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(57) Abstract:  Embodiments of
the invention provide an ablation
apparatus for ablating target tissue
adjacent pulmonary veins of a
patient. The ablation apparatus
can include a tube capable of being
advanced around the pulmonary
veins to form a loop. The tube can
receive or include electrodes to ablate
target tissue. Some embodiments
provide a loop ablation device,
which may include a cannula and
two or more electrode rods carrying
two or more Dbipolar electrodes.
The electrode rods can be advanced
through the distal ends toward
the proximal ends of the loop and
toward the target tissue. The bipolar
electrodes can receive energy to
ablate the target tissue. The bipolar
electrodes may be surrounded by
the liquid within the cannula while
ablating the target tissue. The loop
ablation device can further include
a rotating grasping mechanism
coupled to the electrode rods.
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LOOP ABLATION APPARATUS AND METHOD

RELATED APPLICATIONS

This application claims the benefit of the filing date of United States Provisional
Patent Application No. 60/576,244 filed on June 2, 2004, which is incorporated herein by

reference in its entirety.

This application also claims the benefit of the filing date of United States
Provisional Patent Application No. 60/581,138 filed on June 18, 2004, which is
incorporated herein by reference in its entirety.

BACKGROUND

Various types of electrocautery devices are used for ablating tissue. Typically,
such devices include a conductive tip or blade, which serves as one electrode in an
electrical circuit that is completed via a grounding electrode coupled to the patient. With
sufficiently high levels of electrical energy between the two electrodes, heat is generated

which is sufficient to denature proteins within the tissue and cause cell death.

By controlling the energy level, the amount of heat generated and the degree of
tissue damage can also be controlled. High levels of voltage can actually cut and remove
tissue (i.e., electrosurgery), while lower levels will simply create sufficient heat to cause
cell damage, but leave the structure intact (i.e., ablation) and block electrical pathways
within the tissue. Irrigation of the electrode(s) with saline or other conductive fluid can

decrease the interface impedance, cool the tissue, and allow for a greater lesion depth.

The treatment of chronic atrial fibrillation (AF) requires the creation of numerous
linear lesions that pass completely through the thickness of the tissue. Some
electrophysiologists have created these lesions using the tip electrode of standard ablation
catheters. These catheters were designed to create spot lesions, typically for ablation of
specific structures or focal abnormalities. In order to make the linear lesions required to
replicate the maze procedure, an electrophysiologist makes a series of focal lesions, and

“connects the dots.”
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Manufacturers have therefore developed catheters that have a linear array of
electrodes along a long axis (i.e., the Amazr, MECCA, and Revcelation catheters). The
catheter and the electrodes are positioned in contact with the tissue. Energy is provided to
the electrodes either individually or sequentially. Additionally, catheters which
incorporate an electrode that can be energized and moved along a length of the catheter

have been proposed.

Surgeons have also been able to create linear lesions on the heart using
applications of the techniques discussed above. For example, Kottkamp et al. have used a
hand-held device that creates a series of spot or short (<1 cm) linear lesions. Other
investigators have used long, linear unipolar probes to create somewhat longer lesions.
Still others have used multi-electrode linear catﬁeters, similar to those described above, to

create a series of ablations that together form a linear lesion.

A bipolar system (in which the grounding electrode is in close proximity to the
conductive tip) can create narrower and deeper lesions. The grounding electrode can be
approximately the same dimension as the conductive tip, and both electrodes can create

the lesion.

One bipolar ablation device has integrated the electrode into the jaws of a
hemostat-like or forceps-like device. The device can clamp and ablate the tissue
inbetween the jaws. In conjunction with a transmurality algorithm, the device creates
transmural lesions. However, the device was designed to access the heart via a mid-line
sternotomy. In order for the therapy to be considered as a stand-alone, access must be
made less invasively. Simply placing the jaws onto an endoscopic handle has certain
advantages, but there are significant limitations when trying to manipulate both jaws

simultaneously through separate tissue spaces.

A microwave device has been developed that can loop around the posterior of the
heart to encircle the pulmonary veins. A right thorocotomy is created at about the fourth
intercostal space, and the pericardium is freed behind the superior vena cava and the
inferior vena cava. A movable antenna slides within an integral sheath and discrete

sections are ablated in series.
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Loop devices do not all use microwave energy. Some investigators have used the
radio frequency Cobra device, from Boston Scientific, to encircle the veins. Epicor has
initiated clinical studies of a similar device that uses high frequency ultrasonic (HIFU)
energy to generate heat within the tissue. Although easy to position within the patient, a
significant limitation of these types of loop devices is the ability to reliably create a
transmural lesion. Blood is constantly flowing within the heart chamber, and the blood
acts as a heat sink to the energy being deposited within the tissue. Blood flow has the
largest cooling effect on the tissue at an area of lowest heating. With epicardial systems, it
is almost impossible to heat the endocardial layer sufficiently to create a permanent

conduction block.

Other investigators have used a clamping device to compress the tissue between
two ablative elements. The ablative elements are connected to rigid members that
facilitate this compression. Although this bipolar arrangement is very effective at creating
transmural lesions, it tends to be difficult to position within the patient. Manipulation of

the rigid elements is problematic and can lead to tissue trauma.
SUMMARY OF THE INVENTION

Embodiments of the invention provide an ablation apparatus for ablating target
tissue adjacent pulmonary veins of a patient. The ablation apparatus can include a tube
capable of being advanced around the pulmonary veins to form a loop, and the loop
including distal ends and proximal ends. The ablation apparatus can include carrier
elements carrying bipolar electrodes. The carrier elements can be advanced through the
distal ends toward the proximal ends of the loop and toward the target tissue. The
proximal ends of the loop can be moved toward one another, and the carrier elements can
be rotated so that the loop rolls substantially off of the pulmonary veins onto the target

tissue. The bipolar electrodes can then receive energy to ablate the target tissue.

The invention includes a method of ablating target tissue of the left atrium of a
patient. The method can include performing a right thoracotomy, providing a tube
constructed of a porous and flexible material, and inserting the tube through the right
thoracotomy under the superior vena cava into the transverse sinus of the pericardium until

the tube loops around the left pulmonary veins. The method can also include visualizing
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the tube through the oblique sinus and pulling the tube until it extends below the inferior

vena cava.

The invention also includes a method, which may include performing a right
thoracotomy, providing a guide constructed of a flexible material, and inserting the guide
member through the right thoracotomy under the superior vena cava into the transverse
sinus of the pericardium until the guide loops around the left pulmonary veins. The
method can also include visualizing the guide through the oblique sinus and pulling the
guide until it extends below the inferior vena cava. Following insertion and positioning of
the guide member, ablative elements, e.g., electrodes, may be slide over the guide member
and positioned around the pulmonary veins. Once positioned, these ablative elements may

be manipulated and used to ablate the atrial tissue around the pulmonary veins.

Some embodiments of the invention provide an ablation apparatus including an
arm capable of being advanced around the pulmonary veins. The arm can include one or
more electrodes and one or more tubes. One tube can receive electrodes and the same or
another tube can provide a liquid to the target tissue. The one or more electrodes can

receive energy to ablate the target tissue.

Some embodiments of the invention provide a loop ablation device for ablating
target tissue adjacent pulmonary veins of a patient. The loop ablation device can include a
cannula capable of being advanced around the pulmonary veins to form a loop, and the
loop including distal ends and proximal ends. The cannula can receive a liquid. The loop
ablation device can also include two or more electrode rods catrying two or more bipolar
electrodes. The electrode rods can be advanced through the distal ends toward the
proximal ends of the loop and toward the target tissue. The bipolar electrodes can receive
energy to ablate the target tissue. The bipolar electrodes can be surrounded by the liquid
within the cannula while ablating the target tissue. The loop ablation device can further
include a rotating grasping mechanism coupled to the electrode rods. The rotating

grasping mechanism can rotate the electrode rods within the cannula.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of a patient’s heart and a schematic illustration of an

ablation apparatus according to one embodiment of the invention.

FIGS. 2A-2E are cross-sectional views of a patient’s heart and a schematic illustration of

an ablation apparatus according to one embodiment of the invention.

FIG. 3 is a side view of an ablation apparatus according to one embodiment of the

invention.

FIG. 4 is a cross-sectional schematic view of an ablation apparatus according to one

embodiment of the invention.

FIG. 5 is a perspective view of an ablation apparatus according to one embodiment of the

invention.

FIG. 6 is a perspective view of an ablation apparatus according to one embodiment of the

vention.

FIG. 7 is a side cross-sectional view of a string of pearls electrode arrangement.

FIG. 8 is a side cross-sectional view of a grounding electrode.

FIG. 9 is a perspective view of a pre-positioned conductive loop.

FIG. 10 is a side cross-sectional view of the pre-positioned conductive loop of FIG. 9.

FIGS. 11A-11F are perspective views of an ablation apparatus according to one

embodiment of the invention.

FIG. 12 includes side and perspective views of a tube for use with an ablation apparatus

according to one embodiment of the invention.

FIGS. 13A-13D are perspective and side cross-sectional views of an ablation apparatus

according to one embodiment of the invention.
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FIGS. 14A-14E are perspective and side cross-sectional views of ablation apparatuses

according to some embodiments of the invention.

FIGS. 15A-15F are perspective views of ablation apparatuses according to some

embodiments of the invention.

FIG. 16 is a partial perspective view of a tube for use with an ablation apparatus according

to one embodiment of the invention.

FIGS. 17A-17C are schematic views of an ablation apparatus according to one

embodiment of the invention.

FIGS. 18A-18B are perspective and side cross-sectional views of an ablation apparatus

according to one embodiment of the invention.
FIG. 19 is a schematic view of target tissue clamped by a loop.

FIG. 20 is a side view of an ablation apparatus according to one embodiment of the

invention.

FIG. 21 is a side view of an ablation apparatus according to one embodiment of the

invention.

FIGS. 22A-22E are perspective and side cross-sectional views of ablation apparatuses

according to some embodiments of the invention.

FIG. 23 is a bottom view of an ablation apparatus according to one embodiment of the

invention.

FIG. 24 is a side view of an ablation apparatus according to one embodiment of the

invention.

FIGS. 25A-25D are cross-sectional views of tubes of ablation apparatuses according to

some embodiments of the invention.

FIG. 26 is a side view of an ablation apparatus according to one embodiment of the

‘invention.
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FIGS. 27A-27F are perspective, side, and bottom views of ablation apparatuses according

to some embodiments of the invention.

FIGS. 28A-~28C are cross-sectional, perspective, and schematic views of ablation

apparatuses according to some embodiments of the invention.

FIGS. 29A-29B are side views of ablation apparatuses according to some embodiments of

the invention.

FIGS. 30A-30F are side views of ablation apparatuses according to some embodiments of

the mvention.

FIG. 31 is a side view of an ablation apparatus according to one embodiment of the

invention.

FIGS. 32A-32B are side views of an ablation apparatus according to one embodiment of

the invention.

FIGS. 33A-33B are side views of an ablation apparatus according to one embodiment of

the invention.

FIGS. 34A-34B are side views of an ablation apparatus according to one embodiment of

the invention.

FIGS. 35A-35B are perspective and cross-sectional views of tubes for use with an ablation

apparatus according to one embodiment of the invention.

FIG. 36 is a side view of an ablation apparatus according to one embodiment of the

invention.

FIG. 37 is a side view of an ablation apparatus according to one embodiment of the

invention.

FIG. 38 is a side view of an ablation apparatus according to one embodiment of the

invention.
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FIGS. 39A-39B are side and top schematic views of an ablation apparatus according to

one embodiment of the invention.

FIGS. 40A-40G are perspective, schematic, and cross-sectional views of ablation

apparatuses according to some embodiments of the invention.

FIG. 41 is a side view of an ablation apparatus according to one embodiment of the

invention.

FIGS. 42A-42H are side, cross-sectional, and perspective views of ablation apparatuses

according to some embodiments of the invention.

FIGS. 43A-43D are side and cross-sectional views of an ablation apparatus according to

one embodiment of the invention.

FIGS. 44A-44B are side cross-sectional views of an ablation apparatus according to one

embodiment of the invention.

FIGS. 45A-45C are schematic views of an ablation apparatus according to one

embodiment of the invention.
FIG. 46 is a schematic illustration of epicardial ablation bioheat transfer.

FIGS. 47A-47B are schematic illustrations of ablation apparatuses according to some

embodiments of the invention.

FIGS. 48 A-48C are side, perspective, and cross-sectional views of an ablation apparatus

according to one embodiment of the invention.

FIGS. 49A-49B are perspective views of an ablation apparatus according to one

embodiment of the invention.

FIGS. 50A-50D are side, cross-sectional, and perspective views of an ablation apparatus

according to one embodiment of the invention.

FIG. 51 is a perspective view of an ablation apparatus according to one embodiment of the

invention.
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FIG. 52 is perspective view of a tube or insertion tool for use with an ablation apparatus

according to one embodiment of the invention.

FIGS. 53A-53H are side, cross-sectional, and perspective views of an ablation apparatus

according to one embodiment of the invention.

FIGS. 54A-54B are perspective views of an ablation apparatus according to one

embodiment of the invention.

FIGS. 55A-55C are side and side cross-sectional views of an ablation apparatus according

to one embodiment of the invention.

FIGS. 56A-56E are side, solid-view perspective, and frame perspective views of an

ablation apparatus according to one embodiment of the invention.

FIGS. 57A-57B are side views of an ablation apparatus according to one embodiment of

the invention.

FIGS. 58A-58E are side and cross-sectional views of an ablation apparatus according to

one embodiment of the invention.

FIGS. 59A-59B are frame perspective and solid-perspective views of an ablation

apparatus according to one embodiment of the invention.

FIGS. 60A-60B are side views of an ablation apparatus according to one embodiment of

the invention.

FIGS. 61A-61G are side and cross-sectional views of ablation apparatuses according to

some embodiments of the invention.

FIG. 62 is a perspective view of an ablation apparatus according to one embodiment of the

invention.

FIGS. 63A-63C are side and cross-sectional views of an ablation apparatus according to

one embodiment of the invention.
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FIGS. 64A-64D are side and cross-sectional views of an ablation apparatus according to

one embodiment of the invention.

FIGS. 65A-65E are side, perspective, and cross-sectional views of an ablation apparatus

according to one embodiment of the invention.

