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(57) ABSTRACT 

A passive conductor assembly for use With an implanted 
stimulating device having an intracavitarily or transvenously 
disposed electrode is disclosed. The passive conductor 
assembly used in combination With the implanted stimulus 
generator having an intracavitarily or intravenously dis 
posed electrode includes at least one conductive element 
having a ?rst end and a second end, and/or other contacting 
sites for contacting a portion of a heart of a subject to be 
stimulated. The passive conductor is disposed in proximity 
to the intracavitarily or transvenous electrode Which is 
connected to the implanted stimulus generator such as a 
pacemaker or de?brillator. Upon discharge of an electrical 
stimulus or Waveform from the implanted stimulus genera 
tor, the stimulus is conducted through the myocardial tissue 
to the conductor assembly Where it is passively conducted to 
a region of the heart in contact With an end or other 
contacting sites of the conductive element of the passive 
conductor assembly Which have been selected for cardiac 
stimulation. The passive conductor assembly can include 
electrical components disposed in electrical communication 
thereWith Which provide for the manipulation and/or modi 
?cation of the electrical stimulus or Waveform generated by 
the implanted stimulus generator Which can be designed, for 
example, to selectively stimulate only neural tissue and not 
cardiac tissue or vice versa through the same passive con 
ductor assembly. 
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METHOD AND APPARATUS FOR PASSIVE 
CARDIAC STIMULATION 

TECHNICAL FIELD 

[0001] The subject invention relates to a method and 
apparatus for cardiac stimulation. In particular, the subject 
invention provides a passive conductor for use in combina 
tion With an implanted stimulating device for passively 
stimulating remote regions of the heart and a method of 
using same. 

BACKGROUND OF THE INVENTION 

[0002] By Way of background, the application of electrical 
current to the heart through electrodes either applied directly 
to the chest or through an implanted device is Well knoWn in 
the art. Typical implanted devices include de?brillators 
and/or pacemakers. These types of devices are usually 
surgically implanted into a subject and an intracavitary 
electrode is placed Within or adjacent to the heart, typically 
transvenously. 
[0003] While these implanted stimulating devices compe 
tently carry out their design task, there are many instances 
in Which it Would be desirable to electrically stimulate a 
portion of the heart that is either dif?cult to reach With a 
transvenously disposed electrode or Which has been previ 
ously connected to an implanted electrode. For example, 
locations such as, but not limited to, the left ventricular apex, 
the anterior-basal left ventricular free Wall, and the left 
atrium near the pulmonary veins. It may be necessary and 
advantageous to electrically stimulate the heart from these 
regions for reasons including multi-site pacing for conges 
tive heart failure, single or multi-site pacing to prevent a 
ventricular or atrial tachyrhythmia, single or multi-site pac 
ing very soon after the onset of an arrhythmia to halt the 
arrhythmia before it degenerates into ventricular or atrial 
?brillation requiring a de?brillation shock, and multi-site 
electrodes for delivery of shocks With a loWer de?brillation 
threshold than shocks delivered only through transvenous 
electrodes. 

[0004] While electrodes on catheters inserted into veins of 
the heart by Way of the coronary sinus can be placed in many 
cardiac locations, there are a number of spots or locations to 
Which they cannot reach or be placed. Electrodes can be 
placed in almost any desired epicardial location during 
open-heart surgery. HoWever, such surgery is expensive and 
is associated With both mortality and morbidity of the 
subject. With the advent of thoracoscopic surgery, it is noW 
possible to implant such electrodes in the pericardial space 
by a much more minor procedure that requires only one or 
tWo small incisions for the insertion of a thoracoscopic 
device. HoWever, this type of procedure is still complicated 
by the fact that the electrodes still must be connected to 
Wires that are tunneled through the body to the pacemaker or 
de?brillator. 

