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(57) ABSTRACT 

Correspondence Address: An ablation catheter employing one or more manifold 
SJM/AFD-WILEY arrangements to convey a conductive ?uid medium to a 
14901 DEVEAU PLACE target tissue. The manifold includes at least one inlet port in 
MINNETONKA, MN 55345-2126 (US) ?uid communication With a ?uid supply lumen running 

along at least a portion of the catheter. The inlet port or ports 
are in ?uid communication With a larger outlet port. The 

(21) App1_ NQ; 11/819,298 outlet ports provide an outlet for the ?uid to ?oW out of the 
catheter and against the target tissue. As such, the combi 

(22) Filed: Jun. 26, 2007 nation of at least the inlet port With the outlet port provides 
a ?oW path for ?uid Within the ?uid lumen to ?oW through 

Related US. Application Data the manifold and to outside of the catheter. An electrode is 
arranged in the ?oW path of ?uid Within or adjacent the 

(63) Continuation of application No. 10/613,795, ?led on manifolds. As such, ?uid may be energized and conduct 
Jul. 2, 2003, noW Pat. No. 7,235,070. ablation energy to the target tissue to ablate the tissue. 
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ABLATION FLUID MANIFOLD FOR ABLATION 
CATHETER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is a continuation of appli 
cation Ser. No. 10/613,795, ?led Jul. 2, 2003, noW pending, 
Which is incorporated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] a. Field of the Invention 

[0003] Generally, the present invention is related to the 
?eld of ablation catheters. More particularly, aspects of the 
present invention involve an ablation catheter manifolding 
arrangement for directing ablation ?uid to a target tissue. 
Aspects of the present invention also involve a steerable and 
shapable catheter employing ?uid force to steer and change 
the shape of the catheter. Aspects of the present invention 
also involve an ablation catheter employing a continuous or 
partially continuous electrode adapted to provide a continu 
ous or nearly continuous lesion at a target vein. 

[0004] b. BackgroundArt 

[0005] Catheters have been in use for medical procedures 
for many years. Catheters can be used for medical proce 
dures to examine, diagnose, and treat While positioned at a 
speci?c location Within the body that is otherWise inacces 
sible Without more invasive procedures. During these pro 
cedures a catheter is inserted into a vessel located near the 
surface of a human body and is guided to a speci?c location 
Within the body for examination, diagnosis, and treatment. 
For example, one procedure often referred to as “catheter 
ablation” utiliZes a catheter to convey an electrical energy to 
a selected location Within the human body to create necrosis, 
Which is commonly referred to as ablation of cardiac tissue. 
Another procedure oftentimes referred to as “mapping” 
utiliZes a catheter With sensing electrodes to monitor various 
forms of electrical activity in the human body. 

[0006] Catheters are used increasingly for medical proce 
dures involving the human heart. As illustrated in FIG. 1, a 
typical human heart 10 includes a right ventricle 12, a right 
atrium 14, a left ventricle 16 and a left atrium 18. The right 
atrium is in ?uid communication With the superior vena cava 
20 and the inferior vena cava 22. The interatrial septum 24 
separates the right atrium from the left atrium. The tricuspid 
valve 26 contained Within the atrioventricular septum pro 
vides a ?uid ?oW path betWeen the right atrium With the 
right ventricle. On the inner Wall of the right atrium Where 
it is connected With the left atrium is a thin Walled, recessed 
area, referred to as the fossa ovalis 28. BetWeen the fossa 
ovalis and the tricuspid valve is the opening or ostium for the 
coronary sinus 30. The coronary sinus is the large epicardial 
vein Which accommodates most of the venous blood Which 
drains from the myocardium into the right atrium. 

[0007] In a normal heart, contraction and relaxation of the 
heart muscle (myocardium) takes place in an organiZed 
fashion as electrochemical signals pass sequentially through 
the myocardium from the sinoatrial (SA) node (not shoWn) 
located in the right atrium to the atrialventricular (AV) node 
(not shoWn) and then along a Well de?ned route Which 
includes the His-Purkinje system into the left and right 
ventricles. Initial electric impulses are generated at the SA 
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node and conducted to the AV node. The AV node lies near 
the ostium of the coronary sinus in the interatrial septum in 
the right atrium. The His-Purkinje system begins at the AV 
node and folloWs along the membranous interatrial septum 
toWard the tricuspid valve 26 through the atrioventricular 
septum and into the membranous interventricular septum. At 
about the middle of the interventricular septum, the His 
Purkinje system splits into right and left branches Which 
straddle the summit of the muscular part of the interven 
tricular septum. 

