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MECHANISM FOR ADJUSTING THE 
EXPOSED SURFACE AREA AND POSITION 
OF AN ELECTRODE ALONG A LEAD BODY 

FIELD OF THE INVENTION 

The present invention pertains to improvements in intra 
cardiac electrical stimulation and/or sensing leads, and par 
ticularly to endocardial pacing and/or cardioversion/ 
de?brillation leads having a plurality of electrodes and a 
mechanism for adjusting the exposed surface area and/or 
position of one or more electrode along the lead body to 
orient it to a desired anatomical site for sensing and/or 
stimulation. 

DESCRIPTION OF THE BACKGROUND ART 

Early cardiac pacemakers provided unipolar or bipolar 
sensing and pacing of a single chamber of the heart, typi 
cally the right ventricle, utiliZing a pace/sense lead bearing 
a single electrode or a pair of electrodes, respectively, in 
contact With the heart chamber. More recently, pacing and/or 
sensing of both the atria and the ventricles using a pair of 
pace/sense leads and/or electrodes (unipolar or bipolar) has 
become common. These techniques typically provide pacing 
and/or sensing in the right ventricle, using a right ventricular 
electrode or electrode pair, and the right atrium, using a right 
atrial electrode or electrode pair, and generally use separate 
atrial and ventricular pacing leads to locate the electrodes in 
the respective chambers. This approach is relatively conve 
nient in both epicardial and endocardial approaches, unless 
there is difficulty in passing tWo endocardial leads trans 
venously through the same blood vessels. In addition, it is 
sometimes dif?cult to position the atrial electrode(s) in good 
electrical contact With the atrial heart tissue. 

Atrial and ventricular pacing leads typically employ 
active or passive, distal end ?xation mechanisms, Which 
may or may not constitute a distal electrode, to maintain 
contact of the distal electrode With endocardial or myocar 
dial tissue to ensure adequate stimulation or sensing. For 
example, such ?xation mechanisms include active, 
retractable/extendable helical coils adapted to be extended 
and screWed into the myocardium at the desired site and 
passive, soft pliant tines (of the type described in commonly 
assigned US. Pat. No. 3,901,502 to Citron) Which engage in 
interstices in the trabecular structure to urge a distal tip 
electrode into contact With the endocardium. The atrial 
pacing lead may be formed With a J -shaped bend that alloWs 
the atrial electrode to be positioned in the atrial appendage 
and ?xed there through use of the ?xation mechanism. 

Such pace/sense electrodes and distal tip ?xation mecha 
nisms are also currently used in conjunction With large 
surface area cardioversion/de?brillation electrodes extend 
ing proximally along the length of the lead sheath for either 
right atrial or ventricular placement. Separate electrical 
conductors and connectors are employed to connect the 
atrial cardioversion/de?brillation electrodes With an 
implantable pulse generator (IPG) connector terminal for 
applying cardioversion/de?brillation shock energy to the 
respective heart chamber. 

In these cases, the inter-electrode separation along the 
lead body and the effective siZes of the electrodes are ?xed 
and not variable in use. In a someWhat related ?eld of 
cardiomyostimulation, hoWever, it is knoWn to employ a 
muscle stimulation electrode having a variable length so that 
it may be surgically threaded through a muscle mass of a 
given siZe as disclosed in commonly assigned US. Pat. No. 
4,735,205 to Chachques et al. Such electrodes, hoWever, 
have no application in endocardial cardiac stimulation or 
sensing leads. 
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2 
In order to avoid the dif?culties and expense of implanting 

separate endocardial atrial and ventricular leads of the types 
described, it has long been desired to provide a single 
atrial-ventricular (A-V) lead that can be used to position 
both the atrial and ventricular pace/sense electrode(s) and, if 
Warranted, a cardioversion/de?brillation electrode, in 
desired locations in the right atrium and ventricle. A number 
of such “single pass” A-V pacing leads have been designed 
over the years as described in commonly assigned US. Pat. 
No. 4,479,500 to Smits. 

In one early approach, atrial and ventricular sense or 
pace/sense ring-shaped electrodes are simply arranged along 
the outer sheath of the lead and separated apart by ?xed 
inter-electrode distances. In these designs, the proximal 
electrode(s) is expected to be positioned in the atrium When 
the distal tip electrode is ?xed in the right ventricular apex 
as described, for example, in US. Pat. Nos. 3,903,897 to 
Woollons, 4,365,369 to Goldreyer and 4,962,767 to BroWn 
lee. Such leads are typically intended for use in a system for 
sensing atrial depolariZations or P-Waves and both sensing 
ventricular depolariZations or R-Waves and applying ven 
tricular pacing pulses to the ventricular apex. 

Because internal heart anatomy varies among individuals, 
it is dif?cult to obtain a suitable location of the atrial 
electrode(s) in a position Where they Will either sense atrial 
depolariZations or stimulate the atria properly. 
Consequently, a number of single-pass A-V leads have been 
designed having atrial and ventricular electrodes Which are 
adjustable relative to one another along the length of a 
composite lead body. Several designs encase both atrial and 
ventricular conductors in a common outer sheath With either 
the atrial or the ventricular conductor Within its oWn sheath 
and slideably mounted Within a lumen of the outer sheath, 
alloWing axial adjustment of the relative positions of the 
electrodes. 

For example, an early single pass A-V lead is taught in 
US. Pat. No. 3,865,118 to Bures, Wherein a ventricular lead 
sheath is slideably mounted Within a lumen extending the 
length of the atrial lead sheath and extends out the distal end 
thereof. Electrodes are attached to the distal portions of the 
atrial and ventricular lead sheaths, and electrical connectors 
are attached to the proximal ends of these sheaths. Coaxial, 
atrial and ventricular, coiled Wire conductors extend through 
the atrial and ventricular sheaths to the electrical connectors 
at the proximal ends thereof. Adjustment of the ventricular 
lead and electrode relative to the atrial electrode therefore 
results in corresponding adjustment of the axial separation 
of the ventricular connector relative to the atrial connector. 
This results in a lead connector that is not compatible With 
IPG connector elements that are in ?xed separation from one 
another, requiring a special adapter or modi?cation of the 
lead connector end. 

Another early single pass atrial ventricular lead is taught 
by Sabel in US. Pat. No. 3,949,757. In this lead, the atrial 
lead sheath is slideably mounted Within a lumen of the 
ventricular lead sheath. As With the Bures lead, adjustment 
of the relative positions of the atrial and ventricular elec 
trodes changes the relative positions of the electrical 
connectors, With the disadvantages discussed above. 
More recent single pass A-V leads that overcome some of 

the problems of the Bures and Sabel leads are disclosed in 
commonly assigned US. Pat. Nos. 4,289,144 to Gilman and 
4,393,883 to Smyth et al. In these A-V leads, the ventricular 
sheath is slideably mounted Within an outer atrial lead 
sheath. Abifurcated connector assembly With tWo connector 
sheaths is mounted to the proximal end of the lead body. The 
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atrial electrode is electrically connected by a ?xed coiled 
Wire conductor extending the length of the outer atrial lead 
sheath to one connector sheath. The proximal end of the 
ventricular lead sheath slideably extends through the lumen 
of the atrial coiled Wire conductor and through a lumen of 
the other connector sheath. The distal end of the ventricular 
lead sheath extends through a side opening in the outer atrial 
lead sheath at a point proximal to an atrial lead sheath 
extension, Which may have a J-shape. After the electrode 
separation is adjusted to the patient’s heart, the protruding 
ventricular lead sheath and the ventricular conductor Within 
it are trimmed. An electrical connector pin is attached to the 
remaining proximal end of the conductor, a time consuming 
procedure. After attachment, further adjustment of the lead 
is precluded, as the ventricular sheath and conductor are then 
?xed. 
A further problem common to several single pass A-V 

leads is that of sealing the lead at the exit points of the inner 
lead sheath from the lumens in the outer atrial lead sheath or 
the proximal connector sheath. In the Smyth and Gilman 
leads, Where a coiled Wire conductor is exposed to the lumen 
of the outer atrial lead sheath that the ventricular lead sheath 
extends through, a ?uid path from that lumen to the exterior 
of the lead raises the risk of current leakage. 

