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AUTO-ALIGNING ABLATING DEVICE AND METHOD OF USE

~ FIELD OF THE INVENTION
[0061]  The invention relates to medical devices and methods of use thereof, for ablating tissue

in an alimentary tract.

BACKGROUND OF THE INVENTION
{0002]  The primary function of thé human esophagus is the transport of solid and liquid
nourishment from the mouth to the stomach. The esophagus »has inherent coordinated contractile
capabilities, providing peristalsis of material in an antegrade direction (towards the stomach),
Further, the esophagus secretes a neutral pH mucous to lubricate the passage of food, as well as
to protect its Jining from acid induced injury. The stomach contains a mixture of food and liquid
from oral intake, acid and enzymes from the stomach lining, and bile and enzymes from the liver
and pancreas. The lower esophageal sphincter and diaphragmatic muscles act as a valve at the
junction of esophagus and stomach, preventing reflux of stomach contents into the esophagus.
This lower esophageal sphincter normally remains closed until parasympathetic activation or
approach of a food bolus causes its relaxation, allowing food to pass into the stomach from the
esophagus. Distention of the stomach, particularly the cardiac portion of the stomach, causes an
abrupt relaxation of the lower esophageal sphincter resulting in a venting event (belch). Certain
foods, medication, and beverages containing caffeine or theophylline (xanthines) may predispose
the lower esophageal sphincter to inappropriate relaxations, and subsequent reflux. Anatomical
effects related to aging or hiatal hemia may also predispose a patient to reflux.
{0603]  Patients having abnormal function of the lower esophageal sphincter may present with
symptoms of dysphagia (difficulty in swallowing), heartburn due to reflux, chest pain, and other
related symptoms. A common sign of chronic gastroesophageal reflux is erosive esophagitis.
When chronically exposed to injurious stomach contents, the esophageal lining may breakdown
leading to inflammation, erosion or ulceration. -Chronic GERD and the resultant erosive
esophagitis can lead to a pre-cancerous condition, known as Barrett’s esophagus or intestinal
metaplasia, which is injury-related genetic change in the epithelial cells.
[0004]  As described for example in copending, commonly owned U.S. Application Serial No,
10/754,445, filed Jan. 9, 2004, a treatment catheter having an expandable electrode support can
be used for treating a circumferential region of the esophagus in order to ablate an abnormal
mucosal layer of the esophagus using radiofrequency (RF) energy. When successful, the
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treatment results in regeneration of a normal mucosal layer substantially free from metaplastic
and other damaged epithelial cells characteristic of Barrett’s esophagus.

IOOOS] In some instances, however, such radiofrequency ablation treatment may not be
entirgly successful and one or more regions of abnormal mucosa may remain. These focal areas
may be approached with a device designed with a surface area more suited to ablating focal areas
of mucosal disease. Further, some patients with Barrett’s esophagus may present at baseline with
very limited disease, either non-circumferential or very short segments that also would be better

suited for focal ablation rather than circumferential ablation.

SUMMARY OF THE INVENTION
{0006]  In general, in one aspect, the invention features an ablation device and methods of use
thereof, including an ablation structure and a support structure adapted to support the ablation
structure within an alimentary tract of a patient. The ablation device support structure includes,
ini one implementation, a longitudinal support with a longitudinal axis and a rotational support,
The rotational support is adapted to permit at least a part of the ablation structure to move with
respect to the longitudinal support’s longitudinal axis.
[0007] Implementations of the invention can include one or more of the following features. The
rotational support can be adapted to rotate with at least one degree of freedom. In an alternative
implementation, the rotational support can be adapted to rotate with at least two degrees of
freedom. In a further implementation, the rotational support can be adapted to rotate with at least
three degrees of freedom. . »
[0608] The rotational support can include a stop member adapted to limit a range of rotational
motion. The rotational support can include a movement resistor. In one implementation, the
movement resistor includes a spring. In another implementation, the rotational support includes
a lock adapted to prevent rotational movement of the ablation structure. \
[0009] In one implementation the ablation device includes an actuator mechanism adapted to
prevent rotational movement of the ablation structure.
{0010] The support structure can include an endoscope. Alternatively, the support structure
includes a catheter.
{0011] The ablation structure can include at least one electrode. In one implementation, a
plurality of ablation structures are supported by the support structure. In another implementation
the ablation structure is capable of cryogenic tissue ablation, "
[0012] In general, in another aspect, the invention features a method of ablating tissue in an
alimentary tract including the steps of advancing an ablation structure into the alimentary tract;

2
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supporting the ablation structure with a support structure within the alimentary tract; rotating at
least part of the ablation structure away from the support structure and toward a tissue surface;
and activating the ablation structure to ablate the tissue surface.

{0013] Implementations of the invention can include a method of ablating tissue wherein the
rotating step includes applying a force between the ablation structure and the tissue surface, In
another implementation, the advancing an ablation structure step includes advancing a plurality
of ablation structures, and the rotating step includes rotating at least part of one or more of the
plurality of ablation structures by applying a force between one or more of the plurality of
ablation structures and the tissue surface.

{0014} The rotating step can include rotating at least part of the ablation structure about at least
one rotation axis. In one implementation, the rotating step includes rotating at least part of the
ablation structure about at least two rotation axes. In a further implementation, the rotating step
includes rotating at least part of the ablafion structure about at least three rotation axes.

[0015] In one implementation, the method of ablating tissue further includes limiting a rotation
range of the ablation structure. In another implementation the method further includes resisting
rotation of the ablation structure while rotating the ablation structure. In an additional
implementation, the method further includes locking the ablation structure to prevent rotation of
the ablation structure.

