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7) ABSTRACT

Aspects of the present disclosure are directed to flexible
catheters for both electrophysiology mapping and ablation
using a high-density array of electrodes. These catheters
may be used to detect electrophysiological characteristics of
tissue in contact with the electrodes, and conduct monopolar
and bipolar ablations of the tissue.
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RADIO-FREQUENCY ABLATION AND
DIRECT CURRENT ELECTROPORATION
CATHETERS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of U.S. provi-
sional application No. 62/674,314, filed 21 May 2018, which
is hereby incorporated by reference as though fully set forth
herein.

BACKGROUND

[0002] a. Field

[0003] The instant disclosure relates to radio-frequency
ablation catheters for treating myocardial tissue within a
cardiac muscle, for example. In particular, the instant dis-
closure relates to basket and planar array catheters including
a plurality of electrodes positioned in a high-density array.

[0004] b. Background Art

[0005] Catheters have been used for cardiac medical pro-
cedures for many years. Catheters can be used, for example,
to diagnose and treat cardiac arrhythmias, while positioned
at a specific location within a body that is otherwise inac-
cessible without a more invasive procedure.

[0006] Conventional ablation catheters may include, for
example, a plurality of adjacent ring electrodes encircling
the longitudinal axis of a basket catheter, for example. The
ring electrodes may be constructed from platinum or some
other metal. These ring electrodes are relatively rigid, and
may deliver an ablation therapy (e.g., RF ablation energy) to
treat symptormns related to, for example, a cardiac arrhythmia.

[0007] When conducting an ablation therapy on myocar-
dial tissue, the beating of the heart, especially if erratic or
irregular, makes it difficult to keep adequate contact between
electrodes and tissue for a sufficient length of time. These
problems are exacerbated on contoured, irregular, or trabe-
culated surfaces. If the contact between the electrodes and
the tissue cannot be sufficiently maintained, quality lesions
are unlikely to result.

[0008] Typically, cardiac ablation therapies are conducted
using a focal point ablation catheter. Focal point ablation
catheters deliver energy between a single electrode and a
ground pad. As electrophysiology mapping becomes more
precise, ablation therapies may likewise be more targeted.
More targeted ablation therapies will limit unnecessary
tissue damage.

[0009] Ablation therapies, such as for atrial fibrillation,
have extended durations as the clinician must introduce an
electrophysiology mapping catheter into the patient’s left
atrium, confirm the diagnosis, and determine an ablation
therapy strategy before removing the electrophysiology
mapping catheter. An ablation catheter is then introduced to
complete the ablation therapy, followed by reintroduction of
the electrophysiology mapping catheter to confirm the effi-
cacy of the therapy. In view of the foregoing, a catheter
capable of both electrophysiology mapping and ablation
therapy would be desirable to limit the duration of the
operation.

[0010] The foregoing discussion is intended only to illus-
trate the present field and should not be taken as a disavowal
of claim scope.
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BRIEF SUMMARY

[0011] Aspects of the present disclosure are directed to
flexible catheters for both electrophysiology mapping and
ablation using a high-density array of electrodes. These
catheters may be used to detect electrophysiological char-
acteristics of tissue in contact with the electrodes, and
conduct monopolar and/or bipolar ablations of the tissue. In
particular, the instant disclosure relates to both planar and
basket-type end effectors coupled to a distal end of a catheter
shaft.

[0012] Several embodiments of the present disclosure are
directed to a planar array catheter including an elongated
catheter shaft and a flexible, planar array coupled to a distal
end of the catheter shaft. The elongated catheter shaft
defines a longitudinal axis. The flexible, planar array con-
forms to tissue, and includes two or more struts extending
substantially parallel with the longitudinal axis. Each of the
struts lay in a common plane and have a plurality of
electrodes coupled thereto. The plurality of electrodes detect
electrophysiological characteristics of tissue in contact with
the planar array and selectively ablate the tissue. In more
specific embodiments, the plurality of electrodes in the
planar array may operate in both monopolar and bipolar
configurations for tissue ablation.

[0013] Various embodiments of the present disclosure are
directed to basket catheters including an elongated catheter
shaft with proximal and distal ends, a flexible basket with a
plurality of splines, and a plurality of electrodes mounted to
the spline. The flexible basket coupled to the distal end of the
catheter shaft and conforming to tissue. The plurality of
electrodes detect electrophysiological characteristics of tis-
sue in contact with the basket and selectively ablate the
tissue. In some specific embodiments, the basket catheter
further includes a plurality of temperature sensors, and
ablation controller circuitry. Each of the temperature sensors
are mechanically coupled to the splines and placed in
thermal communication with at least one of the electrodes.
The ablation controller circuitry is communicatively
coupled to the plurality of temperature sensors and the
plurality of electrodes. The ablation controller circuitry
controls the power delivery to each electrode based at least
in part upon the temperature measured in proximity to each
electrode by the temperature sensors.

[0014] The foregoing and other aspects, features, details,
utilities, and advantages of the present disclosure will be
apparent from reading the following description and claims,
and from reviewing the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Various example embodiments may be more com-
pletely understood in consideration of the following detailed
description in connection with the accompanying drawings,
in which:

[0016] FIG. 1 is a diagrammatic overview of an electro-
physiology catheter system, consistent with various embodi-
ments of the present disclosure;

[0017] FIG. 2A is an isometric side view of a basket end
effector of an electrophysiology catheter, consistent with
various embodiments of the present disclosure;

[0018] FIG. 2B is a close-up view of a portion of four
adjacent splines of the basket end effector of FIG. 2A,
consistent with various embodiments of the present disclo-
sure;
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[0019] FIG. 2C is a close-up view of a portion of two
adjacent splines of the basket end effector of FIG. 2A and a
ground pad which together form a radio-frequency ablation
system, consistent with various embodiments of the present
disclosure;

[0020] FIG.3A s a top view of a planar end effector of an
electrophysiology mapping catheter, consistent with various
embodiments of the present disclosure;

[0021] FIG. 3B depicts the planar array catheter of FIG.
3A with an array of electrodes contacting tissue, consistent
with various embodiments of the present disclosure; and
[0022] FIG. 3C depicts the planar array catheter of FIG.
3A overlaying vasculature, consistent with various embodi-
ments of the present disclosure.

[0023] While various embodiments discussed herein are
amenable to modifications and alternative forms, aspects
thereof have been shown by way of example in the drawings
and will be described in detail. It should be understood,
however, that the intention is not to limit the invention to the
particular embodiments described. On the contrary, the
intention is to cover all modifications, equivalents, and
alternatives falling within the scope of the disclosure includ-
ing aspects defined in the claims. In addition, the term
“example” as used throughout this application is only by
way of illustration, and not limitation.

DETAILED DESCRIPTION OF EMBODIMENTS

[0024] Aspects of the present disclosure are directed to
flexible catheters for both electrophysiology mapping and
ablation using a high-density array of electrodes. These
catheters may be used to detect electrophysiological char-
acteristics of tissue in contact with the electrodes, and
conduct monopolar and/or bipolar ablations of the tissue. In
particular, the instant disclosure relates to both planar and
basket-type end effectors coupled to a distal end of a catheter
shaft.