[0005] It has been recogniZed that the heart is under 
profound control of the autonomic nervous system. There 
are many instances When electrical stimulation of the neural 
input to the heart could be bene?cial for the alteration of 
cardiac electrophysiologic status. The dif?culty in imple 
menting neural stimulation of the heart has been in the 
development of an apparatus for the direct stimulation or 
inhibition of cardiac sympathetic and parasympathetic 
nerves. 
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[0006] Accordingly, it Would be advantageous and desir 
able to have an apparatus and method for stimulating 
portions of the heart Which are difficult or impossible to 
reach or stimulate With a transvenous electrode but Which 
are accessible utiliZing the less invasive thoracoscopic sur 
gical technique and Which is able to stimulate the remote 
regions of the heart Without the necessity for tunneling Wires 
through a body of the subject and connection to a pacemaker 
or de?brillator for a source of electrical stimuli. 

[0007] Furthermore, it Would also be advantageous and 
desirable to have a method and apparatus Which alloWs for 
the selective stimulation of the heart. 

SUMMARY OF THE INVENTION 

[0008] A passive conductor assembly for use With an 
implanted stimulating device having an intracavitarily or 
transvenously disposed electrode is disclosed. The passive 
conductor assembly for use in combination With the 
implanted stimulus generator having an intracavitarily or 
intravenously disposed electrode includes at least one con 
ductive element having a ?rst end and a second end, and/ or 
other contact sites for contacting a desired or selected 
portion of a heart of a subject to be stimulated. The passive 
conductor assembly is disposed in proximity to the intrac 
avitarily or transvenous electrode Which is connected to the 
implanted stimulus generator such as a pacemaker or 
de?brillator. Upon discharge of an electrical stimulus or 
Waveform from the implanted stimulus generator, the stimu 
lus is conducted through the myocardial tissue to the con 
ductor Where it is passively conducted to a region of the 
heart in contact With an end or other contact sites of the 
conductive element of the passive conductor assembly 
Which have been selected for cardiac stimulation. 

[0009] The passive conductor assembly can include elec 
trical components disposed in electrical communication 
thereWith to provide for the manipulation and/or modi?ca 
tion of the electrical stimulus or Waveform generated by the 
implanted stimulus generator Which can be designed, for 
example, to selectively stimulate only neural tissue and not 
cardiac tissue or vice versa through the same passive con 
ductor assembly. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The folloWing detailed description is best under 
stood With reference to the folloWing draWings in Which: 

[0011] FIG. 1 illustrates the potential ?eld from a 500-V 
6 ms unsuccessful de?brillation shock. The top tWo panels 
represent the subepicardial potentials, and the bottom tWo 
panels represent the subendocardial potentials. All panels 
shoW the potentials superimposed on the epicardial surface 
of the heart. The tWo panels on the left represent the left 
antero-lateral vieW of the heart, Whereas the tWo panels on 
the right represent the right postero -lateral vieW of the heart. 
Numbers denote the location of the recording electrodes and 
the potential in volts recorded at each site. Isopotential lines 
are separated by 25V. Solid circles represent locations Where 
good recordings Were not obtained. The dashed line indi 
cates the upper border of the right ventricular out?oW tract. 
LV=left ventricle; RV=right ventricle; RVOT=right ven 
tricular out?oW tract; LAD=left anterior descending coro 
nary artery; RCA=right coronary artery; Cx=circum?ex 
coronary artery. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0012] The present invention provides for a passive con 
ductor assembly used in combination With an implanted 
cardiac stimulation device or generator such as a pacemaker 
or a de?brillator having an intracavitarily or intravenously 
disposed electrode. The passive conductor assembly can be 
placed by surgery or thoracoscopy to electrically stimulate 
the heart of a subject Which does not require the running or 
tunneling of Wires from the passive conductor assembly to 
the implanted stimulus generator. That is, the passive con 
ductor assembly can be completely self-contained or dis 
posed completely Within the pericardial space of the heart 
and used in conjunction With a de?brillator or a pacemaker 
connected to leads or electrodes that are inserted into the 
heart. 

