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HIGH DENSITY MAPPING AND ABLATION CATHETER

CROSS-REFERENCE TO RELATED APPLICATION
19001} This application claims the benefit of United States provisional application no.
62/139,891, filed 11 May 2015, which is hereby incorporated by reference as though fully set

forth herein,

BACKGROUND
(0602} The instant disclosure relates to medical devices. In particular, the instant disclosure
relates to multi-electrode catheters that are usable for both tissue ablation and
electrophysiological mapping.
(0063} Catheters are used in a variety of diagnostic and therapeutic procedures, for example
to diagnose and/or treat conditions such as atrial and ventricular arthythmias, For example, a
catheter carrying one or more electrodes can be deployed and manipulated through a patient’s
vasculatore and, once located at the intended site, radiofrequency (“RF”) energy can be delivered
through the electrodes to ablate tissue. Multi-clectrode catheters can also be used to generate
cardiac geometries/model surfaces and/or electrophysiology maps.
18004} Various extant multi-electrode catheters can have certain specific advantages and
shortcomings. For example, ablation catheters often have improved steerability relative to
catheters used for electrophysiology mapping, making them well-suited for accessing hard-to-
reach areas. Yet, because they have a relatively small number of widely-spaced electrodes (that
is, they are relatively low density), they are not as well-snited to gathering electrophysiology
data.
160605] Electrophysiology mapping catheters, on the other hand, typically have a higher
density of electrodes {e.g., 10-20 electrodes with various inter-electrode spacing), making them
well-suited to gathering clectrophysiology data, but less maneuverable and less well-suited to the
delivery of therapy (e.g., ablation).
160366} Because of these tradeoffs, extant devices generally are not used to perform multiple
functions, potentially requiring multiple devices to be inserted into and removed from a patient’s
body during a single procedure. For example, during an electrophysiclogy procedure, a high
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density multi-electrode catheter may be used to generate an electrophysiology map. Once the
map is created, the high density mapping catheter can be removed and an RF ablation catheter
inserted in its place.

[0007] Yet, many practitioners would find it advantageous, for example, to conduct
additional electrophysiology assessments (e.g., isochronal activation maps, geometry creation,
lesion/scar quality assessments, and the like), both during and after the ablation (e.g., to judge the
efficacy of the ablation), and it would be efficient to do so with the same catheter that was used
to deliver the ablation in the first instance. It would also be advantageous to use more highly-
maneuverable ablation catheters to map the electrophysiological activity in hard-to-reach areas,
but without compromising the speed with which electrophysiology maps can be generated when

using high density multi-electrode catheters.

BRIEF SUMMARY
[0008] Disclosed herein is a high density mapping and ablation catheter, including: an
elongate catheter body having a distal region; a tip electrode positioned at a distal end of the
distal region; a plurality of electrodes disposed proximally of the tip electrode within the distal
region; a plurality of conductors extending through the elongate catheter body, at least one
conductor of the plurality of conductors electrically connected to the tip electrode and at least
one conductor of the plurality of conductors respectively electrically connected to each electrode
of the plurality of electrodes; and at least one connector configured for connection to a source of
ablation energy, an electrophysiology mapping device, and a programmable electric stimulator,
wherein the plurality of conductors are electrically connected to the at least one connector such
that: the tip electrode can be electrically coupled to the source of ablation energy, thereby to
deliver ablation energy to a tissue, the electrophysiology mapping device, thereby to measure
electrophysiological activity in the tissue, and the programmable electric stimulator, thereby to
apply a pacing stimulus to the tissue, and each electrode of the plurality of electrodes can be
electrically coupled to the electrophysiology mapping device, thereby to measure
electrophysiological activity in the tissue, and the programmable electric stimulator, thereby to
apply a pacing stimulus to the tissue. According to aspects of the disclosure, the plurality of

conductors are also electrically connected to the at least one connector such that a subset of the
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plurality of electrodes can also be electrically coupled to the source of gblation energy, thereby to
deliver ablation energy to the tissue.

{6009} The plurality of electrodes can include a plurality of ring electrodes and/or a plarality
of ring-segment electrodes. In embodiments disclosed herein, the plurality of electrodes can also
include a plurality of spot electrodes. In still other embodiments disclosed herein, the plurality
of electrodes includes a plurality of printed electrodes, such as a plurality of conductive traces.
Likewise, the tip electrode can include a plurality of discrete electrode segments.

