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57 ABSTRACT 

A flexible, body-implantable lead section which can 
be employed as an integral part of a monoplanar elec 
trode system or alternatively as a separate means used 
to convert bipolar electrode system to a monopolar 
system. The lead section has at least one electrical 
conductor. The conductor is covered substantially 
over its entire length with an insulating material sub 
stantially inert to body fluids and tissue. The distal end 
of the conductor is adapted to be connected to an ac 
tive electrode adapted to be located at a selected loca 
tion inside the body. Indifferent electrode means are 
also provided. The indifferent electrode means are se 
cured to at least a portion of the length along the sur 
face of the inert material. In the preferred embodi 
ment the indifferent electrode means is securely 
wrapped around at least a portion of the length of the 
inert material. This lead section with the indifferent 
electrode means can be employed with various config 
urations active electrodes for monitoring electrical ac 
tivity and/or stimulating various types of tissue, includ 
ing muscle and nerve tissue. 

13 Claims, 4 Drawing Figures 
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BODY MPLANTABLE LEAD 

BACKGROUND OF THE INVENTION 

In the field of implantable electromedical devices, 
and in particular, in pulse generators used for muscle 
and nerve stimulation, the leads used to transmit the 
stimulating pulse from the pulse generator to the se 
lected portion of the body to be stimulated may employ 
monopolar or bipolar electrode configurations. In a bi 
polar electrode configuration the electrical stimulating 
impulse occurs between a pair of fairly closely spaced 
active electrodes, both located generally near the distal 
end of the lead. In a monopolar electrode configura 
tion, often used with body implantable pulse genera 
tors, there is a single active electrode near the distal 
end of the lead. An indifferent electrode, often in the 
form of a relatively large, flat, metal plate, is located on 
the exterior of the pulse generator. The electrical im 
pulses in such a monopolar system occur between the 
single electrode at the distal end of the lead and the 
plate on the outer surface of the pulse generator. In 
these systems a bipolar lead must be used with a pulse 
generator designed to operate with a bipolar lead and 
a monopolar lead must be used with a pulse generator 
having the plate and designed to operate with a mono 
polar lead. Therefore, it is difficult to interchange 
monopolar and bipolar systems without changing both 
the pulse generator and the corresponding lead. 
The present invention overcomes the above cited 

shortcomings of prior art systems by providing a lead 
of monopolar construction which may be employed 
with a pulse generator designed to operate with a bi 
polar lead so as to form a monopolar system. The lead 
of the present invention eliminates the need for em 
ploying the plate on the outer surface of a body im 
plantable monopolar pulse generator and permits a bi 
polar pulse generator to be easily converted to a mono 
polar operating system. By eliminating the indifferent 
plate, the problems currently associated with bonding 
the plate to the implantable pulse generator's expoxy 
covering and of welding or bonding leads to the plate 
are avoided. Also, with the use of the lead of the pres 
ent invention the problem of muscle stimulation occur 
ring at the edges of the plate are substantially elimi 
nated. A sufficient length of indifferent electrode in ac 
cordance with the present invention, properly arranged 
and exposed, insures against a high energy density 
which could otherwise cause local tissue stimulation. 
The present invention provides a monopolar electrode 
lead which can be used with single or multi-channel 
nerve stimulators. The lead configuration of the pres 
ent invention can also be employed for physiological 
monitoring, such as, for example, monitoring the elec 
trical activity of the heart such as used in cardiac pace 
making, as well as various types of tissue stimulation. 

SUMMARY OF THE INVENTION 

The above features, advantages and objects of the 
present invention, as well as others, are accomplished 
by providing a flexible body-implantable lead section 
comprising: at least one electrical conductor; and 
adapted to be connected at its distal end to an active 
electrode, which is adapted to be located at a selected 
location inside the body, the conductor being substan 
tially covered over its length with an insulating material 
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2 
inert to body fluids and tissue; and indifferent electrode 
means, the indifferent electrode means being secured 
to at least a portion of the length along the surface of 
the inert material. 
The lead section of the present invention can be em 

ployed in various leads with different, active electrode 
configurations. This is accomplished by constructing 
the lead section as an integral part of a flexible body 
implantable lead comprising: at least one electrical 
conductor, the conductor being substantially covered 
over its length with an insulating material substantially 
inert to body fluids and tissue; active electrode means 
electrically connected at substantially the distal end of 
the electrical conductor, the electrode means adapted 
to be located at a selected location inside the body; and 
indifferent electrode means, the indifferent electrode 
means being secured to at least a portion of the length 
along the surface of the inert material. 
Other features, advantages and objects of the present 

invention will hereinafter become more fully apparent 
from the following description of the drawings, which 
illustrate several embodiments of the present invention. 

