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tions for display on a graphical user interface are disclosed herein. In some
embodiments, therapy annotations can correspond to a location of a tip sec-

tion of a catheter relative to an anatomical structure of a patient when therapy
is delivered to the anatomical structure. One or more properties of the thera-

FIG.6

py annotations can be based at least in part on signals received from sensors
distributed about the tip section of the catheter and/or on other characteris-
tics of therapy delivery. The therapy annotations can be displayed alone or in
combination with a three-dimensional surface representation of the anatomical
structure, a representation of the catheter, and/or other visual indicia, such as a
therapy contour, a distance from a nearest therapy site and/or the most recent
therapy site, and/or a representation of gaps between two therapy sites.
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SYSTEMS AND METHODS FOR THERAPY ANNOTATION

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the benefit of U.S. Provisional Patent Application
No. 62/796,012, filed January 23, 2019, which is incorporated herein by reference in its entirety.

BACKGROUND

[0002] Three-dimensional models can be used to assist in the placement or use of a device
when such placement or use is not easily observable or practical. For example, in medical
procedures, three-dimensional models are used to assist in the placement and use of medical
devices for diagnosis or treatment of patients. An example of such a medical procedure carried
out with the assistance of a three-dimensional model is the use of a catheter to deliver radio
frequency (“RF”) ablation to form lesions that interrupt abnormal conduction in cardiac tissue,

thus terminating certain arrhythmias in the heart.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Many aspects of the present disclosure can be better understood with reference to
the following drawings. The components in the drawings are not necessarily to scale. Instead,
emphasis is placed on illustrating clearly the principles of the present disclosure. The drawings
should not be taken to limit the disclosure to the specific embodiments depicted, but are for

explanation and understanding only.

[0004] FIG. 1 is a schematic representation of a system for treating a human patient and

configured in accordance with various embodiments of the present technology.

[0005] FIG. 2 is a perspective view of an exemplary medical device of the system of

FIG. 1 configured in accordance with various embodiments of the present technology.

[0006] FIG. 3 is a schematic representation of a tip section of the medical device of FIG. 2

and configured in accordance with various embodiments of the present technology.

[0007] FIG. 4 is a schematic representation of a medical device within an anatomical

structure of a patient in accordance with various embodiments of the present technology.
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[0008] FIG. 5 is a graphical user interface of the system of FIG. 1 displaying a projection
of a three-dimensional model during a medical procedure and configured in accordance with

various embodiments of the present technology.

[0009] FIGS. 6-10 are images of a three-dimensional model illustrating various visual
indicia that can be generated and/or displayed in accordance with various embodiments of the

present technology.

[0010] FIG. 11 is a flow diagram illustrating a routine for generating and/or displaying
visual indicia regarding therapy delivery in an anatomical structure of a patient in accordance

with various embodiments of the present technology.

[0011] FIG. 12 is a flow diagram illustrating a routine for selectively displaying one or
more visual indicia related to therapy delivery within an anatomical structure of a patient in

accordance with various embodiments of the present technology.

DETAILED DESCRIPTION

A. Overview

[0012] Point-by-point therapy delivery can be used to treat several patient conditions. For
example, a minimally-invasive radiofrequency (RF) catheter can be used in a patient’s heart to
treat certain arrhythmias. In this scenario, the RF catheter can be used to form one or more
discrete points (e.g., discrete lesions) on the wall of the patient’s heart by applying energy (e.g.,
electrical energy) to the wall. The applied energy damages tissue at the treatment site(s),
decreasing the tissue’s electrical activity. In turn, abnormal electrical signals can be prevented

from propagating through the damaged tissue, thereby preventing arrhythmias.

[0013] In many cases, discrete regions of therapy delivery must be connected to form a
contiguous region (e.g., contour, surface, volume, etc.) on an anatomical structure of a patient.
For example, a contiguous contour along a surface of a patient’s heart can isolate a patient’s
pulmonary vein in the left atrium of the patient’s heart to treat paroxysmal atrial fibrillation.
Gaps between the discrete regions formed during treatment can decrease the treatment’s

effectiveness, render the treatment entirely ineffective, and/or lead to other complications.

[0014] Accurately positioning a medical device within an anatomical structure of a patient
and/or effectively delivering therapy to desired locations within and/or on the anatomical

structure can prove challenging. For example, although a physician can often track the general



WO 2020/154543 PCT/US2020/014850

or relative position of a medical device within an anatomical structure using a conventional
tracking and/or mapping system, it is often not readily apparent to the physician which surfaces
of the medical device and/or of the anatomical structures are in contact with and/or are proximate
to each other. Thus, although a physician may know the position of the medical device within
the anatomical structure and/or may know that the medical device is proximate to the anatomical
structure, the physician can be uncertain regarding whether the medical device is proximate to
the anatomical structure at a desired location and/or orientation on a wall of the anatomical
structure and/or whether the medical device is proximate to the anatomical structure at another
location (e.g., on a nearby, adjacent wall of the anatomical structure). This can lead to
uncertainty regarding the size, orientation, and/or position of a lesion formed on the anatomical
structure. Moreover, it is often not readily apparent using conventional systems whether gaps
exist between discrete regions of therapy until after treatment is completed, meaning that some

patients must undergo a follow-up treatment procedure before the therapy is successful.

[0015] In contrast with these conventional systems, the following disclosure is directed to
devices, systems, and methods of generating annotations on a three-dimensional model of an
anatomical structure of a patient to facilitate, for example, precisely positioning a medical device
within the anatomical structure and delivering therapy across a contiguous region (e.g., a
contiguous contour, surface, volume, etc.) on the anatomical structure. More specifically, three-
dimensional annotations can be displayed relative to a location of a medical device (e.g., the tip
section of a catheter) within an anatomical structure. The three-dimensional annotations can be
used alone or in combination with other three-dimensional information, such as with a three-
dimensional surface representation of an anatomical structure. In some embodiments, a three-
dimensional annotation can represent the location of the tip section of the medical device within
the anatomical structure when therapy was delivered. In these and other embodiments, three-
dimensional annotations can display various information based at least in part on signals received
from sensors distributed about the tip section of the medical device. For example, the three-
dimensional annotations can display (i) information regarding proximity between the medical
device and the anatomical structure (e.g., which portion of the tip section of the medical device
and/or which surface of an anatomical structure are/were in contact and/or close proximity); (ii)
information relating to tissue characteristics (e.g., impedance, temperature, etc.) at a location on
the anatomical structure; (iii) information (e.g., location, size, shape, orientation, etc.) relating
to a lesion formed at a location on an anatomical structure; (iv) information (e.g., power, voltage,

current, etc.) regarding energy delivered to a location on an anatomical structure; and/or (v) other
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information, such as distance from nearest therapy site, whether discrete therapy regions overlap
and/or are connected, and/or time of therapy (e.g., start time, stop time, how recently therapy
was applied to a site, etc.). In these and still other embodiments, the present technology can
provide information that aids a physician in determining whether treatment is successful. In this
manner, the present technology facilitates accurately positioning a medical device within an
anatomical structure of a patient and accurately delivering therapy to locations within the
anatomical structure. In turn, the present technology can increase the effectiveness and/or
success rate of point-by-point therapy treatments, often obviating the need for patients to

undergo a follow-up therapy procedure.

[0016] Specific details of several embodiments of the present technology are described
herein with reference to FIGS. 1-12. Although many of the embodiments are described with
respect to devices, systems, and methods of generating annotations relative to a three-
dimensional model of a heart of a patient, other applications and other embodiments in addition
to those described herein are within the scope of the present technology. For example, unless
otherwise specified or made clear from context, the devices, systems, and methods of the present
technology can be used for any of various medical procedures, such as procedures performed on
a hollow anatomical structure of a patient, and, more specifically, in a hollow anatomical
structure in which direct visual access to the medical procedure is impractical and/or is improved
by the use of a model of the anatomical structure. Thus, for example, the systems, device, and
methods of the present disclosure can be used to facilitate visualization of a medical device
inserted into a heart cavity as part of a medical treatment associated with diagnosis, treatment,
or both of a cardiac condition (e.g., cardiac arrhythmia). Additionally, or alternatively, the
devices, systems, and methods of the present disclosure can be used in one or more medical
procedures associated within interventional pulmonology, brain surgery, or sinus surgery (e.g.,

sinuplasty).

[0017] It should be noted that other embodiments in addition to those disclosed herein are
within the scope of the present technology. Further, embodiments of the present technology can
have different configurations, components, and/or procedures than those shown or described
herein. Moreover, a person of ordinary skill in the art will understand that embodiments of the
present technology can have configurations, components, and/or procedures in addition to those
shown or described herein and that these and other embodiments can be without several of the
configurations, components, and/or procedures shown or described herein without deviating

from the present technology.
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[0018] 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. Additionally, 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, treatment, or both. Thus, for example, the
term “medical procedure” shall be understood to be inclusive of any manner and form of
movement or positioning of a medical device in an anatomical chamber. As used herein, the
term “patient” should be considered to include human and/or non-human (e.g., animal) patients

upon which a medical procedure is being performed.

B. Selected Embodiments of Therapy Annotation Devices, Systems, and Methods
1. Therapy Annotation Devices and Systems
[0019] FIG. 1 is a schematic representation of a system 100 for treating a human patient

102 and configured in accordance with an embodiment of the present technology. In the
arrangement shown in FIG. 1, the system 100 is being used to perform a medical procedure (e.g.,
an ablation treatment) on the patient 102. The system 100 can include a medical device 104
connected via an extension cable 106 to an interface unit 108. The interface unit 108 (e.g., a
catheter interface unit) 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 communication, wireless
communication, or both) with the processing unit 109. The storage medium 111 can have stored
thereon computer executable instructions for causing the one or more processors of the
processing unit 109 to carry out one or more portions of the various methods described herein,
unless otherwise indicated or made clear from context. In some embodiments, the system 100
can include one or more other components, such as a mapping system, a recording system, an
irrigation pump, a generator, and/or one or more return electrodes attached to the skin of the

patient 102.

[0020] As described in further detail below, the graphical user interface 110 can be used
as part of diagnosis and/or treatment of tissue of an anatomical structure (e.g., a heart) of the
patient 102 by, for example, generating and/or displaying three-dimensional annotations relative
to the location of a tip section 124 of the medical device 104. The three-dimensional annotations

generated and/or displayed in accordance with various embodiments of the present technology



WO 2020/154543 PCT/US2020/014850

can be used alone or in combination with other three-dimensional information, such as with a
three-dimensional surface representation of the anatomical structure. In some embodiments, for
example, a three-dimensional annotation can represent the current location of the tip section 124
of the medical device 104 within the anatomical structure and/or the location of the tip section
124 within the anatomical structure when therapy was delivered. In these and other
embodiments, three-dimensional annotations can display various information based, at least in
part, on signals received from sensors 126 distributed about the tip section 124 of the medical
device 104. In this manner, the present technology is expected to provide a physician with
improved spatial context for three-dimensional movement and/or proximity of the medical

device 104 relative to one or more surfaces of the anatomical structure.

[0021] As a specific example, generating and/or displaying the three-dimensional
annotations alone or in combination with the three-dimensional model on the graphical user
interface 110 during therapy according to any one or more of the methods described herein can
facilitate three-dimensional movement of the medical device 104 within the anatomical structure
to create one or more lesions in a desired pattern on one or more surfaces of the anatomical
structure represented by the three-dimensional model. In turn, the present technology is expected
to increase the effectiveness and/or success rate of point-by-point therapy treatments, often

obviating the need for patients to undergo a follow-up therapy procedure.

[0022] FIG. 2 is a perspective view of the medical device 104 of the system 100 of FIG. 1,
and FIG. 3 is a schematic representation of a tip section 124 of the medical device 104. Referring
to FIGS. 1-3 together, the medical device 104 can be any of various different medical devices
known in the art (e.g., for diagnosis, treatment, or both). In the illustrated embodiment, for
example, the medical device 104 is a catheter 104. Thus, the medical device 104 can include a
handle 120, a shaft 122, a tip section 124, and/or an irrigation element 128. The handle 120 can
be coupled to a proximal end portion 130 of the shaft 122. The tip section 124 and/or the
irrigation element 128 can be coupled to a distal end portion 132 of the shaft 122 opposite the
proximal end portion 130. In some embodiments, the shaft 122 can define a lumen that can be
in fluid communication with an irrigation pump (not shown). Additionally, or alternatively, the
shaft 122 can include electrical wires extending along the shaft 122 to carry signals between the

tip section 124 and the handle 120.

[0023] The handle 120 can include a housing 145 and an actuation portion 146. In use,

the actuation portion 146 can be operated to deflect a distal end portion 132 of the shaft to
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facilitate positioning the tip section 124 into contact with tissue at a treatment site. The handle
120 can further, or instead, be coupled to a fluid line connector 149 and/or to an electrical
connector 148 for delivery of irrigation fluid, electrical signals, and/or energy (e.g., electrical
energy), respectively, along the shaft 122 to/from the tip section 124 (e.g., to/from an electrode

150 and/or to/from one or more sensors 126 of the tip section 124).