[0025] To conduct an electrophysiology mapping of a
cardiac muscle, pacing is conducted. During the pacing
procedure, adjacent electrodes are assigned to bipole pair-
ings, and each bipole pair samples the electrical character-
istics of the tissue between the pair. The resulting electrical
signals are received and processed by controller circuitry.
The controller circuitry develops an electrophysiology map-
ping by associating the signal samples from each bipole pair
with a location of the tissue sampled by the bipole pair. The
electrogram from each bipole pair may be analyzed and
various electrical characteristics may be visually indicated
on an electrophysiology map by color-coding (or other
visual indication scheme, e.g., shading, patterning, etc.). In
some embodiments, the color-coding may be based on the
electrogram voltage at each location (e.g., mean, average,
max, etc.). In other embodiments, the number of times the
electrical signal exceeds a threshold voltage (or a voltage
slope changes signs) during a sampling window may be
visually displayed on the map. In yet other embodiments,
total energy sampled during a time window may be dis-
played. Various other methods of fractionation accounting
are known, and may be used as one or more factors of the
resulting color-code displayed on the electrophysiology
map. These electrophysiology maps may be used by a
clinician to verify a diagnosis, provide insight into a desired
ablation therapy strategy, and to verify the efficacy of the
therapy.
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[0026] Aspects of the present disclosure are directed to
intravascular catheters with end effectors capable of elec-
trophysiology mapping and mono/bipolar radio-frequency
ablation treatment. Historically, cardiac ablation therapy has
been conducted using point-by-point ablation techniques,
delivering energy between a single electrode positioned on
the distal tip of the catheter and a ground pad electrically
coupled to the patient’s chest. However, high-density elec-
trophysiology mapping catheters have facilitated improved
diagnostic specificity, and thereby a clinician may use the
electrophysiology maps to more precisely target an ablation
therapy to problematic tissue (e.g., such as tissue containing
arrhythmic foci). This is particularly desirable as a clinician
wishes to minimize the ablation of healthy myocardial tissue
as much as possible, to maintain healthy functionality of the
left atrium. To further improve ablation therapy workflow,
aspects of the present disclosure are directed to using a
single catheter to conduct both the electrophysiology map-
ping of the left atrium, as well as the ablation therapy. By
combining such functionality into a single catheter, length of
an ablation therapy (and operating room time) may be
reduced. More specific embodiments of the present disclo-
sure are directed to controlling ablation depth of an ablation
catheter. Such embodiments are facilitated by improved
three-dimensional electrophysiology mapping, which indi-
cate the electrophysiology characteristics of the contacted
myocardial tissue sub-surface. The ablation therapy may
then be customized to provide depth-varying tissue ablation
therapy throughout the left atrium using a combination of
monopolar and bipolar type radio-frequency tissue ablation.

[0027] Inmany adults, myocardial tissue depth is typically
less than 3 millimeters, and often less than 2 millimeters.
Aspects of the present disclosure are directed to customizing
a patient’s tissue ablation therapy, to alleviate symptoms
related to a cardiac arrhythmia for example, by varying
ablation therapy treatment depths and to only treat compro-
mised tissue. For example, an ablation therapy treatment
plan may use a combination of monopolar RF (ablating
between a single electrode and a ground pad) and bipolar RF
modes (ablating between electrodes on the catheter) to vary
an ablation treatment depth. Such variable-depth ablation
therapy treatment mitigates risk to susceptible tissue such as
the phrenic nerve. In more specific embodiments, multiplex-
ing or selected sequential energy delivery for lesion forma-
tion may be utilized to further customize the ablation
therapy.

[0028] In some specific aspects of the present disclosure,
a basket catheter including 8 splines is disclosed. Each of the
splines is comprised of a shape memory material which
returns to a semi-circular shape upon exiting an introducer.
Each of the splines is equally distributed circumferentially
about the basket relative to the other splines. When
expanded, the 8 splines form a substantially circular-shaped
basket. Each of the splines includes a row of electrodes
extending along a length of the splines. The electrodes may
be evenly distributed along the length of the splines, or
unevenly distributed along the length of the splines for
specialized applications. For example, the distribution of the
electrodes may be weighted toward a distal end of the basket
where the basket catheter is intended, for example, to
diagnose cardiac arrhythmias. Many cardiac arrhythmias are
triggered by stray electrical signals emanating from one or
more of the pulmonary veins. Assuming a transseptal
approach to the left atrium, the distal end of the basket,
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including its high-density array of electrodes, would be
orientated by a clinician with the pulmonary veins. Once in
place within the left atrium, the basket catheter is capable of
conducting an electrophysiology mapping of the left atrium,
ablating myocardial tissue in proximity to the pulmonary
veins to alleviate symptoms related to atrial fibrillation, and
re-mapping the left atrium to verify the efficacy of the
therapy.

[0029] In some specific aspects of the present disclosure,
a planar array catheter including five struts is disclosed.
Each of the struts may be aligned with, and extend parallel
to, a longitudinal axis of the catheter shaft. Each strut is
coupled to the other struts of the planar array at proximal and
distal ends. The struts each include a row of electrodes
extending along a length of the struts. In some specific
embodiments, the electrodes are evenly distributed along the
length of the struts and between adjacent struts of the planar
array. According to various embodiments, the planar cath-
eter array of the present disclosure may include at least four
struts, five struts, six struts, seven struts, or perhaps even
eight struts. In the embodiment illustrated in FIG. 3A, the
array contains five struts.

[0030] The electrodes disclosed herein may be ring elec-
trodes, and/or printed (spot) electrodes on substrates (e.g.,
flexible circuit boards). Advantageously, printed electrodes
may be spaced more closely than ring electrodes. In some
embodiments, for example, printed electrodes spaced 0.1
mm apart have been successfully deployed in a planar array
catheter. More typically, ring electrodes and printed elec-
trodes have been advantageously spaced 0.5 mm to 4 mm
apart. It has been found that such electrode spacing facili-
tates desirable electrophysiology mapping granularity in a
number of cardiovascular applications, for example. More-
over, high-density positioning of electrodes about a planar
array or basket catheter may facilitate customizable ablation
therapies which minimize the amount of lesioned tissue
necessary to alleviate the effects of cardiac arrhythmias,
such as atrial fibrillation, on a patient.