[0013] The passive conductor assembly includes at least 
one conductive element having a ?rst end, a second end, 
and/ or other contact sites for contacting a portion of the heart 
of the subject. The conductive element is preferably com 
prised of a loW-resistance material and can have any suitable 
length but typically ranges from approximately 1 cm to 
approximately 12 cm. The conductive element can be made 
of any conductive material but is preferably constructed of 
a metallic material in the form of Wire or strips that are 
placed in the pericardial space and contact the heart. Addi 
tionally, the conductive element can be constructed of a 
composite ribbon of conductive material. The conductive 
elements can be exposed to the heart along their entire length 
forming a single electrode, hoWever, in a preferred embodi 
ment, the conductive element is insulated along most of its 
length except at the tWo ends or other intermediate sites 
Which form the electrodes or contact sites. 

[0014] The insulator can comprise any suitable electrically 
insulative material that is also biocompatible. In a further 
embodiment, the insulation can be removed at one or more 
additional locations along the conductive elements to stimu 
late additional sites of the heart. 

[0015] The ends of the conductive element should be 
placed at the points on the heart at Which the electrical 
stimulus or Waveform delivered by the pacemaker or the 
de?brillator, through their oWn transvenous electrode, cre 
ates a potential differential on the surface of the heart to 
facilitate the How of the electrical stimulus. That is, if the 
tWo ends of the conductive element are placed at sites that 
have approximately the same electrical potential, little or no 
current Will ?oW therethrough. 

[0016] The exposed portions (ends and/or regions ther 
ebetWeen) of the conductive element in the contact With the 
heart can vary in siZe depending on the current density and 
the potential gradient in the immediately adjacent tissue. 
Typically, the contact portion of the conductive element can 
range from approximately 0.2 mm to 4 cm. 

[0017] In order to modify the electrical stimulus or Wave 
form received from the implanted stimulus generator, elec 
trical components can be disposed in electrical communi 
cation With or along the conductive element. These electrical 
components can include, for example, diodes, devices 
capable of storing energy such as capacitors, microproces 
sors, resistors, and the like. The electrical components can 
also be used in combinations such that the passive conductor 
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can act as a loW-pass or high-pass ?lter to modify the input 
stimulus or Waveform from the implanted stimulus genera 
tor. In another embodiment, a diode could be placed along 
the conductive element such that the stimulus or electrical 
current could only How in one direction along the conduc 
tive element during the stimulation. This embodiment has 
several advantages, for example, it becomes possible to pace 
from some sites in the heart but not others by controlling 
Which polarity of stimulus Was generated by the implanted 
stimulus generator through its electrode(s). If tWo or more 
conductors are utiliZed, then the diode could be oriented in 
one direction for some of the electrodes and oriented in the 
opposite direction for other of the electrodes so that the ?rst 
set of electrodes Would pass current With one polarity While 
the other set Would pass current of the other polarity. An 
additional set of conductors could contain no diode such that 
they Would pass current With either polarity. The use of 
electrical components disposed along the conductive ele 
ment increases the ?exibility of stimulating of myocardium 
in different combinations and in different sequences. 

[0018] Diodes may also be useful for delivering de?bril 
lation and cardioversion shocks. A concern When delivering 
a shock through tWo or more electrodes that are of the same 
polarity and the same or nearly same strength, is that a 
region of little current How and potential gradient Will be 
created on the heart at the point someWhere betWeen the 
common polarity electrodes. Creation of this loW ?eld 
region could signi?cantly increase the de?brillation and 
cardioversion thresholds. Currently, most de?brillation 
shocks are biphasic With a second phase opposite in polarity 
to the ?rst phase. The presence of the diode in one or more 
of the conductive elements Would alloW current to How 
during one phase but not the other phase of the biphasic 
Waveform. Therefore, the region of loW ?eld strength Would 
only be present during one of the tWo phases of the shock so 
that the area could receive a stronger de?brillating ?eld 
strength during the other phase. 

