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ABLATIVE TREATMENT OF ATRIAL FIBRILLATION VIA THE
CORONARY SINUS

FIELD OF THE INVENTION

[0001] The technical field of the invention is cardiac surgery and, in particular,

techniques and instruments for surgery on a beating heart to treat atrial fibrillation.
BACKGROUND OF THE INVENTION

[0002] Atrial fibrillation (AF) is a form of cardiac arrhythmia characterized by
rapid randomized contractions of atrial myocardium, causing an irregular, often
rapid ventricular rate. The regular pumping function of the atria is replaced by a
disorganized, ineffective quivering. Atrial fibrillation is caused, in large part, by
chaotic conduction of electrical signals through the upper chambers of the heart.
Atrial fibrillation is often associated with other forms of cardiovascular disease,
including congestive heart failure, theumatic heart disease, coronary artery disease,

left ventricular hypertrophy, cardiomyopathy or hypertension.

[0003] Various techniques have been proposed for the treatment of atrial
fibrillation by blocking errant electrical signal conduction in the heart. For
example, the “Maze procedure” was developed in the early 1990s to treat atrial
fibrillation by forming a series of physical incisions (in the form of a maze) to
create scar tissue in the heart that would stop or redirect the electrical impulses.
Although these procedures were originally performed with a scalpel, various other

techniques have also been developed to form lesions.

[0004] Researchers have come to realize that the origins of AF often lie in the left

atrium in the vicinity of the pulmonary veins. A lesion encircling the pulmonary
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veins is currently considered to be one of the most important areas to isolate.
Additionally, a second lesion extending from the pulmonary veins to the mitral
valve annulus is also considered advantageous. This mitral valve annulus lesion is

sometimes referred to as the “left isthmus block.”

[0005] Typically, such lesions are formed from within the heart (by applying a
scalpel or other ablation instrument to the endocardial tissue). In fact, it is
becoming increasingly commonplace for patients undergoing open heart cardiac
surgery (e.g., for mitral valve replacement) to also have an ablative procedure if

they have a history of AF.

[0006] These procedures are very invasive (requiring a sternotomy,
cardiopulmonary bypass, cardioplegic arrest, and cardiac incisions) to enter the left
atrium of the heart and create the lesions. Despite various advances in rapid lesion-
forming devices (such as ultrasound, radio-frequency (RF), laser and cryo genic
instruments), open heart surgery has a significant morbidity and remains a
procedure of last resort for treating AF except when other conditions mandate such

surgery.

[0007] Considerable effort has been made to find ways to treat atrial fibrillation
without cardiac arrest and open-heart surgery. For example, light based systems
for creating lesions on the outer surface of the heart have been disclosed in U.S.
Patent No. 6,558,375 entitled “Surgical Ablation Instruments for Forming an
Encircling Lesion” herein incorporated by reference in its entirety. In such
systems, radiant energy is applied to the epicardium to induce a transmura] lesion.
These systems permit the surgeon to encircle the pulmonary veins with an
instrument and create a lesion by photoablation. Others have proposed similar
epicardial devices based on ultrasound and the like. Such systems avoid the need

to stop the heart (cardioplegic arrest).
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[0008] Although epicardial ablation devices have been proposed to create lesions
around the pulmonary veins, access to the regions of the atrium extending from the
pulmonary veins to the mitral valve annulus remains a problem, primarily because
other cardiac structures can preclude epicardial access. In particular, the coronary
sinus and circumflex artery lie directly above the target region for creation of the
left isthmus block or lesion. If ablative energy is applied to the circumflex
coronary artery in an effort to form an atrjal lesion, stenosis of this blood vessel can

occur and potentially result in a myocardial infarction or even death.

[0009] Thus, there exists a need for better ablation instruments and techniques. In
particular, instruments capable of forming lesions extending from the pulmonary

veins to the mitral valve annulus would satisfy an important need in the field.
SUMMARY OF THE INVENTION

[0010] Ablation instruments and techniques are disclosed for accessing portions of
the heart wall via the coronary sinus. While shielding the major portion of the
sinus and/or the circumflex coronary artery from ablative energy, the present
invention provides access to the left heart wall to treat atrial fibrillation. In
particular, the present invention provides instruments capable of forming
transmural lesions in the left atrium, such as the so-called “left isthmus block,”

from the coronary sinus.