[0024] The tip section 124 generally includes any portion of the catheter 104 that directly
or indirectly engages tissue for the purpose of treatment, diagnosis, or both and, therefore, can
include all manner and type of contact and/or non-contact interaction with tissue known in the
art. For example, the tip section 124 can include contact and/or non-contact interaction with
tissue in the form of energy interaction (e.g., electrical energy, ultrasound energy, light energy,
and any combinations thereof) and further, or instead, can include measurement of electrical
signals emanating from tissue. Thus, for example, the tip section 124 can deliver energy (e.g.,
electrical energy) to tissue in the anatomical structure as part of any number of procedures

including treatment (e.g., ablation, electroporation, etc.), diagnosis (e.g., mapping), or both.

[0025] In the illustrated embodiments, the tip section 124 includes a coupling portion 140
and a deformable portion 142. As used herein, the terms “expandable” and “deformable” are
used interchangeably, unless otherwise specified or made clear from the context. Thus, for
example, it should be understood that the deformable portion 142 is expandable unless otherwise
specified. The coupling portion 140 is secured to the distal end portion 132 of the shaft 122, and

the deformable portion 142 can extend distally from the coupling portion 140.

[0026] The deformable portion 142 of the tip section 124 can be deformed for delivery
and expanded at a treatment site to have a cross-sectional dimension larger than a cross-sectional
dimension of the shaft 122. Further, in an expanded state, the deformable portion 142 of the tip
section 124 is deformable upon sufficient contact force with tissue. As described in greater detail
below, the shape and extent of the deformation of the deformable portion can be detected based
at least in part on signals received from sensors 126 of the tip section 124. In some embodiments,
the deformable portion 142 can be radiopaque such that deformation of the deformable portion
142 as a result of contact with tissue is observable, for example, through X-Ray or similar
visualization techniques. The detection and/or observation of the deformation of the deformable
portion 142 of the tip section 124 can, for example, provide improved certainty that an intended
treatment is, in fact, being provided to tissue. It should be appreciated that improved certainty

of positioning of an electrode 150 with respect to tissue can reduce the likelihood of gaps in a
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lesion pattern and, also or instead, can reduce the time and number of lesions otherwise required

to avoid gaps in a lesion pattern.

[0027] The deformable portion 142 of the tip section 124 can include an electrode 150
(e.g., an ablation electrode 150, an electroporation electrode 150, etc.). In some embodiments,
the deformable portion 142 can include struts 144 joined together to form the electrode 150. In
the illustrated embodiment, the plurality of struts 144 are joined to collectively define a plurality
of cells 147. In other embodiments, however, the struts 144 can be joined in accordance with
methods known in the art. Additionally, or alternatively, at least some of the struts 144 can be
coupled to the coupling portion 140 of the tip section 124 to secure the deformable portion 142
to the distal end portion 132 of the shaft 122. The struts 144 can be moveable relative to one
another. More specifically, the struts 144 can be flexible to one another such that the deformable
portion 142 can move between a compressed state, in the presence of external force, and an
uncompressed state, in the absence of external force (e.g., in embodiments where the deformable

portion 142 is self-expandable).

[0028] In general, the struts 144 of the electrode 150 can be dimensioned and arranged
relative to one another for delivery of substantially uniform current density about the deformable
portion 142 of the tip section 124. The struts 144 can be electrically coupled to the electrical

connector 148 (e.g., via one or more wires (not shown) extending along the shaft 122).

[0029] The electrode 150 is a continuous structure about the deformable portion 142 that
acts as one electrode in a monopolar electrode configuration. It should be appreciated, however,
that the electrode 150 can include electrically isolated portions about the deformable portion 142
such that the electrode 150 includes two electrodes of a bipolar electrode configuration. In use,
energy (e.g., electrical energy) can be delivered to the electrode 150 to ablate or otherwise treat
(e.g., via electroporation) tissue (e.g., in contact with the electrode 150). As compared to smaller
electrodes, the electrode 150 can provide wider lesions, facilitating the creation of a pattern of
overlapping lesions (e. g., reducing the likelihood of arrhythmogenic gaps, and reducing the time
and number of lesions required for an overlapping pattern, or both). Additionally, or
alternatively, the larger electrode 150 can facilitate the delivery of more power for providing

wider and deeper lesions.

[0030] In these and other embodiments, the electrode 150 can be an electroporation
electrode configured to apply one or more electrical pulses to cells of tissue. For example, the

catheter 104 can be configured to apply pulsed field energy (e.g., reversible electroporation,
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irreversible electroporation, pulsed electrical fields, etc.) and/or another form of energy to tissue
at a treatment site via the electrode 150 of the tip section 124. As a more specific example, the
catheter 104 can be configured to deliver monophasic or biphasic pulses with high voltage (e.g.,
between about 500 volts and 4000 volts) and short duration (e.g., between 100 nanoseconds and

100 microseconds) to the electrode 150.

[0031] Additionally, or alternatively, the catheter 104 can be configured to deliver various
forms of pulse trains of energy to tissue at a treatment site via the electrode 150 of the tip section
124. For example, the catheter 104 can deliver energy to tissue either continuously or as a train
of tightly (e.g., temporally) spaced pulses followed by a suspension period during which no
energy is delivered to the tissue. At the end of the suspension period, the catheter 104 can again
deliver energy to tissue either continuously or as a train of tightly spaced pulses followed by
another suspension period. The catheter 104 can repeat this cycle as needed. In still other
embodiments, the catheter 104 can vary the amount of current delivered during either continuous

energy delivery or during delivery of different pulses (e.g., pulses of a pulse train).

[0032] As best seen in FIG. 3, the tip section 124 and/or the deformable portion 142 can
include one or more sensors 126. For example, the tip section 124 can include one or more of
electrodes, thermistors, ultrasound transducers, optical fibers, image sensors, and/or other types
of sensors. In use, the sensors 126 can be used in one or more modes of parameter measurement.
For example, the sensors 126 can measure temperature, electrogram characteristics (e.g.,
amplitude), force, ultrasound, impedance, location (e.g., motion during therapy), shape of the
deformable portion 142 (e.g., during deployment or deformation), shape of an anatomical
structure, energy (e.g., power, voltage, current, impedance), and/or other parameter
measurements. These parameters vary over time, producing time-varying signals that can be

measured by the interface unit 108.

[0033] Sensors 126 can be mounted about (e.g., along) the deformable portion 142 of the
tip section 124 (e.g., mounted onto one of the struts 144 of the deformable portion 142) and can
be electrically insulated from the electrode 150. In general, the sensors 126 can be positioned
along one or both of the inner portion and the outer portion of the deformable portion 142. For
example, sensors 126 can extend through a portion of the deformable portion 142. Such
positioning of the sensors 126 through a portion of the deformable portion 142 can facilitate
measuring conditions along the outer portion and the inner portion of the electrode 150 and/or

of the deformable portion 142. As a specific example, one or more of the sensors 126 can include
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a flexible printed circuit, a thermistor secured between portions of the flexible printed circuit,
and a termination pad opposite the thermistor. A sensor 126 can be mounted on the deformable
portion 142 of the tip section 124 with the thermistor disposed along an outer portion of the
deformable portion 142 and the termination pad disposed along the inner portion of the
deformable portion 142. In certain instances, the thermistor can be disposed along the outer

portion to provide an accurate indication of tissue temperature.

[0034] The sensors 126 can be substantially uniformly spaced from one another (e.g.,in a
circumferential direction and/or in an axial direction) about the deformable portion 142 when
the deformable portion 142 is in an uncompressed state. Such substantially uniform distribution
of the sensors 126 can, for example, facilitate determining an accurate deformation and/or
temperature profile of the deformable portion 142 during use. In some embodiments, one or
more sensors 126 can include a radiopaque portion and/or a radiopaque marker to facilitate

visualization (e.g., using fluoroscopy) of the sensor 126 during use.

[0035] In these and other embodiments, one or more sensors 126 of the medical device
104 (e.g., of the tip section 124) can further be a magnetic position sensor. The magnetic position
sensor can be any of various magnetic position sensors well known in the art and can be
positioned at any point along the distal end portion 132 of the shaft 122 and/or at any point along
the tip section 124. The magnetic position sensor 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. The magnetic field detected by the
magnetic position sensor can be used to determine the location (e.g., position, orientation, and/or
shape) of the tip section 124 and/or of the distal end portion 132 of the shaft 122 according to
one or more methods commonly known in the art such as, for example, methods based on using
a magnetic sensor to sense magnetic fields and using a look-up table to determine location of the
magnetic position sensor. Accordingly, because the tip section 124 is coupled to the distal end
portion 132 of the shaft 122 in a known, fixed relationship to the magnetic position sensor, the
magnetic position sensor can also provide the location (e.g., position, orientation, and/or shape)
of the tip section 124. While the location of the tip section 124 is described as being determined
based on magnetic position sensing, other position sensing methods can additionally or
alternatively be used. For example, the location (e.g., position, orientation, and/or shape) of the
tip section 124 can be additionally, or alternatively, based on impedance, ultrasound, and/or

imaging (e.g., real time MRI or fluoroscopy). Furthermore, a location of the tip section 124

-10-



WO 2020/154543 PCT/US2020/014850

should be understood to include, for example, a smoothed and/or filtered position, orientation,

and/or shape.

[0036] In some embodiments, one or more wires (not shown) extend from each sensor 126
along the inner portion of the deformable portion 142 and into the shaft 122. The one or more
wires can be in electrical communication with the interface unit 108 (FIG. 1) such that each
sensor 126 can send electrical signals to and receive electrical signals from the interface unit 108
during use. In this regard, one or more sensors 126 can act as an electrode (e.g., a surface
electrode) to detect electrical activity of an anatomical structure in an area local to the sensor
126. For example, each sensor 126 can form part of an electrode pair useful for detecting contact
between each sensor 126 and tissue. For example, electrical energy (e.g., current) can be driven
through each sensor 126 and another electrode (e.g., any one or more of various different
electrodes described herein), and a change in a measured signal (e.g., voltage or impedance) can
be indicative of the presence of tissue. Because the position of the tip section 124 is known,
detection of contact through respective measured signals at the sensors 126 can be useful for
determining portions of the deformable portion 142 proximate to tissue and/or for determining
a shape of an anatomical structure in which the tip section 124 is disposed during the course of

a medical procedure.

[0037] In use, each sensor 126 can, further or instead, act as an electrode to detect
electrical activity of an anatomical structure local to the respective sensor 126, with the detected
electrical activity forming a basis for an electrogram with the respective sensor 126 and, further
or instead, can provide lesion feedback. The sensors can be arranged such that electrical activity
detected by each sensor 126 can form the basis of unipolar electrograms and/or bipolar
electrograms. Additionally, or alternatively, the sensors 126 can cooperate with a center
electrode, for example, to provide near-unipolar electrograms. For example, a sensor 126 can
be disposed along the irrigation element 128 and can act as the center electrode. Additionally,
or alternatively, the irrigation element 128 can act as a center electrode itself. In these and still
other embodiments, one or more other sensors can be disposed along the irrigation element 128,

such as one or more image Sensors.

[0038] As discussed above, the medical device 104 can include an irrigation element 128.
As best seen in FIG. 3, for example, in the illustrated embodiment the irrigation element 128
includes a stem and bulb. The bulb of the irrigation element 128 can define one or more

irrigation holes in fluid communication with the stem, and the stem can be coupled to the distal

-11-
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end portion 132 of the shaft 122 and can be in fluid communication with the fluid line connector
149 via the lumen of the shaft 122 and the handle 120. Accordingly, irrigation fluid can pass
through the lumen defined by the shaft 122, through the stem, and can exit the irrigation element
128 through the irrigation holes defined by the bulb.

[0039] The bulb can be substantially spherical to facilitate directing irrigation fluid toward
substantially the entire inner portion of the deformable portion 142. It should be appreciated,
however, that the bulb can be any of various different shapes that facilitate multi-directional
dispersion of irrigation fluid toward the inner portion of the deformable portion 142. Moreover,
the irrigation element 128 can be spaced relative to the inner portion of the deformable portion
142 such that the irrigation holes direct irrigation fluid toward the inner portion of the deformable
portion 142 in an expanded state. In particular, given that the deformable portion 142 of the tip
section 124 in some embodiments is intended to contact tissue during ablation, the irrigation
holes can be oriented toward the inner portion of the deformable portion 142 in contact with the
tissue. In certain implementations, the irrigation holes can be spaced circumferentially and
axially about the irrigation element 128. For example, the irrigation holes can be spatially
distributed along the bulb with at least a portion of the irrigation holes arranged to direct
irrigation fluid in a distal direction with respect to the tip section 124 and at least a portion of the
irrigation holes arranged to direct irrigation fluid in a proximal direction with respect to the tip
section 124. More generally, the irrigation holes can be distributed to produce a relatively
uniform dispersion of irrigation fluid along the inner portion of the deformable portion 142
enveloping the irrigation element 128. Directing the irrigation fluid toward the deformable
portion 142 of the tip section 124 in this way can, for example, reduce the likelihood of

unintended tissue damage resulting from an ablation treatment.