[0019] In a further embodiment designed to avoid the 
region of loW ?eld strength throughout all phases of the 
shock, a capacitor is utiliZed instead of a diode along the 
length of the conductive element. The capacitor Would alloW 
current to How during the early portion of the shock pulse 
thereby creating the loW ?eld strength region, but Would not 
alloW much current to How later during the pulse, at Which 
time the loW ?eld strength region Would no longer be of the 
same strength and location. ToWards the end of the shock 
pulse and after the shock pulse, the capacitor Would dis 
charge, creating a biphasic shock effect in some portions of 
the heart. If the shock pulse delivered from the de?brillator 
is, itself, biphasic, the second phase could be delivered either 
immediately after the ?rst phase or after an interval of up to 
5 ms or more since it has been shoWn that such a separation 
does not signi?cantly decrease the bene?cial effects of a 
biphasic pulse on de?brillation. Cooper et al. Pace, 16:471 
482 (1993). Thus, With a short interval betWeen the tWo 
phases of the shock, the capacitor Would discharge during 
the second phase either partially or entirely folloWed by 
charging in the opposite polarity toWard the end of the 
second phase. This interaction Would change the ratio of the 
currents passing through the passive conductor assembly 
and through the active intravascular de?brillation electrodes 
throughout the pulses. Accordingly, the siZe and location of 
the loW ?eld regions should change throughout the pulses 
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instead being ?xed in one region. The movement of this loW 
?eld strength region should have a bene?cial effect on the 
de?brillation threshold. 

[0020] Alternatively, the tWo active phases of the shock 
could be separated by up to 5 or more ms so that the 
capacitor Will largely discharge betWeen the tWo phases and 
folloWing the second active phase. 

[0021] Biphasic pulses are frequently used for pacing to 
prevent electrolysis and the plating or the unplating of the 
pacing electrodes that can occur With a single polarity pulse. 
Disposing a capacitor along the length of the conductor 
Would generate a biphasic pacing pulse since it alloWs only 
a Zero net charge to pass through the conductor after it has 
been discharged. 

[0022] Other electronic components used in combination 
With the passive conductor assembly could be useful. These 
components could be poWered by the current that passes 
through the conductive element When a stimulus is delivered 
through the active intravascular electrodes of the pacemaker 
or de?brillator. Electronic components could store the 
charge to poWer the other components disposed along the 
conductive element for some period of time folloWing pulses 
delivered by the pacemaker or the de?brillator. The pulses to 
charge these electronic components could either be deliv 
ered Whenever needed to treat or prevent arrhythmias or the 
pacemaker or de?brillator could deliver a small stimulus at 
speci?c time intervals for the sole purpose of charging the 
components disposed along the conductive element. This 
small stimulus could be of a frequency that does not stimu 
late the myocardium. 

[0023] The electronic components that are poWered along 
the conductive elements could perform several functions, for 
example, sensing activations at the ends or contacts on the 
conductive element. Pacing stimuli or shocks at these points 
along the conductive element could be time-based on the 
recorded activations from these electrodes. The timing algo 
rithms could be performed by the electronic components 
disposed along the conductive element. Alternatively, the 
poWer in the conductive element could be used to pass a 
signal to the pacemaker or the de?brillator or its recording 
electrodes so that the softWare Within the pacemaker or the 
de?brillator could control and integrate the responses of all 
of the passive conductors. Communication signals betWeen 
the components disposed along the conductive element of 
the passive conductor and the pacemaker or the de?brillator 
could be by any modality including electrical or optical. If 
electrical, the frequency and strength of the signal could be 
such that the signal does not cause stimulation of the heart. 