[0031] Conventional mapping catheter designs employ
bipole electrode configurations to detect, measure, and dis-
play electrical signals from the heart, and point-by-point
ablation catheters with monopole electrode configurations to
facilitate tissue ablation. However, various aspects of the
present disclosure are directed to using a combination of
monopolar and bipolar configurations on the catheter to
facilitate treatment of, for example, atrial fibrillation. The
relative selection of monopole or bipole ablation treatment
at a given tissue location may be based, for example, on the
desired ablation depth or width. In some specific embodi-
ments, ablation controller circuitry may receive an electro-
physiology map of a target tissue area and determine the
type of ablation therapy each tissue region within a target
tissue area will receive. Alternatively, a clinician may manu-
ally design the ablation therapy based on an electrophysi-
ology map provided, or otherwise approve/modify the treat-
ment strategy designed by the ablation controller circuitry.
[0032] A basket catheter for ablation therapy, consistent
with the present disclosure, may include a plurality of
electrodes distributed about one or more of the splines which
form the basket. Each of the electrodes may operate in a
monopole or bipole configuration, or in both configurations
simultaneously. That is, a single electrode may transmit
radio-frequency energy to an adjacent electrode on the
basket catheter and a patch electrode on a patient’s chest
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simultaneously. In some more specific embodiments, a ther-
mocouple may be placed beneath (or otherwise in close
proximity to) one or more of the electrodes to enable
temperature controlled radio-frequency tissue ablation.
[0033] Details of the various embodiments of the present
disclosure are described below with specific reference to the
figures.

[0034] FIG. 1 is a diagrammatic overview of an electro-
physiology catheter system, consistent with various embodi-
ments of the present disclosure.

[0035] Referring now to the drawings wherein like refer-
ence numerals are used to identify identical components in
the various views, FIG. 1 generally illustrates an electro-
physiology catheter system 10 for force detecting having an
elongated medical device 19 that includes a sensor assembly
11 (e.g., a plurality of electrodes for electrophysiology
mapping and ablation) configured to be used in the body for
medical procedures. The elongated medical device 19 may
be used for diagnosis, visualization, and/or treatment of
tissue 13 (such as cardiac or other tissue) in the body. For
example, the medical device 19 may be used for ablation
therapy of tissue 13 or mapping purposes in a patient’s body
14. FIG. 1 further shows various sub-systems included in the
overall system 10. The system 10 may include a main
computer system 15 (including an electronic control unit 16
and data storage 17, e.g., memory). The computer system 15
may further include conventional interface components,
such as various user input/output mechanisms 18A and a
display 18B, among other components. Information pro-
vided by the sensor assembly 11 may be processed by the
computer system 15 and may provide data to the clinician
via the input/output mechanisms 18A and/or the display
18B, or in other ways as described herein.

[0036] In the illustrative embodiment of FIG. 1, the elon-
gated medical device 19 may include a cable connector or
interface 20, a handle 21, a tubular body or shaft 22 having
a proximal end 23 and a distal end 24. The elongated
medical device 19 may also include other conventional
components not illustrated herein, such as a temperature
sensor, additional electrodes, and corresponding conductors
or leads. The connector 20 may provide mechanical, fluid
and/or electrical connections for cables 25, 26 extending
from a fluid reservoir 12 and a pump 27 and the computer
system 15, respectively. The connector 20 may comprise
conventional components known in the art and, as shown,
may be disposed at the proximal end of the elongated
medical device 19.

[0037] Thehandle 21 provides a portion for a user to grasp
or hold the elongated medical device 19 and may further
provide a mechanism for steering or guiding the shaft 22
within the patient’s body 14. For example, the handle 21
may include a mechanism configured to change the tension
on a pull-wire extending through the elongated medical
device 19 to the distal end 24 of the shaft 22 or some other
mechanism to steer the shaft 22. The handle 21 may be
conventional in the art, and it will be understood that the
configuration of the handle 21 may vary.

[0038] The computer system 15 may utilize software,
hardware, firmware, and/or logic to perform a number of
functions described herein. The computer system 15 may be
a combination of hardware and instructions to share infor-
mation. The hardware, for example may include processing
resource 16 and/or a memory 17 (e.g., non-transitory com-
puter-readable medium (CRM) database, etc.). A processing
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resource 16, as used herein, may include a number of
processors capable of executing instructions stored by the
memory resource 17. Processing resource 16 may be inte-
grated in a single device or distributed across multiple
devices. The instructions (e.g., computer-readable instruc-
tions (CRI)) may include instructions stored on the memory
17 and executable by the processing resource 16 for force
detection.

[0039] The memory resource 17 is communicatively
coupled with the processing resource 16. A memory 17, as
used herein, may include a number of memory components
capable of storing instructions that are executed by process-
ing resource 16. Such a memory 17 may be a non-transitory
computer readable storage medium, for example. The
memory 17 may be integrated in a single device or distrib-
uted across multiple devices. Further, the memory 17 may be
fully or partially integrated in the same device as the
processing resource 16 or it may be separate but accessible
to that device and the processing resource 16. Thus, it is
noted that the computer system 15 may be implemented on
auser device and/or a collection of user devices, on a mobile
device and/or a collection of mobile devices, and/or on a
combination of the user devices and the mobile devices.

[0040] The memory 17 may be communicatively coupled
with the processing resource 16 via a communication link
(e.g., path). The communication link may be local or remote
to a computing device associated with the processing
resource 16. Examples of a local communication link may
include an electronic bus internal to a computing device
where the memory 17 is one of a volatile, non-volatile, fixed,
and/or removable storage medium in communication with
the processing resource 16 via the electronic bus.

[0041] FIG. 2A is an isometric side view of a basket end
effector (also referred to as a basket catheter) of an electro-
physiology catheter, consistent with various embodiments of
the present disclosure. The basket catheter 201 of FIG. 2A
is shown in an expanded configuration. The basket 201 is
comprised of a plurality of splines 210, ; which are coupled
to a catheter shaft 205 at a proximal end and to a distal cap
215 (or one another) at a distal end. While the present
embodiment presents a basket comprised of eight splines
210, ,, basket catheters with three or more splines are
readily envisioned, with the design depending on an
intended clinical application and desired electrophysiology
mapping granularity. To facilitate expansion/contraction of
the basket, the splines 210, ; may be comprised of a shape-
memory alloy (e.g., nitinol) which returns to a semi-circular
shape after exiting an introducer. In yet other embodiments,
the basket catheter may utilize a deployment member to
expand/contract the basket.

[0042] In the present embodiment, each of the splines
210, , includes a plurality of electrodes 211, _,, distributed
about a length of each spline. While the embodiment pre-
sented in FIGS. 2A-C depicts electrode 211, , regularly
distributed along the length of each spline, other embodi-
ments may include unevenly distributed electrodes along the
splines. For example, in pulmonary vein electrophysiology
mapping applications, only a distal portion of the basket may
be in contact with tissue proximal the pulmonary veins.
Accordingly, a distribution of electrodes 211, ,, may be
weighted toward a distal end of the basket 201 to facilitate
enhanced electrophysiology mapping granularity in proxim-
ity to the pulmonary veins.
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[0043] The electrodes 211, ,, may be used in various
bipole configurations to facilitate measurement of electrical
characteristics of tissue in contact with the electrodes. A first
bipole pair may include a pair of electrodes 211 along a
length of a spline 210, facilitating the collection of tissue
electrical characteristic data in an orientation substantially
parallel with the catheter’s longitudinal axis. A second,
orthogonal bipole pair may extend laterally across adjacent
splines 210, facilitating the collection of tissue electrical
characteristic data in an orientation substantially transverse
to the catheter’s longitudinal axis. To facilitate collecting
this electrical data, these bipole electrode pairs may be
independently addressable by signal processing circuitry.
The signal processing circuitry analyzes the received signals
from the various bipole electrode pairs to assemble a elec-
trophysiology map which visualizes the electrophysiology
data sensed by the basket catheter of the tissue in contact
with the electrodes.

