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MAP AND ABLATE CLOSED-LOOP COOLED ABLATION CATHETER WITH
FLAT TIP

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of Provisional Application No.

61/702,61 6, filed September 18, 201 2, which is incorporated herein by reference

in its entirety.

TECHNICAL FIELD

[0002] The present disclosure generally relates to therapies for treating

cardiac conditions. More particularly, the present disclosure relates to a system

for mapping and ablating target tissue of a patient.

BACKGROUND

[0003] Atrial fibrillation is a condition in the heart causing irregular

heartbeats due to generation of abnormal electrical signals. Various treatment

regimens may be followed for treating arrhythmias, such as anti-arrhythmic

medications and catheter ablation.

[0004] Catheter ablation is a minimally invasive procedure that involves

killing an abnormal muscle responsible for tissue dysfunction. This produces a

small area of dead heart muscle called a lesion. In order to make lesions and

thereby treat arrhythmia, abnormal heart muscles are first targeted and mapped,

such as through a mapping technique. A catheter used for such purposes

generally includes one or more mapping electrodes configured to carry out

mapping functions and an ablation electrode configured to carry out the ablation

function. Mapping typically involves percutaneously introducing the catheter

having one or more mapping electrodes into the patient, passing the catheter

through a blood vessel (e.g., the femoral vein or artery) and into an endocardial

site (e.g., an atrium or ventricle of the heart) to map bioelectrical signals arising

from the myocardial tissues and thereby, recognizing the tissue that is the source

of the arrhythmia. The tip of the ablation catheter including the tip ablation

electrode can then deliver energy to the abnormal heart muscle, which disables it.



SUMMARY

[0005] Disclosed herein are embodiments of an ablation electrode including

one or more mapping electrodes exposed at an exterior surface thereof proximate

a substantially planar distal end of a map and ablate catheter.

[0006] In Example 1, a system for performing mapping and ablation

functions includes a catheter sized and shaped for vascular access. The catheter

includes an elongate body extending between a proximal end and a distal end

and having at least one inner fluid lumen. The catheter further includes a tip

section positioned proximate to the distal end of the body. The tip section

includes a proximal portion and a distal portion. The distal portion has a distal end

that is substantially planar. The system also includes one or more electrode

structures exposed at the tip section such that the one or more electrode

structures are disposed proximate to the substantially planar distal end of the tip

section.

[0007] In Example 2, the system according to Example 1, wherein the

catheter includes at least one inner fluid lumen, wherein the ablation electrode

comprises an exterior wall that defines an open interior region within the ablation

electrode, and wherein the system further comprises a thermal mass within the

open interior region and a cooling chamber in fluid communication with the at least

one inner fluid lumen and positioned proximally to the thermal mass.

[0008] In Example 3, the system according to either Example 1 or Example

2, wherein the thermal mass includes at least one fluid passageway therethrough.

[0009] In Example 4, the system according to any of Examples 1-3, wherein

the at least one inner fluid lumen comprises a first inner fluid lumen extending

along at least a portion of the elongate body. The first inner fluid lumen is

configured for fluid communication with a fluid reservoir including a cooling fluid,

and further configured to deliver the cooling fluid from the fluid reservoir to the

cooling chamber. The inner fluid lumen further comprises a second inner fluid

lumen extending along at least a portion of the elongate body. The second inner

fluid lumen is configured for fluid communication with the fluid reservoir, and

further configured to return the cooling fluid circulated within the cooling chamber

to the fluid reservoir.



[0010] In Example 5, the system according to any of Examples 1-4, further

comprising a temperature sensor positioned at least partially within the thermal

mass and comprising a material of high thermal conductivity.

[001 1] In Example 6, the system according to any of Examples 1-5, wherein

the tip section comprises an ablation electrode configured to deliver radio

frequency (RF) energy for an RF ablation procedure.

[0012] In Example 7, the system according to any of Examples 1-6, the one

or more mapping electrode structures are formed on the ablation electrode.

