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(57) ABSTRACT 

Systems and methods to inhibit the conduction of certain 
spurious electrical impulses in the heart. Inhibition of spu 
rious electrical impulses in the heart is accomplished by 
cooling one or more targeted portions of the heart. Option 
ally, inhibition of spurious electrical impulses may be 
accomplished by cooling of cardiac tissue in combination 
With pacing of the heart. 
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SYSTEM AND METHOD FOR BREAKING 
REENTRY CIRCUITS BY COOLING CARDIAC 

TISSUE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of US. 
patent application Ser. No. 09/929,478 ?led Aug. 14, 2001, 
pending, Which a continuation-in-part of US. Ser. No. 
09/231,570 ?led Jan. 14, 1999, now US. Pat. No. 6,295,470 
and a continuation-in-part of US. patent application Ser. No. 
10/053,750 ?led Jan. 21, 2002, pending, Which is a continu 
ation of US. patent application Ser. No. 09/690,947, ?led 
Oct. 8, 2000, now US. Pat. No. 6,341,235. This application 
claims priority under 35 U.S.C. § 119(e) from provisional 
application 60/439,206 ?led Jan. 10, 2003. The Ser. Nos. 
09/929,478, 10/053,750, and No. 60/387,517 applications, 
as Well as the US. Pat. Nos. 6,295,470 and 6,341,235, are 
all incorporated by reference herein, in their entireties, for 
all purposes. 

INTRODUCTION 

[0002] The present invention relates generally to a system 
and method for the stimulation of cardiac muscle tissue. In 
particular, the embodiments of the present invention provide 
a system and method for treating cardiac tissue by cooling 
the cardiac tissue to inhibit the conduction of certain elec 
trical signals in cardiac tissue and decrease the duration of 
tachycardia and enhance the effects of pacing and de?bril 
lation stimuli. 

BACKGROUND 

[0003] The function of the cardiovascular system is vital 
for survival. Through blood circulation, body tissues obtain 
necessary nutrients and oxygen, and discard Waste sub 
stances. In the absence of circulation, cells begin to undergo 
irreversible changes that lead to death. The muscular con 
tractions of the heart are the driving force behind circulation. 

[0004] Each of the heart’s contractions, or heartbeats, is 
triggered by electrical impulses. These electrical impulses 
are sent from the sinoatrial node (the heart’s natural pace 
maker), Which is located at the top of the upper-right 
chamber of the heart or right atrium. From there, the 
electrical impulses travel through the upper chambers of the 
heart (atria) and to the atrioventricular (AV) node, Where 
they are transmitted to the loWer chambers of the heart 
ventricles via the “bundle branches.” Thus, the electrical 
impulses travel from the sinoatrial node to the ventricles, to 
trigger and regulate the heartbeat. 

[0005] An arrhythmia is an abnormal heartbeat resulting 
from any change, deviation or malfunction in the heart’s 
conduction systemithe system through Which normal elec 
trical impulses travel through the heart. Under normal con 
ditions, each of the heart’s contractions, or heartbeats, is 
triggered by electrical impulses. These electrical impulses 
are sent from the sinoatrial node (the heart’s natural pace 
maker), Which is located at the top of the upper-right 
chamber of the heart or right atrium. From there, the 
electrical impulses travel through the upper chambers of the 
heart (atria) and to the atrioventricular (AV) node, Where 
they are transmitted to the loWer chambers of the heart 
ventricles via the “bundle branches.” Thus, the electrical 
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impulses travel from the sinoatrial node to the ventricles, to 
trigger and regulate the heartbeat. 

[0006] When the electrical “circuits” of the heart do not 
operate optimally, an arrhythmia may result. An arrhythmia 
may result in unusually fast (tachycardia) or unusually sloW 
(bradycardia) heartbeats. The cause of an arrhythmia may be 
related to a previous heart condition (e.g., previous damage 
from a heart attack) or to other factors (e.g., drugs, stress, not 
getting enough sleep). In the majority of cases, a skipped 
beat is not medically signi?cant. The most serious arrhyth 
mias, hoWever, contribute to approximately 500,000 deaths 
in the United States each year according to the American 
Heart Association. Sudden cardiac death (“cardiac arrest”) is 
responsible for approximately one-half of all deaths due to 
heart disease, and is the number one cause of death in the 
US, according to the North American Society of Pacing and 
Electrophysiology. 
[0007] Almost all clinically important tachyarrhythmias 
are the result of a propagating impulse that does not die out 
but continues to propagate and reactivate cardiac tissue 
(referred to as “reentry”). Such tachyarrhythmias include 
sinus node reentry, atrial ?brillation, atrial ?utter, atrial 
tychycardia, AV nodal reentry tachycardia, AV reentry 
(Wollf-Parkinson-White syndrome or concealed accessory 
AV connection), ventricular tachycardia, and bundled 
branch reentrant tachycardia. 

[0008] For reentry to occur, there must exist a substrate in 
the cardiac tissue capable of supporting reentry (the “reentry 
circuit”). The activation Wave front must be able to circulate 
around a central area of block and encounter a unidirectional 
block such that it is forced to travel in one direction around 
the central block. (If the activation Wave front is permitted 
to travel in both directions around the block, the Wave fronts 
Will collide and die out.) Of importance is the conductance 
speed of the circulating Wave front. If the conductance speed 
is too fast, the circulating Wave front Will arrive at its point 
of origin before the tissue has repolariZed su?iciently to 
become excitable again. Thus, at least one area of sloW 
conductance is part of the reentry circuit for virtually all 
clinical reentrant rhythms. Eliminating the sloW conduc 
tance elements of a reentry circuit destroys the circuit. 

[0009] Atrial ?brillation (AF) is the most common type of 
sustained arrhythmia, affecting tWo million people each year 
in the United States alone. Both atrial ?brillation and atrial 
?utter increase the risk of stroke. According to the American 
Heart Association, they lead to over 54,000 deaths in the 
United States each year. The risk of developing atrial 
?brillation increases dramatically With age. As a result, 
approximately 70 percent of patients With atrial ?brillation 
are betWeen the ages of 65 and 85 years old. AF is a rapid, 
abnormal heart rhythm (arrhythmia) caused by faulty elec 
trical signals from the upper chambers of the heart (atria). 
Electrical signals should normally be coming only from the 
sinoatrial node in a steady rhythmiabout 60 to 100 beats 
per minute. A heart experiencing AF presents tWo heart 
ratesian atrial rate and a heart rate. With AF, the atrial rate 
is 300-400 beats per minute While the heart rate is 100-175 
beats per minute. This heart rate is the result of the AV node 
blocking out most of the atrial impulses, and alloWing only 
the feWer impulses to emerge to the ventricle. 

[0010] Certain arrhythmias are related to speci?c electri 
cal problems Within the heart. AV nodal reentrant tachycar 
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dia is an arrhythmia caused by an extra conducting pathway 
within the AV node. This allows the heart’s electrical activity 
to “short circuit” or recyle within the AV nodal region. 

[0011] AV reentrant tachycardia results from an extra 
conducting pathway that allows the electrical impulse to 
“short circuit” and bypass the AV node altogether. In this 
mode, the extra “circuit” directly links the atria and ven 
tricles. In most cases, this pathway can only conduct “back 
wards”ifrom ventricles to atria. This is called a “concealed 
accessory pathway” since it cannot be diagnosed from a 
regular electrocardiogram (EKG). These arrhythmias may 
be treated medically, but can also be cured by catheter 
ablation. Less often, the extra pathway conducts in the 
forward direction (from atrium to ventricle) and is evident 
on the EKG, in which case the condition is called the 
Wollf-Parkinson-White syndrome (WPW). WPW syndrome 
may result in extremely rapid heartbeats and could poten 
tially result in death. Symptomatic WPW syndrome gener 
ally requires catheter ablation. 

[0012] A quite different (and life threatening) condition is 
ventricular ?brillation. Ventricular ?brillation involves a 
quivering of the ventricles instead of the atria. Unlike AF, it 
is life threatening because it results in 350 beats per minute 
or higher. The heart cannot keep that rate up for more than 
a few minutes without treatment (e.g., with a de?brillator). 

[0013] Under some conditions, arrhythmias may be tran 
sient. For example, a patient may be experiencing a particu 
lar period of stress, an illness, or a drug (legal or otherwise) 
reaction. In other cases, more invasive treatments are help 
ful. For a slow heartbeat (bradycardia), the most common 
treatment is an electronic (arti?cial) pacemaker. This device, 
which is implanted under the skin and permanently attached 
to the heart, delivers an electrical impulse when a slowing or 
irregularity of the heart rhythm is detected. For abnormally 
fast heartbeat rates, an implantable cardioverter de?brillator 
(ICD) may be implanted. An ICD monitors and, if necessary, 
corrects an abnormally fast heartbeat. These devices may be 
lifesaving for patients with ventricular ?brillation or ven 
tricular tachycardia. Another procedure is an electrophysi 
ology study with catheter ablation. This is a procedure in 
which catheters are introduced into the heart from blood 
vessels in the legs and/or neck and radio frequency energy 
is used to very carefully destroy (ablate) the abnormal areas 
of the heart that are creating the arrhythmias. 