[0011] In one aspect of the invention, methods for forming cardiac lesions are
disclosed in which ablative energy is applied to the heart from within the coronary
sinus. Such methods can be practiced in conjunction with epicardial ablation of a
lesion around the pulmonary veins. In one approach, the pulmonary vein lesion is
formed and then an ablation instrument is introduced into the right atrial
appendage. The instrument is then passed through the right atrium and into the

coronary sinus. A purse string suture can be used to maintain hemostatis. Once
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propetly situated, the ablation instrument is activated to form a lesion from the

pulmonary vein encircling lesion to the mitral valve annulus.

[0012] In another aspect of the invention, devices are disclosed for placement
within the coronary sinus to form a lesion in the left atrium that can extend from
the pulmonary veins to the mitral valve annulus. The device can include an
anchoring structure, such as a balloon, and an ablation element for heating (or
freezing) a portion of the atrial wall. The device can further include a shield
element to further protect the coronary sinus from ablation. Asymmetric balloon

structures can also be used for shielding.

[0013] In one embodiment, an ablation system can include a diode laser, one or
more optical fibers and a light-directing tip structure. The light directing optics can
provide sidewise projection of ablative energy as a small spot. By rotating the
ablation instrument about its elongate axis, such a spot-shaped beam can form a
linear lesion in the heart wall. Alternatively, the light-directing tip can include an
optical element that spreads the ablative radiation into a fan-shaped beam to
produce a linear or arc-shaped transmural lesion without the need for instrument

rotation.

[0014] In addition, other ablation systems can be used in lieu of optical radiation.
The ablation system can also be ultrasound, radio-frequency (RF), laser or
cryogenic system. The instruments of the present invention can also include
physical markers, such as protuberances or ridges, that facilitate placement or
orientation of the instrument in the coronary sinus by “touch” when the present
invention is used during open chest procedures. By palpitating the coronary sinus
from the outside, the surgeon can use the markers to locate the instrument within
the sinus and ensure its proper positioning, e.g., to direct ablative energy towards

the atrium target region and not the coronary sinus itself or the coronary arteries.
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[0015] The present invention is useful in performing surgery on a “beating” heart
and can be practiced as part of a sternotomy procedure or in less invasive
procedures. Ideally, the invention will permit thoracoscopic treatments for atrial

fibrillation via small incision surgery without opening the patient’s chest.
BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1A is a cross-sectional side view of one embodiment of a tip portion of

an ablation instrument in accordance with the present invention;

[0017] FIG. 1B is a cross-sectional side view of another embodiment of a tip

portion of an ablation instrument in accordance with the present invention;

[0018] FIG. 1C is a schematic, cross-sectional view taken across line B-B of the tip
portion of the ablation instrument shown in FIG. 1A, showing radiant energy being

emitted to form a lesion;

[0019] FIG. 1D is a schematic, side view of a tip portion of an ablation instrument

shown in FIG. 1A, showing radiant energy being emitted to form a linear lesion;

[0020] FIG. 1E is a schematic, cross-sectional view of a tip portion of an ablation
instrument emitting radiant energy to form a lesion in accordance with another

embodiment of the present invention;

[0021] FIG. 1F is a schematic, cross-sectional view of a tip portion of an ablation
instrument with a reflector disposed therein in accordance with yet another

embodiment of the present invention;

[0022] FIG. 1G is a schematic, partially cross-sectional view of a tip portion of yet
another embodiment of an ablation instrument for delivering ultrasound energy to a

target ablative site in accordance with the present invention;
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[0023] FIG. 1H is a schematic, partially cross-sectional view of a tip portion of an
ablation instrument for delivering RF or microwave energy to a target ablation site

in accordance with another embodiment of the present invention;

[0024] FIG. 11 is a schematic, partially cross-sectional view of another
embodiment of a tip portion of an ablation instrument with an asymmetrical

balloon disposed thereon in accordance with the present invention;