[0044] Invarious embodiments consistent with the present
disclosure, splines 210 may be formed from flexible elec-
tronic circuit boards with each of the electrodes 211 coupled
thereto and communicatively coupled to signal processing
circuitry via electrical traces that extend along interior or
exterior layers of the flexible printed circuit board. In some
specific embodiments, each of the splines 210 may consist
of nitinol. In such embodiments, the flex circuit may be
either bonded directly to the nitinol, or, alternatively, the flex
circuit may be directly bonded to Pebax™ tubing which
houses the nitinol spline internally.

[0045] In some embodiments, the electrodes 211 may be
0.8 millimeters in diameter with a total surface area of 0.5
mm?. The electrodes 211 on the basket catheter 201 need not
be uniform in size and shape. For example, embodiments
consistent with the present disclosure may include elec-
trodes capable of electrophysiology mapping, RF tissue
ablation, and optionally facilitating localization in an imped-
ance or hybrid-based catheter navigation system (e.g., Medi-
Guide™ System, and/or EnSite® NavX™ System, each
from Abbott).

[0046] While it may be desirable in some embodiments to
have equal spacing between all of the electrodes 211 both on
a spline 210 and between splines, knowledge of the relative
spacing between each of the electrodes which form bipole
pairs is sufficient to accurately capture electrical character-
istic data of tissue in contact with the electrodes. In some
specific embodiments, an edge-to-edge spacing for one or
more of the bipole pairs of electrodes may be between 2-2.5
millimeters. In yet other specific embodiments, center-to-
center spacing of the electrodes in a bipole pair may be
between 0.5-4 millimeters.

[0047] In some specific embodiments, some of electrodes
211 on basket 201 may be multi-purpose, while other
electrodes are single-purpose. For example, some of the
electrodes may function as both navigation, ablation, and
electrophysiology mapping electrodes, others may function
only as electrophysiology mapping electrodes, and vet other
electrodes may function only as navigation electrodes.

[0048] As further shown in FIG. 24, a distal cap 215 may
serve several purposes including coupling distal ends of the
splines 210, ; back to one another (near a longitudinal axis
of the catheter), and providing a distal most surface of the
catheter that prevents unintentional trauma to tissue con-
tacted therewith.
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[0049] In various embodiment consistent with the present
disclosure, each spline of the basket catheter may be coupled
to one or more steering wires which when actuated expand
and/or contract the splines to form the desired shape.
[0050] While the present disclosure is directed toward a
basket catheter 201 with eight electrodes 211 on each spline
210, various other implementations are readily envisioned.
For example, the basket catheter may include more or less
splines and/or more or less electrodes on each respective
spline.

[0051] As discussed in more detail below, one particular
advantage of a basket catheter capable of both electrophysi-
ology mapping and ablation therapy is reduction in surgery
time as the clinician need not swap out the electrophysiology
mapping catheter with an ablation catheter after confirming
a treatment strategy. Moreover, the need for magnetic and/or
impedance-based localization of the ablation catheter within
the patient’s cardiac muscle may be reduced as the relative
location of target tissue for ablation is already known by
virtue of the electrophysiology mapping and the static
position of the basket catheter within the patient’s left
atrium.

[0052] FIG. 2B is a close-up view of a portion of four
adjacent splines 210, , of the basket 201 of FIG. 2A,
consistent with various embodiments of the present disclo-
sure. Each of the splines 210 include a number of electrodes
211, ,, which may be used to sense the electrophysiological
characteristics of tissue (often operating in a bipolar con-
figuration with another adjacent electrode), and/or ablate
tissue in contact therewith. The electrodes may ablate tissue
using a bipolar configuration, or a uni-polar configuration
where one or more of the electrodes are paired with a ground
pad which is coupled to a patient’s chest, for example. As
shown in FIG. 2B, a number of bipolar electrode pairings
212, ,; are shown. These pairings may extend along a
longitudinal axis of a spline, transverse to the longitudinal
axis of the spline, or the electrode pairings may extend
diagonally between two adjacent splines. Such a system may
conduct electrophysiology mapping using a bipolar configu-
ration of electrodes across a surface of a basket catheter,
and/or conduct precise tissue ablation therapies which limit
the necrosis of healthy tissue. For example, based on a
generated electrophysiology map of tissue in a patient’s left
atrium, a bipolar ablation therapy may be implemented that
ablates only tissue that is susceptible to transmitting stray
electrical signals and/or myocardial tissue containing
arrhythmic foci (which may generate such electrical sig-
nals).

[0053] One particular benefit of bipolar ablation therapy is
that the actual energy delivered to target tissue is known, due
to the close proximity of the positive and negative elec-
trodes. Moreover, bipolar ablation therapy also limits energy
delivery to non-target tissue by virtue of the relative prox-
imity of the electrodes.

[0054] While FIG. 2B depicts bipole pairs of electrodes
which are immediately adjacent to one another, other bipole
pair arrangements are readily envisioned. For example, pairs
of electrodes that are not immediately adjacent. For
example, tissue ablation may be achieved to tissue in prox-
imity to electrodes 211, and 211,,, when the electrodes are
operated in a bipolar arrangement. In some embodiments a
first number of electrodes (e.g., electrodes 211, ;) on a first
spline 210, may be operated in a bipolar arrangement with
a second number of electrodes (e.g., electrodes 211, () on a
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second spline 210,. In yet further embodiments, a first
number of electrodes (e.g., electrodes 211, ;) on a first
spline 210, may be operated in a bipolar arrangement with
a third number of electrodes (e.g., electrodes 211, ) on a
third spline 210,. Further, a first number of electrodes (e.g.,
electrodes 211, ;) on a first spline 210, may be operated in
a bipolar arrangement with a fourth number of electrodes
(e.g., electrodes 211, ,,) on a fourth spline 210,.

[0055] FIG. 2C is a close-up view of a portion of two
adjacent splines 210, _, of the basket catheter 201 of FIG. 2A
and a ground pad 214 which together form a radio-frequency
ablation system 299. As discussed in FIG. 2B, each spline
210 includes a number of electrodes 211, _,. Fach electrode
may be paired with another adjacent electrode to facilitate
bipolar electrophysiology mapping and/or tissue ablation
(e.g., bipolar electrode pairings 212, ,,). Alternatively, or
simultaneously, the electrodes 211, , may also be paired
with a ground pad 214 to operate in a monopolar ablation
therapy configuration (e.g., monopolar electrode pairings
213, ). During an ablation therapy, electrodes operating in
a monopolar configuration will achieve greater lesion depth,
and bipolar configuration electrodes will create more pre-
cisely located lesions.

