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CATHETER-BASED IDENTIFICATION OF
CARDIAC REGIONS

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] The present application claims priority to U.S.
Provisional Patent Application No. 62/552,019, filed Aug.
30, 2017, the disclosure of which is incorporated herein by
reference in its entirety.

TECHNICAL FIELD

[0002] The present technology is generally related to
catheter-based identification of cardiac regions and related
systems and methods.

BACKGROUND

[0003] In certain cardiac procedures, knowledge of the
position of a catheter in the heart is useful for effective
treatment, diagnosis, or both. An example of such a cardiac
procedure is the termination of certain arrhythmias in the
heart through the use of radio frequency (“RF”) ablation.
Direct visualization of the heart chamber, however, is often
unavailable, incomplete, and/or impractical in cardiac pro-
cedures.

[0004] To at least partially overcome limitations associ-
ated with visualization of the heart chamber, three-dimen-
sional models of the heart chamber are formed prior to or
during the procedure and used to guide catheter positioning.
Such three-dimensional models are often formed based on
measurements of catheter position in the heart and are,
therefore, typically subject to constraints associated with
imprecise knowledge of the position of the catheter in the
heart. Thus, there exists a need for more accurately detecting
the position of a catheter in the heart for, among other things,
more efficient formation of accurate three-dimensional mod-
els useful for guiding catheter positioning in cardiac proce-
dures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The disclosure will be understood more fully from
the detailed description given below and from the accom-
panying drawings of various implementations of the disclo-
sure. The drawings, however, should not be taken to limit the
disclosure to the specific implementations, but are for expla-
nation and understanding only.

[0006] FIG. 1 is a schematic representation of a system
configured in accordance with various implementations of
the present technology during a medical procedure on a
patient’s heart.

[0007] FIG. 2 is a perspective view of a catheter of the
system shown in FIG. 1 and configured in accordance with
various implementations of the present technology.

[0008] FIG. 3 is a schematic representation of a tip section
of the catheter shown in FIG. 2 in a cardiac chamber and
configured in accordance with various implementations of
the present technology.

[0009] FIG. 4 is a schematic representation of visited
locations of the catheter shown in FIG. 2 in the cardiac
chamber of FIG. 3 during a build phase of a three-dimen-
sional model of the cardiac chamber in accordance with
various implementations of the present technology.

[0010] FIG. 5 is a schematic depiction of a projection of
a three-dimensional data structure and a continuous surface
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of the anatomic structure projected to a graphical user
interface of the ablation system shown in FIG. 1 in accor-
dance with various implementations of the present technol-
ogy.

[0011] FIGS. 6A-6D are a time progression of electro-
grams obtained as the tip section of the catheter shown in
FIG. 2 is moved in the heart of a swine model in accordance
with various implementations of the present technology.
[0012] FIGS. 7A-TD are a time progression of electrocar-
diograms obtained from electrodes substantially fixed to
skin of the swine model, with the time progression of the
electrocardiograms shown in FIGS. 7A-7D synchronized to
the time progression of the electrograms shown in FIGS.
6A-7D in accordance with various implementations of the
present technology.

[0013] FIG. 8 is a flow chart of a method of displaying
visual indicia on a representation of a patient’s heart in
accordance with various implementations of the present
technology.

[0014] FIG. 9 is a flow chart of a method of displaying a
three-dimensional data structure and/or a representation of a
patient’s heart in accordance with implementations of the
present technology.

[0015] FIG. 10 is a flow chart of a method of modifying
a graphical user interface in accordance with various imple-
mentations of the present technology.

[0016] FIG. 11 is a schematic representation of a tip
section of the catheter shown in FIG. 2 shown in a cardiac
chamber and a coronary sinus catheter positioned in a
coronary sinus in accordance with various implementations
of the present technology.

DETAILED DESCRIPTION

A. Overview

[0017] The present disclosure is generally directed to
devices, systems, and methods of detecting the position of a
catheter relative to cardiac regions of a patient and/or to
devices, systems, and methods of identifying one or more
cardiac regions corresponding to locations of a catheter
moving in the heart of patient. More specifically, the
devices, systems, and methods of the present disclosure can
identify regions of the heart based on signal(s) from respec-
tive one or more sensors supported on a catheter as the
catheter is moved within the heart of a patient. Visual indicia
corresponding to an identified cardiac region can be dis-
played on a representation of the patient’s heart on a
graphical user interface used by a physician as a reference
for positioning the catheter in the heart of the patient. The
visual indicia can be useful for parsing the graphical repre-
sentation of the patient’s heart into constituent regions. For
example, the visual indicia can be used to delineate a valve
from one or both of an atrium and a ventricle in the graphical
representation of the patient’s heart. Further, or instead, the
visual indicia can be useful for guiding the physician in
moving the catheter in a particular cardiac region. That is,
the visual indicia can, in certain instances, provide the
physician with an indication that the catheter has moved
(e.g., unintentionally) beyond a specific cardiac region. Still
further or in the alternative, the identification of a cardiac
region can be used to pause location data acquisition while
the catheter has moved beyond a specific cardiac region. In
such instances, the visual indicia can be used to provide a
visual cue to the physician that acquisition of location data
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(e.g., data used to form the graphical representation of the
patient’s heart) has been paused during an excursion by the
catheter outside of a specific cardiac region. Similarly, the
visual indicia can also, or instead, be used to provide a visual
cue to the physician that acquisition of location data has
resumed upon return of the catheter to a specific cardiac
region.

[0018] As compared to systems and methods that do not
offer such identification of regions of the heart as the
catheter is moved within the heart, the devices, systems, and
methods of the present disclosure can, for example, reduce
the likelihood of unnecessary mapping, treatment, or both of
other regions of the heart. Further, or instead, as again
compared to systems that do not offer identification of
regions of the heart as the catheter is moved within the heart,
the devices, systems, and methods of the present disclosure
can aid in visualization of the catheter location by repre-
senting anatomical landmarks (e.g., a valve) on a user
interface. Still further or instead, by identifying regions of
the heart as the catheter is moved within the heart, the
devices, systems, and methods of the present disclosure can
be useful in reducing complexity of a user interface pre-
sented to the physician, such as by presenting the physician
with only those user interface options relevant to the iden-
tified cardiac region. Such a reduction in complexity of the
user interface can, in certain instances, reduce the need for
the physician to rely on dedicated personnel to manipulate a
visualization of the heart during a procedure.

[0019] For the sake of clarity of explanation, the devices,
systems and methods of the present disclosure are described
with respect to medical procedures associated with an abla-
tion catheter used to deliver RF ablation to cardiac tissue in
the course of treating certain types of arrhythmias. It should
be appreciated, however, that, unless otherwise specified or
made clear from the context, the systems and methods of the
present disclosure can be used for any of various different
medical procedures performed on a cardiac chamber of a
patient, in which direct visual access to the medical proce-
dure is impractical and/or is improved by identification of
one or more cardiac regions as a catheter is moved in a
patient’s heart. Thus, for example, the devices, systems, and
methods of the present disclosure can be used to facilitate
visualization of a catheter inserted into a cardiac chamber as
part of a medical treatment associated with diagnosis, treat-
ment, or both of a cardiac condition.

[0020] As used herein, the term “physician” shall be
understood to include any type of medical personnel who
may be performing or assisting a medical procedure and,
thus, is inclusive of a doctor, a nurse, a medical technician,
other similar personnel, and any combination thereof. Addi-
tionally, or alternatively, as used herein, the term “medical
procedure” shall be understood to include any manner and
form of diagnosis, treatment, or both, inclusive of any
preparation activities associated with such diagnosis, treat-
ment, or both, unless a more specific type of medical
procedure is identified or made clear from the context. Thus,
for example, the term “medical procedure” shall be under-
stood to be inclusive of any manner and form of movement
or positioning of a medical device, such as a catheter, in or
relative to a cardiac chamber.

[0021] As used herein, the term “patient” shall be under-
stood to include any mammal, including a human, upon
which a medical procedure is being performed.
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[0022] As used herein, unless otherwise specified or made
clear from the context, the term “cardiac region” shall be
understood to include one or more of an atrium, a ventricle,
and a valve of a heart of a patient and, further or instead,
shall be understood to include veins and arteries of the
patient (e.g., the coronary sinus, the inferior and superior
vena cava, pulmonary veins, pulmonary arteries, and the
aorta).

[0023] Certain details are set forth in the following
description and in FIGS. 1-11 to provide a thorough under-
standings of various implementations of the disclosure.
Other details describing well-known structures and systems
often associated with ablation catheters and associated sys-
tems and methods, however, are not set forth below to avoid
unnecessarily obscuring the description of various imple-
mentations of the disclosure.

[0024] Many of the details, dimensions, angles, and other
features shown in FIGS. 1-11 are merely illustrative of
particular implementations of the disclosure. Accordingly,
other implementations can have other details, dimensions,
angles, and features without departing from the spirit or
scope of the present disclosure. In addition, those of ordi-
nary skill in the art will appreciate that further implemen-
tations of the disclosure can be practiced without several of
the details described below.

B. Selected Implementations of Catheter-Based
Identification of Cardiac Regions and Related
Systems and Methods

[0025] FIG. 1 is a schematic representation of a system
100 configured in accordance with various implementations
of the present technology during a medical procedure pet-
formed in a cardiac chamber of a patient 102. The system
100 can include a catheter 104 including a tip section 124,
and at least one first electrode 125 disposed along the tip
section 124. The at least one first electrode 125 can be in
electrical communication, via an extension cable 106, with
an interface unit 108. The system 100 can further (or instead)
include second electrodes or body surface electrodes 118
securable in a substantially fixed position on skin of the
patient 102 and in electrical communication with the inter-
face unit 108 via cables 117. The interface unit 108 can
include a processing unit 109 (e.g., one or more processors),
a graphical user interface 110, and a storage medium 111.
The graphical user interface 110 and the storage medium 111
can be in electrical communication (e.g., wired communi-
cation, wireless communication, or both) with the process-
ing unit 109. The graphical user interface 110 can include a
viewing window 138 (FIG. 5) on which, as described in
greater detail below, a representation of at least a portion of
the heart of the patient 102 can be displayed. Based on
signals associated with the first electrodes 125 and the
second electrodes 118, as also described in greater detail
below, the processing unit 109 can identify a cardiac region
corresponding to a respective one or more locations of the
tip section 124 of the catheter 104. As still further described
in greater detail below, visual indicia based on the identified
cardiac region can be displayed on the representation of the
heart of the patient 102 on the graphical user interface 110
to facilitate efficient formation of an accurate model of at
least a portion of the heart of the patient 102 and/or to
facilitate accurate positioning of the tip section 124 of the
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catheter 104, or a separate catheter, for the purpose of one or
more of diagnosis and treatment of a target area of the heart
of the patient 102.

[0026] In use, the catheter 104 can be moved within the
cardiac chamber (e.g., as part of a medical procedure), and
the processing unit 109 can receive a plurality of locations
of the catheter 104 in the cardiac chamber during one or
more of a build phase and a treatment phase. The build phase
can include a portion of a medical procedure in which a
portion of the catheter 104 is moved within one or more
cardiac cavities to gather anatomical and electrophysiologi-
cal information related to one or more cardiac chambers. As
described in greater detail below, the processing unit 109 can
construct a data structure (e.g., a data structure including a
three-dimensional data structure) including a representation
of locations, within the cardiac chamber, visited by the
catheter 104 during the build phase. The data structure can
form a basis for a continuous surface displayed on the
graphical user interface 110 and representing a blood-tissue
boundary in the cardiac chamber. In the treatment phase, the
continuous surface displayed on the graphical user interface
110, along with the visual indicia corresponding to one or
more identified cardiac regions, can be used as a basis for
positioning the catheter 104, or a separate catheter, in a
specific position in a cardiac chamber for the delivery of
treatment (e.g., delivery of RF ablation energy) to target
tissue.