[0025] FIG. 2 illustrates a human heart showing the pulmonary veins in the left

atrium and the coronary sinus;

[0026] FIG. 3 illustrates an ablation instrument positioned within the coronary
sinus of a heart in accordance with yet another embodiment of the present

invention; and

[0027] FIG. 4 illustrates the general location of a lesion to be formed using an
instrument positioned within the coronary sinus in accordance with one

embodiment of the present invention.
DETAILED DESCRIPTION OF THE INVENTION

[0028] The present invention generally provides ablation instruments and
techniques for accessing portions of the heart wall via the coronary sinus. While
shielding the major portion of the sinus and/or the circumflex coronary artery from
ablative energy, the present invention provides access to the heart wall to treat atrial
fibrillation. In particular, the present invention provides instruments and methods
for forming transmural lesions in the left atrium, such as the so-called “left isthmus

block,” from within the coronary sinus.

[0029] While various ablation instruments can be used with the present invention,

FIGS. 1A-1B illustrate one exemplary embodiment of an ablation instrument 10.
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As shown, the instrument 10 generally includes an outer housing 12 with an inner
lumen 14 extending therethrough, and an ablative element 16 formed or disposed
within the inner lumen 14 in the housing 12 for delivering radiant energy to a target

ablation site.

[0030] The outer housing 12 can have a variety of configurations, but it preferably
has a generally elongate shape and it is formed from a flexible material. The outer
housing 12 can also optionally be malleable to allow the shape of the outer housing
12 to conform to various anatomical shapes as needed. In an exemplary
embodiment, the outer housing 12 is formed from a polymeric, electrically
nonconductive material, like polyethylene (PET), polytetrafluoroethylene (PTFE),
FEP, PFA, urethane, polyurethane, or PVC, which can withstand tissue coagulation
temperatures without melting and provides a high degree of laser light
transmission. Preferably, the housing 12 is made of Teflon® (one commercial
form of PTFE) tubes and/or coatings. The use of Teflon® improves the procedures
by avoiding the problem of fusion or contact-adhesion between the ablative
element 16 and the cardiac tissue during usage. While the use of Teflon® avoids
the problem of fusion or contact-adhesion, the ablation instrument 10 does not
require direct contact with the tissue to effect a therapeutic or prophylactic

treatment.

[0031] The outer housing 12 can also optionally include an anchoring element to
maintain the outer housing 12 in a fixed position adjacent the ablative site. By way
of non-limiting example, as shown in FIG. 1A, the outer housing 12 includes an
expandable element 30 for anchoring the distal portion of the ablative element 16
adjacent to a target ablation site. While the expandable element 30 can be formed
anywhere on the ablation instrument 10, FIG. 1A illustrates the element 30 as a
balloon disposed at a location proximal to the distal end of the instrument 10 and
proximal to the light-directing tip 20 of the ablative element 16, which will be
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described in more detail below. FIG. 1B illustrates another embodiment in which
the element 30' is a balloon that is disposed around the distal end of the instrument
10' such that it is positioned around the light-directing tip 20' of the ablative
element 16'. Referring back to FIG. 1A, the balloon 30 can be inflated by various
mechanisms known in the art. For example, it can be inflated via a second lumen
extending (not shown) through the outer housing 12 for delivering an inflation fluid
to the balloon 30. Various other mechanical expansion elements can be used in lieu

of the illustrated balloon to provide the same anchoring function.

[0032] In addition to anchoring the outer housing 12 at a fixed location, the
anchoring element 30 can also function to control delivering ablative energy from
the ablative element 16 to the target ablation site. In particular, the balloon 30 can
have various shapes, including a symmetrical or asymmetrical shape, and the size
and/or shape of the balloon can be adjusted to position the ablative element 16 at a
particular location relative to the target ablation site. This control permits the
radiant energy to be dynamically changed to specifically target the desired ablation

site while protecting non-targeted tissue from the ablative energy.