[0013] In Example 8, the system according to any of Examples 1-7, wherein

each of the one or more electrode structures comprise a mapping electrode and a

noise artifact isolator comprising an electrical insulator disposed between the

mapping electrode and the ablation electrode.

[0014] In Example 9, the system according to any of Examples 1-8, wherein

the one or more mapping electrode structures are disposed within about 1.0 mm

of the planar distal end of the tip section.

[0015] In Example 10, the system according to any of the Examples 1-9,

further comprising one or more mapping ring electrodes disposed on the body

proximal to the one or more electrode structures.

[0016] In Example 11, a system for performing mapping and ablation

functions includes a radio frequency (RF) generator, a fluid reservoir and a pump,

and a mapping signal processor. The system further includes a catheter sized

and shaped for vascular access, including an elongate body extending between a

proximal end and a distal end and having at least one inner fluid lumen. The

system further includes an ablation electrode coupled to the distal end of the

body, and operably connected to the RF generator. The ablation electrode

includes an exterior wall that defines an open interior region within the ablation

electrode, which includes a proximal portion and a distal portion. The distal

portion has a distal end that is substantially planar. The system further comprises

one or more mapping electrodes structures operably connected to the mapping

signal processor, the one or more mapping electrode structures exposed at an

exterior of the ablation electrode proximate to the substantially planar distal end.



[0017] In Example 12, the system according to Example 11, wherein each

of the one or more electrode structures comprises a mapping electrode and a

noise artifact isolator comprising an electrical insulator disposed between the

mapping electrode and the ablation electrode.

[0018] In Example 13, the system according to either Example 11 or

Example 12, further comprising a thermal mass within the open interior region and

a cooling chamber in fluid communication with the at least one inner fluid lumen of

the elongate body and positioned proximate to the thermal mass.

[0019] In Example 14, the system according to Example 13, wherein the

thermal mass includes at least one fluid passageway therethrough.

[0020] In Example 15, the system according to any of the Examples 11-14,

wherein the at least one inner fluid lumen comprises a first inner fluid lumen

extending along at least a portion of the elongate body. The first inner fluid lumen

in fluid communication with the fluid reservoir and pump such that the pump

pushes cooling fluid from the fluid reservoir to the cooling chamber via the first

inner fluid lumen. The inner fluid lumen further comprises a second inner fluid

lumen extending along at least a portion of the elongate body. The second inner

fluid lumen is in fluid communication with the fluid reservoir and pump such that

the pump pulls the cooling fluid circulated within the cooling chamber to the fluid

reservoir via the second inner fluid lumen.

[0021] In Example 16, a system for performing mapping and ablation

functions includes a catheter sized and shaped for vascular access and including

an elongate body extending between a proximal end and a distal end, and having

at least one inner fluid lumen. The system further comprises an ablation electrode

coupled to the distal end of the catheter body. The ablation electrode is

configured to deliver radio frequency (RF) energy for an RF ablation procedure.

The ablation electrode includes an exterior wall that defines an open interior

region within the ablation electrode. The ablation electrode includes a proximal

portion and a distal portion, wherein the distal portion has a distal end that is

substantially planar. The system also comprises a thermal mass within the open

interior region. The system further comprises a cooling chamber in fluid

communication with the at least one inner fluid lumen of the elongate body and



positioned proximally to the thermal mass and one or more mapping electrode

structures exposed at an exterior of the ablation electrode.

[0022] In Example 17, the system according to Example 16, further

comprising one or more mapping ring electrodes disposed on the body proximal to

the one or more electrode structures.

[0023] In Example 18, the system according to Example 16 or Example 17,

wherein each of the one or more electrode structures comprise a mapping

electrode and a noise artifact isolator comprising an electrical insulator disposed

between the mapping electrode and the ablation electrode.

[0024] In Example 19, the system according to any of Examples 16-18,

wherein the at least one inner fluid lumen comprises a first inner fluid lumen

extending along at least a portion of the elongate body. The first inner fluid lumen

is configured for fluid communication with a fluid reservoir includes a cooling fluid.