[0024] The passive conductor assembly is preferably ori 
ented so that, during an electrical pulse delivered by the 
separated implanted stimulus generator, a potential differ 
ence is generated betWeen the ends or other exposed regions 
(electrodes) of the conductive element disposed in the 
pericardial space. Typically, at least one of the electrodes 
Will be placed on the epicardium overlying one of the 
implanted stimulus generator leads or electrodes located 
Within the cavities of the heart or veins. HoWever, other 
orientations may also be useful. For example, as reported in 
a study by Callihan et al., (JACC, 1995; 25:1373-1379), it 
Was found that a passive patch electrode located distant from 
the de?brillation electrodes of an implanted cardiover‘ter/ 
de?brillator Would transfer most of the potential gradient 
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that Would normally be present beneath this electrode to 
concentrate it at the edges of the electrode. For a small 
electrical stimulus, this effect may make it possible to pace 
from the edge of the electrode With an electrical stimulus 
that Would not be strong enough to pace this region in the 
absence of the passive conductor. 

[0025] As stated above, the present invention provides a 
method and device for the stimulation or the inhibition of 
neural inputs to the heart With the purpose of preventing 
atrial or ventricular arrhythmias, terminating atrial or ven 
tricular arrhythmias, assisting in atrial or ventricular 
de?brillation, control of heart-rate variability, or the 
improvement of cardiac function. By adding the passive 
electrical components to the passive conductive element and 
modulating the frequency of stimulation of the intracavitary 
electrode thereWith, the present invention alloWs for selec 
tive stimulation and/or inhibition of neural tissue and not 
cardiac tissue or vice versa through the same passive con 
ductor assembly. 

[0026] The device for the extra-cardiac stimulation or 
inhibition of neural inputs to the heart is similar if not 
identical to the device described immediately above. The 
uninsulated portions (electrodes) of at least one conductive 
element are disposed in contact With the heart and/or other 
tissues such as neural tissue, fat pads containing post 
ganglionic neural ?bers, cardiac veins adjacent to neural 
?bers, or other electrically excitable tissues such as the 
stellate ganglia and the vagus. The conductive element can 
also run circumferentially along the atrial-ventricular groove 
of the heart such that the sympathic and the parasymphatic 
innervation, running parallel to cardiac vasculature, can be 
directly stimulated or inhibited. Typically, the electrical 
stimulation or inhibition Will be achieved With the applica 
tion of stimuli from approximately 1 to 20 mA at a frequency 
of approximately 1 to 50 HZ. For neural stimulation, the 
stimulus could have a pulse Width from approximately 
10-250 usec, a current of approximately l-20 mA, and a 
frequency of approximately l-50 HZ. For cardiac stimula 
tion, the stimulus could have a pulse Width from approxi 
mately 0.5-2 msec, a current of approximately l-20 mA and 
a frequency of approximately l-5 HZ. 

[0027] The conductive element should be oriented such 
that When an electrical stimulus or pulse is delivered from 
the implanted stimulus generator, an electrical potential 
difference Will be created on the epicardial surface betWeen 
the tWo or more exposed electrodes on the conductive 
element. As a result of this potential difference, current Will 
be induced to How in the conductive element. To achieve a 
suf?cient potential difference in the passive conductor 
assembly, at least one conductive element should be placed 
in close proximity to the cardiac tissue overlying either an 
intracavitary electrode in an atrial or ventricular chamber, 
cardiac vein, or other location in or near the heart. 

[0028] Alternatively, the passive conductor assembly hav 
ing at least one conductive element may be placed in the 
pericardial space, an extra-pericardial space, or in other 
extra-cardiac locations. The passive conductor assembly can 
be placed during surgery that exposes these locations 
directly or may be placed using minimally invasive tech 
niques such as thoracoscopic surgery, or transvenously 
through an introducing catheter. Additionally, passive con 
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ductor assemblies for both neural stimulation/ inhibition can 
be combined With passive conductor assemblies for directly 
exciting cardiac tissue. 