[0027] As the catheter 104 is moved within the cardiac
chamber during any one or more of the build phase and the
treatment phase, the catheter 104 can slip out of the cardiac
chamber through a heart valve as the catheter 104 is moved
through different locations. In the build phase, such inad-
vertent positioning of the catheter 104 can result in collec-
tion of extraneous location data which, in turn, can result in
errors in the graphical representation (e.g., in a continuous
surface) of the cardiac chamber to be displayed on the
graphical user interface 110. In the treatment phase, such
inadvertent positioning of the catheter 104 can increase the
time associated with positioning the catheter 104 to deliver
treatment to an intended target within a cardiac region.
[0028] Referring now to FIGS. 1-2, the system 100 is
expected to mitigate the impact of inadvertent positioning of
the catheter 104. That is, in the build phase, the system 100
can pause data collection upon determining that the tip
section 124 of the catheter 104 has moved beyond a given
cardiac region. Collection of data can resume upon deter-
mining that the tip section 124 of the catheter 104 has
returned to a given cardiac region. In the treatment phase,
the system 100 can provide a physician with an indication of
whether the tip section 124 is in a given cardiac region, such
as a cardiac region associated with the intended treatment.
[0029] In general, the catheter 104 can be any of various
different catheters known in the art for insertion into a
cardiac chamber for the purpose of diagnosis, treatment, or
both. For example, the catheter can include a handle 120, a
shaft 122, and the tip section 124. The shaft 122 can include
a proximal portion 126 secured to the handle 120, and a
distal portion 128 coupled to the tip section 124.

[0030] The one or more first electrodes 125 can be dis-
posed in any of various different orientations relative to the
tip section 124, unless otherwise specified or made clear
from the context. For example, at least one of the one or
more first electrodes 125 can be disposed along an outer
surface of the tip section 124 such that the one or more first
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electrodes 125, so supported, can come into direct contact
with cardiac tissue as the tip section 124 is moved within a
cardiac chamber. Additionally, or alternatively, at least one
of the one or more first electrodes 125 can be disposed away
from an outer surface of the tip section 124 such that the one
or more first electrodes 125, so supported, do not come into
direct contact with cardiac tissue as the tip section 124 is
moved within a cardiac chamber.

[0031] Each first electrode 125 can detect electrical activ-
ity in an area of the heart local to the respective first
electrode 125. The detected electrical activity can form a
basis for an electrogram associated with an electrode pair
that includes the respective first electrode 125. As used
herein, the term “electrogram” shall be understood to
include an intracardiac electrogram, unless otherwise speci-
fied or made clear from the context.

[0032] In general, each first electrode 125 can be arranged
such that electrical activity detected between an electrode
pair that includes the respective first electrode 125 can form
the basis of unipolar electrograms, a bipolar electrograms, or
other types of electrical signals known in the art. Fach first
electrode 125 can form an electrode pair with two or more
additional electrodes. For example, in implementations in
which the one or more first electrodes 125 includes six
electrodes, each first electrode 125 can form an electrode
pair with each of the other electrodes. Each electrode pair
can form the basis for an electrogram.

[0033] An electrogram formed by electrical signals
received from each respective electrode pair can be gener-
ated through any of various different methods. In general, an
electrogram associated with a respective electrode pair can
be based on a difference between the signals from the
electrodes in the pair. Such an electrogram can be filtered or
otherwise further processed, for example, to reduce noise
and/or to emphasize cardiac electrical activity.

[0034] The catheter 104 can further (or instead) include a
magnetic position sensor 130 along the distal portion 128 of
the shaft 122. It should be appreciated that the magnetic
position sensor 130 can be any of various magnetic position
sensors well known in the art and can be positioned at any
point along the distal portion 128. The magnetic position
sensor 130 can, for example, include one or more coils that
detect signals emanating from magnetic field generators.
One or more coils for determining position with five or six
degrees of freedom can be used. Additionally, or alterna-
tively, multiple coils or groups of coils can be placed at
different locations along the distal portion 128 to detect the
position of different regions of the distal portion 128.
[0035] The magnetic field detected by the magnetic posi-
tion sensor 130 can be used to determine the position of the
distal portion 128 of the catheter shaft 122 according to one
or more methods commonly known in the art such as, for
example, methods based on using a sensor, such as the
magnetic position sensor 130, to sense magnetic fields
indicative of the position of the magnetic position sensor
130 and using a look-up table to determine a location of the
magnetic position sensor 130. Accordingly, because the tip
section 124 is coupled to the distal portion 128 of the shaft
122 in a known, fixed relationship to the magnetic position
sensor 130, the magnetic position sensor 130 also provides
the location of the tip section 124.

[0036] While the location of the tip section 124 is
described as being determined based on magnetic position
sensing, electrical signal feedback, other position sensing
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methods, or combinations thereof can additionally or alter-
natively be used. For example, the location of the tip section
124 can be additionally, or alternatively, based on imped-
ance, ultrasound, and/or imaging (e.g., real time MRI or
fluoroscopy). Thus, more generally, the location of the tip
section 124 at visited positions within the cardiac chamber
can be based on one or more location signals generated
based on one or more sensors carried on or near the tip
section 124, sensors separate from the tip section 124, and
combinations thereof.

[0037] The catheter 104 can include a remote input device
119 in communication (e.g., wired communication, wireless
communication or both) with the interface unit 108. The
remote input device 119 can be operated by the physician,
from within a sterile field, to navigate, select, or otherwise
interact with user interface options 115 displayed on the
graphical user interface 110. In certain implementations, the
user interface options 115 can reflect a current state of the
system. That is, the user interface options 115 can present
the physician with relevant input options, given a current
state of a medical procedure. As compared to menu struc-
tures that require manual navigation, dynamic variation of
the user interface options 115 can, for example, reduce the
amount of time and attention required by the physician to
navigate and select a desired input option.

[0038] Referring now to FIGS. 1-4, the tip section 124 of
the catheter 104 can be moved in a cardiac chamber 132 in
the build phase (e.g., prior to application of the treatment
phase). If the tip section 124 of the catheter 104 is movable
in blood in the cardiac chamber 132 and obstructed only by
a surface 133 of the cardiac chamber 132, the known
positions of the tip section 124 of the catheter 104 can be
taken together to provide an indication of the size and shape
of a volume defined by the cardiac chamber 132 and can
form a basis for a three-dimensional data structure corre-
sponding to the volume defined by the cardiac chamber 132.
[0039] FIG. 4 is a schematic representation of locations
129 visited by the tip section 124 of the catheter 104 (FIGS.
2 and 3) in the cardiac chamber 132 during the build phase.
Collectively, the locations 129 can be included in a three-
dimensional data structure 134 (FIG. 5) that forms a basis of
a graphical representation of the cardiac chamber 132. It
should be appreciated, however, that inadvertent excursions
of the tip section 124 outside of the cardiac chamber 132 can
skew the three-dimensional data structure 134 correspond-
ing to the volume defined by the cardiac chamber 132. For
example, movement of the tip section 124 into an anatomic
lumen 137, such as a vein, can result in including positions
associated with the anatomic lumen 137 into the three-
dimensional data structure 134. The inclusion of at least
some of these positions can be undesirable. For example, it
can be undesirable to include positions in the anatomic
lumen 137 that are far removed from (e.g., by a predeter-
mined threshold distance) the electrically active portions of
the cardiac chamber 132, as such far removed positions may
not be relevant to the diagnosis and treatment of a particular
underlying condition. Inclusion of positions that are not
relevant to the diagnosis and treatment of the underlying
condition can interfere with the display of more clinically-
relevant information.

[0040] FIG. 5 is a schematic representation of a three-
dimensional data structure 134 and a continuous surface 136
projected onto the viewing window 138 of an image plane
140 of the graphical user interface 110 (FIG. 1). While the
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three-dimensional data structure 134 and the continuous
surface 136 can both be projected onto the viewing window
138, it should be understood that the three-dimensional data
structure 134 and the continuous surface 136 can be indi-
vidually projected to the viewing window 138. For example,
it can be desirable to project both the three-dimensional data
structure 134 and the continuous surface 136 onto the
viewing window 138 during the build phase to facilitate
editing the three-dimensional data structure 134 and, thus,
facilitate editing of the continuous surface 136 according to
any one or more of the various different methods described
herein. Additionally, or alternatively. it can be desirable to
project only the continuous surface 136 (e.g., by making the
three-dimensional data structure 134 at least partially trans-
lucent) onto the viewing window 138 while the catheter 104
(FIG. 3) is being used to apply a treatment to a cardiac
chamber (e.g., the cardiac chamber 132 in FIG. 3).

[0041] Referring now to FIGS. 1-5, the three-dimensional
data structure 134 can include, for example, a three-dimen-
sional grid of voxels 135. Fach voxel 135 can be a discrete
element of volume corresponding to an analogous volume in
the cardiac chamber 132. Together, the voxels 135 can form
the three-dimensional data structure 134 which, more gen-
erally, should be understood to be a three-dimensional
notional space. Thus, as the tip section 124 of the catheter
104 visits the locations 129 in the cardiac chamber 132, the
corresponding one of the voxels 135 can be flagged or
otherwise indicated as “visited.” The continuous surface 136
can be formed along a boundary of the voxels 135 of the
three-dimensional data structure 134 indicated as “visited.”
More specifically, the continuous surface 136 can be
extracted from the three-dimensional data structure 134
according to any one or more known computational algo-
rithms for extracting a three-dimensional surface of an
object. Examples of such algorithms include one or more of
a “marching cubes” algorithm, a “ball-pivoting” algorithm,
and a “power crust” algorithm.

[0042] The three-dimensional data structure 134 and the
continuous surface 136 can be stored, for example, on the
storage medium 111, along with instructions executable by
the processing unit 109 to display the three-dimensional data
structure 134, the continuous surface 136, or both, on the
graphical user interface 110, as described in greater detail
below. The instructions stored on the storage medium 111
and executable by the processing unit 109 to display one or
both of the three-dimensional data structure 134 and the
continuous surface 136 can be, for example, an application
built using Visualization Toolkit, an open-source 3D com-
puter graphics toolkit, available at www.vtk.org.

[0043] The graphical user interface 110 can be two-di-
mensional (e.g., a screen of a computer monitor) such that
the image plane 140 can correspond to a plane of the
two-dimensional display of the graphical user interface 110,
and the viewing window 138 can correspond to a field of
view of the two-dimensional display of the graphical user
interface 110. Accordingly, the image formed by projecting
one or both of the three-dimensional data structure 134 and
the continuous surface 136 onto the viewing window 138
can be displayed on the graphical user interface 110. As
described in greater detail below, visual indicia 139 of a
cardiac region corresponding to a location of the tip section
124 can be shown on the image formed by projecting the
three-dimensional data structure 134, the continuous surface
136, or both onto the viewing window 138 of the graphical
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user interface 110. Displaying the visual indicia 139 on the
graphical user interface 110 can be useful, for example, for
providing a physician with guidance with respect to posi-
tioning the tip section 124 as part of a medical procedure.
[0044] In certain implementations, the visual indicia 139
can include one or more words and/or symbols displayed on
a portion of the viewing window 138 away from the pro-
jection of the three-dimensional data structure, the continu-
ous surface 136, or both. For example, the visual indicia 139
can display the word “ATRIUM” when the position of the tip
section 124 corresponds to an atrium of the heart. Similarly,
the visual indicia 139 can display the word “VENTRICLE”
when the position of the tip section 124 corresponds to a
ventricle of the heart. Likewise, the visual indicia 139 can
display the word “VALVE” when the position of the tip
section 124 corresponds to a valve of the heart. It should be
understood that these specific labels are provided here by
way of example, and not limitation, and various different
types of labels can be used as visual indicia 139 to appro-
priately alert the physician. It should be further understood
that, as the tip section 124 moves from one cardiac region to
another (e.g., from an atrium to a valve), the visual indicia
139 can change accordingly. Further, in some implementa-
tions, the graphical user interface 110 can provide the
physician with an audible alert (e.g., one or more beeps)
indicative of a move from one cardiac region to another.