The first inner fluid is further configured to deliver the cooling fluid from the fluid

reservoir to the cooling chamber. The at least one inner fluid lumen further

comprises a second inner fluid lumen extending along at least a portion of the

elongate body. The second inner fluid lumen is configured for fluid

communication with the fluid reservoir; the second inner fluid lumen is further

configured to return the cooling fluid circulated within the cooling chamber to the

fluid reservoir.

[0025] In Example 20, the system according to the Examples 16-19, further

comprising one or more mapping ring electrodes disposed on the body proximal to

the one or more electrode structures, the one or more ring electrodes operably

connected to the mapping signal processor.

[0026] While multiple embodiments are disclosed, still other embodiments

of the present invention will become apparent to those skilled in the art from the

following detailed description, which shows and describes illustrative

embodiments of the invention. Accordingly, the drawings and detailed description

are to be regarded as illustrative in nature and not restrictive.



BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 is a schematic view of an embodiment of a system for

performing mapping and ablation functions.

[0028] FIG. 2 illustrates an embodiment of the mapping and ablation

system including cooling, ablation, anatomical navigation system, and mapping

system components and a closed-loop irrigated catheter.

[0029] FIG. 3 is a side view of an embodiment of an ablation electrode

including a plurality of mapping electrodes disposed proximate a planar distal end

of a tip section.

[0030] FIG. 4 is a cross-sectional view of a distal end portion of a catheter,

including a planar distal end and a closed-loop irrigated catheter.

[0031] FIG. 5 is a cutaway view of an embodiment of the distal end portion

of the catheter.

[0032] While the invention is amenable to various modifications and

alternative forms, specific embodiments have been shown by way of example in

the drawings and are described in detail below. The intention, however, is not to

limit the invention to the particular embodiments described. On the contrary, the

invention is intended to cover all modifications, equivalents, and alternatives

falling within the scope of the invention as defined by the appended claims.

DETAILED DESCRIPTION

[0033] FIG. 1 is a schematic view of an embodiment of a system 100 for

performing mapping and ablation functions, according to some embodiments.

The system 100 includes a catheter 102 sized and shaped for vascular access.

The catheter 102 includes a distal end portion 104 and a proximal end portion

106. The catheter 102 defines at least one inner fluid lumen 108. The catheter

includes an elongate body 110 and a handle 112 .

[0034] The handle 112 includes a connection port 114 through which

external energy sources can be operably coupled. The handle 112 includes a

plurality of conduits, conductors, and wires to facilitate control of the catheter 102.

The plurality of conduits, conductors, and wires are collectively referred to as a

wire assembly 116 . The elongate body 110 includes a control mechanism 118



and an articulating mechanism 120. The control mechanism 118 is placed at the

handle 112 of the catheter 102. The articulating mechanism 120 is placed on the

elongate body 110 such that the control mechanism 118 controls the articulating

mechanism 120. The elongate body 110 also includes a tip section 122 at the

distal end portion 104. The elongate body 110 houses the wire assembly 116 for

transmitting sensed signals and/or ablation energy between the distal end portion

104 and proximal end portion 106.

[0035] The handle 112 is configured to be comfortably held by a practitioner

during a treatment procedure involving ablation. The handle 112 may be

comprised of a durable and rigid material, such as medical grade plastic, and

ergonomically molded to allow the practitioner to easily manipulate the catheter

102. The elongate body 110 can be preferably about 1.67 mm to 3 mm in

diameter, and between 800 mm and 1500 mm in length. The elongate body 110

can have a circular cross-sectional geometry. However, other cross-sectional

shapes, such as elliptical, rectangular, triangular, and various other shapes, can

be provided. In some embodiments, the elongate body 110 can be preformed of

an inert, resilient plastic material that retains its shape and does not soften

significantly at body temperature; for example, Pebax(R), polyethylene, or

Hytrel(R)) (polyester). In some embodiments, the elongate body 110 can be

made of a variety of materials, including, but not limited to, metals and polymers.