[0008] Sometimes abnormal rhythms occur in the atrium 
Which are referred to as atrial arrhythmia. Three of the most 
common arrhythmia are ectopic atrial tachycardia, atrial 
?brillation and atrial ?utter. Atrial ?brillation can result in 
signi?cant patient discomfort and even death because of a 
number of associated problems, including the folloWing: (1) 
an irregular heart rate, Which causes a patient discomfort and 
anxiety, (2) loss of synchronous atrioventricular contractions 
Which compromises cardiac hemodynamics resulting in 
varying levels of congestive heart failure, and (3) stasis of 
blood ?oW, Which increases the vulnerability to thromboem 
bolism. It is sometimes di?icult to isolate a speci?c patho 
logical cause for the atrial ?brillation although it is believed 
that the principal mechanism is one or a multitude of stray 
circuits Within the left and/or right atrium. These circuits or 
stray electrical signals are believed to interfere With the 
normal electrochemical signals passing from the SA node to 
the AV node and into the ventricles. Efforts to alleviate these 
problems in the past have included signi?cant usage of 
various drugs. In some circumstances drug therapy is inef 
fective and frequently is plagued With side effects such as 
diZZiness, nausea, vision problems, and other dif?culties. 

[0009] An increasingly common medical procedure for 
the treatment of certain types of cardiac arrhythmia and 
atrial arrhythmia involves the ablation of tissue in the heart 
to cut off the path for stray or improper electrical signals. 
Such procedures are performed many times With an ablation 
catheter. Typically, the ablation catheter is inserted in an 
artery or vein in the leg, neck, or arm of the patient and 
threaded, sometimes With the aid of a guideWire or intro 
ducer, through the vessels until a distal tip of the ablation 
catheter reaches the desired location for the ablation proce 
dure in the heart. The ablation catheters commonly used to 
perform these ablation procedures produce lesions and elec 
trically isolate or render the tissue non-contractile at par 
ticular points in the cardiac tissue by physical contact of the 
cardiac tissue With an electrode of the ablation catheter and 
application of energy. The lesion partially or completely 
blocks the stray electrical signals to lessen or eliminate atrial 
?brillations. 

[0010] In some conventional ablation procedures, the 
ablation catheter includes a single distal electrode secured to 
the tip of the ablation catheter to produce small lesions 
Wherever the tip contacts the tissue. To produce a linear 
lesion, the tip may be dragged sloWly along the tissue during 
energy application. Increasingly, hoWever, cardiac ablation 
procedures utiliZe multiple electrodes affixed to the catheter 
body to form multiple lesions. 

[0011] One di?iculty in obtaining an adequate ablation 
lesion using conventional ablation catheters is the constant 
movement of the heart, especially When there is an erratic or 
irregular heart beat. Another dif?culty in obtaining an 
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adequate ablation lesion is caused by the inability of con 
ventional catheters to obtain and retain uniform contact With 
the cardiac tissue across the entire length of the ablation 
electrode surface. Without such continuous and uniform 
contact, any ablation lesions formed may not be adequate. 

[0012] Moreover, e?fective ablation procedures are some 
times quite di?icult because of the need for an extended 
linear lesion, sometimes as long as about three inches to ?ve 
inches (approximately eight centimeters to tWelve centime 
ters). To consistently produce such a linear lesion of this 
length Within a Wide variety of cardiac anatomies. In some 
instances, stray electrical signals ?nd a pathWay doWn the 
pulmonary veins 32 and into the left atrium. In these 
instances, it may be desirable to produce a circumferential 
lesion at the ostium 34 to one or more of the pulmonary 
veins or Within one or more of the pulmonary veins. The 
pulmonary veins may reach a circumference of up to about 
90 millimeters; thus, about a 90 millimeter circumferential 
lesion Would be desirable to completely block stray signals 
from traveling doWn the pulmonary vein and into the left 
atrium. 