In the ’500 patent, the Smits lead is provided With an outer 
lead sheath having an adjustment means for altering the 
length of the sheath, such as a circumferentially pleated 
sheath segment or slideably overlapping sheath segments. A 
?rst conductor mounted Within the outer lead sheath has 
means for alloWing variation of its length, such as a large 
diameter coiled segment having increased axial ?exibility. 
The outer sheath is slideably mounted around the inner 
sheath With the inner sheath protruding therefrom. The inner 
lead sheath is ?xed relative to the proximal end of the outer 
lead sheath so that variation in the length of the outer lead 
sheath alters the relationship of electrodes attached to the 
distal ends of the inner and outer lead sheaths. A connector 
assembly is attached to the proximal end of the outer lead 
sheath. The outer sheath may be ?xed relative to the inner 
sheath by engageable projections and indentations on the 
inner and outer sheaths or by a suture. The Smits lead offers 
a number of advantages as stated in the ’500 patent, but the 
advantages are offset by a complex manufacture of the lead 
body. 

These prior art references are primarily directed to attain 
ing a single pass A-V lead Wherein at least sensing of 
P-Waves is assured by proper location of the atrial sense 
electrode(s) in the atrium When the ventricular lead distal 
end pace/sense electrode is lodged in the right ventricular 
apex. In the ?eld of implantable cardioversion/ de?brillation 
systems, a number of endocardial leads have been proposed 
or developed for providing atrial or ventricular 
cardioversion/de?brillation shocks along With sensing of 
atrial electrical signals as shoWn, for example, in commonly 
assigned US. Pat. Nos. 4,932,407 to Williams. The Williams 
leads include a coronary sinus (CS) cardioversion/ 
de?brillation lead having an elongated cardioversion/ 
de?brillation electrode that is intended to be placed into the 
ostium leading into the CS and blood vessels branching 
therefrom and more proximally located atrial pace/sense 
electrode(s) intended to be remain in or near the right atrium 
for sensing P-Waves. The inter-electrode separation betWeen 
the cardioversion/de?brillation electrode and the atrial pace/ 
sense electrodes is ?xed. 

In a someWhat related area, interest has existed for many 
years in achieving electrode positioning for electrical stimu 
lation of speci?c surfaces of the right atrium or atrial vessel 
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4 
openings adjacent to autonomic nerves or adjacent speci?c 
regions of current pathWays for a variety of reasons. For 
example, research has shoWn that it may be desirable to 
stimulate parasympathetic nerves in the sino-atrial (S-A) 
region of the right atrium that in?uence the atrial heart rate. 
In commonly assigned US. Pat. No. 5,403,356 to Hill et al. 
(incorporated herein by reference), the stimulation of the 
triangle of Koch and/or an area of prolonged effective 
refractory period elseWhere in the atrium for prevention of 
atrial tachyarrhythmias is also disclosed. By electrophysi 
ological mapping techniques, it is possible to locate opti 
mum sites for electrical stimulation of the atrium. HoWever, 
it is dif?cult to place proximal electrodes of permanent 
endocardial atrial or ventricular or CS leads of the types 
described above, having ?xed inter-electrode spacing, in 
proximity to these sites due to variations in their locations, 
the siZes of the heart chambers, the extent to Which the 
cardioversion/de?brillation electrode is extended into the 
CS, etc. 

In all of these cases, it remains desirable to provide at least 
one relatively movable electrode for achieving a variable 
inter-electrode separation from a ?xed pace/sense electrode 
(s) or attachment site so that the movable electrode may be 
placed optimally and be stabiliZed in the optimal position 
While avoiding the problems attendant With connection the 
proximal end of the lead to the IPG connector terminals. It 
Would also be desirable to have the ability to select the 
exposed surface area of the electrode to enhance sensing 
characteristics or optimiZe stimulation energy distribution. 

SUMMARY OF THE INVENTION 

It is therefore a primary object of the present invention to 
provide a simple and ?exible implantable endocardial lead 
providing variable positioning of at least one electrode along 
the distal segment of the lead sheath. 

It is a further object of the present invention to provide a 
simple and ?exible implantable endocardial lead providing 
variable separation betWeen a least tWo spaced apart elec 
trodes along the lead sheath. 

It is yet a further object of the present invention to provide 
for variable electrode surface area of the variably position 
able electrode. 

These and other objects of the invention are realiZed in an 
elongated implantable lead of any of the types described 
above Wherein a ?xed exposed, ?exible, elongated commu 
tator surface is provided extending along the lead body 
intermediate the proximal and distal lead body ends coupled 
by an electrical lead conductor extending to the proximal 
end of the lead body. A movable electrode assembly is 
provided that ?ts over and slides along the lead body, 
including the predetermined segment, that supports an 
exposed movable electrode on it. The movable electrode 
assembly includes at least one ?exible, elongated, movable 
commutator surface Within it that is electrically connected 
With the movable electrode. Electrical contact is established 
betWeen the movable electrode and the lead connector end 
through contact of the ?xed and movable commutator sur 
faces in a contact segment of contact area that varies With the 
relative movement of the movable contact surface With 
respect to the ?xed contact surface. 
The ?xed commutator surface is located at a nominal 

distance from the distal end of the lead body and a minimum 
contact segment betWeen the ?xed and movable commutator 
surfaces is de?ned to maintain an adequate electrical con 
nection. A range of movement of the movable electrode 
assembly, and the movable electrode, betWeen a maximum 
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or proximal distance and a minimum or distal distance is 
thereby de?ned by the relative lengths of the ?xed and 
movable commutator surfaces and the minimum contact 
segment. 

Preferably, the lead body is tubular, the ?xed commutator 
surface is formed of a length of coiled Wire Wound about the 
tubular lead body, and the movable commutator surface is 
formed of conductor Wire Wound into a coil inside the 
tubular shaped movable electrode assembly so that the 
overlapping ?xed and movable commutator surfaces are 
?exible and do not unduly stiffen the lead body. The exposed 
movable electrode is also preferably formed of a length of 
coiled Wire and may constitute part of the coiled Wire 
forming the movable commutator surface. The movable 
commutator surface may extend proximally and/or distally 
of the exposed movable electrode. The coiled Wire Winding 
diameter of the exposed movable electrode may be greater 
than the coiled Wire Winding diameter of the movable 
commutator surface(s), or the diameters may be the same. 

Insulating sheaths formed as part of the movable electrode 
assembly extend proximally and distally from the exposed 
movable electrode and movable commutator surface(s) suf 
?ciently to cover and electrically insulate all of the ?xed 
commutator surface at the extreme proximal and distal 
positions of the movable electrode. 

In a second aspect of the invention, the position of the 
exposed movable electrode may be adjusted even further by 
use of a further electrode adjustable area sheath positioned 
over the movable electrode assembly. The exposed surface 
area of the movable electrode is also varied by use of the 
adjustable area sheath. In this case, the exposed movable 
electrode may be elongated since the ?nal exposed electrode 
position and surface area is determined by the further 
electrode adjustable area sheath. 

The adjustable sheath may be a solid tubular sheath of a 
predetermined length exceeding the length of the exposed 
movable electrode, in Which case a proximal or distal end 
band thereof may be selected as the exposed electrode 
surface area by relative distal or proximal, respectively, 
adjustment of the adjustable sheath. Alternatively, the 
adjustable sheath may have one or more WindoW formed 
therein so that the WindoW(s) may be selectively positioned 
along the length and around the circumference of the 
exposed movable electrode surface. In this case, the exposed 
electrode surface may be oriented to a desired location or to 
direct stimulation current in a particular direction to stimu 
late one of the sites identi?ed herein. 