[0014] In cardiac muscle, the muscle ?bers are intercon 
nected in branching networks that spread in all directions 
through the heart. When any portion of this net is stimulated, 
a depolarization wave passes to all of its parts and the entire 
structure contracts as a unit. Before a muscle ?ber can be 

stimulated to contract, its membrane must be polariZed. A 
muscle ?ber generally remains polariZed until it is stimu 
lated by some change in its environment. A membrane can 
be stimulated electrically, chemically, mechanically or by 
temperature change. The minimal stimulation strength 
needed to elicit a contraction is known as the threshold 
stimulus. The maximum stimulation amplitude that may be 
administered without eliciting a contraction is the maximum 
subthreshold amplitude. 

[0015] Throughout much of the heart are clumps and 
strands of specialiZed cardiac muscle tissue. This tissue 
comprises the cardiac conduction system and serves to 
initiate and distribute depolarization waves throughout the 
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myocardium. Any interference or block in cardiac impulse 
conduction may cause an arrhythmia or marked change in 
the rate or rhythm of the heart. 

[0016] Biphasic4either cathodal or anodal4current may 
be used to stimulate the myocardium. However, until the 
work embodied in Us. Pat. Nos. 5,871,506 and 6,141,586 
for example, anodal current was thought not to be useful 
clinically. Cathodal current comprises electrical pulses of 
negative polarity. This type of current depolariZes the cell 
membrane by discharging the membrane capacitor, and 
directly reduces the membrane potential toward threshold 
level. Cathodal current, by directly reducing the resting 
membrane potential toward threshold has a one-half to 
one-third lower threshold current in late diastole than does 
anodal current. Anodal current comprises electrical pulses of 
positive polarity. Presently, virtually all arti?cial pacemak 
ing is done using stimulating pulses of negative polarity 
although the utility of anodal pulse has been demonstrated. 

[0017] The typical implantable cardioverter/de?brillator 
(ICD) delivers an initial electrical countershock within ten to 
twenty seconds of arrhythmia onset, thereby saving count 
less lives. Improved devices have antitachycardia pacing 
capabilities in addition to cardiover‘ting/de?brillating func 
tions. These ICDs are capable of different initial responses 
to one or more tachycardia as well as a programmable 

sequence of responses to a particular arrhythmia. 

[0018] The output energy level is generally set by a 
physician in accordance with a patient’s capture threshold, 
determined at the time of heart implantation. This threshold 
represents the minimum pacing energy required to reliably 
stimulate a patient’s heart. However, due to trauma associ 
ated with the stimulation, scar tissue grows at the interface 
between the implanted cardiac pacer leads and the myocar 
dium. This scar tissue boosts the patient’s capture threshold. 
To insure reliable cardiac capture, the output energy level is 
thus generally set at a level which is a minimum of two times 
greater than the initially measured capture threshold. A 
drawback to such an approach is that the higher stimulation 
level causes more trauma to the cardiac tissue than would a 
lower level of stimulation, and hence promotes the forma 
tion of scar tissue, thereby boosting the capture threshold. 
The higher stimulation level also shortens battery life. This 
is not desirable, as a shorter battery life necessitates more 
frequent surgery to implant fresh batteries. 

[0019] Another drawback is the potential for patient dis 
comfort associated with this higher stimulation level. This is 
because the higher stimulation level can stimulate the 
phrenic or diaphragmatic plexus or cause intercostal muscle 
pacing. Lastly, the higher stimulation is less effective, due to 
entry block. 

[0020] Improvements to pacing technology have resulted 
in an enhanced conduction of electrical pulses associated 
with resultant heartbeats for those arrhythmia victims who 
do not respond to ordinary pacing. For example U.S. Pat. 
No. 6,343,232 B1 entitled “Augmentation of Muscle Con 
tractility by Biphasic Stimulation” was issued to Morton M. 
Mower M.D. That invention described increasing electrical 
conduction and contractility by biphasic pacing comprising 
an initial anodal pulse followed by a cathodal pulse. This 
technique increased the speed of conduction of the resultant 
beats by almost 100% over that produced by conventional 
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pacing stimuli. However, this technique did not result in 
reversion to a sinus rhythm for all victims of cardiac 
conduction disorder. 

[0021] What Would be truly useful is to provide alternative 
methods of stimulating the myocardium and to inhibit the 
conduction of certain spurious electrical impulses in the 
heart as a substitution for, or as an enhancement to, con 

ventional pacing and pharmaceutical therapies and/or to use 
the alternative method in conjunction With conventional 
pacing and safe pharmaceuticals to provide yet another 
method for overcoming cardiac conduction problems. 

SUMMARY 

[0022] An embodiment of the present invention comprises 
an implantable cardiac treatment/stimulation device 
designed to inhibit the conduction of certain spurious elec 
trical impulses preferably Without pacing. The technique 
applied in the implantable device comprises a cooling ele 
ment for cooling cardiac tissue. Optionally, the cooling 
process may be provided in combination With biphasic 
stimulation of the cardiac tissue. 

[0023] It is therefore an aspect of the present invention to 
inhibit the conduction of certain spurious electrical impulses 
in cardiac tissue affected by re-entry circuits. 

[0024] It is a further aspect of the present invention to 
inhibit the conduction of certain spurious electrical impulses 
in the heart by cooling cardiac tissue affected by re-entry 
circuits. 

[0025] It is a further aspect of the present invention to 
selectively apply cold temperature to areas of the cardiac 
tissue to inhibit the conduction of certain spurious electrical 
impulses in cardiac tissue affected by re-entry circuits. 

[0026] It is yet another aspect of the present invention to 
apply cold over large areas of the cardiac tissue to inhibit the 
conduction of certain spurious electrical impulses in cardiac 
tissue affected by re-entry circuits. 

[0027] It is still another aspect of the present invention to 
affect reentry circuits in a more effective manner than 
conventional cardiac pacing. 

[0028] It is still another aspect of the present invention to 
inhibit the conduction of certain spurious electrical impulses 
in the heart over large areas of tissue rather than only over 
small areas of a pacing site. 

[0029] It is further aspect of the present invention to 
provide an implantable stimulation device for automatically 
applying cold to cardiac tissue affected by re-entry circuits. 

[0030] It is yet another aspect of the present invention to 
provide a removable device for applying cold to cardiac 
tissue in operating room settings or trauma settings. 

[0031] It is still another aspect of the present invention to 
provide an implantable device that combines cooling of 
cardiac tissue With stimulation of cardiac tissue through 
conventional pacing means. 

[0032] It is another aspect of the present invention to 
provide an implantable device that combines cooling of 
cardiac tissue With stimulation of cardiac tissue through 
biphasic stimulation. 
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[0033] It is a further aspect of the present invention to 
provide an implantable cardiac stimulation device that can 
sense the onset of ?brillation or other tachyarrhythmias and 
can selectively apply cooling of cardiac tissue, pacing of 
cardiac tissue, de?brillation of cardiac tissue or a combina 
tion thereof as the situation dictates. 

[0034] In one aspect of the invention, both cooling and 
biphasic electrical stimulation is administered to the cardiac 
muscle. The anodal stimulation component of biphasic elec 
trical stimulation augments cardiac contractility by hyper 
polariZing the tissue prior to excitation, leading to faster 
impulse conduction, more intracellular calcium release, and 
the resulting superior cardiac contraction. The cathodal 
stimulation component eliminates the drawbacks of anodal 
stimulation alone, resulting in effective cardiac stimulation 
at a loWer voltage level than Would be required With anodal 
stimulation alone. This in turn, extends pacemaker battery 
life and reduces tissue damage. 

[0035] In a second aspect of the invention, cooling is 
applied to the cardiac tissue and biphasic electrical stimu 
lation is administered to the cardiac blood pool, that is, the 
blood entering and surrounding the heart. This enables 
cardiac stimulation Without the necessity of placing electri 
cal leads in intimate contact With cardiac tissue, thereby 
diminishing the likelihood of damage to this tissue. The 
stimulation threshold of biphasic stimulation administered 
via the blood pool is in the same range as standard stimuli 
delivered directly to the heart muscle. Through the use of 
biphasic electrical stimulation to the cardiac blood pool it is 
therefore possible to achieve enhanced cardiac contraction, 
Without skeletal muscle contraction, cardiac muscle damage 
or adverse effects to the blood pool. 

[0036] Yet another embodiment of the present invention 
comprises an implantable device for automatic treatment of 
frequently recurring bouts of atrial ?brillation or chronic 
atrial ?brillation. This embodiment comprises a sensing 
system Which monitors various parameters such as the PDF 
(probability density function) of the atrium to sense atrial 
?brillation. By sensing the PDF of the atrium, this provides 
a detector for atrial ?brillation that has not been previously 
considered. Upon sensing the PDF of the atrium and deter 
mining that atrial ?brillation is occurring, the implantable 
device of the present invention initially applies cooling to 
the cardiac tissue of the atria. This cooling is applied across 
a broad area via contact device dimensional to cover an 

extensive area of cardiac tissue. The cold temperature is then 
applied over the contact device to the cardiac tissue, cooling 
the cardiac tissue, and thereby inhibiting the conduction of 
spurious signals through the tissue. This decreased tempera 
ture will affect the reentry circuits in an effective fashion. 
Since the intervention is applied to a large area of tissue 
rather than a small pacing site, the inhibition of spurious 
signals can be achieved over a much broader area than a 
single point of contact as in conventional pacing. 