BRIEF EDESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram of a section of a lead in accor 
dance with the present invention. 
FIG. 2 shows a lead of the present invention for use 

as an endocardial lead with a monopolar pulse genera 
tor or for converting a bipolar pulse generator of a car 
diac pacemaker system to a monopolar configuration. 
FIG. 3 is a diagram of another embodiment of a lead 

in accordance with the present invention for use in a 
nerve stimulating system; and 

FIG. 4 shows another embodiment of a lead in accor 
dance with the present invention for use in a system for 
stimulating the dorsal column of the spine. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Before describing the present invention in detail, the 
meaning of certain terminology used herein should be 
clearly understood. The terminology "distal end' is 
used in referring to that portion of the lead toward the 
end to which the active electrode is attached. The ter 
minology "proximal end' is used in referring to that 
portion of the lead toward the end which is connected 
to the source of electrical energy or monitoring equip 
ment. The term "active electrode' as used herein gen 
erally refers to the electrode at which stimulation is de 
sired to be achieved (most often of negative polarity) 
or the electrode at whose location electrical activity of 
tissue is to be monitored. The term “indifferent elec 
trode' as used herein is intended to refer to that elec 
trode which is common to a system or at system 
ground. For a tissue stimulation system the indifferent 
electrode will often be of positive electrical potential 
with respect to the active electrode. 
FIG. 1 shows section 10 of a flexible lead which may 

be used with an electro-medical device for implanta 
tion in the body. Section 10 comprises an electrical 
conductor 12 having a distal end 14, which is adapted 
to connect to an active electrode which may be used to 
supply electrical energy to or monitor electrical activity 
at a selected portion of the body. A proximal end 16 is 
provided, which is adapted to be connected to a source 
of electrical energy or monitoring equipment. Electri 
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cal conductor 12 is embedded in an insulating covering 
material 18 which is substantially inert to body fluids 
and tissue, such as, for example, silicone rubber. An 
other electrical conductor 20, which serves as an indif 
ferent electrode, is partially embedded in the outer sur- 5 
face of material 18 to hold conductor 20 in fixed posi 
tion. Conductor 20 is wrapped in a helical configura 
tion around material 18. The proximal end 22 of con 
ductor 20 is adapted to be connected to a source of 
electrical energy or monitoring equipment. The distal 10 
end 24 of conductor 20 is terminated by projecting in 
side material 18 at a point 26 on the outer surface of 
material 18. 
Conductors 12 and 20 are made of a conductive ma 

terial which is substantially inert to body fluids and tis- 5 
sue, such as, for example, platinum or platinum-iridium 
alloy. Conductors 12 and 20 may, for example, be 
made in a configuration and of a construction the same 
as that of the lead described in U.S. Pat. No. 3,572,344. 
This lead construction has excellent mechanical 20 
strength and flex characteristics and at the same time 
is an excellent electrical conductor. 
Section 10 may, for example, be used in converting 

a bipolar lead and pulse generator to a monopolar sys 
tem without having to replace the lead or the pulse gen- 25 
erator. Both ends of section 10 may be fitted with ap 
propriate male and female adapters (not shown), to 
permit section 10 to be electrically connected distally 
to a bipolar lead and proximally to an electrical energy 
source or monitoring equipment. Conductor 12 of sec- 30 
tion 10 is adapted to be connected at its distal end 14 
to a conductor connected to the active electrode of a 
bipolar lead and specifically, if for tissue stimulation, at 
its proximal end 16 to a source of electrical energy, 
generally to the negative polarity signal. Conductor 20 
serves as an indifferent electrode and is adapted to be 
connected at its proximal end 22 to a common or 
ground potential. Conductor 20 should be of sufficient 
length and surface area and the helical turns ade 
quately spaced from one another such as to insure suffi 
ciently low energy density to substantially eliminate 
local tissue stimulation. Conductor 20 should have the 
same properties so as to avoid picking up local tissue 
electrical activity when adapted for use in certain mon 
itoring systems. 
FIG. 2 shows a flexible, body-implantable endocar 