The movable electrode of the present invention may be 
implemented into a Wide variety of leads including the 
intracardiac leads described above, to alloW for positioning 
of the movable electrode in a desired location for sensing 
nerve and cardiac electrical signals and for delivering elec 
trical stimulation at a precise location for stimulating nerves 
or heart tissue. A conventional lead connector end may be 
employed, and the movable electrode assembly does not 
unduly increase the outer diameter of the lead body or 
complicate the implantation procedure. 

Advantageously, the movable electrode may be posi 
tioned along the lead body to a speci?c site While taking 
variations in individual anatomy into account. The movable 
electrode may be selected in surface area, distance along the 
length of the lead body and, in certain embodiments, angular 
orientation for stimulating cardiac tissue or nerves or sens 
ing nerve or cardiac electrical signals for pacing, sensing, 
cardioversion/de?brillation or nerve stimulation applica 
tions. The adjustment of the surface area of the exposed 
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6 
movable electrode in accordance With the second aspect 
alloWs for control of electrical stimulation current density at 
the desired location. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects, advantages, and features of the 
present invention Will become evident from the folloWing 
detailed description of exemplary preferred embodiments 
thereof in vieW of the folloWing draWings Wherein the same 
or like components are identi?ed by the same draWing 
numbers or indicia, and Wherein: 

FIG. 1 is a plan vieW of an endocardial lead incorporating 
the present invention in Which a variable position electrode 
assembly and variable area sheath are employed to de?ne a 
location and siZe of an electrode proximal to the distal end 
of the lead; 

FIGS. 2—4 are each a side cross-section vieW of a ?rst 
variation of the construction of a variable position electrode 
assembly of FIG. 1 and depicting a range of movable 
electrode locations; 

FIGS. 5 and 6 are each a side cross-section vieW of a 
second variation of the construction of the variable position 
electrode assembly of FIG. 1; 

FIGS. 7 and 8 are each a side cross-section vieW of the 
variable position electrode assembly of FIG. 1 together With 
a variable area sheath for adjusting the exposed movable 
electrode surface area depicted in proximal and distal loca 
tions in accordance With a second aspect of the invention; 

FIG. 9 is a partial cross-section vieW of the variable 
position electrode assembly of FIG. 1 together With a 
variable electrode position and angular orientation determin 
ing sheath for locating and orienting a sheath WindoW over 
the movable electrode surface in accordance With a variation 
of the second aspect of the invention; 

FIG. 10 is a schematic illustration of an application of the 
present invention in a single pass, endocardial, A-V pacing 
lead positioned in the heart Wherein the movable electrode 
assembly may be positioned in the atrium or superior vena 
cava (SVC) for sensing or stimulating nerves or atrial heart 
tissue; 

FIG. 11 is a schematic illustration of an application of the 
present invention in an atrial J -shaped endocardial lead 
positioned in the heart for effecting either nerve or heart 
tissue stimulation and sensing at a selected location of the 
movable electrode assembly With respect to nerves or atrial 
heart tissue; 

FIG. 12 is a schematic illustration of an application of the 
present invention in a single pass A-V lead having a movable 
electrode assembly for locating a sense or stimulation elec 
trode in the right atrium or superior vena cava proximally to 
a ventricular cardioversion/de?brillation electrode posi 
tioned in the right ventricle of the heart; 

FIG. 13 is a schematic illustration of an application of the 
present invention in a single pass A-V lead having a movable 
electrode assembly for locating a sense or stimulation elec 
trode in the right atrium or SVC proximally to an elongated 
cardioversion/de?brillation electrode positioned in the coro 
nary sinus of the heart; 

FIG. 14 is a schematic illustration of an application of the 
present invention in a single pass A-V lead having a movable 
electrode assembly for locating an elongated cardioversion/ 
de?brillation electrode in the right atrium and/or SVC 
proximally to a ventricular cardioversion/de?brillation elec 
trode positioned in the right ventricle of the heart; and 

FIG. 15 is a schematic illustration of an application of the 
present invention in a single pass, endocardial, coronary 
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sinus pacing lead wherein the movable electrode assembly 
may be positioned in the coronary sinus or in the atrium for 
sensing or stimulating atrial heart tissue proximally to a 
distal ventricular pace/sense electrode positioned deep in the 
coronary sinus or a tributary thereto adjacent the ventricles. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The present invention is described in a number of pre 
ferred embodiments having a number of intended uses as set 
forth in the preceding description, and other uses Will 
become apparent to those of skill in the art. In the preferred 
embodiments, a single variable position electrode is 
described that may be positioned Within a range of possible 
locations along a segment of the length of an endocardial 
lead outer sheath in relation to the distal end thereof. It Will 
be understood that the lead may include at least one further 
variable position electrode so that the inter-electrode spacing 
and location of the electrodes along the lead sheath may be 
optimiZed for a particular application. In certain 
applications, the distal end of the lead sheath may include a 
pace/sense electrode(s) or an elongated cardioversion/ 
de?brillation electrode and/or a ?xation mechanism for 
stabiliZing the lead. 

The embodiments of the present invention are further 
described as having coaxial lead conductors employing 
proximal, variable position, ring-shaped electrodes and 
in-line connector assemblies and provided With an innermost 
lumen for receiving a stiffening stylet as is conventional and 
Widely employed in the art. It Will be understood that the 
lead conductor con?guration may alternatively take any of 
the knoWn forms, including separate, single or multi-?lar 
coiled Wire or straight conductors located in separate lead 
body lumens or multi-?lar, separately insulated, parallel 
Wound, coiled Wire conductors of the type described in 
commonly assigned US. Pat. No. 4,944,088 to Doan et al. 
and in Canadian Pat. No. 1,146,228 to Upton, incorporated 
herein by reference in their entireties. Finally, the present 
invention is described in its preferred embodiments as 
having unipolar or bipolar atrial and ventricular electrodes. 
HoWever, con?gurations employing multi-polar electrodes 
are Within the intended scope of the invention. A Wide 
variety of con?gurations employing different combinations 
of these elements are Within the intended scope of the 
invention. 

In FIG. 1, a plan vieW of a generic, single pass, lead 
embodying the ?rst aspect of the present invention is 
depicted. In this embodiment, it Will be assumed for con 
venience of illustration and description that the lead body is 
formed using co-axial coiled Wire lead fabrication tech 
niques that are Well knoWn in the art having an inner lumen 
for receiving an inner, coiled Wire, lead conductor and at 
least one outer, co-axial lumen surrounding the inner lumen 
for receiving an outer elongated, coiled Wire, lead conductor. 
Apace/sense electrode 10 and a pliant tine, passive ?xation 
mechanism 12, for example, are located at the distal end of 
a distal extension of an inner lead sheath 20 that extends 
from a ?xed commutator surface (described beloW) forming 
part of the lead body at the distal terminus of an elongated, 
outer lead sheath 14 and encased by a variable position, 
movable electrode assembly 34. The elongated outer insu 
lating lead sheath 14 extends from a proximal, in-line, 
connector assembly 16 to the ?xed commutator surface. The 
inner lead sheath 20 extends from the ?xed commutator 
surface of the movable electrode assembly 34 to distal 
pace/sense electrode 10. A suture sheath 17 is mounted 
around insulating sheath 14 to be moved along it and ?xed 
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at a desired location to anchor the outer lead sheath 14 at the 
point of venous entry in a manner Well knoWn in the art. 
Connector assembly 16 includes a connector pin 24 and a 
ring-shaped connector element 22, separated by an insulat 
ing sheath 26. and a distally extending reinforcing sheath 28. 
The connector assembly 16 is provided With resilient sealing 
rings 30 and 32, Which seal the connector assembly 16 When 
it is inserted into an elongated receptacle in a connector 
block mounted to an IPG (not shoWn). 