[0033] In another embodiment, the ablative element can be a radiant energy source
disposed within the balloon 30 and/or the housing 12, which can include a coating
or shield for protecting non-targeted tissue from ablative energy and/or for
directing ablative energy to the target ablation site. For example, the housing 12 or
balloon 30 can be formed from an opaque or semi-opaque material, such as PTFE,
and it can include an optically transparent window that allows radiant energy to
pass therethrough. Alternatively, the housing 12 or balloon 30 can be formed from
an optically transparent material, and an opaque or semi-opaque coating can be
formed or disposed thereon such that energy can only pass through the non-coated
portion. The shield can also or alternatively be a reflective material that is effective

to direct the radiant energy toward the target ablation site. Regardless, the shield is
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preferably located on the housing 12 and/or balloon 30 such that radiant energy will
be directed only toward the target ablation site while other non-targeted tissue is

protected.

[0034] A person skilled in the art will appreciate that a variety of other techniques
can be used to anchor the ablation instrument 10 adjacent to a target ablation site,
to shield non-targeted tissue from ablative energy, and/or to control delivery of
ablative energy to the target ablation site. Moreover, a variety of other expandable
elements, such as an exbandable cage, can be used in place of an expandable
balloon 30.

[0035] In use, the outer housing 12 can function as a guide device for the ablative
element 16. That is, once the outer housing 12 is stationed relative to the targeted
tissue site, the ablative element 16 can be advanced through the housing 12 to
position the ablative element 16 in a proper orientation to facilitate ablation of the
targeted tissue. While not shown, the outer housing 12 can include a lever or other
device for controlling movement of the ablative element 16 within the outer
housing 12. The outer housing 12 can also include a variety of other features to
facilitate use of the device. Alternatively, the ablative element can be fixed within
the housing 12.

[0036] The ablative element 16 can also have a variety of configurations. In the
embodiments shown in FIGS. 1A, 1C, and 1D the ablative element 16 includes a
light transmitting optical fiber 18 and a light-directing tip 20. The light
transmitting optical fiber 18 is adapted to receive ablative energy from a
penetrating light source and it is effective to deliver the energy to the light-directing
tip 20, wherein the light is diffused throughout the tip 20 and delivered to a target
ablation site. In an exemplary embodiment, the light transmitting optical fiber 18

includes an optically transmissive core surrounded by a cladding and a buffer
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coating (not shown). The optical fiber 18 should be flexible to allow the fiber 18 to
be slidably moved with respect to the outer housing 12. In use, the light
transmitting optical fiber 18 conducts light energy in the form of ultraviolet light,
visible light, near infrared, infrared radiation, or coherent light, e.g., laser light.

The fiber 18 can be formed from glass, quartz, polymeric materials, or other similar

materials which conduct light energy.

[0037] The light-directing tip 20, which extends distally from the optical fiber 18,
can also have a variety of configurations but it is preferably formed from a
transmissive tube having a light scattering medium 22 disposed therein. The
scattering medium 22 disposed within the light-directing tip 20 can be formed from
a variety of materials, and it preferably includes light scattering particles. The
refractive index of the scattering medium 22 is, however, preferably greater than
the refractive index of the outer housing 12. Preferred scattering medium 22
includes polymeric material, such as silicone, epoxy, or other suitable liquids. The
light scattering particles can be formed from, for example, alumina, silica, or titania
compounds, or mixtures thereof. Preferably, the light-directing tip 20 is completely

filled with the scattering medium 22 to avoid entrapment of air bubbles.

[0038] In use, light propagating through the optical fiber 18 is transmitted through
the light-directing tip 20 into the scattering medium 22. The light is scattered in a
cylindrical pattern along the length of the light-directing tip 20 and, each time the
light encounters a scattering particle, it is deflected. At some point, the net
deflection exceeds the critical angle for internal reflection at the interface between
the housing 12 and the scattering medium 22, and the light exits the housing 12 to

ablate the tissue.

