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< (57) Abstract: An implantable electrical lead having at least two mutually insulated electrical components (30, 38) that are separated
by a portion of the lead’s body fabricated of a pliant, extensible biocompatible insulated material. An extensible conductor (44)
extends from the proximal end ofthe lead body toafirst one of the electrical components, and a second, inextensible conductor
(42) extends from the proximal end of the lead body to a second oneofthe electrical components. An inextensible reinforcement
member (50)is coupled to the inextensible conductorand extendsdistally from the secondelectrical componentto the first electrical
componentand is coupled mechanically to the first electrical component.
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HIGH STRENGTH MEDICAL ELECTRICAL LEAD

Background of the Invention

The present invention relates to implantable medical leads generally and more

particularly to multi-conductor implantable leads employing coiled conductors that extend

to a distal portion ofthe lead.

In the context of implantable pacing and cardioversion leaves, it is desirable that the

lead be provided with a tensile memberthat extends along the entire length ofthelead.

Such a tensile memberis desirable in that it prevents disassembly of the lead in response to

traction forces applied to the proximal end ofthelead, in conjunction with removal of the

lead after implant. One approachto providing such a longitudinal reinforcementis set forth

in U.S. Patent No. 5,231,996 issued to Bardyet al, which suggests adding a nonconductive

tensile reinforcing member from the connector assembly at the proximal end ofthe lead to

an electrode located at the distal end of the lead. An alternative approachto providing a

tensile member extending the length of the lead is set forth in U.S. Patent Application

SN08/938,269 by Bischoff et al., filed on September 27, 1997, which disclosesa structure

in which the tip and ring electrode are mountedtoa rigid plastic head and the conductor

extending from the proximalend ofthe leadto the ring electrode is mechanically

interconnected with the rigid plastic head. The disadvantage with the approachsetforth in

the Bardyetal patentis that it requires an additional tensile member extending the entire

length of the lead, which in turn generally increases in the required diameterofthe lead

body over the majority of its length. Although the approach setforth in the above-cited

Bischoff et al. application avoids the problem ofan increased lead diameter, it requires a

rigid memberinterconnecting the ring electrode and thetip electrode in order to provide

tensile reinforcement all the way to thedistal electrode. In the context of tined leads or

other leads in which a coiled conductoris used to connectto the tip electrode and in which

the portion of the lead body intermediate the tip electrode and electrodes located proximal

theretois typically fabricated outofa flexible elastomer, the approach of the Bischoff etal.

applicationis not readily applicable.
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Summary of the Invention

Thepresent inventionis directed toward a provision of a pacing or cardioversion

lead of the type havingadistal or tip electrode and one or moreelectrodes located proximal

to the tip electrode, separated therefrom bya flexible lead body segment, and having a

coiled conductor extending from the proximal endofthe lead to the tip electrode,

permitting passageofa stylet. In such leads, the coiled conductor does not prevent

stretching and breaking of the flexible lead body segment betweenthetip electrode and the

electrode located most closely proximal thereto and hasthe potential for causing serious

problems during attempted extractions of the lead, in that the coiled conductoris capable of

significant longitudinal extension. The present invention provides a mechanism for

providing a reinforcement extending the entire length ofthe lead body, in such a lead,

without the disadvantage of an over-all increase in lead body diameter.

The present invention accomplishes the objects discussed above by meansofa

reinforcement member which is mechanically coupled to and extendsdistally from an

inextensible conductor coupled to an electrode or sensor located proximal to the tip

electrode, and which in turn is mechanically coupled to thetip electrode located at the

distal end of the lead. The reinforcement member mechanically couples but does not

electrically couple the inextensible conductor andthe tip electrode. Because the

reinforcementextends from the distal termination of a lead conductor, it can occupythe

portion of the lead body that the lead conductor occupies in portionsof the lead body

proximal thereto, avoiding the necessity for an increased lead body diameter along the

entire length of the lead. The reinforcement memberis preferably non-conductive but may

be conductive if insulated from the inextensible conductor to whichit is coupled and/or

from thedistal or tip electrode. Limiting the reinforcement memberto a distal portion of

the lead also simplifies construction of the lead, in that it requires no additional

interconnections to be made between the reinforcement memberand the connector

assembly at the proximal end of the lead. The reinforcement memberis preferably coupled

to the largest and/or strongest ofthe inextensible conductors within the lead body.
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Brief Description of the Drawings

Figure | is a plan view of a lead according to the present invention.