In accordance With a ?rst aspect of the present invention, 
the variable position electrode assembly 34 supports an 
exposed ring-shaped, or partial ring-shaped segment, mov 
able electrode 18. The movable electrode 18 is supported 
betWeen proximal and distal movable insulating sheaths 36 
and 38 of the assembly 34 adapted to be positioned over the 
?xed commutator surface of the lead body and the exterior 
surface of outer and inner lead sheaths 14 and 20, respec 
tively. The variable position electrode assembly 34 also 
includes an inner commutator surface that contacts the 
exterior commutator surface of lead sheath 14 in a selectable 
area of contact as described in detail With reference to FIGS. 
2—9. In accordance With a second aspect of the invention, the 
exposed surface area of movable electrode 18 may prefer 
ably be adjusted through the use of a further outer insulating 
electrode area sheath as described beloW in reference to 
FIGS. 7—9. 

The connector pin 24 is electrically and mechanically 
connected to the distal tip electrode 10 by an elongated inner 
coiled Wire electrical conductor (or a conductor of one of the 
other conductor types listed above) extending Within the 
inner lead sheath 20 for the full length of the lead. Similarly, 
the connector ring element 22 is electrically and mechani 
cally connected by an elongated outer coiled Wire conductor 
(or one of the other conductor types listed above) located 
Within outer sheath 14 Which is electrically connected to the 
movable electrode 18 through the commutator mechanism 
described in reference to FIGS. 2—6. 

Connector pin 24, ring member 22, variable electrode 18, 
and distal tip electrode 10 are preferably fabricated using 
inert conductive metals such as platinum, Elgiloy® alloy, 
MP35N or stainless steel. Insulating sheaths 26 and 28 are 
preferably fabricated of silicone rubber, and outer insulating 
sheath 14, inner insulating sheath 20 and movable proximal 
and distal, movable insulating sheaths 36 and 38 are pref 
erably fabricated of polyurethane or silicone rubber. 

In FIG. 1, the distal tip of the lead constitutes a reference 
point DT With respect to a range R of possible locations of 
the ring electrode 18 along outer lead sheath 14 about a 
nominal location N and betWeen minimum and maximum 
distances Dmin and Dmax, The range R and the distance D 
from the distal tip DT to the nominal position N may be 
selected for the particular applications depicted in FIGS. 
10—15 and other applications that may become knoWn to 
those of skill in the art. 

FIG. 2 shoWs a side sectional vieW of a ?rst embodiment 
of the movable electrode assembly 34 Without an outer 
sheath for adjusting the exposed surface area of the movable 
electrode 18. For simplicity of illustration, the lead body 40 
is shoWn as solid having a straight inner conductor 42 
extending betWeen the distal tip electrode 10 and the proxi 
mal connector pin 24 (Which may constitute one manner of 
constructing the lead body 40). It Will be understood that the 
inner conductor 42 may be a coiled Wire conductor coiled to 
de?ne an inner lumen for receiving a stiffening stylet, as is 
conventional in the art. Similarly, the outer conductor 44 is 
depicted as a solid, Whereas in practice, it is preferably 
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constructed as a coiled Wire conductor that may co-axially 
surround the inner conductor 42 and be insulated therefrom 
by the inner lead sheath 20 extending distally to the con 
nector assembly 16 in a manner Well knoWn in the art. Other 
conductor types of the types listed above may be alterna 
tively employed to perform the functions of the inner and 
outer conductors 42 and 44. 

The movable electrode assembly 34 further preferably 
comprises a ?exible commutator mechanism including an 
elongated, ?xed commutator surface 48 electrically con 
nected to the distal end of the outer conductor 44. The ?xed 
commutator surface 48 is exposed at the terminus of outer 
lead sheath 14 so that it may make electrical contact With an 
elongated movable commutator surface 50 Within the proxi 
mally extending, movable insulating sheath 36 in an 
overlapping, band-shaped, contact segment. Preferably, the 
?xed commutator surface 48 is formed of an elongated 
coiled Wire conductor that is closely Wound over an enlarged 
diameter section of the inner lead sheath 20 (or a ?exible 
spacer sheath over inner lead sheath 20). Alternatively, the 
Winding may be spaced so that the coil turns are partially 
embedded in inner lead sheath 20 (or such a ?exible sheath) 
leaving at least the outermost portion of the coils exposed in 
a manner knoWn in the art for the fabrication of exposed, coil 
Wire turn electrodes. 

In the preferred embodiment Wherein the outer conductor 
44 is formed of a single or multi-?lar coiled Wire conductor, 
the ?xed commutator surface 48 may be formed of a number 
of turns of the coiled Wire outer conductor 44 at the distal 
end thereof that are expanded in diameter to approximate 
that of the outer lead sheath 14. Where the outer conductor 
44 is formed of a straight Wire or in another manner, it may 
be electrically and mechanically connected to the coiled 
Wire conductor of the ?xed commutator surface 48 by 
Welding or the like in a manner Well knoWn in the art. 

Similarly, the movable commutator surface 50 is prefer 
ably formed of a length of coiled Wire conductor having 
closely Wound turns or space Wound turns insulated by or 
partially embedded Within the proximally extending, mov 
able insulating sheath 36. The movable electrode 18 is 
preferably formed of a number of turns of the same coiled 
Wire conductor extending proximally or distally from the 
coiled Wire turns forming the movable commutator surface 
50 that are expanded in diameter to ?t over distal insulating 
sheath 38. Again, the movable electrode 18 may be formed 
of closely Wound or space Wound turns of the coiled Wire 
conductor in a manner Well knoWn in the art. Alternatively, 
the movable electrode 18 is formed of a solid conductive 
ring that is electrically and mechanically connected to the 
movable commutator surface 50 through crimping and Weld 
ing techniques Well knoWn in the art. In that case, the 
conductive ring movable electrode 18 may be attached 
directly over turns of the movable commutator surface 50, 
rather than offset distally or proximally as shoWn. 

For convenience of illustration, the coiled Wire turns of 
the ?xed commutator surface 48 are depicted as a conduc 
tive tubular element. It Will be understood that the ?xed and 
movable commutator surfaces 48 and 50 are preferably both 
formed of coiled Wire turns so that the lead body 40 remains 
?exible over their lengths. The coiled Wires turns forming 
the ?xed and movable commutator surfaces may be partially 
embedded in insulation sheathes. As a result of using coiled 
Wire conductors, the lead body 40 may bend in the region of 
the movable electrode assembly 34 and make intimate 
contact With the endocardial Wall or a cardiac vessel Wall in 
a desired location and is not subjected to stresses that Would 
arise if it Were not ?exible in that region. 
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Alternatively, the ?xed commutator surface 48 may be 

formed of a length or parallel lengths of straight Wire 
conductor embedded in the outer sheath 20 and electrically 
connected to the coiled Wire outer conductor 44 or to a 
straight Wire outer conductor(s) 44. The movable commu 
tator surface 50 may alternatively take the form of discrete 
conductive bands or segments bearing against the straight 
Wire conductor, ?xed commutator surface 48. 