The elongate body 110 can be flexible so that it is capable of winding through a

tortuous path that leads to a target site. In some embodiments, the elongate body

110 can be semi-rigid, i.e., by being made of a stiff material, or by being reinforced

with a coating or coil, to limit the amount of flexing. The articulating mechanism

120 of the elongate body 110 facilitates insertion of the catheter 102 through a

body lumen (e.g., vasculature) and/or placement of electrodes at a target tissue

location. The articulating mechanism 120 provides one or more degrees of

freedom and permits up/down and/or left/right articulation. In some embodiments,

the movement of the distal end portion 104 of the catheter 102 (such as to wind

through the tortuous path that leads to a target site) can be controlled by the

control mechanism 118. In some embodiments, the distal end portion 104 of the

catheter 102 can be deflected or bent at the articulating mechanism 120.



[0036] The tip section 122 includes a distal end 128 that is substantially

planar or substantially orthogonal to the tip section 122 and/or distal end portion

104. The tip section 122 includes an ablation electrode 130 configured to deliver

radio frequency (RF) energy for an RF ablation procedure. The ablation electrode

130 is formed from a conductive material. For example, in some embodiments

the ablation electrode 130 is comprised of a platinum-iridium alloy (e.g., 90%

platinum and 10% iridium). The tip section 122 also includes one or more

mapping electrode structures 132 exposed at an exterior surface 134 of the

ablation electrode 130. Each of the one or more mapping electrode structures

132 includes a mapping electrode 136. In some embodiments, the one or more

mapping electrode structures 132 are disposed proximate to the substantially

planar distal end 128 of the tip section 122. In some embodiments, the one or

more mapping electrode structures 132 are disposed approximately 1.0 mm from

the planar distal end 128 of the tip section 122, but the one or more mapping

electrode structures 132 may alternatively be deposited other distances from the

planar distal end 128. In some embodiments, the one or more mapping electrode

structures 132 are deposited on the ablation electrode 130.

[0037] The system 100 may also include one or more mapping ring

electrodes 140. The mapping ring electrodes 140 can be configured to map the

bioelectrical signals arising from the myocardial tissues and thereby recognize the

tissues that are the source of arrhythmia. The mapping ring electrodes 140 can

include a distal mapping ring electrode 140a, a medial mapping ring electrode

140b, and a proximal mapping ring electrode 140c. The mapping ring electrodes

140a, 140b, and 140c as well as the ablation electrode 126 are capable of forming

a bipolar mapping electrode pair. In particular, the ablation electrode 126 and

distal mapping ring electrode 140a together can form a first bipolar mapping

electrode pair, the distal mapping ring electrode 140a and the medial mapping

ring electrode 140b together can form a second bipolar mapping electrode pair,

the medial mapping ring electrode 140b and the proximal mapping ring electrode

140c together can form a third bipolar mapping electrode pair, and any

combination thereof. Like the mapping electrodes structures 132, the mapping



ring electrodes 140a-140c are also operably coupled to the mapping signal

processor to map electrical events in the myocardial tissues.

[0038] FIG. 2 illustrates an embodiment of the mapping and ablation

system 100 including cooling, ablation, and mapping system components. The

catheter 102 is configured to be introduced through the vasculature of the patient,

and into one of the chambers of the heart, where it can be used to map and/or

ablate myocardial tissue. The system 100 includes a radio frequency (RF)

generator 202, a fluid reservoir 204 in fluid communication with a fluid pump 206,

and a mapping electrode signal processor 208 coupled to the catheter 102 via the

wire assembly 116 or through the connection port 114. In some embodiments,

the mapping and ablation system 100 may further include an anatomical

navigation system (not shown) that facilitates navigation of the catheter 102 based

at least in part on signals from mapping electrode signal processor 208. The fluid

reservoir 204 contains a cooling fluid that is used for cooling the distal end portion

104 of the catheter 102 during an ablation procedure. The fluid reservoir 204 and

the fluid pump 206 are configured to pump the cooling fluid, such as saline,

through the inner fluid lumen 108 of catheter 102 to the tip section 122.