[0037] Cold is applied to the cardiac tissue for a brief 
period of time that is programmable and adjustable as 
sensors detect the need for the application of the cold. The 
amount of cooling applied and the total temperature of the 
heart are monitored through a thermostat function of the 
apparatus. Cooling can be accomplished by a mechanical 
hydraulic system for pumping cooled ?uid into a bladder on 
the surface of the atrium. 
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[0038] The heart rhythm is monitored and the application 
of cold temperature is repeated a number of times if initially 
unsuccessful. 

[0039] In those cases Where the decrease of temperature of 
this embodiment alone fails to entrain the cardiac tissue, an 
alternative embodiment comprises both a cooling element in 
the form of a contact device and more conventional cardiac 
stimulation elements that apply an electrical pulse to the 
cardiac tissue in the form of a negative phase, as an anodal 
pulse folloWed by a negative pulse, or other stimulation 
method knoWn in the art. 

[0040] This combination of cooling of cardiac tissue com 
bined With cardiac stimulation comprises yet another 
embodiment of the present invention. A processor in the 
implantable device senses the onset of ?brillation and ?rst 
applies cold temperature to the cardiac tissue. If this fails to 
affect the reentry circuits of the heart, a combination of 
cooling and electrical stimulation and/or electrical stimula 
tion alone could then be applied. If the combination does not 
affect the reentry circuit, then individual pacing in the more 
conventional fashion could be applied. Thus sensing and the 
application of stimulation of either cold temperature elec 
trical stimulation or a combination thereof are provided by 
circuitry Within the implantable device. 

[0041] The application of the embodiments described 
above Would not require anesthesia and Would potentially 
have a higher effective rate than conventional cardio-ver 
sion. 

[0042] A further embodiment of the present invention 
involves connecting the implantable device to a communi 
cation terminal, preferably Wireless, so that an appropriate 
caregiver can receive notice of a cardiac event. Signals could 
then be received by the physician indicating the condition. 
The physician Would then have the option to remotely 
control the stimulation protocol applied by the implantable 
device of the present invention. 

[0043] Yet another embodiment of the present invention 
involves altering the conductance of the heart by application 
of cold temperature With other forms of pacing such as rate 
control, and de?brillation. Pacing includes but is not limited 
to bipolar, biphasic, unipolar, monophasic, overdrive, atrial 
alone, atrio-ventricular and sequential pacing. 

[0044] An embodiment of the present invention provides 
methods for inhibiting the conduction of spurious electrical 
impulses in cardiac tissue comprising establishing a tem 
perature conducive to inhibited conduction of electrical 
impulses for a targeted portion of the heart; and applying a 
temperature decrease to the targeted portion to maintain the 
established temperature. 

[0045] Another embodiment of the present invention pro 
vides methods for inhibiting the conduction of spurious 
electrical impulses in cardiac tissue. The method comprising 
sensing the onset of arrhythmia, determining the tempera 
ture of the cardiac tissue at the time of onset of arrhythmia, 
and applying a temperature decrease beloW the present 
temperature to the cardiac tissue. 

[0046] Another embodiment of the present invention pro 
vides methods for inhibiting the conduction of spurious 
electrical impulses in cardiac tissue. Aheat-transfer operator 
is situated at each of one or more targeted portions of the 
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heart. In an embodiment of the present invention, the 
heat-transfer operator is a Peltier cooler. In another embodi 
ment of the present invention, the heat-transfer operator is a 
heat sink that is thermally coupled to a Peltier cooler. A 
symptom associated With an arrhythmia is detected, and, in 
response to detection of the symptom, the heat is selectively 
transferred aWay from the targeted portion in the heart 
related to arrhythmia by absorbing heat into the heat-transfer 
operator situated at the targeted portion r. 

[0047] In another embodiment of the present invention, 
methods for suppressing arrhythmia in a patient are pro 
vided. Aheat-transfer operator is implanted at each of one or 
more targeted portions of a patient’s heart. At least one 
heat-transfer operator is operated to cool at least one targeted 
portion of the heart, thereby suppressing the arrhythmia. 

[0048] In still another embodiment of the present inven 
tion, methods are provided for inhibiting the conduction of 
spurious electrical impulses in cardiac tissue. The onset of 
arrhythmia is sensed and the sensed arrhythmia evaluated. 
The temperature of the cardiac tissue at the time of onset of 
arrhythmia is also determined. Based on the evaluation of 
the sensed arrhythmia and cardiac tissue temperature, one or 
more remedial measures is selected from the group consist 
ing of applying a temperature decrease to the cardiac tissue 
and applying a pacing pulse to the cardiac tissue. The 
selected remedial measure is applied. 

[0049] Another embodiment of the present invention com 
prises apparatuses for inhibiting the conduction of spurious 
electrical impulses in cardiac tissue. A sensing means senses 
the onset of arrhythmia. A cooling means responsive to the 
sensing means applies a cooling stimulus to the cardiac 
tissue. In yet another embodiment of the present invention, 
apparatuses are provided or inhibiting the conduction of 
spurious electrical impulses in cardiac tissue. A sensor 
detects a symptom associated With an arrhythmia. A heat 
transfer operator is situated at each of one or more targeted 
portions of the heart. In an embodiment of the present 
invention, the heat-transfer operator is a Peltier cooler. In 
another embodiment of the present invention, the heat 
transfer operator is a heat sink coupled to a Peltier cooler 
implanted in the torso of the patient. The heat-transfer 
operator at each of the one or more targeted portions is 
adapted to respond to the sensor to remove heat from the 
targeted portion served by that heat-transfer operator. 

[0050] In still another embodiment of the present inven 
tion, apparatuses for suppressing arrhythmia in a patient are 
provided. A sensor detects a symptom associated With an 
arrhythmia. A heat-transfer operator is implanted at each of 
one or more targeted portions of a patient’s heart. In 
response to the detection of arrhythmia, the heat-transfer 
operator at each of the one or more targeted portions is 
adapted to transfer heat aWay from the targeted portion 
served by that heat-transfer operator such that each of the 
one or more targeted portions is cooled and the arrhythmia 
is suppressed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0051] FIG. 1 illustrates a methodology for inhibiting the 
conduction of spurious electrical impulses in cardiac tissue 
according to embodiments of the present invention 

[0052] FIG. 2 illustrates a methodology for inhibiting the 
conduction of spurious electrical impulses in cardiac tissue 
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by application of a temperature decrease to cardiac tissue 
according to embodiments of the present invention. 

[0053] FIG. 3 illustrates a methodology for inhibiting the 
conduction of spurious electrical impulses in cardiac tissue 
by application of a temperature decrease and at least one 
pacing pulse to cardiac tissue according to embodiments of 
the present invention. 

[0054] FIG. 4 illustrates a methodology for suppressing 
arrhythmia by selective application of a temperature 
decrease to a targeted portion of the heart and pacing pulses 
to cardiac tissue according to embodiments of the present 
invention. 

[0055] FIG. 5 illustrates an apparatus for inhibiting the 
conduction of electrical impulses in cardiac tissue by appli 
cation of a temperature decrease to a targeted portion of the 
heart according to embodiments of the present invention. 

DETAILED DESCRIPTION 

[0056] An embodiment of the present invention comprises 
an implantable cardiac treatment/stimulation device 
designed to inhibit the conduction of spurious electrical 
signals in cardiac tissue Without pacing. The technique 
applied in the implantable device comprises a cooling ele 
ment for cooling cardiac tissue. Optionally, one or both of 
the cooling embodiments may be provided in combination 
With cathodal-only or biphasic stimulation of the cardiac 
tissue. 

[0057] An embodiment of the present invention provides 
a method for inhibiting the conduction of spurious electrical 
impulses in cardiac tissue. The method comprises establish 
ing a temperature conducive to inhibited conduction of 
electrical impulses for a targeted portion of the heart; and 
applying a temperature decrease to the targeted portion to 
maintain the established temperature. The temperature of the 
targeted portion is sensed. If the targeted portion has reached 
the established temperature, the application of the tempera 
ture decrease is ceased. If the targeted portion has not 
achieved the established temperature, application of the 
temperature decrease to the targeted portion continues. 

[0058] The decrease in temperature of the cardiac tissue 
may be achieved through various means, including by Way 
of example and not as a limitation, applying a cooling ?uid 
to the cardiac tissue, electrically cooling the cardiac tissue, 
and mechanically cooling the cardiac tissue. 

[0059] Another embodiment of the present invention pro 
vides methods for inhibiting the conduction of spurious 
electrical impulses in cardiac tissue. The method comprises 
sensing the onset of arrhythmia, determining the tempera 
ture of the cardiac tissue at the time of onset of arrhythmia, 
and applying a temperature decrease to the cardiac tissue. In 
another method, the functioning of the cardiac tissue is 
sensed. If the cardiac tissue reverts to sinus rhythm, the 
application of the temperature decrease is ceased. If the 
cardiac tissue has not reverted to sinus rhythm, the appli 
cation of the temperature decrease to the cardiac tissue is 
continued. 