The movable electrode assembly 34 has an inner diameter 
that snugly ?ts over the outer diameter of the outer sheath 
14, the exposed coil surfaces of the ?xed commutator 
surface 48, and the distal section of the inner lead sheath 20. 
The inner and outer diameter dimensions are selected to 
provide good electrical contact betWeen the movable com 
mutator surface 50 and the ?xed commutator surface 48 
While still alloWing relative movement Within the range R. 
The exposed portions of the coiled Wires of the ?xed and 
movable commutator surfaces 48 and 50 making sliding and 
electrical contact With one another in the contact segment 
may be shaped as spiral bands or as ?attened outer or inner 
turn surfaces to optimiZe electrical contact and the ability to 
move the movable electrode assembly 34. A lubricant, e.g. 
silicone oil, may be used to alloW relative movement While 
providing an interference ?t of the inner and outer diameters 
of the movable and ?xed commutator surfaces 50 and 48. 
The lengths of the proximally and distally extending, 

movable insulating sheaths 36 and 38 may vary from those 
shoWn in FIG. 2. The lengths are selected to maximiZe 
coverage and insulation of the ?xed commutator surface 48, 
other than the contact segment, at extreme proximal and 
distal positions of the movable electrode assembly 34 Within 
the range R. The range R is de?ned by the relative lengths 
of the ?xed and movable commutator surfaces 48 and 50. 
Only limited lengths of each commutator surface 48 and 50 
need to overlap in the contact segment to make adequate 
electrical contact. Because the commutator surfaces 48 and 
50 are formed of coiled Wire turns, it is likely that electrical 
contact may be provided at a large number of contact points 
along the band-shaped contact segment. Alarge surface area 
contact segment is not necessary for sensing electrical 
signals or for loW energy stimulation of the heart chamber or 
autonomic nerves or the like. 

HoWever, it is necessary to stabiliZe the area of the contact 
segment from relative movement due to the beating action of 
the heart or patient exercise in order to minimiZe electrical 
noise that may result from such relative movement. 
Consequently, in a ?rst variation as illustrated, proximal and 
distal suture grooves 52 and 54 are provided to receive 
sutures to tie doWn the movable electrode assembly When an 
optimum distance D is selected for a given location in a 
given patient. Other suture grooves may be provided along 
a particularly lengthy movable electrode assembly 34. The 
sutures stabiliZe the area of contact to minimiZe electrical 
noise, seal the contact surfaces from ingress of body ?uids, 
and otherWise maintain the distance D. In order to electri 
cally insulate and preferably avoid ?uid ingress into the 
junction of the ?xed and movable commutator surfaces 48 
and 50, at least a proximal section of the inner lead sheath 
extending from the distal terminus of the ?xed commutator 
surface 48 is preferably enlarged in diameter as depicted or 
encased in a further sheath providing an outer diameter 
consistent With that of outer lead sheath 14 and ?xed 
commutator surface 48. For purposes of the present 
invention, the enlarged diameter section of the inner lead 
sheath 20 by either method may be considered as a distal 
extension of the outer lead sheath 14. 
As described beloW in reference to FIG. 9, the proximally 

extending, movable insulating sheath 36 may extend proxi 
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mally into proximity With the proximal connector assembly 
16 so that the movable electrode 18 it may be adjusted by the 
physician after the lead 10 is positioned in the heart. In other 
Words, the proximal end of the proximally extending, mov 
able insulating sheath 36 can be grasped to move the 
elongated sheath proximally or distally With respect to the 
?xed commutator surface 48. 

FIGS. 3 and 4 depict other relative displacements of the 
?xed and movable commutator surfaces 48 and 50 of the 
movable electrode assembly 34 Within its adjustment range 
R illustrated in FIG. 1. In FIG. 2, the movable electrode 18 
is positioned at the distal extreme of the range R or a 
minimum distance Dmin (FIG. 1), depending on a safe 
minimum length of overlap of the ?xed and movable com 
mutator surfaces 48 and 50 and the length of the proximally 
extending, movable insulating sheath 36. In FIG. 4, the 
movable electrode 18 is positioned at the proximal extreme 
of the range R or the maximum distance Dmax, (FIG. 1) 
depending on the safe length of overlap of the ?xed and 
movable commutator surfaces 48 and 50 and the length of 
the distal movable insulating sheath 38. In FIG. 3, the 
movable electrode 18 is positioned intermediate the mini 
mum and maximum distances Dmin and D 

The range R thus depends on the lengths of the ?xed and 
movable commutator surfaces 48 and 50, the lengths of the 
proximally and distally extending movable insulating 
sheaths 36 and 38 and the minimum length of overlap of the 
?xed and movable commutator surfaces 48 and 50. The 
exterior surfaces of the outer lead sheath 14 and the distal 
extension of the inner lead sheath 20 may be marked With 
markers identifying the minimum and maximum distances 
Dmin and Dmax, Alternatively, movement of the movable 
electrode assembly 34 beyond the range R may be physi 
cally inhibited by stops formed in the exterior surfaces of the 
outer lead sheath 14 and the distal extension of the inner lead 
sheath 20. 

FIG. 5 depicts a variation of the ?rst embodiment Wherein 
the movable electrode 18 is positioned betWeen a proximal 
and distal movable commutator surface sections 50‘ and 50“. 
Again, the movable electrode 18 and the proximal and distal 
movable commutator surface sections 50‘ and 50“ are pref 
erably formed of an extension of the outer lead conductor 42 
formed as a coiled Wire conductor having differing coil inner 
diameters to provide the commutator surface 50. This varia 
tion may be employed advantageously to provide elongated 
cardioversion/de?brillation movable electrodes 18. 
Alternatively, the movable electrode 18 may be formed of a 
solid metal band 18‘ that is crimped and attached to the 
coiled Wire, movable commutator surface 50 extending 
proximally and distally as shoWn in FIG. 6. 

It should also be noted that the exposed electrode 18 may 
be effected as either a band or ring shape, as depicted, or may 
be a patch or segment of a band shape to provide the 
capability of angularly orienting the movable electrode 18 
toWard a desired anatomical feature as described beloW. This 
limited electrode may be effected by the form of the proxi 
mally and distally extending, outer insulating sheathes 36 
and 38 and/or by the shape of the attached band 18‘. It is 
possible to form the movable electrode 18 as simply an 
exposed band or segment or patch of the coiled Wire 
conductor forming the movable commutator surface 50 
Without the expanded diameter of movable electrode 18 as 
depicted in FIGS. 2—6 and 7—9. In this case, the movable 
electrode 18 is simply an exposed exterior portion of the 
movable commutator surface 50 in the region of electrode 
18‘ of FIG. 6, for example. The exposed segment or patch 
shaped movable electrode 18 may be effected by simply 
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12 
forming the proximally and distally extending, movable 
insulating sheathes 36 and 38 as a single insulating sheath 
With a WindoW opening in it to de?ne the angularly orien 
tatable movable electrode 18. A particular angular orienta 
tion may be effected by rotation of the movable commutator 
surface 50 and attached movable electrode 18 over the ?xed 
commutator surface 48. 
The second embodiment of the invention contemplates 

the adjustment of the surface area of the movable electrode 
18 or 18‘ With a further movable, tubular, adjustable area, 
insulating sheath 60 that may be ?tted over it and moved 
distally or proximally With respect to the position of the 
electrode 18. In this embodiment, the movable, ?exible 
coiled Wire, electrode 18 and the associated ?xed and 
movable commutator surfaces 50 may be fairly lengthy to 
alloW for a Wide adjustment range R. Then, the adjustment 
may be further ?ne tuned by adjusting the location of 
WindoW opening(s) or ends of the adjustable area insulating 
sheath 60 and applying sutures to the suture grooves 62 and 
64 or otherWise ?xing the adjustable area sheath 60 in place. 
FIG. 7 shoWs a proximal location of such an adjustable area 
insulating sheath 60 leaving a distal band-shaped section of 
the movable electrode 18 exposed. Similarly, FIG. 8 shoWs 
a distal location of the adjustable area insulating sheath 60 
leaving a proximal band-shaped section of the movable 
electrode 18 exposed for either sensing cardiac signals or 
stimulating a particular location in a heart chamber or vessel. 
The adjustable area insulating sheath 60 may be employed 
With any of the leads depicted in FIGS. 1—6 and equivalents 
thereto. 