[0013] Besides the di?iculty in achieving an adequate 
lesion at the target tissue, it is also di?icult to properly guide 
the catheter through the body to the target tissue and to 
change the shape of the catheter so that the ablation elec 
trode is properly positioned at or against the target tissue. 
For instance, to guide a catheter into the left atrium of the 
heart for an ablation procedure at a pulmonary vein, a 
catheter oftentimes is fed into a vein in the right leg routed 
up to the right atrium of the heart, turned to the right and 
pressed through the septum betWeen the left and right atrium 
to gain access to the left atrium. Once in the left atrium, the 
catheter must be further maneuvered to the appropriate 
pulmonary vein. In such a maneuvering of the catheter, 
numerous turns must be achieved to place the catheter at the 
ultimate target vein. 

SUMMARY OF THE INVENTION 

[0014] One aspect of the invention involves an ablation 
catheter comprising a tubular body associated With an abla 
tion ?uid supply lumen. The catheter further includes at least 
one manifold de?ning at least one ablation ?uid ?oW path 
out of the ablation ?uid supply lumen, the at least one 
manifold comprising: at least one inlet port in ?uid com 
munication With the ablation ?uid supply lumen; at least one 
outlet port in ?uid communication With the at least one inlet 
port, the at least one output port having a larger dimension 
than the at least one inlet port; and an electrode positioned 
in the at least one ablation ?uid ?oW path. 

[0015] The inlet port or ports may be arranged generally 
parallel With the longitudinal axis of the manifold, or the 
inlet ports may be arranged in some other con?guration, 
such as being arranged at an angle With respect to the 
longitudinal axis of the manifold. Generally, the inlet port or 
ports may be arranged to provide a sWirling motion of an 
ablation ?uid ?oWing into the at least one manifold from the 
ablation ?uid supply lumen. 

[0016] The electrode may be housed in an electrode 
lumen, and the electrode lumen may be in communication 
With the at least one output port. Further, a channel may be 
in ?uid communication With the at least one output port. The 
channel being adapted to convey ?uid from the manifold 
aWay from the target tissue. 
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[0017] In one particular con?guration, the tubular body or 
shaft portion of the catheter includes a distal end region 
de?ning at least a partial loop. The at least one manifold 
includes a plurality of manifolds along at least a portion of 
the at least a partial loop. In addition, the plurality of 
manifolds are adapted to distribute ablation ?uid Within the 
ablation ?uid supply lumen to the plurality of manifolds 
along the at least partial loop. 

[0018] A more detailed explanation of the invention is 
provided in the folloWing description and claims, and is 
illustrated in the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a partial cut aWay diagram of a human 
heart. 

[0020] FIG. 2 is an isometric vieW of a shapable ablation 
catheter and associated catheter control system, in accor 
dance With one embodiment of the present invention. 

[0021] FIG. 3A is an isometric vieW of the distal end 
region of a precurved shapable ablation catheter, before 
introduction of a ?uid into an activating lumen, in accor 
dance With one embodiment of the present invention. 

[0022] FIG. 3B is a top vieW of the catheter of FIG. 3A. 

[0023] FIG. 3C is a side vieW of the catheter of FIG. 3A. 

[0024] FIG. 4A is an isometric vieW of the distal portion 
of the precurved shapable ablation catheter of FIGS. 3A-3C 
after introduction of a ?uid into the activating lumen, in 
accordance With one embodiment of the present invention. 

[0025] FIG. 4B is a top vieW of the catheter of FIG. 4A. 

[0026] FIG. 4C is a side vieW of the catheter of FIG. 4A. 

[0027] FIG. 5 is a partial top vieW ofa distal portion of a 
shapable catheter, in accordance With one embodiment of 
the present invention. 

[0028] FIG. 6 is a partial side vieW of the catheter shoWn 
in FIG. 5. 

[0029] FIG. 7 is a section vieW of the catheter taken along 
line 7-7 of FIG. 6. 

[0030] FIG. 8 is a partial isometric vieW of the catheter of 
FIG. 5 located in partial or complete contact With a target 
tissue. 

[0031] FIG. 9 is a partial top vieW ofa distal portion of a 
shapable catheter, in accordance With one embodiment of 
the present invention. 

[0032] FIG. 10 is a partial side vieW ofthe catheter shoWn 
in FIG. 9. 

[0033] FIG. 11 is a section vieW of the catheter taken along 
line 11-11 of FIG. 10. 

