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ATRIAL DEFIBRILLATOR, LEAD SYSTEMS, AND 
METHOD 

REFERENCE TO COPENDING APPLICATION 

This is a continuation-in-part of application Ser. No. 
07/685,130, ?led Apr. 12, 1991, for IMPROVED 
ATRIAL DEFIBRILLATOR AND METHOD, now 
U.S. Pat. No. 5,282,837. 

BACKGROUND OF THE INVENTION 

The present invention generally relates to an atrial 
de?brillator for delivering a pulse of de?brillating elec 
trical energy to the atria of a human heart. The present 
invention is more particularly directed to a fully auto 
matic implantable atrial de?brillator which exhibits 
reduced power consumption, reliable synchronized 
delivery of de?brillating electrical energy to the atria, 
and multiple modes of operation including bradycardia 
pacing. The present invention is further directed to an 
improved endocardial lead for delivering the de?brillat 
ing electrical energy to the atria while minimizing the 
electrical energy applied to the ventricles. The present 
invention is still further directed to lead systems for use 
in an atrial de?brillator and method for monitoring 
activity of the heart and delivering cardioverting or 
de?brillating electrical energy to the heart. 

Atrial ?brillation is probably the most common car 
diac arrhythmia. Although it is not usually a life threat 
ening arrhythmia, it is associated with strokes thought 
to be caused by blood clots forming in areas of stagnant 
blood ?ow as a result of prolonged atrial ?brillation. In 
addition, patients afflicted with atrial ?brillation gener 
ally experience palpitations of the heart and may even 
experience dizziness or even loss of consciousness. 

Atrial ?brillation occurs suddenly and many times 
can only be corrected by a discharge of electrical en 
ergy to the heart through the skin of the patient by way 
of an external de?brillator of the type well known in the 
art. This treatment is commonly referred to as synchro 
nized cardioversion and, as its name implies, involves 
applying electrical de?brillating energy to the heart in 
synchronism with a detected electrical activation (R 
wave) of the heart. The treatment is very painful and, 
unfortunately, most often only results in temporary 
relief for patients, lasting but a few weeks. 
Drugs are available for reducing the incidence of 

atrial ?brillation. However, these drugs have many side 
effects and many patients are resistent to them which 
greatly reduces their therapeutic effect. 

Implantable atrial de?brillators have been proposed 
to provide patients suffering from occurrences of atrial 
?brillation with relief. Unfortunately, to the detriment 
of such patients, none of these atrial de?brillators have 
become a commercial reality. 

Implantable atrial de?brillators proposed in the past 
have exhibited a number of disadvantages which proba 
bly has been the cause of these de?brillators from be 
coming a commercial reality. Two such de?brillators, 
although represented as being implantable, were not 
fully automatic, requiring human interaction for cardi 
overting or de?brillating the heart. Both of these de?b 
rillators require the patient to recognize the symptoms 
of atrial ?brillation with one de?brillator requiring a 
visit to a physician to activate the de?brillator and the 
other de?brillator requiring the patient to activate the 
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2 
de?brillator from external to the patient’s skin with a 
magnet. 

Synchronizing the delivery of the de?brillating or 
cardioverting energy with an electrical activation (R 
wave) of the heart is important to prevent ventricular 
?brillation. Ventricular ?brillation is a fatal arrhythmia 
which can be caused by electrical energy being deliv~ 
ered to the heart at the wrong time in the cardiac cycle, 
such as during the T wave of the cycle. As a result, it is 
most desirable to sense electrical activations of the heart 
to generate synchronization pulses (or signals) in a man 
ner which avoids detecting noise as an electrical activa 
tion. Unfortunately, implantable atrial de?brillators 
proposed to date have not provided either such noise 
immunity or any other means for assuring reliable syn 
chronization. 
Another measure for reducing the risk of inducing 

ventricular ?brillation during the delivery of de?brillat 
ing electrical energy to the atria of the heart is to reduce 
the amount of the electrical energy which is passed 
through the ventricles. In other words, it is advanta 
geous to con?ne the electrical energy to the atria as 
much as possible. 

Implantable de?brillators, in general, must be pow 
ered by a portable, depletable power sources, such as a 
battery. However, an automatic implantable atrial de 
?brillator which continuously monitors atrial activity of 
the heart and which continuously monitors for atrial 
?brillation will consume so much power that frequent 
battery replacement, requiring explanting the de?brilla 
tor, would be necessary. 
The atrial de?brillator of the present invention pro 

vides solutions to all of- the above noted de?ciencies in 
atrial de?brillators proposed to date and other features 
which obviate potential problems in implantable atrial 
de?brillators. In general, the atrial de?brillator of the 
present invention is fully automatic and provides reli 
able synchronization to electrical activations, both 
through noise immune electrical activation sensing and 
through a test mode which permits a physician to con 
?nn reliable electrical activation sensing. The atrial 
de?brillator of the present invention also provides for 
conserving battery power by activating the atrial ?bril 
lation detector only when the ventricular rate indicates 
a probability of atrial ?brillation. In addition, the atrial 
de?brillator of the present invention provides a new and 
improved endocardial lead and a method for using the 
same which assures that the delivered electrical energy 
is con?ned to the atria and little of the electrical energy 
is passed through the ventricles. 