In the variation of this aspect of the invention depicted in 
FIG. 9, the movable or adjustable area insulating sheath 60 
is provided With one or more WindoW opening 61. The 
adjustable area insulating sheath 60 determines a variable 
electrode position and angular orientation for locating and 
orienting the sheath WindoW opening 61 over an electrode 
surface 18“ de?ned in siZe by the WindoW opening 61 so that 
electrical stimulation current ?oWs in a desired direction or 
sensing of electrical signals is from a desired direction. 
Although only a single position is depicted, it Will be 
understood that the adjustable area insulating sheath 60 may 
be positioned along the length of overlap of the commutator 
surfaces in the manner described above With respect to 
FIGS. 2—4 or 5 and 6. The adjustable area insulating sheath 
60 may also be rotated about the movable electrode assem 
bly to orient the WindoW opening to the desired angle. This 
variation is particularly useful in orienting the exposed 
electrode surface in an optimum direction along the length 
of the lead body Within the range R for sensing or stimu 
lating nerves or fat pad areas as described beloW. 

In this aspect of the invention, it should be noted that it 
may be possible to employ a continuous length of ?exible 
conductor, eg a length of coiled Wire conductor, as both the 
commutator surface and the movable electrode surface, 
Wherein the length of coiled Wire conductor has a common 
coil Winding diameter. For example, the full length of the 
movable commutator 50 depicted in the embodiment of FIG. 
6 (Without the band electrode 18‘) could be employed as the 
movable electrode that is positionable to overlap With the 
elongated ?xed commutator 48. Then, the exposed surface 
area of the movable electrode 18 Would be governed by the 
positioning of the adjustable area insulating sheath 60. 

Although a single movable electrode assembly 34 (and 
optionally adjustable area insulating sheath 60) is described 
to this point, it Will be understood that a ?xed ring electrode 
or a second movable electrode assembly may be provided 
along the outer lead sheath 14 spaced proximally from the 
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?rst movable electrode assembly 34 by simply enlarging the 
lead body to accommodate the additional lead conductor and 
insulating sheath in separate lumens or by employing the 
separately insulated conductor Wires Wound together in the 
same lumen in the manner disclosed in the above 
incorporated ’088 patent. 

In accordance With a further aspect of the present inven 
tion mentioned above and illustrated in FIG. 9, for example, 
the proximally extending, movable insulating sheath 36 may 
extend a distance suf?cient that it ends adjacent to the 
proximal connector assembly 16 but spaced from it, expos 
ing the proximal suture groove 52 When the lead is trans 
venously implanted. The distal suture groove 54 may be 
eliminated, and the distal end of distally extending, movable 
insulating sheath 38 may tightly ?t over the distal extension 
of inner lead sheath 20. In this manner, the insulating sheath 
36 and the movable electrode assembly 34 may be manually 
manipulated by the surgeon When the electrodes on the lead 
are positioned Within the heart. In this embodiment, the 
movable electrode assembly 34 may be adjusted in situ 
While observing the cardiac structure and the movable 
electrodes through ?uoroscopy or other visualiZation tech 
niques. The position of the adjustable electrode assembly 34 
may also be tested by delivering stimulation pulses and/or 
monitoring electrical signals of the heart or nerves. After an 
optimum position is attained, the suture may be tied about 
the proximal suture groove 52 to hold the desired position. 

Similarly, With respect to the second aspect of the inven 
tion described above With respect to FIGS. 7—9, the 
movable, adjustable area, insulating sheath 60 may also 
extend proximally so that it may be manipulated by the 
surgeon in the same manner. Markers may be provided on it 
and on the underlying proximally extending, movable insu 
lating sheath 36 to guide the adjustment of the exposed 
surface area and/or orientation of the electrode 18. 

Exemplary applications for endocardial leads of the type 
described above having one or more movable electrode 
assembly 34 With and Without the adjustable area sheath 60 
area are depicted schematically in FIGS. 10—15. In each 
case, it Will be understood that the ideal implantation loca 
tion may be visualiZed using ?uoroscopy, since the movable 
electrode assembly 34 is radiopaque, and that the lead may 
be WithdraWn for adjustment or adjusted manually in situ by 
manipulation from the proximal lead of the movable elec 
trode 18 if it appears to be too superior or inferior to the 
desired location. Once a desired general location is 
con?rmed, the adjustable area sheath 60 may be used to ?ne 
tune the location and siZe of the exposed surface of the 
movable electrode 18. 

In FIG. 10, a single pass, A-V lead 70 is depicted having 
the form shoWn in FIG. 1 and one of the movable electrode 
con?gurations depicted in FIGS. 2—9 in relation to the heart 
100. The lead 70 is shoWn With a screW-in ?xation electrode 
10‘ holding the distal tip in the apex of the right ventricle 
102. The distance D that the movable electrode 18 is 
adjusted to alloWs the electrode 18 to be positioned high in 
the right atrium or the SVC 106 in the location suggested in 
the ’767 patent adjacent to the S-A node to facilitate sensing 
of the atrial EGM, particularly the P-Wave. A second ?xed 
(or adjustable) electrode 118 is also incorporated in the lead 
70 of FIG. 10 for bipolar sensing or stimulation, but may be 
absent for unipolar sensing or stimulation. 

FIG. 11 depicts an atrial J -shaped lead 80 also having ?rst 
and second movable electrode assemblies 34 and 134 posi 
tioned along the lead outer sheath in a desired location in the 
right atrium 104. The position of the movable electrodes 18, 
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118 may be adjusted to optimiZe detection of atrial EGM 
signals emanating from near the S-A node or the fat pads in 
the triangle of Koch as described in the above-incorporated 
’356 patent or other areas of the atrial Wall or the SVC 106 
that the lead outer sheath 14 bears against to detect desired 
signals or apply electrical stimulation to. 

In a further application, the electrodes 18, 118 in FIGS. 11 
and 12 may be positioned to facilitate delivery of electrical 
stimulation through the atrial Wall or the SVC Wall to 
autonomic nerves to in?uence sinus heart rate, the A-V 
interval, and blood pressure or the like. For example, vagal 
nerve stimulation may be effected through the atrial Wall by 
an electrode 18 that is oriented in the manner described 
above With respect to the variation of FIG. 9 toWards the 
vagal nerves. The vagal stimulation may be delivered during 
an episode of atrial ?brillation or tachycardia in order to 
sloW the ventricular heart rate response to the atrial heart 
rate. 

The present invention may also be used in endocardial 
leads having elongated cardioversion/de?brillation elec 
trodes extending proximally from the distal tip thereof 
toWard the more proximally located movable electrode(s) 
18. FIG. 12 depicts a ventricular cardioversion/de?brillation 
lead 74 having a cardioversion/de?brillation electrode 76 in 
such a location and the movable electrode assembly 34, 
located proximally thereto in the manner of FIG. 10. FIG. 13 
depicts a CS lead 84 extending into the ostium opening 110 
and having a cardioversion/de?brillation electrode 86 of the 
type shoWn in the above-referenced ’407 patent located in 
the CS 108. The proximally located, movable electrode 
assembly 34 can be adjusted in position to be located outside 
the ostium opening 110 and in an optimum location for 
sensing the P-Wave and/or pacing the atrium. 

FIG. 14 is a schematic illustration of an application of the 
present invention in a single pass, atrial and ventricular 
cardioversion/de?brillation lead 174 having a ventricular 
cardioversion/de?brillation electrode 176 located in the 
right ventricle 102 and a movable cardioversion/ 
de?brillation electrode assembly 34, located proximally 
thereto in the right atrium 104 and/or SVC 106. In this case, 
the movable electrode assembly 34 is an elongated coiled 
Wire conductor, exposed movable electrode 18 adjustably 
located in the right atrium 104 and/or SVC 106 for deliv 
ering cardioversion/de?brillation shocks betWeen the atrial 
and ventricular cardioversion/de?brillation electrodes in a 
manner Well knoWn in the art. For atrial cardioversion/ 
de?brillation alone, the ventricular cardioversion/ 
de?brillation electrode 176 may be eliminated. In both 
cases, the distal ventricular pace/sense electrode and ?xation 
mechanism 10 may be retained. 