dial lead 30 for use with a bipolar pulse generator or for 
converting a bipolar generator to a monopolar system. 
Lead 30 has an electrical conductor 32 which is em 
bedded in an insulating convering material 34 which is 
substantially inert to body fluids and tissue, such as, for 
example, silicone rubber. Conductor 32 projects 
through the outer surface of material 34 at point 36. 
From point 36, conductor 32 is closely wrapped for 
several turns in a helical configuration around material 
34 to form the active electrode of monopolar lead 30. 
The wrapped turns of conductor 32 are partially em 
bedded in the outer surface of material 34 so as to 
maintain the turns in fixed position. Distal end 38 of 
conductor 32 is terminated by projecting into material 
34 at point 40. Proximal end 42 of conductor 32 is con 
nected to a connector pin 44 which projects beyond 
material 34 and is adapted to be connected to a source 
of electrical energy, such as, for example, a pulse gen- 65 
erator. The active electrode formed near the distal end 
of conductor 32 may simultaneously serve to monitor 
electrical activity of the heart in a demand pacemaker. 
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4 
Also embedded in material 34 is a closely wound he 

lical coil spring 46 which defines a lumen therein, 
Spring 46 is open at its proximal end 48 so as to permit 
a stylet (not shown) to be inserted therein so as to pro 
vide lead 30 with sufficient rigidity to be inserted into 
and guided through a body vessel to a desired location 
inside the body. Spring 46 is closed at its distal end 50 
to limit the distance of insertion of the stylet. 
Lead 30 also is provided with another electrical con 

ductor 52 having a proximal portion 54 which is em 
bedded in material 34 and is connected to a connector 
pin 56. Conductor 52 projects through the outer sur 
face of material 34 at a point 58 and is wrapped for sev 
eral spaced turns in a helical configuration around ma 
terial 34. The wrapped turns of conductor 52 are par 
tially embedded in the outer surface of material 34 so 
as to maintain them in fixed position. Distal end 60 of 
conductor 52 is terminated by projecting inside mate 
rial 34 at a point 62. The wrapped turns of conductor 
52 may, for example, extend for approximately 2% 
inches or so along the length of material 34 and the 
turns are approximately three-eighths inch between 
centers. The exposed length and surface area and the 
spacing between the helical turns of conductor 52 
should be determined according to the same criteria as 
described regarding the characteristics of conductor 20 
in FIG. 1. 
Conductors 32 and 52 are made of materials which 

are substantially inert to body fluids and tissue, such as, 
for example, platinum or a platinum-iridium alloy. Pins 
44 and 56 and spring 46 may, for example, be made of 
stainless steel alloys. The construction and configura 
tion of conductors 32 and 52 may be that of the lead 
described in U.S. Pat. No. 3,572,344. 
FIG.3 shows a flexible, body-implantable lead 70 for 

use in a multi-channel nerve stimulator. Lead 70 has a 
pair of electrical conductors 72 and 74 spaced from 
one another and embedded in an insulating covering 
material 76 which is substantially inert to body fluids 
and tissue, such as, for example, silicone rubber. Distal 
ends 78 and 80 of conductors 72 and 74 are terminated: 
in such a way as to form monopolar electrodes 82 and 
84 respectively. Electrodes 82 and 84 are partially ex 
posed and partially embedded in base portions 86 and 
88 respectively which are formed integrally with mate 
rial 76. Electrodes 82 and 84 and corresponding base 
portions 86 and 88 are adapted to be wrapped around 
the nerves which are to be stimulated as, for example, 
the carotid sinus nerves. Conductors 72 and 74 are 
connected to connector pins 90 and 92 respectively 
which are adapted to be connected to a body 
implantable receiver (not shown). The receiver is de 
signed to receive stimulating pulses from an RF cou 
pled external transmitter and apply these pulses to the 
nerves through electrodes 82 and 84. 
Lead 70 is provided with a third electrical conductor 

94 which is embedded in material 76 at its proximal 
end 96 where it is connected to a connector pin 98. 
Conductor 94 projects through the outer surface of ma 
terial 76 at point 100 and is wrapped for several turns 
around material 76 in a helical configuration similar to 
that of conductor 52 in FIG. 2. The spaced turns of 
conductor 94 are partially embedded in material 76 so 
as to maintain them in fixed position. Material 76 has 
a somewhat greater cross section near its proximal end 
in the section where the spaced turns of conductor 94 
are partially embedded. The distal end 102 of conduc 
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tor 94 terminates in material 76 by projecting through 
the outer surface at point 104. 