{0016} The step of advancing the ablation structure can include advancing an endoscope into the
alimentary tract, In one implementation the supporting step includes supporting the ablation
structure with the endoscope.

{0017} In one implementation the ablation structure includes at least one electrode, end the
activating step includes supplying electrical energy to the electrode. In another implementation,
the ablation structure is capable of cryogenic ablation, and the activating step includes supplying
a super-cooled fluid to the ablation structure. ' ‘

BRIEF DESCRIPTION OF THE DRAWINGS
[0018]  The novel features of the invention are set forth with particularity in the appended
claims. A better understanding of the features and advantages of the present invention will be
obtained by reference to the following detailed description that sets forth illustrative
embodiments, in which the principles of the invention are utilized, and the accompanying
drawings of which:
[0019]  FIG. I is a view of the ablation device of the invention including coordinate axes
illustrating freedom of movement,

3~
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[0020]  FIG. 2A is a cross-section view of a structural support including a rotational support
and coordinate axes illustrating freedom of movement,

[6021]  FIG. 2B is a cross-section view of a structural support including an alternative
rotational support and coordinate axes illustrating freedom of movement.

[0022]  FIG. 2C is a view of an alternative rotational support including an alternative
rotational support and coordinate axes illustrating freedom of movement.

[0023] FIG. 2D is a view of an alternative structural support including an alternative
rotational support. .

[0024]  FIG. 2E is a view of an alternative structural support including an alternative rotational
support and coordinate axes illustrating freedom of movement.

[0025)  FIG. 3A is a view of the ablation 3evicc of the invention.

[0026]  FIG. 3B isa view of an alternative rotational support.

[0027]  FIG. 3C is a vicw of another alternative rotational support.

[0028]  FIG. 4A is a view of the ablation device of the invention combined with an endoscope
in the context of an alimentary tract,

[0029]  FIG. 4B is a view of the ablation device of the invention including a lip feature and an
electrode trace combined with an endoscope. v

10030]  FIG. 4C is a view of the ablation device of the invention including a lip feature, ports
and lines combined with an endoscope,

{0031]  FIG. 5 is a view of the ablation device of the invention inciuding a structural support
with two rotational supparts, two longitudinal supports, and tow ablation structures combined
with an endoscope.

[0032]  FIG. 6 is a view of the ablation device of the invention including a movement resistor,
[0033]  FIGS. 7A - B are views of the ablation device of the invention including an alternative
movement resistor.

[0034]  FIGS. 8A~ B are views of the ablation device of the invention including alternative
movement resistors.

[0035]  FIGS. 9A~ B are views of the ablation device of the invention including alternative
movement resistors, ’

[0036]  FIG. 10 is a view of the ablation device of the invention including alternative
movement resistor,

{0037}  FIGS. 11A - C are views of the ablation device of the invention including alternative .
movement resistors,
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[00638] FIG. 12 is a view of the ablation device of the invention including an actuator
mechanism,

[0039]  FIG. 13 is a view of the ablation device of the invention connected to an endoscope.
[0040]  FIGS. 14A — B are views of an alternative embodiment of the ablation device.
[0041)  FIG. 14C is an end view of the ablation device shown in FIGS. 14A - B.

DETAILED DESCRIPTION OF THE INVENTION
[6042]  Apparatus and methods for ablating tissue within an alimentary tract of a patient or
subject, using an ablation device including a support structure adapted to support an ablation
structure within the alimentary tract are provided. The support structure of the ablation device
includes a longitudinal support having a longitudinal axisand a rotational support. The rotational”
support is adapted o permit at least a part of the ablation structure to rotate with respect to the
longitudinal support’s fongitudinal axis. In accordance with the present invention, the ablation
device is advanced into the alimentary tract. Optionally, the ablation device can be supported at
the distal end of an endoscope. The ablation structure is rotationally deflectable toward a tissue
surface and the ablation structure is activatable to ablate the tissue surface. Within the alimentary '
tract, variously sized tissue surface sites, can be selectively ablated using the apparatus and
methods described herein. )
[0043]  For the purposes of this disclosure, any components made up of mucous membrane
and muscle extending between the mouth and the anus; functioning in digestion and elimination
"are contemplated as part of the alimentary tract. Such components include but are not limited to
the esophagus, stomach, small intestine, appendix, large intestine, colon, rectum and anal canal.
{0044}  As shown in FIG. 1, in general, the ablation device 100 of the invention includes a
support structure 111 capable of supporting an ablation structure {30. The rotational support 116
includes a longitudinal support 114 that has a longitudinal axis and supports the ablation structure
130. The rotational support 116 is adapted to permit rotation of at least a part the longitudinal
support 114 in relation to its longitudinal axis to permit at least a part of the ablation structure
130 1o rotate. The longitudinal support 114 rotation as permitted by the rotational support
includes but is not limited to, for example, rotating, pivoting, turning or spinning. It is
envisioned that the longitudinal support 114 can be rotated away from, toward or along the
support 114 longitudinal axis.
[0045]  As further shown in FIG, 1 by a representation of the longitudinal structure 114 x, y
and z coordinate axes, the rotational support 116 can permit the longitudinal structure 114 to
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move in several possible degrees of freedom. Although only a single arrowhead showing
possible rotation about each axis is shown in FIG. 1 and subsequent figures, it is intended that bi-
directional rotation about a given axis is represented.

{0046]  As shown in FIGS. | and 2A, the rotational support 116 can be constructed and
arranged such that the longitudinal structure 114 is free to rotate with three degrees of freedom.
The three degrees of freedom are indicated on the three axes, x, y, and 2. In these and subsequent
figures, a “yes” ~labeled axis indicates bi-directional freedom of movement about the axis,
whereas a “no” —labeled axis indicates no freedom of movement about the axis. It is envisioned
that the rotational support can be adapted to rotate with at least one degree of freedom, with at
least two degrees of freedom, or at least three degrees of freedom. It is further envisioned that
the ablation device could be constructed and arranged to provide linear movement or a floating
movement of the longitudinal structure along the x, y or z plane (not shown). Forexample, a
sponge or compliant fongitudinal support would allow for tinear compression in the y direction
(not shown).