FIG. 15 is a schematic illustration of an application of the 
present invention in a single pass, endocardial, coronary 
sinus pacing lead 184 Wherein the movable electrode assem 
bly 34 may be positioned in the coronary sinus 108 or in the 
atrium 104 for sensing or stimulating atrial heart tissue 
proximally to a distal ventricular pace/sense electrode 10“ 
positioned deep in the coronary sinus or a tributary thereto 
adjacent the ventricle 102. Alternatively, the movable elec 
trode assembly 34 may be positioned to sense or stimulate 
nerves or the fat pad as described above. 

Other applications Will be apparent to those of skill in the 
art using a single or multiple movable electrode assemblies 
34. In a ventricular endocardial lead, the movable electrode 
assembly(s) 34, 134 and electrode(s) 18, 118 could be 
positioned to be located in the right ventricle in order to 
sense conducted or ectopic R-Waves superior to the ven 
tricular apex, for example. 
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Theoretically, it may be possible to extend the length of 
the ?xed commutator surface 48 along a length of the lead 
body that should be sufficient to traverse the largest atrial, 
atrial-SVC, or ventricular heart chamber so that the movable 
electrode 18 may be positioned anyWhere along the length. 
It Will also be understood that an elongated ?xed commu 
tator surface 48 may be periodically reduced in diameter and 
insulated to provide periodic exposed commutator surface 
rings along the length thereof. In such cases, the proximal 
and distal insulating sheaths 36 and 38 may be provided in 
excessively long lengths and trimmed to cover the exposed 
?xed commutator surface 48 or periodic commutator surface 
rings that are not covered by the electrode 18 and movable 
commutator surface 50 or 50‘, 50“. 

Although the above described endocardial leads have 
distal tip, screW-in electrodes 10“, it Will be understood that 
the present invention need not be used With leads having 
such distal tip electrodes. The distal tip may simply include 
an active or passive ?xation mechanism for stabiliZing the 
lead in the heart so that the variable position electrode 
assembly(s) 34, 134 may be maintained at the desired 
location(s). 

Other modi?cations and equivalents to the preferred 
embodiments of the present invention Will become apparent 
to those of skill in the art. Although the disclosed embodi 
ments and variations relate to endocardial cardiac leads for 
stimulating cardiac tissue or nerves and/or sensing nerve 
impulses or the cardiac EGM at selected locations in heart 
chambers or associated vessels, it Will be understood that the 
principles and teachings of the present invention may be 
applicable to other leads for sensing electrical signals from 
or stimulating other organs or tissue of the body. Therefore, 
the disclosed embodiments and variations should be con 
sidered as exemplary and not limiting as to the scope of the 
folloWing claims. 

I claim: 
1. An elongated implantable lead having a proximal lead 

end and a distal lead end comprising: 

an elongated lead body extending betWeen said proximal 
lead end and said distal lead end; 

a connector assembly located at the proximal end of said 
lead body; 

a ?rst electrical conductor having a proximal conductor 
end coupled With said connector assembly and extend 
ing through a proximal portion of said lead body to a 
distal conductor end; 

an elongated outer lead sheath extending betWeen said 
proximal and distal conductor ends for insulating said 
?rst electrical conductor through its length from body 
?uids and tissue; 

means for providing an elongated, ?exible, ?xed commu 
tator surface exposed to body ?uids and tissue extend 
ing along said lead body; 

means for coupling said elongated ?xed commutator 
surface to said ?rst electrical conductor distal to said 
proximal conductor end; and 

a movable electrode assembly ?tted over said ?xed com 
mutator surface adapted to be moved proximally and 
distally With respect to said ?xed commutator surface 
and said elongated outer lead sheath, said movable 
electrode assembly further comprising: 

an exposed, movable electrode supported by said movable 
electrode assembly; 

means for de?ning a movable commutator surface Within 
said movable electrode assembly adapted to be moved 
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With movement of said movable electrode assembly 
While making contact With said ?xed commutator sur 
face in a contact segment; 

means for electrically connecting said exposed, movable 
electrode With said movable commutator surface; and 

means for electrically insulating said ?xed commutator 
surface from exposure to body ?uids and tissue. 

2. The lead of claim 1, Wherein said movable electrode is 
shaped in a band surface having a predetermined band Width 
de?ning an electrode surface area, and further comprising: 
means for selectively insulating a portion of said electrode 

surface area to thereby vary the exposed surface area or 
position of the electrode. 

3. The lead of claim 2, Wherein said selectively insulating 
means further comprises a movable, tubular insulating 
sheath ?tted over said movable electrode assembly and 
adapted to be moved proximally and distally With respect to 
said movable electrode and ?xed at a selected position to 
expose a selected distal or proximal segment, respectively, 
of said exposed, movable electrode thereby varying the 
exposed surface area and position of the electrode. 

4. The lead of claim 2, Wherein said selectively insulating 
means further comprises a movable, tubular insulating 
sheath ?tted over said movable electrode assembly having a 
WindoW opening formed therein and adapted to be rotated 
about said movable electrode and be to ?xed at a selected 
angular orientation With respect thereto expose a selected 
segment of the movable electrode, thereby alloWing the 
angular orientation of the movable electrode to be adjusted. 

5. The lead of claim 1, Wherein said movable electrode is 
shaped in a band surface having a predetermined band Width 
de?ning an electrode surface area, and further comprising: 
means for selectively varying said electrode exposed 

surface area or position. 
6. The lead of claim 5, Wherein said selectively varying 

means further comprises a movable, tubular insulating 
sheath ?tted over said movable electrode assembly and 
adapted to be moved proximally and distally With respect to 
said movable electrode band surface and ?xed at a selected 
position to expose a selected distal or proximal band 
segment, respectively, of said exposed, movable electrode 
thereby selectively varying said electrode surface area and 
position. 

7. The lead of claim 5, Wherein said selectively insulating 
means further comprises a movable, tubular insulating 
sheath ?tted over said movable electrode assembly having a 
WindoW opening formed therein and adapted to be rotated 
about said movable electrode and be to ?xed at a selected 
angular orientation With respect thereto expose a selected 
segment of the movable electrode, thereby alloWing the 
angular orientation of the movable electrode to be adjusted. 

8. The lead of claim 1, Wherein said ?xed commutator 
surface is formed of a spiral Wound conductor extending 
along said lead body to present a ?exible conductive com 
mutator surface. 

9. The lead of claim 8, Wherein said movable electrode 
assembly further comprises a tubular body having proximal 
and distal ends and a body lumen dimensioned to ?t over 
said elongated outer lead sheath, Wherein said movable 
commutator surface is formed as a further spiral Wound 
conductor extending Within said body lumen intermediate 
the proximal and distal ends thereof. 

10. The lead of claim 1, Wherein said movable electrode 
assembly further comprises a tubular body having a body 
lumen dimensioned to ?t over said elongated outer lead 
sheath, and Wherein said movable commutator surface is 
formed as a tubular, electrically conductive, surface Within 
said body lumen. 
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11. The lead of claim 1, wherein said movable electrode 
assembly further comprises a tubular body having a body 
lumen dimensioned to ?t over said elongated outer lead 
sheath and extends proximally to said connector assembly. 