[0029] The largest e?cect utilizing the passive conductor 
assembly of the present invention is generally seen When 
one end of the conductive element is placed directly on the 
epicardium over the intravenous electrode of the stimulus 
generating device. HoWever, this does not have to be the 
case. In order to re?ne the placement of the passive con 
ductor assembly, it may be helpful to map the regions of the 
heart that depolarize and hyperpolarize in the absence of the 
passive conductor assembly during a stimulus passed 
through the intravenous electrode. The implanted stimulus 
generator should cause hyperpolarization at one end and 
depolarization at the other. Accordingly, it should be pos 
sible to place the passive conductor assembly in a region that 
is normally undergoing depolarization induced by the stimu 
lus. These tWo e?fects should be additive so that the amount 
of stimulus needed to directly stimulate the particular region 
or area of the heart should be loWer than When the end of the 
conductive element that causes depolarization is placed in a 
region that is undergoing hyperpolarization caused by the 
electrical stimulus through the transvenously disposed elec 
trodes. It is also possible that a similar bene?cial e?cect 
might be seen if the end of the conductive element that 
causes hyperpolarization is placed in a region that is already 
undergoing hyperpolarization during the electrical stimulus. 

[0030] As is stated above, more than one passive conduc 
tor assembly can be used in the same subject. For example, 
arrhythmias may be prevented by simultaneously stimulat 
ing from several sites on the heart. TWo, three, or even more 
of the passive conductor assemblies could be placed in the 
pericardial space to pace from all of the sites. Even though 
the stimulus strength Will be larger than if it Was directly 
paced at each of the sites With electrodes connected directly 
to the implanted stimulus generator, the strength of the 
electrical stimulus should still be smaller than that required 
to directly activate all of these regions by a stimulus from the 
transvenous electrodes in the absence of the passive con 
ductors of the present invention. 

[0031] The passive conductor assembly of the present 
invention can be used for prevention and treatment of 
atrial-arrhythmias, ventricular arrhythmias, as Well as for the 
control of cardiac performance through control of heart rate 
and atrial and ventricular refractory periods. Additionally, 
the passive conductor assembly can be used for the control 
of heart rate through stimulation of neural inputs to the 
sino-atrial and atrial-ventricular nodes of the heart. 

[0032] Use of the passive conductor assembly of the 
present invention may be useful for augmenting traditional 
therapies such as antitachycardia pacing by altering the 
excitable gap through neural stimulation, thus improving the 
probability of pace termination of arrhythmias. Analogously, 
the passive conductor assembly and method for use thereof 
for neural stimulation may be bene?cial for loWering the 
energy requirements for electrical termination of atrial or 
ventricular ?brillation. Neural stimulation can sloW or even 
halt impulse propagation from the atria to the ventricles. 
Thus, the passive conductor assembly of the present inven 
tion should alloW for control of the ventricular response to 
premature atrial contractions by sloWing or stopping impulse 
propagation at the atrial-ventricular node. By causing tran 
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sient heart block through neural stimulation, supra-ventricu 
lar arrhythmias such as Wolf-Parkinson-White Syndrome, 
atrial-ventricular nodal re-entrant tachycardia, atrial ?bril 
lation or atrial ?utter With rapid ventricular response and 
other arrhythmias may be successfully prevented, termi 
nated, or controlled. 

[0033] The utility of the compositions and methods 
according to the present invention are shoWn beloW in the 
Example section. 

EXAMPLES 

[0034] An example of the possible use of the passive 
conductor of the present invention is illustrated in FIG. 1. 
FIG. 1 illustrates the distribution of potentials generated 
With electrodes in the right ventricular cavity and on the skin 
of the left loWer thorax. Even though the potential did 
change rapidly With distance in the lateral-apical left ven 
tricle in the region marked A, signifying the potential 
gradient as loW, the potential in this region for a 500V 
de?brillation shock Was 83V more than the value on the 
epicardium overlying the electrode in the right ventricle in 
the region marked B [—48V—)—l3l V)]. If a Wire Was 
attached to the epicardium at these spots, current should ?oW 
through the Wire and the potential gradient should be 
increased in the lateral-apical left ventricle. This should 
alloW stimulation of the tissue in the lateral-apical left 
ventricle region With a much Weaker stimulus than required 
in the absence of the Wire. 