FIGS. 66A-66F are side and perspective views of an ablation apparatus according to one

embodiment of the invention.

FIGS. 67A-67G are side and scherr%atic views of an ablation apparatus according to one

embodiment of the invention.

FIGS. 68A-68G are side and cross-sectional views of an ablation apparatus according to

one embodiment of the invention.

FIGS. 69A-69C are perspective and side views of an ablation apparatus according to one

embodiment of the invention.

FIG. 70 is a side view of an ablation apparatus according to one embodiment of the

invention.

FIGS. 71A-71B are side views of an ablation apparatus according to one embodiment of

the invention.

FIGS. 72A-72B are side and perspective views of an ablation apparatus according to one

embodiment of the invention.

FIG. 73 is a perspective view of a cam electrode for use with an ablation apparatus

according to one embodiment of the invention.

FIGS. 74A-74B are perspective views of a cam elecirode for use with an ablation

apparatus according to one embodiment of the invention.

FIG. 75 is a perspective view of a distal hinge for use with an ablation apparatus according

to one embodiment of the invention.
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FIGS. 76A-76E are perspective, cross-sectional, and schematic views of ablation

apparatuses according to some embodiments of the invention.

FIG. 77 is a perspective view of an ablation apparatus according to one embodiment of the

nvention.

FIG. 78 is a perspective view of an ablation apparatus according to one embodiment of the

invention.

FIG. 79 is a perspective view of an ablation apparatus according to one embodiment of the

invention.

FIGS. 80A-80E are side, cross-sectional, and schematic views of ablation apparatuses

according to some embodiments of the invention.

FIG. 81 is a perspective view of a loop ablation device according to one embodiment of

the invention positioned around the pulmonary veins.

FIG. 82 is a perspective view of electrodes and a cannula for use with the loop ablation
device of FIG. 81.

FIG. 83 is a top perspective view of the loop ablation device of FIG. 82 positioned around

the pulmonary veins and including a handle.
FIG. 84 is a side perspective view of the handle of the loop ablation device of FIG. 83.

FIG. 85 is a top perspective view of the loop ablation device of FIG. 83 clamped around

one set of pulmonary veins.
FIG. 86 is a front perspective view of the loop ablation device of FIG. 83.

FIG. 87 is a top perspective view of the loop ablation device of FIG. 83 clamped around

another set of pulmonary veins.
FIG. 88 is an end perspective view of the loop ablation device of FIG. 83.

FIG. 89 is a top perspective view of the loop ablation device of FIG. 83.
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FIG. 90 is another top perspective view of the loop ablation device of FIG. 83.

FIG. 91 is an end perspective view of the loop ablation device of FIG. 83 with a housing

removed.

FIG. 92 is another end perspective view of the loop ablation device of FIG. 83 with the

housing removed.

FIG. 93 is yet another end perspective view of the loop ablation device of FIG. 83 with the

housing removed.
FIG. 94 is a side perspective view of a handle end of the loop ablation device of FIG. 83.

FIG. 95 is a side perspective view of an electrode with a curved tip and a handle end of the

loop ablation device of FIG. 83.

FIG. 96 is a schematic illustration of electrodes and a cannula for use in one embodiment

of the invention.

DETAILED DESCRIPTION

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 following 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

2% ¢

be regarded as limited. The use of “including,” “comprising” or “having” and variations
thereof herein is meant to encompass 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 electrical connections or couplings, whether

direct or indirect.
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Some embodiments of the invention include a flexible loop of porous polymer with
rigid electrodes to ablate tissue around the pulmonary veins of the heart. Some
embodiments of the invention advance a flexible catheter or similar tubular device into the
cardiac space and advance the distal end of the tube around the pulmonary arteries to form
a loop. The two ends of the loop can then be used to insert a pair of carrier elements. The
carrier elements can be advanced into or around the tube to a point where the electrodes
are adjacent the tissue to be ablated. In one embodiment, the carrier elements have a cam-
shaped section carrying the electrodes. The proximal ends of the tube can be brought
together to clamp on the atrial tissue surrounding the pulmonary veins. The carrier
elements can then be rotated 45 degrees to 180 degrees to allow the cam-shaped portions
of the carrier elements to rotate to roll off the pulmonary veins onto the atrium bringing
the electrodes to a position on the heart tissue. The cam shape also allows for ablation
without complete occlusion of flow of blood through the pulmonary veins. The carrier
elements can carry a conductor to the electrodes for application of radio frequency or any

other suitable ablation energy from a power supply connected to the electrodes.

The tubes can be formed from a polymer suitable for insertion into the body and
for contact with tissue and blood. The polymer can be a “weeping” polymer capable of
allowing a liquid, such as a saline, to be pumped into the tube surrounding the carrier
elements and the electrodes. The liquid can flow through the tube and conduct the
ablation energy from the electrodes to the tissue of the atrium. Two electrodes in the tube
can be configured as a bipolar ablation device for creating a linear lesion on the atrium

adjacent to the pulmonary veins.

A variety of configurations of electrodes and carrier elements are available for
insertion into the tube. The various configurations for surrounding the pulmonary veins

can allow for linear ablation lesions to be formed;through the tube walls.

Embodiments of the invention can also include a method and a device for threading the
tube around the pulmonary veins. A feed catheter and retrieval catheter can be used. In
one embodiment, the two catheters can be equipped with opposite and attracting magnets
in the distal ends. As the catheters are brought in proximity to each other on the distal side

of the target tissue, the magnets can attract each other, allowing the feed catheter to be
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retrieved back to the port or incision, and allowing the insertion of the carrier elements to
place the electrodes in proximity to the target tissue. The use of cam-shaped electrodes or
carrier elements and a liquid solution in the catheter to conduct the energy through the
wall aids in creating Jesions of a predetermined shape and length, while using a minimally
invasive procedure. The retrieving catheter or the feed catheter can be aided in placement
with steerable devices, such as memory alloy wired having a predetermined shape, for
feeding around the pulmonary veins or other structures to meet with the other catheter.
Alternatively, a steering device may be sufficient to feed the catheter around the

pulmonary veins or other target tissue, without the need for a retrieving catheter.

In another embodiment, a rigid sleeve in the catheter can be used to feed a
memory-shaped alloy guide to specific placements during the insertion procedure. As the
sleeve is withdrawn or the memory-shaped alloy guide is expressed from the sleeve,
different-shaped portions of the memory-shaped alloy guide can steer or feed through
obstructions or obstacles. The guide can define a path around the pulmonary veins. An
end of the guide can be retrieved by a tool from the incision or port in order to feed the

catheter into position.

In some embodiments, the loop can place the electrodes in proximity to the tissue
to be ablated. The clamping of the tissue between the carrier elements and the electrodes
to create a bipolar ablation device can be performed by the tube holding the distal ends of
the carrier elements in relation to each other. The proximal ends of the carrier elements
can be clamped or otherwise fixed in relation to each other to create a clamping effect on
the tissue surrounding the pulmonary veins. The electrodes can be connected to a power
source and the saline, or other conductive liquid, can be introduced around the carrier
elements and through the catheter to weep out around the electrodes and onto the target
tissue. The electrodes can be fixed in the tube or can be drawn through the tube toward
the tissue to be ablated. Once the tube is in place, the carrier elements with the electrodes
can be introduced through both ends of the tube. The carrier elements can be shaped such
that they can be rotated together to clamp sections of the left atrium to be ablated in a
bipolar fashion, while leaving the remainder of the left atrium unclamped to allow
pulmonary vein outflow. By intermittently clamping in successive locations across the left

atrium, a full encirclement of the pulmonary veins can be achieved. The pre-positioning
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of the tube can allow the carrier elements to be placed in the proper location for
pulmonary vein isolation, without direct continuous visual monitoring. Embodiments of
the invention allow for right-sided only access to ablate both left and right sides of the left

atrium near the pulmonary veins.

FIG. 1 illustrates a patient’s heart, including the pulmonary veins 13, the oblique
sinus, the transverse sinus, the superior sinus, the aorta, the superior vena cava, the right
pulmonary artery, and the left pulmonary artery. FIG. 1 also schematically illustrates a
tube 18 of an ablation apparatus 10 forming a loop 12 around the pulmonary veins 13

according to various embodiments of the invention.

FIGS. 2A-2E also illustrate a patient’s heart, and a tube of an ablation apparatus at
various stages of forming a loop around the pulmonary veins according to embodiments of

the invention.

FIG. 3 illustrates an ablation apparatus 10 according to one embodiment of the
invention. The ablation apparatus 10 can include a loop 12, one or more electrodes 14,

and a conductor 16.

FIG. 4 illustrates an ablation apparatus 10 according to another embodiment of the
invention. The ablation apparatus 10 can include a loop 12 and electrodes 14. The loop
12 can be formed with a substantially-continuous tube 18. The tube 18 can be constructed
of a porous polymer. The loop 12 can include distal ends 20 and proximal ends 22. The
electrodes 14 can be coupled to one or more carrier elements 24. The carrier elements 24
can be inserted into the proximal ends 22 of the loop 12. The carrier elements 24 can be
advanced from the proximal ends 22 of the loop 12 toward the distal ends 20 of the loop
12. The carrier elements can be advanced through the proximal ends 22 of the loop 12
toward the distal ends 20 of the loop 12 and toward the target tissue adjacent the
pulmonary veins. The proximal ends 22 of the loop 12 can be moved toward one another
and the carrier elements along with the electrodes 14 can be rotated so that the loop 12

rolls substantially off of the pulmonary veins onto the target tissue.

The electrodes 14 can be mono-electrodes or bipolar electrodes. For bipolar

electrodes, two or more electrodes 14 can be advanced into the loop 12. The tube 18 of
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the loop 12 can also include an interior portion 28. The interior portion 28 can receive a
liquid in order to surround the electrodes 14 with the liquid. In some embodiments, the

liquid includes saline.

FIG. 5 illustrates an ablation apparatus 10 according to another embodiment of the
invention. The ablation apparatus 10 can include an arm 30, an insertion tool 32, and a
knob 34. The arm 30 can include one or more articulating segments 36. The arm 34 can
also include a conduit 38 including one or more electrodes 14. The insertion tool 32 can
be coupled to the arm 30. The knob 34 can be coupled to the insertion tool 32. The knob
34 can be rotated in order to lock the articulating segments 36 into an ablating position.
The electrodes 14 can receive energy to ablate the target tissue adjacent the articulating
segments 36 in the ablating position. The ablation apparatus 10 can also include a

conductor 16 coupled to the knob 34.

FIG. 6 illustrates another embodiment of the ablation apparatus 10 similar to the
embodiment shown in FIG. 5. The ablation apparatus 10 of FIG. 6 can include an arm 30,
an insertion tool 32, a knob 34, a conduit 38, electrodes 14, and a conductor 16. In some
embodiments, the conduit 38 can include a string of electrodes 14, as shown in FIG. 7.
The string of electrodes 14 can be surrounded by a liquid, such as saline. The saline can
fill any voids between the string of electrodes 14. The articulating segments 36 of the arm
30 can be constructed of a weeping polymer which can allow the saline to weep through
onto the target tissue. The saline can irrigate the target tissue in order to cool the target
tissue after energy has been provided to the electrodes 14. In some embodiments, the
ablation apparatus 10 can include a grounding member 40, as shown in FIG. 8. The
grounding member can be inserted into target tissue 15 in order to ground the electrodes
14. FIG. 7 illustrates the string of electrodes 14 with the interior portion 28 that can
receive saline to fill the void between the electrodes 14. FIG. 8 illustrates the arm 30
including the grounding member 40. FIG. § also illustrates the interior portion 28 of the

arm 30 which can receive one or more electrodes 14.

FIG. 9 illustrates another embodiment of an ablation apparatus 10. The ablation
apparatus 10 can include a pre-positioned conductive loop 42. The conductive loop 42 can

include electrode tubing that can be attached to the target tissue 15 along an ablation path.
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As shown in FIG. 10, the conductive loop 42 can be constructed of a flexible encapsilant
44, Electrodes 14 can be embedded in the flexible encapsilant 44. FIG. 10 also illustrates
a power and guide wire 46 that can be advanced through the conductive loop 42. The
conductive loop 42 can also include energy transfer contacts 48. The energy transfer
contacts 48 can be spaced along the length of the conductive loop 42. The energy transfer
contacts 48 can provide an electrical connection between the power and guide wire 46 and
the conductive loop 42. In some embodiments, as the power and guide wire 46 is
advanced through the conductive loop 42, a positive stop mechanism in the insertion tool
can stop the power and guide wire 46 at each energy transfer contact 48. At each stop,

power can be transmitted to ablate the target tissue 15

FIGS. 11A-11F illustrate another embodiment of the ablation apparatus 10. The
ablation apparatus 10 can include an arm 30, an insertion tool 32, a knob 34, and a conduit
16. The arm 30 can also include articulating segments 36 with electrodes 14. The arm 30
can further include a lumen 50 that can move along the length of the arm 30. The knob 34
can rotate with respect to the insertion tool 32 in order to lock the articulating segments 36
in a particular position. The insertion tool 32 can also include a handle 52 and a liquid
delivery tube 54 coupled to the handle 52. The handle 52 can also include a lock 56. The
lock 56 can be rotated and/or translated in order to prevent the lumen 50 from moving
along the length of the arm 30. FIG. 11B illustrates the arm 30, the articulating segments
36, and the lumen 50. The articulating segments 36 can move with the lumen 50 along the
length of the arm 30. FIG. 11C illustrates another embodiment of an arm 30 including
electrodes 14. The arm 30 can rotate about a longitudinal axis. FIG. 11D illustrates
another embodiment of an arm 30 including electrodes 14 with the arm 30 in a fixed
position. The ablation apparatus 10 of FIG. 11A can include a steerable electrode. The
ablation apparatus 10 can include a steerable link 51, as shown in FIG. 11E. The ablation
apparatus 10 can also include a telescoping mechanism 53, as shown m FIG. 11F. The
telescoping mechanism 53 can allow the arm 30 to extend and/or retract with respect to the
insertion tool 32. The telescoping mechanism 53 can include the conductor 16 and the
liquid delivery tube 54 in order to provide energy and liquid to the arm 30. Similarly,
FIG. 11E illustrates that the steereable link 51 can include the conductor 16 and the liquid
delivery tube 54 in order to provide energy and liquid to the arm 30 as the arm 30 is
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positioned using the steerable link 51. In some embodiments, the insertion tool 32 can be
constructed of rigid SS tubing. In some embodiments, the lumen 50 can house a cable for
the conductor 16. In some embodiments, the lumen 50 can include a light tube in order to

illuminate the target tissue 15 as the arm 30 is positioned.