[0039] In some embodiments, the RF generator 202 is connected to the

catheter 102 through an RF wire 2 12 . The RF generator includes an RF source

214 and a controller 2 16 . The ablation electrode 130 is operably connected to the

RF generator 202. The fluid reservoir 204 and the fluid pump 206 are connected

to the catheter 102 through the connection port 114. The mapping electrode

signal processor 208 is connected to the catheter 102 via a plurality of mapping

electrode signal wires 2 18 . The mapping electrode signal processor 208 is

operably coupled to the one or more mapping electrodes 136 and the ring

electrodes 140a-140c. Although the RF generator 202, the fluid reservoir 204 and

the fluid pump 206, and the mapping electrode signal processor 208 are shown as

discrete components, they can alternatively be incorporated into a single

integrated device.

[0040] The RF generator 202, and in particular the RF source, is configured

to generate the energy for the ablation procedure. The controller 216 controls the

timing and the level of the RF energy delivered through the tip section 122. In



some embodiments, the conductive material of the tip section 122 can be used to

conduct RF energy generated from the RF energy generator 202 used to form

lesions during the ablation procedure.

[0041] The mapping electrode signal processor 208 can be configured to

detect, process, and record electrical signals within the heart via the mapping

electrodes 136. Based on the detected electrical signals, the mapping electrode

signal processor 208 outputs electrocardiograms (ECGs) to a display (not shown),

which can be analyzed by the practitioner to determine the existence and/or

location of arrhythmia substrates within the heart and/or determine the location of

the catheter 102 within the heart. In an embodiment, the mapping electrode

signal processor 208 generates and outputs an isochronal map of the detected

electrical activity to the display for analysis by the practitioner. Based on the map,

the practitioner can identify the specific target tissue sites within the heart, and

ensure that the arrhythmia causing tissue has been electrically isolated by the

ablative treatment.

[0042] FIG. 3 is a side view of an embodiment of the tip section 122

including an ablation electrode 130 with a planar distal end 128. In some

embodiments, the tip section 122 includes a plurality of mapping electrode

structures 132 exposed at the exterior surface of the ablation electrode 130. In

some embodiments, each of the mapping electrode structures 132 includes a

mapping electrode similar to the mapping electrode 136 and a noise artifact

isolator 302.

[0043] In some embodiments, the mapping electrode structures 132 are

exposed at the exterior surface 134 of the ablation electrode 130 via through

holes formed in the ablation electrode 130, or are deposited on the exterior

surface of the ablation electrode 130.

[0044] In some embodiments, the noise artifact isolator 302 is comprised of

an electrically insulating material and can be disposed between the mapping

electrode 136 and the ablation electrode 130. In some embodiments, each noise

artifact isolator 302 may include multiple layers of electrical insulation to insulate

each of the mapping electrodes 136 from the ablation electrode 130. In some

embodiments, the noise artifact isolator 302 is embedded into the exterior surface



of the ablation electrode 130. In other embodiments, the noise artifact isolator

302 is deposited on the exterior surface of the ablation electrode 130.

[0045] In some embodiments, the ablation electrode 130 is electrically

coupled to the RF generator 202 (FIG. 2) so that ablation energy can be conveyed

from the RF generator 202 to the ablation electrode 130 to form lesions in the

target tissue. The RF wire 2 12 may be electrically connected to the ablation

electrode 130 using suitable means such as soldering, welding, or other material

bonding processes. The RF wire 2 12 can pass through a lumen extending

through the elongate body 110 of the catheter 102, where it can be further

electrically coupled to the connection port 114 (FIG. 1) .

[0046] FIG. 4 illustrates a cross-sectional view of the tip section 122, and

FIG. 5 is a cross-sectional view of the tip section 122 in a plane transverse to the

view shown in FIG. 4 . The distal end portion includes an open interior region 402.