18016] The plurality of electrodes can be uniformly spaced along the distal region of the
elongate catheter body; according to aspects of the disclosure, the plurality of electrodes and the
tip electrode can be uniformly spaced along the distal region of the elongate catheter body.
0011} It is also contemplated that the plurality of electrodes are spaced along the distal
region of the elongate catheter body such that at least one pair of adjacent electrodes of the
plurality of electrodes is sufficiently closely spaced to provide meaningful measurements of the
electrophysiological activity in the tissue. According to aspects of the instant disclosure, the
plurality of electrodes are spaced along the distal region of the elongate catheter body such that
each pair of adjacent electrodes of the plurality of electrodes is sufficiently closely spaced to
provide meaningful measurements of the electrophysiological activity in the tissue.

18012} The at least one connector can include: a first connector configured for connection to
the source of ablation energy; a second connector configured for connection to the
electrophysiology mapping device; and a third connector configured for connection to the
programmable electric stimulator.

10013} Also disclosed herein is a combined electrophysiclogy mapping and ablation system
including: a source of ablation energy; an electrophysiology mapping device; and a catheter.

The catheter can include: an elongate catheter body having a distal region; a tip electrode
positioned at a distal end of the distal region; a plurality of electrodes disposed proximally of the
tip electrode within the distal region; and a plurality of conductors configured to electrically
comnect the tip electrode to both the source of ablation energy and the electrophysiology
mapping device such that the tip electrode is operable both to deliver ablation energy to a tissue
and to measure electrophysiological activity from the tissue, and to electrically connect each

clectrode of the plurality of electrodes to the electrophysiology mapping device such that each

-
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electrode of the plurality of electrodes is operable to measure electrophysiological activity from
the tissue. The plurality of conductors can also be configured to electrically connect a subset of
the plurality of electrodes to the source of ablation energy such that the subset of the plurality of
electrodes is also operable to deliver ablation energy to the tissue.

[0014] A switching circuit is also disclosed, which is operable to selectively couple the tip
electrode and each electrode of the plurality of electrodes to one of the source of ablation energy
and the electrophysiology mapping device. The switching circuit can operate according to a
user-specified program or according to a preset program.

[0015]} In embodiments, the system further includes a programmable electric stimulator.
The plurality of conductors can thus be further configured to electrically connect the tip electrode
to the programmable electric stimulator, such that the tip electrode is further operable to apply a
pacing stimulus to the tissue. Likewise, the plurality of conductors can be further configured to
electrically connect each electrode of the plurality of electrodes to the programmable electric
stimulator, such that each electrode of the plurality of electrodes is further operable to apply a
pacing stimulus to the tissue.

[0016] The instant disclosure also provides a high density mapping and ablation catheter
including: an elongate catheter body having a distal region; and a plurality of electrodes disposed
within the distal region of the elongate catheter body, the plurality of electrodes including a tip
electrode positioned at a distal end of the elongate catheter body, wherein the tip electrode is
configured to be connected to a source of ablation energy, thereby to deliver ablation energy to a
tissue, and to a programmable electric stimulator, thereby to apply a pacing stimulus to the
tissue; wherein the plurality of electrodes are configured to be connected to an electrophysiology
mapping device and to the programmable electric stimulator; and wherein the plurality of
electrodes are spaced sufficiently close to each other such that at least one pair of adjacent
electrodes of the plurality of electrodes is sufficiently closely spaced to provide meaningful
measurements of electrophysiological activity in the tissue. For example, the plurality of
electrodes can be spaced sufficiently close to each other such that at least two pairs of adjacent
electrodes of the plurality of electrodes are sufficiently closely spaced to provide meaningful

measurements of electrophysiological activity in the tissue.
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188171 At least some electrodes of the plurality of electrodes can be configured to be
connected to the source of ablation energy, thereby to deliver ablation energy to the tissue.
[6018] The plurality of electrodes can also be user-programmable for connection to the
electrophysiology mapping device.