[0060] The decrease in temperature of the cardiac tissue 
may be achieved through various means, including by Way 
of example and not as a limitation, applying a cooling ?uid 
to the cardiac tissue, electrically cooling the cardiac tissue, 
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mechanically cooling the cardiac tissue, and cooling the 
cardiac tissue via an endothermic chemical reaction. 
Examples of cooling devices suitable for use in practicing 
the present invention are evaporative coolers, radiative cool 
ers, chillers, thermal holdover devices (such as thermal 
storage units, With or Without utiliZation of phase change 
phenomena), and gas expansion coolers. Cooling may be 
accomplished via a heat exchanger structure or via direct 
contact. 

[0061] In another embodiment of the present invention, 
sensing the onset of arrhythmia comprises sensing a symp 
tom indicative of arrhythmia. Various symptoms indicative 
of arrhythmia may be sense, including by Way of example 
and not as a limitation an electrical change Within the heart, 
and a change in a measure of heart function. 

[0062] In another embodiment of the present invention, a 
method for inhibiting the conduction of spurious electrical 
impulses in cardiac tissue further comprising applying a 
pacing pulse to cardiac tissue. Pacing may be accomplished 
by one or more electrodes in contact With cardiac tissue, or 
electrodes located in the blood pool of one or more of the 
heart chambers. In either method, the pacing pulse is applied 
to the one or more electrodes. The pacing pulse may be a 
cathodal electrical Waveform or a biphasic electrical Wave 
form comprising cathodal and anodal elements. 

[0063] Another embodiment of the present invention pro 
vides methods for inhibiting the conduction of spurious 
electrical impulses in cardiac tissue. One or more portions of 
the heart affected by one or more reentry circuits is targeted. 
In an embodiment of the present invention, each of the one 
or more targeted portions is selected from the group con 
sisting of a right anterior-lateral atrial surface, a left anterior 
lateral atrial surface, a right postero-lateral atrial surfaces, 
and a left postero-lateral atrial surface. A heat-transfer 
operator is situated at each of one or more targeted portions 
of the heart. In an embodiment of the present invention, the 
heat-transfer operator is a Peltier cooler. The Peltier cooler 
may be electrically connected to a poWer source implanted 
in the patient’s torso. In another embodiment of the present 
invention, the heat-transfer operator is a heat sink that is 
thermally coupled to a Peltier cooler implanted in a patient’s 
torso. Optionally, the heat sink is thermally couple using a 
mechanical contact or a thermal transfer ?uid. 

[0064] A symptom associated With an arrhythmia is 
detected, and, in response to detection of the symptom, the 
heat is selectively transferred aWay from the targeted portion 
in the heart related to arrhythmia by absorbing heat into the 
heat-transfer operator situated at the targeted portion. 

[0065] The symptom may be detected Within the heart. 
The heat-transfer operator is activated in response to the 
detection of arrhythmia. Various symptoms may be detected, 
including by Way of example and not as a limitation, an 
electrical change Within the heart and a change in a measure 
of heart function. 

[0066] Another method comprises sensing the functioning 
of the heart and, in the event the symptom associated With 
arrhythmia is not detected, ceasing transferring heat aWay 
from at least one of the targeted portions. 

[0067] In another embodiment of the present invention, a 
method for inhibiting the conduction of spurious electrical 
impulses in cardiac tissue further comprising applying a 
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pacing pulse to cardiac tissue. Pacing may be accomplished 
by one or more electrodes in contact With cardiac tissue, or 
electrodes located in the blood pool of one or more of the 
heart chambers. In either method, the pacing pulse is applied 
to the one or more electrodes. The pacing pulse may be a 
cathodal electrical Waveform or a biphasic electrical Wave 
form comprising cathodal and anodal elements. 

[0068] In another embodiment of the present invention, a 
method for inhibiting the conduction of spurious electrical 
impulses in cardiac tissue comprises applying a pacing pulse 
to cardiac tissue. Pacing may be accomplished by one or 
more electrodes in contact With cardiac tissue, or electrodes 
located in the blood pool of one or more of the heart 
chambers. In either method, the pacing pulse is applied to 
the one or more electrodes. The pacing pulse may be a 
cathodal electrical Waveform or a biphasic electrical Wave 
form comprising cathodal and anodal elements. 

[0069] In another exemplary embodiment of the present 
invention, a method for suppressing arrhythmia in a patient 
is provided. A heat-transfer operator is implanted at each of 
one or more targeted portions of a patient’s heart. At least 
one heat-transfer operator is operated to cool at least one 
targeted portion of the heart, thereby suppressing the 
arrhythmia. In an embodiment of the present invention, the 
heat-transfer operator is a Peltier cooler implanted on one or 
more targeted portions each selected from the group con 
sisting of a right anterior-lateral atrial surface, a left anterior 
lateral atrial surface, a right postero-lateral atrial surfaces, 
and a left postero-lateral atrial surface. The Peltier cooler 
may be electrically connected to a poWer source implanted 
in the patient’s torso. In another embodiment of the present 
invention, the heat-transfer operator is a heat sink implanted 
on one or more targeted portions each selected from the 
group consisting of a right anterior-lateral atrial surface, a 
left anterior-lateral atrial surface, a right postero-lateral atrial 
surfaces, and a left postero-lateral atrial surface that is 
thermally coupled to a Peltier cooler implanted in a patient’s 
torso. Optionally, the heat sink is thermally couple using a 
mechanical contact or a thermal transfer ?uid. 

[0070] Another method for suppressing arrhythmia in a 
patient comprises implanting in the patient’s heart at least 
one sensing-contact for sensing a symptom and connecting 
the sensing-contact to a poWer source that supplies poWer 
for the operation of the heat-transfer operator upon the 
sensing of a symptom. Various symptoms may be sensed, 
including by Way of illustration and not as a limitation, an 
electrical change Within the heart, and a measure of heart 
function. 

[0071] In another embodiment of the present invention, 
the method for suppressing arrhythmia in a patient further 
comprises applying a pacing pulse to cardiac tissue. Pacing 
may be accomplished by one or more electrodes in contact 
With cardiac tissue, or electrodes located in the blood pool 
of one or more of the heart chambers. In either method, the 
pacing pulse is applied to the one or more electrodes. The 
pacing pulse may be a cathodal electrical Waveform or a 
biphasic electrical Waveform comprising cathodal and 
anodal elements. 

[0072] In still another embodiment of the present inven 
tion, methods are provided for inhibiting the conduction of 
spurious electrical impulses in cardiac tissue. The onset of 
arrhythmia is sensed and the sensed arrhythmia evaluated. 
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The temperature of the cardiac tissue at the time of onset of 
arrhythmia is also determined. Based on the evaluation of 
the sensed arrhythmia and cardiac tissue temperature, one or 
more remedial measures is selected from the group consist 
ing of applying a temperature decrease to the cardiac tissue 
and applying a pacing pulse to the cardiac tissue. The 
selected remedial measure is applied. Optionally, the cardiac 
tissue function is sensed and if the cardiac tissue reverts to 
sinus rhythm, the application of the remedial measure 
ceases. Similarly, if the cardiac tissue does not revert to sinus 
rhythm, application of the remedial measure continues. 

[0073] In still other embodiments of the present invention, 
apparatuses for inhibiting the conduction of spurious elec 
trical impulses in cardiac tissue are provided. An apparatus 
comprises a sensing means for sensing the onset of arrhyth 
mia and a cooling means responsive to the sensing means for 
applying a cooling stimulus to the cardiac tissue. An appa 
ratus further comprises logic means for sensing When a sinus 
rhythm has been reestablished in the cardiac tissue and for 
halting the cooling stimulus in the event a sinus rhythm has 
been reestablished. Additional means are provided to con 
tinue the cooling stimulus in the event a sinus rhythm has not 
been reestablished. 

[0074] Cooling means include, by Way of illustration and 
not as a limitation, means for applying a cooling ?uid to the 
cardiac tissue, an electrical cooling apparatus, and a 
mechanical cooling apparatus. Additionally, the sensing 
means may be adapted to sense a symptom associated With 
an arrhythmia. By Way of illustration and not as a limitation, 
the symptom may be an electrical change Within the heart 
and a measure of heart function. 

[0075] Another apparatus of the present invention further 
comprises a cardiac stimulation generator and one or more 
electrodes in contact With cardiac tissue. The electrodes are 
connected to the cardiac stimulation generator, Which is 
adapted to apply a pacing pulse as a cathodal electrical 
Waveform or a biphasic Waveform to the caridiac tissue. In 
an alternative embodiment of the present invention, the 
electrodes are in contact With the cardiac blood pool. 
Optionally, the cardiac stimulation generator is responsive to 
the sensing means. 

[0076] Yet another apparatus of the present invention for 
inhibiting the conduction of spurious electrical impulses in 
cardiac tissue comprises a sensor for detecting a symptom 
associated With an arrhythmia. By Way of illustration and not 
as a limitation, the symptom may be an electrical change 
Within the heart, a measure of heart function, and a change 
indicative of an arrhythmia. A heat-transfer operator is 
situated at each of one or more targeted portions in the heart. 
In an embodiment of the present invention, the heat-transfer 
operator is a Peltier cooler. The Peltier cooler may be 
electrically connected to a poWer source implanted in the 
patient’s torso. In another embodiment of the present inven 
tion, the heat-transfer operator is a heat sink that is thermally 
coupled to a Peltier cooler implanted in a patient’s torso. 
Optionally, the heat sink is thermally couple using a 
mechanical contact or a thermal transfer ?uid. 