[0047}  As shown in FIGS. 2B —E, the rotational support 116 can be constructed and arranged
such that the longitudinal structure 114 is free to rotate with two degrees of freedom. In the
embodiments of FIG 2B and 2D, the longitudinal support is free to rotate about the x and y axes
but not the z axis (see coordinate axes illustration in FIG. 2B and x and y axes indicated in FIG.
2D). In the embodiments shown in FIGS. 2C and 2E, the longitudinal support is free to rotate
about the x and z axes but not the y axis.

[0048]  As shown in FIG. 5, the structural support 111 can include a single rotational support
116 coupled With two longitudinal supports 114, each supporting an ablation structure 130. The
longitudinal support 114 and base 112 can be made of compliant materials including but not
limited to siticones or urethanes. It is envisioned that the ablation device 100 can altenatively
include two or more longitudinal supports 114 coupled with one or more rotational supports 114,
[0049]  The rotational support can further include a base 112 postion as shown in FIGS. 1, 2A,
2B,2D,2E,3A~C,4A-B,5,6,7A-B,8A~-B,9A~B,10,11A~C, 12and 14A-C. As
discussed in detail below, in general, the base 112 is constructed and arranged to provide a means
of attaching or connecting the ablation device 100 to an elongate member including but not
limited to, for example, an endoscope or catheter.

[6050] A portion of the rotational support 116 can be constructed and arranged to include any
of a number of shapes and structures for connecting the rotational support 116 to the longitudinal
support 114 and providing rotational movement to the longitudinal support 114, Possible shapes

include but are not limited to, for example, a rounded shape, a sphere, a constant diameter
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cylindrical shape, a variable diameter cylindrical shape and an oblong sphere shape. Possible
structures include but are not limited to, for example, one or more hinge, spring, universal-joint,
ball joint or pin joint.

[0051]  Asshown in FIGS. 1, 2A, 4B and 5, in one embodiment the rotational structure 116
can include a ball-shaped portion that can be set into a recess or receiver such as, for example, a
socket in the longitudinal support 114, In another embodiment, as shown in FIG. 2B, the
rotational structure 116 can include a ball-shaped portion having a projection 117 feature. In this
embodiment the projection 117 engages a slot 115 feature of the longitudinal support 114 thereby
permitting rotation of the longitudinal support 114 in two axes, the x and y axes, but not in the z
axis. Engagement of the projection 117 with the slot 115 of the longitudinal support prohibits
rotation of the longitudinal support 114 about the z axis.

[0052]  In another embodiment, as shown in FIG. 2C, the rotational support 116 can include an
elongate sphere or football-shaped portion, As indicated in the coordinate axes illustration, the
embodiment depicted in FIG. 2C is constructed and arranged to permit rotation of the
longitudinal support 114 (not shown) in relation to two axes. As shown, rotation of the
longitudinal support 114 (not shown) can occur in the x and 2 axes but not in the y axis,

[0053]  Asshown in FIG, 2D, in yet another embodiment the support structure 111 can include
a universal joint having a pin 119 and a rotational support 116, As indicated, this embodiment
permits rotation of the longitudinal support 114 (not shown) in the x and y axes. It is envisioned
that two or more universal joints could be included in the support structure 111. As shown in
FIG 2E, in a further embodiment the rotational structure 116 can includes a spring. As indicated
in'the coordinate axes illustration, this embodiment permits rotation of the longitudinal support
114 in the x and z axes but not in th; ¥ axis.

{0054]  Asshown in FIGS. 3A — C and 14A - C, in other embodiments the support structure _
116 can include a structure comprising a pin 119, It is'envisioned that the pin 119 can pass
through a portion of the longitudinal support 114, the rotational support 116, and in some cases
the base 112 (or connecting element 120 of the base 112) of the support structure 111, thereby
connecting the longitudinal support 114 and the rotational support 116. Rotation about the pin
119 by the longitudinal support 114 provides rotation of at least a part the longitudinal support
114 in relation to its longitudinal axis. It is envisioned that one or more universal joints can be

- used in conjunction with one or more pins 119 to provide rotational movement to the longitudinal
support (not shown), :

[0055]  As shown in FIGS. 14A ~B, where the support structure 116 comprises 3 pin 119,

rotation of the lengitudinal support 114 about the pin 119 can include a range of movement of the
Je
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longitudinal support 114 from a neutral position (see FIG. 14A) to a tilted or angled position (see
FIG 14B). Both the neutral and angled positioning can be useful for treatment of a tissue surface.
The neutral position, which includes a low profile, is pé.rticularly useful for introduction and/or
removal of the ablation device 100 from a treatment site.

[0056] As shown in FIG. 3B, in another embodiment the rotational support 116 in addition to
including a pin 119 includes a spring 124 (e.g., a torsion spring) coupled to the pin 119. As
shown in FIG. 3C, in yet another embodiment the rotational support 116 in addition to including
a pin 119 includes a movement resistor 123 coupled to the piti 119, In this embodiment, the
movement resistor 123 can be made up of any of a number of resistive or compliant substances
or structures capable of returning the pin to a desired position after a period of pin 119 deflection
or rotation. Suitable structures include but are not limited to sleeves or bushings, for example a
silicone sleeve or bushing. Suitable materials for encasing or bonding a pin include but are not
timited to silicone, urethane or other polymers. Other suitable materials and structures are well
known to those of skill in the art,

[0057} It is envisioned that the structural support can include combinations of any of the
rotational support 116 features described herein.

