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PULMONARY ANTRUM RADIAL-LINEAR ABLATION DEVICES

BACKGROUND

a . Field

[0001] This disclosure relates to an ablation catheter configured to form radial-linear lesions

at the pulmonary vein antrum region in the left atrium of the heart.

b. Background Art

[0002] Electrophysiology (EP) catheters are used in a variety of diagnostic and/or therapeutic

medical procedures to correct conditions such as atrial arrhythmia, including for example,

ectopic atrial tachycardia, atrial fibrillation, and atrial flutter. Arrhythmia can create a variety

of dangerous conditions including irregular heart rates, loss of synchronous atrioventricular

contractions and stasis of blood flow which can lead to a variety of ailments and even death.

[0003] Typically in a procedure, a catheter is manipulated through a patient's vasculature to,

for example, a patient's heart, and carries one or more electrodes which may be used for

mapping, ablation, diagnosis, or other treatments. Once at the intended site, treatment may

include radio frequency (RF) ablation, cryoablation, lasers, chemicals, high-intensity focused

ultrasound, etc. An ablation catheter imparts such ablative energy to cardiac tissue to create a

lesion in the cardiac tissue. This lesion disrupts undesirable electrical pathways and thereby

limits or prevents stray electrical signals that lead to arrhythmias. As readily apparent, such

treatment requires precise control of the catheter during manipulation to and at the treatment

site, which can invariably be a function of a user's skill level.

[0004] Foci of atrial fibrillation often originate within the pulmonary veins. A procedure

called pulmonary vein isolation (PVI) has been the cornerstone for delivery of ablation

therapy to regions surrounding the pulmonary vein ostia in the left atrium. PVI involves

forming circumferential "ring-type" lesions around the pulmonary vein ostia. A newer and

potentially more effective method of treating atrial fibrillation is pulmonary vein antrum

radial-linear (PAR) ablation. PAR ablation involves the creation of radial-linear lesions,

rather than circumferential lesions, around the pulmonary vein ostia and/or antrum.



BRIEF SUMMARY

[0005] In an embodiment, a pulmonary vein antrum radial-linear (PAR) ablation catheter

comprises: an elongate shaft structure comprising a proximal end and a distal end, the distal

end including a distal tip ablation region comprising: a spline; and an ablation element

slidably coupled to the spline; wherein the ablation element is configured to form

radial-linear lesions in or near pulmonary vein antral tissue.

[0006] In another embodiment, a PAR ablation catheter comprises: an elongate shaft

structure comprising a proximal end and a distal end; wherein the distal end comprises a

distal tip ablation region including an energy transfer balloon; and wherein the energy

transfer balloon comprises at least one thermally conductive ablating region configured to

form radial-linear lesions in or near pulmonary vein antral tissue.

[0007] In another embodiment, a PAR ablation catheter comprises: an elongate shaft

structure comprising a proximal end and a distal end, the distal end including a distal tip

ablation region comprising: a deployable spline; and an ablation element coupled to

the spline; wherein the ablation element is configured to form radial-linear lesions in or near

pulmonary vein antral tissue.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a schematic view depicting an embodiment of a catheter in accordance with

the present disclosure.

[0009] FIG. 2 is a schematic view depicting an embodiment of a PAR ablation device

including a spline and a slidable therapy element.

[0010] FIG. 3 is a schematic view depicting another embodiment of a PAR ablation device

including a spline and a slidable therapy element.

[0011] FIG. 4 is a schematic view depicting an embodiment of a PAR ablation device

including a spline and a fixed or slidable therapy element.

[0012] FIGS. 5A-5D are schematic views depicting an embodiment of a PAR ablation device

including a splineless cryoballoon.



[0013] FIGS. 6A and 6B are schematic views depicting an embodiment of a PAR ablation

device including a tiltable spline and therapy element.

[0014] FIG. 7 is a schematic depiction of another embodiment of a PAR ablation device

including two balloons.