[0039] As is further shown in FIGS. 1A, 1C and 1D, the light-directing tip 20 can

also optionally include a reflective end 26 and/or a reflective coating 24 extending

PCT/US2005/044304
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along a length of one side of the light-directing tip 20 such that the coating 24 is
substantially diametrically opposed to the target ablation site. The reflective end 26
and the reflective coating 24 interact to provide a substantially uniform distribution
of light throughout the light-directing tip 20. The reflective end 26 and the
reflective coating 24 can be formed from, for example, a mirror or gold coated
surface. While FIGS. 1A, 1C, and 1D illustrate the coating 24 extending along one
side of the length of the diffusing tip 20, a person having ordinary skill in the art
will appreciate that the light-directing tip 20 can be coated at different locations
relative to the target ablation site. For example, the reflective coating 24 can be
applied over 50% of the entire diameter of the light-directing tip 20 to concentrate
the reflected light toward a particular target tissue site, thereby forming a lesion
having a relatively narrow width. In another embodiment, as illustrated in FIG. 1E,
the ablative element 116 can further include a longitudinally extended lens element
128, such that light scattered by the scattering medium 122 is not only reflected by
reflector 124, but it is also confined to a narrow angle to form a fan-shaped beam
that produces a linear lesion. While not shown, the lens 128 can alternatively be
configured to form a fan-shaped beam that produces an arc-shaped lesion extending
in a direction that is substantially transverse to a longitudinal axis of the tip 120, or
the lens 128 and/or coating 124 can be adapted to form a small spot-shaped lesion,
such that rotation of the ablative element 116 is effective to form an arc-shaped

linear lesion.

[0040] Four other exemplary ablation systems are shown in FIGS. 1F-11. Inthe
first embodiment shown in FIG. 1F, the instrument 200 is similar to instrument 10
in that it includes an outer housing 202 having an optical fiber 208 disposed
therein. Ablation instrument 200, however, does not include a light scattering
medium disposed therein. Rather, a reflector 204 is disposed within a distal end of
the housing 202 and it is positioned at an angle that is effective to direct light from

the fiber 208 in a sideways direction toward a target ablation site. The angle of
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reflection can, of course, vary depending on the intended use. FIG. 1G illustrates
another embodiment of an ablation system 300. In this embodiment, the ablation
system 300 is adapted to deliver ultrasound energy to form an ablative lesion. As
shown, the system 300 includes an outer housing 302 having a curved transducer
304 disposed therein for focusing ultrasound into an ablative beam. The housing
302 can be configured to absorb or reflect energy, except for a portion of the
housing 302 which forms a window 306 for allowing the ultrasound energy to pass
therethrough. In yet another embodiment, shown in FIG. 1H, the ablation
instrument 400 can be adapted to deliver radiofrequency (RF) or microwave
energy. As shown, an RF or microwave transmitter 404 is disposed within a
housing 402, and the housing 402 is configured to absorb or reflect RF or
microwave energy, except for a window 406 formed therein for allowing the
energy to pass therethrough. The energy is thus allowed to pass through the
radiation transparent window 406 to form an ablative lesion. Referring to FIG. 1],
yet another embodiment of an ablation system 500 is shown. In this embodiment,
the ablation system 500 includes a housing 502 having an asymmetrical balloon
506 formed on a distal end thereof. The balloon 506 can be filled with a radiation
absorbing fluid to protect tissue disposed therearound, such as the coronary sinus,

from ablative energy being transmitted from the energy-emitting element 504.

[0041] The present invention also provides a method for ablating a lesion. While
the method is described in connection with ablation instrument 10, a person skilled
in the art will appreciate that virtually any ablation instrument can be used. In
general, the method includes the steps of positioning an ablation instrument 10
within the coronary sinus and activating the instrument to form a lesion adjacent to
the mitral valve annulus. In an exemplary embodiment, the lesion is formed in
connection with a pulmonary vein encircling lesion, which is preferably formed
using a separate ablation instrument, an exemplary embodiment of which is
disclosed in U.S. Patent No. 6,558,375 of Sinofsky et al. FIG. 2 illustrates a typical
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lesion set, which includes a first lesion 100 encircling the pulmonary veins, and a
connecting lesion 102 extending to the mitral valve annulus, which is sometimes
referred to as the “left isthmus block.” In accordance with an exemplary
embodiment of the present invention, the ablation instrument 10 can be positioned
within the coronary sinus to form the lesion extending to the mitral valve annulus.
This lesion is preferably formed while shielding the major portion of the sinus,

itself, from ablative energy.

