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(57) ABSTRACT 

A system and method for ablating a selected portion of a 

contact surface of biological tissue is provided. The system 
includes an elongated ablation sheath having a preformed 
shape adapted to substantially conform a predetermined 
surface thereof With the contact surface of the tissue. The 

ablation sheath de?nes an ablation lumen siZed to slideably 

receive an elongated ablative device longitudinally there 
through. The ablative device includes a ?exible ablation 

element selectively generating an ablative ?eld suf?ciently 
strong to cause tissue ablation. Advancement of the ablation 

element slideably through the ablation lumen of the ablation 
sheath selectively places the ablation element along the 
ablation path for guide ablation on the contact surface When 
the predetermined surface is in strategic contact thereWith. 
The ablation lumen and the ablative device cooperate to 
position the ablation element proximate to the ablation 
sheath predetermined surface for selective ablation of the 
selected portion Within the ablative ?eld. 
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FIG. 1A 

FIG. 1B 
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FIG. 5. 
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TISSUE ABLATION APPARATUS WITH A SLIDING 
ABLATION INSTRUMENT AND METHOD 

RELATED APPLICATIONS 

[0001] This application is a divisional of US. patent 
application Ser. No. 09/751,472, ?led Dec. 29, 2000, and 
entitled “A TISSUE ABLATION APPARATUS WITH A 
SLIDING ABLATION INSTRUMENTAND METHOD,” a 
copy of Which is hereby incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of Invention 

[0003] The present invention relates, generally, to ablation 
instrument systems that use ablative energy to ablate internal 
bodily tissues. More particularly, the present invention 
relates to preformed guide apparatus Which cooperate With 
energy delivery arrangements to direct the ablative energy in 
selected directions along the guide apparatus. 

[0004] 2. Description of the Prior Art 

[0005] It is Well documented that atrial ?brillation, either 
alone or as a consequence of other cardiac disease, continues 
to persist as the most common cardiac arrhythmia. Accord 
ing to recent estimates, more than tWo million people in the 
US. suffer from this common arrhythmia, roughly 0.15% to 
1.0% of the population. Moreover, the prevalence of this 
cardiac disease increases With age, affecting nearly 8% to 
17% of those over 60 years of age. 

[0006] Atrial arrhythmia may be treated using several 
methods. Pharmacological treatment of atrial ?brillation, for 
example, is initially the preferred approach, ?rst to maintain 
normal sinus rhythm, or secondly to decrease the ventricular 
response rate. Other forms of treatment include drug thera 
pies, electrical cardioversion, and RF catheter ablation of 
selected areas determined by mapping. In the more recent 
past, other surgical procedures have been developed for 
atrial ?brillation, including left atrial isolation, transvenous 
catheter or cryosurgical ablation of His bundle, and the 
Corridor procedure, Which have effectively eliminated 
irregular ventricular rhythm. HoWever, these procedures 
have for the most part failed to restore normal cardiac 
hemodynamics, or alleviate the patient’s vulnerability to 
thromboembolism because the atria are alloWed to continue 
to ?brillate. Accordingly, a more effective surgical treatment 
Was required to cure medically refractory atrial ?brillation of 
the Heart. 

[0007] On the basis of electrophysiologic mapping of the 
atria and identi?cation of macroreentrant circuits, a surgical 
approach Was developed Which effectively creates an elec 
trical maZe in the atrium (i.e., the MAZE procedure) and 
precludes the ability of the atria to ?brillate. Brie?y, in the 
procedure commonly referred to as the MAZE III procedure, 
strategic atrial incisions are performed to prevent atrial 
reentry circuits and alloW sinus impulses to activate the 
entire atrial myocardium, thereby preserving atrial transport 
function postoperatively. Since atrial ?brillation is charac 
teriZed by the presence of multiple macroreentrant circuits 
that are ?eeting in nature and can occur anyWhere in the 
atria, it is prudent to interrupt all of the potential pathWays 
for atrial macroreentrant circuits. These circuits, inciden 
tally, have been identi?ed by intraoperative mapping both 
experimentally and clinically in patients. 
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[0008] Generally, this procedure includes the excision of 
both atrial appendages, and the electrical isolation of the 
pulmonary veins. Further, strategically placed atrial inci 
sions not only interrupt the conduction routes of the com 
mon reentrant circuits, but they also direct the sinus impulse 
from the sinoatrial node to the atrioventricular node along a 
speci?ed route. In essence, the entire atrial myocardium, 
With the exception of the atrial appendages and the pulmo 
nary veins, is electrically activated by providing for multiple 
blind alleys off the main conduction route betWeen the 
sinoatrial node to the atrioventricular node. Atrial transport 
function is thus preserved postoperatively as generally set 
forth in the series of articles: Cox, Schuessler, Boineau, 
Canavan, Cain, Lindsay, Stone, Smith, Corr, Change, and 
D’Agostino, Jr., The Surgical Treatment Atrial Fibrillation 
(pts. 1-4), 101 THORAC CARDIOVASC SURG., 402-426, 
569-592 (1991). 