[0045] In some implementations, the visual indicia 139
can include a tag disposed along the three-dimensional data
structure 134, the continuous surface 136, or both. For
example, the tag can identify the position of a valve of on a
graphical representation of the heart represented by the
three-dimensional data structure 134, the continuous surface
136, or both. In certain instances, the position of the tip
section 124 can also be represented on the graphical repre-
sentation of the heart and, thus, the position of the tip section
124 relative to the tag can be readily understood by the
physician through the projection of the three-dimensional
data structure 134, the continuous surface 136, or both onto
the viewing window 138 of the graphical user interface 110.
As a specific example, in instances in which the visual
indicia 139 includes a tag indicative of the position of a
valve of the heart, the visual indicia 139 can be used by the
physician as a useful anatomic landmark, relative to which
the physician can deliver ablation energy or other local
treatment to cardiac tissue.

[0046] During the build phase, to the extent the locations
129 correspond to excursions by the tip section 124 beyond
a given cardiac region (such as the cardiac chamber 132 in
the illustrated example), the locations 129 along the excur-
sion can be excluded from the three-dimensional data struc-
ture 134. For example, collection of data for the three-
dimensional data structure 134 can be paused as the tip
section 124 moves along the locations 129 corresponding to
the excursion from the given cardiac region. Similarly, data
collection for the three-dimensional data structure 134 can
resume as the tip section 124 moves along the locations
within the given cardiac region. Additionally, or alterna-
tively, data can be collected for the three-dimensional data
structure 134 without interruption during an excursion, and
the locations 129 corresponding to the excursion can be
flagged as corresponding to an excursion. The data flagged
as corresponding to an excursion can be, for example,
excluded or otherwise deemphasized from subsequent dis-
play on the graphical user interface 110.
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[0047] During one or more of the build phase and the
treatment phase, the locations 129 corresponding to excur-
sions by the tip section 124 beyond a given cardiac region
can be represented by visual indicia on the graphical user
interface. For example, an indication of a cardiac region
corresponding to a current location 129 of the tip section 124
can be displayed on the graphical user interface. Continuing
with this example, a change in the visual indicia can alert the
physician that the tip section 124 has undergone an excur-
sion into a cardiac region different from the cardiac region
corresponding to the locations 129 at one or more previous
time-steps. Additionally, or alternatively, other types of
alerts (e.g., audible alerts) can be used to provide feedback
to the physician regarding an excursion. In certain imple-
mentations, as described in greater detail below, an
approaching excursion from a given cardiac region can be
detected and, thus, for example, the physician can be alerted
(e.g., via visual indicia on the graphical user interface 110)
to an approaching excursion before such an excursion
occurs.

[0048] FIGS. 6A-6D illustrate a sequence of electrograms
measured in the heart of a swine model using the system 100
(FIG. 1). More specifically, each electrogram in FIGS.
6A-6D is measured between electrodes (e.g., the one or
more first electrodes 125 in FIGS. 1-3) on a catheter tip (e.g,,
the tip section 124 in FIGS. 1-3) moved in the right atrium
and right ventricle of the swine model. Each electrogram
represents a location of the catheter tip in the heart of the
swine model. In particular, the sequence shown in FIGS.
6A-D shows changes in the electrograms as the catheter tip
is moved from the right atrium (FIG. 6A) of the heart of the
swine model and toward the inside of a valve leading to a
ventricle (FIG. 6D) of the heart of the swine model during
a right atrial map. For the sake of clarity of explanation, the
electrograms shown in FIGS. 6A-6D are measured as the
voltage between two of the one or more electrodes 125 and
are bandpass filtered between 30 Hz and 300 Hz.

[0049] FIGS. 7A-7D illustrate a sequence of electrocar-
diograms measured between substantially fixed electrodes
(e.g., the second electrodes 118 in FIG. 1) on skin of the
swine model as the electrodes on the catheter tip were
moved in the heart of the swine model to obtain the data
shown in FIGS. 6A-6D. Each electrocardiogram shows
P-waves “P”, QRS-complexes “QRS,” and T-waves “T” for
the timeframe represented in the respective electrocardio-
gram. The sequences shown in FIGS. 6A-6D and FIGS.
7A-7TD are synchronized such that the time associated with
the electrogram shown in FIG. 6A corresponds to the time
associated with the electrocardiogram shown in FIG. 7A, the
time associated with the electrogram shown in FIG. 6B
corresponds to the time associated with the electrocardio-
gram shown in FIG. 7B, and so on for the remainder of each
respective sequence.

[0050] Referring now to FIGS. 6A-6D and 7A-7D
together, identification of a cardiac region corresponding to
the location of the catheter tip at a given point in time can
be based on the respective electrogram and the respective
electrocardiogram at the given point in time. That is, because
deflections in an electrocardiogram represent well-known
signatures of electrical activity (e.g., depolarization and
repolarization) of regions of a beating heart, the deflections
in an electrocardiogram can be compared to temporally
similar deflections in an electrogram to identify a cardiac
region. For example, deflections in the electrograms shown
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in FIGS. 6A-6D can be matched to one or more of a P-wave
representative of atrial depolarization, a T-wave representa-
tive of ventricular repolarization, and a QRS complex rep-
resentative of ventricular depolarization in the electrocar-
diograms shown in FIGS. 7A-7D. Examples of such
comparisons are set forth below with respect to the sequence
of catheter tip movement represented in the electrograms
shown in FIGS. 6A-6D.

[0051] Referring now to FIGS. 6A and 7A together, an
electrogram 600A and an electrocardiogram 700A are shown
over a time window. The electrogram 600A includes a
plurality of deflections “A” occurring at a substantially
periodic interval and a plurality of deflections “V” occurring
at a substantially periodic interval. In particular, the timing
of the deflections “A” in the electrogram 600A corresponds
substantially to the timing of P-waves “P” shown in the
electrocardiogram 700A, and the plurality of deflections “V”
correspond to the QRS-complex “QRS” shown in the elec-
trocardiogram 700A. Given such correspondence of timing,
the relative size of the deflections “A” and the deflections
“V” in the electrogram 600A indicate that atrial depolariza-
tion is the predominant electrical activity detected in the
electrogram 600A. That is, the electrical activity detected in
the electrogram 600A includes features of electrical activity
in an atrium of the heart of the swine model. with relatively
little electrical activity from a ventricle of the heart of the
swine model. Accordingly, electrogram 600A indicates that
the catheter tip position corresponding to the electrogram
600A is in an atrium of the heart of the swine model. As
described in greater detail below, as the catheter tip position
moves closer to the ventricle, the amount of ventricular
electrical activity detected relative to the amount of atrial
electrical activity detected increases. Thus, it should be
appreciated that the ratio of the amplitude of atrial electrical
activity to the amplitude of ventricular electrical activity
detected in a given electrogram can provide an indication of
the region of the heart in which the electrogram was mea-
sured.

[0052] Referring now to FIGS. 6B and 7B together, an
electrogram 600B and an electrocardiogram 700B are shown
over a time window subsequent to the time window shown
in FIGS. 6A and 7A. The electrogram 600B is similar to the
electrogram 600A (FIG. 6A) in that the electrogram 600B
includes the plurality of deflections “A” associated with
atrial electrical activity (e.g., the P-wave “P” in FIG. 7B) and
the plurality of deflections “V” associated with ventricular
electrical activity (e.g., the QRS-complex “QRS” in FIG.
7B). However, as compared to a comparable ratio in FIG.
6A, the ratio of the amplitude of the deflections “V” to the
amplitude of the deflections “A” in FIG. 6B is larger. Thus,
as compared to the catheter tip position associated with FIG.
6A, the catheter tip position associated with FIG. 6B should
be understood to be closer to the ventricle.

[0053] In general, the catheter tip must pass through a
valve as the catheter tip moves between the atrium and the
ventricle. Thus, in certain implementations, the ratio of the
amplitude of the deflections “A” to the magnitude of the
deflections “V” in an electrogram can be useful for provid-
ing an indication of the position of a valve. For example, a
predetermined ratio of the amplitude of the deflections “A”
to the magnitude of the deflections “V” in an electrogram
can be indicative of the position of a valve between an
atrium and a ventricle. For example, the predetermined ratio
of the amplitude of the deflections “A” to the magnitude of
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the deflections “V” can be about 1:1. Additionally, or
alternatively, the predetermined ratio of the amplitude of the
deflections “A” to the magnitude of the deflections “V” can
be about 1:5 which can be useful for identifying a boundary
spaced a sufficient distance from the valve. Further, or
instead, the predetermined ratio of the amplitude of the
deflections “A” to the amplitude of the deflections “V”* can
be input by a physician. In certain instances, a boundary
associated with the valve can be a specified distance from
locations corresponding to the predetermined ratio of the
amplitude of the deflections “A” to the amplitude of the
deflections “V.” For example, the locations forming an
isosurface corresponding to the predetermined ratio of the
amplitude of the deflections “A” to the amplitude of the
deflections “V” can be identified, and a boundary can be
established relative to such an isosurface. As a more specific
example, relative to the isosurface corresponding to the
predetermined ratio, the boundary can be set a specified
distance in a direction away from the valve to decrease the
likelihood of improperly identifying locations as corre-
sponding to a valve.

[0054] Referring now to FIGS. 6C and 7C together, an
electrogram 600C and an electrocardiogram 700C are shown
in a time window subsequent to the time window shown in
FIGS. 6B and 7B. The electrogram 600C is similar to the
electrograms 600A (FIG. 6A) and 600B (FIG. 6B) in that the
electrogram 600C includes the plurality of deflections “A”
associated with atrial electrical activity (e.g., the P-wave “P”
in FIG. 7C) and the plurality of deflections “V” associated
with ventricular electrical activity (e.g., the QRS-complex
“QRS” in FIG. 7C). It should be appreciated, however, that
the amplitude of some of the deflections “V” in the electro-
gram 600C are larger than the comparable deflections “V” in
FIGS. 6A and 6B and are comparable in magnitude to the
amplitude of the deflections “A” in the electrogram 600C.
Thus, as compared to the positions of the catheter tip
associated with the electrograms 600A and 600B (FIGS.
6A-B), the position of the catheter tip associated with the
electrogram 600C (FIG. 6C) should be understood to be
closer to a ventricle of the heart of the swine model.
Additionally, or alternatively, based on a ratio of the ampli-
tude of the deflections “A” to the amplitude of the deflec-
tions “V” in the electrogram 600C, the position of the
catheter tip associated with the electrogram 600C can be
identified as corresponding to a valve of the heart of the
swine model. The identification of the valve in this position
of the catheter tip can be useful, for example, for tagging or
otherwise visually representing the presence of the valve on
a graphical representation of the heart. Such a tag or other
visual representation can facilitate, for example, delivery of
ablation energy along a perivalvular path.