FIG. 12 illustrates an electrode 14 including an interior portion 28, a saline channel
58, and a saline orifice 60. The electrode 14 of FIG. 12 can be used in conjunction with
any suitable ablation apparatus 10. Saline can be provided through the interior portion 28
of the electrode 14 and can flow through the saline channel 58 and the saline orifice 60
onto the target tissue 15.

FIG. 13A illustrates an ablation apparatus 10 according to another embodiment of
the invention. The ablation apparatus 10 can include an external electrode 14, a conductor
16, a tube 18, and a nose 72. The tube 18 can be constructed of a porous polymer. The
tube 18 can surround steering wires 62 and/or the conductor 16. The electrode 14 can be
constructed of a flexible metallic material in order to be crimped onto the porous polymer

of the tube 18. The nose 72 can receive the ends of steering wires 62 and can be coupled

" to an end of the tube 18. The external electrode 14 can also include saline orifices 60 in

order to provide saline to the target tissue 15. In some embodiments, the nose 72 can also
include a magnet 64 that can be used in conjunction with a retrieval catheter. As shown in
FIGS. 13B and 13C, the retrieval catheter can include a tether 68 coupled to a magnet 64.
The magnet 64 of the retrieval catheter can be positioned adjacent to a magnet 66 in the
nose 72 of the ablation apparatus 10 in order to position the external electrodes 14 in
relation to the target tissue 15. FIG. 13D illustrates one embodiment of a magnet 64
including an aperture 65 which can receive a metallic ball 70 coupled to the tether 68 of
the retrieval catheter. The magnet 64 of FIG. 13D can be coupled in any suitable manner
to the electrode 14 and/or the tube 18. The ball 70 can, in some embodiments, be a
magnetic electrode. In some embodiménts, the tether 68 of the retrieval catheter can be
positioned through the target tissue 15 on an interior wall of the target tissue 15. The
magnet 64 of the electrode 14 and the magnetic electrode in the ball 70 can keep the
electrode aligned with the target tissue 15 with a magnetic field.



10

15

20

25

30

WO 2005/120375 PCT/US2005/019127

19

FIG. 14A illustrates one embodiment of an ablation apparatus 10, including one or
more loops 12 that can be positioned around the pulmonary veins 13. The loops 12 shown
in FIG. 14A can operate according to a snare mechanism in order to pull the pulmonary
veins 13 toward the insertion tool 32. The ablation apparatus 10 can also include an
insertion tool 32 and a handle 52. FIG. 14B illustrates an embodiment of the ablation
apparatus 10 including an insertion tool 32 coupled to a double loop 12. The loop 12 can
make multiple circular loops around the pulmonary veins 13. FIG. 14C illustrates an
embodiment of the ablation apparatus 10, including a single loop 12 that can be positioned
around the pulmonary veins 13. The loop 12 can be attached to an insertion tool 32. FIG.
14D illustrates the ablation apparatus 10 including an insertion tool 32 that can receive a
conductor 16 and a liquid delivery tube 54. The insertion tool 32 can include one or more
loops 12 coupled to a distal end of the ablation apparatus 10. FIG. 14E illustrates a cross-
sectional view of one embodiment of a loop 12. The cross-sectional view shown in FIG.

14E can be a cross section of a balloon apparatus that can be used as a loop 12.

FIGS. 15A-15F illustrate another embodiment of the ablation apparatus 10. The
ablation apparatus 10 can include a substantially flat surface that can contact the target
tissue 15. As shown in FIG. 15A, the ablation apparatus 10 can include coil electrodes 14,
one or more tubes 18, one or more conductors 16, and vacuum pods 76. FIG. 15Bisa
perspective end view of the ablation apparatus 10 illustrating the electrodes 14 which can
be placed within the tubes 18. FIG. 15B also illustrates vacuum channels 74 which can be
connected to the vacuum pods 76. FIG. 15B further illustrates that the ablation apparatus
10 can include one or more saline orifices 60 in order to provide saline or liquid to the
electrodes 14. FIGS. 15A-15F also illustrate that the insertion tool 32 can incorporate the
electrodes 14 and the tubes 18. The insertion tool 32 can include any combination of the
tubes 18 and devices or components used to position the electrodes 14 adjacent the target
tissue 15. FIG. 15C illustrates the ablation apparatus 10 including two parallel sets of
vacuum pods 76 positioned on either side of the coil electrodes 14. FIG. 15D is another
perspective end view of the ablation apparatus 10 including two parallel sets of vacuum
pods 76 and two parallel saline orifices 60. Similatly, FIG. 15F illustrates two parallel
sets of vacuum pods 76 and two parallel sets of saline orifices 60. FIG. 15E illustrates an

ablation apparatus 10 with coil electrodes 14 that can occupy a larger surface area of the
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ablation apparatus 10 in order to contact a larger surface area of the target tissue 15. The
coil electrodes 14 shown in FIGS. 15A-15E can include a substantially continuous piece
of conductive material that can overlap and collapse onto itself in order to provide a
substantially continuous conductor along the length of the tube 18 and/or the insertion tool
32. The use of coil electrodes 14 can also allow the tube 18 and/or the insertion tool 32 to
be flexible enough to be positioned around the pulmonary veins 13. As shown in FIG.
15A, the ablation apparatus 10 can include a width w that can be approximately 8 mm or
less. In some embodiments, the coil electrodes 14 can be etched onto one or more

integrated circuits positioned within the tube 18 and/or the insertion tool 32.

FIG. 16 illustrates one embodiment of a tube 18 having multiple channels. One of
the channels can include electrodes 14 and a second channel 78 can provide a space
between the electrodes 14 and the pulmonary veins 13. The tube 18 with multiple

channels can also be used to provide saline to the target tissue 15.

FIGS. 17A-17C illustrate an embodiment of the invention that can include the use
of rubber catheters as insertion tools 32 which can be passed around the pulmonary veins
13. A tube 18 including electrodes 14 can then be pulled through the rubber catheters of
the insertion tool 32 in order to be wrapped around the pulmonary veins 13. As shown in
FIG. 17C, the tube 18 can create a loop 12 substantially surrounding the pulmonary veins
13. In some embodiments, the tube 18 can include a catheter. The catheter can use
microwave energy to ablate the target tissue 15. In one embodiment, the catheter can be

approximately 18 mm in width with a semi-circular cross-sectional profile.

FIGS. 18A and 18B illustrate another embodiment of the ablation apparatus 10,
including electrodes 14 contained within a tube 18. The tube 18 can be coupled to an
insertion tool 32, and the insertion tool 32 can include a stiffener 80. The insertion tool 32
including the stiffener 80 can have a diameter of approximately 8 mm, in one
embodiment. The stiffener 80 can include a rectangular cross section which can
substantially prevent or resist rotation of the insertion tool 32 with respect to the

pulmonary veins 13 and/or the target tissue 15.
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FIG. 19 is a schematic illustration of target tissue 15 being clampeid by a loop 12
including a tube 18. The tube 18 can include bipolar electrodes 14. The target tissue 15

can include two ablation surfaces adjacent the portions of the tube 18.

FIG. 20 illustrates an insertion tool 32 to which electrodes 14, an insulator 82, and
a stiffener 80 can be coupled. The insertion tool 32 can be positioned around the
pulmonary veins 13, and then the stiffener 80 can be slid onto the insertion tool 32
adjacent the electrodes 14 and the insulator 82. In some embodiments, the electrodes 14
can be éoupled to the stiffener 80. In some embodiments, the stiffener 80 can be shaped
according to the contours of the left atrium. In one embodiment, the stiffener 80 can be
constructed of expanded polytetrofluroroethylene (ePTFE). , The insertion tool 32 can also
include a tube 18 in order to provide energy and saline to the electrodes 14 and the target

tissue 15.

FIG. 21 illustrates an embodiment of the tube 18 and/or the insertion tool 32,
including a connecting cable 84 that can be used to connect two segments of the tube 18 or
the insertion tool 32. The connecting cable 84 can allow the electrodes 14 to be positioned
around the pulmonary veins 13 by providing a flexible portion that can position more rigid
segments of the tube 18 above and below the pulmonary veins 13. The connecting cable

84 can be a non-extensible member and can include a suitable cover.

FIGS. 22A-22F illustrate one embodiment of the ablation apparatus 10 that can
include a recess 77 which can allow the tube 18 and/or the insertion tool 32 to wrap
around onto itself and be positioned within the recess 77. As shown in FIGS. 22D and
22E, the electrodes 14 and/or the tube 18 can be coupled to the insertion tool 32 and can
have a semi-circular cross-sectioned profile or a rectangular cross-sectioned profile. As
shown in FIG. 22A, the tube 18 and/or the insertion tool can wrap around onto itself and

be positioned within the recess 77 in order to surround the pulmonary veins 13.

FIG. 23 illustrates an embodiment of the ablation apparatus 10, including a single
coil electrode 14 and a single row of vacuum pods 76. The ablation apparatus 10 shown in

FIG. 23 can include a width w of approximately 8 mm, in one embodiment.
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FIG. 24 illustrates an embodiment of the tube 18 and/or the insertion tool 32
having a minimum radius R. The minimum radius R can be a radius that is sufficient to
surround the pulmonary veins 13. If the tube 18 is constructed with a single channel, the
minimum radius R can be smaller than if the tube 18 is constructed with multiple channels

that are not independent of one another.

FIGS. 25A-25D illustrate multiple-channel tubes 18, including a spacer channel 78
that can provide spacing between the electrodes 14 and the pulmonary veins 13. FIG. 25A
illustrates two circular channels with a male projection and a female recess used to couple
the channels to one another. FIG. 25B illustrates two circular channels, which can be
coupled to one another by ultrasonic welding or any other suitable method. FIG. 25C
illustrates multiple channels having rectangular cross-sectional profiles. FIG. 25D

illustrates multiple channels having triangular cross-sectional profiles.

In some embodiments, the insertion tool 32 can be placed in a secure position with
respect to the pulmonary veins 13 before the electrodes 14 are inserted into the tube 18. In
some embodiments, a double loop 12 can be used to surround both sets of pulmonary
veins 13. When a double loop 12 is used, the length of the electrodes 14 can be shorter.
However, the double loops 12 must bend more tightly around the two sets of pulmonary
veins 13. The double loops 12 must also overlap more often and may be subjected to
more abrupt contour changes. In some embodiments, a single loop 12 can be used and can
include a longer electrode 14. The single loop 12 can overlap itself only once and can

include a larger bend radius R.

FIG. 26 illustrates an embodiment of the tube 18 and/or the insertion tool 32,
including two segments connected by a connecting cable 84. The connecting cable 84 can
be used to limit deflection when the atria are clamped. The connecting cable 84 can be co-
extruded with the material of the tube 18 and/or the insertion tool 32. The tube 18 and/or

the insertion tool 32 can be constructed of a flexible material, such as a porous polymer.

FIGS. 27A-27F illustrate an embodiment of the ablation apparatus 10, including
coil electrodes 14 and a stiffener 80 coupled to the tube 18 and/or the insertion tool 32.
The insertion tool 32 can also include saline channels 58. As shown in FIG. 27A, the

stiffener 80 can have a circular cross-sectional profile. As shown in FIG. 27B, the
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stiffener 80 can have a rectangular cross-sectional profile. In FIG. 27B, the saline
channels 58 are positioned between the stiffener 80 and the coil electrode 14. FIGS. 27C
and 27D illustrate the coil electrodes 14 positioned along a flat surface of the insertion
tool. The insertion tool 32 can have a width w of approximately 6 mm to 8 mm. The coil
electrode 14 can include a flat overlapping coil that gives a coil-to-coil electrical pathway
for the ablation apparatus 10. FIGS. 27E and 27F illustrate the attachment of the
connecting cable 84 between two segments of the tube 18 and/or the insertion tool 32. As
shown in FIG. 27E, the connecting cable 84 can be positioned on one side of the stiffener
80 with the saline channels 58 positioned on the other side of the stiffener 80. FIG. 27F
illustrates the stiffener 80 positioned on one side of a row including a saline channel 58,
the connecting cable 84, and a conductor 16. The stiffener 80 can be constructed of a
material that is stiff enough to prevent any of the channels within the insertion tool 32

from collapsing as they pass over sharp bends.

FIGS. 28A-28C illustrate an embodiment of the ablation apparatus 10, including a
tube 18 and/or an insertion tool 32 with a triangular or circular cross section with one
saline channel 58, a stiffener 80, and two connecting cables 84. FIGS. 28C and 28D
illustrate a coil electrode 14 suitable for use with the ablation apparatus 10 of FIGS. 28A
and 28B. The connecting cable 84 can be used to connect two segments of the tube 18

~ and/or the insertion tool 32. The coil electrodes 14 can be used as bipolar electrodes that

can wrap around the pulmonary veins about the connecting cables 84.

FIGS. 29A-29B illustrate an embodiment of the tube 18 and/or the insertion tool
32, including articulating segments 36. FIG. 29B illustrates the articulating segments 36

in a bent position in order to wrap around the pulmonary veins 13.

FIGS. 30A through 30F illustrate embodiments of the ablation apparatus 10,
including one or more connecting cables 84, hinges 88, or spherical joints 92. FIG. 30A |
illustrates the tube 18 and/or the insertion tool 32 coupled to an adapter 86, a stiffener 80,
and a connecting cable 84. FIG. 30B illustrates the adapter 86 coupled to the tube 13,
and/or the insertion tool 32 with the adapter 86 having an overlapping sheath
configuration. FIG. 30C illustrates the connecting cable 84 extending through two
segments of the tube 18 and/or the insertion tool 32. The connecting cable 84 can be
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coupled to the two segments with one or more adapters 86. FIG. 30D illustrates a hinge
88, including a link 90 coupled between two segments of the tube 18 and/or insertion tool
32. The electrodes 14 can be coupled to suitable portions of the tube 18. The hinge 88
can be connected to one or more adapters 86. FIG. 30E illustrates a spherical joint 92
coupled between adapters 86 which are coupled to two segments of the tube 18 and/or the
insertion apparatus 32. FIG. 30F illustrates a connecting screw 94 coupled to two portions
of an adapter 86. The screw can be used to move the connecting cable 84 with respect to

the adapter 86.