{8019] The foregoing and other aspects, features, details, utilities, and advantages of the
present invention will be apparent from reading the following description and claims, and from

reviewing the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
10020} Figure 1 shows a representative high density multi electrode mapping and ablation
catheter according to an embodiment of the teachings herein.
(0021} Figure 2 is a close up view of the distal region of the catheter shown in Figore 1.
Portions of the exterior of the catheter body have been cut away in order to reveal the interior
thereof.
16622} Figure 3 is a close up view of another embodiment of the distal region of the catheter
shown in Figure 1.
106023] Figure 4 depicts a tip electrode according to another embodiment disclosed herein.
10024} Figures 5a and Sb depict additional configurations of the distal region of a multi-
electrode catheter as disclosed herein.
[6625] Figure 6 depicts still another embodiment of the distal region of a multi-electrode
catheter as disclosed herein.
6026} Figure 7 illustrates yet another embodiment of the distal region of a multi-electrode

catheter as disclosed herein.
DETAILED DESCRIPTION

106271 Figure 1 shows a high density multi-electrode mapping and ablation catheter 10.
Catheter 10 generally includes an elongate catheter body 12 having a distal region 14 and a
proximal end 16. A handle 18 is shown coupled to proximal end 16.

[0028] Also shown in Figure 1 are connectors 20. Connectors 20 are configured to be
connected to a source of ablation energy (schematically illusirated as RF source 22, which can
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be, for example, the Ampere™ RF ablation generator of St. Jude Medical, Inc.), an
electrophysiology mapping device (schematically illustrated as 24, which can be, for example,
the EnSite™ Velocity™ cardiac mapping system, also of St. Jude Medical, Inc.), and a
programmable electrical stimulator (schematically illustrated as 25, which can be, for example
the EP-4™ cardiac stimulator, also of St. Jude Medical, Inc.). Although Figure 1 depicts three
separate connectors 20, it is within the scope of the instant disclosure to have a combined
connector 20 that is configured for connection to two or more of RF source 22, electrophysiology
mapping device 24, and programmable electrical stimulator 25.

[0029] Various additional aspects of the construction of catheter 10 will be familiar to those
of ordinary skill in the art. For example, the person of ordinary skill in the art will recognize that
catheter 10 can be made steerable, for example by incorporating an actuator into handle 18 that is
coupled to one or more steering wires that extend through elongate catheter body 12 and that
terminate in one or more pull rings within distal region 14. Likewise, the ordinarily skilled
artisan will appreciate that catheter 10 can be an irrigated catheter, such that it can also be
coupled to a suitable supply of irrigation fluid and/or an irrigation pump. As a further example,
those of ordinary skill in the art will appreciate that catheter 10 can be equipped with force
feedback capabilities.

[0030] Insofar as such features are not necessary to an understanding of the instant
disclosure, they are neither illustrated in the drawings nor explained in detail herein. By way of
example only, however, catheter 10 can incorporate various aspects and features the following
catheters, all from St. Jude Medical, Inc.: the EnSite™ Array™ catheter; the FlexAbility™
ablation catheter; the Safire™ BLUTM ablation catheter; the Therapy™ Cool Path™ irrigated
ablation catheter; the Livewire™ TC ablation catheter; and the TactiCath™ Quartz irrigated
ablation catheter.

[0031] Figure 2 is a close-up view of distal region 14, with a portion of the exterior of
catheter body 12 cut away to show the interior thereof. Distal region 14 includes a tip electrode
26 positioned at its distal end and a plurality of additional electrodes 28 proximal of tip electrode
26. The most proximal of electrodes 28 will, in certain embodiments, be no more than about 10

mm from the distal tip of distal region 14, but it is contemplated that it can be more proximally
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located (e.g., in some embodiments, up to about 24 mm from the distal tip of distal region 14, or,
in other embodiments, up to about 31 mm from the distal tip of distal region 14).

18032} Figure 2 depicts five ring electrodes 28, each of which is about 1 mm wide, with an
inter-clectrode spacing of about 1 mm. In other aspects of the disclosure, ring electrodes 28 can
be as narrow as about 0.5 mm and as close together as about 0.75 num spacing, which would
allow for about eight ring electrodes 28 within distal region 14.

16033} From the disclosure herein, the person of ordinary skill in the art will understand and
appreciate that, by varying the size and spacing of electrodes 28, different diagnostic and/or
therapeutic objectives and/or outcomes can be achieved. For example, the ordinarily skilled
artisan will appreciate that, as electrodes 28 become smaller and closer together, the
electrograms collected thereby will become sharper and more localized evidencing better
depiction of local, near-field depolarization of the cardiac tissue in contact with the electrodes.
Thus, it should be understood that distal region 14 can include any number of such electrodes 28
and that the inter-electrode spacing need not always be 1 mm. In some embodiments, in fact, the
inter-electrode spacing can vary along the length of distal region 14. To this end, several
additional representative embodiments of distal region 14 are described below.