[0055] Referring now to FIGS. 6D and 7D together, an
electrogram 600D and an electrocardiogram 700D are
shown in a time window subsequent to the time window
shown in FIGS. 6C and 7C. As compared to the electrogram
600C (FIG. 6C), it should be appreciated that the electro-
gram 600D includes a plurality of deflections “V”* associated
with ventricular electrical activity (e.g., the QRS-complex
“QRS” in FIG. 7D), but is substantially flat elsewhere along
the electrogram 600D. In particular, the electrogram 600D
does not include deflections associated with atrial electrical
activity. Accordingly, the position of the catheter tip asso-
ciated with the electrogram 600D should be understood to be
in a ventricle of the heart of the swine model.
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[0056] Referring now to FIGS. 1, 2, and 5 together, the
computer executable instructions stored on the storage
medium 111 (FIG. 1) can cause the processing unit 109
(FIG. 1) to identify a cardiac region associated with the
position of the tip section 124 according to one or more of
the following methods. Unless otherwise indicated, each of
the following methods can be implemented using the system
100 (FIG. 1) and/or one or more components thereof. In
other implementations, however, other suitable systems may
be utilized to perform the disclosed methods.

[0057] FIG. 8is a flowchart of a method 800 of displaying
visual indicia on a representation of a patient’s heart. At
block 802, the method 800 can include receiving a first
electrogram associated with locations of one or more first
electrodes of a catheter in a patient’s heart. The method
further includes receiving a physiological signal associated
with sensors at respective substantially fixed locations rela-
tive to the patient’s heart at block 804, and identifying a
cardiac region corresponding to a respective one or more of
the locations associated with the first electrogram at block
806. Based on the identified cardiac region corresponding to
the respective one or more locations of the one or more first
electrodes, the method continues at block 808 with display-
ing visual indicia on a graphical user interface. As described
in greater detail below, the identifying step at block 806 can
be based on the first electrogram and the physiological
signal. In general, the physiological signal can provide
context (e.g., as described above with respect to FIGS.
6A-6D and FIGS. 7A-7D) useful for interpreting features of
the first electrogram as being indicative of a cardiac region.
At block 808, displaying the visual indicia on a graphical
user interface can be useful for providing visual cues to the
physician as the physician moves the catheter in the heart of
the patient. As compared to performing a medical procedure
without the benefit of such visual cues, it should be appre-
ciated that displaying the visual indicia at block 808 can
facilitate positioning the one or more first electrodes at a
desired location in the heart for diagnosis, treatment, or both.
[0058] Referring again to block 802, receiving the first
electrogram can include receiving respective electrical sig-
nals from the one or more first electrodes of the catheter. In
general, the electrical signals from the one or more first
electrodes of the catheter can be based a voltage, a current,
an impedance, or a combination thereof between a pair of
electrodes that includes a first electrode. The first electro-
gram can be based on a difference between electrical signals
measured between one or more electrode pairs and, thus, can
be any one or more of the various different types of
electrograms described herein. For example, the first elec-
trogram can be unipolar, bipolar, or other types of electrical
signals known in the art.

[0059] The electrical signals forming the basis for the first
electrogram are time-varying signals. These electrical sig-
nals can be processed according to any one or more different
known signal processing techniques useful for reducing
noise in a signal. As an example, the electrical signals can be
band-pass filtered. In general, processing the electrical sig-
nals to reduce noise can facilitate identifying characteristic
electrical activity in the first electrogram. That is, processing
the electrical signals can increase the likelihood of properly
identifying deflections characteristic of atrial electrical
activity, ventricular electrical activity, or both.

[0060] In certain implementations, receiving the first elec-
trogram at block 802 can include associating the first elec-
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trogram with a location of the one or more first electrodes in
the heart of the patient at the time the electrical signals for
a given first electrogram are acquired. Such association
between the first electrogram and a location of the one or
more first electrodes can facilitate, for example, tagging the
location in a graphical representation of the heart as a
particular type of cardiac region (e.g., as determined from
the first electrogram according to any one or more of the
methods described herein). More generally, as the first
electrodes move within the heart of the patient, each location
can be tagged based on features of the respective first
electrogram associated with the location.

[0061] Referring again to block 804, receiving the physi-
ological signal associated with the second electrodes can
include receiving the physiological signal over a timeframe
at least partially overlapping a timeframe of the first elec-
trogram. The temporal coordination of the physiological
signal with the first electrogram can be useful, for example,
for comparing the first electrogram to the physiological
signal according to any one or more of the various different
methods described herein and, in particular, according to any
one or more of the methods described below.

[0062] The physiological signal can be any of various
different types of physiological signals associated with the
heart of the patient and suitable for providing context for
analysis of the first electrogram. Thus, for example, the
physiological signal can include a signal received from one
or more sensors secured in a substantially fixed location on
a body surface of a patient. As a more specific example, the
physiological signal can include an electrocardiogram based
on surface electrodes (e.g., the second electrodes 118 shown
in FIG. 1) secured in substantially fixed locations on a body
surface (e.g., skin) of the patient. Known signatures of
electrical activity in the electrocardiogram can be used to
analyze the first electrogram according to any one or more
of the methods described herein.

[0063] In general, the physiological signal can be a time-
varying signal. Thus, to facilitate comparison of the physi-
ological signal to the first electrogram, the physiological
signal can be processed according to any one or more of
various different signal processing techniques known in the
art. For example, the physiological signal can be band-pass
filtered. The electrogram and the physiological signal can be
filtered differently. As an example, to account for differences
in high-frequency components and high-frequency noise,
the electrograms can be filtered with a higher upper cutoff
frequency than the physiological signal. It should be appre-
ciated, however, that first electrogram and the physiological
signal can be processed according to the same type of filter
in certain implementations.

[0064] Referring to block 806, identifying the cardiac
region corresponding to the respective one or more locations
of the one or more first electrodes in the patient’s heart can
include determining whether the respective one or more of
the locations of the one or more first electrodes corresponds
to at least one predetermined type of cardiac region. As a
specific example, identifying the cardiac region can include
determining whether the respective location of the one or
more first electrodes corresponds to one or more of an
atrium, a ventricle, and a valve, Identification of these
cardiac regions—or, more generally, distinguishing these
cardiac regions from one another—can be useful, for
example, for providing a physician with guidance with
respect to placement of the one or more first electrodes.
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[0065] In certain instances, identifying the cardiac region
at block 806 can include determining a probability that a
given location of the one or more first electrodes is in a given
cardiac region. For example, locations can be assigned
different probabilities of being in a given cardiac region
based on the first electrogram associated with a given
location of the one or more first electrodes and, more
specifically, based on a ratio of an amplitude of a deflection
associated with the cardiac region to an amplitude of a
deflection associated with a different cardiac region. In
certain implementations, the probability associated with
each location can be stored in a three-dimensional data
structure. As described in greater detail below, probability
information from multiple measurements in nearby loca-
tions can be aggregated to reduce errors in the stored data
(e.g., through spatial averaging or smoothing).

[0066] In implementations of the method 800 in which
identifying the cardiac region (block 806) includes deter-
mining a probability associated with a given location, the
probability information associated with each location can be
useful in the formation of a representation of a continuous
surface of the heart. Such a surface representation can be
based on any one or more of various different numerical
algorithms known in the art to extract the continuous surface
from the three-dimensional data structure. As an example, a
“marching cubes” algorithm can be useful for slicing
through the three-dimensional data structure along an 1so-
surface of the probability value. Additionally, or alterna-
tively, tags or an isocontour can be placed along an extracted
surface at points corresponding to a given probability value.
As a more specific example, in the case of an isocontour, the
extracted surface can be cut to remove an unwanted region
from the graphical representation of the heart (e.g., to create
an opening corresponding to a valve).

[0067] In some instances, identifying the cardiac region
(block 806) can include providing an indication of proximity
of a present location of the one or more first electrodes to a
valve. For example, based on the first electrogram, identi-
fying the cardiac region can include identifying whether a
location in one or both of the atrium or the ventricle is near
the valve. Further, or instead, identifying the cardiac region
can include comparing relative proximity of two different
locations (e.g., a current location and one or more previous
locations) of the one or more first electrodes to provide an
indication of whether the one or more first electrodes are
moving toward the valve or away from the valve.

[0068] Identifying the cardiac region (block 806) can
include comparing portions of the first electrogram to one
another based on timing of one or more features of the
physiological signal. For example, the physiological signal
can include features associated with known electrical activ-
ity in the heart of the patient, and the timing of deflections
in the first electrogram can be compared to the known
electrical activity in the physiological signal. Deflections in
the first electrogram that are temporally aligned with deflec-
tions of known electrical activity in the physiological signal
can be associated with the known electrical activity. For
example, as described with respect to FIGS. 6A-6D and
FIGS. 7A-7D, deflections in the first electrogram that are
temporally aligned with a P-wave in the physiological signal
can be associated with detected atrial activity. Further, or
instead, deflections in the first electrogram that are tempo-
rally aligned with a QRS complex in the physiological signal
can be associated with detected ventricular activity.
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[0069] In general, identifying the cardiac region (block
806) can include comparing a first amplitude of a first
portion of the first electrogram to a second amplitude of a
second portion of the first electrogram. In some implemen-
tations, identifying the type of cardiac region can be based
on one or more predetermined thresholds of a ratio of the
first amplitude to the second amplitude. As an example, the
cardiac region corresponding to a respective one or more of
the locations of the one or more first electrodes can be
identified as an atrium of the patient’s heart based on
whether the ratio of the first amplitude to the second
amplitude is greater than a first threshold. Additionally, or
alternatively, the cardiac region corresponding to a respec-
tive one or more of the locations of the one or more first
electrodes can be identified as a ventricle of the patient’s
heart based on whether the ratio of the first amplitude to the
second amplitude is less than a second threshold. Still
further, or instead, the cardiac region corresponding to a
respective one or more of the locations of the one or more
first electrodes can be identified as a valve of the patient’s
heart based on whether the ratio of the first amplitude to the
second amplitude is between the first threshold and the
second threshold. FIGS. 6A-6D and 7A-7D and the corre-
sponding description of those figures provides still more
specific examples of the use a ratio of deflections in the first
electrogram as a basis for distinguishing locations associated
with an atrium, a ventricle, and a valve from one another.
Thus, it should be understood that the first amplitude of the
first portion of the first electrogram can correspond to timing
of a P-wave in the physiological signal and, further or
instead, the second amplitude of the second portion of the
first electrogram can correspond to timing of a QRS com-
plex in the physiological signal.

[0070] Parsing the first electrogram into the first portion
and the second portion can be based on a temporal window
defined along the physiological signal. An R-wave window
is an example of a temporal window that can be defined in
the physiological signal and useful for parsing the first
electrogram. For example, the first portion of the electro-
gram can correspond to timing outside of the R-wave
window and between R-wave peaks of successive heartbeats
in the physiological signal, and the second portion of the
electrogram can correspond to timing within the R-wave
window of the physiological signal. As used herein, an
R-wave window should be understood to include a temporal
window at least partially defined relative to an R-wave
detected in the physiological signal. Thus, as an example, an
R-wave window can be a temporal window of a fixed
duration (e.g., about 200 ms) about a detected R-wave.
Further or instead, an R-wave window can be a temporal
window having a duration that is a multiple (e.g., about 2X)
of a duration of a QRS complex of the physiological signal.
Still further or instead, an R-wave window can be a temporal
window defined relative to both a P-wave and an R-wave.
The R-wave is typically the most easily identifiable wave-
form in the physiological signal, particularly in instances in
which the physiological signal is an electrocardiogram.
Accordingly, the timing associated with an R-wave window
along the physiological signal can facilitate robust and
repeatable parsing of the first electrogram.