2. Three-Dimensional Models of Anatomical Structures

[0040] In certain implementations, the delivery of energy from the tip section 124 to tissue
can rely upon proximity between the tip section 124 and the tissue. In such implementations, it
may be particularly desirable for the graphical user interface 110 to display a three-dimensional
model] of the medical device 104 (e.g., of the tip section 124) and/or an anatomical structure to
provide the physician with knowledge of the location (e.g., position, orientation, and/or shape)
of the tip section 124 relative to one or more surfaces of the anatomical structure. It should be
further appreciated that the devices, systems, and methods of the present disclosure can be

implemented using any number and manner of designs of the medical device 104 that rely upon,
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or at least derive some benefit from, knowledge of location of the tip section 124 relative to one

or more surfaces of the anatomical structure.

[0041] Referring to FIGS. 1-5 together, a three-dimensional representation 532 (FIG. 5)
of an anatomical structure 432 (e.g., an anatomical cavity, such as a heart cavity) of the patient
102 can be constructed based on known locations of the tip section 124 of the medical device
104 in the anatomical structure 432 (e.g., prior to, during, and/or after application of energy to
tissue of the anatomical structure 432) and additionally, or alternatively, based on images (e.g.,
segmented CT or MR images) of the anatomical structure 432 (FIG. 4) acquired prior to or during
the procedure. For example, if the tip section 124 of the medical device 104 is movable in blood
in the anatomical structure 432 and obstructed only by a surface 433 (FIG. 4) of the anatomical
structure 432, the known positions of the tip section 124 of the medical device 104 can be taken
together to provide an indication of a blood-tissue boundary of the anatomical structure 432, and
this blood-tissue boundary can form a basis for the three-dimensional representation 532 of the
anatomical structure 432. In some embodiments, the three-dimensional representation 532 can

be a triangular mesh or non-uniform rational basis spline surface.

[0042] In general, a three-dimensional model 544 (FIG. 5) can be projected onto the
graphical user interface 110. The three-dimensional model 544 can include the three-
dimensional representation 532 of the anatomical structure 432 and/or a representation 504 (FIG.
5) of the medical device 104. The representation S04 of the medical device 104 can include, for
example, a depiction of the tip section 124 at a location (e.g., position, orientation, and/or shape)
determined based on signals received from sensors 126 (e.g., from a magnetic position and/or
other sensors) distributed about the tip section 124. By way of example and not limitation, the
representation 504 can include one or more of the following: an icon; an outline; a two-
dimensional geometric shape such as a circle; and a three-dimensional geometric shape such as
a sphere. Additionally, or alternatively, the representation 504 of the medical device 104 can
include a three-dimensional depiction of the tip section 124. Continuing with this example, the
three-dimensional representation 504 of the tip section 124 can be at least partially based on
knowledge of the size and shape of the tip section 124. Thus, for example, in implementations
in which the deformable portion 142 of the tip section 124 is deformed through contact with a
surface of an anatomical structure, the deformation of the deformable portion 142 can be shown

in the three-dimensional representation 504 of the tip section 124.
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[0043] It should be appreciated that the three-dimensional model 544 has utility as, among
other things, an analog for the position of the tip section 124 of the medical device 104 in the
anatomical structure 432. That is, the location (e.g., position, orientation, and/or shape) of the
tip section 124 of the medical device 104 relative to the surface 433 of the anatomical structure
432 is known (e.g., based on signals received by the interface unit 108 from sensors 126, such
as from a magnetic position sensor) and can be represented on the graphical user interface 110
at a corresponding location within the three-dimensional representation 532 of the anatomical
structure 432. Thus, for example, as the tip section 124 moves within the anatomical structure
432 during a medical procedure, the representation 504 of the medical device 104 can be
depicted on the graphical user interface 110 as undergoing analogous, or at least similar,
movements relative to the three-dimensional representation 532 of the anatomical structure 432
in the three-dimensional model 544. Given this correspondence between the three-dimensional
model 544 and the physical aspects of the medical procedure, it should be appreciated that
displaying images of the three-dimensional model 544 on the graphical user interface 110 can
be a useful visualization tool for the physician as the physician moves the tip section 124 of the

medical device 104 in the anatomical structure 432.

[0044] As best seen in FIGS. 4 and 5, in one specific treatment example, the tip section
124 can be placed adjacent to the surface 433 of the anatomical structure 432 and energy (e.g.,
RF energy) can be directed from the electrode 150 of the tip section 124 to the surface 433 of
the anatomical structure 432 to ablate or otherwise treat (e. g., deliver electroporation therapy to)
tissue at a treatment site. In implementations in which the anatomical structure 432 is a heart
structure, such treatment along the surface 433 of the anatomical structure 432 can, for example,
treat cardiac arrhythmia in patients with this condition. However, the effectiveness of the lesions
created using the tip section 124 along the surface 433 of the anatomical structure 432 can be
dependent upon the location (e.g., position, orientation, and/or shape) of the lesions.
Accordingly, the multi-dimensional visualization of the location of the medical device 104
(facilitated by displaying images of the three-dimensional model 544 according to any one or
more of the methods described herein) can be useful for the efficient and effective mapping of

the heart and/or efficient and effective delivery of ablation treatment to treat cardiac arrhythmia.

3. Therapy Annotations

[0045] Referring again to FIGS. 1-5, in point-by-point therapy delivery embodiments

where the tip section 124 of the medical device 104 is used to deliver discrete regions of therapy
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to the anatomical structure 432, it may be particularly desirable for the graphical user interface
110 to display one or more therapy annotations or tags alone or in combination with the three-
dimensional representation 532 of the anatomical structure 432 and/or the representation 504 of
the medical device 104 to provide the physician with various information relating to past and/or
present regions of therapy delivery. It should be further appreciated that the devices, systems,
and methods of the present disclosure can be implemented using any number and manner of
designs of the medical device 104 that rely upon, or at least derive some benefit from, knowledge

of location of the tip section 124 relative to one or more surfaces of the anatomical structure.

[0046] In general, as discussed above, the tip section 124 of the medical device 104 of the
present technology can provide larger contact regions between the electrode 150 of the
deformable portion 142 and the anatomical structure 432 as compared to conventional medical
devices, and can include sensors 126 (e.g., electrogram sensors, temperature sensors, etc.)
distributed about the tip section 124. The larger structure of the tip section 124 is expected to
provide useful, spatially-distributed information that is not otherwise available using smaller,
conventional medical device tips. For example, as discussed above and in greater detail below,
each of the sensors 126 can provide information pertaining to only an area local to the respective
sensor 126. Thus, based at least in part on signals received from one or more of the sensors 126
distributed about the tip section 124, the devices, system, and methods of the present technology
can generate and/or display a map of therapy annotations or tags representative of information
relevant to a physician, such as (i) information pertaining to (e.g., current or past) locations (e.g.,
positions, orientations, and/or shapes) of the tip section 124; (ii) information regarding proximity
between the medical device 104 and the anatomical structure 432 (e.g., which portion of the tip
section 124 of the medical device 104 and/or which surface of an anatomical structure 432
are/were in contact and/or close proximity); (iii) information relating to tissue characteristics
(e.g., impedance, temperature, efc.) at a location on the anatomical structure 432; (iv)
information (e.g., location, size, shape, orientation, etc.) relating to a lesion formed at a location
on an anatomical structure 432; (v) information (e.g., power, voltage, current, efc.) regarding
energy delivered to a location on an anatomical structure 432; and/or (vi) other information, such
as distance from a nearest therapy site, whether discrete therapy regions overlap and/or are
connected, and/or time of therapy delivery (e.g., start time, stop time, how recently therapy was

applied to a site, etc.).

[0047] FIGS. 6-9 are images 660, 770, 880, and 990, respectively, of the model 544 that

can be displayed on the graphical user interface 110 in accordance with various embodiments of
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the present technology. For the sake of efficient and clear description, all references in this
section to the medical device 104 and to the anatomical structure 432 refer to features first
described and/or discussed above with reference to FIGS. 1-4. As shown in FIGS. 6-9, the model
544 in each of the images 660, 770, 880, and 990 can include the representation 532 of the
anatomical structure 432 and the representation 504 of the medical device 104 (e.g., of the tip
section 124 and/or the shaft 122 of the medical device 104). In some embodiments, the
representation 504 of the medical device 104 can depict the current location of the medical
device 104 within the anatomical structure 432 in accordance with the discussion above. Thus,
for example, as the tip section 124 moves within the anatomical structure 432 during a medical
procedure, the representation 504 of the medical device 104 can be depicted on the graphical
user interface 110 as undergoing analogous, or at least similar, movements relative to the three-
dimensional representation 532 of the anatomical structure 432 in the three-dimensional model

544.

[0048] In some embodiments, the model 544 can include one or more indicia with
properties (e.g. size, position, color, pattern, continuity, transparency, etc.) that vary depending
on the relative location (e.g., position, orientation, and/or shape) of the representation 504 of the
medical device 104 with respect to the three-dimensional representation 532 of the anatomical
structure 432. For example, proximity rings 653 and 655 shown in FIG. 6 can be projected onto
the three-dimensional representation 532 of the anatomical structure 432 in a direction of shortest
distance between the representation 504 of the medical device 104 and the three-dimensional
representation 532 of the anatomical structure 432. Continuing with this example, the size of
the outer proximity ring 655 relative to the three-dimensional representation 532 of the
anatomical structure 432 can vary with the distance between the representation 504 of the
medical device 104 and the three-dimensional representation 532 of the anatomical structure
432. Other properties of the proximity rings 653 and 655 and/or other visual indicia (e.g., a ring
657 shown in FIG. 6) can vary depending on other types of information such as, e.g., signals
indicative of contact, proximity, and/or temperature, or, additionally or alternatively, the

direction of articulation of the shaft 122 of the medical device 104.

[0049] Additionally, or alternatively, the model 544 can include one or more therapy
annotations. In some embodiments, for example, one or more therapy annotations can be
displayed independently (e.g., in three dimensions) or can be projected onto a three-dimensional
surface, such as the representation 532 of the anatomical structure 432. Referring to FIG. 6, for

example, five three-dimensional therapy annotations (individually labeled 661-665) are shown
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in the image 660. The therapy annotations 661-665 can represent a location of the tip section
124 of the medical device 104 relative to the anatomical structure 432 when therapy was
delivered to tissue of the anatomical structure 432. For example, the therapy annotation 661 is
shown at a position within the representation 532 of the anatomical structure 432 that is located
further into the page than the therapy annotations 663, 664, and 665. Thus, a physician is able
to view where therapy has been delivered to the anatomical structure 432. In other words,
therapy annotations in combination with a representation 532 of the anatomical structure 432
can provide a physician spatial information related to regions of the anatomical structure 432

that have been treated.

[0050] In some embodiments, the location of a therapy annotation displayed in the model
544 can depend on other parameters in addition to or in lieu of the location of the medical device
104 relative to the anatomical structure 432 when therapy was delivered. For example, the
location of a therapy annotation can be discounted or ignored during periods of time when the
tip section 124 of the medical device 104 may be displaced (e.g., due to the patient’s respiration
or heartbeat). In these and other embodiments, multiple locations of the tip section 124 of the
medical device 104 can be combined over time into a single therapy annotation (e.g., through
smoothing or filtering) to reduce errors in location (e.g., due to the patient’s respiration or
heartbeat). In these and still other embodiments, a physician and/or user can adjust the time

range during which therapy annotations are determined, generated, and/or displayed.

[0051] In some embodiments, the therapy annotations can be generated and/or displayed
in substantially real-time. For example, the therapy annotations can be displayed as soon as
therapy is delivered to a region of the anatomical structure 432 (or shortly thereafter considering
processing time). In these and other embodiments, therapy annotations can be generated and/or
displayed during or after the time period in which therapy is delivered to a region of the

anatomical structure.

[0052] Although the therapy annotations 661-665 are shown in FIG. 6 as symmetric balls
or globes roughly corresponding to the general, uncompressed shape of the deformable portion
142 of the medical device 104, therapy annotations in other embodiments can have different
shapes. For example, the therapy annotations can be flattened disks (as shown by the therapy
annotations 771-774 in FIG. 7), ellipsoids, or other shapes having one dimension that is
substantially smaller than two orthogonal dimensions of the shape. Additionally, or

alternatively, therapy annotations within the same model 544 can have varying and/or

-17-



WO 2020/154543 PCT/US2020/014850

asymmetric shapes, sizes, and/or orientations. For example, the therapy annotations 771-774 in
FIG. 7 are displayed with various orientations. More specifically, the therapy annotations 771-
774 are displayed with orientations that correspond to a plane tangential to a surface of the
medical device 104 during a time period when therapy was delivered at these locations. In this
manner, the display of the therapy annotations 771-774 can collectively indicate to a physician
that the surface 433 of the anatomical structure 432 is concave relative to the medical device 104
at locations within the anatomical structure 432 corresponding to the location of the therapy

annotations 771-774 within the representation 532 of the anatomical structure 432.