In some embodiments, the open interior region 402 includes the inner fluid lumen

108, a thermal mass 404, a cooling chamber 406, and a temperature sensor 408.

In some embodiments, some or all of the components disposed in the open

interior region 402 are arranged as an assembly that is insertable into the ablation

electrode 130 during manufacturing.

[0047] The open interior region 402 is defined within the ablation electrode

130. The ablation electrode 130 along the tip section 122 has a wall thickness

414. In some embodiments, the wall thickness 414 is uniform throughout the

length of the tip section 122. A uniform wall thickness provides uniform heat

distribution to the target tissue from the ablation electrode 130. The substantially

planar distal end 128 provides a substantially planar contact area 4 16 for the

target tissue having a large surface area, thereby preventing localized hotspot

formation at the target tissue site due to pressing of the tip section 122 into the

target tissue. The substantially planar distal end 128 also allows the mapping

electrodes 136 to be positioned in close proximity to the target tissue for recording

localized cardiac electrical activity, thereby increasing accuracy and efficiency of

the mapping electrodes 136 in recording cardiac electrical activity.

[0048] The open interior region 402 is in fluid communication with the inner

fluid lumen 108. In some embodiments, the inner fluid lumen 108 includes a first



inner fluid lumen 4 18 and a second inner fluid lumen 420. The first inner fluid

lumen 4 18 and second inner fluid lumen 420 are in fluid communication with the

fluid reservoir 204 (FIG. 2) to deliver the cooling fluid to the tip section 122 and

remove the cooling fluid from the tip section.

[0049] The thermal mass 404 is disposed at the distal end portion 104 of

the catheter 102. The thermal mass 404 includes a proximal portion 422 and a

distal portion 424. In some embodiments, the distal portion 424 is proximal to the

substantially planar distal end 128. In some embodiments, the thermal mass 404

is coupled to the ablation electrode 130 via a one or more bonding elements 430.

The bonding elements 430 may be formed using any of the soldering, welding or

any other material bonding process so as to mechanically and thermally couple

the thermal mass 404 to the tip section 122.

[0050] The cooling chamber 406 is positioned proximally to the thermal

mass 404. The cooling chamber 406 is in fluid communication with a fluid

passageway 4 12 through the thermal mass 404. The cooling chamber 406 is also

in fluid communication with the first inner fluid lumen 418 and the second inner

fluid lumen 420 of the inner fluid lumen 108.

[0051] The first fluid lumen 4 18 is configured to deliver the cooling fluid

from the fluid reservoir 204 to the cooling chamber 406. In some embodiments,

the fluid reservoir 204 can push the cooling fluid from the fluid reservoir 204 into

the cooling chamber 406 via the first inner fluid lumen 418. The second inner fluid

lumen 420 is in fluid communication with the fluid reservoir and pump 204, and is

configured to return the cooling fluid that has been circulated within the cooling

chamber 406 to the fluid reservoir and pump 204. The fluid reservoir and pump

204 can extract the cooling fluid circulated within the cooling chamber 406 to the

fluid reservoir 204 via the second inner fluid lumen 420. An inflow of the cooling

fluid from the first inner fluid lumen 418 and an outflow of the cooling fluid from the

second inner fluid lumen 420 provides a closed-loop cooling system for the

ablation electrode 130.

[0052] The fluid passageway 4 12 is configured to allow passage of the

cooling fluid through the thermal mass 404. For example, the cooling fluid can

enter from the proximal portion 422 and reach the distal portion 424 of the thermal



mass 404. The cooling fluid absorbs heat from the distal end 128, thereby cooling

the distal end 128.

[0053] The temperature sensor 408 can be disposed into the open interior

region 402 and is configured to monitor the temperature of the thermal mass 404.