In lead 70, electrodes 82 and 84 form the active elec 
trodes and are connected via conductors 72 and 74 and 
pins 90 and 92 respectively to the implantable receiver. 
The spaced turns of conductor 94 form an indifferent 
electrode which is connected via pin 98 to either an 
electrical common or ground. The exposed length and 
surface area and the spacing between the turns of con 
ductor 94 should be determined according to the same 
criteria as described regarding the characteristics of 
conductor 20 in FIG. 1. 
FIG. 4 shows a flexible, body-implantable lead 110 

incorporating the present invention and particularly 
designed for stimulating the dorsal column of the spine. 
Lead 110 has a conductor 112 embedded in an insulat 
ing covering material 114 which is substantially inert to 
body fluids and tissue, such as, for example, silicone 
rubber. Conductor 112 is terminated at its distal end in 
a spiral configuration to form an active electrode 116 
which is partially embedded in a base portion 118 
which is formed integrally with covering material 114. 
Material 114 is shown to intersect the base portion 118 
at some angle other than 90 because such a configura 
tion has been found easier to work with in attaching the 
active electrode 116 formed by the spiral configuration 
to the dorsal column. Spiral configuration 116 is par 
tially embedded in base portion 118 to maintain the 
spiral configuration in fixed position. Although config 
uration 116 is shown to be a spiral, other configurations 
for the active electrode are possible. Proximal end 120 
of conductor 112 is connected to a connector pin 122 
which is adapted to be connected to a body implantable 
receiver (not shown) which may receive pulses which 
are RF coupled from an external transmitter. Active 
electrode 116 is generally connected to a negative po 
larity signal through conductor 112 and pin 122. 
A second conductor 124 is provided with its proximal 

end 126 embedded in material 114 and connected to 
a connector pin 128 which is adapted to be connected 
to the receiver (not shown). Proximal end 126 of con 
ductor 124 projects through the outer surface of mate 
rial 114 at point 130 and is wrapped in a helical config 
uration for several spaced turns around material 114. 
The exposed length and surface area and the spacing 
between the turns of conductor 124 should be deter 
mined according to the same criteria as described re 
garding the characteristics of conductor 20 in FIG. 1. 
The turns of conductor 124 are partially embedded in 
the outer surface of material 114 to maintain the turns 
in fixed position. The distal end 132 of conductor 124 
is terminated by projecting into material 114 at point 
134. Conductor 124 forms an indifferent electrode 
which is generally connected via pin 128 to ground po 
tential which commonly is of positive polarity. 
Conductors 112 and 124 may be made in the struc 

ture and configuration of the lead described in U.S. 
Pat. No. 3,572,344. Conductors 112 and 124 and pins 
122 and 128 are made of a material substantially inert 
to body fluids and tissue. Although electrode 116 has 
been shown and described as having a spiral configura 
tion, other configurations for the active electrode could 
be employed. 
Also, it should be understood that although the four 

embodiments shown have the indifferent electrode 
wrapped around the covering material, the indifferent 
electrode could be partially embedded in the outer sur 
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6 
face of the covering material in any desired configura 
tion. Instead of having the indifferent electrode 
wrapped around the inert material containing one or 
more electrical conductors, the inert material could be 
securely wrapped around the indifferent electrode. In 
a broad sense the indifferent electrode and at least a 
portion of the length of the inert material are securely 
wrapped relative to one another. It should also be un 
derstood that although the preferred embodiments of 
the invention show the indifferent electrodes securely 
wrapped around the inert material in a helical configu 
ration, any other means of securing the indifferent elec 
trode to the surface of the inert material would be satis 
factory. Although the indifferent electrode is shown lo 
cated near the proximal end of the lead, it could be se 
cured anywhere along the length of the lead. 
FIGS. 1-4 show several embodiments of body 

implantable leads which can be used in various applica 
tions. It should be understood, of course, that the fore 
going disclosure relates to only a few configurations 
which the present invention may take and that numer 
ous modifications may be made therein without depart 
ing from the spirit and scope of the invention as set 
forth in the appended claims. 