[0071] Identifying the cardiac region (block 806) can also
be based on the first electrogram and the physiological
signal over a plurality of heartbeats. As compared to making
a determination over a single heartbeat, identifying the
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cardiac region based on information associated with a plu-
rality of heartbeats is expected to reduce the likelihood of
interference from spurious data. Accordingly, identifying the
cardiac region based on signals received over a plurality of
heartbeats is expected to facilitate robust identification of the
cardiac region over a variety of conditions. For example,
identifying the cardiac region based on information associ-
ated with a plurality of heartbeats can be useful for assigning
a probability that the given location is in a predetermined
cardiac region. As a more specific example, a location
identified as corresponding to an atrium over a plurality of
heartbeats can be associated with a high probability of
corresponding to an atrium while a location identified as
variously corresponding to an atrium and a valve over a
plurality of heartbeats can be associated with a lower
probability of corresponding to an atrium. Thus, in general,
the identification of the cardiac region based on information
associated with a plurality of heartbeats is expected to
reduce the influence of outlying data. Further, or instead, a
probability associated with a given location can be aggre-
gated with probability information from similar measure-
ments in nearby locations to reduce the influence of outlying
data. Examples of such aggregation can include, among
other things, spatial averaging or smoothing across nearby
locations.

[0072] Displaying visual indicia on a graphical user inter-
face (block 808) can include providing the visual indicia on
a representation of a patient’s heart displayed on the graphi-
cal user interface. As an example, the visual indicia can be
displayed on one or more of a three-dimensional data
structure and a continuous surface representative of a sur-
face of the patient’s heart (e.g., the three-dimensional data
structure 134 and the continuous surface 136 in FIG. 5).
Further, or instead, displaying visual indicia (block 808)
according to the method 800 can include any one or more of
various different display techniques useful for providing a
physician with improved visualization of the identified car-
diac region. As used herein, improved visualization should
be understood to include any one or more of various
different display techniques useful for distinguishing the
identified cardiac region from any one or more other cardiac
regions. Further, or instead, it should be appreciated that
displaying the visual indicia can be associated with any one
or more of various different displays on the graphical user
interface during one or both of a build phase and a treatment
phase.

[0073] In certain implementations, displaying the visual
indicia (block 808) can include displaying only those por-
tions of the representation of the patient’s heart correspond-
ing to the at least one predetermined type of cardiac region.
For example, in instances in which the predetermined type
of cardiac region is an atrium, displaying the visual indicia
can include displaying only those portions of the represen-
tation of the patient’s heart corresponding to the atrium.
Thus, continuing with this example, as the one or more first
electrodes are inadvertently moved into a ventricle, the
locations of the one or more first electrodes associated with
the ventricle can be excluded from the displayed visual
indicia. In analogous examples, the predetermined type of
cardiac region can be one or more of a ventricle and a valve.
[0074] Further, or instead, the predetermined type of car-
diac region can include more than one type of cardiac region
such that a particular type of cardiac region can be excluded
from the displayed visual indicia. As an example, the
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predetermined type of cardiac region can be an atrium and
a valve such that displaying the visual indicia includes
displaying those portions of the representation of the
patient’s heart corresponding to the atrium and the valve,
thus excluding only those portions of the representation of
the patient’s heart corresponding to the ventricle. Addition-
ally, or alternatively, displaying the visual indicia can be
based on removing a valve from the representation of the
patient’s heart, as is often useful for providing a physician
with visualization of a cardiac region adjacent to the valve.
More generally, any combination of one or more types of
cardiac regions can be selected such that any one or more
types of cardiac regions can be included or excluded from
the displayed visual indicia according to the needs of a
particular use-case (e.g., a build phase and a treatment
phase), physician preference, or a combination thereof.

[0075] In some implementations, displaying the visual
indicia (block 808) can include modifying the visual indicia
on the representation of the patient’s heart as the one or more
first electrodes move from a first cardiac region to a second
cardiac region, with the first cardiac region being different
from the second cardiac region. For example, modifying the
visual indicia can include changing a color of the represen-
tation of the patient’s heart at the location of the one or more
first electrodes, with the color providing a readily percep-
tible signal to the physician that the one or more of the first
electrodes have migrated from an intended cardiac region.
Additionally, or alternatively, modifying the visual indicia
can include displaying an alert (e.g., in the form of a symbol,
text, or a combination thereof) to draw the physician’s
attention to deviation from an intended cardiac region.

[0076] In certain implementations, displaying the visual
indicia (block 808) based on the identified cardiac region
corresponding to the respective one or more of the locations
of the one or more first electrodes can include coloring at
least a portion of the representation of the patient’s heart
based on the identified cardiac region. For example, one or
more predetermined cardiac regions can be displayed as a
color differing from the other predetermined cardiac regions.
More specifically, coloring at least a portion of the repre-
sentation of the patient’s heart can include coloring locations
corresponding to a valve as a color differing from one or
both of the atrium and the ventricle. In general, displaying
the cardiac regions as different colors can provide the
physician with readily perceptible cues regarding the loca-
tion of the one or more first electrodes relative to a given
cardiac region. Additionally, or alternatively, in instances in
which each location of the one or more first electrodes are
associated with a probability of being in a given cardiac
region, the color of the location can correspond to a gradient
reflecting the probability. It should be appreciated that such
a gradient can result in a gradual transition in color on the
graphical user interface.

[0077] In some implementations, displaying the visual
indicia (block 808) can include adjusting opacity of at least
a portion of the representation of the patient’s heart based on
the identified cardiac region. For example, on the represen-
tation of the patient’s heart displayed on the graphical user
interface, a predetermined type of cardiac region can be
displayed as less opaque than one or more other types of
cardiac regions. By displaying the predetermined type of
cardiac region with less opacity on the graphical user
interface, the physician’s attention can be directed to the
predetermined type of cardiac region.
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[0078] In certain implementations, displaying the visual
indicia (block 808) can include displaying a contour along a
portion of the representation of the patient’s heart. That is,
the contour can be representative of locations between an
atrium and a ventricle and corresponding, therefore, to a
valve. The contour can be useful, for example, for providing
the physician with a useful landmark for positioning the one
or more first electrodes, such as during a treatment phase of
a treatment desirably applied relative to the valve (e.g., a
treatment, such as RF ablation, that is advantageously
applied near the valve).

[0079] In certain implementations, the method 800 can
further include receiving a user input associated with a
selection of a treatment region at block 807. As used herein,
the treatment region can include one or more types of
cardiac regions and, thus, for example, can include one or
more of an atrium, a supraventricular region (e.g., a region
including the atrium and/or one or more other anatomic
structures situated above the ventricles), and a ventricle. The
user input associated with the selection of the treatment
region can be made in a variety of ways, including through
interaction with a user interface on a catheter interface unit,
interaction with a user interface on the catheter (e.g., on a
handle of the catheter), voice commands, hand gestures, or
a combination thereof. As an example, a list of one or more
types of cardiac regions can be displayed on a graphical user
interface (e.g., the graphical user interface 110), and the
physician can select one or more of the types of cardiac
regions through the use of an input device in communication
with the graphical user interface.

[0080] The physician can, for example, set up the system
for a particular procedure or for a portion of a procedure, and
the method 800 is expected to provide the physician with
feedback regarding whether an identified cardiac region at a
given location of the catheter (block 806) corresponds to the
target treatment region associated with such a procedure or
portion of a procedure. Such feedback can be provided to the
physician in real-time or substantially in real-time such that
the physician can adjust the position of the catheter as
necessary in instances in which the catheter inadvertently
moves from the treatment region to another cardiac region.
As an example, displaying the visual indicia (block 808) can
include displaying an indication of whether the identified
cardiac region (block 806) corresponds to the received user
input associated with the selection of the treatment region
(block 807). The visual indicia, therefore, can provide the
physician with a readily perceivable indication of whether
the catheter is in an intended cardiac region, allowing the
physician to adjust the position of the catheter as necessary.

[0081] While the visual indicia can be represented as
changes to one or more of a three-dimensional data structure
and a continuous surface based on the three-dimensional
data structure, other types of visual indicia are additionally
or alternatively possible. For example, the visual indicia can
include a tag. Continuing with this example, the tag can be
associated with a given location of the one or more first
electrodes and displayed on or near the three-dimensional
data structure, the continuous surface, or both. As an
example, the tag can represent a location of a valve or,
similarly, another location useful for delivery of a treatment.
As an additional or alternative example, displaying visual
indicia (block 808) can include changing a representation of
the catheter on the graphical user interface. Such a change
to the representation of the catheter can include any of
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various changes suitable for providing a readily perceptible
visual cue to the physician as the physician’s attention is
directed to the representation of the catheter during a pro-
cedure. As an example, changing the representation of the
catheter on the graphical user interface can include changing
a color of the representation of the catheter.

[0082] While the visual indicia can be used to provide an
indication to the physician, it should be appreciated that,
more generally, an audible alert, a haptic alert, or other types
of alerts can be additionally or alternatively used to provide
feedback to a physician.

[0083] Although the steps of the method 800 are discussed
and/or illustrated in a particular order, the method 800
shown in FIG. 8 is not so limited. In other implementations,
the method 800 can be performed in a different order. In
these and other implementations, any of the steps of the
method 800 can be performed before, during, and/or after
any of the other steps of the method 800. Moreover, a person
of ordinary skill in the relevant art will readily recognize that
the illustrated method 800 can be altered and still remain
within these and other implementations of the present tech-
nology. For example, one or more steps of the method 800
illustrated in FIG. 8 can be omitted and/or repeated in some
implementations.

[0084] FIG. 9is a flow chart of a method 900 of displaying
one or more of a three-dimensional data structure and a
representation of a patient’s heart (e.g., the three-dimen-
sional data structure 134 and the continuous surface 136
shown in FIG. 5). In general, the method 900 can be useful
during a build phase. For example, as one or more first
electrodes of a catheter are moved in the heart of the patient
to gather location data useful for forming a three-dimen-
sional data structure and, in certain instances, a continuous
surface representative of a surface of a patient’s heart, the
method 900 can be used to exclude certain extraneous
locations (e.g., locations associated with unintended migra-
tion of the one or more first electrodes away from a cardiac
region of interest). The exclusion of extraneous locations
from the three-dimensional data structure during the build
phase can be useful for efficiently and accurately forming the
three-dimensional data structure and, thus, can reduce the
overall time associated with a medical procedure.

[0085] Beginning at block 901, the method 900 can
include receiving a user input associated with a selection of
a treatment region in a patient’s heart. Referring to block
902, the method 900 continues with receiving a first elec-
trogram associated with one or more first electrodes of a
catheter at a plurality of first locations in a patient’s heart,
and at block 904 the method 900 includes receiving a
physiological signal different from the first electrogram. The
method 900 further includes identifying a cardiac region
corresponding to a respective one or more of the locations of
the one or more first electrodes in the patient’s heart (block
906), selectively including the respective one or more loca-
tions of the one or more first electrodes in a three-dimen-
sional data structure (block 908), and displaying one or more
of the three-dimensional data structure and a representation
of the patient’s heart (block 910). Unless otherwise specified
or made clear from the context, receiving the user input
associated with the selection of a treatment region in the
patient’s heart (block 901), receiving the first electrogram
(block 902), and receiving the physiological signal (block
904) should be understood to be analogous to the respective
receiving the user input associated with the selection of a
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treatment region (block 807), receiving the first electrogram
(block 802), and receiving the physiological signal (block
804) processes described above with respect to FIG. 8.
Similarly, identifying the cardiac region at block 906 can be
based on the first electrogram and the physiological signal
and, unless otherwise indicated or made clear from the
context, should be understood to be analogous to identifying
the cardiac region (block 806) described above with respect
to FIG. 8.