[0077] The heat-transfer operator at each of the one or 
more targeted portions is adapted to respond to the sensor to 
remove heat from the targeted portion served by that heat 
transfer operator. The sensor may be located on the heat 
transfer operator. 
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[0078] An apparatus further comprises logic means for 
sensing When a sinus rhythm has been reestablished in the 
cardiac tissue and for halting the cooling stimulus in the 
event a sinus rhythm has been reestablished. Additional 
means are provided to continue the cooling stimulus in the 
event a sinus rhythm has not been reestablished. 

[0079] In another embodiment of the present invention, 
the apparatus further comprises a poWer source adapted to 
apply poWer to the sensor and to activate the heat-transfer 
operator upon detection of a symptom. Optionally, the 
poWer source stores sufficient energy to suppress arrhythmia 
in a patient for an extended period of time. Additionally, the 
poWer source automatically ceases to apply poWer to the 
heat-transfer operator after the one or more targeted portions 
are su?iciently cooled. In an embodiment of the present 
invention, the one or more targeted portions are suf?ciently 
cooled When there is a subsidence of the symptom as 
detected by the sensing-contact. Alternatively, the one or 
more targeted portions are suf?ciently cooled When each 
targeted portion reaches a predetermined temperature as 
measured by a thermacouple. In yet another alternative 
embodiment, the one or more targeted portions are suffi 
ciently cooled When heat is transferred aWay from the one or 
more targeted portions for a programmed period of time. 

[0080] In an embodiment of the present invention, each of 
the one or more targeted portions is selected from the group 
consisting of a right anterior-lateral atrial surface, a left 
anterior-lateral atrial surface, a right postero-lateral atrial 
surfaces, and a left postero-lateral atrial surface. 

[0081] In another embodiment of present invention, the 
apparatus further comprises a cardiac stimulation generator 
and one or more electrodes in contact With cardiac tissue. 
The electrodes are connected to the cardiac stimulation 
generator, Which is adapted to apply a pacing pulse as a 
cathodal electrical Waveform or a biphasic Waveform to the 
caridiac tissue. In an alternative embodiment of the present 
invention, the electrodes are in contact With the cardiac 
blood pool. Optionally, the cardiac stimulation generator is 
responsive to the sensing means. 

[0082] Yet another apparatus of the present invention 
suppresses arrhythmia in a patient. The apparatus comprises 
a sensor for detecting a symptom associated With an arrhyth 
mia. By Way of illustration and not as a limitation, the 
symptom may be an electrical change Within the heart, a 
measure of heart function, and a change indicative of an 
arrhythmia. A heat-transfer operator is situated at each of 
one or more targeted portions in the heart, In response to the 
detection of arrhythmia, the heat-transfer operator at each of 
the one or more targeted portions is adapted to transfer heat 
aWay from the targeted portion served by that heat-transfer 
operator. As result, each of the one or more targeted portions 
is cooled and the arrhythmia is suppressed. 

[0083] In an embodiment of the present invention, the 
heat-transfer operator is a Peltier cooler. The Peltier cooler 
may be electrically connected to a poWer source implanted 
in the patient’s torso. The poWer source is adapted to apply 
poWer to the sensor and to activate the heat-transfer operator 
upon the detection of a symptom. In another embodiment of 
the present invention, the heat-transfer operator is a heat sink 
that is thermally coupled to a Peltier cooler implanted in a 
patient’s torso. Optionally, the heat sink is thermally couple 
using a mechanical contact or a thermal transfer ?uid. 
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[0084] In yet another embodiment of the present inven 
tion, the one or more targeted portions is each selected from 
the group consisting of a right anterior-lateral atrial surface, 
a left anterior-lateral atrial surface, a right postero-lateral 
atrial surfaces, and a left postero-lateral atrial surface. 

[0085] In another embodiment of the present invention, 
the apparatus further comprises a poWer source adapted to 
apply poWer to the sensor and to activate the heat-transfer 
operator upon detection of a symptom. 

[0086] In another embodiment of present invention, the 
apparatus further comprises a cardiac stimulation generator 
and one or more electrodes in contact With cardiac tissue. 
The electrodes are connected to the cardiac stimulation 
generator, Which is adapted to apply a pacing pulse as a 
cathodal electrical Waveform or a biphasic Waveform to the 
caridiac tissue. In an alternative embodiment of the present 
invention, the electrodes are in contact With the cardiac 
blood pool. Optionally, the cardiac stimulation generator is 
responsive to the sensor. 

[0087] FIG. 1 illustrates a methodology for inhibiting the 
conduction of spurious electrical impulses in cardiac tissue 
according to embodiments of the present invention. Refer 
ring to FIG. 1, a temperature conducive to inhibited con 
duction of electrical impulses is established for a targeted 
portion of the heart 100. A temperature decrease is applied 
to the targeted portion to maintain the established tempera 
ture 110. The temperature of the targeted portion is sensed 
115 and a determination is made as to Whether the targeted 
portion has reached the established temperature 120. If the 
targeted portion has reached the established temperature, the 
application of the temperature decrease is ceased 125. If the 
targeted portion has not achieved the established tempera 
ture, application of the temperature decrease to the targeted 
portion continues 130. While FIG. 1 illustrates a single 
targeted portion, the present invention is not so limited. One 
or more targeted portions may be identi?ed and associated 
With an established temperature 120 Without departing from 
the scope of the present invention. 

[0088] The decrease in temperature of the cardiac tissue 
may be achieved through various means, including by Way 
of example and not as a limitation, applying a cooling ?uid 
to the cardiac tissue, electrically cooling the cardiac tissue, 
and mechanically cooling the cardiac tissue. 

[0089] FIG. 2 illustrates a methodology for inhibiting the 
conduction of electrical spurious electrical impulses in car 
diac tissue by application of a temperature decrease to 
cardiac tissue according to embodiments of the present 
invention. Referring to FIG. 2, the onset of arrhythmia is 
sensed 200 and a temperature decrease applied to cardiac 
tissue 210. The functioning of the cardiac tissue is sensed 
215 and a determination is made as to Whether the cardiac 
tissue has reverted to sinus rhythm 220. If the cardiac tissue 
has reverted to sinus rhythm, the application of a tempera 
ture decrease to the cardiac tissue is ceased 225. If the 
cardiac tissue has not reverted to sinus rhythm, the appli 
cation of a temperature decrease to the cardiac tissue is 
continued 230. 

[0090] FIG. 3 illustrates a methodology for inhibiting the 
conduction of spurious electrical impulses in cardiac tissue 
by application of a temperature decrease and at least one 
pacing pulse to cardiac tissue according to embodiments of 
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the present invention. Referring to FIG. 3, the onset of 
arrhythmia is sensed 300. At least one pacing pulse and a 
temperature decrease are applied to cardiac tissue 310. The 
functioning of the cardiac tissue is sensed 315 and a deter 
mination is made as to Whether the cardiac tissue has 
reverted to sinus rhythm 320. If the cardiac tissue has 
reverted to sinus rhythm, the application of the at least one 
pacing pulse and a temperature decrease to the cardiac tissue 
is ceased 325. If the cardiac tissue has not reverted to sinus 
rhythm, the application of the at least one pacing pulse and 
a temperature decrease is continued 330. As previously 
described, a pacing pulse may be cathodal or biphasic and 
may be applied to the cardiac tissue through electrodes in 
contact With the blood pool of the heart or in contact With the 
cardiac tissue. 

[0091] FIG. 4 illustrates a methodology for suppressing 
arrhythmia by selective application of a temperature 
decrease to a targeted portion of the heart and pacing pulses 
to cardiac tissue according to embodiments of the present 
invention. Referring to FIG. 4, the onset of arrhythmia is 
sensed 400. The arrhythmia is evaluated and the temperature 
of the cardiac tissue is determined 405. Based on the 
evaluation of the sensed arrhythmia and cardiac tissue 
temperature, one or more remedial measures is selected from 

the group consisting of applying a temperature decrease to 
the cardiac tissue and applying a pacing pulse to the cardiac 
tissue 410. The selected remedial measure(s) is (are) applied 
to the cardiac tissue 415. The selective application of heart 
cooling and pacing pulses is determined by logic incorpo 
rated into a computer processor. In an embodiment of the 
present invention, the processor is located in the means that 
provides the pacing pulse. Alternatively, the processor is 
located in the means that provides the cooling function. In 
yet another embodiment of the present invention, the pro 
cessor is a separate device. The functioning of the cardiac 
tissue is sensed 420 and a determination is made as to 
Whether the cardiac tissue has reverted to sinus rhythm 425. 
If the cardiac tissue has reverted to sinus rhythm, the 
application of the selected remedial measure(s) ceases 430. 
If the cardiac tissue has not reverted to sinus rhythm, the 
application of the selected remedial measure(s) continues 
435. In an alternate embodiment, the temperature of the 
cardiac tissue and the arrhythmia are reevaluated and one or 
more remedial measures are again selected. 