In addition to the foregoing, the lead systems and 
method disclosed herein reduce battery power con 
sumption and hence lengthen the useful life of an im 
planted atrial de?brillator employing such lead systems. 
The lead systems disclosed herein are con?gured for 
placing the cardioverting or de?brillating electrodes in 
the heart at locations which minimize the energy which 
must be delivered to the atria for cardioverting or de? 
brillating the same. Furthermore, the cardioverting or 
de?brillating energy levels disclosed herein are in 
tended to provide a ?fty percent probability of success 
ful de?brillation or cardioversion. This is based upon 
the recognition that atrial ?brillation is not generally 
life threatening and that if a second delivery of cardiov 
erting or de?brillating electrical energy is required for 
successful cardioversion or de?brillation, the life of the 
patient will not be threatened. The end result is less 
battery power consumption, extended life of the atrial 
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de?brillator, and of greatest importance, less frequent 
surgical replacement of the atrial de?brillator to pro 
vide the patient with greater comfort and less risk com 
monly attendant to all surgeries. 

SUMMARY OF THE INVENTION 

The present invention provides a lead system for use 
with an implantable device for monitoring activity of 
the heart and delivering cardioverting electrical energy 
to the atria of the heart wherein the device includes 
storage means for storing the electrical energy. The 
lead system includes lead means coupled to the storage 
means for receiving the electrical energy from the stor 
age means. The lead means applies the electrical energy 
between the right atrium of the heart and at least one of 
the coronary sinus beneath the left atrium of the heart 
and the left pulmonary artery adjacent the left atrium of 
the heart for delivering the electrical energy to the atria 
of the heart. The lead means is fully implantable beneath 
the skin of a patient. 
The present invention further provides a method of 

monitoring activity of the heart of a patient and deliver 
ing cardioverting electrical energy to the atria of the 
heart of the patient. The method includes the steps of 
providing storage means for storing electrical energy, 
implanting the storage means beneath the skin of the 
patient, providing lead means, and implanting the lead 
means beneath the skin of the patient. The method fur 
ther includes the steps of coupling the lead means to the 
storage means, storing the electrical energy in the stor 
age means, and applying, through the lead means, at 
least a portion of the stored electrical energy between 
the right atrium of the heart and at least one of the 
coronary sinus beneath the left atrium of the heart and 
the left pulmonary artery adjacent the left atrium of the 
heart to deliver the cardioverting electrical energy to 
the atria of the heart. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features of the present invention which are be 
lieved to be novel are set forth with particularity in the 
appended claims. The invention, together with further 
objects and advantages thereof, may best be understood 
by making reference to the following description taken 
in conjunction with the accompanying drawing, in the 
several ?gures of which like reference numerals identify 
identical elements, and wherein: 
FIG. 1 is a schematic block diagram of a fully im 

plantable atrial de?brillator embodying the present in 
vention for applying de?brillating electrical energy to 
the atria of a human heart and which is shown in associ 
ation with a human heart in need of atrial ?brillation 
monitoring and potential cardioversion of the atria; 
FIG. 2 is a ?ow diagram illustrating the manner in 

which the atrial de?brillator of FIG. 1 may be imple 
mented in accordance with the present invention for 
providing bradycardia pacing of the right ventricle of 
the heart and for determining and storing the time inter 
vals between depolarizations of the right ventricle; 
FIG. 3 is a ?ow diagram illustrating the manner in 

which the atrial de?brillator of FIG. 1 may be imple 
mented in accordance with the present invention for 
enabling the atrial ?brillation detector of the atrial de 
?brillator; 
FIG. 4 is a ?ow diagram illustrating the manner in 

which the atrial de?brillator of FIG. 1 may be imple 
mented in accordance with the present invention for 
detecting atrial ?brillation and enabling either the atrial 
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4 
de?brillating output or the right ventricle marker pulse 
output; 
FIG. 5 is a ?ow diagram illustrating the manner in 

which the atrial de?brillator of FIG. 1 may be imple 
mented in accordance with the present invention for 
providing right ventricle marker pulses in synchronism 
with detected electrical activations (R waves) of the 
heart; 
FIG. 6 is a ?ow diagram illustrating the manner in 