[0086] In general, selectively including the respective one
or more locations of the one or more first electrodes in the
three-dimensional data structure (block 908) can be based on
whether the identified cardiac region (block 906) corre-
sponds to the treatment region associated with the selection
received as the user input (block 901). Thus, in instances in
which the treatment region is an atrium, selectively includ-
ing the respective one or more locations (block 908) can be
based on whether the one or more locations are identified as
corresponding to an atrium (block 906). Continuing with
this example, locations identified as corresponding to an
atrium (block 906) can be included in the three-dimensional
data structure while locations that are identified (block 906)
as not corresponding to an atrium (e.g., corresponding to a
valve or a ventricle) can be excluded from the three-
dimensional data structure. Analogous examples should be
understood to be applicable with respect to the predeter-
mined cardiac region being a valve or a ventricle. More
generally, selectively including the respective one or more
locations of the one or more first electrodes in the three-
dimensional data structure (block 908) can be based on
movement of the one or more first electrodes from a first
cardiac region to a second cardiac region, with the first
cardiac region being different from the second cardiac
region.

[0087] Insome implementations, selectively including the
respective one or more locations of the one or more first
electrodes in the three-dimensional data structure (block
908) can include adding any one or more of various different
types of location information to the three-dimensional data
structure. For example, selectively including the respective
one or more of the locations of the one or more first
electrodes in the three-dimensional data structure (block
908) can include adding the coordinates of the respective
one or more of the locations of the one or more first
electrodes to the three-dimensional data structure. Further,
or instead, at least one representation (e.g., a schematic
representation) of one or more portions of the catheter (e.g.,
the catheter 104 in FIG. 2) can be added to the three-
dimensional data structure. For example, in instances in
which locations of electrodes on a catheter are identified
(block 906) as corresponding to the treatment region asso-
ciated with the selection received at block 901 as the user
input, at least one shape corresponding to the distal portion
of the catheter 104 at the one or more locations can be added
to the three-dimensional data structure. Continuing with this
example, in instances in which none of the locations of
electrodes on the catheter 104 are identified (block 906) as
corresponding to the treatment region associated with the
selection received at block 901 as the user input, the catheter
representation can be excluded from the three-dimensional
data structure. At block 908, selectively including a repre-
sentation of one or more portions of the catheter 104 can,
further or instead, be based on other rules. For example, the
representation of one or more portions of the catheter can be
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excluded if any of the electrodes on the catheter are iden-
tified at block 906 as corresponding to a region different
from the treatment region associated with the selection
received at block 901 as the user input.

[0088] Although the steps of the method 900 are discussed
and/or illustrated in a particular order, the method 900
shown in FIG. 9 is not so limited. In other implementations,
the method 900 can be performed in a different order. In
these and other implementations, any of the steps of the
method 900 can be performed before, during, and/or after
any of the other steps of the method 900. Moreover, a person
of ordinary skill in the relevant art will readily recognize that
the illustrated method 900 can be altered and still remain
within these and other implementations of the present tech-
nology. For example, one or more steps of the method 900
illustrated in FIG. 9 can be omitted and/or repeated in some
implementations.

[0089] FIG. 10 is a flow chart of a method 1000 of
modifying a graphical user interface. The method 1000 can
be useful, for example, for presenting the physician with the
most relevant user input options based on a cardiac region
corresponding to a given location of the one or more first
electrodes. For example, as the one or more first electrodes
move from an atrium to a ventricle, the method 1000 can
advantageously modify user input options presented to the
physician such that the user input options are relevant to the
cardiac region corresponding to the given location of the one
or more first electrodes. Such adaptation of the user input
options can be useful, for example, for reducing the amount
of attention required by the physician to navigate menu
options associated with one or more of a build phase and a
treatment phase.

[0090] Beginning at block 1002, the method 1000 can
include receiving a first electrogram associated with one or
more first electrodes of a catheter at first locations in a
patient’s heart. The method 1000 continues at block 1004
with receiving a physiological signal different from the first
electrogram, and at block 1006 with identifying a cardiac
region corresponding to a respective one or more of the
locations of the one or more first electrodes in the patient’s
heart. At block 1008, the method 1000 comprises modifying
one or more user interface options displayed on a graphical
user interface based on the identified cardiac region. Unless
otherwise specified or clear from the context, receiving the
first electrogram (block 1002) and receiving the physiologi-
cal signal (block 1004) are analogous to the respective
receiving the first electrogram (block 802) and receiving the
physiological signal (block 804) described above with
respect to FIG. 8. Similarly, identifying the cardiac region
(block 1006) can be based on the first electrogram and the
physiological signal and, unless otherwise indicated or clear
from the context, should be understood to be analogous to
identifying the cardiac region (block 806) described above
with respect to FIG. 8.

[0091] In certain implementations, modifying one or more
user interface options displayed on the graphical user inter-
face (block 1008) can include modifying a state of a state
machine displayed on a graphical user interface. As an
example, the state of a state machine displayed on a graphi-
cal user interface can correspond to one or more states
associated with the identified cardiac region (block 1006).
Thus, as the identified cardiac region at block 1006 changes
through movement of the one or more first electrodes in the
heart of the patient, the state of the state machine displayed
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on the graphical user interface can change accordingly. Such
dynamic variation of the state of the state machine can
advantageously present the physician with relevant input
options associated with the identified cardiac region (block
1006) and, optionally, with respect to a mode of use (e.g., a
build phase or a treatment phase).

[0092] In certain implementations, the method 1000 can
further include receiving, from a remote input device (e.g.,
the remote input device 119 shown in FIGS. 1 and 2), a
selection of the one or more user interface options at block
1010. Because the user interface options displayed on the
graphical user interface at any given time can be modified
(block 1008) based on the identified cardiac region (block
1006), the physician can select a desired input option using
only a few input commands. The use of only a few com-
mands can, in turn, be implemented through a remote input
device with a few buttons and, in certain implementations,
such a remote input device can be incorporated into the
catheter.

[0093] Although the steps of the method 1000 are dis-
cussed and/or illustrated in a particular order, the method
1000 shown in FIG. 10 is not so limited. In other imple-
mentations, the method 1000 can be performed in a different
order. In these and other implementations, any of the steps
of the method 1000 can be performed before, during, and/or
after any of the other steps of the method 1000. Moreover,
a person of ordinary skill in the relevant art will readily
recognize that the illustrated method 1000 can be altered and
still remain within these and other implementations of the
present technology. For example, one or more steps of the
method 1000 illustrated in FIG. 10 can be omitted and/or
repeated in some inplementations.

[0094] While certain implementations have been
described, other implementations are additionally or altet-
natively possible. For example, while the physiological
signal has been described as being an electrocardiogram
based on electrodes at substantially fixed locations on skin
of the patient, other implementations are additionally, or
alternatively, possible. As an example, referring now to
FIGS. 1 and 11 together, a coronary sinus catheter 1100 can
be positioned in a coronary sinus 1102 of the patient as the
tip section 124 is moved within the cardiac chamber 132.
Second electrodes or intracardiac reference electrodes 1104
disposed on the coronary sinus catheter 1100 can acquire
one or more signals at a substantially fixed location in the
coronary sinus of the patient while the at least one first
electrode 125 acquires one or more signals associated with
an electrogram of the cardiac chamber 132. As used herein,
the substantially fixed location of the second electrodes 1104
in the coronary sinus of the patient should be understood to
allow for incidental movement of the coronary sinus catheter
1100 during a medical procedure.

[0095] The one or more signals acquired by the second
electrodes 1104 of the coronary sinus catheter 1100 can form
a basis for a second electrogram. In general, unless other-
wise indicated or made clear from the context, the second
electrogram measured by the second electrodes 1104 on the
coronary sinus catheter 1100 can form a basis for any one or
more of the physiological signals described herein. As an
example, the coronary sinus catheter 1100 can be in elec-
trical communication with the interface unit 108, and the
second electrogram measured by the coronary sinus catheter
1100 can form the basis of a physiological signal used, in
combination with the first electrogram measured by the at
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least one first electrode 125, to identify a cardiac region
according to any one or more of the methods described
herein.

[0096] As another example, while physiological signals
have been described as being based on signals measured
from electrodes in substantially fixed positions relative to
the heart of a patient, other physiological signals are addi-
tionally or alternatively possible. For example, the physi-
ological signal can be based on a pressure waveform mea-
sured by one or more pressure sensors positioned to measure
changes in pressure in an anatomic vessel as the heart of the
patient beats. For example, the pressure sensors can be
pressure sensors disposed in an anatomic vessel of the
patient as the heart of the patient beats.

[0097] As still another example, while electrograms have
been described herein as being compared to physiological
signals to determine timing suitable for identifying cardiac
regions, the electrograms described herein can be compared
to other types of signals to calibrate deflections shown in the
electrograms to electrical activity of the heart, and other
types of comparisons are additionally or alternatively pos-
sible for associating deflections in the electrograms with
electrical activity of the heart. For example, a signal based
on flow of blood in an anatomic chamber or vessel can be
useful for establishing timing suitable for associating deflec-
tions in the electrograms to electrical activity of the heart. As
one specific example, ultrasound can be used to determine
timing associated with the flow of blood in an anatomic
chamber or vessel, and this timing can be compared to
deflections in the electrograms to identify a cardiac region.
As an additional or alternative example, thermal dilution can
be used to determine timing associated with the flow of
blood in an anatomic vessel, and this timing can be com-
pared to deflections in the electrograms to identify a cardiac
region.

[0098] Multiple physiological signals can be used, in
combination with the first electrogram measured by the first
electrode(s) 125 to identify a cardiac region according to any
one or more of the methods described herein. For example,
multiple signals acquired from second electrodes or body
surface electrodes 118 on the skin of the patient can be used
together to identify a timing of an R-wave or a QRS complex
using detection algorithms known in the art. Additionally or
alternatively, the multiple physiological signals can com-
prise multiple signal types such as, for example, electrogram
signals and pressure signals.

[0099] The above systems, devices, methods, processes,
and the like can be realized in hardware, software, or any
combination of these suitable for a particular application.
The hardware can include a general-purpose computer and/
or dedicated computing device. This includes realization in
one or more microprocessors, microcontrollers, embedded
microcontrollers, programmable digital signal processors or
other programmable devices or processing circuitry, along
with internal and/or external memory. This can also, or
instead, include one or more application specific integrated
circuits, programmable gate arrays, programmable array
logic components, or any other device or devices that can be
configured to process electronic signals.

[0100] It will further be appreciated that a realization of
the processes or devices described above can include com-
puter-executable code created using a structured program-
ming language such as C, an object oriented programming
language such as C++, or any other high-level or low level
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programming language (including assembly languages,
hardware description languages, and database programming
languages and technologies) that can be stored, compiled or
interpreted to run on one of the above devices, as well as
heterogeneous combinations of processors, processor archi-
tectures, or combinations of different hardware and soft-
ware. In another aspect, the methods can be embodied in
systems that perform the steps thereof, and can be distrib-
uted across devices in a number of ways. At the same time,
processing can be distributed across devices such as the
various systems described above, or all of the functionality
can be integrated into a dedicated, standalone device or other
hardware. In another aspect, means for performing the steps
associated with the processes described above can include
any of the hardware and/or software described above. All
such permutations and combinations are intended to fall
within the scope of the present disclosure.