[0056] FIG. 3Ais a top view of a planar array 301 of an
electrophysiology mapping catheter, consistent with various
embodiments of the present disclosure. The planar array 301
of the electrophysiology mapping catheter includes a high-
density array of electrodes 311, ,. The planar array 301
forms a flexible array of the electrodes 311, . This array of
electrodes is coupled to a flexible framework of struts 310,
which extend along a plane that is substantially parallel with
a longitudinal axis of catheter shaft 305. Each of the struts
is precisely, laterally separated from each other to facilitate
exact spacing between electrodes 311,_,, on adjacent struts
310, , and the struts are coupled to one another at distal and
proximal ends (e.g., at a distal tip 315 and bushing 308).
[0057] As shown in FIG. 3A, each of the five struts 310,
may carry a plurality of electrodes 311, with the spacing of
the electrodes along a length of the strut being the same (or
at least known). Similarly, the spacing between electrodes
311 across struts 310 of the array may also be equal (or at
least known). The result is a plurality of electrode bipole
pairs with known spacing. For example, in some embodi-
ments the center-to-center electrode spacing of a bipole pair
may be between 0.5-4 mm. In yet more specific embodi-
ments, the center-to-center electrode spacing of a bipole pair
may be less than 0.5 millimeters (e.g., 0.1 mm). While the
present embodiment is directed to bipole pairs with equal
center-to-center spacing, various other embodiments of an
electrode array consistent with the present disclosure may
include an electrode array with equal edge-to-edge spacing.
For example, in some embodiments the edge-to-edge elec-
trode spacing may be between 0.5-4 mm. In yet more
specific embodiments, the edge-to-edge electrode spacing
may be less than 0.5 millimeters (e.g., 0.1 mm). Consider-
ation of edge-to-edge spacing may be desirable where the
electrodes 311 of the array 301 have different relative sizes
(or surface areas).

[0058] Although the planar array 301 in FIG. 3A depicts
five struts 310, ., the catheter may comprise more or less
struts, with spacing between each respective strut based on
a desired electrode spacing for a given electrophysiology
application. Additionally, while the planar array 301
depicted in FIG. 3A shows 20 electrodes 311, the planar
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array may include more or fewer than 20 electrodes, and
each strut need not have the same number of electrodes as
adjacent struts.

[0059] In some embodiments, electrodes 311, ,, may be
used in diagnostic, therapeutic, and/or mapping procedures.
For example and without limitation, the electrodes 311 may
be used for electrophysiological studies, pacing, cardiac
mapping, and ablation. In some embodiments, the electrodes
311 may perform unipolar and/or bipolar tissue ablation
therapy. The ablation therapy may create specific lines or
patterns of lesions. In some embodiments, the electrodes 311
may receive electrical signals from a pacing electrode,
which can be used for electrophysiological studies/mapping.
Importantly, as the electrode spacing between adjacent elec-
trodes on a strut 310, and those on adjacent struts, are the
same (or otherwise known), bipole pairs with varying rela-
tive orientations may be sampled to determine electrical
characteristics of the tissue in contact with the bipole pairs.
In some embodiments, the electrodes 311 may perform a
location or position sensing function related to localization
(e.g., determine location and/or orientation of the catheter
301).

[0060] The planar array 301 is coupled to a distal end of
a catheter shaft 305 at a bushing 308 (also referred to as a
connector). The catheter shaft 305 may also define a catheter
shaft longitudinal axis. In the present embodiment, each of
the struts 310, _< extend parallel to the longitudinal axis. The
catheter shaft 305 may be made of a flexible material, such
that it can be threaded through a tortuous vasculature of a
patient. In some embodiments, the catheter shaft 305 can
include one or more ring electrodes disposed along a length
of the catheter shaft. The ring electrodes may be used for
diagnostic, therapeutic, localization and/or mapping proce-
dures, for example. In one embodiment, planar array 301
may include one or more magnetic field sensors configured
for use with an electromagnetic localization system such as
the MediGuide™ System sold by St. Jude Medical, Inc. of
St. Paul, Minn.

[0061] The planar array 301 may be adapted to conform to
tissue (e.g., cardiac tissue). For example, when the planar
array contacts tissue, each strut 310, ; may independently
deflect to conform to the tissue. The ability for the planar
array to deflect in response to tissue may be particularly
beneficial when the planar array comes into contact with
contoured, irregular, or trabeculated tissue. In some embodi-
ments, the struts 310 (or the understructure of the struts) may
be constructed from a flexible or spring-like material such as
nitinol and/or a flexible substrate. The construction of the
planar array struts 310,_s (including, for example, the length
and/or diameter of the struts, and material) may be tailored
to achieve desired resiliency, flexibility, foldability, con-
formability, and stiffness characteristics. Moreover, in some
embodiments it may be desirable to vary one or more
characteristics from the proximal end of a strut to the distal
end of the strut, or between or among the plurality of struts
forming the planar array 301. The collapsibility of materials
such as nitinol and/or a flexible substrate provides the added
benefit of facilitating insertion of the planar array into a
delivery sheath or introducer, whether during delivery of the
catheter into the body or removal of the catheter from the
body at the end of a procedure.

[0062] Planar array catheters, including the high-density
electrode array positioned thereon, may be used for, for
example: (1) defining regional propagation maps of particu-
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larly sized areas on the walls of the heart; (2) identifying
complex fractionated atrial electrograms for ablation; (3)
identifying localized, focal potentials between the electrodes
for higher electrogram resolution; and/or (4) more precisely
targeting areas for ablation. Additionally, the catheters
described herein may find application in epicardial and/or
endocardial use, and more specifically for treating symp-
toms associated with Brugada syndrome. For example, the
planar array embodiments depicted herein may be used in
epicardial procedures where the planar array of electrodes is
positioned between the myocardial surface and the pericar-
dium. Alternatively, the planar array may be used in an
endocardial procedure to sweep and/or analyze the inner
surfaces of the myocardium and create high-density maps of
the heart tissue’s electrical properties.

[0063] While various embodiments of the planar array 301
disclosed in the present disclosure are depicted with ring
electrodes 311, , coupled to the struts 310, 5, embodiments
with spot-type electrodes coupled to the struts are readily
envisioned. Moreover, in yet further embodiments, the struts
of the planar array may comprise flexible thin films com-
patible with printed circuit manufacturing techniques and/or
have such thin films coupled to structural elements of the
strut (e.g., nitinol-based structural elements). In such
embodiments, spot-type electrodes may be printed onto the
struts themselves. In flexible printed circuit embodiments of
the present disclosure, the printed electrodes may be elec-
trically coupled to signal processing circuitry and/or driver
circuitry via traces extending on or within the one or more
thin film layers. As many electrophysiology mapping appli-
cations require high signal fidelity, it is desirable to limit the
transmission length of the analog signal, shield the trans-
mission line itself, and/or convert the analog signal to a
digital signal close to the source of the analog signal.
Accordingly, aspects of the present disclosure are directed to
placing signal processing circuitry (e.g., analog-to-digital
converters, signal conditioning such as noise filtration and
bandpass filters), and/or driver circuitry on the struts 310,
or in close proximity thereto.