[0042] FIG. 3 illustrates one exemplary method for forming an ablative lesion in
left atrial tissue adjacent the mitral valve annulus. The procedure is preferably
performed on a beating heart, which can be accessed either using minimally
invasive techniques, wherein a small incision is formed in the chest, or using
conventional surgical techniques, wherein a sternotomy is performed. Once the
heart is located, an incision 116 is formed in the right atrium 117, as shown. The
ablation instrument 10 is then introduced through the incision 116 and it is guided
through the right atrium 118 and into the coronary sinus 119. The outer housing 12
is preferably delivered first and it can be anchored within the coronary sinus 119
using, for example, balloon 30 to maintain the instrument 10 in a fixed position. A
purse string suture (not shown) or other techniques known in the art can be used to
secure the tissue around the incision 116 relative to the ablation instrument 10.
Once the outer housing 12 is positioned within the coronary sinus 119, the ablative
element 16 can be guided through the lumen 14 in the outer housing 12 to position
the light-directing tip 20 adjacent to the target ablation site. As previously noted,
an expandable element, such as balloon 30, can optionally be used to position the
tip 20 at a desired location relative to the target ablation site. A person skilled in
the art will appreciate that the light-directing tip 20 does not need to be slidably
disposed within the housing 12, but that it can be fixedly disposed within the

housing 12 or otherwise configured to be placed adjacent to the target ablation site.
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[0043] Once the ablation instrument 10 is properly positioned within the coronary
sinus, the ablation instrument 10 can be activated to deliver ablative energy that is
effective to form a lesion in left atrial tissue near the mitral valve annulus 121, as
indicated in FIG. 4. The ablative energy is preferentially directed from within the
coronary sinus 119 towards the heart rather than other portions of the coronary
sinus that are not proximate to the heart. As noted above, the shape and size of the
lesion will depend on the particular configuration of the ablation instrument, and a
variety of ablation instruments can be used to form a lesion having a desired shape
and size. The ablative energy source used to form the lesion can also vary.
Suitable energy sources inclﬁde, for example, RF heating, cryogenic cooling,
ultrasound, microwave, ablative fluid injection and the like. RF Heating devices,
for example, are described in U.S. Patent 5,690,611 issued to Swartz et al. and
herein incorporated by reference. Cryogenic devices are similarly described, for
example, in U.S. Patent 6,161,543 issued to Cox et al. and berein incorporated by

reference.

[0044] When the penetrating energy is light, the source is activated to transmit light
through the optical fiber 18 to the light-directing tip 20, wherein the light is
scattered in a uniform diffuse pattern along the length of the tip 20. The reflective
coating 24 and/or the reflective end 26 interact with the light scattering medium 22
to provide a substantially uniform distribution of light throughout the tip 20. In
particular, when a mirrored end cap 26 is employed, as illustrated in FIG. 1A, light
propagating through the light-directing tip 20 will be at least partially scattered
before it reaches the mirror 26. When the light reaches the mirror 26, it is then
reflected by the mirror 26 and returned through the tip 20. During the second pass,
the remaining radiation encounters the scattering medium 22 which provides
further diffusion of the light. Likewise, when a reflective coating or longitudinally
disposed reflector 24 is used, as illustrated in FIGS. 1A and 1B, the light emitted by
the diffusing tip 20 will be reflected toward the target ablation site to ensure that a
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uniform lesion is created. The reflective coating 24 is particularly effective in
directing the light toward the target ablation site, thereby preventing the light from
passing through the housing 12 around the entire circumference of the housing 12.
The reflective coating 24 can also be effective to shield the coronary sinus from

light, thereby preventing ablation of the coronary sinus.

[0045] In other embodiments, depending on the configuration of the light-directing
tip 20, the ablative element 16 can optionally be moved during delivery of ablative
energy to form a lesion having a desired shape. For example, wherein the light-
directing tip 20 is configured to deliver a small spot-shaped beam of ablative
energy, the ablative element 16 can be rotated about its elongate axis such that the

spot-shaped beam can form a linear lesion in the heart wall.