[0101] Implementations disclosed herein can include com-
puter program products comprising computer-executable
code or computer-usable code that, when executing on one
or more computing devices, performs any and/or all of the
steps thereof. The code can be stored in a non-transitory
fashion in a computer memory, which can be a memory from
which the program executes (such as random-access
memory (RAM) associated with a processor), or a storage
device such as a disk drive, flash memory or any other
optical, electromagnetic, magnetic, infrared or other device
or combination of devices.

[0102] In another aspect, any of the systems and methods
described above can be embodied in any suitable transmis-
sion or propagation medium carrying computer-executable
code and/or any inputs or outputs from same.

[0103] The method steps of the implementations described
herein are intended to include any suitable method of
causing such method steps to be performed, consistent with
the patentability of the following claims, unless a different
meaning is expressly provided or otherwise clear from the
context. So, for example, performing the step of X includes
any suitable method for causing another party such as a
remote user, a remote processing resource (e.g., a server or
cloud computer) or a machine to perform the step of X.
Similarly, performing steps X, Y, and Z can include any
method of directing or controlling any combination of such
other individuals or resources to perform steps X, Y, and Z
to obtain the benefit of such steps. Thus, method steps of the
implementations described herein are intended to include
any suitable method of causing one or more other parties or
entities to perform the steps, consistent with the patentability
of the following claims, unless a different meaning is
expressly provided or otherwise clear from the context. Such
parties or entities need not be under the direction or control
of any other party or entity, and need not be located within
a particular jurisdiction.

C. Additional Examples

[0104] Several aspects of the present technology are set
forth in the following examples.
[0105] 1. A method comprising:

[0106] receiving a first electrogram associated with one
or more first electrodes of a catheter at locations in a
patient’s heart;

[0107] receiving a physiological signal associated with
second electrodes at respective substantially fixed loca-
tions relative to the patient’s heart;
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[0108] based on the first electrogram and the physi-
ological signal, identifying a cardiac region corre-
sponding to a respective one or more of the locations of
the one or more first electrodes in the patient’s heart;
and

[0109] on a graphical user interface, displaying visual
indicia based on the identified cardiac region corre-
sponding to the respective one or more locations of the
one or more first electrodes.

[0110] 2. The method of example 1 wherein displaying the
visual indicia includes providing the visual indicia on a
representation of the patient’s heart displayed on the graphi-
cal user interface.

[0111] 3. The method of example 2 wherein displaying the
visual indicia includes coloring at least a portion of the
representation of the patient’s heart based on the identified
cardiac region.

[0112] 4. The method of any one of examples 2 or 3
wherein displaying the visual indicia based on the identified
cardiac region includes adjusting opacity of at least a portion
of the representation of the patient’s heart based on the
identified cardiac region.

[0113] 5. The method of any one of examples 1-4 wherein
displaying the visual indicia includes changing a represen-
tation of the catheter on the graphical user interface.
[0114] 6. The method of any one of examples 1-5 wherein
identifying the cardiac region includes determining whether
the respective one or more of the locations of the one or
more first electrodes corresponds to at least one predeter-
mined type of cardiac region.

[0115] 7. The method of example 6 wherein displaying the
visual indicia includes displaying only those portions of a
representation of the patient’s heart on the graphical user
interface corresponding to the at least one predetermined
type of cardiac region.

[0116] 8. The method of any one of examples 6 and 7
wherein identifying the cardiac region includes determining
whether the respective one or more of the locations of the
one or more first electrodes corresponds to an atrium of the
patient’s heart.

[0117] 9. The method of any one of examples 6-8 wherein
identifying the cardiac region includes determining whether
the respective one or more of the locations of the one or
more first electrodes corresponds to a ventricle of the
patient’s heart.

[0118] 10. The method of any one of examples 6-9
wherein identifying the cardiac region includes determining
whether the respective one or more of the locations of the
one or more first electrodes corresponds to a valve of the
patient’s heart.

[0119] 11. The method of any one of examples 1-10
wherein displaying the visual indicia includes modifying the
visual indicia as the one or more first electrodes move from
a first cardiac region to a second cardiac region, the first
cardiac region different from the second cardiac region.
[0120] 12. The method of any one of examples 1-11
wherein, based on the identified cardiac region correspond-
ing to a valve of the patient’s heart, displaying the visual
indicia based on the identified cardiac region includes dis-
playing a contour along a portion of a representation of the
patient’s heart on the graphical user interface.

[0121] 13. The method of any one of examples 1-12
further comprising receiving a user input associated with a
selection of a treatment region in the patient’s heart, wherein
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displaying the visual indicia includes displaying an indica-
tion of whether the identified cardiac region corresponds to
the selected treatment region.

[0122] 14. The method of example 13 wherein the selected
treatment region is an/the atrium and displaying the visual
indicia includes displaying an indication of whether the
identified cardiac region corresponds to the atrium.

[0123] 15. The method of any one of examples 1-14
wherein the visual indicia include a tag.

[0124] 16. The method of any one of examples 1-15
wherein identifying the cardiac region includes comparing a
first portion in the first electrogram to a second portion in the
first electrogram, the first portion is different from the
second portion, and the comparison of the first portion to the
second portion is based on timing of one or more features of
the physiological signal.

[0125] 17. The method of example 16 wherein identifying
the cardiac region includes processing one or both of the first
electrogram and the physiological signal.

[0126] 18. The method of example 17 wherein processing
one or both of the first electrogram and the physiological
signal includes band-pass filtering one or both of the first
electrogram and the physiological signal.

[0127] 19. The method of any one of examples 16-18
wherein identifying the cardiac region includes comparing a
first amplitude of a first portion of the first electrogram to a
second amplitude of a second portion of the first electro-
gram.

[0128] 20. The method of example 19 wherein the first
amplitude of the first portion of the first electrogram corre-
sponds to timing of a P-wave in the physiological signal, and
the second amplitude of the second portion of the first
electrogram corresponds to timing of a QRS complex in the
physiological signal.

[0129] 21. The method of example 20 wherein the second
portion of the first electrogram corresponds to timing of an
R-wave window of the physiological signal and the first
portion of the first electrogram corresponds to timing outside
of the R-wave window and between R-wave peaks of
successive heartbeats in the physiological signal.

[0130] 22. The method of example 21 wherein a duration
of the R-wave window is about twice as large as a duration
of a QRS complex of the physiological signal.

[0131] 23. The method of any one of examples 19-22
wherein identifying the cardiac region is based on one or
more predetermined thresholds of a ratio of the first ampli-
tude to the second amplitude.

[0132] 24. The method of any one of examples 1-23
wherein identifying the cardiac region corresponding to the
respective one or more of the locations of the one or more
first electrodes in the patient’s heart is based on the first
electrogram and the physiological signal over a plurality of
heartbeats.

[0133] 25. The method of any one of examples 1-24
wherein the first electrogram is an electrogram associated
with a pair of the one or more first electrodes on the catheter.
[0134] 26. The method of any one of examples 1-25
wherein the physiological signal includes an electrocardio-
gram associated with the second electrodes in a substantially
fixed position on a body surface of the patient.

[0135] 27. The method of any one of examples 1-26
wherein the physiological signal includes a second electro-
gram associated with the second electrodes in a substantially
fixed position in an anatomic structure of the patient.
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[0136] 28. The method of example 27 wherein the second
electrodes are in a substantially fixed position in a coronary
sinus of the patient.

[0137] 29. A method comprising:

[0138] receiving a user input associated with a selection
of a treatment region in a patient’s heart; receiving a
first electrogram associated with one or more first
electrodes of a catheter at first locations in the patient’s
heart;

[0139] receiving a physiological signal different from
the first electrogram;

[0140] based on the first electrogram and the physi-
ological signal, identifying a cardiac region corre-
sponding to a respective one or more of the locations of
the one or more first electrodes in the patient’s heart;
based on whether the identified cardiac region corre-
sponds to the treatment region, selectively including
the respective one or more of the locations of the one
or more first electrodes in a three-dimensional data
structure; and

[0141] on a graphical user interface, displaying one or
more of the three-dimensional data structure and a
representation of the patient’s heart, wherein the rep-
resentation of the patient’s heart is based on the three-
dimensional data structure.

[0142] 30. The method of example 29 wherein the treat-
ment region includes an atrium of the patient’s heart.
[0143] 31. The method of example 30 wherein the treat-
ment region includes a supraventricular region.

[0144] 32. The method of any one of examples 30 or 31
wherein the treatment region includes a ventricle of the
patient’s heart.

[0145] 33. The method of any one of examples 30-32
wherein identifying the cardiac region corresponding to the
respective one or more of the locations of the one more first
electrodes in the patient’s heart includes comparing portions
in the first electrogram to one another based on timing of one
or more features of the physiological signal.

[0146] 34. The method of example 33 wherein identifying
the cardiac region corresponding to the respective one or
more of the locations of the one or more first electrodes in
the patient’s heart includes processing one or both of the first
electrogram and the physiological signal.

[0147] 35. The method of example 34 wherein processing
one or both of the first electrogram and the physiological
signal includes band-pass filtering one or both of the first
electrogram and the physiological signal.

[0148] 36. The method of any one of examples 29-35
wherein identifying the cardiac region corresponding to the
respective one or more of the locations of the one or more
first electrodes in the patient’s heart includes comparing a
first amplitude of a first portion of the first electrogram to a
second amplitude of a second portion of the first electro-
gram.

[0149] 37. The method of example 36 wherein the first
amplitude of the first portion of the first electrogram corre-
sponds to timing of a P-wave in the physiological signal, and
the second amplitude of the second portion of the first
electrogram corresponds to timing of a QRS complex in the
physiological signal.

[0150] 38. The method of example 37 wherein the second
portion of the first electrogram corresponds to timing of an
R-wave window of the physiological signal and the first
portion of the first electrogram corresponds to timing outside
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of the R-wave window and between R-wave peaks of
successive heartbeats in the physiological signal.

[0151] 39. The method of example 38 wherein a duration
of the R-wave window is about twice as large as a duration
of a QRS complex of the physiological signal.

[0152] 40. The method of any one of examples 36-39
wherein identifying the cardiac region is based on one or
more predetermined thresholds of a ratio of the first ampli-
tude to the second amplitude.

[0153] 41. The method of any one of examples 29-40
wherein identifying the cardiac region corresponding to the
respective one or more of the locations of the one or more
first electrodes in the patient’s heart is based on the first
electrogram and the physiological signal over a plurality of
heartbeats.

[0154] 42. The method of any one of examples 29-41
wherein selectively including the respective one or more of
the locations of the one or more first electrodes in the
three-dimensional data structure is based on movement of
the one or more first electrodes from a first cardiac region to
a second cardiac region, the first cardiac region different
from the second cardiac region.

[0155] 43. The method of any one of examples 29-42
wherein selectively including the respective one or more of
the locations of the one or more first electrodes in the
three-dimensional data structure includes adding coordi-
nates of the respective one or more of the locations to the
three-dimensional data structure.

[0156] 44. The method of any one of examples 29-43
wherein selectively including the respective one or more of
the locations of the one or more first electrodes in the
three-dimensional data structure includes adding at least one
representation of one or more portions of the catheter to the
three-dimensional data structure.

