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(57) ABSTRACT 

Apparatus and method for ablating target tissue including a 
non-linear area of tissue in the left atrium of a patient. The 
method can include selecting an ablation apparatus having 
an ablator With a tissue engagernent section, penetrating a 
chest cavity of the patient, and identifying the target tissue. 
The method can also include positioning the ablation appa 
ratus adjacent to the target tissue so that the tissue engage 
rnent section can transfer ablation energy to the target tissue. 
The method can further include energiZing the tissue 
engagernent section With ablation energy in order to create 
a footprint on the non-linear area of tissue in the left atrium 
and to reduce an overall mass of excitable tissue in the left 
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METHOD AND DEVICES FOR TREATING ATRIAL 
FIBRILLATION BY MASS ABLATION 

RELATED APPLICATIONS 

[0001] This application claims the bene?t of the ?ling date 
of US. Provisional Patent Application No. 60/571,182 ?led 
on May 14, 2004, Which is incorporated herein by reference 
in its entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates to tools and proce 
dures generally and relates more particularly to the use of 
ablation to reduce the mass of eXcitable tissue of the left 
atrium to prevent and treat atrial ?brillation or other medical 
conditions. 

BACKGROUND 

[0003] Focal triggers initiating atrial ?brillation are 
thought to frequently arise from the pulmonary veins and 
their ostia. Surgeons have used the technique of modifying 
the substrate of the heart in these areas to prevent the 
propagation of the arrhythmia. In some patients With chronic 
atrial ?brillation, the Cox/MAZE III procedure has been 
employed. This procedure controls propagation of the depo 
lariZation Wavefronts in the right and left atria by means of 
surgical incisions through the Walls of the right and left atria. 
The incisions create blind or dead end conduction pathWays, 
Which prevent re-entrant atrial tachycardias from occurring. 

[0004] While the Cox/MAZE procedure is successful in 
treating atrial ?brillation, the procedure is quite complex and 
is currently practiced by only a feW very skilled cardiac 
surgeons in conjunction With other open-heart procedures. 
The procedure also is quite traumatic to the heart, as in 
essence, the right and left atria are cut into pieces and seWed 
back together, to de?ne lines of lesion across Which the 
depolariZation Wavefronts Will not propagate. Still today, the 
Cox/MAZE procedure is done With traditional cut and seW 
techniques. 
[0005] The market is demanding quicker, safer and less 
invasive approaches. As a result, there has been much recent 
research and evaluation of mechanisms to encircle and 
isolate the pulmonary veins and replicate the incisions of the 
MAE operation. Companies are developing ablation tech 
niques that heat (or cool) or chemically destroy the under 
lying tissue along these lines. 

[0006] It has been suggested that procedures similar to the 
MAZE procedure could be instead, performed by means of 
electrosurgical ablation, for eXample, by applying radio 
frequency energy to internal or external surfaces of the atria 
to create lesions across Which the depolariZation Wavefronts 
Will not propagate. Such procedures are disclosed in US. 
Pat. No. 5,895,417, issued to PomeranZ, et al. (“the Pomer 
anZ ’417 patent”); US. Pat. No. 5,575,766, issued to SWartZ, 
et al. (“the SWartZ ’766 patent”); US. Pat. No. 6,032,077, 
issued to PomeranZ (“the PomeranZ ’077 patent”); US. Pat. 
No. 6,142,994, issued to SWanson, et al. (“the SWanson ’994 
patent”); and US. Pat. No. 5,871,523, issued to Fleischman, 
et al. (“the Fleischman ’523 patent”), all incorporated herein 
by reference in their entireties. 

[0007] The PomeranZ ’417 patent discloses an apparatus 
for ablating tissue by making linear lesions Within the 
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chamber of a patient’s heart by application of a plurality of 
spaced electrodes along an elongate member. The SchWartZ 
’766 patent discloses a process for treating atrial arrhythmia 
by creating discrete ablation tracks Within both the left and 
right atrium. The PomeranZ ’077 patent discloses an ablation 
catheter that is electrically connected to tissue to be ablated 
by a foam on the electrodes that is soaked in saline. The 
foam in the PomeranZ ’077 patent acts as a conductive ?uid 
to alloW energy from the electrode to ablate the contacted 
tissue. The SWanson ’994 patent discloses a surgical method 
and apparatus for positioning an element in the body of a 
patient for diagnosis or therapy. The apparatus in the SWan 
son ’994 patent may be a catheter or a probe having a shaft 
With a lumen eXtending there through. The Fleischman ’523 
patent discloses a helically-Wound emitter on an element 
With a insulating sheath movable over the emitter. 

[0008] Various types of electrophysiology devices are 
used for ablating tissue. Typically, such devices include a 
conductive tip or blade that serves as one electrode in an 
electrical circuit that is completed via a grounding electrode 
coupled to the patient. The contact point is small or linear to 
create lesions to form linear tracks of ablated tissue. ApoWer 
source creates high levels of electrical energy betWeen the 
tWo electrodes causing the tissue to heat to a suf?cient level 
to denature proteins Within the tissue and cause cell death. 
In order for such procedures to be effective, it is desirable 
that the electrosurgically-created lesions are continuous 
along their length and eXtend completely through the tissue 
of the heart. 