FIG. 31 illustrates an embodiment of the tube 18, including slits 96 positioned
along a portion of its length. The slits 96 can increase the flexibility of a portion of the
tube 18. Electrodes 14 can be coﬁpled to an interior portion of the tube 18 adjacent the
pulmonary veins 13. The tube 18 can form a loop 12 surrounding the pulmonary veins 13

and ends of the tube 18 can be coupled to one or more connecting cables 84.

FIGS. 32A and 32B illustrate an embodiment of the ablation apparatus 10,
including one or more tapered portions 100 and a clamping area 102 positioned along the
length of the tube 18. As shown in FIG. 32B, the clamping area 102 can be positioned
adjacent to the pulmonary veins 13. One or more clamps 98 can be coupled near the
tapered portions 100 of the tubes 18 in order to clamp the tubes 18 to form a clamping area
102 around the pulmonary veins 13. In some embodiments, the tubes 18 can include semi-
circular cross-sectional profiles so that their substantially flat surfaces can contact one

another.

FIGS. 33A and 33B illustrate a retrieval device 104 for use with the ablation
apparatus 10. The retrieval device 104 can include a hook 106 and a sheath 108. The
hook 106 can be used to grasp the connecting cable 84 in order to pull the tubes 18 toward
the sheath 108. As shown in FIG. 33B, the sheath 108 can surround a portion of the tubes
18. The tubes 18 can be positioned according to a clamping area 102 around the
pulmonary veins 13. A clamp 98 can be coupled to the tubes 18. The tubes 18 can also
include one or more stiffeners 80. The clamping area 102 can include a minimum radius

R which can be controlled by the stiffness of the stiffeners 80.
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FIGS. 34A and 34B illustrate an embodiment of the tube 18, including a taper 100
coupled to a guide wire 110. The guide wires 110 of the tubes 18 can be used to feed the
tubes 18 around the pulmonary veins 13. Once a clamping area 102 of the tubes 18 is
positioned around the pulmonary veins 13, the tubes 18 can be clamped together by one or
more clamps 98. The guide wires 110 and the tubes 18 can fit within a catheter serving as

the insertion tool 32. The clamping area 102 of the tube 18 can also include a stiffener 80.

FIGS. 35A and 35B illustrate an embodiment of the tube 18 and/or the insertion
tool 32, including electrodes 14 that are positioned in an off-centered manner. The tubes
18 and/or the insertion tools 32 can include substantially flat surfaces 112 for alignment
with one another. The tubes 18 and/or the insertion tools 32 can also include saline
orifices 60 positioned off-center with respect to the electrodes 14. The electrodes 14 can
be off set with respect to the tube 18 in order to provide insulating protection for the

pulmonary veins.

FIG. 36 illustrates a stiffener 80 coupled to a guide wire 110. The stiffener 80 can
include articulating segments 36 having varying lengths and/or diameters in order to

modify the stiffness of the stiffener 80.

FIG. 37 illustrates an embodiment of the tube 18, including a stiffener 80 with
several segments. Saline channels 58 can be positioned in a diagonal manner between the

segments of the stiffener 80.

FIG. 38 illustrates two tubes 18 which can be positioned around the pulmonary
veins 13 and can move parallel toward one another in order to maintain their parallel

configuration.

FIGS. 39A and 39B illustrate a spool 114 around which a guide wire 110 can be
wrapped.

FIGS. 40A-40G illustrate an embodiment of the ablation apparatus 10, including
one or more clamps 98 which can include clamping hinges 116. The tubes 18 can be
positioned adjacent the pulmonary veins 13 and the clamping hinges 116 can be secured in

order to create a clamping area 102 around the pulmonary veins 13. In some
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embodiments, the clamping hinges 116 can be used to rotate the tubes 18 in order to roll
off of the pulmonary veins 13 and onto the target tissue 15. FIG. 40B illustrates the
pulmonary veins 13 after a clamping action has been performed. FIG. 40C illustrates a
clamping hinge 116 including two links. FIG. 40D is a perspective view of the clamp
hinge 116 of FIG. 40C. FIG. 40F illustrates the clamp hinge 116 of FIG. 40E in a
clamped position. FIG. 40G illustrates an example of the clamping action that can be
performed on the pulmonary veins 13. In some embodiments, clamping the atria can be
performed by using the clamping hinge 116 in order to allow a slow blood flow to reduce
convective heat loss. However, it is not necessary in all embodiments of the invention to

clamp the atria.

FIG. 41 illustrates an embodiment of the ablation apparatus 10 including multiple
segments A, B, C that can be activated independently and separately for ablation of the
target tissue 15. For example, independent segments A, B and C can each be activated
separately. This step-wise method can eliminate occluding all four of the pulmonary veins

simultaneously.

FIGS. 42A-42H illustrate an embodiment of the ablation apparatus 10, including a
tube 18 forming a loop 12. Stiffening rods or members 80 can be inserted into the tube 18
as shown in FIG. 42A. The tube 18 can be constructed of a porous polymer, in some
embodiments. As shown in FIG. 42A, the tube 18 can include a distal hinge area A. The
distal hinge area A can be replaced with a non-extensible connecting cable 84. As shown
in FIG. 42B, the tube 18 can be coupled to one or more adapters 86 and the adapters 86
can be coupled to the connecting cable 84. The tube 18 can also receive the stiffeners 80.
An area between the adapters 86 and the stiffeners 80 can include a weakened portion 118.
The weakened portion 118 can flex over the stiffener 80 in order to reduce clamping at a
distal end of the tube 18 and the loop 12. FIG. 42C illustrates fwo segments of the tube 18
aligned parallel to one another and connected by the connecting cable 84. FIG. 42D
illustrates two segments of the tube 18 connected by a single connecting cable 84. FIG.
42F illustrates two segments of the tube 18 connected by two connecting cables 84. FIGS.
42F and 42G illustrate alternative embodiments of the adapter 86. In FIG. 42F, the
adapter 86 can include a C-shaped member that can be received within the interior of the

tube 18. The adapter 86 shown in FIG. 42G can include a C-shaped member that can
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extend over an exterior surface of the tube 18. FIG. 42H illustrates one suitable cross-
sectional profile for the tube 18. The cross-sectional profile can include a semi-circular
shape. Each tube 18 can be coupled to the connecting cable 84. The semi-circular cross-

sectional profile can help to maintain orientation between the two segments of the tube 18.

FIGS. 43A-43D illustrate an embodiment of the tube 18 including a compressed
portion 120. The compressed portion 120 can, in some embodiments, be formed with
ultrasonic welding techniques. As shown in FIG. 43C, a substantially flat braided material
122 can be embedded in the compressed portion 120 in order to reduce the stretch of the
compressed portion 120 during bending. FIG. 43D illustrates two segments of the tube 18
folded over so that they are substantially parallel to one another with the compressed

portion 120 positioned between the two segments of the tube 18.

FIGS. 44A-44B illustrate an embodiment of the ablation apparatus 10 including
light markers 124. The light markers 124 can be positioned at ends of a clamping area 120
and/or at a mid-point position of the clamping area 120. In some embodiments, energy
can be provided to the light markers 124 via fiber optic cables 126. The fiber optic cables
126 can be positioned within the tubes 18. The light markers 124 can aid in positioning
and visualizing the ablation apparatus 10 during a closed-chest procedure or within any
other closed anatomical space. The light markers 124 can include, for example, light rods,
fiber optic bundles, or light-emitting diodes. The light markers 124 can, in some
embodiments, be integrated into the ablation apparatus 10 itself. The light bundles 124
can be color-coded or can emit light patterns in order to be used to identify specific points
that are critical to the placement or to the use of the ablation apparatus 10. The light
markers 124 can be rings or lines of light-emitting materials, such as light emitting diodes.
The light markers 124 can be used to locate and confirm placement of the clamping area
120. FIG. 44A illustrates light markers 124 that include points of light. FIG. 44B
illustrates light markers 124 that include rings or lines of light.

Some embodiments of the invention can include an ablation apparatus 10 that is
intended to allow the threading of an insertion tool 32, such as an ablation catheter, around
the pulmonary veins 13 to perform epicardial left atrial ablation. Placement of the ablation

apparatus 10 can be achieved through a right thoracotomy after dissection of the inferior
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vena cava and superior vena cava from the pericardium. The ablation catheter can include
a magnet, such as a rare earth magnet constructed of neodymium or samarium-cobalt. The
magnet can be placed on the tip of the ablation catheter. The ablation catheter can be
advanced through the transverse sinus to the distal side of the left pulmonary veins 13. A
retrieval catheter with a mating magnet can be advanced through the oblique sinus to mate
with the ablation catheter. A steerable end on the retrieval catheter and/or the ablation
catheter can aid in the mating of the two magnet ends. The retrieval catheter can then be
used to pull the ablation catheter through the oblique sinus. A final loop 12 (;,an be closed
by attaching the magnetic distal end on the ablation catheter to a magnetic slide on the
proximal end and pulling the loop 12 tighter in order to cause sufficient contact between
the ablation catheter and the left atrial epicardial surface. Embodiments of the ablation
apparatus 10 can be used to facilitate placement of a loop-type ablation catheter around the
left atrium through the transverse and oblique sinuses through a single right thoracotomy

without additional visual visualization.

FIGS. 45A-45C illustrate an embodiment of an ablation apparatus 10, including an
ablation catheter 128 and a retrieval catheter 130. A first magnet 132 can be coupled to a
distal tip of the ablation catheter 128, and a second magnet 134 can be coupled to a distal
tip of the retrieval catheter 130. As shown in FIG. 45A, the ablation catheter 128 and the
retrieval catheter 130 can be inserted through a single right thoracotomy. The ablation
catheter 128 can be inserted between the superior vena cava 140 and the pulmonary veins
13. The retrieval catheter 130 can be inserted between the pulmonary veins 13 and the
inferior vena cava 138. As shown in FIG. 45B, the first magnet 132 of the ablation
catheter 128 can be atiracted to the second magnet 134 of the retrieval catheter 132 in
order to pull the ablation catheter 128 around the pulmonary veins 13 forming a loop 12,
as shown in FIG. 45C. The ablation catheter 128 can include a third magnet 136 which
can attract the first magnet 132 once the retrieval catheter 130 has positioned the distal end
of the ablation catheter 128 completely around the pulmonary veins forming a complete
loop 12. In this manner, the ablation catheter 128 can be threaded around the pulmonary
veins 13 through a single right thoracotomy or any other suitable type of thoracotomy.

The magnets 132, 134, and 136 can be constructed of a rare earth metal.
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The magnet 132 can be placed on the distal tip of the ablation catheter 128 and the
device can be advanced through the thoracotomy or another suitable port, either superiorly
or inferiorly of the pulmonary veins 13. The retrieval catheter 130 can include an opposite
attracting magnet 134 that can be advanced through the thoracotomy or a suitable port and
positioned opposite the ablation catheter 128 so that the distal tips are ajoined and the
pulmonary veins 13 are encircled. The retrieval catheter 130 can then be withdrawn
pulling the ablation catheter 128 with it, thus allowing the ablation catheter 128 to fully
encircle the pulmonary veins 13. The retrieval catheter 130 can also be constructed to
include a deflecting tip to allow for easier mating to the first magnet 132 coupled to the
ablation catheter 128. Once both catheters 128, 130 are positioned, the deflecting tip of
the retrieval catheter 130 can deflect around the distal pulmonary veins 13 toward the
ablation catheter tip. If the magnets are powerful enough, the magnets do not necessarily
need to touch one another to become attracted to one another. Alternatively, the ablation
catheter 128 can be designed to deflect, rather than the tip of the retrieval catheter 130. In
other embodiments, both the tips of the ablation catheter 128 and the retrieval catheter 130
can be constructed to deflect. In order to complete the loop 12, the ablation catheter 128
can include a second proximal magnet 136 positioned in such a way that the distal magnet
132 when joined causes the ablation catheter 128 to form a closed loop 12 around the
pulmonary veins 13. This proximal magnet 136 can also be designed so that its position
can be altered to adjust the resulting size of the loop 12 for optimal pulmonary vein

encirclement.

In one embodiment of the invention, two substantially equal sized electrodes 14
can be incorporated into a single flexible loop 12. After positioning the loop 12 around
the desired area of the pulmonary veins 13, rigid members can be inserted into a lumen at
both the proximal and distal ends of the loop 12. The proximal ends of the rigid members
can then be brought together to join the two electrodes 14. Some embodiments of the
invention can be used to create long linear lesions, but can also be flexible for adequate
positioning. Some embodiments of the invention can include a bipolar device for creating
long linear lesions by placing independent electrodes 14 on each side of the target tissue
15 and applying energy. Some embodiments of the invention can also include a method

for inserting flexible electrodes 14 around the posterior left atrium, making the electrode
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14 rigid, then folding the ablation apparatus 10 upon itself to create a bipolar pair. The
posterior left atrium is the source of initiating most atrial arthythmias. Isolating this area
in a minimaling invasive manner is the goal of atrial arthythmia surgery. Some
embodiments of the invention can provide a simple method for inserting an ablation
apparatus 10 around the posterior left atrium and reliably creating electrical isolation and a

cure of atrial fibrillation.

FIG. 46 is a schematic representation of epicardial ablation bioheat transfer.
Significant endocardial cooling due to convection transfer to flowing blood can occur with

embodiments of the ablation apparatus 10.

Some embodiments of the invention can perform bipolar ablation, which can result
in generally narrower lesions and less atrial debulking than monopolar ablation
approaches. Bipolar ablation, for example, using radio frequency energy, has a greater
penetration into the target tissue 15 than monopolar ablation and has a greater likelihood
of achieving transmurality. Bipolar ablation allows for better monitoring of changes in
tissue impedance to serve as a feedback mechanism for transmurality. Embodiments of
the invention can result in less trauma to the patient and less chance of accidentally
damaging the heart and surrounding structures. Embodiments of the invention can
minimize the size of the incision required to insert the ablation apparatus 10 through the
chest wall of the patient. Embodiments of the invention can allow the surgeon to create
long contiguous linear lesions in the heart for the purpose of treating atrial fibrillation.
The surgeon can create linear lesions in the heart from the epicardial surface of the beating
heart. Some embodiments of the invention that do not include catheters can reduce or
eliminate the use of blood contacting biomaterials. By creating a loop 12 around the
pulmonary veins 13, there is less probability of capturing inadvertent structures in the

distal end of the ablation apparatus 10.