[0034] FIG. 12 is a partial top vieW of a distal portion of 
a shapable catheter, in accordance With one embodiment of 
the present invention. 

[0035] FIG. 13 is a partial top vieW of the catheter of FIG. 
12. 

[0036] FIG. 14 is a section vieW of the catheter taken 
along line 14-14 of FIG. 13. 
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[0037] FIG. 19 is a side vieW ofthe distal end region ofa 
precurved catheter employing an interlaced electrode in 
accordance With one embodiment of the present invention. 

[0038] FIG. 20 is a section vieW taken along line 20-20 of 
FIG. 19. 

[0039] FIG. 21 is a section vieW of the catheter of FIG. 19 
When inserted into a vein to form a circumferential lesion 
therein. 

[0040] FIG. 22 is an isometric vieW of an ablation catheter 
employing a plurality of ablation ?uid manifold arrange 
ments for directing ablation ?uid to a target tissue, in 
accordance With one embodiment of the present invention. 

[0041] FIG. 23 is a section vieW taken along line 23-23 of 
FIG. 22. 

[0042] FIG. 24 is a section vieW taken along line 24-24 of 
FIG. 22. 

[0043] FIG. 25 is a partial cut aWay diagram of the human 
heart shoWing a sheath routed from the inferior vena cava, 
into the right atrium, through the interatrial septum, and into 
the left atrium, and With a shapable ablation catheter extend 
ing outWardly from the sheath in alignment With the left 
superior pulmonary vein. 

[0044] FIG. 26 is a partial cut aWay diagram of the human 
heart shoWing a sheath routed from the inferior vena cava, 
into the right atrium, through the septum, and into the left 
atrium, and With a shapable ablation catheter extending into 
the left superior pulmonary vein to form an ablation therein. 

[0045] FIG. 27A is a representative section vieW of the 
looped portion of the steerable ablation catheter and braided 
electrode pressed against the Walls of the pulmonary vein. 

[0046] FIG. 27B is a representative section vieW of the 
looped portion of the steerable ablation catheter and braided 
electrode positioned partially against the Wall of the pulmo 
nary vein and partially against the ostium to the pulmonary 
vein. 

[0047] FIG. 27C is a representative section vieW of the 
looped portion of the steerable ablation catheter and ablation 
electrode pressed against a someWhat conically shaped Wall 
of the pulmonary vein. 

[0048] FIG. 27D is a representative section vieW of the 
looped portion of the steerable ablation catheter and braided 
electrode pressed against the Walls of a pulmonary vein 
adjacent a relatively large ostium thereto. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0049] Aspects of the present invention involve an abla 
tion catheter employing a manifold arrangement for con 
veying energiZed ablation ?uid to a target tissue. In one 
particular arrangement, the catheter includes a tubular body 
de?ning a curved loop region along the distal end region of 
the catheter. The loop region is particularly suited for 
ablation procedures at a pulmonary vein at the left atrium. 
The tubular body includes an ablation ?uid supply lumen 
adapted to provide ablation ?uid to the looped portion of the 
catheter. A plurality of manifold arrangements are provided 
along the loop region of the catheter. The manifolds are 
associated With at least one electrode. The manifolds provide 
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a conduit for directing ablation ?uid from the ablation ?uid 
supply lumen to the target tissue fairly uniformly across and 
through each manifold around the loop. The ablation ?uid 
provides a path to convey ablation energy from the electrode 
to the target tissue. 

[0050] Aspects of the present invention also involve a 
shapable and/or steerable catheter that employs ?uid 
induced force in a lumen to change the shape of the catheter 
for a procedure, steer the catheter as it is being directed 
toWard some location in the body, or conduct other proce 
dures. In one particular arrangement, the tubular body of the 
catheter de?nes one or more preset curves and de?nes or 
includes at least one actuating lumen connected With or 
integral With the tubular body. By introducing, increasing, 
decreasing, or eliminating a ?uid material in the actuating 
lumen, a force that changes the shape of the catheter is 
introduced, increased, decreased, or eliminated, respec 
tively. Thus, by managing the proper amount of ?uid force 
or pressure in the actuating lumen, the catheter shape may be 
manipulated into a particular shape and thereby maneuvered 
into a desired location or arranged into a desired shape for 
a procedure at the target tissue. 