[0053] In some embodiments, properties of the therapy annotations can be determined
based at least in part on signals received from sensors 126 distributed about the tip section 124
of the medical device 104. For example, the interface unit 108 can determine the shape, size,
position, and/or orientation of a therapy annotation based at least in part on which of the sensors
126 on the tip section 124 measured signals indicative of successful therapy delivery. In some
embodiments, the interface unit 108 can determine which subset of the sensors 126 indicate
successful therapy delivery by monitoring temperature measurements captured and relayed to
the interface unit 108. For example, the interface unit 108 can determine that a sensor 126 that
measures an increase in temperature (e.g., above a threshold temperature or change in
temperature and/or for a threshold period of time) indicated successful therapy delivery. As
such, the interface unit 108 can determine not only which portion of the deformable portion 142
of the tip section 124 indicated successful therapy delivery, but also the orientation of the
deformable portion 142 against the surface 433 of the anatomical structure. Accordingly, the
interface unit 108 can generate and/or display a therapy annotation having a shape, a size, a
position, and/or an orientation corresponding to positions of the subset of the sensors 126
indicating successful therapy delivery. As a result, in contrast with merely projecting the tip
section 124 onto the representation 532 of the anatomical structure 432 as is often practiced in
the art, therapy annotations generated in accordance with various embodiments of the present
technology can provide a physician a greater amount of information relating to (i) the portion
of the tip section 124 of the medical device 104 indicating successful therapy delivery, (ii) the
surface 433 of the anatomical structure 432 at locations within the anatomical structure 432
corresponding to the locations of the therapy annotations within the representation 532 of the
anatomical structure 432 and/or (iii) therapy delivered to the anatomical structure 432 at those

locations.
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[0054] In these and other embodiments, a weighting of the sensors 126 can be used to
determine a shape, a size, a position, and/or an orientation of a therapy annotation. For example,
the interface unit 108 can determine a weighting of each or a subset of the sensors 126 based on
an indication of therapy delivery (e.g., successful therapy delivery) such as the examples
enumerated above. Continuing with this example, the interface unit 108 can assign a larger
weight to a sensor 126 showing a greater indication of therapy delivery (e.g. higher temperature
and/or longer time at elevated temperature). Such a weighting can determine the influence that
the given sensor 126 has on a shape, a size, a position, and/or an orientation of a therapy
annotation. For example, a position and/or an orientation of a flattened shape can be determined
as a weighted combination (e.g. a weighted mean) of the positions and/or the orientations of all
or a subset of the sensors 126 with weights corresponding to an indication of therapy delivery.
Thus, a sensor 126 showing a lesser indication of therapy delivery can, in some embodiments,
contribute less to the properties of the therapy annotation than a sensor 126 having a greater

indication of therapy delivery.

[0055] In these and other embodiments, one or more other measurements and/or
parameters in addition to or in lieu of temperature can be used to determine properties of the
therapy annotations. For example, the interface unit 108 can determine a shape, size, and/or
orientation of a therapy annotation based at least in part on those sensors 126 that detect contact
force between the deformable portion 142 and the surface 433 of the anatomical structure 432.
In these and other embodiments, the interface unit 108 can determine a shape, size, and/or
orientation of a therapy annotation based at least in part on those sensors 126 that register an
impedance above a threshold value before therapy delivery and/or on those sensors 126 that

register a decrease in impedance above a threshold value when therapy is delivered.

[0056] It should be appreciated that therapy annotations with properties corresponding to
sensors 126 indicating therapy delivery (e.g., indicating successful therapy delivery) can provide
a physician feedback regarding which portions of the anatomical structure 432 are receiving
therapy. For example, if the physician intends to deliver therapy to a first portion of the
anatomical structure 432, the physician can (during and/or after delivering therapy to the first
portion) view a corresponding therapy annotation to ensure that therapy is being and/or was
delivered to the first portion of the anatomical structure 432. If the therapy annotation indicates
(1) that therapy is not or was not delivered to the first portion and/or (ii) is or was delivered to a
second, unintended portion of the anatomical structure 432, the physician can decide whether to

continue with therapy delivery, to stop therapy delivery and reposition the tip section 124 of the
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medical device 104, and/or to return the tip section 124 of the medical device 104 to a location

corresponding to the first portion of the anatomical structure 432.

[0057] Additionally, or alternatively, the therapy annotations can provide information
regarding lesion formation. For example, continuing with the temperate example above, the
interface unit 108 can monitor the sensors 126 distributed about the deformable portion 142 of
the tip section 124 to determine which of the sensors 126 measured an increase in temperature
(e.g., above a threshold temperature or change in temperature and/or for a threshold period of
time). Accordingly, the interface unit 108 can display a therapy annotation having size, shape,
and/or property corresponding to the sensors 126 that measured an increase in temperature. That
is, the model 544 can provide a physician an indication of the size and shape of the lesion formed
at a particular location on the surface 433 of the anatomical structure 432 based on which sensors
126 measured an increase in temperature. In these and other embodiments, the interface unit
108 can use one or more other signals captured by the sensors 126 to generate and/or display a
therapy annotation indicative of a lesion formed at a corresponding location within the
anatomical structure 432. For example, the interface unit 108 can determine information (e.g.,
power, voltage, current, etc.) regarding energy delivered to tissue of the anatomical structure 432
at a given location within the anatomical structure 432. Based at least in part on this information,
for example, the interface unit 108 can increase or change the shape, size, and/or other properties
of the therapy annotation generated and/or displayed as the energy (including, e.g., time and/or

power) applied to the tissue increases.

[0058] Various methods are known in the art for conveying depth information in a view
of a three-dimensional representation projected onto a two-dimensional display. For example, a
perspective view can render more distant objects smaller and nearer objects larger. Additionally,
or alternatively, volume rendering techniques can be applied such that one representation (e.g.,
arepresentation 504 of a medical device 104, or a therapy annotation) can be modified by another
representation (e.g., a representation 532 of an anatomical structure 432) that is less deep in a
two-dimensional projection if the projections of the two representations overlap. For example,
object representations (e.g., a representation 504 of a medical device 104, and/or a therapy
annotation) located at least partially within or behind a representation 532 of an anatomical
structure 432 can be partially obscured by modifying properties of the object representation (e.g.,
an intensity, color, pattern, shade, saturation, hue, transparency, etc. of one or more portions of
the representation 504 of the medical device 104) as a function of (i) a depth within the

representation 532 of the anatomical structure 432 and/or (ii) a depth relative to one or more
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surfaces of the representation 532 of the anatomical structure 432. Thus, as a specific example,
as a representation 504 of a medical device 104 passes through a surface of the representation
532 of the anatomical structure 432, properties of the representation 504 of the medical device
104 can change, and these properties can further change as a depth of the representation 504 of

the medical device 104 varies within the representation 532 of the anatomical structure 432.

[0059] The pattern, color, shade, or hue of a therapy annotation can indicate various
information to a physician. Referring again to FIG. 6, for example, the therapy annotations 661-
664 in the image 660 can be displayed in a first pattern and/or color (e.g., red), whereas the
therapy annotation 665 can be displayed in a second pattern and/or color (e.g., blue). In some
embodiments, the color and/or pattern of a therapy annotation can be based at least in part on
signals received from the sensors 126. For example, the color and/or pattern of an annotation
therapy can depend on temperature measurements taken by the sensors 126 on the tip section
124. In these embodiments, the first pattern and/or color of the therapy annotations 661-664 can
indicate that sensors 126 of the tip section 124 registered a temperature equal to or greater than
a threshold temperature value. In these and other embodiments, the first pattern and/or color can
indicate that sensors 126 registered equal to or greater than a threshold temperature value for
equal to or greater than a threshold period of time. In these and still other embodiments, the first
pattern and/or color can indicate that the integral of temperature difference relative to a minimum
threshold temperature at the corresponding location within the anatomical structure 432 was
equal to or greater than a minimum threshold temperature integral. In still other embodiments,
the first pattern and/or color can indicate merely that therapy was delivered to the anatomical
structure 432 at the corresponding location with the tip section 124 of the medical device 104 in
a stable position with respect to the anatomical structure 432. In these and other embodiments,
the density of the pattern, and/or the color and/or the shade of the color, displayed can change
and/or increase, respectively, as temperature increases. In contrast, the second pattern and/or
color of the therapy annotation 665 in the image 660 of FIG. 6 can indicate (i) that therapy was
either not delivered to the anatomical structure 432 at that location or (ii) that therapy was
delivered to the anatomical structure 432 but the therapy did not meet any one or more of the
above criteria. Thus, the model 544 can provide an indication of regions in the anatomical

structure 432 were therapy delivery was likely insufficient.

[0060] In these and other embodiments, the appearance of a therapy annotation can
provide an indication of whether therapy was successfully delivered to a region of the anatomical

structure 432. For example, therapy annotations can be displayed having one or more specified
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properties (e.g., shape, size, color, shade, hue, transparency, pattern, etc.) when the interface unit
108 determines that therapy is successfully delivered to a corresponding region of the anatomical
structure 432. Whether therapy is successfully delivered to the anatomical structure 432 can
depend upon one or more rules (e.g., upon one or more thresholds and/or conditions). For
example, the interface unit 108 can monitor one or more signals received from the sensors 126
(e.g., temperature, electrogram characteristics (e.g., amplitude), force, ultrasound, impedance,
location (e.g., motion during therapy delivery of lack thereof), shape (e.g., deployment or
deformation of the deformable portion 142, etc.)) to determine whether therapy was successfully
delivered to a region of the anatomical structure 432. In these and other embodiments, the
interface unit 108 can monitor characteristics of therapy delivery (e.g., the duration therapy was
delivered, the energy (e.g., power, voltage, current, impedance) delivered, electrodes to which
energy was delivered, etc.) in addition to or in lieu of the signals received from the sensors 126
to determine whether therapy was successfully delivered. In the event that the interface unit 108
determines that therapy was not successfully delivered to a corresponding region of the
anatomical structure 432, the interface unit 108 can display a therapy annotation lacking the one
or more properties indicative of successful therapy delivery and/or can display the corresponding
location in the model 544 without a therapy annotation. As such, the model 544 can provide a
physician an indication of the progression and/or success of treatment at one or more locations

within the anatomical structure 432.

[0061] In these and other embodiments, one or more properties of displayed therapy
annotations can provide a physician an indication of time of therapy. For example, a pattern,
color, shade, hue, and/or transparency of a displayed therapy annotation can indicate how
recently the corresponding region of the anatomical structure 432 was treated. Referring to
FIG. 6 as a specific example, therapy annotations 661-664 are displayed within the model 544
to indicate that therapy was delivered to regions of the anatomical structure 432 corresponding
to the locations of the annotations 661-664. The therapy annotation 664 is displayed with a
highlighted third pattern and/or color (e.g., green) outline not shown as part of the therapy
annotations 661-663. In some embodiments, this highlighting or another emphasized property
(e.g., a pattern) can indicate that a location of the therapy annotation 664 is nearer (based on a
distance metric) to the current location of the medical device 104 than the locations of the therapy
annotation 661-663. This can provide a physician with additional cues as to the current location
of the medical device 104 within the anatomical structure 432 and relative to regions of therapy

delivery.
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[0062] In these and other embodiments, the interface unit 108 can use one or more other
properties to distinguish the first therapy delivery location (e.g., along a therapy contour 712)
and/or the last therapy delivery location (e.g., along a therapy contour 712) among a group of
therapy delivery locations. Referring to FIG. 8, for example, the therapy annotation 889 is
displayed highlighted or with another emphasized property (e.g., a pattern) to indicate that the
therapy annotation 889 was the last location (e.g., along the therapy contour 712) that therapy
was delivered. In other embodiments, the therapy annotation 889 can be highlighted or
otherwise emphasized (e.g., with a pattern) to indicate that the therapy annotation 889 was the
first location (e.g., along the therapy contour 712 and/or among a group of therapy annotations
881-889) where therapy was delivered. In this manner, the physician is quickly able to track the
progression and/or direction of therapy treatment within the anatomical structure 432 and/or to

determine an order of discrete therapy regions.

[0063] Properties of a therapy annotation can indicate various information in relation to
the location of the medical device 104 (e.g., in relationship to the tip section 124 and/or to the
deformable portion 142). For example, the pattern density, shade, intensity, hue, and/or
transparency of a therapy annotation can be positively or negatively correlated with a distance
(based on a distance metric) from the tip section 124 of the medical device 104. That is, as the
tip section 124 of the medical device 104 approaches a region of the anatomical structure 432
corresponding to a therapy annotation, the pattern density, shade, intensity, hue, and/or
transparency of the therapy annotation can increase or decrease accordingly. As such, the model
544 can provide the physician an indication of treated regions of the anatomical structure 432

proximate the current location of the medical device 104.