[0157] 45. The method of any one of examples 29-44
wherein receiving the physiological signal is associated with
second electrodes at respective substantially fixed locations
relative to the patient’s heart.

[0158] 46. The method of any one of examples 29-45
wherein the physiological signal includes one or more of a
second electrogram and an electrocardiogram.

[0159] 47. A method comprising:

[0160] receiving a first electrogram associated with one
or more first electrodes of a catheter at first locations in
a patient’s heart;

[0161] receiving a physiological signal different from
the first electrogram;

[0162] based on the first electrogram and the physi-
ological signal, identifying a cardiac region corre-
sponding to a respective one or more of the first
locations of the one or more first electrodes in the
patient’s heart; and

[0163] based on the identified cardiac region, modifying
one or more user interface options displayed on a
graphical user interface.

[0164] 48. The method of example 47 wherein identifying
the cardiac region includes determining whether the respec-
tive one or more of the first locations of the one or more first
electrodes corresponds to at least one predetermined type of
cardiac region.

[0165] 49. The method of example 48 wherein identifying
the cardiac region includes determining whether the respec-
tive one or more of the first locations of the one or more first
electrodes corresponds to an atrium of the patient’s heart.
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[0166] 50. The method of any one of examples 48 or 49
wherein identifying the cardiac region includes determining
whether the respective one or more of the first locations of
the one or more first electrodes corresponds to a ventricle of
the patient’s heart.

[0167] 51. The method of any one of examples 48-50
wherein identifying the cardiac region includes determining
whether the respective one or more of the first locations of
the one or more first electrodes corresponds to a valve of the
patient’s heart.

[0168] 52. The method of any one of examples 47-51
wherein identifying the cardiac region corresponding to the
respective one or more of the first locations of the one or
more first electrodes in the patient’s heart includes compar-
ing portions in the first electrogram to one another based on
timing of one or more features of the physiological signal.
[0169] 53. The method of example 52 wherein identifying
the cardiac region corresponding to the respective one or
more of the first locations of the one or more first electrodes
in the patient’s heart includes processing one or both of the
first electrogram and the physiological signal.

[0170] 54. The method of example 53 wherein processing
one or both of the first electrogram and the physiological
signal includes band-pass filtering one or both of the first
electrogram and the physiological signal.

[0171] 55. The method of any one of examples 47-54
wherein identifying the cardiac region corresponding to the
respective one or more of the first locations of the one or
more first electrodes in the patient’s heart includes compar-
ing a first amplitude of a first portion of the first electrogram
to a second amplitude of a second portion of the first
electrogram.

[0172] 56. The method of example 55 wherein the first
amplitude of the first portion of the first electrogram corre-
sponds to timing of a P-wave in the physiological signal, and
the second amplitude of the second portion of the first
electrogram corresponds to timing of a QRS complex in the
physiological signal.

[0173] 57. The method of example 56 wherein the second
portion of the first electrogram corresponds to timing of an
R-wave window of the physiological signal and the first
portion of the first electrogram corresponds to timing outside
of the R-wave window and between R-wave peaks of
successive heartbeats in the physiological signal.

[0174] 58. The method of example 57 wherein a duration
of the R-wave window is about twice as large as a duration
of a QRS complex of the physiological signal.

[0175] 59. The method of any one of examples 55-58
wherein identifying the cardiac region is based on one or
more predetermined thresholds of a ratio of the first ampli-
tude to the second amplitude.

[0176] 60. The method of any one of examples 47-59
wherein identifying the cardiac region corresponding to the
respective one or more of the first locations of the one or
more first electrodes in the patient’s heart is based on the
first electrogram and the physiological signal over a plurality
of heartbeats.

[0177] 61. The method of any one of examples 47-60
wherein modifying the one or more user interface options on
the graphical user interface includes modifying a state of a
state machine displayed on the graphical user interface.
[0178] 62. The method of any one of examples 47-61
further comprising receiving, from a remote input device, a
selection of the one or more user interface options.
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[0179] 63. The method of any one of examples 47-62
wherein the received physiological signal is associated with
second electrodes at respective substantially fixed locations
relative to the patient’s heart.
[0180] 64. The method of any one of examples 47-63
wherein the physiological signal includes one or more of a
second electrogram and an electrocardiogram.
[0181] 65. A non-transitory, computer-readable storage
medium having stored thereon computer executable instruc-
tions for causing one or more processors to execute the
method of any one or more of examples 1-64.
[0182] 66. A system comprising:
[0183] a cardiac catheter including:
[0184] a shaft having a proximal end portion and a
distal end portion, and
[0185] one or more first electrodes, the one or more
first electrodes mechanically coupled to the distal
end portion of the shaft;

[0186] a second catheter including second electrodes;
and
[0187] a catheter interface unit in electrical communi-

cation with the first electrodes and the second elec-
trodes, the catheter interface unit including a graphical
user interface, one or more processors, and the non-
transitory, computer-readable storage medium of
example 65.
[0188] 67. The system of example 66 wherein the second
catheter is a coronary sinus catheter.
[0189] 68. The system of any one of examples 66 or 67
further comprising a remote input device in electrical com-
munication with the catheter interface unit to select one or
more user interface options displayed on the graphical user
interface.
[0190] 69. A system comprising:
[0191] a cardiac catheter including:
[0192] a shaft having a proximal end portion and a
distal end portion, and
[0193] one or more first electrodes, the one or more
first electrodes mechanically coupled to the distal
end portion of the shaft;
[0194] second electrodes securable in a substantially
fixed position on skin of a patient; and
[0195] a catheter interface unit in electrical communi-
cation with the first electrodes and the second elec-
trodes, the catheter interface unit including a graphical
user interface, one or more processors, and the non-
transitory, computer-readable storage medium of
example 65.
[0196] 70. The system of example 69 further comprising a
remote input device in electrical communication with the
catheter interface unit to select one or more user interface
options displayed on the graphical user interface.

D. Conclusion

[0197] The above detailed descriptions of implementa-
tions of the present technology are not intended to be
exhaustive or to limit the technology to the precise form
disclosed above. Although specific implementations of, and
examples for, the technology are described above for illus-
trative purposes, various equivalent modifications are pos-
sible within the scope of the technology, as those skilled in
the relevant art will recognize. For example, while steps are
presented in a given order, alternative implementations can
perform steps in a different order. Furthermore, the various
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implementations described herein can also be combined to
provide further implementations.

[0198] From the foregoing, it will be appreciated that
specific implementations of the present technology have
been described herein for purposes of illustration, but well-
known structures and functions have not been shown or
described in detail to avoid unnecessarily obscuring the
description of the implementations of the present technol-
ogy. Where the context permits, singular or plural terms can
also include the plural or singular term, respectively. More-
over, unless the word “or” is expressly limited to mean only
a single item exclusive from the other items in reference to
a list of two or more items, then the use of “or”” in such a list
is to be interpreted as including (a) any single item in the list,
(b) all of the items in the list, or (c) any combination of the
items in the list. Where the context permits, singular or
plural terms can also include the plural or singular term,
respectively. Additionally, the terms “comprising,” “includ-
ing,” “having” and “with” are used throughout to mean
including at least the recited feature(s) such that any greater
number of the same feature and/or additional types of other
features are not precluded. To the extent any materials
incorporated herein by reference conflict with the present
disclosure, the present disclosure controls.

[0199] From the foregoing, it will also be appreciated that
various modifications can be made without deviating from
the technology. For example, various components of the
technology can be further divided into subcomponents, or
that various components and functions of the technology can
be combined and/or integrated. Furthermore, although
advantages associated with certain implementations of the
present technology have been described in the context of
those implementations, other implementations can also
exhibit such advantages, and not all implementations need
necessarily exhibit such advantages to fall within the scope
of the present technology.

1. A method comprising;

receiving a first electrogram associated with one or more
first electrodes of a catheter at locations in a patient’s
heart;

receiving a physiological signal associated with second

electrodes at respective substantially fixed locations
relative to the patient’s heart;

based on the first electrogram and the physiological

signal, identifying a cardiac region corresponding to a
respective one or more of the locations of the one or
more first electrodes in the patient’s heart; and

on a graphical user interface, displaying visual indicia

based on the identified cardiac region corresponding to
the respective one or more locations of the one or more
first electrodes.

2. The method of claim 1 wherein displaying the visual
indicia includes providing the visual indicia on a represen-
tation of the patient’s heart displayed on the graphical user
interface.

3. The method of claim 2 wherein displaying the visual
indicia includes coloring at least a portion of the represen-
tation of the patient’s heart based on the identified cardiac
region.

4. The method of claim 2, wherein displaying the visual
indicia based on the identified cardiac region includes
adjusting opacity of at least a portion of the representation
of the patient’s heart based on the identified cardiac region.
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5. The method of claim 1 wherein displaying the visual
indicia includes changing a representation of the catheter on
the graphical user interface.

6. The method of claim 1 wherein identifying the cardiac
region includes determining whether the respective one or
more of the locations of the one or more first electrodes
corresponds to at least one predetermined type of cardiac
region.

7. The method of claim 6 wherein displaying the visual
indicia includes displaying only those portions of a repre-
sentation of the patient’s heart on the graphical user inter-
face corresponding to the at least one predetermined type of
cardiac region.

8. The method of claim 6 wherein identifving the cardiac
region includes determining whether the respective one or
more of the locations of the one or more first electrodes
corresponds to an atrium of the patient’s heart.

9. The method of claim 6 wherein identifving the cardiac
region includes determining whether the respective one or
more of the locations of the one or more first electrodes
corresponds to a ventricle of the patient’s heart.

10. The method of claim 6 wherein identifying the cardiac
region includes determining whether the respective one or
more of the locations of the one or more first electrodes
corresponds to a valve of the patient’s heart.

11. The method of claim 1 wherein displaying the visual
indicia includes modifying the visual indicia as the one or
more first electrodes move from a first cardiac region to a
second cardiac region, the first cardiac region different from
the second cardiac region.

12. The method of claim 1 wherein, based on the identi-
fied cardiac region corresponding to a valve of the patient’s
heart, displaying the visual indicia based on the identified
cardiac region includes displaying a contour along a portion
of a representation of the patient’s heart on the graphical
user interface.
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13. The method of claim 1 further comprising receiving a
user input associated with a selection of a treatment region
in the patient’s heart, wherein displaying the visual indicia
includes displaying an indication of whether the identified
cardiac region corresponds to the selected treatment region.

14. The method of claim 13 wherein the selected treat-
ment region is an atrium and displaying the visual indicia
includes displaying an indication of whether the identified
cardiac region corresponds to the atrium.

15. The method of claim 1 wherein the visual indicia
include a tag.

16. The method of claim 1 wherein identifying the cardiac
region includes comparing a first portion in the first elec-
trogram to a second portion in the first electrogram, the first
portion is different from the second portion, and the com-
parison of the first portion to the second portion is based on
timing of one or more features of the physiological signal.

17. The method of claim 16 wherein identifving the
cardiac region includes processing one or both of the first
electrogram and the physiological signal.

18. The method of claim 17 wherein processing one or
both of the first electrogram and the physiological signal
includes band-pass filtering one or both of the first electro-
gram and the physiological signal.

19. The method of claim 16 wherein identifving the
cardiac region includes comparing a first amplitude of a first
portion of the first electrogram to a second amplitude of a
second portion of the first electrogram.

20. The method of claim 19 wherein the first amplitude of
the first portion of the first electrogram corresponds to
timing of a P-wave in the physiological signal, and the
second amplitude of the second portion of the first electro-
gram corresponds to timing of a QRS complex in the
physiological signal.

21-76. (canceled)
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