[0092] As previously described, the pacing pulse may be 
cathodal or biphasic and may be applied to the cardiac tissue 
through electrodes in contact With the blood pool of the heart 
or in contact With the cardiac tissue. 

[0093] FIG. 5 illustrates an apparatus for inhibiting the 
conduction of spurious electrical impulses in cardiac tissue 
by application of a temperature decrease to a targeted 
portion of the heart according to embodiments of the present 
invention. Referring to FIG. 5, a heart sensing means 510 
and a heart cooling means 515 are applied to a heart 505 in 
a patient 500. In an embodiment of the present invention, 
heart sensing means 510 senses the onset of arrhythmia. In 
response to the heart sensing means 510, cooling is applied 
to the heart via heart cooling means 515. Logic 520 senses 
When a sinus rhythm has been reestablished in the cardiac 
tissue. If a sinus rhythm has been reestablished in the cardiac 
tissue, logic 520 halts the cooling stimulus to cooling means 
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515. If a sinus rhythm has not been reestablished in the 
cardiac tissue, logic 520 continues the cooling stimulus to 
cooling means 515. 

[0094] In an embodiment of the present invention, heart 
cooling means 515 comprises a Peltier cooler. Such heat 
transfer operators pass electricity through junctions betWeen 
dissimilar metals. The atoms of the dissimilar metals have a 
difference in energy levels that results in a step betWeen 
energy levels at each of the metals’ junctions. As electricity 
is passed through the metals, the electrons of the metal With 
the loWer energy level pass the ?rst step as they How to the 
metal With the higher energy level. In order to pass this step 
and continue the circuit, the electrons must absorb heat 
energy that causes the metal at the ?rst junction to cool. At 
the opposite junction, Where electrons travel from a high 
energy level to a loW energy level they give off energy Which 
results in an increase in temperature at that junction. 

[0095] As Will be appreciated by those skilled in the art, 
other cooling means may be utiliZed to perform the func 
tions of the present invention Without departing from its 
scope. By Way of illustration and not as a limitation, heart 
cooling means 515 may be another device or system that 
absorbs heat from a speci?c area and accomplishes heat 
transfer through convection of ?uids or conduction. Alter 
natively, cooling may be accomplished by a mechanical 
hydraulic system for pumping cooled ?uid into a bladder on 
the surface of the atrium. The amount of cooling applied and 
the total temperature of the heart may be monitored through 
a “thermostat” function of the apparatus. 

[0096] In another embodiment of the present invention, 
heart cooling means further comprises a heat sink thermally 
coupled to a heat-transfer operator, such as a Peltier cooler. 
The heat-transfer operator is electrically connected to a 
poWer source that supplies a current through the heat 
transfer operator to affect heat transfer. The poWer source 
operates ef?ciently by poWering off the heat-transfer opera 
tor supply When heat transfer is not needed. When heat 
transfer is desired, the poWer source can be activated to 
supply a DC current to the heat-transfer operator that Will, 
in turn, activate heat transfer from the targeted portion 
through the temperature-contact to the cold junction of the 
heat-transfer operator. 

[0097] In another embodiment of the present invention, 
the heat-transfer operator is responsive to the heart sensing 
means 510, Which detects a symptom of arrhythmia. The 
symptoms detected by the heart sensing means may be 
electrical or physiological measures indicative of arrhyth 
m1a. 

[0098] In yet another embodiment of the present inven 
tion, logic 520 determines a time for su?icient cooling the 
heart. The time necessary for suf?cient cooling may be 
programmed into logic 520 or may be calculated by logic 
520 based on information obtained from heart sensing 
means 510. 

[0099] Referring again to FIG. 5, in another embodiment 
of the present invention, a cardiac stimulation generator 530 
applies a pacing pulse to the cardiac tissue via electrode 525. 
While FIG. 5 illustrates a single electrode, the present 
invention is not so limited. As Will be appreciated by those 
skilled in the art, multiple electrodes may be utiliZed Without 
departing from the scope of the present invention. Addition 



US 2006/0241707 A9 

ally, electrode 525 may be placed in contact With the cardiac 
tissue or be located Within a blood pool of the heart. Cardiac 
stimulation generator 530 is responsive to heart sensing 
means 510. The pacing pulse generated by cardiac stimula 
tion generator 530 may be a cathodal electrical Waveform or 
a biphasic electrical Waveform comprising cathodal and 
anodal elements. 

[0100] While the embodiments of the present invention 
have been directed to cooling cardiac tissue for the purpose 
of inhibiting the conduction of spurious electrical impulses, 
the present invention is not so limited. Spurious electrical 
signals affect other parts of the human body (e.g., the brain, 
skeletal muscles, pain receptors) that can be inhibited by 
cooling. As Would be apparent to those skilled in the art, the 
embodiments of the present invention may be applied to 
inhibit spurious electrical signals of other parts of the body 
Without departing from the scope of the present invention. 

[0101] Systems and methods for inhibiting the conduction 
of spurious electrical impulses in cardiac tissue have been 
described. It Will be understood by those skilled in the art of 
the present invention may be embodied in other speci?c 
forms Without departing from the scope of the invention 
disclosed and that the examples and embodiments described 
herein are in all respects illustrative and not restrictive. 
Those skilled in the art of the present invention Will recog 
niZe that other embodiments using the concepts described 
herein are also possible. 

What is claimed is: 
1. A method for inhibiting the conduction of spurious 

electrical impulses in cardiac tissue comprising: 

sensing the onset of arrhythmia; 

determining the temperature of the cardiac tissue at the 
time of onset of arrhythmia; and 

applying a temperature decrease to the cardiac tissue via 
a cooling selected from the group consisting of: apply 
ing a cooling ?uid to the cardiac tissue, electrically 
cooling the cardiac tissue, mechanically cooling the 
cardiac tissue, and an endothermic chemical reaction. 

2. A method for inhibiting the conduction of spurious 
electrical impulses in cardiac tissue comprising: 

sensing the onset of arrhythmia; 

determining the temperature of the cardiac tissue at the 
time of onset of arrhythmia; 

applying a temperature decrease to the cardiac tissue; and 

applying a pacing pulse to cardiac tissue. 
3. The method for inhibiting the conduction of electrical 

impulses in cardiac tissue of claim 2, Wherein applying a 
pacing pulse to the heart comprises: 

planting one or more electrodes in contact With cardiac 

tissue; and 

applying the pacing pulse to the cardiac tissue via the one 
or more electrodes. 

4. The method for inhibiting the conduction of electrical 
impulses in cardiac tissue of claim 3, Wherein the pacing 
pulse is a cathodal electrical Waveform. 

5. The method for inhibiting the conduction of electrical 
impulses in cardiac tissue of claim 3, Wherein the pacing 
pulse is a biphasic electrical Waveform. 
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6. The method for inhibiting the conduction of electrical 
impulses in cardiac tissue of claim 2, Wherein applying a 
pacing pulse to the heart comprises: 

locating one or more electrodes in a cardiac blood pool; 
and 

applying the pacing pulse to the cardiac blood pool via the 
one or more electrodes. 

7. The method for inhibiting the conduction of electrical 
impulses in cardiac tissue of claim 6, Wherein the pacing 
pulse is a cathodal electrical Waveform. 

8. The method for inhibiting the conduction of electrical 
impulses in cardiac tissue of claim 7, Wherein the pacing 
pulse is a biphasic electrical Waveform. 

9. A method for inhibiting the conduction of spurious 
electrical impulses in cardiac tissue comprising: 

detecting a symptom associated With an arrhythmia; 

targeting one or more portions of the heart affected by one 
or more reentry circuits; and 

in response to detection of the symptom, transferring heat 
aWay from the one or more targeted portions in the 
heart by absorbing heat into a heat-transfer operator 
located at each of the one or more targeted portions; 

Wherein transferring heat aWay from one or more targeted 
portions in the heart by absorbing heat into a heat 
transfer operator located at each of the one or more 
targeted portions comprises transferring heat aWay 
from one or more targeted portions in the heart by 
absorbing heat into a Peltier cooler located at each of 
the one or more targeted portions. 

10. The method for inhibiting the conduction of electrical 
impulses in cardiac tissue of claim 9, Wherein the Peltier 
cooler is electrically connected to a poWer source implanted 
in the patient’s torso. 

11. The method for inhibiting the conduction of electrical 
impulses in cardiac tissue of claim 9, Wherein each of the 
one or more targeted portions is selected from the group 
consisting of a right anterior-lateral atrial surface, a left 
anterior-lateral atrial surface, a right postero-lateral atrial 
surfaces, and a left postero-lateral atrial surface. 

12. A method for inhibiting the conduction of spurious 
electrical impulses in cardiac tissue comprising: 

detecting a symptom associated With an arrhythmia; 

targeting one or more portions of the heart affected by one 
or more reentry circuits; and 

in response to detection of the symptom, transferring heat 
aWay from the one or more targeted portions in the 
heart by absorbing heat into a heat-transfer operator 
located at each of the one or more targeted portions; 

Wherein transferring heat aWay from the one or more 
targeted portions in the heart by absorbing heat into a 
heat-transfer operator located at each of the one or 
more targeted portions comprises transferring heat 
aWay from the one or more targeted portions in the 
heart by absorbing heat into heat sink located at each of 
the targeted portion and thermally coupled to a Peltier 
cooler enclosed in a housing that is implanted in the 
patient’s torso. 
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13. The method for inhibiting the conduction of electrical 
impulses in cardiac tissue of claim 12, Wherein the Peltier 
cooler is electrically connected to a poWer source located 
Within the housing. 