[0046] One skilled in the art will appreciate further features and advantages of the
invention based on the above-described embodiments. Accordingly, the invention
is not to be limited by what has been particularly shown and described, except as

indicated by the appended claims. All publications and references cited herein are

expressly incorporated herein by reference in their entirety.
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What is claimed is:

1. A method for treating atrial fibrillation on a beating heart, the method
comprising:

positioning a portion of an ablation instrument within the coronary sinus;
and

activating the ablation instrument to form an ablative lesion in left atrial

tissue, the lesion extending to the mitral valve annulus.

2. The method of claim 1, wherein the step of activating the ablation
instrument further comprises directing ablative energy from within the coronary
sinus into an epicardial region to form a lesion that extends from the pulmonary

veins to the mitral valve annulus.

3. The method of claim 1, wherein the step of activating the ablation
instrument further comprises preferentially directing ablative energy from within
the coronary sinus towards the heart rather than other portions of the coronary sinus

that are not proximate to the heart.

4, The method of claim 1, wherein the method further comprises forming a
lesion encircling the pulmonary veins with a separate epicardial device and the step
of activating the ablation instrument further comprises directing ablative energy to
form a lesion that extends from the lesion encircling the pulmonary veins to the

mitral valve annulus.

5. The method of claim 1, wherein the step of activating the ablation
instrument further comprises directing at least one form of an ablative agent,
selected from the group comprising radiation, electric current, ultrasound, ablative

fluids and cryogenic contact, to a target region.
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6. The method of claim 1, wherein the step of activating the ablation
instrument further comprises delivering ablative energy as an elongate beam of
energy substantially transverse to a longitudinal axis of the ablation instrument.
7. The method of claim 1, wherein the step of activating the ablation

instrument further comprises delivering ablative radiant energy to a target region.

8. The method of claim 1, wherein the step of activating the ablation
instrument further comprises delivering alternating electrical current energy to a

target region via an electrode.

9. The method of claim 8, wherein the alternating electrical current energy is

delivered to a target region as a radio frequency current.

10.  The method of claim 1, wherein the step of activating the ablation
instrument further comprises delivering focused ultrasound energy to a target

region.

11.  The method of claim 1, wherein the step of activating the ablation
instrument further comprises delivering ablative energy to a target region via a
cryogenic source.

The method of claim 1, wherein the step of positioning the ablation instrument

further comprises accessing the coronary sinus from the right atrium of the heart.

12.  The method of claim 1, wherein the step of positioning the ablation
instrument further comprises accessing the coronary sinus via an incision in the
right atrium and passage of the instrument through the right atrium of the heart to

the coronary sinus.
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13.  The method of claim 1, wherein the method further comprises fixing the
position of the ablation instrument within the coronary sinus during at least a

portion of the ablation.

14.  The method of claim 13, wherein the step of fixing the position of the
ablation instrument further comprises deploying an expandable element to secure

the instrument within the coronary sinus.

-15. The method of claim 14, wherein the expandable element comprises a

balloon, and wherein the balloon is asymmetrical to deliver ablative energy in a

controlled direction.

16.  The method of claim 1, wherein the method further comprises rotating the
ablation instrument within the coronary sinus during at least a portion of the

ablation to form an elongated lesion.

17. A method for treating atrial fibrillation on a beating heart, the method
comprising introducing a distal portion of an ablation instrument through the heart
and into the coronary sinus, and delivering ablative energy through the distal
portion to form a lesion in a target region of the heart near the mitral valve annulus,
while protecting at least a portion of one of the coronary sinus and the circumflex

artery from the ablative energy source.

18. A method for treating atrial fibrillation, the method comprising:

forming an incision in the right atrium;

introducing a distal end of an ablation instrument through the incision and
into the coronary sinus; and

activating the ablation instrument to deliver ablative energy to form a lesion

extending from the pulmonary veins to the mitral valve annulus.
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19.  The method of claim 18, wherein the incision is formed in the right atrial

appendage of the right atrium.