[0009] While this MAZE III procedure has proven effec 
tive in ablating medically refractory atrial ?brillation and 
associated detrimental sequelae, this operational procedure 
is traumatic to the patient since this is an open-heart proce 
dure and substantial incisions are introduced into the interior 
chambers of the Heart. Consequently, other techniques have 
been developed to interrupt atrial ?brillation restore sinus 
rhythm. One such technique is strategic ablation of the atrial 
tissues through ablation catheters. 

[0010] Most approved ablation catheter systems noW uti 
liZe radio frequency (RF) energy as the ablating energy 
source. Accordingly, a variety of RF based catheters and 
poWer supplies are currently available to electrophysiolo 
gists. HoWever, radio frequency energy has several limita 
tions including the rapid dissipation of energy in surface 
tissues resulting in shalloW “burns” and failure to access 
deeper arrhythmic tissues. Another limitation of RF ablation 
catheters is the risk of clot formation on the energy emitting 
electrodes. Such clots have an associated danger of causing 
potentially lethal strokes in the event that a clot is dislodged 
from the catheter. It is also very dif?cult to create continuous 
long lesions With RF ablation instruments. 

[0011] As such, catheters Which utiliZe other energy 
sources as the ablation energy source, for example in the 
microWave frequency range, are currently being developed. 
MicroWave frequency energy, for example, has long been 
recogniZed as an effective energy source for heating bio 
logical tissues and has seen use in such hyperthermia 
applications as cancer treatment and preheating of blood 
prior to infusions. Accordingly, in vieW of the draWbacks of 
the traditional catheter ablation techniques, there has 
recently been a great deal of interest in using microWave 
energy as an ablation energy source. The advantage of 
microWave energy is that it is much easier to control and 
safer than direct current applications and it is capable of 
generating substantially larger and longer lesions than RF 
catheters, Which greatly simpli?es the actual ablation pro 
cedures. Such microWave ablation systems are described in 
the US. Pat. Nos. 4,641,649 to Walinsky; 5,246,438 to 
Langberg; 5,405,346 to Grundy, et al.; and 5,314,466 to 
Stern, et al, each of Which is incorporated herein by refer 
ence. 

[0012] Most of the existing microWave ablation catheters 
contemplate the use of longitudinally extending helical 
antenna coils that direct the electromagnetic energy in all 
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radial directions that are generally perpendicular to the 
longitudinal axis of the catheter. Although such catheter 
designs Work Well for a number of applications, such radial 
output is inappropriate When the energy needs to be directed 
toWard the tissue to ablate only. 

[0013] Consequently, microWave ablation instruments 
have recently been developed Which incorporate microWave 
antennas having directional re?ectors. Typically, a tapered 
directional re?ector is positioned peripherally around the 
microWave antenna to direct the Waves toWard and out of a 
WindoW portion of the antenna assembly. These ablation 
instruments, thus, are capable of effectively transmitting 
electromagnetic energy in a more speci?c direction. For 
example, the electromagnetic energy may be transmitted 
generally perpendicular to the longitudinal axis of the cath 
eter but constrained to a selected radial region of the 
antenna, or directly out the distal end of the instrument. 
Typical of these designs are described in the Us. patent 
application Ser. Nos. 09/178,066, ?led Oct. 23, 1998; and 
09/333,747, ?led Jun. 14, 1999, each of Which is incorpo 
rated herein by reference. 