10034] Also shown in Figure 2 are a plurality of conductors 30 that extend through elongate
catheter body 12. At least one conductor 30 is electrically connected to tip electrode 26, and at
least one conductor 30 is respectively electrically connected to each electrode 28. That is,
according to certain aspects of the disclosure, there is at least a one-to-one correspondence
between conductors 30 and electrodes 26, 28. Of course, in other embodiments, there can be a
one-to-many {i.e., a single conductor 30 that is electrically connected to more than one electrode
26, 28) or many-to-one correspondence (Z.e., multiple conductors 30 connected to any individual
electrode 26, 28) between conductors 30 and electrodes 26, 28.

{0035] The opposite ends of conductors 30 (i.e., the ends thereof that are not electrically
connected to electrodes 26, 28) are electrically connected to connectors 20. Thus, when
cormectors 20 are connected to RF source 22, electrophysiology mapping device 24, and
programmable electric stimulator 25, tip electrode 26 is electrically coupled to RF source 22,

electrophysiology mapping device 24, and, in gspects of the disclosure, prograrmable electric
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stimulator 25. As such, tip electrode 26 is operable to deliver ablation energy to a tissue, to
measure electrophysiological activity in the tissue, and/or to apply pacing stimuli to the tissue.
[0036] Similarly, electrodes 28 are electrically coupled to electrophysiology mapping device
24 and, in aspects of the disclosure, additionally to programmable electric stimulator 25, such
that electrodes 28 are operable to measure electrophysiological activity in the tissue and to apply
pacing stimuli to the tissue. It is also contemplated that at least some of electrodes 28 can also be
coupled to RF source 22 via conductors 30 and connectors 20, such that there are at least some
electrodes 28 that are also operable to deliver ablation energy to the tissue.

[0037] Stated another way, tip electrode 26 is operable in multiple modes (e.g., ablation,
mapping, and pacing), while electrodes 28 are operable at least in a mapping mode, and, in some
embodiments, also in a pacing mode and/or an ablation mode. Indeed, in certain embodiments,
the function(s) of electrodes 26, 28 can be programmable, for example via a switching circuit 32
(shown schematically in Figure 1). Switching circuit 32 can operate according to a preset
program and/or according to a user-defined program, the latter of which allows a practitioner to
specify which of electrodes 26, 28 operate in an ablation mode, which operate in a mapping
mode, which operate in a pacing mode, and which are inoperative. This affords practitioners a
high degree of customization of the pattern of mapping, ablation, pacing, and inactive electrodes
within distal region 14 in order to achieve various diagnostic and/or therapeutic objectives and
outcomes.

[0038] In addition to providing programmable control over the function of electrodes 26, 28
in order to virtually change their configuration, various physical configurations of electrodes 26,
28 are also contemplated. For example, as discussed above, Figure 2 shows a single, solid tip
electrode 26 and five evenly-spaced ring electrodes 28. This arrangement has certain
advantages. For example, it allows for better wave propagation assessment during EGM timing
assessments. It also facilitates denser imaging display resolution during voltage mapping. An
additional advantage is that evenly-spaced electrodes are less likely to miss the “edge” of a
lesion during lesion assessment.

[0039] Figures 3-7 depict alternative physical configurations of electrodes 26, 28. For
example, in Figure 3, ring electrodes 28 have staggered spacing (that is, they are not uniformly

distributed through distal region 14). In general, however, at least some pairs of adjacent
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electrodes 28 in Figure 3 reruain close enough to each other 1o be usable to measure
electrophysiological activity in the tissue. By comparison o extant ablation catheters, where the
inter-electrode spacing (e.g., so-called 2-5-2 or 1-4-1 spacing) results in distances that are too
great to make meaningful bipolar electrophysiclogy measurements, the catheters disclosed herein
equalize the “window” of timing physical locations, better enabling practitioners to analyze the
propagation of the cardiac activation wavefront.

10840] As another example, Figure 4 depicts an embodiment of catheter 10 where tip
electrode 26 comprises a plurality of discrete electrode segments 26a, 26b, 26¢, and 26d. This
effectively quadruples the mumber of electrodes at the distal end of distal region 14 without
requiring additional physical “landscape” on catheter 13,

0041} As shown in Figures 5a and 5b, electrodes 28 can also be segmented to increase the
number of electrodes within distal region 14 with no increase in the required physical
“landscape.” Figure Sa shows an embodiment where ring electrodes 28 are only segmented;
Figure 5b shows a further variation where ring electrodes 28 are both segmented and axially
staggered. Other patterns and arrangements are also contemplated as within the scope of this
disclosure.