[0009] Manufacturers have developed catheters that have 
a linear array of electrodes along a long aXis (e.g., the 
AmaZr, MECCA, and Revelation catheters). The surgeon 
positions the catheter and electrodes in contact With the 
tissue and either individually or sequentially applies energy 
to each electrode. Additionally, catheters that incorporate an 
electrode that is energiZed and moves along its length have 
been proposed, such as the Flex-10 from AFX, Inc., of 47929 
Fremont Aye, Fremont, Calif. 94538. 

[0010] Surgeons have also been able to create linear 
lesions on the heart using applications of the same tech 
niques. For eXample, Kottkamp, et. al. in an article entitled 
“Intraoperative Radio Frequency Ablation of Chronic Atrial 
Fibrillation: A Left Atrial Curative Approach by Elimination 
of Anatomic ‘Anchor’ Reentrant Circuits,”J0urnal of Car 
diovascular Electrophysiology, 10:772-780 (1999), describe 
a hand-held device that creates as series of spot or short (less 
than 1 cm) linear lesions. Other investigators have used 
long, linear unipolar probes to create someWhat longer 
lesions. Still others have used multi-electrode linear cath 
eters, similar to those described above to create a series of 
ablations that net a linear lesion. 

[0011] The focus of most investigators has been to isolate 
the pulmonary veins. There is groWing research that sug 
gests this may not be necessary in the prevention and cure 
of atrial ?brillation, as discussed in the article by G. Stabile, 
P. Turco, V. La Rocca, P. Nocerino, E. Stabile, and A. Dc 
Simone entitled “Is Pulmonary Vein Isolation Necessary for 
Curing Atrial Fibrillation?,”Circulation, 108:657-660 
(2003). Rather than focusing on only isolating the pulmo 
nary veins, reduction in the overall volume of eXcitable 
tissue in the left atrium is suf?cient to prevent atrial ?bril 
lation. The general concept is to ablate a large enough 
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nonlinear area of the left atrium to prevent re-entrant Waves 
and the propagation of atrial ?brillation. 

SUMMARY OF THE INVENTION 

[0012] Some embodiments of the invention provide a 
method of ablating target tissue including a non-linear area 
of tissue in the left atrium of a patient. The method can 
include selecting an ablation apparatus having an ablator or 
ablation member With a tissue engagement section, penetrat 
ing a chest cavity of the patient, and identifying the target 
tissue. The method can also include positioning the ablation 
apparatus adjacent to the target tissue so that the tissue 
engagement section can transfer ablation energy to the target 
tissue. The method can further include energiZing the tissue 
engagement section With ablation energy in order to create 
a footprint on the non-linear area of tissue in the left atrium 
and to reduce an overall mass of excitable tissue in the left 
atrium. 

[0013] In some embodiments, an ablation apparatus can 
include an insertion tool having a proximal end, a distal end, 
and a lumen. The ablation apparatus can include an ablator 
or ablation member having a conductor and a tissue engage 
ment portion. The conductor can include a source end 
extending from the proximal end of the insertion tool and a 
delivery end coupled to the tissue engagement portion. The 
ablator can be removably inserted in the lumen. The ablation 
apparatus can also include an energy source connected to the 
conductor. The insertion tool can be inserted into a patient so 
that the distal end is adjacent the target tissue. The conductor 
can urge the ablator out of the lumen to engage the target 
tissue. Energy can be conducted from the energy source to 
the ablator to create a footprint on the target tissue to reduce 
an overall mass of excitable tissue. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is an illustration of a posteroinferior vieW of 
the human heart removed from the chest cavity. 

[0015] FIG. 2 is an illustration of a cross-section of the 
human heart shoWing the left atrium and the ostia leading to 
the pulmonary veins. 

[0016] FIG. 3 is a schematic illustration of an ablation 
apparatus according to one embodiment of the invention 
shoWn being applied to a patient. 

[0017] FIG. 4 is a top vieW of an ablation apparatus 
according to another embodiment of the invention With an 
ablator on an insulated balloon. 

[0018] FIG. 4A is a cross-sectional vieW along the line 
4A-4A of FIG. 4. 

[0019] FIG. 4B is a partial perspective vieW of a distal end 
of an insertion tool having the ablator of FIG. 4 removably 
inserted therein. 

[0020] FIG. 5 is a top vieW of an ablation apparatus 
according to another embodiment of the invention With an 
ablator as a patch. 

[0021] FIG. 5A is a cross-sectional vieW of the ablation 
apparatus along line 5A-5A of FIG. 5. 

[0022] FIG. 6 is a top vieW of an ablation apparatus 
according to another embodiment of the invention With an 
ablator as a contoured patch. 
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[0023] FIG. 7 is a perspective vieW of an ablation appa 
ratus according to another embodiment of the invention With 
an ablator as a bipolar electrode. 

[0024] FIG. 8 is a perspective vieW of an ablation appa 
ratus according to another embodiment of the invention With 
a suction tent having a Wiper. 

[0025] FIG. 9 is a perspective vieW of an ablation appa 
ratus according to another embodiment of the invention With 
an ablator as an adhesive tongue electrode. 