20.  The method of claim 18, wherein the method further comprises forming a
lesion encircling the pulmonary veins with a separate epicardial device and wherein
the lesion extending from the pulmonary veins to the mitral valve annulus extends

to the lesion encircling the pulmonary veins.

21.  The method of claim 18, wherein the step of activating the ablation

instrument further comprises directing at least one form of an ablative agent,
selected from the group comprising radiation, electric current, ultrasound, ablative
fluids and cryogenic contact, to a target region.

22. The method of claim 18, wherein the step of activating the ablation
instrument further comprises delivering ablative energy as an elongate beam of
energy substantially transverse to a longitudinal axis of the distal end of the
ablation instrument.

23.  The method of claim 18, wherein the step of activating the ablation

instrument further comprises delivering ablative radiant energy to a target region.

24.  The method of claim 18, wherein the step of activating the ablation
instrument further comprises delivering alternating electrical current energy to a

target region via an electrode.

25.  The method of claim 24, wherein the alternating electrical current energy is

delivered to a target region as a radio frequency current.

26.  The method of claim 18, wherein the step of activating the ablation
instrument further comprises delivering focused ultrasound energy to a target

region.
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27.  The method of claim 18, wherein the step of activating the ablation
instrument further comprises delivering ablative energy to a target region via a

cryogenic source.

28.  The method of claim 18, wherein the step of positioning the ablation
instrument further comprises accessing the coronary sinus from the right ventricle

of the heart.

29.  The method of claim 18, wherein the method further comprises fixing the
position of the ablation instrument within the coronary sinus during at least a

portion of the ablation.

30.  The method of claim 29, wherein the step of fixing the position of the
ablation instrument further comprises deploying an expandable element to secure

the instrument within the coronary sinus.

31.  The method of claim 30, wherein the expandable element comprises a
balloon, and wherein the balloon is asymmetrical to deliver ablative energy in a

controlled direction.

32.  The method of claim 18, wherein the method further comprises rotating the
ablation instrument within the coronary sinus during at least a portion of the
ablation to form an elongated lesion.
33.  An apparatus for treating atrial fibrillation by ablation on a beating heart,
the method comprising:

a catheter body having a distal portion adapted for placement within a
coronary sinus of a heart;

an expandable element coupled to the distal portion of the catheter body and
adapted to secure the catheter in a position within the coronary sinus; and

an ablative element also coupled to the distal portion of the catheter body

PCT/US2005/044304
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and adapted to selectively direct ablative energy into a target region of the heart to

form an ablative lesion in left atrial tissue near the mitral valve annulus.

34.  The apparatus of claim 33, wherein the ablative element is selected from the
group consisting of a resistive electrical heating element, a cryogenic cooling
element, an acoustic energy generating element, a microwave generating element,

an ablative fluid releasing element, and a light emitting element.

35.  The apparatus of claim 34, wherein the apparatus is further adapted to
shield at least a portion of at least one of the coronary sinus and the circumflex

artery from ablative energy delivered to form the ablative lesion.

36.  The apparatus of claim 35, wherein at least a portion of the catheter body
comprises energy absorbing or reflecting material adapted to prevent ablative

energy from passing therethrough.

37.  The apparatus of claim 34, wherein the expandable element comprises an

asymmetric balloon adapted to deliver ablative energy in a controlled direction.

38.  The apparatus of claim 34, wherein the ablative element is adapted to
project ablative energy in a sideways direction that is substantially transverse to a

longitudinal axis of the ablative element.

39.  The apparatus of claim 34, wherein the ablative element comprises a light-
directing tip structure that is adapted to project ablative light in a sideways
direction that is substantially transverse to a longitudinal axis of the ablative

element.

40.  The apparatus of claim 39, wherein the light-directing tip structure is
adapted to project ablative light in a small spot-shaped beam.
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41.  The apparatus of claim 39, wherein the light-directing tip structure is

adapted to project ablative light in a substantially linear beam.

42.  The apparatus of claim 39, wherein the light-directing tip structure is

adapted to project ablative light in a substantially linear beam.
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