which the atrial de?brillator of FIG. 1 may be imple 
mented in accordance with the present invention for 
providing de?brillating electrical energy to the atria of 
the heart in synchronism with detected electrical acti 
vations (R waves) of the heart; 
FIG. 7 is a top plan view illustrating an endocardial 

lead embodying the present invention having a plurality 
of electrodes for sensing electrical activations of the left 
ventricle, sensing electrical activations of the atria, and 
applying de?brillating electrical energy to the atria; 
FIG. 8 is a cross-sectional view, to an enlarged scale, 

taken along lines 8—8 of FIG. 7; 
FIG. 9 is a perspective view of the human heart hav 

ing a lead system con?gured in accordance with a ?rst 
lead system preferred embodiment of the present inven 
tion implanted therein; 
FIG. 10 is a perspective view of the human heart 

having a lead system con?gured in accordance with a 
second lead system preferred embodiment of the pres 
ent, invention implanted therein; 
FIG. 11 is a perspective view of the human heart 

having a lead system con?gured in accordance with a 
third lead system preferred embodiment of the present, 
invention implanted therein; 
FIG. 12 is a perspective view of the human heart 

having a lead system con?gured in accordance with, a 
fourth lead system preferred embodiment of the present 
invention implanted therein; 
FIG. 13 is a perspective view of the human heart, 

with selected portions thereof broken away, having a 
lead system con?gured in accordance with a fifth lead 
system preferred embodiment of the present invention 
implanted therein; 
FIG. 14 is a perspective view of the human heart 

having a lead system con?gured in accordance with a 
sixth lead system preferred embodiment of the present 
invention implanted therein; 
FIG. 15 is a perspective view of the human heart, 

with selected portions thereof broken away, having a 
lead system con?gured in accordance with a seventh 
lead system preferred embodiment of the present inven 
tion implanted therein; and 
FIG. 16 is a perspective view of the human heart 

having a lead system con?gured in accordance with an 
eighth lead system preferred embodiment of the present 
invention implanted therein. 

DETAILED_DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring now to FIG. 1, it illustrates a fully implant 
able atrial de?brillator 30 embodying the present inven 
tion shown in association with a schematically illus 
trated human heart 10 in need of atrial ?brillation moni 
toring and potential cardioversion of the atria. The 
portions of the heart 10 illustrated in FIG. 1 are the 
right ventricle 12, the left ventricle 14, the right atrium 
16, the left atrium 18, the superior vena cava 20, the 
coronary sinus 22, the coronary sinus ostium or opening 
24, the left ventricular free wall 26 and the inferior vena 
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cava 27. In addition, as used herein, the term “electrical 
activations” denotes R waves of the heart cardiac cycle 
which induce depolarizations of the ventricles 12 and 
14. 
The atrial de?brillator 30 generally includes an enclo 

sure 32 for hermetically sealing the internal circuit ele 
ments of the atrial de?brillator to be described hereinaf 
ter, an endocardial ?rst lead 34, and an intravascular 
second lead 36. The enclosure 32 and ?rst and second 
leads 34 and 36 are arranged to be implanted beneath 
the skin of a patient so as to render the atrial de?brilla 
tor 30 fully implantable. 
The endocardial ?rst lead 34 preferably comprises a 

endocardial bi-polar lead having electrodes 38 and 40 
arranged for establishing electrical contact with the 
right ventricle 12 of the heart 10. The electrodes 38 and 
40 permit bi-polar sensing of electrical activations in the 
right ventricle. As illustrated, the lead 34 is fed through 
the inferior vena cava 27, into the right atrium 16, and 
then into the right ventricle 12 as illustrated. As will be 
appreciated by those skilled in the art, a second path for 
lead 34 could alternatively be through the superior vena 
cava 20, into the right atrium 16, and then into the right 
ventricle 12. 
The second lead 36, which will be described in 

greater detail with respect to FIGS. 7 and 8, generally 
includes a ?rst or tip electrode 42, a second or ring 
electrode 44, and a third electrode 46. As illustrated, the 
second lead 36 is ?exible and arranged to be passed 
down the superior vena cava 20, into the right atrium 
16, into the coronary sinus ostium 24, and advanced into 
the coronary sinus 22 of the heart near the left side 
thereof so that the ?rst or tip electrode 42 is within the 
coronary sinus adjacent the left ventricle 14. The elec 
trodes 42, 44, and 46 are spaced apart such that when 
the ?rst electrode 42 is within the coronary sinus 22 
adjacent the left ventricle 14, the second electrode 44 is 
beneath the left atrium 18 near the left ventricle 14 and 
the third electrode 46 is in a region adjacent to the right 
atrium coronary sinus ostium 24 within either the right 
atrium 16 or the superior vena cava 20. The ?rst elec 
trode 42 and the second electrode 44 enable bi-polar 
sensing of electrical activations of the left ventricle 14. 
The second electrode 44 together with the third elec 
trode 46 provide bi-polar sensing of heart activity in the 
atria 16 and 18. The second electrode 44 and the third 
electrode 46 further provide for the delivery of de?bril 
lating electrical energy of the atria. Because the second 
electrode 44 is located beneath the left atrium 18 near 
the left ventricle 14 and the third electrode 46 is within 
either the right atrium 16 or the superior vena cava 20 
and above the coronary sinus ostium 24, the electrical 
energy applied between these electrodes will be sub 
stantially con?ned to the atria 16 and 18 of the heart 10. 
As a result, the electrical energy applied to the right 
ventricle 12 and left ventricle 14 when the atria are 
cardioverted or de?brillated will be minimized. This 
greatly reduces the potential for ventricular ?brillation 
of the heart to be induced as a result of the application 
of de?brillating electrical energy of the atria of the 
heart. 