[0064] In these and other embodiments, therapy annotations can be selectively hidden or
displayed based on the location of the tip section 124 of the medical device 104. For example,
all or a subset (e.g., a selected number) of therapy annotations within a threshold distance of the
tip section 124 can be displayed within the model 544. As a specific example, the interface unit
108 can selectively display one or more nearest therapy annotations to the location of the tip
section 124. Referring to FIG. 8 for another example, the spheres displayed in a fourth pattern
and/or color (e.g., white) near the representation 504 of the medical device 104 can indicate that
the therapy annotations 883 and 884 corresponding to the spheres are near the tip section 124 of
the medical device 104. Continuing with this specific example, the sphere corresponding to
therapy annotation 889 can also be shown in the fourth pattern and/or color because it is the last

therapy annotation.
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[0065] The distance metric used to determine a distance from a therapy annotation and/or
from the medical device 104 can vary relative to (i) a surface normal of the surface 433 of the
anatomical structure 432 at the location of the tip section 124 and/or at the location
corresponding to a therapy annotation, (ii) a direction of contact or force between the tip section
124 and the surface 433 of the anatomical structure 432, (iii) the current orientation of the tip
section 124, and/or (iv) a nearest detected portion of the surface 433 of the anatomical structure
432 (e.g., based on impedance, temperature, ultrasound, etc.). Location offsets in the direction
of a surface may be discounted relative to location offsets in a perpendicular direction. Thus,
the term “near” can be defined relative to a maximum projected distance normal to the surface
433 of the anatomical structure 432 and/or a maximum fill distance along the surface 433 of the

anatomical structure 432.

[0066] In these and other embodiments, the interface unit 108 can define a therapy contour
712 (FIG. 7) and can find the nearest point along the therapy contour 712 from the current
location of the tip section 124. From that point, the interface unit 108 can find and/or show a
subset of the therapy annotations in each direction along the contour 712. As a specific example,
the interface unit 108 can find and show two therapy annotations that are adjacent to a nearest
point along the therapy contour 712 from the current location of the tip section 124 unless the
nearest point is an endpoint of the therapy contour, in which case only one therapy annotation

can be found and shown.

[0067] The distance metric used to determine a distance (and/or to define “near” and *“far’)
from a therapy annotation and/or from the medical device 104 can depend on multiple location
(e.g., position, orientation, and/or shape) signals. For example, the distance can depend on a
position and/or orientation of the tip section 124 of the medical device 104. Furthermore, the
distance can be defined relative to a point on the surface of the tip section 124 of the medical
device 104. Additionally, or alternatively, the distance can depend on a location of one or more
of the sensors 126 on the tip section 124 of the medical device 104. Similarly, while the distance
can depend on a position of a therapy annotation (e. g., therapy annotation 774), the distance can,
additionally or alternatively, depend on one or more locations (e.g., sensor locations) that were
used to determine the position of the therapy annotation 774. A distance metric from a first set
of one or more locations to a second set of one or more locations can be defined, for example,
based on a minimum distance between a first location of the first set of one or more locations
and a second location of the second set of one or more locations. Additionally, or alternatively,

as described above, such a distance metric can depend on an orientation of a nearby surface 433
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of an anatomical structure 432 or on an orientation of the tip section 124 of the medical device

104.

[0068] Additionally, or alternatively, the interface unit 108 can display other information
regarding the location of the tip section 124 relative to one or more therapy annotations. For
example, the distance from the current location of the tip section 124 to the most recent therapy
annotation can be displayed within the model. In these and other embodiments, the distance
from the current location of the tip section 124 to the nearest therapy annotation can be displayed
within the model 544 (as shown in FIGS. 7 and 8). In these and still other embodiments, the
distance from the current location of the tip section 124 to a point along the therapy contour 712
can be displayed in the model 544, such as the distance to the midpoint between two adjacent
therapy annotations on the contour 712 (e.g., the middle of a gap between the two adjacent

therapy annotations).

4. Therapy Contours

[0069] As discussed above, often discrete regions of therapy in point-by-point therapy
delivery must be connected to form a contiguous region (e.g., contour, surface, volume, etc.) on
an anatomical structure of a patient. Gaps between the discrete regions formed during treatment
can decrease the treatment’s effectiveness, render the treatment entirely ineffective, and/or lead
to other complications. Thus, devices, systems, and methods configured in accordance with
various embodiments of the present technology can display one or more therapy contours in
addition to or in lieu of displaying therapy annotations in accordance with the above discussion.
For example, as shown in FIGS. 7-9, each of the images 770, 880, and 990 include a therapy
contour 712 that spans the length of multiple therapy annotations. As used herein, the term
“therapy contour” is defined as two or more discrete regions of therapy delivery that are
connected (e.g., that are separated by less than a maximum threshold distance, that touch, and/or

that at least partially overlap).

[0070] To identify, generate, and/or display a therapy contour 712, one or more therapy
annotations can be used. For example, the interface unit 108 can define and/or construct a graph
in which (i) all or a subset of the therapy annotation locations define vertices and (ii) edges of
the graph connect spatially-distributed therapy annotations from disparate therapy delivery
events to define spaces between the therapy delivery events. In some embodiments, the Relative
Neighborhood Graph (RNG) from a Delaunay triangulation of all or a subset of the annotations

can be used to construct the graph. In these and other embodiments, edges that are common to
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the same therapy delivery element (e.g., edges that connect two therapy annotations from the
same therapy delivery event) are considered to contribute zero path length and can be removed
from the graph. Additionally, or alternatively, redundant edges (e.g., edges that connect two
disparate therapy delivery events that are connected by another edge) can be removed from the

graph, keeping the shortest path between the redundant edges.

[0071] In some embodiments, the interface unit 108 can find a best open path through the
graph. To do so, the interface unit 108 can use Dijkstra’s algorithm to find the “longest shortest”
path through the graph. For example, for every pair of therapy delivery events represented by
annotations in the graph, the interface unit 108 can use Dijkstra’s algorithm to find the shortest
path length between them, and the interface unit 108 can then define the “longest shortest” path

as the longest path in the collection of shortest paths.

[0072] In these and other embodiments, the interface unit 108 can find a best closed path
or cycle through the graph. For example, the interface unit 108 can calculate an Edge Current
Flow Betweenness Centrality of all or a subset of the edges in the graph. In some embodiments,
the interface unit 108 can find a cycle that contains the greatest combined edge current flow.

Additionally, or alternatively, the interface unit 108 can find a longest cycle.

[0073] In these and other embodiments, the best open path and/or the best closed path may
not necessarily pass through all of the vertices defined by the therapy delivery events and/or
annotation locations. For example, a subset of the therapy delivery locations may be adjacent
such that a best open path and/or a best closed path passes through therapy annotations associated
with those delivery events, while the best open path and/or the best closed path does not pass

through therapy annotations associated with a different subset of the therapy delivery locations.

[0074] In some embodiments, the interface unit 108 can be configured to find either the
best open path or the best closed path. For example, a physician or user can input or otherwise
indicate that therapy is being or will be delivered along an open or closed path, and the interface
unit 108 can perform only the calculations corresponding to the selection. In other embodiments,
the interface unit 108 can be configured to find both the best open path and the best closed path.
In these embodiments, the interface unit 108 can be configured to make a selection between the
best open path and the best closed path based on one or more rules. For example, the interface
unit 108 can be configured to select the best closed path by default and/or to select the best open
path only when the best open path is more than a predetermined factor (e.g., two) larger than the

best closed path.
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[0075] The interface unit 108 can be configured to display the selected best path as a
therapy contour 712 alone and/or in combination with associated therapy annotations. In these
and other embodiments, the interface unit 108 can be configured to display a therapy surface
and/or volume in addition to or in lieu of the therapy contour 712. The interface unit 108 can
display a simplified version all or a portion of the graph and/or the selected best path (e.g., as a
contour, tube, ribbon, etc.) within the model 544. For example, to generate the display of the
therapy contour 712, the interface unit 108 can select therapy delivery events and/or therapy
annotations that are on the selected best path and can display a visual indicium that passes
through or near the corresponding vertices in the graph and/or through or near the selected
therapy annotations. Referring to FIGS. 7-9, for example, the images 770, 880, and 990 include
Kochanek spline tube therapy contours 712 that represent respective selected best paths through
non-redundant therapy delivery events in the model 544. In this manner, a physician is able to
quickly determine whether one or more discrete regions of therapy delivery are included within

and/or fall along the therapy contour 712.

[0076] In other embodiments, other suitable imaging, contouring, and/or surface
generation techniques may be used with images 770, 880, and 990 to display the graph and/or
the selected best path. For example, a long, tubular shape with a flattened cross-section can be
determined and displayed based on therapy annotations that are part of the graph and/or are on
the selected best path. Therapy annotations based on signals indicating tissue proximity and/or
successful therapy delivery may lie near a surface corresponding to the surface 433 of the
anatomical structure 432. If the therapy annotations fall on or near a surface of an anatomical
structure 432, a surface constructed based on the therapy annotations and having a shape with a
flattened cross-section may provide an indication of the orientation of the surface of the

anatomical structure 432 near the therapy annotations.

[0077] Once the best path is selected, calculated, and/or displayed, the interface unit 108
can be configured to highlight or otherwise emphasize (e.g., via patterns) spaces in the graph
and visually indicate gaps between therapy delivery events that are included within and/or fall
along a therapy contour 712. For example, the interface unit 108 can be configured to modify
the displayed properties of non-redundant edges based at least in part on the edge length. As a
specific example, to identify such edges, the interface unit 108 can, for each candidate edge on
the selected best path that is longer than or equal to a predetermined threshold distance, be
configured to (i) attempt to remove the candidate edge from the graph and (ii) determine whether

the two vertices in the graph that form the candidate edge remain connected by other edges that
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are all shorter than the threshold distance. If the two vertices in the graph are not connected by
other edges that are all shorter than the threshold distance, the interface unit 108 can highlight

the candidate edge.

[0078] On the other hand, if the interface unit 108 determines that the two vertices in the
graph remain connected by other edges that are all shorter than the threshold distance, the
interface unit 108 can be configured to determine whether the selected best path is open. If the
interface unit 108 determines that the selected best path is open, the interface unit 108 can not
highlight the candidate edge. In these and other embodiments, if the interface unit 108
determines that the selected best path is closed, the interface unit 108 can be configured to
determine whether the remaining path length between the two vertices is greater than a
predetermined fraction of the total selected best path length. In the event that the interface unit
108 determines that the remaining path length between the two vertices is greater than a
predetermined fraction of the total selected best path length, the interface unit 108 can highlight
or otherwise emphasize (e.g., via a pattern) the candidate edge. Otherwise, the interface unit 108

does not highlight or otherwise emphasize the candidate edge.

[0079] In some embodiments, highlighting or otherwise emphasizing can include
displaying the edge (e.g., as a line or cylinder) and/or modifying a corresponding portion of a
therapy contour visualization (e.g., with a different pattern, pattern density, color, transparency,
diameter, etc.). Referring to FIG. 9, for example, a therapy contour 712 is shown passing through
therapy annotations 991-902 within the image 990 of the model 544. A gap exists between
therapy annotation 902 and 991. After identifying the gap, the interface unit 108 can modify a
corresponding region 914 of the therapy contour 712 to visually depict the gap within the model
544. For example, in the illustrated embodiment, the interface unit 108 has increased the
diameter of the region 914 of the therapy contour 712 and has displayed the region 914 in a one
pattern and/or color (e.g., blue) instead of the another pattern and/or color (e.g., white). In this
manner, a physician is quickly able to determine whether gaps exist between therapy annotations
along a therapy contour 712 and/or can determine whether to position the tip section 124 of the
medical device 104 over the gap (e.g., between two therapy annotations that are not connected)

to deliver therapy and/or form a continuous region of therapy delivery.

5. Therapy Map, Surfaces, and Volumes

[0080] Devices, systems, and methods configured in accordance with various

embodiments of the present technology can also be configured to display various other visual
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representations and/or indicia within the model 544. For example, in addition to or in lieu of
displaying therapy annotations and/or therapy contours, one or more therapy maps, surfaces,
and/or volumes can be displayed within the model 544. The therapy surfaces, volumes, and/or
maps can provide a physician an indication of the extent of therapy delivered to the anatomical
structure 432 and/or whether discrete regions of therapy delivery are sufficiently connected such

that treatment can be considered successful.

[0081] FIG. 10, for example, is an image 1010 of a three-dimensional model 544 displayed
on the graphical user interface 110 (FIG. 1) in accordance with various embodiments of the
present technology. The model 544 includes a three-dimensional surface representation 532 of
an anatomical structure 432. In addition, the model 544 includes several transparent therapy
annotations 1011-1019 corresponding to locations of the tip section 124 of the medical device
104 within the anatomical structure 432 when therapy was delivered. In contrast with the
embodiments described above, the model 544 illustrated in FIG. 10 also includes projections
526 of a subset of the sensors 126 distributed about the tip section 124 of the medical device
104.

[0082] In addition, the model 544 includes a therapy heat map 1030 indicating temperature
measurements captured by and/or near the sensors 126 projected onto the representation 532 of
the anatomical structure 432. For example, the pattern and/or color coding scheme used to form
the therapy heat map 1030 can be based on one or more of the following: maximum temperature,
time over a minimum threshold temperature, an integral of temperature difference relative to a
minimum threshold temperature, energy delivered, one or more other signals received from the
sensors 126 of the medical device 104, and/or one or more other characteristics of therapy
delivery (e.g., therapy duration, time of therapy delivery (start time, stop time, how recently
therapy was delivered, etc.), etc.). In some embodiments, the term “near” can refer to a
maximum projected distance normal to the surface 433 of the anatomical structure 432 and/or a
maximum fill distance along the surface 433. In these and other embodiments, the term “near”
can be defined using a metric based upon the location and/or orientation of a corresponding

therapy annotation.