Some embodiments of the ablation apparatus 10 can be primarily designed to
produce linear radial frequency lesions in the atria using a hemostat device. However, the
ablation apparatus 10 can also be used with other energy sources, such as microwave
energy, cryogenic energy, thermal energy, ultrasound energy, laser energy, radiation

energy or any other suitable type of energy. Also, the ablation apparatus 10 can be used
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for creating lesions in other tissues, such as the lungs, or during liver resections.
Additionally, embodiments of the ablation apparatus 10 can be implemented with various
alignment techniques, such as parallel clamping and magnetically-aligning electrodes 14.
Embodiments of the invention can include a bipolar ablation apparatus 10 which can be
especially useful for ablating on a beating heart, but can also be used on a stopped heart
(i.e., on cardiopulmonary bypass). A major challenge to encircling the pulmonary veins
13 from the epicardial surface is to deliver enough energy/ to the target tissue 15 in order to
overcome endocardial heat transfer to the flowing blood. Bipolar devices are capable of
bringing the walls in close proximity to each other, thereby eliminating the cooling blood,
concentrating the current density between the electrodes 14, and yielding much greater
transmurality efficacy. However, bipolar devicés must be rigid in order to bring the walls
together. Embodiments of the invention provide a method for combining the ease of
placing a loop-type tool with the ablation efficacy of a traditional bipolar-type tool. In one
embodiment, two equal sized electrodes 14 can be incorporated into a single flexible loop.
After positioning the loop 12 around the pulmonary veins 13, rigid members can be
inserted into a lumen at both the proximal and distal ends of the loop 12. The proximal
ends of the rigid members can then be brought together to approximate the two electrodes
14.

FIGS. 47A and 47B schematically illustrate the flexible loop 12 including
electrodes 14 positioned around the pulmonary veins 13 and made rigid by insertion of
rigid members 144. After insertion of the rigid members 144, the proximal ends 146 of
the rigid members 144 can be brought together to create a bipolar configuration in
preparation for ablation. To ensure that the loop 12 is divided equally in half, there can be
a septum 148 within a lumen at the midpoint. The septum 148 can substantially prevent
insertion of the rigid members 144 beyond the midpoint of the loop 12. In some
embodiments, the septum 148 can be magnetic to aid in the attachment of the rigid
members 144. In some embodiments, the septum 148 and the rigid members 144 can
include quick connectors to aid in alignment. In one embodiment, the septum 148 can
include a hinge joint to aid in folding the electrode loop 12 upon itself. However, the
hinged joint does not necessarily need to be included within the flexible loop 12. Rather,

the hinged joint may be a component of one or more of the rigid members 144. In some
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embodiments, only a distal half of the loop 12 is flexible while a proximal half of the loop
12 is rigid. In some embodiments, only one rigid member 144 is necessary for the distal
half of the loop 12. The electrode loop 12 can include two electrodes 14 to create a
bipolar pair. However, to accommodate physical limitations, a plurality of bipolar pairs
can be included with more than one electrode 14 per half of the loop 12. The rigid
members 144 can be curved according to specific anatomical requirements. The rigid
members 144 and/or the lumen of the electrode loop 12 can be constructed of or coated
with a low friction material (e.g., €PTFE) to aid in insertion. The electrode loop 12 can be
steerable, for example, by using catheter pull wires, to facilitate placement. The electrode
loop 12 can be shapeable, using a stylet, to facilitate placement. The electrode loop 12 can
include a spine or backbone to ensure deflection in only one plane. An insertion tool 32
can include a flexible and/or steerable endoscope. The flexible and/or steerable endoscope
can be used to facilitate placement of the loop 12. The endoscope can be positioned first,

and the electrode loop 12 can be placed over or within the endoscope.

FIGS. 2A-2E illustrate a path along which the endoscope can be moved through
the heart. The endoscope can be positioned first and the distal end of the electrode loop 12
can be attached to the distal end of the steerable endoscope. By withdrawing the steerable
endoscope, the electrode loop 12 can also be withdrawn and positioned appropriately with
respect to the target tissue. In some embodiments, the proximal half of the electrode loop
12 can be rigid and only the distal half of the electrode loop 12 is flexible. After
positioning the electrode loop 12 around the posterior left atrium, a single rigid member
can be inserted into the distal end and a bipolar device can be created. After a right
thorocotomy, a flexible steereable endoscope can be inserted into the transverse sinus and
looped around the posterior left atrium and returned via the oblique sinus. A working
channel within the endoscope can be used to insert surgical instruments to facilitate
dissection. After dissecting the pericardial reflection under the inferior vena cava, an
electrode loop 12 can be inserted into the lumen of the endoscope. When the electrode
loop is fully inserted, the endoscope can be withdrawn and the loop 12 can be used to

ablate the posterior left atrium.

FIGS. 2A-2E also illustrate the placement of the endoscope and the electrode loop

12 around the pulmonary veins with respect to the transverse sinus and the oblique sinus.
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In some embodiments, the ablation apparatus 10 can be inserted through a right
thorocotomy to simultaneously ablate all the pulmonary veins. However, access can be
obtained from another incision such as a sub-xyphoid incision. A sub-xyphoid incision
has the benefit of providing access to the left atrial appendage for removal and/or
isolation. In some embodiments, the ablation apparatus 10 can be used to simultaneously
isolate the entire posterior left atrium. However, the pulmonary veins can be isolated
singularly, in pairs, or in any combination. In some embodiments, the ablation apparatus
can create long linear lesions and the ablation apparatus 10 can be flexible for positioning,
but can be rigid for the ablation process. The ablation apparatus 10 can include a bipolar
device for creating long linear lesions by placing independent electrodes 14 on each side

of the target tissue 15 and applying energy.

Embodiments of the invention can also include a method for inserting flexible
electrodes 14 around the posterior left atrium, making the electrodes 14 rigid, then folding

the ablation apparatus 10 upon itself to create a bipolar pair.

Embodiments of the invention can provide a hybrid or semi-rigid ablation
apparatus 10. The hybrid ablation apparatus 10 can be placed in position on the left atrium
near the junctions of the left and right pulmonary veins 13 in a generally non-rigid state
and then be made rigid with the addition of stiffeners 80. These stiffeners 80 can be used
to actuate or cooperate with the clamping action of an electrode carrier element of the
ablation apparatus 10. The clamping feature of the ablation apparatus 10 can resemble a
“bear trap” and can be created by a preformed section on the stiffener 80 or as a permanent
feature on the ablation apparatus 10. A permanent clamping feature can include a short
preformed rigid section. The permanent clamping feature can also include stiffeners that
are essentially straight sections and engage to drive the clamp into the closed position
during ablation. The stiffeners 80 can be replaced with flexible shafts, for example, coil,

that are capable of carrying the torque load required to position the ablation apparatus 10.

The ablation apparatus 10 can include a catheter that is made rigid after placement
adjacent the target tissue 15. The catheter can be used ina minimally-invasive cardiac
surgery technique. In some embodiments, the catheter can be deployed through a single-

sided surgical approach. The catheter can provide an instantaneous on/off feature to
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restrict or restore blood flow. The catheter may provide a means for implementing a 2 x 2
strategy with appropriately designed stiffeners 80. An interlocking segment concept can
provide a means for adapting to patient-specific anatomical contours. A bear trap clamp
can be used with the atrial tissue by rotating arch-shaped portions of the ablation apparatus
10 anteriorly to a closed position. The bear trap concept can be adaptable to a rigid handle
device. Embodiments of the invention also provide a method for providing a flexible-to-
rigid system that can integrate a series of interlocking segments that are designed to take a
predetermined shape when under a compressive load. This mechanism is analogous to a
flex-arm design. In general, a hybrid ablation apparatus 10 can combine various elements

of a rigid clamp and a loop-type ablation apparatus device.

FIGS. 48A-48C illustrate one embodiment of an ablation apparatus 10 and a
retrieval device 104. The ablation apparatus 10 can include segments of a tube 18 and/or
an insertion tool 32. Adapters 86 can be coupled to a connecting cable 84. FIGS. 48B and
48C illustrate suitable cross-sectional profiles of the tubes 18 and/or the insertion tool 32.
The retrieval device 104 can include a hook 106 and a sheath 108. The hook 106 can be
used to grasp the connecting cable 84 in order to pull the tubes/insertion tool 18, 32 within
the sheath 108.

FIGS. 49A and 49B are perspective views of the retrieval device 104. The
retrieval device 104 can include the hook 106 housed within the sheath 108. FIG. 48B

also illustrates an embodiment of the tubes 18 and/or the insertion tool 32.

FIGS. 50A-50D illustrate an embodiment of an ablation apparatus 10 including
rods 150 that can be used to tighten electrodes 14 with respect to the pulmonary veins 13.
The ablation apparatus 10 can include tubes 18 and/or an insertion tool 32, along with
clamps 98. Saline can be provided to the electrodes 14 via the tubes 18. FIG. 50B
illustrates an embodiment of a rod 150 that can be inserted into the tubes 18. FIG. 50C
illustrates an embodiment of a clamp 98 suitable for surrounding the tubes 18 and/or the
insertion tool 32. The clamp 98 can have an oval configuration with a clearance C
designed to receive the rods 150. FIG. 50D is a perspective view of the clamp 98. The
width W of the clamp, in some embodiments, can be 0.6 cm and the length L of the clamp

98, in some embodiments, can be 0.75 cm. The clamps 98 can be moved with respect to
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the tubes 18 toward the pulmonary veins 13. The rods 150 can then be rotated as shown
by the arrows 152 in FIG. 50A in order to tighten the electrodes 14 with respect to the
pulmonary veins 13. In some embodiments, the clamps 98 can be positioned around the
rods 150 after the rods 150 are already in place. In some embodiments, the clamps 98 can

be fixed in place and/or can be prevented from twisting.

FIG. 51 is a perspective view of an ablation apparatus 10 including electrodes 14
that can be exposed to the target tissue 15 through an exposure slot 154. The ablation
apparatus of FIG. 51 can also include clamps 98, tubes 18, and stiffeners 80. The tube 18
can include multiple channels in order to provide channels for the electrodes 14 that are
separate from the channels for the stiffeners 80. FIG. 52 illustrates a single tube 18 and/or
insértion tool 32, including a channel for electrodes 14, a channel 58 for saline, and a

channel for a rod 150.

FIGS. 53A-53H illustrate an embodiment of an ablation apparatus 10 including
stiffening rods 150 and a capture 156. The capture 156 can be used to lock the stiffening
rods 150 in a closed position. As shown in FIG. 53B, tubes 18 and/or an insertion device
32 can include a length L for electrodes 14. The electrodes 14 can have a smaller diameter
and can be wrapped in a coil configuration. The length L of the electrodes 14 can be
approximately 8 mm to 10 mm. FIG. 53C illustrates embodiments of the capture 156 and
the stiffening rods 150 including male protrusions and female recesses in order to couple
the capture 156 to the stiffening rods 150. For example, the stiffening rods 150 can
include a male protrusion with a circular shape or a rectangular shape and the capture 156
can include a correspondingly-shaped recess. FIG. 53D is a perspective view of the
stiffening rods 150. The stiffening rods 150 can include a C-shaped handle 158. FIG. 53E
is a perspective view of the cross-sectional profile of the stiffening rods 150 including a
thickness T and a width W. The thickness T can be approximately 0.06 cm to
approximately 0.09 cm, and the width W can be approximately 0.12 cm. FIG. 53F
illustrates the tube 18 and/or the insertion tool 32 having a stiffening rod 150 disposed
within an interior portion. FIG. 53G illustrates an embodiment of a clamp 98 for use with
the ablation apparatus 10 of FIG. 53A. The clamp 98 can include recesses 160 for
receiving multiple tubes 18. The clamp 98 can include a width W of approximately 10-12

mm. The clamp 98 can also combine the two tubes 18 into a single output lumen 162.
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FIG. 53H illustrates an embodiment of the tube 18 including a compressed portion 120

within which the electrodes can be positioned.

Similar to the embodiment shown in FIGS. 53A-53H, FIGS. 54A-54B illustrate an
embodiment of the ablation apparatus 10, including a capture 156 positioned around
stiffening rods 150. The stiffening rods 150 shown in FIG. 54A can include rectangular
handles 164. The ablation apparatus 10 is shown in FIG. 54B without the stiffening rods
150 and the capture 156.

FIGS. 55A-55C illustrate an embodiment of the ablation apparatus 10 including a
semi-rigid section 168, a flexible guide wire 170, and a hexagonal or square portion 172.
As shown in FIG. 55B, a stiffener 80 can be coupled to the hexagonal or square portion
172 which can be coupled to the flexible guide wire 170. The electrodes 14 can include
coils that can be wrapped around the flexible guide wire 170. The flexible guide wire 170
can have a larger diameter that decreases to a smaller diameter. FIG. 55C illustrates the
flexible guide wire 170 and the hexagonal or square portion 172 inserted within the tube
18. The semi-rigid section 168 of the tube 18 can substantially surround the flexible guide
wire 170 and the electrodes 14. The stiffeners 80 coupled to the hexagonal or square
portion 172 can be rotated according to a torque T. The hexagonal or square portion 172
can drive the semi-rigid section 168. The hexagonal or square portion 172 can engage
with the semi-rigid section 168 in order to drive the semi-rigid section 168 to clamp the
atria. The flexible guide wire 170 can help maneuver the stiffener 80 through the flexible
tubes 18 into the semi-rigid section 168. The ablation apparatus 10 shown in FIG. 55A
can also include one or moreycaptures 156. The ablation apparatus 10 can also receive

saline through the tubes 18.

