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the selected transducers may be activated iteratively on a pair-by-pair basis, until all of the selected transducers have achieved de -
sired activation results, according to some embodiments. Each subsequent pair may include the same or similar characteristics as the
first pair.



10

15

20

25

30

WO 2016/080965 PCT/US2014/066143

SYSTEMS AND METHODS FOR ACTIVATING TRANSDUCERS

TECHNICAL FIELD
Aspects of this disclosure generally are related to systems and methods for
activating transducers, such systems and methods applicable to, among other things, medical

Systems.

BACKGROUND

Cardiac surgery was initially undertaken using highly invasive open procedures.
A sternotomy, which is a type of incision in the center of the chest that separates the sternum
was typically employed to allow access to the heart. In the past several decades, more and more
cardiac operations are performed using intravascular or percutaneous techniques, where access
to inner organs or other tissue is gained via a catheter.

Intravascular or percutaneous surgeries benefit patients by reducing surgery risk,
complications and recovery time. However, the use of intravascular or percutaneous
technologies also raises some particular challenges. Medical devices used in intravascular or
percutaneous surgery need to be deployed via catheter systems which significantly increase the
complexity of the device structure. As well, doctors do not have direct visual contact with the
medical devices once the devices are positioned within the body.

One example of where intravascular or percutaneous medical techniques have
been employed is in the treatment of a heart disorder called atrial fibrillation. Atrial fibrillation
is a disorder in which spurious ¢lectrical signals cause an irregular heartbeat. Atrial fibrillation
has been treated with open heart methods using a technique known as the “Cox-Maze
procedure”. During this procedure, physicians create specific patterns of lesions in the left or
right atria to block various paths taken by the spurious clectrical signals. Such lesions were
originally created using incisions, but are now typically created by ablating the tissue with
various techniques including radio-frequency (RF) energy, microwave energy, laser energy and
cryogenic techniques. The procedure is performed with a high success rate under the direct
vision that is provided in open procedures, but is relatively complex to perform intravascularly
or percutancously because of the difficulty in creating the lesions in the correct locations.
Various problems, potentially leading to severe adverse results, may occur if the lesions are
placed incorrectly. It is particularly important to know the position of the various transducers
which will be creating the lesions relative to cardiac features such as the pulmonary veins and

mitral valve. The continuity, transmurality and placement of the lesion patterns that are formed
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can impact the ability to block paths taken within the heart by spurious electrical signals. Other
requirements for various ones of the transducers to perform additional functions such as, but not
limited to, mapping various anatomical features, mapping electrophysiological activity, sensing
tissue characteristics such as impedance and temperature and tissue stimulation can also
complicate the operation of the employed medical device.

In this regard, there is a need for intra-bodily-cavity transducer-based devices
with improved performance and reduced complexity as compared to conventional devices.

In this regard, there is a need for improved activation of intra-bodily-cavity
transducer-based devices that include numerous transducers.

In this regard, there is a need for the improved activation of intra-bodily cavity
transducer-based devices including a plurality of transducer sets, the plurality of transducer sets

activated concurrently or simultaneously to cause tissue ablation at multiple spaced-apart sites.

SUMMARY

At least the above-discussed need is addressed and technical solutions are
achieved by various embodiments of the present invention. In some embodiments, device
systems and methods executed by such systems exhibit enhanced capabilities for the activation
of various transducers, which may be located within a bodily cavity, such as an intra-cardiac
cavity. In some embodiments, the systems or a portion thercof may be percutancously or
intravascularly delivered to position the various transducers within the bodily cavity. Various
ones of the transducers may be activated to distinguish tissue from blood and may be used to
deliver positional information of the device relative to various anatomical features in the bodily
cavity, such as the pulmonary veins and mitral valve in an atrium. Various ones of the
transducers may employ characteristics such as blood flow detection, impedance change
detection or deflection force detection to discriminate between blood and tissue. Various ones of
the transducers may be used to treat tissue within a bodily cavity. Treatment may include tissue
ablation by way of non-limiting example. Treatment may include tissue ablation at multiple
spaced-apart locations caused by concurrent activation of a plurality of transducer sets. Various
ones of the transducers may be used to stimulate tissue within the bodily cavity. Stimulation can
include pacing by way of non-limiting example. Other advantages will become apparent from
the teaching herein to those of skill in the art.