{0058]  The base of the rofational support can be constructed and arranged in any of a number
of ways to support the ablation device. In some embodiments, the base is constructed and
arranged to connect the structural support of the ablation device to another device suchasa
conventional endoscope. For example, the base can be constructed and arranged to attach the
ablation device to an outside surface of an endoscope. Altefnatively, the base can be constructed
and arranged to attach the ablation device to an inside surface, an outside or inside feature of an
endoscope, or any combinations of the above. In some embodiments, as shown in FIGS. 1, 3B -
C,4A~B,6,7A~B, 8A~B,9A -B, 10, 11A - B, and 12, the base 112 is constructed and
arranged as a sheath. In a particular embodiment, the base 112 includes an elastomeric sheath.
In other embodiments, as shown in FIGS. 3A and 14A ~ C, the base 112 includes a connecting
clement 120 and a band or strap 126. In one embodiment the strap 126 Is an elastomeric strap.
The connecting element 120 can provide an attachment point between the base 112 and the
longitudinal support 114. The strap 126 can be attached to the connecting element 120 and
function, for example, as a way of attaching an endoscope. The connecting element 120 and the
strap 126 can be made up of the same or different materials if desired. As shown in FIGS. 14A ~
C, the connecting clement 120 can include a taﬁcrcd or sloped portion that angles up to the
longitudinal support 114. As ilustrated, in one embodiment the tapered portion of the

connecting element 120 is positioned opposite to pin 119 on the connecting element 120 of the
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base 112. The tapered portion of the connecting element 120 can function to enable easy
removal of the ablation device 100,

[0059)  Asshown in FIGS. 4B - C, in one embodiment rotational support base 112 includes a
stop or lip 113 feature. The lip 113 can be constructed and arranged to function as a stop
designed to aid in positioning the ablation device 100 in relation to an accessory device such as
an endoscope 127 as shown. In the example shown in FIGS. 4B — C, positioning the endoscope
127 within the base 112 of the rofational support 116 can be limited by the lip 113. The lip 113
can index or limit the distal/proximal position of the ablation device 100 with respect to the
endoscope distal end 128,

[0060]  Ingeneral, in one aspect, the ablation device 100 includes a movement resistor 123 as
shown in FIGS, 6, 7A - B, 8A - B, 9A - B, 10, 11A —-C, and 12. In general, the movement
resistor 123 is constructed and arranged to passively govern the rotational movement of the
longitudinal support 114. Advantages of the movement resistor 123 include reduction of the
profile of the ablation device 100. A reduced profile is useful when accessing and/or removing
the ablation device 100 to and from a desired treatment arca in a subject. For example, a reduced
profile ablation device 100 can result in little or no lodging or catching of the' device 100 upon
access or removal from an alimentary tract 1, Because the longitudinal support 114 is generally
free to move through one or more degrees of freedom, the movement resistor 123 can
advantageously serve to govern freedom of movement. In some embodiments the movement
resistor 123 includes an elastic or super elastic structure coupled with or attached to the
longitudinal support 114. In other embodiments, the movement resistor 123 includes various
other mechanical means to govern rotational movement of the longitudinal support 14,

[5061] As illustrated in FIG. 6, in one embodiment the movement resistor 123 includes a
spring. Itis envisioned that the spring can be a cantilever spring (as shown in FIG. 6), leaf
spring, torsion spring or any of a number of spring types, all of which are well known to those of
skill in the art. In one embodiment, as shown in FIG. 6, a cantilever spring movement resistor
123 can be constructed and arranged to restrict rotational movement of the longitudinal support
114 in relation to the distal end 128 of an attached endoscope 127, As illustrated, the
longitudinal éupport 114 is generally maintained in a neutral position by the spring of the
movement resistor 123. As used herein, “neutral position” means the longitudinal axis of the
longitudinal support 114 Is substantially paralle! 10 a longitudinal axis of an endoscope 127 or
other elongate member connected to the ablation device 100, In one embodiment, the movement
resistor 123 is affixed to the rotational support base or the strap or connecting element of the
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base, so that it applies a pre-tension to the longitudinal support forcing the ablation device to be
locked in its lowest profile pésition with respect to an attached endoscope 127 (not shown).
[0062]  The movement resistor can be constructed and arranged to resist rotational movement
of the longitudinal support and-still permit force-induced rotational deflection of the longitudinal
support away from the neutral position. In the absence of such force, some embodiments of the
movement resistor tend to return to the longitudinal support to the neutral position, Itis
envisioned that the movement resistor can be constructed and arranged to affect rotational
movement of the longitudinal support about one or more axes of movement. Furthermore, it is
envisioned that different axes of movement {e.g., %, y and z axes; see FIG. 1) can be differentially
affected by the movement resistor.

[0063]  In another embodiment, as shown in FIGS. 7A — B, the movement resistor 123 can
include a sheath encapsulating electrical conductive wires 133, The sheath can be made of an
elastic or super elastic material, including but not limited to, for example, silicone. Asshown in
detail in FIG. 7B, the sheath movement resistor 123 is connected at one end to the longitudinal
support 114, The opposite end of the sheath movement resistor 123 can be fixed in position
relative to an endoscope 127 or other elongated structure by, for example, a sleeve 138 (see
FIGS. 7A - B). In the embodiment shown in FIGS. 7A - B, the electrical conductive wires 133
can include a zigzag pattern. The pattern can permit lengthening of the electrical conductive
wires 133 when the movement resistor 123 is'lengthened.