Within the enclosure 32, the atrial de?brillator 30 
includes a ?rst sense ampli?er 50, a second sense ampli 
?er 52, and a third sense ampli?er 54. The ?rst sense 
ampli?er 50 forms a ?rst sensing means which, when 
inputs 50a and 5017 are coupled to electrodes 38 and 40 
respectively of the ?rst lead 34, senses electrical activa 
tions of the right ventricle 12. The second sense ampli 
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6 
?er 52 forms a second sensing means which, when in 
puts 52a and 52b are coupled to electrodes 42 and 44 
respectively of the second lead 36, senses electrical 
activations of the left ventricle 14. The third sense am 
pli?er 54 forms atrial sense means which, when inputs 
54a and 54b are coupled to electrodes 44 and 46 respec 
tively of the second lead 36, senses atrial activity of the 
heart when enabled as will be described hereinafter. 
The outputs of the ?rst and second sense ampli?ers 50 

and 52 are coupled to ?rst and second R wave detectors 
56 and 58 respectively. Each of the R wave detectors 56 
and 58 is of the type well known in the art which pro 
vides an output pulse upon the occurrence of an R wave 
being sensed during a cardiac cycle of the heart. The 
output of the third sense ampli?er 54 is coupled to an 
analog to digital converter 60 which converts the ana 
log signal representative of the atrial activity of the 
heart being sensed to digital samples for processing 
when the analog to digital converter 60 is enabled also 
in a manner to be described hereinafter. 
The enclosure 32 of the atrial de?brillator 30 further 

includes a microprocessor 62. The microprocessor 62 is 
preferably implemented in a manner to be described 
thereinafter with respect to the ?ow diagrams of FIGS. 
2 through 6. The implementation of the microprocessor 
62 results in a plurality of functional stages. The stages 
include a ?rst timer 64, a second timer 66, a third timer 
68, a synchronization marker controller 70, and a syn 
chronization detector 72. The functional stages of the 
microprocessor 62 further include a calculator stage 
including an average calculation stage 74, a standard 
deviation calculation stage 76, an enable stage 78, a 
disable stage 80, an atrial arrhythmia detector in the 
form of an atrial ?brillation detector 82, a ?rst counter 
84, a second counter 86, a third counter 88, and a charge 
delivery and energy control stage 90. 
The microprocessor 62 is arranged to operate in con 

junction with a memory 92. The memory 92 is coupled 
to the microprocessor 62 by a multiple-bit address bus 
94 and a bi-directional multiple-bit databus 96. The 
address bus 94 permits the microprocessor 62 to address 
desired memory locations within the memory 92 for 
executing write or read operations. During a write op 
eration, the microprocessor stores data, such as time 
intervals or operating parameters in the memory 92 at 
the addresses de?ned by the multiple-bit addresses con 
veyed over bus 94 and coveys the data to the memory 
92 over the multiple-bit bus 96. During a read operation, 
the microprocessor 62 obtains data from the memory 92 
from the storage locations identi?ed by the multiple-bit 
addresses provided over bus 94 and receives the data 
from the memory 92 over the bi-directional bus 96. 
For entering operating parameters into the memory 

92, the microprocessor 62 receives programmable oper 
ating parameters from an external controller 100 which 
is external to the skin of the patient. The external con 
troller 100 is arranged to communicate with a recei 
ver/ transmitter 102 which is coupled to the micro 
processor 62 over a bi-directional bus 104. The recei 
ver/transmitter 102 may be of the type well known in 
the art for conveying various information which it ob 
tains from the microprocessor 62 to the external con 
troller 100 or for receiving programming parameters 
from the external controller 100 which the receiver/ 
transmitter 102 then conveys to the microprocessor 62 
for storage in the memory 92. To that end, the memory 
92 includes a mode selection portion 98 for storing 
mode selection information to be described. hereinafter. 




