[0014] In these designs, the resonance frequency of the 
microWave antenna is preferably tuned assuming contact 
betWeen the targeted tissue or blood and a contact region of 
the antenna assembly extending longitudinally adjacent to 
the antenna longitudinal axis. Hence, should a portion of, or 
substantially all of, the exposed contact region of the 
antenna not be in contact With the targeted tissue or blood 
during ablation, the resonance frequency Will be adversely 
changed and the antenna Will be untuned. As a result, the 
portion of the antenna not in contact With the targeted tissue 
or blood Will radiate the electromagnetic radiation into the 
surrounding air. The ef?ciency of the energy delivery into 
the tissue Will consequently decrease Which in turn causes 
the penetration depth of the lesion to decrease. 

[0015] This is particularly problematic When the micro 
Wave antenna is not in the blood pool, or When the tissue 
surfaces are substantially curvilinear, or When the targeted 
tissue for ablation is dif?cult to access, such as in the interior 
chambers of the Heart. Since these antenna designs are 
generally relatively rigid, it is often difficult to maneuver 
substantially all of the exposed contact region of the antenna 
into abutting contact against the targeted tissue. In these 
instances, several ablation instruments, having antennas of 
varying length and shape, may be necessary to complete just 
one series of ablations. 

SUMMARY OF THE INVENTION 

[0016] Accordingly, a system for ablating a selected por 
tion of a contact surface of biological tissue is provided. The 
system is particularly suitable to ablate cardiac tissue, and 
includes an elongated ablation sheath having a preformed 
shape adapted to substantially conform a predetermined 
surface thereof With the contact surface of the tissue. The 
ablation sheath de?nes an ablation lumen extending there 
through along an ablation path proximate to the predeter 
mined surface. An elongated ablative device includes a 
?exible ablation element Which cooperate With an ablative 
energy source Which is suf?ciently strong for tissue ablation. 
The ablative device is formed and dimensioned for longi 
tudinal sliding receipt through the ablation lumen of the 
ablation sheath for selective placement of the ablative device 
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along the ablation path created by the ablation sheath. The 
ablation lumen and the ablative device cooperate to position 
the ablative device proximate to the ablation sheath prede 
termined surface for selective ablation of the selected por 
tion. 

[0017] Accordingly, the ablation sheath in its preshaped 
form functions as a guide device to guide the ablative device 
along the ablation path When the predetermined surface of 
the ablation sheath properly contacts the biological tissue. 
Further, the cooperation betWeen the ablative device and the 
ablation lumen, as the ablative device is advanced through 
the lumen, positions the ablative device in a proper orien 
tation to facilitate ablation of the targeted tissue during the 
advancement. Thus, once the ablation sheath is stationed 
relative the targeted contact surface, the ablative device can 
be easily advanced along the ablation path to generate the 
desired tissue ablations. 

[0018] In one embodiment, the ablative device is a micro 
Wave antenna assembly Which includes a ?exible shield 
device coupled to the antenna substantially shield a sur 
rounding area of the antenna from the electromagnetic ?eld 
radially generated therefrom While permitting a majority of 
the ?eld to be directed generally in a predetermined direc 
tion toWard the ablation sheath predetermined surface. The 
microWave antenna assembly further includes a ?exible 
insulator disposed betWeen the shield device and the 
antenna. AWindoW portion of the insulator is de?ned Which 
enables transmission of the directed electromagnetic ?eld in 
the predetermined direction toWard the ablation sheath pre 
determined surface. The antenna, the shield device and the 
insulator are formed for manipulative bending thereof, as a 
unit, to one of a plurality of contact positions to generally 
conform the WindoW portion to the ablation sheath prede 
termined surface as the insulator and antenna are advanced 
through the ablation lumen. 

[0019] In another embodiment, to facilitate alignment of 
the ablative device assembly in the ablation lumen, the 
ablative device provides a key device Which is slideably 
received in a mating slot portion of the ablation lumen. In 
still another embodiment, the system includes a guide sheath 
de?ning a guide lumen formed and dimensioned for sliding 
receipt of the ablation sheath therethrough. The guide sheath 
is pre-shaped to facilitate positioning of the ablation sheath 
toWard the selected portion of the contact surface When the 
ablation sheath is advanced through guide lumen. 

[0020] The ablation sheath includes a bendable shape 
retaining member extending longitudinally therethrough 
Which is adapted to retain the preformed shape of the 
ablation sheath once positioned out of the guide lumen of the 
guide sheath. 