{0064]  In yet another embodiment, as shown in FIGS. 8A ~ B, the movement resistor 123 can
include a band of elastic or super elastic material coupled with or attached to the longitudinal
support 114, Suitable elastic or super clastic materials can include but are not limited to silicone.
As illustrated in FIG. 8A, in one embodiment the movement resistor is a band of elastic or super
elastic material looped over and connecting a portion of the longitudinal support 114 with an
endoscope 127. As illustrated in FIG. 88, in another embodiment, the movement resistor 123 is
a band of elastic or super elastic material connecting a portion of the longitudinal support 114
with an endoscope 127. In the example shown in FIG. 8B, the band is connected to the
endoscope 127 by way of a sleeve 138 attached to the endoscope 127.

[0065]  In a further embodiment, as shown in FIGS. 9A - B, the movement resistor 123 can
include & stay or tether attached to a portion of the longitudinal support 114. A portion of the
stay or tether can be connected to the endoscope 127 by way of a sleeve 138 attached to the
endoscope 127. The movement resistor 123 of this embodimentcan generally maintain the
longitudinal support 114 in a neutral position when the distal end 128 of an endoscope 127

attached to the ablation device 100 is arranged in a relatively straight configuration. When the
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endoscope distal end 128 is deflected as shown in FIG. 9B, the stay or tether of the movement
resistor 123 can slacken or gather on itself. In one embodiment the movement resistor 123 stay
or tether is constructed and arranged such that upon slackening it collapse upon itself in an
accordion-like manner (see FIG. 9B).

[0066] In another embodiment, as shown in FIG. 10, the movement resistor 123 can include a
finger 121 ‘corﬁponent, and a recess 122 component. The finger 121 can be connected to an
endoscope 127 by way of a sleeve 138 or other attachment means, and the recess 122 can be
included in the longitudinal support 114, As shown in FIG. 10, the finger 121 cah engage the
recess 122 thereby maintaining the longitudinal support 114 in a neutral position when the distal
end 128 of an endoscope 127 attached to the ablation device 100 is aﬁ‘anged in a relatively
straight configuration. The finger 121 and recess 122 can be constructed and arranged such that
deflection of the endoscope distal end 128 or application of force to portions of the longitudinal
support 114 can reversibly release the finger 121 from the recess 122. Onee the finger 121 is
released, the longitudinal support 114 is freed for rotational movement. Reconnection of the
finger 121 and the recess 122 once again maintains the longitudinal support 114 in a neutral
position,

[6067]  As shown in FIGS. 1A —C, in one embodiment the movement resistor 123 is a skirt
or train connected to a portion of the longitudinal support 114 and extending proximally down
the length of a connected endoscope 127, In this embodiment the skirt or train of the movement
resistor 123 fits over a proximal end of the {ongitudinal support 114 or juxtaposition to the
proximal end of 114. This arrangement provides a smooth prdﬁle to the proximal portion of the
longitudinal support 144. Sucha profile is useful for easing removal of the ablation device 100
from a treatment region by reducing the risk of the support 114 lodging or caiching on a tissue
surface, The movement resistor 123 can be attached fo the longitudinal support 114 as shown in
FIG. 11A or 11B to longitudinal support 114 or alternatively not be attached.

[0068] It is envisioned that one or more of the above described movement resistors can be
included in a single ablation device to govern rotational movement of the longitudinal support. It
is also envisioned that attachment of a portion of movement resistor to an endoscope, catheter or
other structure can include any of a number of attachment means in addition to a sleeve
attachment, For example, the movement resistor can be attached to an inside or outside surface
of an endoscope or catheter or a feature thereof (not shown),

{0065] In general, inone aspe@:t, the ablation device 100 includes an actuator mechanism 134
for actively goveming the rotation of the longitudinal support 114 (see e.g., FIG. 12). Generally

the actuator mechanism 134 permits interconversion between a rotationally constrained
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longitudinal support 114 and free rotation of the support 114, As shown in FIG. 12, in one
embodiment the actuator mechanism 134 includes a switch 135 and a stay 136 or tether, The
switch 135 of the actuator mechanism 134 can be coupled to an endoscope 127 connected to the
ablation device 100. The stay 136 can be connected to a portion of the longitudinal support 114.
In the embodiment shown in FIG. 12, the swi’tch; 135 of the actuator mechanism 134 is attached
to an endoscope by a sleeve 138 and can be positioned in one or more positions including the
positions “A* and “B” as indicated, Switching the actuator mechanism 134 to position “A”
causes the stay 136 fo pull on and thereby immobilize the rotational freedom of the longitudinal
support 114, Additionally, when in the “A” position, the support 114 is caused to be maintained
in a neutral position. Switching the actuator mechanism 134 to position “B” relaxes the stay’s
136 pull on the longitudinal support 114 thereby allowing for rotational movement of the support
ns. ‘
{0070}  In another embodiment, the actuator mechanism includes a vacuum line (not shown),
In this embodiment, rotational movement of the longitudinal support is governed by suction
provided by a vacuum line constructed and arranged such that a proximal portion of the support
can be immobilized when vacuum is applied. In the absence of the vacuum the longitudinal
support would be able to rotate freely.

[0071]  In yet another embodiment, the actuator mechanism is constructed and arranged such
that rotational movement of the longitudinal support is governed by an electromagnet (not .
shown). In this embodiment, application of electromagnetic force causes immobilization of the
longitudinal support in a neutral position. Accordingly, when the electromagnetic force is no
long applied the support is able to rotate freely.