FIGS. 56A-56E are side and perspective views of the ablation apparatus 10,
including the semi-rigid section 168, the flexible guide wire 170, and the hexagonal or
square portion 172. As shown in FIG. 56A, the ablation apparatus 10 can also include the
capture 156. The rods 150 can be coupled to the hexagonal or square portion 172 and can
be rotated according to the torque T. The hexagonal or square portion 172 can engage
with the semi-rigid portion 168 in order to drive the semi-rigid portion 168 closed via the

torque T through the rod 150. The semi-rigid section 168 can also be referred to as a
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clamp frame. The capture 156 can slide onto the semi-rigid portion or the clamp frame
168 in order to clamp the segments of the clamp frame 168 together during the clamping
of the atria. One capture 156 can be used at each endlof the clamp frame 168. FIG. 56D
illustrates a frame assembly for the clamp frame 168. FIG. 56E illustrates the stiffening
rod 150 including the hexagonal or square portion 172 and the flexible guide wire 170.
The flexible guide wire 170 can assist with maneuvering the stiffening rod 150 through the
flexible tube 18 connected to the clamp frame 168, as shown in FIGS. 56A through 56D.
The stiffening rode 150 can drive the clamp frame 168 closed with the applied torque T.
The stiffening rod 150 can be constructed of a flexible shaft that can transmit adequate

torque over approximately 300 mm.

FIGS. 57A and 57B illustrate an embodiment of the ablation apparatus 10,
including light markers 124 and a flexible shaft 174. The flexible shaft 174 can be
coupled to or independent of the stiffening rods 150. The flexible shaft 174 can be a
power transmissive shaft. The flexible shaft 174 can be fixed to or detachable from the
clamp frame 168. The ablation apparatus 10 can also captures 156, as shown in FIG. 57B.
The light markers 124 can include fiber optic light outputs for indicating the position of
the clamp frame 168 and the electrodes 14. Tubes 18 can be coupled to the clamp frame
168, and can receive saline and an energy input. The flexible shaft 174 can be rotated

using rectangular handles 164 in order to provide a torque T.

FIGS. 58A-58E illustrate another embodiment of the ablation apparatus 10,
including several articulating segments 36. The articulating segments 36 can be coupled
to a connecting cable 84. FIGS. 58B and 58C illustrate the clamp frame 168 configured
using a plurality of articulating segments 36. FIG. 58D illustrates one embodiment of a
cross-sectional profile for each articulating segment 36. FIG. 58E illustrates another
embodiment of a cross-sectional profile for each articulating segment 36, including two
connecting cables 84. FIGS. 58D and 58E also illustrate tabs 176 that can be used to
interlock adjacent articulating segments 36. As shown in FIGS. 58A and 58B, each
articulating segment 36 can have a particular shape, such as rectangular shape, an
elongated rectangular shape, and a polygon shape. FIG. 58A illustrates a tube 18 and/or
an insertion tool 32 that can receive the articulating segment 36 and the connecting cable

84. The tube 18 and/or the insertion tool 32 can be constructed of a relatively rigid
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material to handle compression that results from tension in the connecting cable 84. FIG.
58B illustrates that the clamp frame 168 can include a length L that defines a clamping
area 120. The length L, in some embodiments, can be approximately 6 cm to 8 cm. As
shown in FIG. 58A, tension T placed on the cable 84 can pull the articulating segments 36
together in order to create a shape for the clamp frame 168, as showﬁ in FIGS. 58B and
58C.

FIGS. 59A and 59B illustrate an embodiment of the clamp frame 168, including
articulating segments 36. The clamp frame 168 can also include two tube portions 18.
One tube 18 can be used as a saline channel 58, while the other tube 18 can be used to
receive electrodes 14. The clamp frame 168 can include a height H of approximately 11

mim. |

FIGS. 60A and 60B illustrate an embodiment of the ablation apparatus 10
including a clamp frame 168, a stiffening rod 150, and a hexagonal or square portion 172.
The clamp frame 168 can include a length L, which in some embodiments, can be
approximately 5 cm. The clamp frame 168 can also define a clamping area 120, including
a first width W, and a second width W,. The first width W can be approximately 2.5 cm,
and the second width W, can be approximately 2.3 cm. The ablation apparatus 10 of FIG.
60A can also include a capture 156. FIG. 60B illustrates the stiffening rod 150 including
the hexagonal or square portion 172, which can be inserted into a tube 18 as shown in FIG.
60A. The stiffening rod 150, in some embodiments, can be approximately 0.093 cm in
diameter. The stiffening rod 150 can be inserted into a proximal end of the tube 18, while
the capture 156 can be positioned at a distal end of the ablation apparatus 10. The
hexagonal or square portion 172 can mate with a corresponding recess within the clamp

frame 168.

FIGS. 61A through 61G illustrate an ablation apparatus 10 that can include a distal
area 178 designed according to one or more of the embodiments shown in FIGS.
61B-61D. For example, FIG. 61B illustrates a clamp frame 168 including two segments
joined by a connecting cable 84. FIG. 61C illustrates a clamp frame 168 including two
segments connected by one or more magnets 180. FIG. 61D illustrates a capture clamp
182 which can be coupled to two segments of the clamp frame 168. The ablation
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apparatus 10 of FIG. 61A can also include tubes 18, stiffening rods 150, hexagonal- or
square-shaped portions 172, and flexible gnide wires 170. The flexible guide wires 170
can be positioned into the tubes 18. The ablation apparatus 10 can also include a capture
156 coupled to the tubes 18. In some embodiments, the stiffening rods 150 are
constructed of a flexible drive shaft material. The distal area 178 can be designed to
provide access to the patient from the right side, and can include rigid section leads. The
distal area 178 can also be designed for access to the patient’s left side, and can include
flexible section leads. The embodiments of the clamp frame 168 shown in FIGS.
61B-61D can be provided to capture proximal ends of the flexible tubes 18. FIG. 61B
includes a connecting cable 84 that can be positioned through the tubes and the clamp
frame 168, and can be drawn into tension from the proximal end of the tubes 18. In the
embodiment shown in FIG. 61B, the flexible tubes 18 are constructed of a non-
compressible material. As shown in FIG. 61E, the clamp frame sections 168 can pivot
with respect to one another. The magnets 180 shown in FIG. 61C can aid in positioning
and/or aligning the clamp frame 168 sections. FIGS. 61F and 61G illustrate cross-
sectional profiles for the sections of the clamp frame 168, such as a circular configuration
coupled to a half moon configuration or two semi-circular configurations. The
embodiment of the capture clamp 182 shown in FIG. 61D can, in some embodiments, be

removed from the left side of the patient.

FIG. 62 illustrates an embodiment of the ablation apparatus 10 including grooves
184 within which electrodes 14 can be received. The grooves 184 can be located along the
length of the clamp frame 168. Stiffening rods 150 including hexagonal-shaped or square-
shaped portions 172 and flexible guide wires 170 can be inserted into tubes 18 coupled to
the clamp frame 168.

FIGS. 63A-63C illustrate an embodiment of an ablation apparatus 10 including a
catheter 186. The catheter 186 can include a series of holes 188. Distal coils 190 can be
wrapped around the catheter 186, along with proximal coils 192. The series of holes 188
can be placed along the length of the catheter 186, so that approximately six holes are
positioned beneath each coil 190, 192. The coils 190, 192 can be secured to the catheter
186 by any suitable means, such as an ultraviolet curing adhesive. The catheter 186 can

be constructed of a latex material, in some embodiments. One or more leads 194 can be
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connected between the coils 190, 192 and a conductor. Each one of the holes 188 can be
approximately 0.03 cm in diameter. Each set of coils can be positioned along the length of
the catheter 186 according to several lengths Ll;, L, L4, and Ls, each of which can be
approximately 4 cm long. A space L can exist between the distal set of coils 190, and the
space L3 can be approximately 2 cm. Spaces can also exist between the distal coils 190
and the proximal coils 192, and those spaces Ls and Ll; can be approximately 2 mm. FIG.
63C is a cross-sectional view of the catheter 186 along the line 63C-63C of FIG. 63B. The
cross section can include two C-shaped tips which, in some embodiments, can be removed

from the catheter 186.

FIGS. 64A-64D illustrate an embodiment of the ablation apparatus 10 similar to
the embodiment shown in FIGS. 63A-63B. In addition, the embodiment shown in FIGS.
64A-64D can include ablation faces 198 and shrink tube sections 200. As shown in FIG.
64A, the ablation apparatus 10 can include several shrink tube sections 200, each one of
the shrink tube sections 200 positioned on either side of a coil 190, 192. The coils 190,
192 and the ablation faces 198 can be positioned between any two of the shrink tube
sections 200. The catheter 186 can be folded along line 202. As shown in FIG. 64B, the
ablation apparatus 10 can also include one or more saline channels 58, one or more
septums 204, and one or more stiffeners 80. The ablation faces 198 can, in some
embodiments, be constructed of ePTFE. The coils 190, 192 and/or the ablation faces 198
can be coupled to the catheter 186 with ultraviolet curing adhesive (e.g., before silicone is
applied). In some embodiments, silicone can be used as a covering over the coils 190, 192
and to secure the ablation faces 198. FIG. 64B illustrates several conductors 194
connected to the coils 190, 192. The conductors 194 can be mated with banana plugs, in
some embodiments. The catheter 186 can be clamped in its folded position using a clamp
98 as shown in FIG. 64C. The clamp 98 can include a width W, equal to approximately
12 mm, in some embodiments. The clamp can be constructed of wire having a 0.06 mm
radius, in some embodiments. FIG. 64D illustrates an embodiment of the stiffener 80,
including a width W1, a handle length L,, a radius R and an insertion length L;. The width
W can be equal to approximately 0.38 mm, the length L; can be equal to approximately
11 cm, the length L, can be approximately 1.25 mm, and the radius R can be
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approximately 0.093 mm. In some embodiments, two stiffening rods 150 can be used in

conjunction with the catheter 186.

FIGS. 65A-65E illustrate an embodiment of the ablation apparatus including a |
clamp system 206. The clamp system 206 can include a core 208, jaws 210, and supports
212. The supports 2‘12 can connect the core 208 to the jaws 210. The clamp system 206
can be introduced into the patient’s body using an insertion tool 32, such as an ablation
catheter or a guide catheter, that can be placed through the sinuses before the clamp
system 206 is introduced into the body. One or more portions of the clamp system 206
can be coupled to the tubes 18. The tubes 18 can move or the core 208 can be retracted to
actuate the jaws 210. FIGS. 65B and 65C illustrate electrodes 14 coupled to the jaws 210.
The electrodes 14 can extend along a length L of the jaws 210. The jaws 210 can thus
provide a structure for mounting the electrodes 14. The insertion tool 32 can function as a
guide for the placement of the electrodes 14 via the jaws 210. FIG. 65E is a partial
perspective view of a tube 18 suitable for use with the ablation apparatus 10 of FIG. 65A.
The tube 18 can include a first channel and a second partially-open channel. The second

partially-open channel can engage a portion of the clamp system 206.

FIGS. 66A-66F illustrate an embodiment of the ablation apparatus 10 including a
Y-shaped connector 214, one or more leads 216, and a silicone cover 218. The silicone
cover 218 can wrap around electrodes 14. The ablation apparatus 10 can also include a
fixed capture 156 and a moveable capture 220. FIG. 66F illustrates the moveable capture
220 placed toward the pulmonary veins 13 and the electrodes 14. FIG. 66B illustrates the
moveable capture 220 including a width W; of approximately 0.8 cm, a slot width W, of
approximately 0.19 cm, a length Ll; of approximately 1 cm, and a height H of '
approximately 0.5 cm. FIG. 66E is a side view of the moveable capture 220 coupled to a
rod 150. FIG. 66A illustrates an electrode length L, of approximately 3 cm to 4 cm, and a
tube length L, of approximately 30 cm to approximately 35 cm. In some embodiments,
the length L, can be approximately 8 cm to approximately 10 cm. The tubes 18 shown in
FIG. 66A can, in some embodiments, be constructed of polyvinyl chloride, and can have
an inner diameter of 125 mm and an outer diameter of 0.25 cm. FIG. 66G illustrates an
embodiment of the tubes 18 including two channels. As shown in FIG. 66G, the tubes 18

can have an inner diameter of 0.25 cm and an outer diameter of 0.312 cm. FIG. 66D
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illustrates an embodiment of a stiffening rod 150 including a C-shaped handle 158 and a
stiffener 80 with a minimum radius R. FIG. 66E illustrates a suitable cross-sectional
profile for the tubes 18, including a conductor 16, an electrode 14, a stiffener 80, and a
saline channel 58. In some embodiments, the tubes 18 can be constructed of urethane or
Pebax. In some embodiments, the tubes 18 can be soldered together. In some
embodiments, the stiffening rod 150 as shown in FIG. 66C can include a diameter of
approximately 0.093 cm. In some embodiments, saline can be provided to the electrodes
14 via the Y-shaped connector 214. FIG. 66F illustrates the stiffening rods 150 upon
which a torque T can be applied in order to rotate the stiffening rods 150 to clamp the
electrodes 14 with respect to the atria. The minimum radius R shown in FIG. 66D can
allow blood flow until the stiffening rods 150 are fully positioned and the electrodes 14 are
ready to ablate the target tissue 15. Rotating the rods can clamp the atria and stop or
reduce blood flow through the pulmonary veins 13.

In some embodiments, the clamping area 102 of the ablation apparatus 10 can
include multiple zones that can be clamped sequentially to allow for a single set of
pulmonary veins 13 to be opened during ablation. In some embodiments, the clamping
area 102 can be tailored to a specific segment of the population, such as having different

sized clamping areas 102 for males and females.

FIGS. 67A-67G illustrate an embodiment of the ablation apparatus 10 including a
moveable core 222 with active and inactive sets of electrodes 14. As shown in FIG. 67A,
the moveable core 222 can be slideably coupled to an insertion tool 32 or a stiffening rod
150. The moveable core 222 can have coil electrodes 14 wrapped around its surfaces.