[0083] In this and other embodiments, a therapy map can interpolate values associated
with therapy annotations (based on, e. g., maximum temperature, time over a minimum threshold
temperature, an integral of temperature difference relative to a minimum threshold temperature,

one or more signals received from the sensors 126, one or more other characteristics of therapy
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delivery, etc.) onto a surface in order to display values between therapy annotations, as shown
in FIG. 10. For example, interpolation can be accomplished using radial basis function (RBF)
interpolation of values associated with therapy annotations. Interpolation methods can be used
to interpolate values based in part on the three-dimensional locations of the corresponding
therapy annotations. Alternatively, interpolation methods can be used to interpolate values along
the surface based in part on projected locations on the surface of the three-dimensional locations
of the corresponding therapy annotations. Interpolation can be accomplished by combining a
set of spatial functions centered at each of the therapy annotations to generate a weight for each
therapy annotation at each interpolation point on the surface. Spatial functions used to generate
weights for interpolation can be based, for example, on a single spatial function that is translated,
rotated, and/or scaled based on the value and/or location associated with the corresponding
therapy annotation. Additionally, or alternatively, spatial functions used to generate weights for
interpolation can vary with respect to a distance metric such as any of the distance metrics
described above. An interpolation method can be additive such that a value interpolated onto
the surface depends on a weighted sum of values corresponding to nearby (or potentially all)
therapy annotations. Alternatively, an interpolation method can be nonlinear such that a value
interpolated onto the surface depends on a nonlinear combination (e.g., a maximum, a sum of

squares, a specified percentile, etc.) of weighted values corresponding to the therapy annotations.

[0084] As discussed above, the therapy map 1030 can provide a physician an indication
of the extent of therapy delivered to the anatomical structure 432 and/or whether discrete regions
of therapy delivery are sufficiently connected such that treatment can be considered successful.
For example, the therapy map 1030 illustrated in FIG. 10 includes a region 1035 corresponding
to the location of the therapy annotation 1015. The region 1035 can indicate that the sensors
126 corresponding to the region 1035 did not heat up sufficiently (e.g., did not reach a threshold
temperature) and/or did not measure a sufficient temperature increase for a sufficient time period
when therapy was delivered to a corresponding region of the anatomical structure 432. Thus,
the physician can quickly determine that signals measured during therapy delivery in the region
of the anatomical structure 432 corresponding to the region 1035 of the therapy map 1030
indicate that it may not have received adequate therapy (e.g., therapy that successfully prevents
signals from propagating through the corresponding tissue). In other words, the physician can
quickly locate potential gaps in therapy delivery along a therapy contour by viewing the therapy
map 1030. In these embodiments, the physician can, after reviewing signals measured in the

region 1035 and/or performing additional confirmation maneuvers, position the tip section 124
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of the medical device 104 against the surface 433 of the anatomical structure 432 at a location
corresponding to the region 1035 and can deliver therapy to treat the corresponding tissue. In
these and other embodiments, the physician viewing the therapy map 1030 illustrated in the
FIG. 10 can see that the region 1035 of the therapy map 1030 is surrounded by regions of the
anatomical structure 432 in which signals measured during therapy indicate that sufficient
therapy was likely delivered (e.g., indicated by one or more densities of patterns and/or one or
more selected shades of colors (e.g., red and pink) surrounding the region 1035). Thus, in some
embodiments, the physician can determine that the therapy contour illustrated by the therapy

map 1030 is sufficiently continuous to indicate successful therapy.

[0085] In some embodiments, rather than projecting the therapy map 1030 onto the
representation 532 of the surface 433 of the anatomical structure 432 as illustrated in FIG. 10,
volume rendering techniques known in the art can be used to render information about spatially
distributed therapy annotations. In these and other embodiments, pattern, color, and/or other
properties of the rendered volume can vary similarly to the therapy annotations, therapy
contours, and/or the therapy maps described above. In these and still other embodiments,
volumetric binning and/or smoothing can be used to control the region of influence of each

spatially-distributed therapy annotation and/or to smooth the volume rendering.

[0086] In other embodiments, rather than projecting or interpolating the therapy map 1030
onto the representation 532 of the surface 433 of the anatomical structure as illustrated in FIG.
10, a therapy map can be projected or interpolated onto a therapy contour or another surface
determined based on therapy annotations. Such an approach may reduce errors caused by

projecting measurements onto an existing surface.

6. Associated Methods

[0087] FIG. 11 is a flow diagram illustrating a routine 1140 for generating and/or
displaying visual indicia regarding therapy delivery in an anatomical structure of a patient in
accordance with various embodiments of the present technology. All or a subset of the steps of
the routine 1140 can be executed by various components or devices of a medical system, such
as the system 100 illustrated in FIGS. 1-3 or other suitable systems. For example, all or a subset
of the steps of the routine 1140 can be executed by (i) components or devices of an interface unit
(e.g., the interface unit 108) and/or (ii) components or devices of a medical device (e.g., the
medical device 104). Furthermore, any one or more of the steps of the routine 1140 can be

executed in accordance with the discussion above.
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[0088] The routine 1140 begins at block 1141 by receiving one or more position signals
of a medical device in an anatomical structure of a patient. For example, the routine 1140 can
receive a position signal of the medical device using one or more imaging techniques and/or
sensors (e.g., a magnetic position sensor) of the medical device. In these and other embodiments,
the routine 1140 can receive a position signal of the medical device using one or more sensors

distributed about a tip section of the medical device.

[0089] Based at least in part on the received position signal(s), the routine 1140 at block
1142 determines a location (e. g., position, orientation, and/or shape) of the medical device within
the anatomical structure. In some embodiments, the routine 1140 can determine the location
(e.g., position, orientation, and/or shape) of the medical device (e.g., of the tip section of the
medical device) in relation to the surface of the anatomical structure. For example, the routine
1140 can determine the location of the medical device relative to the surface of the anatomical
structure using a generated and/or acquired three-dimensional representation of the anatomical
structure and/or by identifying which of the sensors distributed about the tip section of the

medical device measure signals indicating proximity to the surface of the anatomical structure.

[0090] Atblock 1143, the routine 1140 continues by receiving one or more sensor signals.
For example, the routine 1140 can receive one or more sensor signals from the sensors
distributed about the tip section of the medical device. The one or more therapy position signals

can indicate portions of the medical device where therapy delivery may have been successful.

[0091] At block 1144, the routine 1140 generates visual indicia related to therapy
delivered to the anatomical structure. For example, the routine 1140 can generate visual indicia
related to therapy delivered to the anatomical structure based at least in part on the one or more
sensor signals received at block 1143. In these and other embodiments, the visual indicia can
include therapy annotations, therapy maps, therapy surfaces, therapy volumes, therapy contours,
and/or other visual indicia (e.g., distance measurements between visual indicia and/or between

visual indicia and the medical device).

[0092] At block 1145, the routine 1140 displays visual indicia related to therapy delivered
to the anatomical structure. For example, the routine 1140 can display a three-dimensional
surface representation of the anatomical structure and/or a representation of the medical device
(e.g., of the tip section of the medical device) in a model on a graphical user interface. In these
and other embodiments, the routine 1140 can display one or more therapy annotations at

positions within the model corresponding to the location of the tip section of the medical device
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when therapy was delivered. In these and still other embodiments, the routine 1140 can display
various other visual indicia, such as therapy contours, highlighted and/or emphasized gaps,
therapy volumes, therapy surfaces, therapy maps, and/or other information (e.g., the distance to

the nearest therapy annotation).

[0093] Although the steps of the routine 1140 are discussed and illustrated in a particular
order, the routine 1140 illustrated in FIG. 11 is not so limited. In other embodiments, the routine
1140 can be performed in a different order. In these and other embodiments, any of the steps of
the routine 1140 can be performed before, during, and/or after any of the other steps of the
routine 1140. Moreover, a person of ordinary skill in the relevant art will recognize that the
illustrated routine can be altered and still remain within these and other embodiments of the
present technology. For example, one or more steps of the routine 1140 illustrated in FIG. 11

can be omitted and/or repeated in some embodiments.

[0094] FIG. 12 is a flow diagram illustrating a routine 1250 for selectively displaying one
or more visual indicia related to therapy delivery within an anatomical structure of a patient in
accordance with various embodiments of the present technology. All or a subset of the steps of
the routine 1250 can be executed by various components or devices of a medical system, such
as the system 100 illustrated in FIGS. 1-3. For example, all or a subset of the steps of the routine
1250 can be executed by (i) components or devices of an interface unit (e.g., the interface unit
108) and/or (ii) components or devices of a medical device (e.g., the medical device 104).
Furthermore, any one or more of the steps of the routine 1250 can be executed in accordance

with the discussion above.

[0095] The routine 1250 begins at block 1251 by receiving one or more position signals
indicative of a position of a medical device in an anatomical structure of a patient. For example,
the routine 1250 can receive a position signal of the medical device using one or more imaging
techniques and/or sensors (e. g., a magnetic position sensor) of the medical device. In these and
other embodiments, the routine 1140 can receive a position signal of the medical device using
one or more sensors distributed about a tip section of the medical device. In these and still other
embodiments, the one or more position signals can be indicative of a location (e.g., position,
orientation, and/or shape) of a medical device in an anatomical structure of a patient before,

during, and/or after therapy is delivered to the anatomical structure.

[0096] During a period of therapy delivery, the routine 1250 at block 1252 determines a

first location of the medical device within the anatomical structure based at least in part on one

-33-



WO 2020/154543 PCT/US2020/014850

or more position signals received at block 1251. In some embodiments, the routine 1250 can
determine the first location (e.g., position, orientation, and/or shape) of the medical device (e.g.,
of the tip section of the medical device) in relation to the surface of the anatomical structure.
For example, the routine 1250 can determine the first location of the medical device relative to
the surface of the anatomical structure using a generated and/or acquired three-dimensional
representation of the anatomical structure and/or by identifying which of the sensors distributed
about the tip section of the medical device measure signals indicating proximity to the surface

of the anatomical structure.

[0097] At block 1253, based at least in part on one or more position signals received at
block 1251, the routine 1250 determines a second location of the medical device within the
anatomical structure outside the period of therapy delivery. In some embodiments, the routine
1250 can determine the second location of the medical device (e.g., of the tip section of the
medical device) in relation to the surface of the anatomical structure. For example, the routine
1250 can determine the second position and/or orientation of the medical device relative to the
surface of the anatomical structure using the generated and/or acquired three-dimensional
representation of the anatomical structure and/or by identifying which of the sensors distributed
about the tip section of the medical device measure signals indicating proximity to the surface

of the anatomical structure.

[0098] At block 1254, the routine 1250 selectively displays one or more visual indicia on
a graphical user interface based at least in part on the first and/or second location of the medical
device. In some embodiments, the routine 1250 can selectively display one or more visual
indicia based at least in part on the distance between the first and second locations. For example,
the routine 1250 can display a therapy contour having one or more properties that vary based at
least in part on the distance between the first and second locations. In these and other
embodiments, the routine 1250 can display all or a subset of generated visual indicia based at
least in part on (i) a distance between the first location and the generated visual indicia and/or

(i) a distance between the second location and the generated visual indicia.

[0099] Although the steps of the routine 1250 are discussed and illustrated in a particular
order, the routine 1250 illustrated in FIG. 12 is not so limited. In other embodiments, the routine
1250 can be performed in a different order. In these and other embodiments, any of the steps of
the routine 1250 can be performed before, during, and/or after any of the other steps of the

routine 1250. Moreover, a person of ordinary skill in the relevant art will recognize that the
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illustrated routine can be altered and still remain within these and other embodiments of the

present technology. For example, one or more steps of the routine 1250 (e.g., the block 1251)

illustrated in FIG. 12 can be omitted and/or repeated (e.g., after the blocks 1252 and/or 1253) in

some embodiments.

C.

[0100]

Additional Examples

Several aspects of the present technology are set forth in the following examples.

1. A method, comprising:

receiving a position signal indicating a current position of two or more sensors distributed
about a tip section of a catheter within an anatomical structure of a patient;

receiving at least one therapy delivery signal, wherein the at least one therapy delivery
signal includes information related to therapy delivered to a region of the
anatomical structure;

receiving at least one sensor signal from each of the two or more sensors;

based, at least in part, on the received at least one therapy delivery signal and the received
sensor signals, determining a weighting and/or a subset of the two or more sensors
that indicate therapy delivery;

based, at least in part, on the received position signal, the received at least one therapy
delivery signal, and the determined weighting and/or subset, determining a
location of at least one sensor of the two or more sensors;

generating visual indicia based at least in part on the determined location of the at least
one sensor of the two or more sensors; and

selectively displaying the visual indicia on a graphical user interface based at least in part

on the determined location of the at least one sensor of the two or more sensors.

2. The method of example 1 wherein:

the at least one therapy delivery signal includes a first therapy delivery signal;

the first therapy delivery signal includes information related to therapy delivered to a first
region of the anatomical structure;

determining the location of the at least one sensor of the two or more sensors includes
determining the location of the at least one sensor of the two or more sensors

when the therapy was delivered to the first region; and
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selectively displaying the visual indicia includes selectively displaying the visual indicia
based on a distance between the current position of the two or more sensors and
the determined location of the at least one sensor of the two or more sensors when

therapy was delivered to the first region.