[0072]  The ablation structure, in one embodiment is an electrode structure constructed and
arranged to deliver energy comprising radiofrequency energy to tissue of an alimentary tract. It
is envisioned that such an ablation structure can include a plurality of electrodes. For example,
two or more electrodes can be part of an ablation structure. The energy may be delivered at
appropriate levels to accomplish ablation of mucosal or submucosal level tissue, or alternatively
to cause injury to these tissues, while substantially preserving muscularis tissue. The term
“ablation” as used herein means thermal damage to the tissue causing tissue or cell necrosis.
Thermal damage can be achieved through heating tissue or cooling tissue (i.e. freezing).
Typically, ablation in the present embodiments is designed to remove the entire mucosal lining in
the treatment region, inctuding abnormal mucosa, for example, abnormal columnar growths,
from the portions of the esophagus so affected, and allow re-growth of a normal mucosal lining,

Advantageously, healing is more rapid and stricture formation in the tissues is minimized when
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such an approach is used. Also, the electrode ablation element could allow fluids such as saline
to permeate through the longitudinal support and/or the electrode to prevent tissue sticking to the
electrode during an ablation. \

[0073]  Although radiofrequency energy is one advantageous form of energy for ablation, it is
recognized that other advantageous energy forms including, for example, microwave energy, or
photonic or radiant sources such as infrared or ultraviolet light, the latter possibly in combination
with improéed sensitizing agents. Photonic sources can include semiconductor emitters, lasers,
and other such sources, It is also recognized that another embodiment of this invention may
utitize heatable fluid or a cooling media such as liquid nitrogen, Freon®, non CFC refrigerants or
CO; as an ablation energy medium. For ablations using hot or cold fluids or gases, it is
envisioned that the ablation system may require a means to circulate the heating/cool medié from
outside the patient to the heating/cooling balloon or other element and then back outside the
patient again. Means for circulating media in cryosurgical probes are well known in the ablation
arts. For example, and incorporated by reference herein, suitable circulating means are disclosed
in U.S. Patent No. 6,182,666 to Dobak, I1T; U.S. Patent No. 6,237,355 to Li; and U.S. Patent No.
6,572,610 to Kovalcheck et al.

[06074]  The ablation structure can include a bipolar array of clectrodés positioned on the
structure capable of delivering radiofrequency energy in a bipolar fashion. Alternatively, the
ablation structure may include a monopolar electrode structure can be energized by a
radiofrequency power supply in combination with a return electrode typically positioned on the
subject’s skin, for example, on the small of the back. In either case, the radiofrequency energy
can be delivered at a high energy flux over a very short period of time in order to injure or ablate
only the mucosal or submucosal levels of tissue without substantially heating or otherwise
damaging the muscularis tissue. Wherein the ablation structure includes a plurality of electrodes,
one or more of the electrodes can be bipolar or monopolar. Combinations of bipolar and
monopolar electrodes are envisioned.

[0075]  As shown in FIGS. 1A, 3A, 44, 5, 6, and 7A ~ B, the ablation structure 130 can be
constructed and arranged in any of a number ways with regard to shape and size. Asshownin
FIGS. 3A, 4A, 7A - B and 14A —~ C, the ablation structure 130 can include an electrode array
132, Where the ablation structure 130 includes an electrode array 132, the array typically has an
area in the range from substantially 0.5 cm? to 9.0 cm®. Typical array shapes would include
square, rectangular, circular or oval. In one embodiment, the ablation structure 101 has an arca
0f 2.5 cm?. In another embodiment, the ablation structure 101 has an area of 4 cm? and

dimensions of 2 cm x 2 ¢m.
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10676]  The longitudinal support is constructed and arranged to support the ablation structure,
The support 114 can be made of any suitable material for withstanding the high energy flux
produced by the ablation structure 130. The longitudinal support can be fiexible, enabling
rotation about two axes, theteby further permitting rotation of the longitudinal support away from
the longitudinal axis (not shown). In one embodiment the longitudinal support is made of an
elastic materiai, for example, silicone. Other suitable materials include, for example, urethanes
or other polymers.

{0077]  Asshown in FIGS. 3A, 4A - B, 7A - B and 14A ~C, the ablation device 100 can
further include electrical connections including conductive wires 133 to connect the ablation
structure 130 to a power source. The conductive wires 133 can include a single wire or plurality
of wires as needed to provide controlled energy delivery through the ablation structure. In one
embodiment, the conductive wires 133 include low electrical loss wires such as litz wire. As
shown in FIGS. 4A B, the conductive wires 133 can be wrapped or drawn over a distal end of
the longitudinal support 114 and pass beneath the support 114. Such an arrangement
advantageously facilitates rotational movement of the longitudinal support 114 by preventing
binding or restriction of rotational movement.

[0078]  As shown in FIGS. 4A ~ B and 14A — C, the ablation device 100 can further include
one or more electrode trace 131, The one or more electrode trace 131 can be constructed and
arranged to conform to at least a portion of the longitudinal support 114. The one or more trace
131 can be in electrical communication with an electrode 132 and conductive wire 133, Itis
envisioned that the trace 131 can be an extension of electrode 132 or a separate element. As
shown in FIGS. 14A ~ C, the one or more trace 131 can be in electrical communication with
conductive wire 133 through a junction 140 feature. As shown, the junction 140 can be aftached
to the connecting element 120 of the base 112. Itis envisioned that the conductive wires 133 can
be removably connected to the ablation device by way of the junction 140 wherein the junction is
constructed and arranged, for example, as an electrical connector,

[0879] It is also recognized that another embodiment of this invention may utilize heatable
fluid or a cooling media such as liquid nitrogen, Freon®, non CFC refrigerants or CO, as an
ablation energy medium. For ablations using hot or cold fluids or gases, it is envisioned that the
ablation system may require a means to circulate the heating/cool media from outside the patient
to the heating/cooling balloon or other element and then back outside the patient again, Means
for circulating media in cryosurgical probes are well known in the ablation arts. For example,

and incorporated by reference herein, suitable circulating means are disclosed in U.S. Patent No.
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6,182,666 to Dobak, IIT; U.S. Patent No. 6,193,644 to Dobak, [l et al.;'U.S. Patent No.
6,237,355 to Li; and U.S. Patent No. 6,572,610 to Kovalcheck et al,