14. The method for inhibiting the conduction of electrical 
impulses in cardiac tissue of claim 12, Wherein the heat sink 
is coupled to the Peltier cooler through mechanical contact. 

15. The method for inhibiting the conduction of electrical 
impulses in cardiac tissue of claim 12, Wherein the heat sink 
is coupled to the Peltier cooler through a thermal transfer 
?uid. 

16. The method for inhibiting the conduction of electrical 
impulses in cardiac tissue of claim 12, Wherein each of the 
one or more targeted portions is selected from the group 
consisting of a right anterior-lateral atrial surface, a left 
anterior-lateral atrial surface, a right postero-lateral atrial 
surfaces, and a left postero-lateral atrial surface. 

17. A method for inhibiting the conduction of spurious 
electrical impulses in cardiac tissue comprising: 

detecting a symptom associated With an arrhythmia; 

targeting one or more portions of the heart affected by one 
or more reentry circuits; 

in response to detection of the symptom, transferring heat 
aWay from the one or more targeted portions in the 
heart by absorbing heat into a heat-transfer operator 
located at each of the one or more targeted portions; 
and 

applying a pacing pulse to cardiac tissue. 
18. The method for inhibiting the conduction of electrical 

impulses in cardiac tissue of claim 17, Wherein applying a 
pacing pulse to the heart comprises: 

planting one or more electrodes in contact With cardiac 

tissue; and 

applying the pacing pulse to the cardiac tissue Via the one 
or more electrodes. 

19. The method for inhibiting the conduction of electrical 
impulses in cardiac tissue of claim 18, Wherein the pacing 
pulse is a cathodal electrical Waveform. 

20. The method for inhibiting the conduction of electrical 
impulses in cardiac tissue of claim 18, Wherein the pacing 
pulse is a biphasic electrical Waveform. 

21. The method for inhibiting the conduction of electrical 
impulses in cardiac tissue of claim 17, Wherein applying a 
pacing pulse to the heart comprises: 

locating one or more electrodes in a cardiac blood pool; 
and 

applying the pacing pulse to the cardiac blood pool Via the 
one or more electrodes. 

22. The method for inhibiting the conduction of electrical 
impulses in cardiac tissue of claim 21, Wherein the pacing 
pulse is a cathodal electrical Waveform. 

23. The method for inhibiting the conduction of electrical 
impulses in cardiac tissue of claim 22, Wherein the pacing 
pulse is a biphasic electrical Waveform. 

24. A method for suppressing arrhythmia in a patient 
comprising: 

implanting a heat-transfer operator in contact With each of 
one or more targeted portions of the patient’s heart; and 
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suppressing the arrhythmia by operating at least one 
heat-transfer operator implanted at the one or more 
targeted portions to cool at least one targeted portion of 
the heart; 

Wherein implanting a heat-transfer operator in contact 
With each of one or more targeted portions of the 
patient’s heart comprises implanting a Peltier cooler on 
one or more targeted portions each selected from the 
group consisting of a right anterior-lateral atrial sur 
face, a left anterior-lateral atrial surface, a right pos 
tero-lateral atrial surfaces, and a left postero-lateral 
atrial surface. 

25. The method for suppressing arrhythmia in a patient of 
claim 24, Wherein the Peltier cooler is electrically connected 
to a poWer source implanted in the patient’s torso. 

26. A method for suppressing arrhythmia in a patient 
comprising: 

implanting a heat-transfer operator in contact With each of 
one or more targeted portions of the patient’s heart; 

suppressing the arrhythmia by operating at least one 
heat-transfer operator implanted at the one or more 
targeted portions to cool at least one targeted portion of 
the heart; 

implanting a heat sink on one or more targeted portion 
each selected from the group consisting of a right 
anterior-lateral atrial surface, a left anterior-lateral 
atrial surface, a right postero-lateral atrial surfaces, and 
a left postero-lateral atrial surface; and 

thermally coupling the heat sink implanted on each of the 
one or more targeted portions to a Peltier cooler 
enclosed in a housing that is implanted in the patient’s 
torso. 

27. The method for suppressing arrhythmia in a patient of 
claim 26, Wherein the Peltier cooler is electrically connected 
to a poWer source located Within the housing. 

28. The method for suppressing arrhythmia in a patient of 
claim 26, Wherein the heat sink is coupled to the Peltier 
cooler through mechanical contact. 

29. The method for suppressing arrhythmia in a patient of 
claim 26, Wherein the heat sink is coupled to the Peltier 
cooler through a thermal transfer ?uid. 

30. The method for suppressing arrhythmia in a patient of 
claim 26, Wherein sensing a symptom comprises sensing an 
electrical change Within the heart. 

31. The method for suppressing arrhythmia in a patient of 
claim 26, Wherein sensing a symptom comprises sensing a 
change in a measure of heart function. 

32. A method for suppressing arrhythmia in a patient 
comprising: 

implanting a heat-transfer operator in contact With each of 
one or more targeted portions of the patient’s heart; 

suppressing the arrhythmia by operating at least one 
heat-transfer operator implanted at the one or more 
targeted portions to cool at least one targeted portion of 
the heart; and 

applying a pacing pulse to cardiac tissue. 
33. The method for suppressing arrhythmia in a patient of 

claim 32, Wherein applying a pacing pulse to the heart 
comprises: 
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planting one or more electrodes in contact With cardiac 

tissue; and 

applying the pacing pulse to the cardiac tissue via the one 
or more electrodes. 

34. The method for suppressing arrhythmia in a patient of 
claim 33, Wherein the pacing pulse is a cathodal electrical 
Waveform. 

35. The method for suppressing arrhythmia in a patient of 
claim 33, Wherein the pacing pulse is a biphasic electrical 
Waveform. 

36. The method for suppressing arrhythmia in a patient of 
claim 33, Wherein applying a pacing pulse to the heart 
comprises: 

locating one or more electrodes in a cardiac blood pool; 
and 

applying the pacing pulse to the cardiac blood pool via the 
one or more electrodes. 

37. The method for suppressing arrhythmia in a patient of 
claim 36, Wherein the pacing pulse is a cathodal electrical 
Waveform. 

38. The method for suppressing arrhythmia in a patient of 
claim 37, Wherein the pacing pulse is a biphasic electrical 
Waveform. 

39. A method for inhibiting the conduction of spurious 
electrical impulses in cardiac tissue comprising: 

sensing the onset of arrhythmia; 

evaluating the sensed arrhythmia; 

determining the temperature of the cardiac tissue at the 
time of onset of arrhythmia; 

based on the evaluation of the sensed arrhythmia and 
cardiac tissue temperature, selecting one or more reme 
dial measures from the group consisting of applying a 
temperature decrease to the cardiac tissue and applying 
a pacing pulse to the cardiac tissue; and 

applying the selected remedial measures. 
40. The method for inhibiting the conduction of spurious 

electrical impulses in cardiac tissue of claim 39 further 
comprising: 

sensing the cardiac tissue functioning; and 

ceasing the application of the selected remedial measures 
if the cardiac tissue reverts to sinus rhythm. 

41. The method for inhibiting the conduction of spurious 
electrical impulses in cardiac tissue of claim 39 further 
comprising: 

sensing the cardiac tissue functioning; and 

continuing the application of the selected remedial mea 
sures if the cardiac tissue has not reverted to sinus 
rhythm. 

42. An apparatus for inhibiting the conduction of spurious 
electrical impulses in cardiac tissue comprising: 

a sensing means for sensing the onset of arrhythmia; and 

a cooling means responsive to the sensing means for 
applying a cooling stimulus to the cardiac tissue; 

Wherein the cooling means is selected from the group 
consisting of: a means for applying a cooling ?uid to 
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the cardiac tissue, an electrical cooling apparatus, a 
mechanical cooling apparatus, and an endothermic 
chemical reaction. 

43. An apparatus for inhibiting the conduction of spurious 
electrical impulses in cardiac tissue comprising: 

a sensing means for sensing the onset of arrhythmia; 

a cooling means responsive to the sensing means for 
applying a cooling stimulus to the cardiac tissue; 

a cardiac stimulation generator; and 

one or more electrodes in contact With cardiac tissue, 
Wherein the electrodes are connected to the cardiac 
stimulation generator; 

Wherein the cardiac stimulation generator is adapted to 
apply a pacing pulse to the cardiac tissue. 

44. The apparatus of claim 43, Wherein the cardiac 
stimulation generator is responsive to the sensing means. 

45. The apparatus of claim 44 further comprising: 

a cardiac stimulation generator; 

one or more electrodes in contact With a cardiac blood 

pool, Wherein the electrodes are connected to the car 
diac stimulation generator; and 

Wherein the cardiac stimulation generator is adapted to 
apply a pacing pulse to the cardiac blood pool. 