DETAILED DESCRIPTION

[0015] FIG. 1 is a schematic view depicting a catheter 12 for use in a patient's body 14 and

connected to an energy/fluid supply 16 (e.g., a radiofrequency (RF) ablation generator, a

coolant supply) according to the present disclosure. In an embodiment, the catheter 12 may

be an ablation catheter. The catheter 12 can be configured to be inserted into the patient's

heart 18 . The catheter 12 may include a handle 20 and a shaft 22 having a proximal end

portion 24, a distal end portion 26, and a tip portion 28 disposed at the distal end portion 26

of the shaft 22. The catheter 12 may further include other conventional components such as,

for example and without limitation, a temperature sensor, a position sensor, additional

sensors or electrodes, and corresponding conductors or leads.

[0016] The shaft 22 can be an elongate, tubular, flexible member configured for movement

within the body 14. The tip portion 28 of the shaft 22 supports, for example and without

limitation, sensors and/or electrodes mounted thereon. The tip portion 28 may include

ablation elements (e.g., ablation tip electrodes for delivering RF ablative energy) or other

energy transfer elements (for example, but not limited to, ultrasound transducers, lasers,

chemical ablation sources, cryoablation sources, and/or heat ablation sources) as further

described in commonly owned US Provisional Patent Application No. 62/5 15,500, which is

hereby incorporated by reference in its entirety as though fully set forth herein. The shaft 22

may also permit transport, delivery, and/or removal of fluids (including irrigation fluids,

cryogenic ablation fluids, and bodily fluids), medicines, and/or surgical tools or instruments.

[0017] FIG. 2 is a schematic view of a portion of a pulmonary vein antrum radial-linear

(PAR) ablation device forming the distal tip portion of an ablation catheter, such as the

catheter 12 described above with respect to FIG. 1. In general, "radial-linear" lesions refer to

linear lesions that radiate out from the pulmonary vein ostium/antrum toward the areas

surrounding the pulmonary vein or the junction between the pulmonary vein and the left

atrium. A backing balloon 101, shown in phantom, can be used to deform a spline 102



against a pulmonary vein ostium and/or antrum. Although a single spline 102 is shown here,

the PAR ablation device may include a plurality of splines. An ablation or energy transfer

element (referred to hereinafter as "ablation element") 103 is mounted upon the spline 102.

The ablation element 103 may be an RF electrode, for example, if the ablation element 103

directly contacts tissue or operates through a saline porous balloon. In another embodiment,

the ablation element 103 may be a high-frequency ultrasound (HIFU) emitter with a beam

104 as shown. The beam 104 may travel through a balloon in some examples. In other

embodiments, the ablation element 103 may be a laser, a virtual RF electrode, or a source of

cryogen (e.g., an evaporating phase-change cryogen or a precooled liquid cryogen).

[0018] The ablation element 103 can slide along the spline 102 such that PAR lesions are

formed in accordance with the PAR ablation procedure. As few as two to four PAR lesions

may be formed about a pulmonary vein ostium/antrum. As shown in FIG. 2, the backing

balloon 101 has necked-down regions 105. The spline 102 may not necessarily extend all the

way to the proximal or distal/proximal necked-down regions 105. In an embodiment, the

spline 102 may extend from the equator of the balloon 10 1 to the end of the distal necked-

down regionl 05. The spline 102 may be rotated about an axis, such as a longitudinal axis of

the catheter X, so that a particular angular orientation or lesion may be chosen. In

embodiments with multiple spines, one or more of the splines may be rotatable about the axis

X .

[0019] FIG. 3 is a schematic view depicting a PAR ablation device similar to that shown in

FIG. 2 . In FIG. 3, however, the backing balloon 101 has been shaped to push the spline 102

and the ablation element 103 against antrum tissue 106. It should be noted that the inflatable

backer balloon 101 is one option for tissue-placement of the spline 102. Alternatively (not

shown), a spring mechanism or a spring-like spline can be used to cause intimate

juxtaposition of the spline 102 to the antrum tissue 106. In some embodiments, the backing

balloon 101 may also (or instead) provide blood flow obstruction (e.g., to minimize blood

cooling effects), surface temperature control, or a saline path for HIFU, laser light, or RF to

pass through before it penetrates the antrum tissue 106. As such, the spline 102 and ablation

element 103 do not necessarily have to intimately contact the antrum tissue 106. In another

embodiment, a second balloon may be disposed between the spline 102/ablation element 103

and the antrum tissue 106, thus requiring the ablating energy to pass through the second

balloon.