[0064] In embodiments of the planar array 301 including
ring electrodes 311, ,, the ring electrodes of the high-
density electrode array may include the same type of elec-
trode or a variety of various electrode types. For example,
electrodes with smaller surface area may be used exclusively
for electrophysiology mapping, while larger surface area
electrodes may be used for mapping, tissue ablation, and/or
localization. In some specific embodiments, the electrode
array may include one or more slightly enlarged ring elec-
trodes. These slightly enlarged electrodes may be used, for
example, for more precise localization of the flexible array
in mapping and navigation systems. It may also be possible
to drive ablation current between these enlarged electrodes,
if desired, for bipolar ablation, or, alternatively to drive
ablation current in unipolar mode between one or more of
these enlarged ring electrodes and, for example, a ground or
patch electrode located on a patient (e.g., on the patient’s
back). Similarly, the electrodes 311, _,,in some embodiments
may all be capable of performing unipolar or bipolar abla-
tion therapies. Alternatively or concurrently, current may
travel between one or more of the enlarged electrodes and
any one, or all, of the electrodes. This unipolar or bipolar
ablation therapy techniques may be used to create specific
lesion lines or lesion patterns. As also seen in FIG. 3A, there
may be a distal tip 315 where one or more of the struts 310,
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come together. This distal tip 315 may be constructed from
metal or some other radiopaque material to provide fluoros-
copy visualization. The distal tip 315 may further facilitate
(semi-) independent planar movement between the struts
310, ..

[0065] Insome embodiments of the present disclosure, the
mapping catheter 301 may include steering wires which
extend a length of catheter shaft 305. Prior to reaching a
bushing 308 that couples the catheter shaft 305 to struts
310, ; of planar array 301, the steering wires may be
coupled to steering rings which receive a tension from a
proximal end of the steering wires and facilitates steering the
catheter shaft 305 and the planar array 301 through a
patient’s vasculature. As further shown in FIG. 3A, each of
the struts 310, . includes a plurality of electrodes 311,
distributed along a length of the struts. In the present
embodiment, each of the electrodes are equally spaced from
each of the adjacent electrodes. When controller circuitry
samples electrical signals from bipole pairs of electrodes
within the planar array 301, each of the bipole pairs will
detect various electrical characteristics indicative of the
tissue health in contact with the electrodes. The five struts
310, 5 are designed to maintain the electrodes 311,  in a
spaced relationship so that each bipole pair of electrodes
captures electrophysiology data of tissue across a known
distance.

[0066] While many embodiments of the present disclosure
are directed to electrophysiology mapping, embodiments of
the present disclosure may also be configured for pacing (as
well). For example, one or more electrodes 311, _,, may send
pacing signals to, for example, cardiac tissue.

[0067] Though not shown in FIG. 3A, various embodi-
ments of the planar array catheter 301 may include one or
more irrigation ports. For example, proximal irrigant port(s)
may be located on/at the distal end of proximal bushing 308,
the proximal irrigant port(s) positioned to deliver irrigant to
or near the point where the electrode carrying struts 310, 5
exit from the distal end of the proximal bushing that is
mounted on the distal end of the catheter shaft 305 in this
embodiment. In some more specific embodiments, second,
distal irrigation port(s) may be located near the distal
intersection of the struts 310,  and on or near distal tip 315.
In yet further embodiments, if desired, multiple irrigation
ports could be present at various positions along the struts
310. Where more than one irrigant port is positioned at
proximal and/or distal ends of the planar array 301, more
uniform irrigant distribution at or near the proximal/distal
apex of the struts 310 may be facilitated.

[0068] FIG. 3B depicts the planar array catheter 300 of
FIG. 3A with an array 301 of electrodes 311, ,, contacting
tissue 325. The tissue 305 in the present embodiment is
depicted as trabeculated, irregular, or contoured tissue. As
shown in FIG. 3B, the flexible struts of the planar array,
including flexible strut 310,, conforms to the tissue 325,
enabling a physician to place the planar array 301 (and its
electrodes 311, ,,) into constant contact with the tissue 325.
Each strut 310,  may independently deflect to conform to
the tissue. As a result, the electrical signals (indicative of the
tissue’s electrical activity) sampled by the planar array
exhibit enhanced accuracy, and thereby have improved
diagnostic value. Each of the flexible struts include a plu-
rality of electrodes 311, 5, and are coupled to the other
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adjacent struts of the planar array 301 at distal member 315
and bushing 308. The bushing 308 further couples the planar
array 301 to shaft 305.

[0069] FIG. 3C depicts the planar array catheter 300 of
FIG. 3A overlaying vasculature 330, consistent with various
embodiments of the present disclosure. In some embodi-
ments of the present disclosure, the catheter 300 may include
steering wires which extend a length of catheter shaft 305.
Prior to reaching a bushing 308 that couples the catheter
shaft 305 to struts 310, 5 of planar array 301, the steering
wires may be coupled to a pull ring which receives a tension
from a proximal end of the steering wires and facilitates
steering the catheter shaft 305 and the planar array 301
through a patient’s vasculature. As further shown in FIG.
3C, each of the struts 310, 5 includes a plurality of elec-
trodes 311, _,, distributed along a length of the struts. In the
present embodiment, each of the electrodes are equally
spaced. When controller circuitry samples electrical signals
from bipole pairs of electrodes within the planar array 301,
each of the bipole pairs will detect various electrical char-
acteristics indicative of the tissue health in contact with the
electrodes.

[0070] In FIG. 3C, vasculature 330 is a left atrium of a
cardiac muscle, with the planar array 301 extending across
four pulmonary veins 331, ,. For discussion purposes, an
electrophysiology mapping of the patient’s left atrium has
been completed and a clinician has confirmed the patient’s
diagnosis of atrial fibrillation. Based upon the electrophysi-
ology mapping taken in proximity to the pulmonary veins
331, the clinician has determined that stray electrical signals
are emanating from right superior pulmonary vein 331, and
right inferior pulmonary vein 331;. Accordingly, the clini-
cian has determined that the right superior and inferior
pulmonary veins must be isolated from the left atrium to
alleviate the patient’s atrial fibrillation symptoms. A plural-
ity of electrodes circumferentially surrounding each of the
target pulmonary veins may then be selected and used in
either or both mono/bipolar configuration to conduct tissue
ablation about the pulmonary veins. The resulting lesions
332, , each surround a respective pulmonary vein and
exhibit electrical characteristics which inhibit electrical sig-
nal distribution within the left atrium of stray electrical
signals from arrhythmic foci within the pulmonary veins.
[0071] While aspects of the present disclosure have been
presented as being readily applicable to radio-frequency
ablation techniques, aspects of the present disclosure are
also readily applied to irreversible electroporation (also
referred to as direct current ablation). Moreover, while
bipolar and monopolar RF techniques have been disclosed
herein, variations on such techniques are also envisioned.
For example, a bipolar ablation configuration may include
alternating adjacent electrode polarities on the electrode
array with the ground pad having a negative polarization. In
one monopolar ablation configuration, the ground pad may
have an alternating polarity over time, with adjacent elec-
trodes carrying alternating polarities. Further, aspects of the
present disclosure have been discussed including diagnosis
and treatment of cardiac arrhythmias (e.g., atrial fibrilla-
tion); however, the present disclosure is readily applicable to
the diagnosis and treatment of a number of different ail-
ments, for example, Brugada syndrome.