In some embodiments, a transducer-activation system may be summarized as
including a data processing device system, an input-output device system communicatively

connected to the data processing device system, and a memory device system communicatively
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connected to the data processing device system and storing a program executable by the data
processing device system, the program configured to cause the data processing device system to
communicate, via the input-output device system, with an RF power source device system and a
plurality of transducers located on a catheter device, the plurality of transducers arrangeable in a
distribution in a bodily cavity.

The program may include reception instructions configured to cause reception,
via the input-output device system, of a selection of at least some of the transducers in the
distribution. The program may include identification instructions configured to identify a
plurality of transducer sets from the selected at least some of the transducers in the distribution,
the plurality of transducer sets including at least a first transducer set and a second transducer
sct, cach of the transducer sets including at least one transducer of the selected at least some of
the transducers in the distribution. The program may include first transmission instructions
configured to cause a first transmission of power between the RF power source device system
and cach transducer in the first transducer set, the first transmission of power including an
electrical property including at least one phase angle in a first range of phase angles, the
electrical property being a current or a voltage. The program may include second transmission
instructions configured to cause a second transmission of power between the RF power source
device system and each transducer in the second transducer set, the second transmission of
power including the electrical property including at least one phase angle in a second range of
phase angles.

In some embodiments, the second range of phase angles does not overlap the first
range of phase angles. In some embodiments each transducer included in the first transducer set
and cach transducer included in the second transducer set is operable to form a respective
ablated tissue region in response to transmission of a respective one of the first transmission of
power and the second transmission of power. In some embodiments, the first transmission of
power and the second transmission of power may occur simultancously at least in part over a
time interval (a) during the reception of the selection, (b) after a completion of the reception of
the selection, or both (a) and (b). In some embodiments, the identification instructions may be
configured to at least prevent the first transducer set from including a particular transducer in the
selected at least some of the transducers in the distribution that is sufficiently close to any
respective transducer in the distribution included in the second transducer set to cause a
confluence of respective ablated tissue regions therebetween if the first transmission of power
was to be transmitted between the RF power source device system and the particular transducer

simultaneously with the second transmission of power between the RF power source device
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system and the respective transducer included in the second transducer set. In some
embodiments, no transmission of any power comprising the electrical property including at least
one phase angle in the first range of phase angles between the RF power source device system
and any of the plurality of transducers not included in the first transducer set occurs during the
simultancous occurrence of the first transmission of power and the second transmission of
power, and no transmission of any power comprising the electrical property including at least
one phase angle in the second range of phase angles between the RF power source device
system and any of the plurality of transducers not included in the second transducer set occurs
during the simultaneous occurrence of the first transmission of power and the second
transmission of power. In some embodiments, the first transmission of power is delivered only
between the RF power source device system and cach transducer in the first transducer set
during the simultaneous occurrence of the first transmission of power and the second
transmission of power, and the second transmission of power is delivered only between the RF
power source device system and cach transducer in the second transducer set during the
simultaneous occurrence of the first transmission of power and the second transmission of
power.

In some embodiments, the electrical property of the first transmission of power
transmitted between the RF power source device system and at least a first transducer in the first
transducer set may include a first particular phase angle of the at least one phase angle in the
first range of phase angles, and the electrical property of the second transmission of power
transmitted between the RF power source device system and at least a second transducer in the
second transducer set may include a second particular phase angle of the at least one phase angle
in the second range of phase angles, a phase difference between the first particular phase angle
and the second particular phase angle being 180 degrees. In some embodiments, the electrical
property of the first transmission of power transmitted between the RF power source device
system and at least a first transducer in the first transducer set may include a first particular
phase angle of the at least one phase angle in the first range of phase angles, and the electrical
property of the second transmission of power transmitted between the RF power source device
system and at least a second transducer in the second transducer set may include a second
particular phase angle of the at least one phase angle in the second range of phase angles, a
phase difference between the first particular phase angle and the second particular phase angle
being between 10 degrees and 180 degrees.

In some embodiments, the identification instructions may be configured to

identify each respective transducer in each of the first transducer set and the second transducer
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set as a particular one of the selected at least some of the transducers in the distribution, the
identified particular ones of the sclected at least some of the transducers arranged in the
distribution to prevent a confluence of an ablated tissue region formed by any transducer
included in the first transducer set and an ablated tissue region formed by any transducer
included in the second transducer set from forming during the simultancous occurrence of the
first transmission of power and the second transmission of power.