[0026] FIG. 10 is a perspective vieW of an ablation 
apparatus according to another embodiment of the invention 
With a head having a cauteriZing chemical applicator. 

[0027] FIG. 11 is a top vieW and an end vieW of an 
ablation apparatus according to another embodiment of the 
invention With a rolled electrode for insertion in a catheter 
or other delivery tool. 

[0028] FIG. 12 is a side vieW of an ablation apparatus 
according to another embodiment of the invention With a 
Web ablator. 

[0029] FIGS. 13A and 13B are perspective vieWs of an 
ablation apparatus according to another embodiment of the 
invention having an expandable mesh With electrodes. 

[0030] FIG. 14 is a side vieW of an ablation apparatus 
according to another embodiment of the invention With a 
contoured ablator for ablating adjacent to the pulmonary 
veins. 

[0031] FIG. 15 is a top vieW of an ablation apparatus 
according to another embodiment of the invention With an 
ablator as a contoured patch. 

[0032] FIG. 16 is a top vieW of an ablation apparatus 
according to another embodiment of the invention With a 
rolled electrode for insertion in a catheter or other delivery 
tool. 

DETAILED DESCRIPTION 

[0033] Before any embodiments of the invention are 
explained in detail, it is to be understood that the invention 
is not limited in its application to the details of construction 
and the arrangement of components set forth in the folloW 
ing description or illustrated in the folloWing draWings. The 
invention is capable of other embodiments and of being 
practiced or of being carried out in various Ways. Also, it is 
to be understood that the phraseology and terminology used 
herein is for the purpose of description and should not be 
regarded as limited. The use of “including,”“comprising” or 
“having” and variations thereof herein is meant to encom 
pass the items listed thereafter and equivalents thereof as 
Well as additional items. The terms “mounted,”“connected” 
and “coupled” are used broadly and encompass both direct 
and indirect mounting, connecting and coupling. Further, 
“connected” and “coupled” are not restricted to physical or 
mechanical connections or couplings, and can include elec 
trical connections or couplings, Whether direct or indirect. 

[0034] Some embodiments of the invention provide a 
method and apparatus for reducing the mass of the viable 
tissue (e.g., by rendering the mass of tissue non-contractile, 
non-viable, or unable to propagate an action potential) in the 
left atrium of the heart to prevent or cure atrial ?brillation. 
Some embodiments of the invention can include preventing 
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reentry of depolarizing Wavefront signals by ablating a large 
area of the left atrium. Furthermore, some embodiments of 
the invention can substantially prevent the sustenance of 
atrial ?brillation. 

[0035] Embodiments of the invention can provide an 
ablation apparatus used to conduct ablating energy to a 
locale of contacted or non-contacted and possibly surround 
ing tissue With the intent to ablate an entire area, While not 
harming neighboring tissue. The ablation apparatus can 
include an electrode having a footprint of a dimension 
designed to cover a predetermined region of tissue in the left 
atrium. 

[0036] According to some embodiments of the invention, 
an ablation apparatus can be used to ablate a non-linear area 
of the tissue in the left atrium en masse. This method can be 
performed by endocardial positioning of an ablation device 
in the left atrium either via a trans-atrial septal puncture or 
retrograde through the arterial system. Alternatively, 
embodiments of the invention can provide a method of 
ablating tissue in the left atrium in a prede?ned area by 
inserting an ablating apparatus using an epicardial approach 
With access to the posterior left atrium through the pericar 
dial space, either by a sub-xiphoid or inter-costal incision. 

[0037] Some embodiments of the invention provide a 
method of ablating tissue using a large footprint ablation 
electrode for the control, prevention, and cure of atrial 
?brillation. The method can include ablating a prede?ned 
area of tissue in the left atrium, While protecting other areas 
of the heart, lungs, and esophagus using directional energy 
delivery, insulation, or standoffs to space the ablation appa 
ratus from protected areas. The method of ablating the heart 
tissue can include using a trans-venous catheter from the 
inside of the heart to deliver the ablation apparatus. Location 
and imaging techniques such as echogram, sonogram, mag 
netic resonance imaging, ultrasound, X-ray, sensors or trans 
mitters on the ablation device, or other mapping technology 
can alloW for proper placement to minimiZe damage to 
surrounding tissue. 

[0038] Some embodiments of the invention include a 
locatable ablation apparatus having a prede?ned footprint 
that can be delivered through an incision in the chest Wall in 
order to ablate by trans-myocardial engagement With a 
bipolar electrode. The ablation apparatus can use any of 
suitable method and/or procedure With electro-surgical 
devices or other types of ablation devices (e.g., thermal 
ablation, micro-Wave ablation, cryogenic ablation, ultra 
sound ablation, etc.) to ablate tissue in the left atrium to 
reduce the mass of excitable tissue therein. 

[0039] The apparatuses and methods of some embodi 
ments of the invention are designed to reduce the overall 
excitable mass of the left atrium and to reduce or cure atrial 
?brillation Some embodiments of the invention use 
radio frequency energy to create heat and ablate an area of 
tissue. HoWever, other embodiments of the invention may 
include additional or alternative energy sources, such as 

microWave, cryogenic, ultrasound, laser, thermal, etc. Also, 
some embodiments of the invention can be used for creating 
ablation lesions in other areas of the heart, such as the 
ventricles. 