[0072] Yet further embodiments consistent with the pres-
ent disclosure may be directed to high-voltage direct current
(“DC”) ablation (either bi-polar or mono-polar configura-
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tion). In such embodiments the high-voltage DC may
include voltages between 400 and 4,000 Volts, and mini-
mized current draw to target a voltage gradient rather than
current delivery.

[0073] U.S. provisional application No. 62/414,634, filed
28 Oct. 2016, U.S. provisional application No. 62/572,186,
filed 13 Oct. 2017, and U S. application Ser. No. 15/793,093,
filed 25 Oct. 2017 are all generally directed to flexible,
high-density mapping catheters and are incorporated by
reference as though fully set forth herein.

[0074] While various embodiments of high-density elec-
trode catheters are disclosed herein, the teachings of the
present disclosure may be readily applied to various other
catheter embodiments as disclosed, for example, in the
following patents and patent applications which are hereby
incorporated by reference: U.S. provisional application No.
61/753,429, filed 16 Jan. 2013; U.S. provisional application
No. 60/939,799, filed 23 May 2007; U.S. application Ser.
No. 11/853,759 filed 11 Sep. 2007, now U.S. Pat. No.
8,187,267, issued 29 May 2012; U.S. provisional application
No. 60/947,791, filed 3 Jul. 2007; U.S. application Ser. No.
12/167.,736, filed 3 Jul. 2008, now U.S. Pat. No. 8,206,404,
issued 26 Jun. 2012; U.S. application Ser. No. 12/667,338,
filed 20 Jan. 2011 (371 date), published as U.S. patent
application publication no. US 2011/0118582 Al; U.S.
application Ser. No. 12/651,074, filed 31 Dec. 2009, pub-
lished as U.S. patent application publication no. US 2010/
0152731 Al; U.S. application Ser. No. 12/436,977, filed 7
May 2009, published as U.S. patent application publication
no. US 2010/0286684 A1; U.S. application Ser. No. 12/723,
110, filed 12 Mar. 2010, published as U.S. patent application
publication no. US 2010/0174177 Al; U.S. provisional
application No. 61/355,242, filed 16 Jun. 2010; U.S. appli-
cation Ser. No. 12/982,715, filed 30 Dec. 2010, published as
U.S. patent application publication no. US 2011/0288392
A1;U.S. application Ser. No. 13/159,446, filed 14 Jun. 2011,
published as U.S. patent application publication no. US
2011/0313417 Al; international application no. PCT/
US2011/040629, filed 16 Jun. 2011, published as interna-
tional publication no. WO 2011/159861 A2; U.S. application
Ser. No. 13/162,392, filed 16 Jun. 2011, published as U.S.
patent application publication no. US 2012/0010490 Al,
U.S. application Ser. No. 13/704,619, filed 16 Dec. 2012,
which is a national phase of international patent application
no. PCT/US2011/040781, filed 16 Jun. 2011, published as
international publication no. WO 2011/159955 Al.

[0075] Various aspects of the present disclosure may be
implemented in conjunction with OIS/OT-like signal pro-
cessing algorithms for electrophysiology mapping. OIS/OT
and related algorithms are discussed in more detail in U.S.
provisional application No. 61/944,426, filed 25 Feb. 2014,
U.S. application Ser. No. 15/118,522, filed 25 Feb. 2015, and
international application no. PCT/US2014/011940, filed 16
Jan. 2014, which are hereby incorporated by referenced as
though fully disclosed herein. Yet other embodiments of the
present disclosure may be implemented in conjunction with
various other algorithm types for electrophysiology map-
ping. For example, embodiments consistent with the present
disclosure may utilize the electrode signal post-processing
techniques, and electrophysiology mapping algorithms dis-
closed in the following publications, which are hereby
incorporated by reference: Magtibay et al. JAHA 2017 (J
Am Heart Assoc. 2017; 6:e006447. DOL: 10.1161/JAHA.
117.006447)(see, e.g., pages 6 and 7, and section titled
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“Omnipoles Provide the Largest Possible Bipolar Volt-
ages”); and Haldar et al. Circulation AE 2017 (Circ
Arrhythm Electrophysiol. 2017; 10:e005018. DOI: 10.1161/
CIRCEP.117.005018)(see, e.g.. page 6, section titled
“Omnipolar Voltage Amplitude Correlates to Largest Mea-
surable Bipolar Vpp,” and FIG. 4).

[0076] Various embodiments presented herein are ame-
nable to the application of spot electrodes coupled to a
flexible electronic circuit, where the flexible electronic cir-
cuit may also (partially) comprise the splines and struts of
the planar and basket catheters, respectively. Yet other
embodiments may be directed to the use of ring electrodes
crimped or swaged on to splines and struts, and comprising
well-known materials in the art. The ring electrodes being
electrically coupled to signal processing circuitry using lead
wires. The ring electrodes positioned along the splines and
struts form bipole pairs of electrodes with known spacing
therebetween. In yet other embodiments, ring electrodes
may be swaged or crimped on to a flexible circuit board
comprising at least part of the splines, and/or struts of the
various catheters disclosed herein.

[0077] Although several embodiments 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 of
the present disclosure. 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 present teachings. The foregoing descrip-
tion and following claims are intended to cover all such
modifications and variations.

[0078] Various embodiments are described herein of vari-
ous apparatuses, systems, and 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 embodi-
ments 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.

[0079] Reference throughout the specification to “various
embodiments,” “some embodiments,” “one embodiment,”
“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,” “in an
embodiment,” or the like, in places throughout the specifi-
cation are not necessarily all referring to the same embodi-
ment. 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 con-
nection with one embodiment may be combined, in whole or
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in part, with the features structures, or characteristics of one
or more other embodiments without limitation.

[0080] Itwill be appreciated that the terms “proximal” and
“distal” may be used throughout the specification with
reference to a clinician manipulating one end of an instru-
ment 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.

[0081] Any patent, publication, or other disclosure mate-
rial, 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 defini-
tions, 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.

What is claimed is:
1. A planar array catheter comprising:

an elongated catheter shaft including a proximal end and
a distal end, and defining a longitudinal axis; and

a flexible, planar array coupled to the distal end of the
catheter shaft, the planar array configured to conform to
tissue, and including two or more struts extending
substantially parallel with the longitudinal axis, each of
the struts lying in a common plane and having a
plurality of electrodes coupled thereto,

wherein the plurality of electrodes are configured and

arranged to detect electrophysiological characteristics
of tissue in contact with the planar array and selectively
ablate the tissue.

2. The planar array catheter of claim 1, wherein the
plurality of electrodes in the planar array are further con-
figured to conduct radio-frequency tissue ablation, and to
operate in both monopolar and bipolar configurations for
tissue ablation.