3. The method of example 2 wherein the visual indicia includes a therapy annotation
corresponding to the determined location of the at least one sensor of the two or more sensors
when the therapy was delivered to the first region of the anatomical structure, and wherein
selectively displaying the therapy annotation includes displaying the therapy annotation only
when the therapy annotation is within a first distance from the current position of the two or

more Sensors.

4. The method of example 2 wherein the visual indicia includes a therapy annotation
corresponding to the determined location of the at least one sensor of the two or more sensors
when the therapy was delivered to the first region of the anatomical structure, and wherein
selectively displaying the therapy annotation includes displaying the therapy annotation only
when the therapy annotation is a nearest therapy annotation to the current position of the two or

more Sensors.

5. The method of example 2 wherein the visual indicia includes a therapy annotation
corresponding to the determined location of the at least one sensor of the two or more sensors
when the therapy was delivered to the first region of the anatomical structure, and wherein
selectively displaying the therapy annotation includes displaying the therapy annotation only
when the first region of the anatomical structure is the most recently treated region of the

anatomical structure.

6. The method of any one of examples 2-5 wherein the visual indicia include the
distance between the current position of the two or more sensors and the determined location of

the at least one sensor when the therapy was delivered to the first region.
7. The method of example 1 wherein:

the at least one therapy delivery signal includes a first therapy delivery signal and a

second therapy delivery signal;
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the first therapy delivery signal includes information related to therapy delivered to a first
region of the anatomical structure;

the second therapy delivery signal includes information related to therapy delivered to a
second region of the anatomical structure;

determining the location of the at least one sensor of the two or more sensors includes (i)
determining a location of at least one sensor of the two or more sensors when the
therapy was delivered to the first region and (ii) determining a location of at least
one sensor of the two or more sensors when therapy was delivered to the second
region; and

selectively displaying the visual indicia includes selectively displaying the visual indicia
based on a distance between (i) the determined location of the at least one sensor
of the two or more sensors when the therapy was delivered to the first region and
(i1) the determined location of the at least one sensor of the two or more sensors

when the therapy was delivered to the second region.

8. The method of example 7 wherein:
the visual indicia include—

a first therapy annotation corresponding to the determined location of the at least
one sensor of the two or more sensors when the therapy was delivered to
the first region of the anatomical structure,

a second therapy annotation corresponding to the determined location of the at
least one sensor of the two or more sensors when the therapy was
delivered to the second region of the anatomical structure, and

a therapy contour connecting the first therapy annotation and the second therapy
annotation;

the method further comprises determining a distance between the first therapy annotation
and the second therapy annotation; and
selectively displaying the visual indicia includes—

displaying the therapy contour with a first set of properties when the distance

between the first therapy annotation and the second therapy annotation is

less than a threshold distance, and
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displaying the therapy contour with a second set of properties when the distance
between the first therapy annotation and the second therapy annotation is

equal to or greater than the threshold distance.

9. The method of example 8, further comprising determining that the distance
between the first therapy annotation and the second therapy annotation is equal to or greater than
the threshold distance, wherein—

the visual indicia include a distance from a current position of a first subset of sensors of

the two or more sensors to a point on the therapy contour representative of a
midpoint between the first therapy annotation and the second therapy annotation;
and

selectively displaying the visual indicia includes displaying the distance from the current

position of the two or more sensors to the point on the therapy contour
representative of the midpoint between the first therapy annotation and the second

therapy annotation.

10. The method of example 8 or 9@ wherein selectively displaying the therapy contour

is further based on a selection between a best open path and a best closed path.

11. The method of any one of examples 1-10 wherein selectively displaying the
visual indicia includes modifying one or more visual properties of the visual indicia, and wherein
the one or more visual properties include a size, a shape, an orientation, a highlighting, a color,

a shade, a hue, and/or a transparency of the visual indicia.

12. A method, comprising:

receiving a position signal indicating a position of a catheter in an anatomical structure
of a patient, wherein the catheter includes a tip section and two or more sensors
distributed about the tip section;

receiving a therapy delivery signal;

receiving a temperature signal from each of the two or more sensors;

based, at least in part, on the received temperature signals, determining a weighting

and/or a subset of the two or more sensors that indicate therapy delivery; and
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based, at least in part, on the received position signal, determining a location of at least
one of the two or more sensors when therapy was delivered to a region of the
anatomical structure;

generating visual indicia based, at least in part, on (i) the determined location of the at
least one of the two or more sensors when therapy was delivered to the region of
the anatomical structure and (ii) the weighting and/or the subset of the two or

more Sensors.

13. The method of example 12 wherein the therapy delivery signal includes
information related to the therapy delivered to the region of the anatomical structure, and wherein
one or more properties of the visual indicia correspond to (i) the determined location of the at
least one sensor and (ii) the information related to the therapy delivered to the region of the

anatomical structure.

14. The method of example 12 or 13, further comprising determining a current
location of the tip section of the catheter based on the received position signal, and wherein one

or more properties of the visual indicia correspond to the current location of the tip section.

15. The method of example 13 or 14 wherein the one or more properties of the visual
indicia include a location, a size, a shape, an orientation, a highlighting, a color, a shade, a hue,

and/or a transparency.

16. The method of any one of examples 12—15, further comprising receiving at least
one sensor signal from each of the two or more sensors, wherein the received sensor signals
include an electrogram, a force, an acoustic signal, an impedance, a location, and/or a shape of

the tip section.

17. The method of any one of examples 12—16 wherein:

the therapy delivery signal includes information related to therapy delivered to the region
of the anatomical structure;

the information related to the therapy delivered to the region of the anatomical structure
includes a time the therapy was delivered to the region of the anatomical

structure, a duration the therapy was delivered to the region of the anatomical
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structure, and/or energy information related to the therapy delivered to the region
of the anatomical structure; and
the energy information related to the therapy delivered to the region of the anatomical

structure includes power, voltage, current, and/or impedance.

18. The method of any one of examples 12—17 wherein the visual indicia include a

therapy annotation, a therapy contour, a therapy surface, a therapy volume, and/or a therapy map.

19. The method of any one of examples 12—-18 wherein:

the visual indicia include a therapy contour;

the region of the anatomical structure is a first region;

the therapy delivery signal includes information related to therapy delivered to the first
region and a second region of the anatomical structure; and

at least one property of the therapy contour depends on a distance between (i) the location
of the at least one sensor of the two or more sensors when the therapy was
delivered to the first region of the anatomical structure and (ii) a location of the
at least one sensor of the two of more sensors when the therapy was delivered to

the second region of the anatomical structure.

20. The method of example 12 wherein the visual indicia include a three-dimensional
representation of the anatomical structure and/or a three-dimensional representation of the tip

section of the catheter.

21. The method of any one of examples 12-20, further comprising displaying the

visual indicia within a model projected onto a graphical user interface.

22. A method, comprising:

receiving a position signal indicating a position of a catheter in an anatomical structure
of a patient, wherein the catheter includes a tip section and two or more sensors
distributed about the tip section;

receiving at least one therapy delivery signal, wherein the at least one therapy delivery
signal includes information related to therapy delivered to a region of the

anatomical structure;
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receiving at least one sensor signal from each of the two or more sensors;

based, at least in part, on the received at least one therapy delivery signal and the received
sensor signals, determining a weighting and/or a subset of the two or more sensors
that indicate therapy delivery;

based, at least in part, on the received position signal, determining a location of at least
one sensor of the two or more sensors when the therapy was delivered the region
of the anatomical structure; and

generating visual indicia based, at least in part, on (i) the determined location of the at
least one sensor and/or (ii) the weighting and/or the subset of the two or more

SENnsors.

23. The method of example 22 wherein the received sensor signals include a
temperature, an electrogram, a force, an acoustic signal, an impedance, a location, and/or a shape

of the tip section.

24. A method, comprising:

receiving a position signal indicating a current position of two or more sensors within an
anatomical structure, wherein the two of more sensors are distributed about a tip
section of a catheter;

receiving a first therapy delivery signal, wherein the first therapy delivery signal includes
information related to therapy delivered to a first region of the anatomical
structure;

receiving a second therapy delivery signal, wherein the second therapy delivery signal
includes information related to therapy delivered to a second region of the
anatomical structure;

receiving a temperature signal from each of the two or more sensors;

based, at least in part, on the received position signal, the received first therapy delivery
signal, and the received temperature signals, determining a first location of at
least one sensor of the two or more sensors;

based, at least in part, on the received position signal, the received second therapy
delivery signal, and the received temperature signals, determining a second

location of at least one sensor of the two or more sensors; and
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generating visual indicia based at least in part on the determined first location and the

determined second location.

25. A method, comprising:

receiving a position signal indicating positions of two or more sensors within an
anatomical structure, wherein the two of more sensors are distributed about a tip
section of a catheter;

receiving a first portion of a therapy delivery signal, wherein the first portion of the
therapy delivery signal includes information related to therapy delivered to a first
region of the anatomical structure;

receiving a second portion of the therapy delivery signal, wherein the second portion of
the therapy delivery signal includes information related to therapy delivered to a
second region of the anatomical structure;

receiving a temperature signal from each of the two or more sensors;

based, at least in part, on the received position signal, the first portion of the therapy
delivery signal, and the received temperature signals, determining a first location
of at least one sensor of the two or more sensors;

based, at least in part, on the received position signal, the second portion of the therapy
delivery signal, and the received temperature signals, determining a second
location of at least one sensor of the two or more sensors;

generating visual indicia based at least in part on the determined first location and the
determined second location; and

selectively displaying the visual indicia on a graphical user interface based, at least in
part, on the determined first location, the determined second location, and/or a
distance between the determined first location and the determined second

location.

26. A method, comprising:

receiving a temperature signal from each sensor of two or more sensors distributed about
a tip section of a catheter positioned within an anatomical structure, wherein each
temperature signal includes temperature information of a respective sensor when

(a) therapy was delivered to a first region via the tip section and (b) therapy was
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delivered to a second, different region of the anatomical structure via the tip
section;

based, at least in part, on the received temperature signals, determining (i) a first
weighting and/or a first subset of the two or more sensors that indicate therapy
delivery to the first region of the anatomical structure and (ii) a first location of
sensors in the first weighting and/or in the first subset of the two or more sensors;

based, at least in part, on the received temperature signals, determining (i) a second
weighting and/or a second subset of the two or more sensors that indicate therapy
delivery to the second region of the anatomical structure and (ii) a second location
of sensors in the second weighting and/or the second subset of the two or more
Sensors;

determining a distance between the first location and the second location; and

selectively displaying a therapy contour based, at least in part, on the distance between
the first location and the second location, wherein the therapy contour connects
the first location and the second location, and wherein the therapy contour
includes (i) a first set of properties when the distance between the first location
and the second location is less than a threshold distance and (ii) a second set of
properties when the distance between the first location and the second location is

equal to or greater than the threshold distance.

D. Conclusion

[0101] The above detailed descriptions of embodiments of the technology are not intended
to be exhaustive or to limit the technology to the precise form disclosed above. Although specific
embodiments of, and examples for, the technology are described above for illustrative purposes,
various equivalent modifications are possible 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 embodiments can perform steps in a different order. Furthermore, the various

embodiments described herein can also be combined to provide further embodiments.

[0102] The systems and methods described herein can be provided in the form of tangible
and non-transitory machine-readable medium or media (such as a hard disk drive, hardware
memory, etc.) having instructions recorded thereon for execution by a processor or computer.
The set of instructions can include various commands that instruct the computer or processor to

perform specific operations such as the methods and processes of the various embodiments
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described here. The set of instructions can be in the form of a software program or application.
The computer storage media can include volatile and non-volatile media, and removable and
non-removable media, for storage of information such as computer-readable instructions, data
structures, program modules or other data. The computer storage media can include, but are not
limited to, RAM, ROM, EPROM, EEPROM, flash memory or other solid-state memory
technology, CD-ROM, DVD, or other optical storage, magnetic disk storage, or any other
hardware medium which can be used to store desired information and that can be accessed by
components of the system. Components of the system can communicate with each other via
wired or wireless communication. The components can be separate from each other, or various
combinations of components can be integrated together into a monitor or processor or contained
within a workstation with standard computer hardware (for example, processors, circuitry, logic
circuits, memory, and the like). The system can include processing devices such as
microprocessors, microcontrollers, integrated circuits, control units, storage media, and other

hardware.

[0103] From the foregoing, it will be appreciated that specific embodiments of the
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 embodiments of the technology. To the extent any materials incorporated
herein by reference conflict with the present disclosure, the present disclosure controls. Where
the context permits, singular or plural terms can also include the plural or singular term,
respectively. Moreover, 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. As used herein, the phrase “and/or” as in
“A and/or B” refers to A alone, B alone, and both A and B. Where the context permits, singular
or plural terms can also include the plural or singular term, respectively. Additionally, the terms
“comprising,” “including,” “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. Furthermore, as used herein, the term “substantially” refers to
the complete or nearly complete extent or degree of an action, characteristic, property, state,
structure, item, or result. For example, an object that is “substantially” enclosed would mean
that the object is either completely enclosed or nearly completely enclosed. The exact allowable

degree of deviation from absolute completeness may in some cases depend on the specific
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context. However, generally speaking the nearness of completion will be so as to have the same
overall result as if absolute and total completion were obtained. The use of “substantially” is
equally applicable when used in a negative connotation to refer to the complete or near complete

lack of an action, characteristic, property, state, structure, item, or result.