[0021] The ablative energy is preferably provided by a 
microWave ablative device. Other suitable tissue ablation 
devices, hoWever, include cryogenic, ultrasonic, laser and 
radiofrequency, to name a feW. 

[0022] In another aspect of the present invention, a 
method for treatment of a Heart includes forming a penetra 
tion through a muscular Wall of the Heart into an interior 
chamber thereof; and positioning a distal end of an elon 
gated ablation sheath through the penetration. The ablation 
sheath de?nes an ablation lumen extending along an ablation 
path therethrough. The method further includes contacting, 
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or bringing close enough, a predetermined surface of the 
elongated ablation sheath With a ?rst selected portion of an 
interior surface of the muscular Wall; and passing a ?exible 
ablative device through the ablation lumen of the ablation 
sheath for selective placement of the ablative device along 
the ablation path. Once these events have been performed, 
the method includes applying the ablative energy, using the 
ablative device and the ablation energy source, Which is 
sufficiently strong to cause tissue ablation. 

[0023] In one embodiment, the passing is performed by 
incrementally advancing the ablative device along a plural 
ity of positions of the ablation path to produce a substantially 
continuous lesion. Before the positioning event, the method 
includes placing a distal end of a guide sheath through the 
penetration, and then positioning the distal end of the 
ablation sheath through the guide lumen of the guide sheath. 

[0024] In still another embodiment, before the placing 
event, piercing the muscular Wall With a piercing sheath. The 
piercing sheath de?nes a positioning passage extending 
therethrough, The placing the distal end of a guide sheath is 
performed by placing the guide sheath distal end through the 
positioning passage of the piercing sheath. 

[0025] In yet another con?guration, the positioning the 
distal end event includes advancing the ablation sheath 
toWard the ?rst selected portion of the interior surface of the 
muscular Wall through a manipulation device extending 
through a second penetration into the Heart interior chamber 
independent from the ?rst named penetration. 

[0026] In another embodiment, a system for ablating tis 
sue Within a body of a patient is provided including an 
elongated rail device and an ablative device. The raidl 
device is adapted to be positioned proximate and adjacent to 
a selected tissue region to be ablated Within the body of the 
patient. The ablative device includes a receiving passage 
con?gured to slideably receive the rail device longitudinally 
therethrough. This enables the ablative device to be slide 
ably positioned along the rail substantially adjacent to or in 
contact With the selected tissue region. The ablative device, 
having an energy delivery portion Which is adapted to be 
coupled to an ablative energy source, can then be operated 
to ablate the selected tissue region. 

[0027] In this con?guration, the ablative device is adapted 
to directionally emit the ablative energy from the energy 
delivery portion. A key assembly cooperates betWeen the 
ablative device and the rail member, thus, to properly align 
the directionally emitted ablative energy toWard the tissue 
region to be ablated. This primarily performed by providing 
a rail device With a non-circular transverse cross-sectional 
dimension. The receiving passage of the ablative device 
further includes a substantially similarly shaped non-circular 
transverse cross-sectional dimension to enable sliding of the 
ablative device in a manner continuously aligning the direc 
tionally emitted ablative energy toWard the tissue region to 
be ablated as the ablative device advances along the rail 
device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] The assembly of the present invention has other 
objects and features of advantage Which Will be more readily 
apparent from the folloWing description of the best mode of 
carrying out the invention and the appended claims, When 
taken in conjunction With the accompanying draWing, in 
Which: 
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[0029] FIGS. 1A and 1B are fragmentary, top perspective 
vieWs, partially broken-away, of the ablation system con 
structed in accordance With the present invention, and illus 
trating advancement of a bendable directional re?ective 
microWave antenna assembly through an ablation lumen of 
a ablation sheath. 

[0030] FIGS. 2A-2D is series of fragmentary, side eleva 
tion vieWs, in partial cross-section, of the Heart, and illus 
trating advancement of the ablation system of present inven 
tion into the left atrium for ablation of the targeted tissue. 

[0031] FIG. 3 is a fragmentary, side elevation vieW, in 
partial cross-section, of the Heart shoWing a pattern of 
ablation lesions to treat atrial ?brillation. 