The temperature sensor 408 is positioned at least partially within the thermal

mass 404 and comprises a material of high thermal conductivity. In some

embodiments, the temperature sensor 408 extends to the distal portion 424. The

thermal mass 404 includes a sensor lumen 432 extending from the proximal

portion 422 to the distal portion 424. In some embodiments, the temperature

sensor 408 is inserted into the thermal mass 404 through the sensor lumen 432 at

the proximal portion 422. The temperature sensor 408 is coupled to a sensor wire

434. The sensor wire 434 runs along the elongate body 110 and is coupled to the

wire assembly 116 at the handle 112 at the proximal end portion 106 of the

catheter 102. In summary, the catheter 102 according to embodiments of the

present disclosure can be used for an ablation procedure and can map intra tissue

electrical activity proximal to the point of RF energy delivery. The ablation

electrode 130 of the catheter 102 can be designed to have a consistent profile

along the entire exterior surface 134. The ablation electrode 130 includes a

substantially planar distal end 128 that ensures that the tip section 122 does not

press deeper into the tissue. Additionally, the catheter 102 includes a closed-loop

cooling system, wherein the cooling fluid can be circulated inside the elongate

body 114, thereby preventing an infusion of the cooling fluid into the patient. The

closed loop cooling system also prevents air embolisms as there is no open path

for air to enter the catheter 102, and prevents entry of the cooling fluid 210 into the

body of the patient.

[0054] Various modifications and additions can be made to the exemplary

embodiments discussed without departing from the scope of the present

invention. For example, while the embodiments described above refer to

particular features, the scope of this invention also includes embodiments having

different combinations of features and embodiments that do not include all of the

described features. Accordingly, the scope of the present invention is intended to



embrace all such alternatives, modifications, and variations as fall within the

scope of the claims, together with all equivalents thereof.



CLAIMS

We claim:

1. A system for performing mapping and ablation functions, the system

comprising:

a catheter sized and shaped for vascular access and including an elongate

body extending between a proximal end and a distal end and having

at least one inner fluid lumen;

a tip section positioned proximate to the distal end of the body, the tip

section including a proximal portion and a distal portion, the distal

portion having a distal end that is substantially planar; and

one or more mapping electrode structures exposed at the tip section, the

one or more mapping electrodes structures disposed proximate the

substantially planar distal end of the tip section.

2 . The system of claim 1, wherein the catheter includes at least one inner fluid

lumen, wherein the ablation electrode comprises an exterior wall that defines an

open interior region within the ablation electrode, and wherein the system further

comprises:

a thermal mass having within the open interior region; and

a cooling chamber in fluid communication with the at least one inner fluid

lumen and positioned proximally to the thermal mass.

3 . The system of either of claims 1 or 2, wherein the thermal mass includes at

least one fluid passageway therethrough.

4 . The system of any of claims 1-3, wherein the at least one inner fluid lumen

comprises:

a first inner fluid lumen extending along at least a portion of the elongate

body, the first inner fluid lumen configured for fluid communication

with a fluid reservoir including a cooling fluid, the first inner fluid



further configured to deliver the cooling fluid from the fluid reservoir

to the cooling chamber; and

a second inner fluid lumen extending along at least a portion of the

elongate body, the second inner fluid lumen configured for fluid

communication with the fluid reservoir, the second inner fluid lumen

further configured to return the cooling fluid circulated within the

cooling chamber to the fluid reservoir.

5 . The system of any of claims 1-4, and further comprising:

a temperature sensor positioned at least partially within the thermal mass

and comprising a material of high thermal conductivity.

6 . The system of any of claims 1-5, wherein the tip section comprises an

ablation electrode configured to deliver radio frequency (RF) energy for an RF

ablation procedure.

7 . The system of any of claims 1-6, wherein the one or more mapping

electrode structures are formed on the ablation electrode.

8 . The system of any of claims 1-7, wherein the one or more electrode

structures each comprise a mapping electrode and a noise artifact isolator

comprising an electrical insulator disposed between the mapping electrode and

the ablation electrode.

9 . The system of any of claims 1-8, wherein the one or more mapping

electrode structures are disposed within about 1.0 mm of the planar distal end of

the tip section.