The electrodes 14 can be positioned along the length of the moveable core 222 according
to multiple lengths Ly, Ly, and L3. In some embodiments, lengths L, and lengths L3 can be
activated in order to ablate target tissue 15 near the left pulmonary veins 13. In some
embodiments, the lengths L; and L, can be used activated in order to ablate target tissue 15
near the right pulmonary veins 13. The several lengths of electrodes 14 can be activated
independently of one another according to the particular target tissue 15. The moveable
core 222 can move along the length of the insertion tool 32 or the stiffening rods 150.
FIGS. 67B and 67C illustrate an embodiment of the moveable core 222 including inactive
electrodes 14A and active electrodes 14B. As shown in FIG. 67C, a total length L4 for the
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active and inactive electrodes 14A, 14B can be approximately 60 mm to approximately 80
mm. FIG. 67D illustrates a length of active electrode 14B. The moveable core 222 can
include a length Ls around which the electrode 14B can be wrapped, a height H, and a
length Ls. FIG. 67E illustrates multiple insertion tools 32 or stiffening rods 150 with
electrodes 14 wrapped around them. The stiffening rods 150 can also be coupled to one
another with a capture 156. The stiffening rods 150 can be spaced apart from one another
but can create an overlapping distance d. In this manner, dual rods 150 can be used for
each leg of a loop 12. A bend configuration can be used for the moveable core 222 in
order to allow each stiffening rod 150 to be moved independently. Only one stiffening rod
150 should clamp on the atrium at any given time, in one embodiment of the invention.
FIG. 67F illustrates a cross-sectional profile of the insertion tool 32 or the stiffening rod
150. In some embodiments, the moveable core 222 requires that the insertion tool 32 or
the stiffening rods 150 do not stretch or compress significantly during movement of the
moveable core 222. In some embodiments, the moveable core 222 can require precise
indexing, for example, six sigma indexing, for the distal and proximate positions of the
moveable core 222 along the insertion tool 32 or the stiffening rod 150. FIG. 67G
illustrates one émbodiment of overlapping active and inactive electrodes 14A and 14B
with three separate‘segments, A, B, and C. The segment AB can be used for a second

ablation, while the segment BC can be used for a first ablation.

In some embodiments, rather than using stiffening rods 150, a flexible power
transmission shaft can be used. This flexible shaft can be fixed or detachable to a clamp
frame 168. Rotating two flexible shafts in opposite directions can close the clamp frame
168 on the atria. In some embodiments, small light markers 124 can aid in confirming the

placement of the electrodes 14 in the closed chest.

FIGS. 68A-68G illustrate an embodiment of the ablation apparatus 10 including
adapters 86 constructed of a copper cylinder crimped onto a connecting cable 84. The
connecting cable 84, in some embodiments, can have a length L; of approximately 1.5 cm
to 10.5 cm. Tubes 18 of the ablation apparatus 10 can include one of two sizes, such as 21
cm or 31 cm. The tubes 18 can include clamping lengths I, and L3 of approximately 8cm.
The tubes 18 can include a diameter of approximately 0.25 cm. FIG. 68B illustrates an
embodiment of a stiffener 80 for use within the tubes 18 of FIG. 68A. The stiffener 80



10

15

20

25

WO 2005/120375 PCT/US2005/019127

44

can include a length L, of approximately 10 cm beyond the length of the tubes 18. The
stiffener 80 can include a diameter of approximately 0.093 cm. FIG. 68C illustrates an
embodiment of a stiffening rod 150 for use with the tubes 18 of FIG. 68A. The stiffening
rod 150 can include a C-shaped handle 156, which can provide orientation and means to
hold the stiffening rod 150 in the clamping position. The stiffening rod 150 can include a
minimum radius R. In some embodiments, the tubes 18 can have an outer diameter of
approximately 0.25 cm and an inner diameter of approximately 0.125 cm. FIGS. 68D and
68E illustrate an embodiment of a distal end capture 224 and a pen handle 228. The distal
capture 224 can include a height H; of approximately 0.265 cm, a width W, of
approximately 0.56 cm, and a length Lls of approximately 0.5 cm, and a diameter D3 of
approximately 0.20 cm. The pen handle 228 can be coupled to the distal end capture 224.
FIGS. 68F and 68G illustrate an embodiment of a proximal end capture 226, including a
height H; of approximately 0.265 cm, a width W, of approximately 0.56 cm, a first length
L of approximately 0.8 cm, and a second length L; of approximately 7 cm. The length L7
can include a proximal loop 230 coupled to the proximal end capture 226. In some

embodiments, the distal end capture 224 can be constructed of Delin®.

FIGS. 69A-69C illustrate an embodiment of an ablation apparatus including a link
assembly 232. As shown in FIG. 69A, the link assembly 232 can include a first segment
234, a second segment 236, and a third segment 238. The link assembly 232 can be
coupled to a suitable handle 240 and/or an insertion tool 32. The first, second, and third
links, 234, 236, and 238 can be coupled to one another with links and pins, or any other
suitable arrangement. The link assembly 232 can also include a wire, for example a
Nitinol wire, as a backbone along its length. FIG. 69B illustrates the link assembly 232 in
its deployed and inactivated position in which the electrode 14 is substantially loose. FIG.
69C illustrates the link assembly 232 in its deployed and activated position in which the

electrode 14 is substantially tensioned in order to clamp the pulmonary veins.

FIG. 70 illustrates an embodiment of an electrode 14 including a vacuum distal
clamping assist device 242. The vacuum distal clamping assist device 242 can include a

cone-shaped member 244 and an accordion-shaped member 246.
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FIGS. 71A and 71B illustrate an embodiment of the ablation apparatus including a
link assembly 232. The link assembly 232 can include a clamp frame 168 and several
links 248. The link assembly 232 can also include notches 250 that can receive electrodes
14. '

FIGS. 72A and 72B illustrate an embodiment of the ablation apparatus 10
including tubes 18 that can include a semi-rigid or rigid pre-bent geometry. As shown in
FIG. 72B, the ablation apparatus 10 caﬁ include a proximal electrode 14A and an internal
stiffening cable. The ablation apparatus 10 can also include a distal electrode 14B, also
with an internal stiffening cable. The internal stiffening cables 252 can be pulled in order

to create tension to make the electrodes 14A and 14B rigid.

FIG. 73 illustrates an embodiment of electrodes having a cam shape. The cam
shape can include an oval cross-sectional profile with a rod attached to the oval at an off
center position. The cam electrodes 14 can be rotated approximately 180 degrees, in some
embodiments, in order to put pressure on the pulmonary veins 13 or to relieve pressure off

of the pulmonary veins 13.

FIGS. 74A and 74B illustrate another embodiment of a cam-shaped electrode 14.
The cam-shaped electrode 14 can be coupled to a placement rod 254, which can include a
keyed cross-sectional profile. The keyed cross-sectional profile of the placement rod can
mate with a keyed recess within one or more electrodes 14 in order to rotate the cam

electrodes 14.

FIG. 75 illustrates an embodiment of a distal hinge 256 that can be coupled to
tubes 18. The distal hinge can include two lengths.

FIGS. 76A-76E illustrate an embodiment of an ablation apparatus 10 including a
distal electrode 14A, a proximal electrode 14B, a loop 260, a delivery tether 262, one or
more paddles 264, a ball 266, and a socket 268. The loop 260 can be positioned around
one or more sets of pulmonary veins 13. The distal electrode 14A can be coupled to the
loop via a lumen 50. The distal electrode 14A can be moved along the loop 260 into
position with respect to the pulmonary veins 13. The proximal electrode 14B can also be

moved toward the pulmonary veins 13 after being disengaged from an insertion tool 32 by
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removing the ball 266 from the socket 268. The proximal electrode 14B can be moved
toward the pulmonary veins 13 using the delivery tether 262, for example, by pulling the
paddles 264. The distal electrode 14A and the proximal electrode 14B can each be
connected to a conductor 16 in order to provide energy to the electrodes 14A and 14B.
The distal electrode 14A and the proximal electrode 14B can each also be connected to a
ground 258. The ball 266 and the socket 268 can be omitted in some embodiments, such
as the embodiment shown in FIG. 76A, including the delivery tether 262 being coupled
directly to the proximal electrode 14B. FIG. 76E illustrates an embodiment of a pin 270
used to connect the insertion tool 32 to the proximal electrode 14B via the loop 260. FIG.
76C illustrates an alternative embodiment of tubes 18 that can be used rather than the loop
260. The tubes 18 of FIG. 76C can include a diagonal crossing configuration. FIG. 76D
illustrates an embodiment of the proximal electrode 14B including two recesses that can

receive the loop 260.

FIG. 77 illustrates an embodiment of electrodes 14, including a first jaw 272, a
second jaw 274, a clamp 276, and a spring 278. The first jaw 272 can be coupled to the
second jaw 274 via the clamp 276. The spring 278 can be coupled to the first jaw 272. In
one embodiment, the spring 278 can have a square cross-section in order to provide a
particular orientation. FIG. 78 illustrates an insertion tool 32 coupled to a tube 18 and a
blunt tip 280. The tube 18 can be comprised of a pre-curved wire that can be bent
approximafely 180 degrees.

FIG. 79 illustrates an embodiment of the ablation apparatus 10 including a distal
electrode 14A and a proximal electrode 14B. The distal electrode 14A and the proximal
electrode 14B can be coupled to one another with square supports that can be received
within correspondingly-shaped square'recesses. The supports 282 and the recesses 284
can have other suitable shapes such as triangular, hexagonal, or circular shapes. The
supports 282 can be connected to the distal electrode 14A and the proximal electrode 14B

in order to substantially surround the pulmonary veins 13.

FIGS. S0A-80E illustrate an ablation apparatus 10 including electrodes 14, tubes
18, stiffening members 80, or stiffening rods 150, a proximal capture 156, a clamp frame

168, hexagonal or square portions 172, and flexible guide wires 170. FIG. 80D illustrates
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a distal capture device 286 for use in capturing ends of the tubes 18, FIG. 80C illustrates
tubes 18 through which guide wires 110 can be threaded, and a connecting cable 84 thaf
can couple two adapters 86 together. The adapters 86 can include blunt tips, in some
embodiments. FIG. 80 illustrates the guide wire 110 positioned around the pulmonary
veins 13 with two separate clamp frames 168 being slid along the guide wire 110 in order
to place the clamp frame 168 adjacent the pulmonary veins 13. The clamp frames 168 and
the tubes 18 can include a secondary channel that can receive the guide wire 110. In this
manner, the ablation apparatus 10 of FIGS. 80A-80E can be inserted through a right side
of the patient. The guide wires 110 and/or the connecting cable 84 can be pulled tight by
the distal capture device 286 in order to secure the ends of the tubes 18 together. The
connecting cable 84 can be constructed of a non-compressible material in order to hold the
connecting cable tight. In one embodiment, the tubes can include a 3/16 inch inner
diameter and a 5/16 inch outer diameter. In one embodiment, the stiffener 80 and/or the
stiffening rods 150 can include a diameter of approximately 0.093 cm, and the hexagonal
or square drive can be a 3/32 inch hexagonal component. In one embodiment, the clamp
frame 168 can include a diameter of approximately 8 mm. In one embodiment, the

electrodes 14 can include a width of approximately 0.15 cm.

FIG. 81 illustrates a loop ablation device 310 according to one embodiment of the
invention. The loop ablation device 310 can include one or more electrode rods 311. As
shown in FIGS. 81 and 95, the electrode rods 311 can each include a handle portion 312, a
curved tip 313, a jaw 314, one or more electrodes 316, and a cam-shaped portion 322. The
handle portions 312 of the electrode rods 311 can be used to rotate the curved tips 313 in
order to bring the electrodes 316 closer to one another and close the jaws 314 around
target tissue 315. In some embodiments, the loop ablation device 310 can include two
electrodes 316 for bipolar ablation. The two electrodes 316 can be coupled to two
electrode rods 311 that can be extended around the pulmonary veins 317 through a
cannula 318. FIG. 96 is a schematic illustration of the cannula 318 receiving the
electrodes 316. In some embodiments, the cannula 318 can be constructed of a weeping
polymer, such as expanded polytetrafluoroethylene (ePTFE), in order to provide saline or
other liquid to the target tissue 315. Saline or liquid can be provided to the cannula 318 to
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surround the electrodes 316 in order to conduct ambulatory energy through micropores in

the weeping polymer and onto the target tissue 3135.

As shown in FIGS. 83-90, the loop ablation device 310 can include a rotating
grasping mechanism 320 coupled to the handle portions 312 of the electrode rods 311.
The rotating grasping mechanism 320 can position the electrodes 316 in a particular
spaced relation. The rotating grasping mechanism 320 can be used to manipulate the
curved tips 313 of the electrode rods 311 to grasp and clamp the tissue while the cam-
shaped portions 322 can cause the electrodes 316 to roll up onto the pulmonary veins 317
and onto the target tissue 315 of the atrium.

As shown in FIG. 81, the cannula 318 can be positioned in the patient’s body, such
as around the pulmonary veins 317. When the cannula 318 has been placed in the body,
the electrode rods 311 can be inserted into the cannula 318. As shown in FIG. 83, the
electrode rods 311 can be placed along the pulmonary veins 317 with the cam-shaped
portions 322 adjacent the intersection of the pulmonary veins 317 and the walls of the
heart. It can be appreciated that this approach may occlude blood flow into the heart
through one set of pulmonary veins while preserving blood flow through the other set of

pulmonary veins.

As shown in FIGS. 82 and 95, the electrode rods 311 can include curved tips 313
with cam-shaped portions 322 for engaging the target tissue 315 through the cannula 318.
As shown in FIGS. 81 and 95, the electrode rods 311 can also include handle ends 330
substantially surrounded by insulating sleeves 332. The handle ends 330 can also include
flats 334 that can be engaged by the rotating grasping mechanism 320. FIG. 94 illustrates
a flat 334 of a handle end 330 of an electrode rod 311. |

As shown in FIG. 84, the rotating grasping mechanism 320 can include two C-
shaped clamps 342 for receiving the electrode rods 311. A handle end 330 of an electrode
rod 311 can be positioned within a channel 346 of a C-shaped clamp 342 of the rotating
grasping mechanism 320. In one embodiment, magnets 344 along the electrode rods 311
can hold the electrode rods 311 in channels 346 of the rotating grasping mechanism 320.
The C-shaped clamp 342 can engage the flat 332 of the electrode rod 311. A spaced
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relation of the electrode rods 311 can be held constant by a center portion 336 of a housing

338 between the electrodes rods 311 of the rotating grasping mechanism 320.

As shown in FIG. 85, when the electrode rods 311 are fully extended into the
cannula 318, the cam-shaped portions 322 can be rotated to create a small loop 324 of
cannula 318 between the electrodes 316 that are clamped together for ablating the target
tissue 315. As also shown in FIG. 85, a small occlusion 348 can be created in the cannula

318 between the electrodes 316 to prevent electrical cross over through the cannula 318.