Figure 2 is a cross section throughthe lead body in the portion ofthe lead proximal

to the coiled defibrillation electrode 60.

Figure3 illustrates a cross section of the lead taken in the vicinity of the distal end

of defibrillation electrode 30

Figure4illustrates a cross-section through the lead in the vicinity oftip electrode

38.

Detailed Description of the Embodiment

Figure | is a plan view of a lead according to the present invention. The lead is

provided with an elongated insulative lead body 10, which terminatesat its proximal

extremity in a molded bifurcation member 12, from which two connector assemblies 14 and

16 extend. Connector assembly 14 carries a single connector pin 18 and associatedsealing

rings 20 for sealing the connector assembly in the bore of an implantable cardiac

pacemaker/cardioverter/defibrillator. Connector assembly 16 carries a connector ring 22

and a connector pin 24 and associated sealing rings 26 and 28for sealing the connector

assembly. Thedistal portion of the lead body carries an elongated coiled defibrillation

electrode 30, coupled to connector pin 18 internally by meansof an elongated, inextensible

stranded conductor. Located distal to defibrillation electrode 30 is a ring electrode 32, in

turn coupled to connectorring 22 by a second, elongated, inextensible stranded conductor.

At the distal end of the lead is a tip electrode 38 which is connected to connectorpin 24 by

an elongated, extensible, coiled conductor, configured so that a stylet may pass through

connector pin 24 to the distal end of the lead at or adjacent electrode 38. Electrode 38 is

provided with an internal electrode shank, around whichinsulative tine sleeve 36 is

mounted. Thelead is optionally provided with tines 40 toassist in acute fixation of the

electrode 38 in the right ventricular apex. Separating tip electrode 38 and ring electrode 32

is a tip-ring spacer 34, whichis, fabricated of a pliant elastomeric material such

polyurethaneorsilicone rubbertubing.

Figure 2 is a cross section through the lead bodyin the portion of the lead proximal

to the coiled defibrillation electrode 30. In this view it can be seen that the lead body 10 is
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provided with three internal lumenscarrying two inextensible, stranded conductors 42 and

44 which may correspondto the conductors disclosed in U.S. Patent No. 5,246,014 issued

to Williams et al or U.S. Patent No. 5,584,873 issued to Shoberg etal, both of which are

incorporated herein by reference in their entireties. Conductor 42 extends from connector

pin 22 (Figure 1) to ring electrode 32, and conductor 44 extends from connectorpin 18 to

defibrillation electrode 30. In the embodimentillustrated, conductor 34 hasa greater

diameter, as a result of its need for higher current carrying capabilities in conjunction with

delivery of cardioversion and defibrillation pulse energies to electrode 30. Conductor 34

correspondingly hasa higher tensile strength and is the conductor to which the

nonconductor reinforcement memberis coupledasillustrated in Figure 3 below.

Figure 3 illustrates a cross section of the lead taken in the vicinity of the distal end

of defibrillation electrode 30. In this view, the interconnection of stranded conductor 44

and defibrillation electrode 30 isillustrated. These two elementsofthe lead are

interconnected by meansofa cross-groove crimp sleeve generally as described in U.S.

Patent No. 5,676,694,issued to Boser et al. and incorporatedherein by referencein its

entirety. Like the cross-groovecrimpsleeve in the Boseret al. patent, cross-groove crimp

sleeve 48 is provided with an elongated tubular section in which thedistal termination of

conductor 44 is located, and in whichit is maintained by meansofcrimps 54. The crimp

sleeve 48 is provided with a laterally extending projection, which carries a groove 49in

whichthe distal end ofdefibrillation electrode 30 is located and welded in order to provide

a mechanical andelectrical interconnection with conductor 44. Unlike the cross-groove

crimp sleeve ofthe Boseret al. patent, the cylindrical portion of the crimp sleeve 48

extends distally to the laterally extending shoulder, providing a lumenin whichtensile

member 50 maybeinserted and in which tensile member 50 is maintained by means of

crimps 52.

Tensile member 50 may take the form of a monofilament or stranded cord

fabricated of a high tensile strength, nonconductive plastic or fiber, for example, ultra-high

molecular weight polyethylene or polyester. Tensile member 50 mayalso be adhesively

coupled to the interior of cross-groove crimpsleeve 48, if desired. Tensile member 50

extends to and is mechanically connected totip electrode 38 (Figure 1) asillustrated in
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