3. The planar array catheter of claim 1, wherein one or
more of the plurality of electrodes are spot electrodes and
one or more of the struts include flexible electronic circuit
boards that are communicatively and mechanically coupled
to the plurality of electrodes.

4. The planar array catheter of claim 1, wherein the planar
array catheter further includes a plurality of temperature
sensors, each of the temperature sensors are mechanically
coupled to the struts and placed in thermal communication
with at least one of the electrodes, and ablation controller
circuitry communicatively coupled to the plurality of tem-
perature sensors and the plurality of electrodes, the ablation
controller circuitry configured and arranged to control the
power delivery to each electrode based at least in part upon
the temperature measured in proximity to each electrode by
the temperature sensors.
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5. The planar array catheter of claim 1, wherein the planar
array further includes ablation controller circuitry commu-
nicatively coupled to the electrodes and configured and
arranged to receive signals from the electrodes indicative of
the electrophysiological characteristics of the tissue in con-
tact with the planar array, generate an electrophysiology map
of the tissue, and control an ablation therapy of the tissue
based at least in part on the electrophysiology map.

6. The planar array catheter of claim 5, wherein the
ablation controller circuitry is further configured and
arranged to operate the electrodes in either a monopolar or
bipolar configuration, during the ablation therapy, depend-
ing upon the desired lesion characteristics at each electrode.

7. The planar array catheter of claim 1, wherein the
plurality of electrodes include bipole electrode pairs that
include electrodes on adjacent struts of the planar array.

8. The planar array catheter of claim 7, wherein the bipole
electrode pairs are configured to sample electrical charac-
teristics of the contacted tissue, and conduct controlled
tissue ablation therapy; and wherein the plurality of elec-
trodes are further configured to operate in a monopole
configuration, in conjunction with a ground-pad conduc-
tively coupled to a patient’s skin, to facilitate transmural
lesions of the contacted tissue.

9. The planar array catheter of claim 1, wherein the
plurality of electrodes include bipole electrode pairs that
extend diagonally across adjacent struts of the planar array.

10. A basket catheter comprising:

an elongated catheter shaft including a proximal end and
a distal end;

a flexible basket, including a plurality of splines, coupled
to the distal end of the catheter shaft and configured to
conform to tissue;

a plurality of electrodes mounted to the splines; and

wherein the plurality of electrodes are configured and
arranged to detect electrophysiological characteristics
of tissue in contact with the basket and selectively
ablate the tissue.

11. The basket catheter of claim 10, wherein the plurality
of electrodes on the splines are further configured to conduct
radio-frequency tissue ablation, and to operate in both
monopolar and bipolar configurations for tissue ablation.

12. The basket catheter of claim 10, wherein one or more
of the plurality of electrodes are spot electrodes and the
splines include flexible electronic circuit boards that are
communicatively and mechanically coupled to the plurality
of electrodes.

13. The basket catheter of claim 10, wherein the basket
catheter further includes a plurality of temperature sensors,
each of the temperature sensors mechanically coupled to the
splines and placed in thermal communication with at least
one of the electrodes, and ablation controller circuitry com-
municatively coupled to the plurality of temperature sensors
and the plurality of electrodes, the ablation controller cir-
cuitry configured and arranged to control the power delivery
to each electrode based at least in part upon the temperature
measured in proximity to each electrode by the temperature
Sensors.

14. The basket catheter of claim 10, wherein the basket
catheter further includes ablation controller circuitry com-
municatively coupled to the electrodes and configured and
arranged to receive signals from the electrodes indicative of
the electrophysiological characteristics of the tissue in con-
tact with the basket, generate an electrophysiology map of
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the tissue, and control an ablation therapy of the tissue based
at least in part on the electrophysiology map.

15. The basket catheter of claim 14, wherein the ablation
controller circuitry is further configured and arranged to
operate the electrodes in either a monopolar or bipolar
configuration during the ablation therapy, depending upon
the desired lesion characteristics at each electrode.

16. The basket catheter of claim 14, wherein the ablation
controller circuitry is further configured and arranged to
operate the plurality of electrodes in a bi-polar configuration
and deliver a high-voltage direct current to the contacted
tissue to affect tissue ablation; and

wherein the ablation controller circuitry is further config-

ured and arranged to minimize the current draw to the
electrodes and deliver a desired voltage gradient.

17. The basket catheter of claim 10, wherein the plurality
of electrodes include bipole electrode pairs that extend
diagonally across adjacent splines of the basket.
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18. The basket catheter of claim 17, wherein the bipole
electrode pairs are configured to sample electrical charac-
teristics of the contacted tissue, and conduct controlled
tissue ablation therapy; and wherein the plurality of elec-
trodes are further configured to operate in a monopole
configuration in conjunction with a ground pad conductively
coupled to a patient’s chest, to facilitate transmural lesions
of the contacted tissue.

19. The basket catheter of claim 10, wherein the plurality
of electrodes include bipole electrode pairs that include
electrodes on adjacent splines.

20. The planar array catheter of claim 1, wherein the
plurality of electrodes in the planar array are further con-
figured to operate in a bi-polar configuration and to deliver
a high-voltage direct current to the contacted tissue to affect
tissue ablation.



RiES

[PRIER 1 (Z R A(F)
R (TR AGE)
HAT R E (TR AGE)

FRI& B A

KRN

IPCHRS

CPCHRF

L%
S EREESE

BEG®)

SHUERNERBFASE

US20190350649A1 NI (»&E)B

US16/418296 FER
EWRET A OERFITERAT
STHIEEST A& , DHEHEDIVISION , INC.

STIIKREST Afm , O BEFEDIVISION | INC.

SUTERMEISTER DEREK C
TEGG TROY T
GONZALEZ SALOME A

SUTERMEISTER, DEREK C.
TEGG, TROY T.
GONZALEZ, SALOME A.

A61B18/14 A61B5/042 A61B5/00

2019-11-21

2019-05-21

patsnap

A61B2018/00267 A61B2018/00613 A61B2018/00839 A61B2018/1405 A61B2018/1467 A61B5/0422
A61B2018/00351 A61B5/044 A61B5/6858 A61B18/1492 A61B2562/0209 A61B2018/00577 A61B5/01
A61B5/046 A61B5/4848 A61B5/6859 A61B2017/00053 A61B2017/00092 A61B2017/00101 A61B2017
/00243 A61B2017/00867 A61B2018/0016 A61B2018/00357 A61B2018/00363 A61B2018/00797
A61B2034/2051 A61B2034/2053 A61B2505/05 A61B2562/0271 A61N1/056

62/674314 2018-05-21 US

Espacenet USPTO

ARFFNFHEE X ER S E BRSO T 2L ERN A ER R
S8, XESETATRNSBREMOALWBERENE  FHTA

L9 B AR AN E B

305 308

‘ 310,

3105


https://share-analytics.zhihuiya.com/view/e57265a3-6c9a-40f4-9ff2-01244fd2036a
https://worldwide.espacenet.com/patent/search/family/066912917/publication/US2019350649A1?q=US2019350649A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220190350649%22.PGNR.&OS=DN/20190350649&RS=DN/20190350649