10 . The system of any of claims 1-9, and further comprising one or more

mapping ring electrodes disposed on the body proximal to the one or more

electrode structures.

11. A system for performing mapping and ablation functions, the catheter

system comprising:



a radio frequency (RF) generator;

a fluid reservoir and a pump;

a mapping signal processor;

a catheter sized and shaped for vascular access and including an elongate

body extending between a proximal end and a distal end and having

at least one inner fluid lumen;

an ablation electrode coupled to the distal end of the body, and operably

connected to the RF generator, the ablation electrode including an

exterior wall that defines an open interior region within the ablation

electrode, the ablation electrode including a proximal portion and a

distal portion, the distal portion having a distal end that is

substantially planar; and

one or more mapping electrodes structures operably connected to the

mapping signal processor, the one or more mapping electrode

structures exposed at an exterior of the ablation electrode proximate

the substantially planar distal end.

12 . The system of claim 11, wherein the one or more electrode structures each

comprise a mapping electrode and a noise artifact isolator comprising an electrical

insulator disposed between the mapping electrode and the ablation electrode.

13 . The system of either of claims 11 or 12, and further comprising:

a thermal mass within the open interior region; and

a cooling chamber in fluid communication with the at least one inner fluid

lumen of the elongate body and positioned proximate to the thermal

mass.

14. The system of claim 13, wherein the thermal mass includes at least one

fluid passageway therethrough.



15 . The system of any of claims 11-14, wherein the at least one inner fluid

lumen comprises:

a first inner fluid lumen extending along at least a portion of the elongate

body, the first inner fluid lumen in fluid communication with the fluid

reservoir and pump such that the pump pushes cooling fluid from the

fluid reservoir to the cooling chamber via the first inner fluid lumen;

and

a second inner fluid lumen extending along at least a portion of the

elongate body, the second inner fluid lumen in fluid communication

with the fluid reservoir and pump such that the pump pulls the

cooling fluid circulated within the cooling chamber to the fluid

reservoir via the second inner fluid lumen.

16 . A system for performing mapping and ablation functions, the system

comprising:

a catheter sized and shaped for vascular access and including an elongate

body extending between a proximal end and a distal end and having

at least one inner fluid lumen;

an ablation electrode coupled to the distal end of the catheter body, the

ablation electrode configured to deliver radio frequency (RF) energy

for an RF ablation procedure, the ablation electrode including an

exterior wall that defines an open interior region within the ablation

electrode, the ablation electrode including a proximal portion and a

distal portion, wherein the distal portion has a distal end that is

substantially planar;

a thermal mass within the open interior region;

a cooling chamber in fluid communication with the at least one inner fluid

lumen of the elongate body and positioned proximally to the thermal

mass; and



one or more mapping electrode structures exposed at an exterior of the

ablation electrode.

17 . The system of claim 16, and further comprising one or more mapping ring

electrodes disposed on the body proximal to the one or more electrode structures.

18 . The system of either of claims 16 or 17, wherein the one or more electrode

structures each comprise a mapping electrode and a noise artifact isolator

comprising an electrical insulator disposed between the mapping electrode and

the ablation electrode.

19 . The system of any of claims 16-18, wherein the at least one inner fluid

lumen comprises:

a first inner fluid lumen extending along at least a portion of the elongate

body, the first inner fluid lumen configured for fluid communication

with a fluid reservoir including a cooling fluid, the first inner fluid

further configured to deliver the cooling fluid from the fluid reservoir

to the cooling chamber; and

a second inner fluid lumen extending along at least a portion of the

elongate body, the second inner fluid lumen configured for fluid

communication with the fluid reservoir, the second inner fluid lumen

further configured to return the cooling fluid circulated within the

cooling chamber to the fluid reservoir.

20. The system of any of claims 16-19, and further comprising one or more

mapping ring electrodes disposed on the body proximal to the one or more

electrode structures, the one or more ring electrodes operably connected to the

mapping signal processor.
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