[0080]  Accordingly, in another embodiment, as shown in FIG. 4C, the ablation structure 130
gan be constructed and arranged for cryogenic ablation of tissue. In general, the longitudinal
support 114 can support or serve as the ablation structure 130 by providing a conduit or support
for the delivery of the cooling fluid fo enable cryogenic ablation of tissue. In one implementation
the ablation structure can be 2 balloon or balloon-like structure capable of being filled with fluid
ot gas (not shown). In another implementation, the ablation structure includes a capsule or box-
like element covering a portion or all the surface of the longitudinal support, which can be filled
with fluid or gas (not shown). In one implementation the longitudinal support is partially or
completely holtow for receiving a fluid or gas, It is envisioned that the ablation structure or the
longitudinal support can include a thermally conductive material for facilitating thermal transfer
to.effect cryogenic ablation of a tissue. It is also envisioned that the ablation structure or
longitudinal support can include a thermally conductive feature covering all or a portion of its
surface, For example, a suitable thermally conductive feature could be a thin metallic surface
including but not limited to stainless steel or titanium.

[0081] Itisenvisioned that the ab_lation structure or longitudinal support can in some
implementations are constructed and arranged to be permeable to heating or cooling agents (not
shown). As such, it is further envisioned that the agent(s) can leach through the ablation
structure or longitudinal support, thereby allowing for direct contact between the agent(s) anda
tissue surface.

[0082]  As shown in FIG. 4C, delivery of cooling fluid to the ablation structure 130 can
include one or more line 144 and optionally one or more port 142, The line 144 can be
constructed and arranged to transport fluid including super-cooled fluid. The port 142 can
provide a connection between a line 144 and the ablation structure 130. The port 142 can be
coupled directly to the longitudinal support 142, In one embodiment, the port is coupled to the
longitudinal support and provides a conduit to an ablation structure associated with the support
(not shown). Alternatively, the port 142 can be directly coupled to an ablation structure (not
shown). In some implementations, line 144 is connected to the longitudinal support 114 by way
of a port 142 (see FIG. 4C). The ports can include a nozzle or other features usefu! for producing
a phase change in gas or liquid often accomplished through achieving pressure differential.
[0083] By way of example, as illustrated in FIG. 4C one implementation includes two lines
144 coupled with ports 142. The lines 144 both extend down the length of the attached

endoscope 127 (only one line 144 visibly extends down the length of the endoscope 127 in the
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view shown in FIG. 4C). The ports 142 are directly connected to the underside of the
fongitudinal support 114 and the upper surface of the longitudinal support 114 serves as the
ablation structure 130. The longitudinal support 114 can be substantially holfow to permit entry
of an agent such as a heated or cooling fluid,

[0084]  Optionally, the lines of the device can provide a return circuit for the flow of fluid to
and from the ablation structure. For example, as shown in FIG. 4C, in one implementation where
two lines 144 and two ports 142 are employed, one line 144 can serve as an input line while the
other can serve as an outflow line.

[0085]  In use, heated or super-cooled fluid can be delivered through the input line to the
ablation structure, thereby activating the ablation structure. Activating the ablation structure with
super-cooled fluid can include the induction of a phase change from liquid to gas or through
generation of a pressure differential such as a pressure drop (given the Ideal Gas Law: PV =
nRT). Cryogenic ablation of tissue can be achicved by contacting tissue with the super-cooled
ablation structure, Optionally, a continuous flow of a heated or super-cooled fluid agent can be
maintained in the ablation structure by continuous or discontinuous flow of the agent into the
ablation structure and out through the outflow line. If desired, after ablation, the agent can be
removed from the ablation structure. Optionally, after removal of the super-agent, another fluid,
gas or air, having a desired temperature, can be introduced into the ablation structure.

[0086]  In general, in another aspect a method of ablating tissue in an alimentary tract 1
includes advancing an ablation device 100 including an ablation structure 130 (here an electrode
132) into the alimentary tract | (see e.g., FIG. 4A). The ablation structure (30 is supported with
a structural support 111 within the alimentary tract 1. At least a part of the ablation structure 130
can be rotated away from the structural support 111 and directed toward a tissue surface 5. The
ablation structure 130 can be activated as desired to ablate the tissue surface 5,

[0087]  As illustrated in FIG. 44, in one embodiment, rotating at least part of the ablation
structure 130 (shown here as an electrode 132} includes the application of force between the
ablation structure 130, for example, an electrode 132 and the tissue surface 5. In another
embodiment wherein the ablation device 100 includes multiple ablation structures 130 (see for
example, FIG. 5) the rotating step includes applying force between one or more ablation
structures 130 and the tissue surface 5.