[0040] FIG. 1 illustrates the human heart 10 from a 
posteroinferior vieW. The left atrium 12 includes an external 
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surface 14 of an area target tissue 15, Which includes the area 
of tissue to be ablated. In some embodiments, the target 
tissue 15 can be de?ned as the entire left atrial posterior Wall 
tissue extending around, but not including, the pulmonary 
veins. As shoWn in FIG. 1, the target tissue 15 can be 
generally spaced from the pulmonary veins 16 to prevent 
damage to the pulmonary veins 16. 

[0041] As shoWn in FIG. 2, an inner chamber 22 of the left 
atrium 12 includes an internal surface 24 of the target tissue 
15. The pulmonary veins 16 themselves are generally not 
included in the target tissue 15 due to concern over vein 
stenosis. The internal surface 24 of the target tissue 15 may 
be de?ned as the entire left atrial posterior Wall tissue 
extending into the ostial regions surrounding the pulmonary 
veins 16, but not extending over into the lumen of the 
pulmonary veins, extending to near the mitral valve annulus. 
There is interest in creating conduction block in the area 
betWeen one or both of the right inferior pulmonary vein and 
the mitral valve annulus. Tissue to be protected can include 
all tissue in the patient not de?ned as the target tissue 15. 
Tissue to be protected can be isolated to prevent damage. 
The target tissue 15 can be spaced from the ostia of the 
pulmonary veins 16, but may extend to areas surrounding 
the pulmonary vein ostia as Well. 

[0042] FIG. 3 illustrates an ablation apparatus 30 accord 
ing to one embodiment of the invention for ablating the 
target tissue 15. The ablation apparatus 30 can include or be 
used in conjunction With an insertion tool 32, such as a 
trocar, an endoscopy port, a catheter, etc. The insertion tool 
32 can include a distal end 34 and a proximal end 36. The 
ablation apparatus 30 can also include a lumen 38 that can 
extend through the insertion tool 32 and can open at the 
distal end 34 and/or the proximal end 36 of the insertion tool 
32. The ablation apparatus 30 can further include an ablator 
43 that can extend from the distal end 34 of the insertion tool 
32. The ablator 43 can be inserted in the lumen 38 for 
delivery through an incision 40 in the patient 42. A conduc 
tor 44 can extend through the lumen 38 to connect the 
ablator 43 to a poWer source 46. The poWer source 46 can 
be a source of ablation energy, such as radio frequency 
energy. Other forms of ablative methods and energy sources 
can be used With the ablator 43. Other forms of ablation 
techniques include, but are not limited to, microWave, ultra 
sound, heat, cyrogenic, radiation, and chemical ablation. 

[0043] Proper positioning of the ablator 43 on the targeted 
tissue 15 can be performed by any suitable means, such as 
direct visualiZation, ?uoroscopic X-ray visualiZation, ultra 
sound positron emission tomography, ?uoroscopy, intra 
cardiac echo, trans-esophageal echo, magnetic resonance 
imaging, computeriZed tomography, or by endoscopic imag 
ing. As shoWn in FIG. 3, a mapping tool 48 can include a 
sensor 50 connected to a display 52 to represent or visualiZe 
the position of the ablator 43 With respect to the target tissue 
15. An input device, such as a toggle stick 54 or a pointer pen 
56, can be used to identify the target tissue 15 on the heart 
10. 

[0044] The ablator 34 can include a tissue engagement 
section 60 (as shoWn in FIGS. 4-6), Which can include a 
footprint that alloWs the tissue engagement section 60 to 
ablate a prede?ned area With each energiZation. 

[0045] As shoWn in FIG. 4, the ablator 43 can include a 
balloon 58 having a tissue engagement section 60 With a 
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footprint for endocardial or epicardial application. The foot 
print can be of a size and shape to conform to the individual 
patient requirements. The balloon 58 may include an in?ator 
tube 62 positioned in the insertion tool 32. The in?ator tube 
62 can be connected to an in?ation source 64 for in?ating the 
balloon 58 With air, CO2, saline, etc. An insulator 66 on the 
balloon 58 can protect adjacent tissue from the energy in the 
ablator 43, While ablating the target tissue 15 bearing against 
the footprint of the tissue engagement section 60. Additional 
insulation can be achieved by the saline or gas in the balloon 
58. The insertion tool 32 can be ?exible or rigid to help the 
surgeon manipulate the position of the balloon 58 to bring 
the tissue engagement section 60 in contact With the target 
tissue 15. The in?ation source 64 can direct liquid or gas 
through the in?ator tube 62 to in?ate the balloon 58. The 
balloon 58 can expand to cause the tissue engagement 
section 60 to bear against the target tissue 15. In some 
embodiments, as shoWn in FIG. 4, boWing struts 67 can be 
deployed Within the left atrium 12 to push the ablator 43 into 
contact With the left atrial posterior Wall. When deployed in 
the pericardial space, the balloon 58 may be in?ated to force 
contact of the tissue engagement section 60 With the epi 
cardial target tissue 15. 