[0051] The implementations of a shapable catheter dis 
cussed herein are described With respect to an arrangement 
particularly suited for guiding the catheter to a pulmonary 
vein using a transeptal approach and performing an ablation 
procedure at one of the pulmonary veins in the left atrium. 
As such, one particular con?guration of a catheter in accor 
dance With the present invention includes an ablation region. 
As used herein, the phrase “ablation region” is meant to refer 
to the section of an ablation catheter that includes ablation 
structures, such as electrodes and manifolding, and/or par 
ticular shaping elements, preset curves, and the like imple 
mented to facilitate ablation of target tissue. HoWever, a 
shapable catheter conforming to the present invention may 
be employed in an ablation arrangement, With or Without 
metal electrodes, or in a mapping arrangement, or any other 
arrangement requiring a catheter that may be guided to a 
target location Within the body to perform any number of 
medical procedures. As such, aspects of the present inven 
tion are not limited to providing a shapable catheter suited 
only for ablation procedures at the pulmonary veins, but are 
meant to encompass any shapable and steerable catheter 
arrangement employing ?uid force to steer or shape the 
catheter regardless of any particular procedure the catheter 
is used for. 

[0052] Aspects of the present invention also involve an 
ablation catheter employing a continuous electrode for 
delivering a continuous or nearly continuous lesion at a 
target tissue. In an ablation catheter con?gured particularly 
for an ablation procedure at a pulmonary vein in or at the left 
atrium, the catheter may de?ne a curve, such as a partial or 
complete loop, at its distal end region. In one particular 
implementation, the electrode includes at least one elasti 
cally deformable or ?exible electrode strand arranged in a 
saWtooth pattern. The ?exible electrode is connected With 
the catheter along the curved portion of the catheter. In 
another particular implementation, the electrode includes an 
electrode strand connected along the loop in an interlaced or 
interWoven pattern. The catheter employing the continuous 
electrode includes a mechanism Whereby the loop shape 
may be expanded or contracted in order to maneuver the 
loop into or at a pulmonary vein and change the shape of the 
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loop so that the electrode along the outside curve of the loop 
is pressed against the Walls of the target vein. One mecha 
nism to alter the loop shape is the steerable and shapable 
catheter mentioned above Which employs an actuating 
lumen adapted to receive a ?uid and change the shape of the 
catheter. However, the continuous electrode arrangement 
may be employed in other catheters that do not incorporate 
an actuating ?uid lumen to alter the shape of the catheter. 

[0053] In the continuous electrode implementations, the 
electrode de?nes a narroW Width along the curve of the loop 
portion of the catheter. Thus, When pressed against the target 
tissue, most or all of the electrode Will be exposed to the 
target tissue and not exposed to the surrounding blood. 
Moreover, in either implementation, the electrode con?gu 
ration alloWs the electrode to be connected at some point or 
points along the loop and also expand or contract With the 
changing outside circumference of the loop. As such, the 
electrode can expand and contract While lessening the stress 
on Wire connections to the electrode. 

[0054] FIG. 2 illustrates one embodiment of a catheter 
ablation system 36 With a shapable ablation catheter 38 
extending from the distal end portion of a sheath 40 of a 
guiding introducer. As used herein and commonly used in 
the art, the term “distal” is used generally to refer to 
components of the catheter system, such as an ablation 
region 42 of the catheter 38, that is located or generally 
orientated toWard the heart or other target tissue When the 
catheter is in use. On the other hand, the term “proximal” is 
used generally to refer to components or portions of the 
catheter, such as a connector 44, that are located or generally 
orientated aWay from or opposite the heart or other target 
tissue When the catheter is in use. 

[0055] The sheath 40 is a tubular structure de?ning at least 
one lumen 48 or longitudinal channel. The sheath is used in 
conjunction With the catheter to introduce and guide and 
catheter to the target tissue. The catheter, hoWever, may be 
used alone or With other guiding and introducing type 
devices depending on the particular procedure being per 
formed. As shoWn in FIG. 2, the catheter includes a tubular 
body or shaft 50 extending from the connector, through the 
sheath, and out of the lumen at the distal end of the sheath 
of the introducer. In one implementation, the sheath and 
shaft are fabricated With a ?exible resilient material. The 
sheath and the components of the catheter are preferably 
fabricated of materials suitable for use in humans, such as 
nonconductive polymers. Suitable polymers include those 
Well knoWn in the art, such as polyurethanes, polyether 
block amides, polyole?ns, nylons, polytetra?uoroethylene, 
polyvinylidene ?uoride, and ?uorinated ethylene propylene 
polymers, and other conventional materials. Some portions 
of the sheath 40 and catheter 38 may be braided for 
enhanced sti?fness. In the particular ablation system con 
?guration of FIG. 2, the sheath 40 is con?gured to receive 
and guide the ablation catheter Within the lumen 48 to the 
appropriate location in the heart once the sheath is pre 
positioned in the appropriate location. 