{6042} The various physical patterns of electrodes 26, 28 contemplated herein (including
segmented electrodes 26, 28) can be achieved in numerous ways. For example, electrodes of the
desired shape could be bonded to elongate catheter body 12 using technigues known to those of
ordinary skill in the art. Ring segments could also be created by bonding full ring electrodes and
then covering portions thereof with an insulating material.

{8043} Yet another embodiment of distal region 14 is shown in Figure 6. Figure 6 employs
spot electrodes 28° rather than ring electrodes 28. In some embodiments, spot electrodes 28 can
be printed on to elongate catheter body 12, for example using a conductive ink. A similar
printing process can also be used to form conductive trace electrodes (shown, for example, in
Figure 7). Moreover, printed traces can be used to electrically connect electrodes 26, 28 to
conductors 30; in some embodiments, printed traces could replace some or all of conductors 30.
In fact, the use of printed electrodes increases not only the number of electrodes 28 within distal

region 14, but also allows for highly complex and complicated physical pattems of electrodes 28.
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[0044] For purposes of measuring electrophysiological activity, electrodes 26, 28 can
operate in either a unipolar or a bipolar mode; the choice may be left to the practitioner.
Referring again to the embodiment shown in Figure 2, for example, electrophysiological activity
can be measured using six unipolar electrodes or five pairs of bipolar electrodes.

[0845] As discussed above, this increase in the number of measurement points for
electrophysiological activity is advantageous because it substantially reduces the amount of time
required to generate an electrophysiology map using an ablation catheter. For example, over
approximately ten minutes, an extant ablation catheter (having a tip electrode and three more
proximal ring electrodes, and thus a total of four unipolar electrodes) being used to gather
electrophysiology data might sample several hundred electrophysiology data points; only a
fraction of those may be viable for use in an electrophysiology map. The high density catheters
illustrated in Figure 2 (having a tip electrode and five more proximal ring electrodes spaced more
closely together), on the other hand, can sample over 1000 data points within the same time
period. Even if only a fraction of those points are suitable for use in an electrophysiology map, it
remains the case that a relatively small increase in the number of electrodes (or bipolar electrode
pairs) on an ablation catheter can triple the number of data points collected in a given
time/reduce the time required to perform electrophysiological mapping by 2/3.

[0046] Although several embodiments of this invention have 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 invention.

[0047] 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 invention, and do not create limitations, particularly as to the position, orientation, or
use of the invention. Joinder references (e.g., attached, coupled, connected, and the like) are to
be construed broadly and may 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.
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[6048] 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 may be made without departing from the spirit of the invention as defined in

the appended claims.
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CLAIMS

What is claimed is:

1. A high density mapping and ablation catheter, comprising:
an elongate catheter body having a distal region;
a tip electrode positioned at a distal end of the distal region;
a plurality of electrodes disposed proximally of the tip electrode within the distal region;

a plurality of conductors extending through the elongate catheter body, at least one
conductor of the plurality of conductors electrically connected to the tip electrode and at least
one conductor of the plurality of conductors respectively electrically connected to each electrode

of the plurality of electrodes; and

at least one connector configured for connection to a source of ablation energy, an

electrophysiology mapping device, and a programmable electric stimulator,

wherein the plurality of conductors are electrically connected to the at least one connector

such that:

the tip electrode can be electrically coupled to the source of ablation energy,
thereby to deliver ablation energy to a tissue, the electrophysiology mapping device, thereby to
measure electrophysiological activity in the tissue, and the programmable electric stimulator,

thereby to apply a pacing stimulus to the tissue, and

each electrode of the plurality of electrodes can be electrically coupled to the
electrophysiology mapping device, thereby to measure electrophysiological activity in the tissue,

and the programmable electric stimulator, thereby to apply a pacing stimulus to the tissue.

2. The catheter according to claim 1, wherein the plurality of conductors are electrically
connected to the at least one connector such that a subset of the plurality of electrodes can also
be electrically coupled to the source of ablation energy, thereby to deliver ablation energy to the

tissue.

12
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3. The catheter according to claim 1, wherein the plurality of electrodes comprises a

plurality of ring electrodes.

4. The catheter according to claim 1, wherein the plurality of electrodes comprises a

plurality of ring-segment electrodes,

1A%

The catheter according to claim 1, wherein the plurality of electrodes comprises a

plurality of spot electrodes.

6. The catheter according to claim 1, wherein the plurality of electrodes comprises a

plurality of printed electrodes.