[0046] In some embodiments, the balloon 58 can include 
a conducting surface that acts as a tissue engagement section 
60. A collapsed balloon 58 can be inserted into the left 
atrium 12 or into the pericardial space surrounding the 
epicardial surface of the target tissue 15. In one embodiment, 
the balloon 58 can then be in?ated With saline from the 
in?ation source 64 and oriented such that a thermally 
transmissive, tissue engagement section 60 of the balloon 58 
can be positioned against the posterior left atrium and an 
insulated portion of the balloon 58 can be positioned against 
the anterior left atrium. The saline can be heated by electrical 
current supplied by poWer source 46 to a temperature 
betWeen 50 degrees Celsius and 85 degrees Celsius, and in 
some embodiments, betWeen 55 degrees Celsius and 65 
degrees Celsius. At these temperatures, the cells in the target 
area 15 generally die Without collagen shrinkage. Alterna 
tively, the balloon 58 can be cooled With cryogenic tech 
nology to freeZe the atrial tissue and ablate the target tissue 
15. Generally, temperatures for cryogenic therapy must be 
less than negative 20 degrees Celsius to negative 40 degrees 
Celsius. 

[0047] FIG. 4 illustrates a cross section of the balloon 58 
With the insulator 66 surrounding the ablator 43. The ablator 
43 can include one or more ablating elements 68 on the 
tissue engagement section 60 for transferring the energy of 
the poWer source 46 to the target tissue 15. Ablating ele 
ments 68 may comprise one or more electrodes, ultrasound 
transducers, microWave antennae, cryogenic elements, 
chemical elements and/or radioactive elements, for example. 
Insertion of the balloon 58 into the left atrium 12 alloWs the 
balloon 58 to be manipulated during in?ation to bring the 
ablating elements 68 of the tissue engagement section 60 to 
bear against the target tissue 15 and to space the ablating 
elements 68 from the tissue to be protected. The insulator 66 
can protect adjacent tissue not Within the area of the target 
tissue 15. 

[0048] The ablator 43 can be delivered to the desired 
location in the patient using the insertion tool 32, such as a 
catheter 70, as shoWn in FIG. 4B. The footprint of the 
ablator 43 can be con?gured for any patient anatomy and/or 
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any ablation pattern desired. The collapsed balloon 58 of the 
ablator 43 can be removably inserted through the distal end 
34 of the catheter 70, so that the conductor 44 extends 
through the insertion tool 32, as shoWn in FIG. 4B. The 
catheter 70 can be inserted into the patient 42 (as described 
With respect to FIG. 3) to position the distal end 34 adjacent 
the target tissue 15. The conductor 44 can be used to push 
the ablator 43 out of the lumen 38 to a position extending 
from the distal end 34, as shoWn in FIG. 4. 

[0049] FIGS. 5 and 5A illustrate an embodiment of a 
circular ablator 43. In other embodiments, the ablator 43 can 
be elliptical, oval, etc. The circular ablator 43 can include a 
tissue engagement surface 60 and an outside skirt 72. The 
outside skirt 72 can be used as a stand-off to space the tissue 
engagement surface 60 from delicate tissue, such as the 
pulmonary veins 16. The circular ablator 43 can include one 
or more ablating elements 68 on the tissue engagement 
surface 60 and an insulation layer 66 on the opposite surface, 
as shoWn in FIG. 5A. The ablating elements 68 can be 
positioned in a helical or circular pattern. The outside skirt 
72 can be constructed of a soft, heat-insulating material, 
such as silicone or other elastomeric material. The outside 
skirt 72 can include an outer edge 74 constructed of a 
resilient material to positively space the ablating elements 
68 from the tissue to be protected. 

[0050] The circular ablator 43 can be used epicardially by 
insertion Within the pericardial space adjacent the posterior 
left atrium. In one embodiment, the circular ablator 43 can 
alternatively include an uncoiling spiral con?guration. The 
uncoiling spiral can be positioned through a sheath 32, and 
When advanced beyond the sheath 32, can uncoil to take the 
desired shape. Pre-formed shape memory or superelastic 
alloys, such as NiTi, can be used to ensure that the spiral 
uncoils into the desired shape. 

[0051] In another embodiment, tWo circular ablators 43 
can be used in a bipolar arrangement. One ablator 43 can be 
on the external surface 14 of the target tissue 15 and another 
ablator 43 can be positioned on the internal surface 24 of the 
target tissue 15 in the left atrium 12. The bipolar circular 
ablator 43 can also be positioned using an uncoiling spiral 
con?guration. The uncoiling spiral can be positioned 
through a sheath 32, and When advanced beyond the sheath 
32, can uncoil to take the desired shape. Pre-formed shape 
memory or superelastic alloys, such as NiTi, can be used to 
ensure that the spiral uncoils into the desired shape. 

[0052] FIGS. 6 and 15 illustrate tWo embodiments of a 
contoured patch ablator 43 having a prede?ned shape With 
contoured edges 76. The contoured edges 76 can bear 
against structures in the heart, such as the pulmonary veins 
16, to position the tissue engagement surface 60 against the 
target tissue 15. As shoWn in FIG. 6, ablating elements 68 
can be connected to a poWer source 46 by the conductor 44 
extending through an insertion tool 32 for either epicardial 
or endocardial use. 