12. A method of adjusting the position of an electrode 
along the length of an elongated implantable lead having a 
proximal lead end and a distal lead end, the lead of the type 
comprising: 

an elongated lead body extending betWeen said proximal 
lead end and said distal lead end; 

a connector assembly located at the proximal end of said 
lead body; 

a ?rst electrical conductor having a proximal conductor 
end coupled With said connector assembly and extend 
ing through a proximal portion of said lead body to a 
distal conductor end; and 

an elongated outer lead sheath extending betWeen said 
proximal and distal conductor ends for insulating said 
?rst electrical conductor through its length from body 
?uids and tissue; the method further comprising the 
steps of: 

providing an elongated, ?exible, ?xed commutator sur 
face coupled to said ?rst electrical conductor and 
extending along said lead body exposed to body ?uids 
and tissue; 

moving a movable electrode assembly ?tted over said 
?xed commutator surface proximally and distally With 
respect to said ?xed commutator surface, said movable 
electrode assembly bearing an exposed, movable elec 
trode supported by said movable electrode assembly, a 
movable commutator surface Within said movable elec 
trode assembly adapted to be moved With movement of 
said movable electrode assembly While maintaining 
contact With said ?xed commutator surface in a contact 
segment; and 

?xing said movable electrode assembly in the selected 
position and electrically insulating said ?xed commu 
tator surface from body ?uids and tissue. 

13. The method of claim 12, Wherein said movable 
electrode is shaped in a band surface having a predetermined 
band Width de?ning an electrode surface area, and further 
comprising the step of: 

selectively insulating a portion of said electrode surface 
area to thereby vary the exposed surface area or posi 
tion of the electrode. 

14. The method of claim 13, Wherein said selectively 
insulating step further comprises: 

?tting a movable, tubular insulating sheath over said 
movable electrode assembly; 

moving said tubular insulating sheath proximally or dis 
tally With respect to said movable electrode to a 
selected position to expose a selected distal or proximal 
segment, respectively, of said exposed, movable elec 
trode thereby varying the exposed surface area and 
position of the electrode; and 

?xing said tubular insulating sheath in said selected 
position to electrically insulate the un-selected proxi 
mal or distal segment of said movable electrode from 
body ?uids and tissues. 

15. The method of claim 13, Wherein said selectively 
insulating step further comprises: 

?tting a movable, tubular insulating sheath over said 
movable electrode assembly, said tubular insulating 
sheath having a WindoW opening formed therein; 

moving said tubular insulating sheath With respect to said 
movable electrode to a selected position to expose a 
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selected WindoW of said exposed, movable electrode 
thereby varying the exposed surface area and position 
of the electrode; and 

?xing said tubular insulating sheath in said selected 
position to electrically insulate the un-selected proxi 
mal or distal segment of said movable electrode from 
body ?uids and tissues. 

16. The method of claim 13 Wherein said moving step 
further comprises the step of: 

rotating said tubular insulating sheath about said movable 
electrode to a selected angular orientation of said 
WindoW opening to orient said selected WindoW of said 
exposed, movable electrode to a desired anatomical 
feature. 

17. An elongated implantable lead having a proximal lead 
end and a distal lead end comprising: 

an elongated, tubular lead body extending betWeen said 
proximal lead end and said distal lead end; 

a connector assembly located at the proximal end of said 
lead body; 

an electrical conductor having a proximal conductor end 
coupled With said connector assembly and extending 
through a proximal portion of said lead body to a distal 
conductor end proximal to said distal lead end; 

an elongated, tubular outer lead sheath extending betWeen 
said proximal and distal conductor ends for insulating 
said ?rst electrical conductor through its length from 
body ?uids and tissue having an outer lead sheath 
diameter; 

an elongated inner lead sheath having a proximal sheath 
section extending Within said outer lead sheath betWeen 
said proximal conductor end and said distal conductor 
end and a distal sheath section extending from said 
distal conductor end to said distal end of said lead body; 

a ?rst Wire conductor Wound into an elongated exposed 
coil over said inner lead sheath and extending distally 
of said distal conductor end providing an elongated, 
?exible, ?xed commutator surface of relatively con 
stant commutator diameter extending along said lead 
body intermediate said proximal and distal ends 
thereof; 

means for coupling said elongated exposed coil to said 
distal conductor end; and 

a movable, tubular electrode assembly having an outer 
surface and an inner surface of an inner diameter for 
making sliding contact With said outer diameter of said 
outer lead sheath and said commutator diameter When 
moved over it, said tubular electrode assembly adapted 
to be moved proximally and distally With respect to 
said ?xed commutator surface and over said elongated 
outer lead sheath to a selected position, said movable 
electrode assembly further comprising: 
an exposed electrode supported by the outer surface of 

said movable electrode assembly; 
a second Wire conductor Wound into a second elongated 

exposed coil and positioned along said inner surface 
providing an elongated, ?exible, movable commu 
tator surface of relatively constant inner diameter for 
making contact With said ?xed commutator surface 
in said contact segment; 

means for electrically connecting said exposed elec 
trode With said second Wire conductor movable 
commutator surface; and 

means for electrically insulating said coiled ?xed com 
mutator surface except for said contact segment. 
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18. The lead of claim 17, wherein said movable electrode 
assembly further comprises a tubular body having a body 
lumen dimensioned to ?t over said elongated outer lead 
sheath and extends proximally to said connector assembly. 

19. The lead of claim 17, Wherein said movable electrode 
is shaped in a band surface having a predetermined band 
Width de?ning an electrode surface area, and further com 
prising: 

means for selectively insulating a portion of said electrode 
surface area to thereby vary the exposed surface area or 
position of the electrode. 

20. The lead of claim 19, Wherein said selectively insu 
lating means further comprises a movable, tubular insulating 
sheath ?tted over said movable electrode assembly and 
adapted to be moved proximally and distally With respect to 
said movable electrode and ?xed at a selected position to 
expose a selected distal or proximal segment, respectively, 
of said exposed, movable electrode thereby varying the 
exposed surface area and position of the electrode. 

21. The lead of claim 19, Wherein said selectively insu 
lating means further comprises a movable, tubular insulating 
sheath ?tted over said movable electrode assembly having a 
WindoW opening formed therein and adapted to be rotated 
about said movable electrode and be to ?xed at a selected 
angular orientation With respect thereto expose a selected 
segment of the movable electrode, thereby alloWing the 
angular orientation of the movable electrode to be adjusted. 

22. The lead of claim 17, Wherein said movable electrode 
is shaped in a band surface having a predetermined band 
Width de?ning an electrode surface area, and further com 
prising: 

means for selectively varying said electrode exposed 
surface area or position. 

23. The lead of claim 22, Wherein said selectively varying 
means further comprises a movable, tubular insulating 

15 

25 

20 
sheath ?tted over said movable electrode assembly and 
adapted to be moved proximally and distally With respect to 
said movable electrode band surface and ?xed at a selected 
position to expose a selected distal or proximal band 
segment, respectively, of said exposed, movable electrode 
thereby selectively varying said electrode surface area and 
position. 

24. The lead of claim 22, Wherein said selectively insu 
lating means further comprises a movable, tubular insulating 
sheath ?tted over said movable electrode assembly having a 
WindoW opening formed therein and adapted to be rotated 
about said movable electrode and be to ?xed at a selected 
angular orientation With respect thereto expose a selected 
segment of the movable electrode, thereby alloWing the 
angular orientation of the movable electrode to be adjusted. 

25. The lead of claim 17, Wherein said ?xed commutator 
surface is formed of a spiral Wound conductor extending 
along said lead body to present a ?exible conductive com 
mutator surface. 

26. The lead of claim 25, Wherein said movable electrode 
assembly further comprises a tubular body having proximal 
and distal ends and a body lumen dimensioned to ?t over 
said elongated outer lead sheath, Wherein said movable 
commutator surface is formed as a further spiral Wound 
conductor extending Within said body lumen intermediate 
the proximal and distal ends thereof. 

27. The lead of claim 17, Wherein said movable electrode 
assembly further comprises a tubular body having a body 
lumen dimensioned to ?t over said elongated outer lead 
sheath, and Wherein said movable commutator surface is 
formed as a tubular, electrically conductive, surface Within 
said body lumen. 