[0020] In FIGS. 2 and 3, the ablation element 103 may be driven to slide upon the spline 102

in any of several ways. For example, the ablation element 103 may be driven to slide upon

the spine 102 via a push or pull wire. The ablation element 103 may also be driven to slide

upon the spline 102 via a push or pull wire in a first direction and a return spring in a second

direction. In this example, the push or pull wire may have a power lead for the ablation

element 103.

[0021] FIG. 4 is a schematic depiction of another embodiment of a PAR ablation device. In

this embodiment, a spline 102 ' is placed in the antrum tissue 106 and a backing or loading

balloon 101 ' presses the spline 102', along with its ablation element 103', against the antrum

tissue 106. As with ablation element 103 described above with respect to FIGS. 2 and 3, the

ablation element 103 ' may be an RF electrode, HIFU, or a laser. In this embodiment, the

spline 102 ' does not necessarily have to be part of a spline basket. Further, the ablation

element 103 ' can be configured to scan along the antrum tissue 106 in one of several ways.

For example, the ablation element 103' can be mounted in a non-sliding fixed position on the

spline 102 ' , and the spline 102 ' and the ablation element 103 ' can then be simply pushed,

pulled, or dragged while the balloon 101 ' maintains reasonable tissue contact and/or

proximity of the ablation element 103 ' to the antrum tissue 106. In another example, the

ablation element 103' can be mounted in a sliding manner upon the spline 102', similar to the

ablation element 103 and the spline 102 described above with respect to FIGS. 2 and 3 .

[0022] FIGS. 5A-D are schematic depictions of another embodiment of a PAR ablation

device involving a cryoballoon 101 " . The cryoballoon 101 " shown in FIG. 5A can be filled

with coolant, cryogen, or cryogenic fluid (cryofluid). The cryoballoon 101 " includes a

thermally -insulating balloon surface 1A and axial necked-down regions 105". The

cryoballoon 101 " can ablate linear lesions corresponding to grooved regions IB on the

balloon surface 1A. A balloon with a desired pattern of grooved regions IB can be

preselected according to pre-surgical imaging of a patient's pulmonary vein antral region, for

example. Alternatively, a desired partem of grooved regions IB can be formed in a balloon

upon use.

[0023] As shown in FIG. 5B, the cryoballoon 101 " is fabricated from a porous, yet

impermeable, polymeric film 1C of thickness t (e.g., up to several millimeters). As further

shown in FIG. 5C, the porous polymeric film 1C can be thermally compressed or fused into a



very thin, pore-free state (with a thickness t2) that forms the grooved regions IB in the

balloon surface 1A. As a result of this thermal compression, the grooved regions IB are

more thermally conductive than the non-grooved balloon surface 1A . In this manner,

cryofluid evaporation from the grooved regions IB (or non-evaporating cold cryofluid within

regions IB of the cryoballoon 101 " ) can selectively freeze the antrum tissue 106 adjacent to

the grooved regions IB, as shown in FIG. 5D. Although some cooling may take place

through the porous regions 1C, a majority of the cooling will take place at the grooved

regions IB. Furthermore, a much greater percentage of the cooling capacity of the total

surface area of the cryoballoon 101 " will be attributed to the grooved regions IB rather than

being uniformly distributed (e.g., as for current circular-lesion pulmonary vein cryoballoons).

In some embodiments, it may be preferable to have the grooved regions IB face inward such

that the surface of the cryoballoon 101 " in those regions comes into direct contact with the

antrum tissue 106, as shown in FIG. 5D.

[0024] In an alternative embodiment, the cryoballoon 101 " can be fabricated from a non-

porous polymeric material, and the non-ablating regions can be rendered porous in order to

decrease their thermal conductivity and prevent cyroablation.