[0053] FIG. 7 illustrates an ablator 43 having tWo ablating 
elements, a ?rst ablating element 80 and a second ablating 
element 82. A conductor 44 may be used to connect the ?rst 
and second ablating elements 80, 82 together or separately 
for individual control. In one embodiment, ablating elements 
80, 82 may comprise electrodes, Which can be energiZed 
using radio frequency energy. Ablating elements 80, 82 may 
be held in contact With tissue by a vacuum applied to ports 
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83. Alternatively, the ?rst ablating element 80 may be a high 
intensity focused ultrasound (HIFU) crystal transmitter or 
transducer and the second ablating element 82 can be 
another HIFU crystal transmitter or transducer, both of 
Which can focus ultrasound energy on the target tissue 15. 
Alternatively, the ?rst and second ablating elements 80, 82 
may be microWave antennae, Which can deliver microWave 
ablation energy to the target tissue 15. The ablator 43 may 
be used, in some embodiments, from a location Within the 
esophagus to focus ablation energy on the posterior left 
atrium of the heart. 

[0054] FIG. 8 illustrates an ablator 43 having a skirt 73 
and a deployable Wiper 86 that can be placed in the patient 
to surround the target tissue 15. The skirt 73 can be held to 
the target tissue 15 by a vacuum applied to a suction 
chamber 84. The deployable Wiper 86 can be connected to 
a conductor 44 and can move Within the skirt 73 of the 
ablator 43 to rotate in an arc around a pivot point (e.g., a 
motor 88). The deployable Wiper 86 may include one or 
more ablating elements. The deployable Wiper 86 can sWeep 
from side to side and/or can rotate 360 degrees and can apply 
energy to ablate during all or during a portion of the rotation. 
The skirt 73 can be collapsible to be removably inserted in 
a catheter 70. A resilient outer edge 74 can releasably seal 
onto the target tissue 15 When the vacuum is applied. An air 
gap betWeen the skirt 73 and the deployable Wiper 86 can 
protect adjacent tissue from harm by the ablation energy. 
Also, to aid in guiding the ablations Within the skirt 73, a 
lumen can be provided adjacent to the conductor 44 to alloW 
passage of a ?ber optic or endoscopic catheter, Which can 
provide visual con?rmation of proper positioning of the skirt 
73 and of the selected region for ablation. 

[0055] FIG. 9 illustrates an ablator 43 including an adhe 
sive tongue 90 having a footprint extending from a catheter 
70. A skirt 72 can be used to ablate tissue Within an outer 
edge 74. The adhesive tongue 90 can be removably attached 
to the target tissue 15 for directed ablation by a vacuum 
applied through a conductor 44. In other embodiments, 
contact may be facilitated With a biological compatible glue 
or adhesive 91 on a tissue engagement surface 60. A 
conductive ?uid 92 can be used in a chamber 84 of the skirt 
72 to translate the ablating energy to all tissue Within the 
outer edge 74. Alternatively, epicardial application of the 
adhesive tongue 90 With sloW release ablation chemicals can 
be used to ablate tissue. The adhesive tongue 90 can also 
include, in some embodiments, anti-arrhythmia medications 
or other medications. 

[0056] FIG. 10 illustrates an ablator 43 designed to 
deliver one or more ablation agents, e.g., chemical ablation 
agents and/or radioactive ablation agents. A conductor or 
conduit 44 can transfer an ablative agent through a tip 96 to 
come in contact With tissue Within an outer edge 74 of a skirt 
72. The tip 96 can be removably inserted into a catheter 70 
to be positioned in the left atrium. The catheter 70 can be 
manipulated and rotated to cause the skirt 72 to cover the 
target tissue 15. An ablation agent can be introduced into a 
chamber 84 Within the shirt 72 to ablate the target tissue 15. 
FolloWing the ablation procedure, any remaining ablation 
agent may be removed back through tip 96. In some embodi 
ments, tip 96 may be designed for mechanical injection 
and/or needle-less injection of an ablation agent into tissue. 
In one embodiment, the ablation agent diffuses into the 
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tissue to be treated. Alternatively, the ablation agent is 
delivered via controlled sloW-release delivery and/or ionto 
phoresis techniques. 

[0057] FIG. 11 illustrates an ablator 43 including a rolled 
ablating element 98 that can be rolled into a single roll or 
parallel rolls and can be removably inserted in an insertion 
tool 32. S-shaped memory Wires 100 can unroll the rolled 
ablating element 98 When a conductor 44 urges the rolled 
ablating element 98 out of a lumen 38. The rolled ablating 
element 98 can be rolled for placement betWeen the heart 10 
and pericardium for epicardial ablation onto the external 
surface 14 of the target tissue 15. The rolled ablating element 
98 can be similar to the circular and contoured embodiments 
shoWn in FIGS. 5 and 6, respectively. 

[0058] FIG. 12 illustrates an ablator 43 including a 
Webbed fan 102 having ablating elements 68a and 68b 
positioned in an apex 104 of each fold 106. The ablating 
elements 68a When positioned adjacent the target tissue 15 
can be energiZed and the ablating elements 68b spaced from 
the target tissue 15 can remain non-energiZed to protect 
tissue outside the area of target tissue 15. The Webbed fan 
102 can include an insulation layer on one side. The Webbed 
fan 102 can be unfolded into a ?at sheet to energiZe all or a 
portion of the ablating elements 68a, 68b. The Webbed fan 
102 may be compressed to be removably inserted in a lumen 
38 of a catheter 70. 