[0032] FIGS. 4A and 4B are a series of enlarged, frag 
mentary, top perspective vieW of a pigtail ablation sheath of 
the ablation system of FIGS. 2C and 2D, and exemplifying 
the ablation sheath being advanced into one of the pulmo 
nary vein ori?ces. 

[0033] FIG. 5 is a front schematic vieW of a patient’s 
cardiovascular system illustrating the positioning of a trans 
septal piercing sheath through the septum Wall of the 
patient’s Heart. 

[0034] FIG. 6 is a fragmentary, side elevation vieW, in 
partial cross-section, of another embodiment of the ablation 
sheath of the present invention employed for lesion forma 
tion. 

[0035] FIG. 7 is a fragmentary, side elevation vieW, in 
partial cross-section, of yet another embodiment of the 
ablation sheath of the present invention employed for 
another lesion formation. 

[0036] FIG. 8 is an enlarged, front elevation vieW, in 
cross-section, of the ablation system of FIG. 1 positioned 
through the trans-septal piercing sheath. 

[0037] FIG. 9 is an enlarged, front elevation vieW, in 
cross-section, of the ablation sheath and the antenna assem 
bly of the ablation system in FIG. 8 contacting the targeted 
tissue. 

[0038] FIG. 10 is an enlarged, front elevation vieW, in 
cross-section, of the antenna assembly taken substantially 
along the plane of the line 10-10 in FIG. 9. 

[0039] FIG. 11 is a diagrammatic top plan vieW of an 
alternative embodiment microWave ablation instrument sys 
tem constructed in accordance With one embodiment of the 
present invention. 

[0040] FIG. 12 is an enlarged, fragmentary, top perspec 
tive vieW of the ablation instrument system of FIG. 11 
illustrated in a bent position to conform the ablation sheath 
to a surface of the tissue to be ablated. 

[0041] FIGS. 13A-13D is a series of side elevation vieWs, 
in cross-section, of the ablation sheath of the present inven 
tion illustrating advancement of the ablation device incre 
mentally through the ablation sheath to form plurality of 
overlapping lesions. 

[0042] FIG. 14A is a fragmentary, side elevation vieW of 
a laser-type ablation device of the present invention. 

[0043] FIG. 14B is a front elevation vieW of the laser-type 
energy delivery portion taken along the plane of the line 
14B-14B in FIG. 14A. 
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[0044] FIG. 15A is a fragmentary, side elevation vieW of 
a cryogenic-type ablation device of the present invention. 

[0045] FIG. 15B is a front elevation vieW of the cryo 
genic-type energy delivery portion taken along the plane of 
the line 15B-15B in FIG. 15A. 

[0046] FIG. 16 is a fragmentary, side elevation vieW, in 
cross-section, of an ultrasonic-type ablation device of the 
present invention. 

[0047] FIG. 17 is an enlarged, fragmentary, top perspec 
tive vieW of an alternative embodiment ablation sheath 
having an opened WindoW portion. 

[0048] FIG. 18 is a fragmentary, side elevation vieW of an 
alternative embodiment ablation assembly employing a rail 
system. 

[0049] FIG. 19 is a front elevation vieW of the energy 
delivery portion of the ablation rail system taken along the 
plane of the line 19-19 in FIG. 18. 

[0050] FIGS. 20A-20C are cross-sectional vieWs of alter 
native key systems in accordance With the present invention. 

[0051] FIG. 21 is a fragmentary, diagrammatic, front 
elevation vieW of a torso applying one embodiment of the 
present invention through a minimally invasive technique. 

[0052] FIG. 22 is a top plan vieW, in cross-section of the 
fragmentary, diagrammatic, top plan vieW of the torso of 
FIG. 21 applying the minimally invasive technique. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0053] While the present invention Will be described With 
reference to a feW speci?c embodiments, the description is 
illustrative of the invention and is not to be construed as 
limiting the invention. Various modi?cations to the present 
invention can be made to the preferred embodiments by 
those skilled in the art Without departing from the true spirit 
and scope of the invention as de?ned by the appended 
claims. It Will be noted here that for a better understanding, 
like components are designated by like reference numerals 
throughout the various Figures. 