[0025] FIGS. 6A and 6B are schematic depictions of another embodiment of a PAR ablation

device involving a balloon 101A. In this embodiment, ablation elements 103A, 103B, 103C,

and 103D (which may be RF, HIFU, or laser elements, as with elements 103 and 103 '

described above with respect to FIGS. 2-4) are fixedly mounted to a spline 102A. FIG. 6A

illustrates the ablation elements 103A-D in their pre-actuation state, while FIG. 6B depicts

the ablation elements 103A-D once actuation has begun. As shown in FIG. 6B, the spline

102A and fixed ablation elements can be angled, tilted, or articulated through an angle Θ- via

an actuator 108, for example - to better face the antrum tissue 106. The spline 102A may

also be rotatable in a direction R about the catheter axis X .

[0026] FIG. 7 is a schematic depiction of another embodiment of a PAR ablation device

involving two balloons, 101A and 101B. The second balloon, 101B, can be present between

the fixed ablation elements 103A-103E and the antrum tissue 106. As further shown in FIG.

7, a spline 102B may be bendable (or remain flat like spline 102A in FIG. 6A). One or more

splines 102B may be rotatable in a direction R about the catheter axis X .



[0027] Although at least one embodiment of a device for PAR ablation has been described

above with a certain degree of particularity, those skilled in the art could make numerous

alterations to the disclosed embodiments without departing from the spirit or scope of this

disclosure. All directional references (e.g., upper, lower, upward, downward, left, right,

leftward, rightward, top, bottom, above, below, vertical, horizontal, clockwise, and

counterclockwise) are only used for identification purposes to aid the reader's understanding

of the present disclosure, and do not create limitations, particularly as to the position,

orientation, or use of the disclosure. Joinder references (e.g., attached, coupled, connected,

and the like) are to be construed broadly and can include intermediate members between a

connection of elements and relative movement between elements. As such, joinder

references do not necessarily infer that two elements are directly connected and in fixed

relation to each other. It is intended that all matter contained in the above description or

shown in the accompanying drawings shall be interpreted as illustrative only and not limiting.

Changes in detail or structure can be made without departing from the spirit of the disclosure

as defined in the appended claims.

[0028] Various embodiments are described herein to various apparatuses, systems, and/or

methods. Numerous specific details are set forth to provide a thorough understanding of the

overall structure, function, manufacture, and use of the embodiments as described in the

specification and illustrated in the accompanying drawings. It will be understood by those

skilled in the art, however, that the embodiments may be practiced without such specific

details. In other instances, well-known operations, components, and elements have not been

described in detail so as not to obscure the embodiments described in the specification.

Those of ordinary skill in the art will understand that the embodiments described and

illustrated herein are non-limiting examples, and thus it can be appreciated that the specific

structural and functional details disclosed herein may be representative and do not necessarily

limit the scope of the embodiments, the scope of which is defined solely by the appended

claims.

[0029] Reference throughout the specification to "various embodiments," "some

embodiments," "one embodiment," or "an embodiment", or the like, means that a particular

feature, structure, or characteristic described in connection with the embodiment is included

in at least one embodiment. Thus, appearances of the phrases "in various embodiments," "in

some embodiments," "in one embodiment," or "in an embodiment", or the like, in places



throughout the specification are not necessarily all referring to the same embodiment.

Furthermore, the particular features, structures, or characteristics may be combined in any

suitable manner in one or more embodiments. Thus, the particular features, structures, or

characteristics illustrated or described in connection with one embodiment may be combined,

in whole or in part, with the features structures, or characteristics of one or more other

embodiments without limitation given that such combination is not illogical or non

functional.

[0030] It will be appreciated that the terms "proximal" and "distal" may be used throughout

the specification with reference to a clinician manipulating one end of an instrument used to

treat a patient. The term "proximal" refers to the portion of the instrument closest to the

clinician and the term "distal" refers to the portion located furthest from the clinician. It will

be further appreciated that for conciseness and clarity, spatial terms such as "vertical,"

"horizontal," "up," and "down" may be used herein with respect to the illustrated

embodiments. However, surgical instruments may be used in many orientations and

positions, and these terms are not intended to be limiting and absolute.