7. The catheter according to claim 6, wherein the plurality of printed electrodes comprises a

plurality of conductive traces.

8. The catheter according to claim 1, wherein the plurality of electrodes are uniformly

spaced along the distal region of the clongate catheter body.

9. The catheter according to claim 8, wherein the plurality of electrodes and the tip

electrode are uniformly spaced along the distal region of the elongate catheter body.

10.  The catheter according to claim 1, wherein the plurality of electrodes are spaced along
the distal region of the elongate catheter body such that at least one pair of adjacent electrodes of
the plurality of electrodes is sufficiently closely spaced to provide meaningful measurements of

the electrophysiological activity in the tissue.

11, The catheter according to claim 10, wherein the plurality of electrodes are spaced along
the distal region of the elongate catheter body such that each pair of adjacent electrodes of the
plurality of electrodes is sufficiently closely spaced to provide meaningful measurements of the

electrophysiological activity in the tissue.

12, The catheter according to claim 1, wherein the tip electrode comprises a plurality of

discrete electrode segments.
13, The catheter according to claim 1, wherein the at least one connector comprises:

a first connector configured for connection to the source of ablation energy;

i3
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a second connector configured for connection to the electrophysiology mapping device;

and
a third connector configured for connection to the programmable electric stimulator.
14. A combined electrophysiology mapping and ablation system, comprising:
a source of ablation energy;
an electrophysiology mapping device; and
a catheter, comprising:
an elongate catheter body having a distal region;
a tip electrode positioned at a distal end of the distal region;

a plurality of electrodes disposed proximally of the tip electrode within the distal

region; and

a plurality of conductors configured to electrically connect the tip electrode to
both the source of ablation energy and the electrophysiology mapping device such that the tip
electrode is operable both to deliver ablation energy to a tissue and to measure
electrophysiological activity from the tissue, and to electrically connect each electrode of the
plurality of electrodes to the electrophysiology mapping device such that each electrode of the

plurality of electrodes is operable to measure electrophysiological activity from the tissue.

15.  The system according to claim 14, wherein the plurality of conductors are further
configured to electrically connect a subset of the plurality of electrodes to the source of ablation
energy such that the subset of the plurality of electrodes is also operable to deliver ablation

energy to the tissue.

16.  The system according to claim 15, further comprising a switching circuit operable to
selectively couple the tip electrode and each electrode of the plurality of electrodes to one of the

source of ablation energy and the electrophysiology mapping device.

17.  The system according to claim 16, wherein the switching circuit operates according to a

user-specified program.

14



WO 2016/182876 PCT/US2016/031105

18, The system according to claim 16, wherein the switching circuit operates according to a

preset program.

19.  The system according to claim 14, further comprising a programmable electric

stimulator, and wherein:

the plurality of conductors are further configured to electrically connect the tip electrode
to the programmable electric stimulator, such that the tip electrode is further operable to apply a

pacing stimulus to the tissue; and

the plurality of conductors are further configured to electrically connect each electrode of
the plurality of electrodes fo the programmable electric stimulator, such that each electrode of the

plurality of electrodes is further operable to apply a pacing stimulus to the tissue.
20. A high density mapping and ablation catheter, comprising:
an elongate catheter body having a distal region; and

a plurality of electrodes disposed within the distal region of the elongate catheter body,
the plurality of electrodes including a tip electrode positioned at a distal end of the elongate
catheter body,

wherein the tip electrode is configured to be connected to a source of ablation energy,
thereby to deliver ablation energy to a tissue, and to a programmable electric stimulator, thereby

to apply a pacing stimulus to the tissue;

wherein the plurality of electrodes are configured to be connected to an electrophysiology

mapping device and to the programmable electric stimulator; and

wherein the plurality of electrodes are spaced sufficiently close to each other such that at
least one pair of adjacent electrodes of the plurality of electrodes is sufficiently closely spaced to

provide meaningful measurements of electrophysiological activity in the tissue.

21, The catheter according to claim 20, wherein the plurality of electrodes are spaced
sufficiently close to each other such that at least two pairs of adjacent electrodes of the plurality
of electrodes are sufficiently closely spaced to provide meaningful measurements of
electrophysiological activity in the tissue.
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22.  The catheter according to claim 20, wherein at least some electrodes of the plurality of
electrodes are configured to be connected to the source of ablation energy, thereby to deliver

ablation energy to the tissue.

23.  The catheter according to claim 20, wherein the plurality of electrodes are user-

programmable for connection to the electrophysiology mapping device.
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