I claim: 
1. A body implantable lead comprising: 
an elongated flexible body member of an insulating 

material which is generally inert to body fluids and 
tissues; 

at least one active electrode means attached to said 
flexible body member towards one end thereof; 

a lead section of generally uniform cross-section 
formed of a flexible insulating member which is 
generally inert to body fluids and tissue, said lead 
section being attached to and extending from an 
other end of said flexible body member; 

first electrical conductor means for connection to an 
external device encapsulated by said flexible body 
member and said lead section and extending gener 
ally through their entire length into electrical 
contact with said active electrode; and 

indifferent electrode conductor means for connec 
tion to an external device encapsulated by a por 
tion of said lead section and electrically insulated 
from said first electrical conductor means, said in 
different conductor means projecting through the 
surface of said lead section and being wrapped at 
least once around the periphery of said lead section 
while being partially embedded within its surface 
such that said indifferent electrode conductor 
means is electrically exposed only at the location of 
said wrapping and is so exposed around the entire 
periphery of said lead section, the terminus of said 
indifferent electrode conductor means being to 
tally embedded within said lead section. 

2. The lead of claim 1 wherein the exposed portion 
of said indifferent electrode conductor means has suffi 
cient area to insure an energy density sufficiently low 
to substantially eliminate local tissue stimulation. 

3. The lead of claim 2 wherein said indifferent elec 
trode conductor means is wrapped and exposed for 
more than one turn around the periphery of said lead 
section. 

4. A lead as set forth in claim 3 further including 
means for inserting in and guiding said lead through a 
selected body vessel. 
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5. A lead as set forth in claim 3 wherein said last men 
tioned means includes a coil spring embedded in the 
material and defining a lumen therein, said spring being 
adapted to receive a stylet to provide said lead with suf 
ficient rigidity to facilitate its insertion and guidance 
through the selected body vessel. 

6. A lead as set forth in claim 3 wherein said active 
electrode means is configured to provide electrical en 
ergy to cardiac tissue. 

7. A lead as set forth in claim 3 wherein said active 
electrode means is configured to provide electrical en 
ergy to selected nerve tissue. 

8. In combination with a body implantable lead, an 
indifferent electrode forming lead section which com 
prises: 
encapsulating means of a flexible insulating material 
which is generally inert to body fluids and tissue; 
and 

indifferent electrode conductor means for connec 
tion to an external device projecting through the 
surface of said encapsulating means and being 
wrapped at least once around the periphery of said 
encapsulating means while being at least partially 
embedded within its surface such that the indiffer 
ent electrode conductor means is electrically ex 
posed only at the location of said wrapping and is 
so exposed around the entire periphery of said en 
capsulating material, the terminus of said indiffer 
ent electrode conductor means is totally embedded 
within said encapsulating means. 

9. The combination of claim 8 wherein the surface 
area of the exposed portion of said indifferent elec 
trode conductor means has sufficient area to insure an 
energy density sufficiently low to substantially elimi 
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8 
nate local tissue stimulation. 

10. The combination of claim 9 wherein said indiffer 
ent electrode conductor means is exposed and wrapped 
for more than one turn around the periphery of said en 
capsulating means. 

11. A flexible, body implantable lead section for con 
verting a bipolar electrode system to a monopolar sys 
tem comprising: 
encapsulating means of a flexible insulating material 
which is generally inert to body fluids and tissues, 
said encapsulating means having a generally uni 
form cross section; and 

indifferent electrode means for connection to an ex 
ternal device projecting through the surface of said 
encapsulating means and being wrapped at least 
once around the periphery of said encapsulating 
means while being at least partially embedded 
within its surface such that the indifferent elec 
trode means is electrically exposed only at the loca 
tion of said wrapping and is so exposed around the 
entire periphery of said encapsulating material, the 
terminus of said indifferent electrode means being 
totally embedded within said encapsulating means. 

12. The lead section of claim li wherein the exposed 
portion of said indifferent electrode means has a sur 
face area sufficient to insure an energy density suffi 
ciently low to substantially eliminate local tissue stimu 
lation. 

13. The lead section of claim 12 wherein the exposed 
portion of said indifferent electrode means is wrapped 
more than one turn around the periphery of said encap 
sulating means. 

k ck k k 