[0031] Any patent, publication, or other disclosure material, in whole or in part, that is said to

be incorporated by reference herein is incorporated herein only to the extent that the

incorporated materials does not conflict with existing definitions, statements, or other

disclosure material set forth in this disclosure. As such, and to the extent necessary, the

disclosure as explicitly set forth herein supersedes any conflicting material incorporated

herein by reference. Any material, or portion thereof, that is said to be incorporated by

reference herein, but which conflicts with existing definitions, statements, or other disclosure

material set forth herein will only be incorporated to the extent that no conflict arises between

that incorporated material and the existing disclosure material.



CLAIMS

What is claimed is:

1. A pulmonary vein antrum radial-linear (PAR) ablation catheter comprising:

an elongate shaft structure comprising a proximal end and a distal end, the distal

end including a distal tip ablation region comprising:

a spline; and

an ablation element slidably coupled to the spline;

wherein the ablation element is configured to form radial-linear lesions in or near

pulmonary vein antral tissue.

2 . The PAR ablation catheter of claim 1, further comprising a backing balloon

configured to push or pull the spline and the ablation element toward or against the

pulmonary vein antral tissue.

3 . The PAR ablation catheter of claim 2, wherein the backing balloon is further

configured to provide blood flow obstruction or to be filled with a fluid.

4 . The PAR ablation catheter of claim 1, wherein the ablation element comprises at

least one of the following: an ultrasound emitter, a high frequency ultrasound emitter, a laser,

a radiofrequency electrode, a virtual radiofrequency electrode, or a cryogenic source.

5 . The PAR ablation catheter of claim 1, wherein the ablation element is configured

to slide in at least one direction along the spline via a push or pull wire.

6 . The PAR ablation catheter of claim 1, wherein the radial-linear lesions radiate

away from a pulmonary vein ostium or antrum.

7 . A pulmonary vein antrum radial-linear (PAR) ablation catheter comprising:

an elongate shaft structure comprising a proximal end and a distal end;

wherein the distal end comprises a distal tip ablation region including an energy

transfer balloon; and



wherein the energy transfer balloon comprises at least one thermally conductive

ablating region configured to form radial-linear lesions in or near pulmonary vein antral

tissue.

8 . The PAR ablation catheter of claim 7, wherein the energy transfer balloon

comprises a cryoballoon.

9 . The PAR ablation catheter of claim 7, wherein the energy transfer balloon

comprises a heating balloon.

10. The PAR ablation catheter of claim 7, wherein the energy transfer balloon further

comprises a non-ablating thermally-insulating region.

11. The PAR ablation catheter of claim 7, wherein the energy transfer balloon is

comprised of a porous polymeric material; and wherein the polymeric material is thermally

compressed or fused into a thin, non-porous state in the at least one thermally conductive

ablating region.

12. The PAR ablation catheter of claim 7, wherein the energy transfer balloon is

comprised of a non-porous polymeric material; and wherein one or more non-ablating regions

of the energy transfer balloon are rendered porous to decrease their thermal conductivity.

13. A pulmonary vein antrum radial-linear (PAR) ablation catheter comprising:

an elongate shaft structure comprising a proximal end and a distal end, the distal

end including a distal tip ablation region comprising:

a deployable spline; and

an ablation element coupled to the spline;

wherein the ablation element is configured to form radial-linear lesions in or near

pulmonary vein antral tissue.

14. The PAR ablation catheter of claim 13, wherein the spline is configured to be

tilted at an angle with respect to a longitudinal axis of the catheter.



15. The PAR ablation catheter of claim 13, further comprising an actuator configured

to deploy the spline.

16. The PAR ablation catheter of claim 13, wherein the ablation element is fixed to

the spline.

17. The PAR ablation catheter of claim 13, wherein the spline is configured to be

rotated with respect to a longitudinal axis of the catheter.

18 . The PAR ablation catheter of claim 13, further comprising a backing balloon

configured to push or pull the spline and the ablation element toward or against the

pulmonary vein antral tissue.

19. The PAR ablation catheter of claim 18, wherein the backing balloon is further

configured to provide blood flow obstruction or to be filled with a fluid.

20. The PAR ablation catheter of claim 13, wherein the ablation element comprises at

least one of the following: an ultrasound emitter, a high frequency ultrasound emitter, a laser,

a radiofrequency electrode, a virtual radiofrequency electrode, or a cryogenic source.
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