As shown in FIG. 87, the cannula 318 can be left in place and the electrodes 316
can be moved along the length of the cannula 318 to ablate in a linear fashion a lesion in
the target tissue 315 adjacent to the cannula path. A large loop 326 can be formed at the
end of the cannula 318 as the electrodes 316 are partially withdrawn from the cannula 318.

FIGS. 91-93 illustrate the rotating grasping mechanism 320 with the
housing 338 removed. The rotating grasping mechanism 320 can include a cam assembly
349. The cam assembly 349 can include a thumb lever 350, a first linkage 352, a second
linkage 354, two L-shaped brackets 356, and two C-shaped collars 358. The first linkage
352 can be rotatably coupled to the second linkage 354 which can be rotatably coupled to
the L-shaped brackets 356. The L-shaped brackets 356 can be constructed of a single
bracket member or of two links coupled together. The C-shaped collars 358 can be rigidly
cbupled to or integral with ends of the L-shaped brackets 356. The electrode rods 311 can
be rigidly secured within the C-shaped collars 358. When a surgeon presses the thumb
lever 350, the first linkage 352 can rotate the second linkage 354. The second linkage 354
can move the L-shaped brackets 356 in order to rotate the C-shaped collars 358 and the
electrode rods 311.

In some embodiments, the loop ablation device 310 can be used to ablate target
tissue 315 on a beating heart. In some embodiments, the loop ablation device 310 and the
cannula 318 can be inserted into the patient’s body through a single thoracotomy (such as
a small right thoracotomy) and a limited number of ports (such as less than five ports on
both the left and right side of the patient), without having to perform a sternotomy. In
some embodiments, the loop ablation device 310 can bioelectrically isolate the pulmonary

veins 317 from the left atrium by ablating a transmural continuous lesion surrounding the
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pulmonary veins 317. In some embodiments, the loop ablation device 310 can be
positioned by a surgeon with two hands but can be actuated by the surgeon to ablate the
target tissue 315 using only one hand. In one embodiment, no more than fifty percent of
the left atrium is occluded at any time during the procedure so that the patient’s

hemodynamics are generally not compromised.

Various features and advantages of the invention are set forth in the following

claims.
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CLAIMS

1. An ablation apparatus for ablating target tissue adjacent pulmonary veins of a

patient, the ablation apparatus comprising;

a tube capable of being advanced around the pulmonary veins to form a loop, the

loop including distal ends and proximal ends; and
at least two carrier elements carrying at least two bipolar electrodes,

the at least two carrier elements being advanced through the distal
ends toward the proximal ends of the loop and toward the target

tissue,
the proximal ends of the loop being moved toward one another,

the at least two carrier elements being rotated so that the loop rolls

substantially off of the pulmonary veins onto the target tissue, and

the at least two bipolar electrodes receiving energy to ablate the

target tissue.

2. The ablation apparatus of claim 1 and further comprising a feed catheter and a
retrieval catheter each including opposite and attracting magnets on distal ends, the feed
catheter and the retrieval catheter advancing the tube around the pulmonary veins to form

the loop.

3. The ablation apparatus of claim 2 wherein at least one of the feed catheter and the

retrieval catheter includes a guide constructed of a shape-memory alloy.

4. The ablation apparatus of claim 1 and further comprising a rigid sleeve and a guide
constructed of a shape-memory alloy that feed the tube toward and around the pulmonary

veins.

5. The ablation apparatus of claim 1 wherein the tube is constructed of a semi-porous
polymer; and further comprising a liquid source that provides a liquid to the tube, the

liquid weeping out of the tube onto the target tissue.
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6. The ablation apparatus of claim 5 wherein the liquid includes saline.
7. The ablation apparatus of claim 1 wherein the at least two carrier elements include

cam-shaped sections, the cam-shaped sections being rotated so that the loop rolls

substantially off of the pulmonary veins onto the target tissue

8. The ablation apparatus of claim 6 wherein the cam-shaped sections are shaped to
rotate the at least two rigid elements approximately 45 degrees to approximately 180
degrees.

9. The ablation apparatus of claim 1 wherein one of the at least two carrier elements
is inserted into one of the proximal ends and another of the at least two carrier elements is

inserted into the other of the proximal ends.

10.  The ablation apparatus of claim 1 wherein the at least two bipolar electrodes are at

least one of direct and indirect.

11.  The ablation apparatus of claim 1 wherein the at least two electrodes receive
energy including at least one of radio frequency energy, crogenic energy, thermal energy,
chemical energy, pharmacological energy, ultrasound energy, microwave energy, laser

energy, and radiation energy.
12.  The ablation apparatus.of claim 1 wherein the tube is disposable.

13.  The ablation apparatus of claim 1 and further comprising a stiffener extending

along at least a portion of a length of the tube, the stiffener resisting rotation of the tube.

14. A method of ablating target tissue of the left atrium of a patient, the patient having
a superior vena cava, an inferior vena cava, a transverse sinus, an oblique sinus, a

pericardium, left pulmonary veins, and right pulmonary veins, the method comprising:
performing a right thoracbtomy;

providing a tube constructed of a porous and flexible material;
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inserting the tube through the right thoracotomy under the superior vena cava into
the transverse sinus of the pericardium until the tube loops around the left pulmonary

veins;
visualizing the tube through the oblique sinus; and
pulling the tube until it extends below the inferior vena cava.

15.  The method of claim 14 and further comprising inserting at least one electrode into

. the tube and energizing the at least one electrode to ablate the target tissue.

16.  The method of claim 14 and further comprising inserting at least two bipolar
electrodes into the tube and energizing the at least two bipolar electrodes to ablate the

target tissue.

17.  The method of claim 14 and further comprising inserting and pulling the tube using
a feed catheter and a retrieval catheter each including opposite and attracting magnets on

distal ends.

18.  The method of claim 17 and further comprising inserting and pulling the tube using

i

a guide constructed of a shape-memory alloy.

19.  The method of claim 14 and further comprising inserting and pulling the tube
toward and around the pulmonary veins using a rigid sleeve and a guide constructed of a

shape-memory alloy.

20.  The method of claim 14 and further comprising providing a liquid to the tube and

allowing the liquid to weep out of the tube onto the target tissue.

21.  The method of claim 20 and further comprising irrigating the tube and the at least

one electrode with a liquid including saline.

22.  The method of claim 14 and further comprising rotating at least one carrier element
coupled to the at least one electrode so that the tube rolls substantially off of the left and

right pulmonary veins onto the target tissue.
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23. The method of claim 22 wherein the at least one catrier element includes at least
one cam-shaped section; and further comprising rotating the at least one rigid element

approximately 45 degrees to approximately 180 degrees.

24.  The method of claim 14 and further comprising inserting a first rigid element into a

first end of the tube and inserting a second rigid element into a second end of the tube.

25.  The method of claim 14 and further comprising energizing the at least one
electrode with at least one of radio frequency energy, crogenic energy, thermal energy,
chemical energy, pharmacological energy, ultrasound energy, microwave energy, laser

energy, and radiation energy.

26. The method of claim 14 and further comprising disposing of the tube after the

target tissue is ablated.

27.  The method of claim 14 and further comprising providing a tube including an
electrode channel and a spacer channel and spacing the least one electrode from the left

and right pulmonary veins.

28.  An ablation apparatus for ablating target tissue adjacent pulmonary veins of a

patient, the ablation apparatus comprising:

an arm including articulating segments and a conduit including at least one

electrode, the articulating segments having at least one length;
an insertion tool coupled to the arm; and

a knob coupled to the insertion tool, the knob being rotatable in order to lock the
articulating segments in an ablating position, the at least one electrode receiving energy to

ablate the target tissue adjacent the articulating segments in the ablating position.

29.  The ablation apparatus of claim 28 wherein the at least one electrode is one of at
least a monopolar electrode, at least two bipolar electrodes, at least one indirect electrode,

and at least one direct electrode.
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30.  The ablation apparatus of claim 28 wherein the arm iﬁcludes a lumen and the

conduit is coupled to the lumen, the lumen capable of advancing along a length of the arm.

31.  The ablation apparatus of claim 30 wherein at least one of the insertion tool and the

knob includes a lock for securing movement of the lumen along the length of the arm.

32. A method of ablating target tissue adjacent pulmonary veins of a patient, the

method comprising:

attaching a conductive loop electrode tubing to the target tissue on an ablation

path;

advancing a power and guide wire along the conductive loop electrode tubing, the

power and guide wire being sheathed by a substantially low friction material; and

transmitting power to the power and guide wire to ablate the target tissue along the

ablation path.

33.  An ablation apparatus for ablating target tissue adjacent pulmonary veins of a

patient, the ablation apparatus comprising:
an arm capable of being advanced around the pulmonary veins,
the arm including at least one electrode and at least one tube,
one of the at least one tubes receiving the at least one electrode,

one of the at least one tubes receiving and providing a liquid to the

target tissue, and
the at least one electrode receiving energy to ablate the target tissue.

34.  The ablation apparatus of claim 33 wherein a distal end of the arm includes a

recess that can receive an overlapping proximal portion of the arm.

35.  The ablation apparatus of claim 33 wherein the arm includes a cross-sectional

profile including one of semi-circular and rectangular.
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36.  The ablation apparatus of claim 33 wherein a distal end of the arm includes a

curvature having a minimum radius.

37.  The ablation apparatus of claim 33 wherein the at least one tubes include two
parallel tubes, the two parallel tubes having cross-sectional profiles including at least one

of rectangular, triangular, and circular.

38.  The ablation apparatus of claim 37 wherein the at least one tubes are coupled to

one another with a male protrusion and a female recess.

39,  The ablation apparatus of claim 33 and further comprising a stiffener extending

along at least a portion of a length of the arm, the stiffener resisting rotation of the arm.

40.  The ablation apparatus of claim 39 wherein the stiffener includes a rectangular

cross-sectional profile.

41.  The ablation apparatus of claim 33 wherein the at least one electrode includes a

substantially flat overlapping coil providing a substantially continuous electrical pathway.

42.  The ablation apparatus of claim 33 wherein the arm includes articulating segments,

the articulating segments having at least one length.

43.  The ablation apparatus of claim 42 wherein the articulating segments have a

shorter length and a longer length, the shorter length providing increased flexibility.
44,  The ablation apparatus of claim 33 wherein the liquid includes saline.

45,  The ablation apparatus of claim 33 wherein the arm includes a first segment
coupled to a second segment by at least one adapter and at least one of a non-extensible

flexible cable, a braided material embedded in the arm, a hinge, and a spherical joint.

46.  The ablation apparatus of claim 33 and further comprising a removal tool including
a hook that engages a non-extensible flexible cable that couples a first segment to a second

segment of the arm.
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47.  The ablation apparatus of claim 33 wherein at least a portion of the arm includes at
least one of a plurality of slits and a reduced cross-sectional area to increase a flexibility of

the at least one portion of the arm.

48.  The ablation apparatus of claim 33 wherein a portion of the arm includes a reduced

cross-sectional area and a semi-circular cross-sectional profile.

49.  The ablation apparatus of claim 33 and further comprising at least one vacuum pod
coupled to at least a portion of the arm, the at least one vacuum pod holding a surface of

the arm to the target tissue.

50.  The ablation apparatus of claim 33 wherein the at least one tube includes a leader
portion having a reduced cross-sectional area and a follower portion having an increased
cross-sectional area, the follower portion being positioned adjacent the pulmonary veins

during ablation.

51. The ablation apparatus of claim 33 wherein the at least one tube including the at
least one electrode is offset from a remainder of the arm providing an insulator to protect

the pulmonary veins.

52.  The ablation apparatus of claim 33 wherein the arm and the at least one electrode
includes at least two independently-activated segments in order to prevent occluding all of

the pulmonary veins simultaneously.

53.  An ablation apparatus for ablating target tissue adjacent pulmonary veins of a

patient, the ablation apparatus comprising:
an arm capable of being advanced around the pulmonary veins,
the arm including at least one electrode and at least one tube,
one of the at least one tubes receiving the at least one electrode,

one of the at least one tubes receiving at least one light marker to

aid in positioning of the at least one electrode, and

the at least one electrode receiving energy to ablate the target tissue.
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54.  The ablation apparatus of claim 53 wherein the at least one light marker includes at

least one of a light rod, a fiber optic bundle, and a light-emitting diode.

55. The ablation apparatus of claim 53 wherein the at least one light marker includes at

least two light markers that are color-coded.

56. A loop ablation device for ablating target tissue adjacent pulmonary veins of a

patient, the loop ablation device comprising:

a cannula capable of being advanced around the pulmonary veins to form a loop,

the loop including distal ends and proximal ends, the cannula receiving a liquid,

at least two electrode rods carrying at least two bipolar electrodes, the at least two
electrode rods being advanced through the distal ends toward the proximal ends of the
loop and toward the target tissue, the at least two bipolar electrodes receiving energy to
ablate the target tissue, the at least two bipolar electrodes being surrounded by the liquid

within the cannula while ablating the target tissue; and

a rotating grasping mechanism coupled to the at least two electrode rods, the

rotating grasping mechanism rotating the at least two electrode rods within the cannula.

57.  The loop ablation device of claim 56 wherein the at least two electrode rods

include at least one of curved tips and cam-shaped portions.

58.  The loop ablation device of claim 57 wherein the cam assembly rotates the at least
two electrodes so that the loop substantially rolls off of the pulmonary veins onto the

target tissue adjacent at least one of the curved tips and the cam-shaped portions.

59.  The loop ablation device of claim 56 wherein the cannula is constructed of a

material including expanded polytetrafluoroethylene.

60.  The loop ablation device of claim 56 wherein the at least two electrode rods

include handle ends and insulating sleeves.
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61.  The loop ablation device of claim 56 wherein the rotating grasping mechanism
includes C-shaped clamps, and wherein the C-shaped clamps include channels that receive

the at least two electrode rods.

62.  The loop ablation device of claim 61 wherein the C-shaped clamps hold the at least

two electrode rods with a magnetic force.

63.  The loop ablation device of claim 56 wherein the at least two bipolar electrodes
receive at least one of radio frequency energy, cryogenic energy, thermal energy,

ultrasound energy, laser energy, radiation energy and microwave energy.
64. ' The loop ablation device of claim 56 wherein the liquid includes saline.

65. The loop ablation device of claim 56 wherein the rotating grasping mechanism
includes a cam assembly with a thumb lever that can be used to rotate the at least two

electrodes.
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