[0088]  The method of ablating tissue in an alimentary tract can further include rotating at least
part of the ablation structure about at least one rotation axis, and/or about at least two rotation
axes, and/or about at least three rotation axes. As discussed in detail above, the ablation device

can be constructed and arranged to support such movement. For example, as shown in FIG. 1,
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the support structure 111 of the ablation apparatus 100 can include a longitudinal support 114
and a rotational support 116. The ablation structure 130 is supported by the longitudinal support
114, while the rotational support 116 is adapted to permit rotation of at least part of the ablation
structure 130. Various structural aspects relating to rotational movement of the ablation structure
130 of the present method are discussed in detail above.
[0089]  In another embodiment, the method of rotating at least part of the ablation structure
includes limiting the range of rotation of the ablation structure. Various structural aspects of
features relating to limiting the range of rotation in x, y and z axes are discussed above. For
example, various rotational supports are disclosed as providing degrees of freedom of movement
in relation to x, y and z axes.
[0090]  In a further embodiment, the method includes resisting rotation of the ablation
structure while rotating the structure, As discussed above, the ablation device can include
various movement resistor structural features constructed and arranged to resist rotational
movement of the ablation structure. For example, movement resistors are disclosed that govern
 rotational movement of the longitudinal support and thereby the ablation structure.
{0091]  In one embodiment, as illustrated in FIG. 4A, the step of advancing the ablation
structure 130 comprises advancing an endoscope 127 into the alimentary tract 1. An example of
one commercially available conventional endoscope 127 is the Olympus “gastrovideoscope™
mbdel number GIF-Q160. While the specific construction of particular commercially available
endoscopes may vary, as shown in FIG. 13, most endoscopes include a shaft 164 having a
steerable distal end 128 and a hub or handle 162 which includes a visual channel 161 for
connecting to a video screen 160 and a port 166 providing access to an inner working channel
within the shaft 164, A power supply 159 can provide power to the endoscope 127 by way of a
power cable 165, Dials, levers, or other mechanisms (not shown) will usually be provided on the
handle 162 to allow an operator to selectively steer the distal end 128 of the endoscope 127 as is
well known in the endoscopic arts. In use, wherein the ablation device 100 is coupled or
connected to the endoscope 127, the combination can be introduced into and advanced within an
alimentary tract. In an alternative embodiment, the step of advancing the ablation structure
comprises advancing a catheter into the alimentary tract (not shown).
[0092]  Asshown in FIG. 4A, in one embodiment the method includes supporting the ablation
structure (shown as an electrode 132) with the endoscope 127. In use, as illustrated in FIG. 4A,
the ablation device 100, including the ablation structure (shown as an electrode 132), can be
attached to the endoscope distal end 128 for support thereof, As discussed above in detail, in

some embodiments the rotational support 116 further includes a base 112 constructed and
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arranged to conncet the ablation device 100 to the endoscope 127, As such, the base | 12 can
provide an attachment point for support of the ablation deviee 160 by the endoscope 127,

{0093]  In another method, the step of advancing an ablation device including an ablation
structure into an alimentary tract includes advancing an endoscope into the alimentary tract and
advancing the ablation device over the endoscope. For example, the endoscope can be positioned
relative to an ablation target tissue after which the ablation device can be advanced over the
outside of the endoscope for ablating the target tissue.

{0094]  in znother method the step of supporting the ablation device can include inserting an
endoscope into the ablation device afier the ablation device has been advanced into the
alimentary tract. As disclosed in detail in co-pending U.S. Patent Applications Nos. 11/286,257
and 11/286,444, filed November 23, 2003, the full disclosure of which are fuylly incorporated
herein by reference, variously adapted and configured ablation structures can it within and be
conveyed through an endoscope intermnal working channel. As such the ablation structure of the
ablation device can alternatively be supported by an internal working channel of an endoscope.

It is envisioned that combinations of any of the methods described herein for supporting the
ablation device are possible, '

{0095]  In another embodiment of the method, where the ablation structure is at least one
electrode, the step of activating the ablation structure can include supplying electrical energy to
the electrode by way of electrical connections (see ¢.g., FIGS. 3A, 4A - B, JA -B and 14A -C),
{0696}  While preferred embodiments of the present invention have been shown and described
herein, it will be obvious to those skilled in the art that such embodiments are provided by way of
example only. Numerous variations, changes, and substitutions will now oocur to those skilied in
the art without departing from the invention. It should bs understood that various alternatives to
the embaodiments of the invention described herein may be employed in practicing the invention.
It is intended that the following claims define the scope of the invention and that methods and
structures within the scope of these claims and their equivaients be covered thereby,

-~} 8-
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CLAIMS

WHAT IS CLAIMED I8:

I. An ablation device comprising:

an ablatton structure; and

a support structure adapted to support the ablation structure within an alimentary tract of a
patient, the support structure comprising a longitudinal support with a longitudinal axis and a
rotational support, the rotational support being adapted to permit at least part of the ablation
structure to move with respect to the longitudinal support’s longitudinal axis, the rotational
support comprising a movement resistor,

2. The device of claim 1 wherein the rotational support is adapted 1o rotate with at least
one degree of freedom.,

3. The device of claim 1 wherein the rotational support is adapted to rotate with at least
two degrees of freedom. ,

4. The device of claim 1 wherein the rotational support is adapted to rotate with at least
three degrees of freedom.

5. The device of claim 1 wherein the rotational support further comprises a stop member
adapted to limit a range of rotational motion.

6. The device of claim 1 wherein the movement resistor comprises a spring.

7. The device of claim 1 wherein the movement resistor comprises a lock adapted to
prevent rotational mévement of the ablation structure.

8. The device of claim 1 further comprising an actuator mechanism adapted to prevent
rotational movement of the ablation structure,

9. The device of claim 1 wherein the support structure comprises an endoscope.

10. The device of claim | wherein the support structure comprises a catheter.

11. The device of claim 1 wherein the ablation structure comprises at least one electrode.

12. The device of claim 1 further comprising a plurality of ablation structures supported
by the support structure.

13. The device of claim 1 wherein the ablation structure is capable of cryogenic tissue

ablation.

<19«
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Abstract: An ablation device and methods for use thereof including a support structure adapted to support an ablation structure
within an alimentary tract of a patient are provided. The support structure includes a longitudinal support with a longitudinal axis

and a rotational support. The rotational support is adapted to permit at least part of the ablation structure to rotate with respect to the
longitudinal support’s longitudinal axis.
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