[0104] 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 various components and functions of
the technology can be combined and/or integrated. Furthermore, although advantages associated
with certain embodiments of the technology have been described in the context of those
embodiments, other embodiments can also exhibit such advantages, and not all embodiments
need necessarily exhibit such advantages to fall within the scope of the technology. Accordingly,
the disclosure and associated technology can encompass other embodiments not expressly

shown or described herein.

45-



WO 2020/154543 PCT/US2020/014850

CLAIMS

I/We claim:

1. A method, comprising:

receiving a position signal indicating a current position of two or more sensors distributed
about a tip section of a catheter within an anatomical structure of a patient;

receiving at least one therapy delivery signal, wherein the at least one therapy delivery
signal includes information related to therapy delivered to a region of the
anatomical structure;

receiving at least one sensor signal from each of the two or more sensors;

based, at least in part, on the received at least one therapy delivery signal and the received
sensor signals, determining a weighting and/or a subset of the two or more sensors
that indicate therapy delivery;

based, at least in part, on the received position signal, the received at least one therapy
delivery signal, and the determined weighting and/or subset, determining a
location of at least one sensor of the two or more sensors;

generating visual indicia based, at least in part, on the determined location of the at least
one sensor of the two or more sensors; and

selectively displaying the visual indicia on a graphical user interface based, at least in
part, on the determined location of the at least one sensor of the two or more

SENSors.

2. The method of claim 1 wherein:

the at least one therapy delivery signal includes a first therapy delivery signal;

the first therapy delivery signal includes information related to therapy delivered to a first
region of the anatomical structure;

determining the location of the at least one sensor of the two or more sensors includes
determining the location of the at least one sensor of the two or more sensors
when the therapy was delivered to the first region; and

selectively displaying the visual indicia includes selectively displaying the visual indicia

based on a distance between the current position of the two or more sensors and
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the determined location of the at least one sensor of the two or more sensors when

therapy was delivered to the first region.

3. The method of claim 2 wherein the visual indicia includes a therapy annotation
corresponding to the determined location of the at least one sensor of the two or more sensors
when the therapy was delivered to the first region of the anatomical structure, and wherein
selectively displaying the therapy annotation includes displaying the therapy annotation only
when the therapy annotation is within a first distance from the current position of the two or

more Sensors.

4. The method of claim 2 wherein the visual indicia includes a therapy annotation
corresponding to the determined location of the at least one sensor of the two or more sensors
when the therapy was delivered to the first region of the anatomical structure, and wherein
selectively displaying the therapy annotation includes displaying the therapy annotation only
when the therapy annotation is a nearest therapy annotation to the current position of the two or

more Sensors.

5. The method of claim 2 wherein the visual indicia includes a therapy annotation
corresponding to the determined location of the at least one sensor of the two or more sensors
when the therapy was delivered to the first region of the anatomical structure, and wherein
selectively displaying the therapy annotation includes displaying the therapy annotation only
when the first region of the anatomical structure is the most recently treated region of the

anatomical structure.

6. The method of claim 2 wherein the visual indicia include the distance between
the current position of the two or more sensors and the determined location of the at least one

sensor when the therapy was delivered to the first region.

7. The method of claim 1 wherein:

the at least one therapy delivery signal includes a first therapy delivery signal and a
second therapy delivery signal;

the first therapy delivery signal includes information related to therapy delivered to a first

region of the anatomical structure;
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the second therapy delivery signal includes information related to therapy delivered to a
second region of the anatomical structure;

determining the location of the at least one sensor of the two or more sensors includes (i)
determining a location of at least one sensor of the two or more sensors when
therapy was delivered to the first region and (ii) determining a location of at least
one sensor of the two or more sensors when the therapy was delivered to the
second region; and

selectively displaying the visual indicia includes selectively displaying the visual indicia
based on a distance between (i) the determined location of the at least one sensor
of the two or more sensors when the therapy was delivered to the first region and
(i1) the determined location of the at least one sensor of the two or more sensors

when the therapy was delivered to the second region.

8. The method of claim 7 wherein:
the visual indicia include—

a first therapy annotation corresponding to the determined location of the at least
one sensor of the two or more sensors when the therapy was delivered to
the first region of the anatomical structure,

a second therapy annotation corresponding to the determined location of the at
least one sensor of the two or more sensors when the therapy was
delivered to the second region of the anatomical structure, and

a therapy contour connecting the first therapy annotation and the second therapy
annotation;

the method further comprises determining a distance between the first therapy annotation
and the second therapy annotation; and
selectively displaying the visual indicia includes—

displaying the therapy contour with a first set of properties when the distance
between the first therapy annotation and the second therapy annotation is
less than a threshold distance, and

displaying the therapy contour with a second set of properties when the distance
between the first therapy annotation and the second therapy annotation is

equal to or greater than the threshold distance.
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9. The method of claim 8, further comprising determining that the distance between
the first therapy annotation and the second therapy annotation is equal to or greater than the
threshold distance, wherein—

the visual indicia include a distance from a current position of a first subset of sensors of

the two or more sensors to a point on the therapy contour representative of a
midpoint between the first therapy annotation and the second therapy annotation;
and

selectively displaying the visual indicia includes displaying the distance from the current

position of the two or more sensors to the point on the therapy contour
representative of the midpoint between the first therapy annotation and the second

therapy annotation.

10. The method of claim 8 wherein selectively displaying the therapy contour is

further based on a selection between a best open path and a best closed path.

11. The method of claim 1 wherein selectively displaying the visual indicia includes
modifying one or more visual properties of the visual indicia, and wherein the one or more visual
properties include a size, a shape, an orientation, a highlighting, a color, a shade, a hue, and/or a

transparency of the visual indicia.

12. A method, comprising:

receiving a position signal indicating a position of a catheter in an anatomical structure
of a patient, wherein the catheter includes a tip section and two or more sensors
distributed about the tip section;

receiving a therapy delivery signal;

receiving a temperature signal from each of the two or more sensors;

based, at least in part, on the received temperature signals, determining a weighting
and/or a subset of the two or more sensors that indicate therapy delivery; and

based, at least in part, on the received position signal, determining a location of at least
one of the two or more sensors when therapy was delivered to a region of the
anatomical structure;

generating visual indicia based, at least in part, on (i) the determined location of the at

least one of the two or more sensors when therapy was delivered to the region of
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the anatomical structure and (ii) the weighting and/or the subset of the two or

more Sensors.

13. The method of claim 12 wherein the therapy delivery signal includes information
related to the therapy delivered to the region of the anatomical structure, and wherein one or
more properties of the visual indicia correspond to (i) the determined location of the at least one
sensor and (ii) the information related to the therapy delivered to the region of the anatomical

structure.

14. The method of claim 12, further comprising determining a current location of the
tip section of the catheter based on the received position signal, and wherein one or more

properties of the visual indicia correspond to the current location of the tip section.

15. The method of claim 13 wherein the one or more properties of the visual indicia
include a location, a size, a shape, an orientation, a highlighting, a color, a shade, a hue, and/or

a transparency.

16. The method of claim 12, further comprising receiving at least one sensor signal
from each of the two or more sensors, wherein the received sensor signals include an
electrogram, a force, an acoustic signal, an impedance, a location, and/or a shape of the tip

section.

17. The method of claim 12 wherein:

the therapy delivery signal includes information related to therapy delivered to the region
of the anatomical structure;

the information related to the therapy delivered to the region of the anatomical structure
includes a time the therapy was delivered to the region of the anatomical
structure, a duration the therapy was delivered to the region of the anatomical
structure, and/or energy information related to the therapy delivered to the region
of the anatomical structure; and

the energy information related to the therapy delivered to the region of the anatomical

structure includes power, voltage, current, and/or impedance.
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18. The method of claims 12 wherein the visual indicia include a therapy annotation,

a therapy contour, a therapy surface, a therapy volume, and/or a therapy map.

19. The method of claim 12 wherein:

the visual indicia include a therapy contour;

the region of the anatomical structure is a first region;

the therapy delivery signal includes information related to therapy delivered to the first
region and a second region of the anatomical structure; and

at least one property of the therapy contour depends on a distance between (i) the location
of the at least one sensor of the two or more sensors when the therapy was
delivered to the first region of the anatomical structure and (ii) a location of the
at least one sensor of the two of more sensors when the therapy was delivered to

the second region of the anatomical structure.

20. The method of claim 12 wherein the visual indicia include a three-dimensional
representation of the anatomical structure and/or a three-dimensional representation of the tip

section of the catheter.

21. The method of claims 12, further comprising displaying the visual indicia within

a model projected onto a graphical user interface.

22. A method, comprising:

receiving a position signal indicating a position of a catheter in an anatomical structure
of a patient, wherein the catheter includes a tip section and two or more sensors
distributed about the tip section;

receiving at least one therapy delivery signal, wherein the at least one therapy delivery
signal includes information related to therapy delivered to a region of the
anatomical structure;

receiving at least one sensor signal from each of the two or more sensors;

based, at least in part, on the received at least one therapy delivery signal and the received
sensor signals, determining a weighting and/or a subset of the two or more sensors

that indicate therapy delivery;
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based, at least in part, on the received position signal, determining a location of at least
one sensor of the two or more sensors when the therapy was delivered the region
of the anatomical structure; and

generating visual indicia based, at least in part, on (i) the determined location of the at
least one sensor and/or (ii) the weighting and/or the subset of the two or more

SENnsors.

23. The method of claim 22 wherein the received sensor signals include a
temperature, an electrogram, a force, an acoustic signal, an impedance, a location, and/or a shape

of the tip section.

24. A method, comprising:

receiving a position signal indicating a current position of two or more sensors within an
anatomical structure, wherein the two of more sensors are distributed about a tip
section of a catheter;

receiving a first therapy delivery signal, wherein the first therapy delivery signal includes
information related to therapy delivered to a first region of the anatomical
structure;

receiving a second therapy delivery signal, wherein the second therapy delivery signal
includes information related to therapy delivered to a second region of the
anatomical structure;

receiving a temperature signal from each of the two or more sensors;

based, at least in part, on the received position signal, the received first therapy delivery
signal, and the received temperature signals, determining a first location of at
least one sensor of the two or more sensors;

based, at least in part, on the received position signal, the received second therapy
delivery signal, and the received temperature signals, determining a second
location of at least one sensor of the two or more sensors; and

generating visual indicia based at least in part on the determined first location and the

determined second location.
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25. A method, comprising:

receiving a position signal indicating positions of two or more sensors within an
anatomical structure, wherein the two of more sensors are distributed about a tip
section of a catheter;

receiving a first portion of a therapy delivery signal, wherein the first portion of the
therapy delivery signal includes information related to therapy delivered to a first
region of the anatomical structure;

receiving a second portion of the therapy delivery signal, wherein the second portion of
the therapy delivery signal includes information related to therapy delivered to a
second region of the anatomical structure;

receiving a temperature signal from each of the two or more sensors;

based, at least in part, on the received position signal, the first portion of the therapy
delivery signal, and the received temperature signals, determining a first location
of at least one sensor of the two or more sensors;

based, at least in part, on the received position signal, the second portion of the therapy
delivery signal, and the received temperature signals, determining a second
location of at least one sensor of the two or more sensors;

generating visual indicia based at least in part on the determined first location and the
determined second location; and

selectively displaying the visual indicia on a graphical user interface based, at least in
part, on the determined first location, the determined second location, and/or a
distance between the determined first location and the determined second

location.

26. A method, comprising:

receiving a temperature signal from each sensor of two or more sensors distributed about
a tip section of a catheter positioned within an anatomical structure, wherein each
temperature signal includes temperature information of a respective sensor when
(a) therapy was delivered to a first region via the tip section and (b) therapy was
delivered to a second, different region of the anatomical structure via the tip
section;

based, at least in part, on the received temperature signals, determining (i) a first

weighting and/or a first subset of the two or more sensors that indicate therapy
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delivery to the first region of the anatomical structure and (ii) a first location of
sensors in the first weighting and/or in the first subset of the two or more sensors;

based, at least in part, on the received temperature signals, determining (i) a second
weighting and/or a second subset of the two or more sensors that indicate therapy
delivery to the second region of the anatomical structure and (ii) a second location
of sensors in the second weighting and/or the second subset of the two or more
Sensors;

determining a distance between the first location and the second location; and

selectively displaying a therapy contour based, at least in part, on the distance between
the first location and the second location, wherein the therapy contour connects
the first location and the second location, and wherein the therapy contour
includes (i) a first set of properties when the distance between the first location
and the second location is less than a threshold distance and (ii) a second set of
properties when the distance between the first location and the second location is

equal to or greater than the threshold distance.
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