46. The apparatus of claim 45, Wherein the pacing pulse 
is a cathodal electrical Waveform. 

47. The apparatus of claim 46, Wherein the pacing pulse 
is a biphasic electrical Waveform. 

48. The apparatus of claim 43, Wherein the pacing pulse 
is a cathodal electrical Waveform. 

49. The apparatus of claim 43, Wherein the pacing pulse 
is a biphasic electrical Waveform. 

50. An apparatus for inhibiting the conduction of spurious 
electrical impulses in cardiac tissue comprising: 

a sensor for detecting a symptom associated With an 
arrhythmia; and 

a heat-transfer operator situated at each of one or more 

targeted portions in the heart; 

Wherein the heat-transfer operator at each of the one or 
more targeted portions is adapted to respond to the 
sensor to remove heat from the targeted portion served 
by that heat-transfer operator; and 

Wherein the heat-transfer operator is selected from the 
group consisting of: a means for applying a cooling 
?uid to the cardiac tissue, an electrical cooling appa 
ratus, a mechanical cooling apparatus, and an endot 
hermic chemical reaction. 

51. An apparatus for inhibiting the conduction of spurious 
electrical impulses in cardiac tissue comprising: 

a sensor for detecting a symptom associated With an 
arrhythmia; and 

a heat-transfer operator situated at each of one or more 

targeted portions in the heart; 

Wherein the heat-transfer operator at each of the one or 
more targeted portions is adapted to respond to the 
sensor to remove heat from the targeted portion served 
by that heat-transfer operator; and 

Wherein the heat-transfer operator is a Peltier cooler. 
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52. The apparatus of claim 51, wherein the Peltier cooler 
is electrically connected to a to a poWer source implanted in 
the patient’s torso. 

53. An apparatus for inhibiting the conduction of spurious 
electrical impulses in cardiac tissue comprising: 

a sensor for detecting a symptom associated With an 
arrhythmia; and 

a heat-transfer operator situated at each of one or more 

targeted portions in the heart; 

Wherein the heat-transfer operator at each of the one or 
more targeted portions is adapted to respond to the 
sensor to remove heat from the targeted portion served 
by that heat-transfer operator; and 

Wherein the heat-transfer operator comprises a heat sink 
thermally coupled to a Peltier cooler enclosed in a 
housing that is implanted in the patient’s torso. 

54. The apparatus of claim 53, Wherein the heat sink is 
coupled to the Peltier cooler through mechanical contact. 

55. The apparatus of claim 53, Wherein the heat sink is 
coupled to the Peltier cooler through a thermal transfer ?uid. 

56. The apparatus of claim 53, Wherein the Peltier cooler 
is electrically connected to a poWer source located Within the 
housing. 

57. An apparatus for inhibiting the conduction of spurious 
electrical impulses in cardiac tissue comprising: 

a sensor for detecting a symptom associated With an 
arrhythmia; 

a heat-transfer operator situated at each of one or more 

targeted portions in the heart, Wherein the heat-transfer 
operator at each of the one or more targeted portions is 
adapted to respond to the sensor to remove heat from 
the targeted portion served by that heat-transfer opera 
tor; 

a cardiac stimulation generator; and 

one or more electrodes in contact With cardiac tissue, 
Wherein the electrodes are connected to the cardiac 
stimulation generator, and Wherein the cardiac stimu 
lation generator is adapted to apply a pacing pulse to 
the cardiac tissue. 

58. The apparatus of claim 57, Wherein the cardiac 
stimulation generator is responsive to the sensing means. 

59. The apparatus of claim 58, Wherein the pacing pulse 
is a cathodal electrical Waveform. 

60. The apparatus of claim 58, Wherein the pacing pulse 
is a biphasic electrical Waveform. 

61. An apparatus for inhibiting the conduction of spurious 
electrical impulses in cardiac tissue comprising: 

a sensor for detecting a symptom associated With an 
arrhythmia; 

a heat-transfer operator situated at each of one or more 

targeted portions in the heart, Wherein the heat-transfer 
operator at each of the one or more targeted portions is 
adapted to respond to the sensor to remove heat from 
the targeted portion served by that heat-transfer opera 
tor; 

a cardiac stimulation generator; and 

one or more electrodes in contact With a cardiac blood 

pool, Wherein the electrodes are connected to the car 
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diac stimulation generator; and Wherein the cardiac 
stimulation generator is adapted to apply a pacing pulse 
to the cardiac blood pool. 

62. The apparatus of claim 61, Wherein the pacing pulse 
is a cathodal electrical Waveform. 

63. The apparatus of claim 62, Wherein the pacing pulse 
is a biphasic electrical Waveform. 

64. An apparatus for suppressing arrhythmia in a patient 
comprising: 

a sensor for detecting a symptom associated With an 
arrhythmia; and 

a heat-transfer operator situated at each of one or more 

targeted portions in the heart; 

Wherein in response to the detection of arrhythmia, the 
heat-transfer operator at each of the one or more 
targeted portions is adapted to transfer heat aWay from 
the targeted portion served by that heat-transfer opera 
tor such that each of the one or more targeted portions 
is cooled and the arrhythmia is suppressed; and 

Wherein the heat-transfer operator is selected from the 
group consisting of: a means for applying a cooling 
?uid to the cardiac tissue, an electrical cooling appa 
ratus, a mechanical cooling apparatus, and an endot 
hermic chemical reaction. 

65. An apparatus for suppressing arrhythmia in a patient 
comprising: 

a sensor for detecting a symptom associated With an 
arrhythmia; and 

a heat-transfer operator situated at each of one or more 

targeted portions in the heart; 

Wherein in response to the detection of arrhythmia, the 
heat-transfer operator at each of the one or more 
targeted portions is adapted to transfer heat aWay from 
the targeted portion served by that heat-transfer opera 
tor such that each of the one or more targeted portions 
is cooled and the arrhythmia is suppressed; 

Wherein the heat-transfer operator is a Peltier cooler. 

66. The apparatus of claim 65, Wherein the Peltier cooler 
is electrically connected to a to a poWer source implanted in 
the patient’s torso, and Wherein the poWer source is adapted 
to apply poWer to the sensor and to activate the heat-transfer 
operator upon the detection of a symptom. 

67. An apparatus for suppressing arrhythmia in a patient 
comprising: 

a sensor for detecting a symptom associated With an 
arrhythmia; and 

a heat-transfer operator situated at each of one or more 

targeted portions in the heart, Wherein in response to 
the detection of arrhythmia, the heat-transfer operator 
at each of the one or more targeted portions is adapted 
to transfer heat aWay from the targeted portion served 
by that heat-transfer operator such that each of the one 
or more targeted portions is cooled and the arrhythmia 
is suppressed; 

Wherein the heat-transfer operator comprises a heat sink 
thermally coupled to a Peltier cooler enclosed in a 
housing that is implanted in the patient’s torso. 
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68. The apparatus of claim 67, wherein the Peltier cooler 
is electrically connected to a poWer source enclosed in the 
housing. 

69. The apparatus of claim 67, Wherein the heat sink is 
coupled to the Peltier cooler through mechanical contact. 

70. The apparatus of claim 67, Wherein the heat sink is 
coupled to the Peltier cooler through a thermal transfer ?uid. 

71. An apparatus for suppressing arrhythmia in a patient 
comprising: 

a sensor for detecting a symptom associated With an 
arrhythmia; 

a heat-transfer operator situated at each of one or more 

targeted portions in the heart, Wherein in response to 
the detection of arrhythmia, the heat-transfer operator 
at each of the one or more targeted portions is adapted 
to transfer heat aWay from the targeted portion served 
by that heat-transfer operator such that each of the one 
or more targeted portions is cooled and the arrhythmia 
is suppressed; 

a cardiac stimulation generator; and 

one or more electrodes in contact With cardiac tissue, 
Wherein the electrodes are connected to the cardiac 
stimulation generator, and Wherein the cardiac stimu 
lation generator is adapted to apply a pacing pulse to 
the cardiac tissue. 

72. The apparatus of claim 71, Wherein the cardiac 
stimulation generator is responsive to the sensor. 
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73. The apparatus of claim 72, Wherein the pacing pulse 
is a cathodal electrical Waveform. 

74. The apparatus of claim 72, Wherein the pacing pulse 
is a biphasic electrical Waveform. 

75. An apparatus for suppressing arrhythmia in a patient 
comprising: 

a sensor for detecting a symptom associated With an 
arrhythmia; 

a heat-transfer operator situated at each of one or more 

targeted portions in the heart, Wherein in response to 
the detection of arrhythmia, the heat-transfer operator 
at each of the one or more targeted portions is adapted 
to transfer heat aWay from the targeted portion served 
by that heat-transfer operator such that each of the one 
or more targeted portions is cooled and the arrhythmia 
is suppressed; 

a cardiac stimulation generator; and 

one or more electrodes in contact With a cardiac blood 
pool, Wherein the electrodes are connected to the car 
diac stimulation generator, and Wherein the cardiac 
stimulation generator is adapted to apply a pacing pulse 
to the cardiac blood pool. 

76. The apparatus of claim 75, Wherein the pacing pulse 
is a cathodal electrical Waveform. 

77. The apparatus of claim 76, Wherein the pacing pulse 
is a biphasic electrical Waveform. 

* * * * * 