[0059] FIGS. 13A and 13B illustrate an ablator 43 With an 
expandable mesh With numerous ablating elements 68. The 
ablator 43 can be positioned in the left atrium using an 
insertion tool 32. Each ablating element 68 can be individu 
ally represented using a mapping tool 48 and displayed on 
a display 52. A conductor 44 can alloW individual electrodes 
68 in contact With the target tissue 15 to be energiZed by a 
poWer source 46 to ablate tissue. One or more sensors 50 can 

be positioned inside the expandable mesh to locate the target 
tissue 15. The ablating elements 68 on the expandable mesh 
that are contacting the posterior left atrium can be selected. 
Selection can be facilitated by electrophysiological map 
ping, computeriZed complex algorithms, imaging, indi 
vidual addressing of smart ablating elements 68, or other 
suitable methods. The appropriate ablating elements 68 can 
be are energiZed either individually or collectively to create 
an area of ablated tissue on the posterior. 

[0060] FIG. 14 illustrates a contoured ablator 43 With a 
prede?ned shape de?ned by contoured edges 76. The con 
toured edges 76 can bear against structures on the heart, such 
as the pulmonary veins 16 to position a tissue engagement 
surface 60 against the target tissue 15. One or more ablating 
elements 68 can be connected to a poWer source (not shoWn) 
by a conductor 44. 

[0061] FIG. 16 illustrates a coiled linear ablator 43 With 
one or more coiled ablating elements that can be deployed 
out of an insertion tool 32 (e.g., a sheath) to create an area 
for ablation. In some embodiments, the coiled linear ablator 
43 can deliver energy in one direction (e.g., toWard the 
epicardial surface of the posterior left atrium). 

[0062] In some embodiments, the ablator 43 (e.g., an 
ablation energy transmitting member having one or more 
ablating elements) may be remote from the target tissue 15. 
For example, ultrasound energy may be focused remotely on 
the target tissue 15, causing ablation of the target tissue 15, 
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While passing Without ablating through non-targeted tissue 
located between the targeted tissue and ablator 43. The 
location of the energy focus on the target tissue 15 can be 
moved throughout the region to be ablated by steering a 
focal point about a non-linear area to be ablated. A steering 
mechanism can be manual (e.g., by physically moving an 
ultrasound transducer relative to the tissue) or electrical 
(e. g., by using phased arrays of ultrasound transducers or by 
otherWise modifying the ultrasound focal Zone). 

[0063] Some embodiments of the invention are effective at 
terminating atrial ?brillation, yet can be performed more 
safely than some conventional methods. Some embodiments 
of the invention can perform ablations more quickly than 
some conventional methods. Some embodiments of the 
invention can also be used to amputate, ligate, staple, etc. the 
left atrial appendage of the heart—a major source of 
clots and strokes in the population. Some embodiments of 
the invention result in less trauma to the patient and less 
chance of accidentally damaging the heart and surrounding 
structures. Some embodiments of the invention can mini 
miZe the siZe of the incision required to insert the ablation 
apparatus 30 and/or the ablator 43 through the chest Wall. 
Some embodiments of the invention can eliminate the need 
for contiguous, linear lesions to treat atrial ?brillation. Some 
embodiments of the invention can alloW the surgeon to 
create lesions in the heart from the epicardial surface of the 
beating heart. Some embodiments of the invention can be 
practiced via transvenous catheters from the inside of the 
heart. 

[0064] Various additional features and advantages of the 
invention are set forth in the folloWing claims. 

1. A method of ablating target tissue including a non 
linear area of tissue in a left atrium of a patient, the method 
comprising: 

selecting an ablation apparatus having an ablator With a 
tissue engagement section; 

penetrating a chest cavity of the patient; 

identifying the target tissue; 

positioning the ablation apparatus adjacent to the target 
tissue so that the tissue engagement section can transfer 
ablation energy to the target tissue; and 

energiZing the tissue engagement section With ablation 
energy in order to create a footprint on the non-linear 
area of tissue in the left atrium and to reduce an overall 
mass of excitable tissue in the left atrium. 

2. The method of claim 1 and further comprising choosing 
an ablation apparatus using at least one of radio frequency 
energy, thermal energy, cryogenic energy, chemical energy, 
pharmacological energy, ultrasound energy, microWave 
energy, laser energy, and radiation energy. 

3. The method of claim 1 and further comprising choosing 
an ablation apparatus including at least one of a balloon, a 
mesh, a patch, a rolled electrode, a fan, a bipolar electrode, 
a Wiper, and a crystal transmitter. 

4. The method of claim 1 and further comprising pen 
etrating the chest cavity by entering through at least one of 
a sub-xiphoid incision, a sub-costal incision, a sternotomy, 
a thoracotomy, and a trans-venous puncture. 

5. The method of claim 1 and further comprising identi 
fying the target tissue using at least one of direct visualiZa 
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tion, X-ray, ultrasound, magnetic resonance imaging, 
positron emission tomography, computeriZed tomography, 
?uoroscopy, endoscopic observation, intra cardiac echo, and 
transesophageal echo. 

