it is necessary to relocate the lead.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
1. A body implantable lead system comprising:

a lead for electrically communicating with a tissue of a body, the lead 
having a coiled conductor having a proximal end and a distal end, the coiled

5 conductor having a lumen, the coiled conductor covered between the proximal 
end and the distal end by an insulative sheath, a fixation helix positioned at 
the distal end of the coiled conductor, the fixation helix having a proximal end 
and a distal end, the proximal end of the fixation helix having means for 
receiving a torque;

10 a stylet disposed through the lumen, the stylet having a distal tip, a
distal section, an intermediate section and a proximal section, the distal 
section of the stylet having a first diameter, the intermediate section having a 
second diameter, the second diameter being smaller than the first diameter; 
and wherein a torque coil is located about the intermediate section of the

15 stylet and wherein the distal section has means for transmitting a torque which 
corresponds to the means for receiving a torque of the proyimal end of the 
fixation helix.
2. The body implantable lead system of claim 1 wlh'^iu ί he means for 
transmitting a torque comprise a screwdriver.

20 3. The body implantable lead system of claim 1 wherein the means for
receiving a torque comprise a slot.
4. The body implantable lead system of claim 1 wherein the torque coil is 
attached to the intermediate section.
5. The body implantable lead system of claim 1 wherein the torque coil

25 has a center lumen of a third diameter, the third diameter being greater than 
the second diameter of the intermediate section.
6. The body implantable lead system of claim 1 wherein between the 
intermediate section and the torque coil there is a gap.
7. The body implantable lead system of claim 1 wherein the torque coil is 

30 directly attached to the intermediate section.
8. The body implantable lead system of claim 1 wherein the torque coil 
has a first end and a second end, the first end is attached to the proximal 
section and the second end is attached to the distal section.
9. The body implantable lead system of claim 1 wherein the torque coil is 
directly wrapped about the intermediate section.
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10. The body implantable lead system of claim 1 wherein the torque coil 
comprises a wire having a circular cross-section, the wire wound into a helical 
coil.
11. The body implantable lead system of claim 1 wherein the torque coil 
comprises a first helical coil and a second helical coil.
12. The body implantable lead system of claim 11 wherein the first helical 
coil is wound in a first direction and the second helical coil is wound in a 
second direction.
13. The body implantable lead system of claim 12 wherein the first 
direction of the first helical coil is opposite the second direction of the second 
helical coil.
14. The body implantable lead system of claim 1 further comprising a 
sleeve of a high elastic modulus, polymeric material positioned over the torque 
coil.
15. The body implantable lead system of claim 14 wherein the high elastic 
modulus, polymeric material is polyamide.
16. The body implantable lead system of claim 11 wherein the first helical 
coil has a diameter less than the first diameter of the distal section.
17. The body implantable lead system of claim 11 wherein the second 
helical coil has a diameter greater than the second diameter of the 
intermediate section.
18. The body implantable lead system of claim 11 wherein the second 
helical coil is located around the first helical coil.
19. The body implantable lead system of claim 1 wherein the intermediate 
section has a distal end and a proximal end, the distal end of the intermediate 
section is located between 0.40cm and 0.46cm (0.160 and 0.180 inches) from 
the distal tip of the stylet.

l·
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20. The body implantable lead system of claim 1 wherein the intermediate 
section has a distal end and a proximal end, the distal end of the intermediate 
section is located approximately 10cm (4.0 inches) from the proximal end of 
the intermediate section.
21. A body implantable lead system substantially as hereinbefore 
described with reference to and as shown in any one or more of the Figures of 
the drawings.

DATED this twenty-seventh day of August '1996

MEDTRONIC, INC.
Patent Attorneys for the Applicant:
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ABSTRACT
A medical electrical lead system having a torque 

transfer stylet. In a preferred embodiment, the torque 
transfer stylet comprises an elongated, stylet wire having 

5 proximal, intermediate and distal sections. The proximal and 
distal section of the stylet wire have a first diameter. The 
intermediate section spans between the proximal and distal 
sections. The stylet wire in this region, however, has a 
second diameter, the second diameter smaller than the first 

10 diameter of the proximal and distal sections. In addition, 
the intermediate section further has a length of torque coil 
wrapped thereabout. The torque coil preferably is wound in

© e e··“· a coiled diameter which is the same as the first diameter of® p · o
® · e the proximal and distal sections of the stylet wire. Through e «

15 such a configuration the stylet has an overall nearly 
*“° ’ uniformed diameter through its length.
eon
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FIG. 3a FIG. 3b

FIG. 3c

FIG. 4
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