[0035] For example, in the preferred embodiment of the 
invention an electric Wire 100 has one end 102 both elec 
trically and mechanically attached to a preselected region 
104 of the heart, eg by suturing. A second end 106 of the 
Wire 100 is both electrically and mechanically connected to 
a different region 108 of the heart, also preferably by 
suturing. Since the heart regions 104 and 108 of the heart 
attain different electric potentials during cardiac contraction, 
current ?oWs through the Wire thus achieving passive stimu 
lation of the myocardium. 

[0036] The Wire 100 is electrically insulated in any con 
ventional fashion betWeen its ends 102 and 106. HoWever, 
one or more points of the Wire 100 betWeen its ends may be 
electrically connected to the heart to provide passive stimu 
lation during cardiac contraction. 

[0037] As another example, the area near the pulmonary 
veins appears to frequently play a role in the induction 
and/or maintenance of atrial ?brillation. This is also the 
region in Which the e?fect of the shock is Weakest for 
electrodes in the right atrium and the distal coronary sinus as 
shoWn by Cooper et al. (Herzschr Elektrophys, 1998; 9: l -7). 
It should be possible to run a conductor to this region by Way 
of the transverse sinus in the pericardial space. Such an 
electrode location should be bene?cial for pacing to prevent 
atrial ?brillation, for giving a small pacing or shocking 
stimulus or stimuli just as atrial ?brillation begins, or for 
giving a de?brillation shock to halt atrial ?brillation once it 
is established. 

[0038] Other descriptive and exemplary materials are pro 
vided in Appendix A hereWith. 

[0039] In vieW of the teaching presented herein, other 
modi?cations and variations of the present inventions Will 
be readily apparent to those of skill in the art. The foregoing 
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drawings, discussion, and description are illustrative of 
some embodiments of the present invention, but are not 
meant to be limitations on the practice thereof. It is the 
following claims, including all equivalents, Which de?ne the 
scope of the invention. 

[0040] Any patents or publications mentioned in this 
speci?cation are indicative of the levels of those skilled in 
the art to Which the invention pertains. These patents and 
publications are herein incorporated by reference to the 
same extent as if each individual publication Was speci? 
cally and individually indicated to be incorporated by ref 
erence. 

What is claimed: 
1. A passive conductor assembly for use With an 

implanted stimulus generator having an intracavitarily dis 
posed stimulating lead for stimulating the heart of a subject, 
said conductor assembly comprising: 

at least one conductive element having at least tWo 
electrically conductive contacts for contacting a portion 
of the heart of the subject. 

2. A conductor as set forth in claim 15, Wherein said 
conductive element comprises an insulator disposed about at 
least a portion of said conductive element. 
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3. A conductor as set forth in claim 15, Wherein said 
conductive element comprises a metallic Wire. 

4. A conductor as set forth in claim 15, Wherein said 
conductive element comprises a metallic strip. 

5. A conductor as set forth in claim 15, Wherein said 
conductive element comprises a ribbon of conductive mate 
rial. 

6. A conductor as set forth in claim 15, Wherein said 
conductive element includes at least one electrical compo 
nent disposed in electrical communication thereWith. 

7. A conductor as set forth in claim 20, Wherein said 
electrical component comprises a diode. 

8. A conductor as set forth in claim 20, Wherein said 
electrical component comprises a device capable of storing 
energy. 

9. A conductor as set forth in claim 22, Wherein said 
electrical component comprises a capacitor. 

10. A conductor as set forth in claim 20, Wherein said 
electrical component comprises a resistor. 

11. A conductor as set forth in claim 20, Wherein said 
electrical component comprises a microprocessor. 