[0054] Turning generally noW to FIGS. 1A-2D, an abla 
tion system, generally designated 20, is provided for trans 
murally ablating a targeted tissue 21 of biological tissue. The 
system 20 is particularly suitable to ablate the epicardial or 
endocardial tissue 40 of the heart, and more particularly, to 
treat medically refractory atrial ?brillation of the Heart. The 
ablation system 20 for ablating tissue Within a body of a 
patient includes an elongated ?exible tubular member 22 
having at least one lumen 25 (FIGS. 1A, 1B, 8 and 9) and 
including a pre-shaped distal end portion (E.g., FIGS. 2C, 
6 and 7) Which is shaped to be positioned adjacent to or in 
contact With a selected tissue region 21 Within the body of 
the patient. An ablative device, generally designated 26, is 
con?gured to be slideably received longitudinally Within the 
at least one lumen 25, and includes an energy delivery 
portion 27 located near a distal end portion of the ablative 
device 26 Which is adapted to be coupled to an ablative 
energy source (not shoWn). 

[0055] The ablative device is preferably provided by a 
microWave ablation device 26 formed to emit microWave 
energy suf?cient to cause tissue ablation. As Will be 
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described in greater detail beloW, hoWever, the ablative 
device energy may be provided by a laser ablation device, a 
Radio Frequency (RF) ablation device, an ultrasound abla 
tion device or a cryoablation device. 

[0056] The tubular member 22 is in the form of an 
elongated ablation sheath having, in a preferred embodi 
ment, a resiliently preformed shape adapted to substantially 
conform a predetermined contact surface 23 of the sheath 
With the targeted tissue region 21. In another embodiment, 
the ablation sheath is malleable. Yet, in another embodiment, 
the ablation sheath is ?exible. The lumen 25 of the tubular 
member extends therethrough along an ablation path proxi 
mate to the predetermined contact surface. Preferably, as 
Will be described in more detail beloW, the ablative device 
26 includes a ?exible energy delivery portion 27 selectively 
generating an electromagnetic ?eld Which is suf?ciently 
strong for tissue ablation. The energy delivery portion 27 is 
formed and dimensioned for longitudinal sliding receipt 
through the ablation lumen 25 of the ablation sheath 22 for 
selective placement of the energy delivery portion along the 
ablation path. The ablation lumen 25 and the ablative device 
26 cooperate to position the energy delivery portion 27 
proximate to the ablation sheath 22 predetermined contact 
surface 23 of the sheath for selective transmural ablation of 
the targeted tissue 21 Within the electromagnetic ?eld When 
the contact surface 23 strategically contacts or is positioned 
close enough to the targeted tissue 21. 

[0057] Accordingly, in one preferred embodiment, the 
pre-shaped ablation sheath 22 functions to unidirectionally 
guide or position the energy delivery portion 27 of the 
ablative device 26 properly along the predetermined ablation 
path 28 proximate to the targeted tissue region 21 as the 
energy delivery portion 27 is advanced through the ablation 
lumen 25. By positioning the energy delivery portion 27, 
Which is preferably adapted to emit a directional ablation 
?eld, at one of a plurality of positions incrementally along 
the ablation path (FIGS. 1A and 1B) in the lumen 25, a 
single continuous or plurality of spaced-apart lesions can be 
formed. In other instances, the antenna length may be 
suf?cient to extend along the entire ablation path 28 so that 
only a single ablation sequence is necessary. 

[0058] While the method and apparatus of the present 
invention are applicable to ablate any biological tissue 
Which requires the formation of controlled lesions (as Will be 
described in greater detail beloW), this ablation system is 
particularly suitable for ablating endocardial or epicardial 
tissue of the Heart. For example, the present invention may 
be applied in an intra-coronary con?guration Where the 
ablation procedure is performed on the endocardium of any 
cardiac chamber. Speci?cally, such ablations may be per 
formed on the isthmus to address atrial ?utter, or around the 
pulmonary vein ostium, electrically isolating the pulmonary 
veins, to treat medically refractory atrial ?brillation (FIG. 
3). This procedure requires the precise formation of strate 
gically placed endocardial lesions 30-36 Which collectively 
isolate the targeted regions. By Way of example, any of the 
pulmonary veins may be collectively isolated to treat 
chronic atrial ?brillation. The annular lesion isolating one or 
more than one pulmonary vein can be linked With another 
linear lesion joining the mitral valve annulus. In another 
example, the annular lesion isolating one or more than one 
pulmonary vein can be linked With another linear lesion 
joining the left atrium appendage. 


