[0056] To pre-position the sheath 40 at the appropriate 
location in the heart, a dilator and a needle (not shoWn) are 
?tted Within the lumen 48 of the sheath. When the dilator 
and needle are Within the lumen, the ablation catheter 38 is 
not Within the lumen. In an example of a procedure Within 
the left atrium 18, the sheath and the dilator are ?rst inserted 
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in the femoral vein in the right leg. The sheath and dilator are 
then maneuvered up to the inferior vena cava 22 and into the 
right atrium 14. In What is typically referred to as a trans 
septal approach, the needle is pressed through the interatrial 
septum 24 betWeen the right and left atria. Following the 
needle, the dilator is pressed through the small opening 
made by the needle. The dilator expands the opening su?i 
ciently so that the sheath may then be pressed through the 
opening to gain access to the left atrium 18 and the pulmo 
nary veins 32. With the sheath in position, the dilator is 
removed and the shapable catheter 38 is fed into the lumen 
of the sheath 40 and pushed along the sheath into the left 
atrium 14. When positioned in the left atrium, various 
procedures, such as ablation and mapping, may be per 
formed therein. 

[0057] In some implementations, the sheath, dilator, and 
ablation catheter are each about tWo to four feet long, so that 
they may extend from the left atrium through the body and 
out of the femoral vein in the right leg and be connected With 
various catheter ablation procedure devices such as the 
connector 44, one or more ?uid control valves 52, and the 
like. A more detailed description of the process of forming 
an ablation at the left superior pulmonary vein is discussed 
beloW With regard to FIGS. 25 and 26. The ablation catheter 
system 36 is typically discussed herein With reference to 
procedures in the left atrium 18 in the vicinity of or Within 
the pulmonary veins 32. The ablation catheter system, 
hoWever, is not limited to such procedures, and may be used 
for ablation of target tissue in other areas of the heart and 
body. 

[0058] FIGS. 3A-3C illustrate an isometric vieW, a top 
vieW, and a side vieW, respectively, of one particular imple 
mentation of a shapable ablation catheter 38, in accordance 
With the present invention. The catheter shoWn in FIGS. 
3A-3C includes a precurved loop shape 54 at the distal end 
region of the catheter. The loop is particularly suited for 
performing an ablation procedure at a pulmonary vein in the 
left atrium. The catheter shoWn in FIGS. 3A-3C also shoWs 
the precurved loop shape of the distal region of the catheter 
in a relaxed contracted state before introduction of a ?uid 
into an actuating lumen 56 (the actuating lumen is shoWn in 
FIGS. 5, 7, 8, and others). FIGS. 4A-4C illustrate the 
ablation catheter 38 of FIGS. 3A-3C With ?uid under 
pressure introduced into the actuating lumen to de?ect the 
precurved catheter shape into a larger partial loop. Referring 
to both FIGS. 3A-3C and FIGS. 4A-4C, the shapable 
ablation catheter includes the shaft or tubular body 50 and 
the ablation region 42. The ablation region is positioned 
generally along the curve 54 at the distal end region of the 
ablation catheter. The ablation region may be from 1 to 30 
millimeters in length, in some embodiments. As Will be 
discussed in further detail beloW, the ablation region may 
include one or more manifolds, ablating electrodes, a com 
bination thereof, or some other structure or arrangement 
suitable for use in conveying ablation energy to a target 
tissue. Hereafter, the term “ablation energy” Will be used to 
refer to any energy type used to ablate tissue, such as radio 
frequency (RF), direct current, alternating current, micro 
Wave, ultrasound, and ohmic. 

[0059] Some embodiments of the ablation catheter also 
contain one or a plurality of radiopaque tip marker bands 
(not shoWn) near the distal end and/ or along the length of the 
catheter. The radiopaque tip markers alloW the physician to 




