6. The method of claim 1 and further comprising placing 
the ablation apparatus adjacent the outside of the left atrium 
by an epicardial approach. 

7. The method of claim 1 and further comprising placing 
the ablation apparatus adjacent the inside of the left atrium 
by an endocardial approach. 

8. The method of claim 1 and further comprising placing 
the ablation apparatus adjacent the left atrium by a transe 
sophageal approach. 

9. The method of claim 8 and further comprising ener 
giZing the tissue engagement section With ultrasound energy. 

10. The method of claim 9 and further comprising focus 
ing the ultrasound energy on the target tissue. 

11. The method of claim 1 and further comprising trans 
ferring energy to a portion of the ablation apparatus at the 
tissue engagement section. 

12. The method of claim 1 and further comprising: 

removably placing the ablation apparatus in a delivery 
end of an insertion tool; 

positioning the insertion tool into the patient through an 
incision; 

directing the delivery end to a location adjacent the target 
tissue; 

removing the ablation apparatus from the insertion tool; 
and 

adjusting the ablation apparatus to bring the tissue 
engagement section in contact With the target tissue. 

13. The method of claim 1 and further comprising af?xing 
the tissue engagement section to the target tissue by at least 
one of a bio-adhesive, a vacuum, an in?atable balloon, a 
mechanical de?ection, a magnetic ?eld, a shape memory 
alloy, and a superelastic alloy. 

14. The method of claim 1 and further comprising pro 
viding an insulator in the ablation apparatus to prevent 
damage to tissue adjacent the target tissue. 

15. An ablation apparatus for ablating target tissue of a 
patient, the ablation apparatus comprising: 

an insertion tool having a proximal end, a distal end, and 
a lumen; 

an ablator including a conductor and a tissue engagement 
portion, the conductor having a source end extending 
from the proximal end of the insertion tool and a 
delivery end coupled to the tissue engagement portion, 
the ablator removably inserted in the lumen; and 

an energy source connected to the conductor; 

the insertion tool being inserted into a patient so that the 
distal end is adjacent the target tissue, the conductor 
urging the ablator out of the lumen to engage the target 
tissue; 

energy being conducted from the energy source to the 
ablator to create a footprint on the target tissue to 
reduce an overall mass of excitable tissue. 

16. The ablation apparatus of claim 15 and further com 
prising a sensor connected to the ablator to sense the target 
tissue. 
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17. The ablation apparatus of claim 15 and further com 
prising a mapping tool to visualize the tissue engagement 
portion of the ablator. 

18. The ablation apparatus of claim 15 Wherein the 
insertion tool includes a catheter. 

19. The ablation apparatus of claim 15 Wherein the ablator 
includes a patch removably attachable to the target tissue, 
the patch including at least one of an adhesive patch, a 
tongue patch, a circular patch, a balloon patch, a suction 
patch, a chemical release patch, a rolled patch, a carbon 
patch, and a Webbed patch. 

20. The ablation apparatus of claim 15 Wherein the ablator 
includes a skirt that can suction to the target tissue, the skirt 
receiving ?uid for conducting the energy to the target tissue. 

21. The ablation apparatus of claim 20 Wherein the ?uid 
is electrically conductive. 

22. The ablation apparatus of claim 20 Wherein the ?uid 
is caustic. 

23. The ablation apparatus of claim 20 Wherein the ?uid 
is thermally conductive. 

24. The ablation apparatus of claim 15 Wherein the ablator 
includes a balloon, the balloon being in?atable to occupy a 
cavity in the patient adjacent to the target tissue, the balloon 
being removably stored in the distal end of the insertion tool 
Wherein the balloon is in?ated causing the balloon to emerge 
from the insertion tool, and the balloon being positionable to 
cause the tissue engagement portion to bear against the 
target tissue. 
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25. The ablation apparatus of claim 15 Wherein the ablator 
includes a chemical delivery system. 

26. The ablation apparatus of claim 25 Wherein the 
chemical delivery system includes a delivery method of at 
least one of diffusion, iontophoresis, mechanical injection, 
needle-less injection, and controlled sloW-release delivery. 

27. The ablation apparatus of claim 15 Wherein the ablator 
includes a skirt and an adhesive tongue inside the skirt, the 
tongue moveable Within the skirt to engage the target tissue, 
the skirt affixing the ablator to the target tissue by a vacuum. 

28. The ablation apparatus of claim 15 Wherein the tissue 
engagement portion includes a ?rst bipolar tissue electrode 
and a second bipolar tissue electrode, Wherein the ?rst 
bipolar tissue electrode is applied to the interior of the left 
atrium endocardially, Wherein the second bipolar tissue 
electrode is applied to the eXterior of the left atrium epicar 
dially, each of the ?rst and second bipolar tissue electrodes 
connected to the energy source, energy being applied from 
the energy source to conduct from the ?rst bipolar tissue 
electrode to the second bipolar tissue electrode to render a 
mass of left atrium tissue located betWeen the ?rst and 
second bipolar tissue electrodes at least one of non-contrac 
tile, non-viable, and unable to propagate an action potential. 