In some embodiments, for each respective transducer included in the second
transducer set, the particular transducer in the selected at least some of the transducers in the
distribution is a particular respective distance from the respective transducer included in the
second transducer set, and the identification instructions may be configured to at least prevent
the first transducer set from including the particular transducer, if it is determined according to
the identification instructions that a confluence of an ablated tissue region formed by the
particular transducer and an ablated tissue region formed by the respective transducer included
in the second transducer set would, if the first transmission of power was to be transmitted
between the RF power source device system and the particular transducer simultaneously with
the second transmission of power between the RF power source and the respective transducer
included in the second transducer set, occur due at least to the particular respective distance and
a particular phase difference, the particular phase difference being between (1) a first particular
phase angle of the at least one phase angle in the first range of phase angles that would be
transmitted according to the first transmission of power between the RF power source device
system and the particular transducer if the particular transducer was included in the first
transducer set, and (2) a second particular phase angle of the at least one phase angle in the
second range of phase angles to be transmitted according to the second transmission of power
between the RF power source device system and the respective transducer included in the
second transducer set.

In some embodiments, the first transducer set includes a first transducer of the
selected at least some of the transducers in the distribution and another transducer of the selected
at least some of the transducers in the distribution. The first transducer included in the first
transducer set may be positioned in the distribution sufficiently close to the another transducer
included in the first transducer set to cause a confluence of ablated tissue regions formed by the
first transducer included in the first transducer set and the another transducer included in the first
transducer set during a simultaneous occurrence of the first transmission of power between the
RF power source device system and each of the first transducer included in the first transducer

set and the another transducer included in the first transducer set. In some embodiments, the
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electrical property of the first transmission of power transmitted between the RF power source
device system and the first transducer included in the first transducer set may have or may
include a first phase angle of the at least one phase angle in the first range of phase angles. The
electrical property of the first transmission of power transmitted between the RF power source
device system and the another transducer included in the first transducer set may have or may
include a second phase angle of the at least one phase angle in the first range of phase angles. In
some embodiments, the second phase angle is different than the first phase angle. A phase
difference between the second phase angle and the first phase angle may not exceed 10 degrees
in some embodiments.

In some embodiments, the first transducer set includes a first transducer of the
sclected at least some of the transducers in the distribution and another transducer of the selected
at least some of the transducers in the distribution. The first transducer included in the first
transducer set may be positioned in the distribution sufficiently close to the another transducer
included in the first transducer set to cause a confluence of ablated tissue regions formed by the
first transducer included in the first transducer set and the another transducer included in the first
transducer set during a simultaneous occurrence of the first transmission of power between the
RF power source device system and each of the first transducer included in the first transducer
set and the another transducer included in the first transducer set. In some embodiments, during
the simultaneous occurrence of the first transmission of power between the RF power source
device system and each of the first transducer included in the first transducer set and the another
transducer included in the first transducer set, at least a difference between respective electrical
potentials of the first transducer and the another transducer may cause relatively higher current
to be transmitted between either the first transducer or the another transducer and a set of one or
more transducers not including any transducer in the first transducer set than relatively lower
current caused to be transmitted between the first transducer and the another transducer. In some
embodiments, the ¢lectrical property of the first transmission of power transmitted between the
RF power source device system and the first transducer included in the first transducer set may
include a first phase angle of the at least one phase angle in the first range of phase angles, the
electrical property of the first transmission of power transmitted between the RF power source
device system and the another transducer included in the first transducer set may include a
second phase angle of the at least one phase angle in the first range of phase angles, and the
difference between the respective electric potentials of the first transducer and the another
transducer may be dependent on, at least in part, a phase difference between the first phase angle

and the second phase angle. In some embodiments, the set of one or more transducers not
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including any transducer in the first transducer set may include an indifferent electrode
positioned outside of the bodily cavity. In some embodiments, the set of one or more transducers
not including any transducer in the first transducer set may not or does not include any
transducer included in the second transducer set. In some embodiments, the set of one or more
transducers not including any transducer in the first transducer sct may include at least one
transducer that does not include any transducer included in the second transducer set. In some
embodiments, the set of one or more transducers not including any transducer in the first
transducer sct may include at least one transducer included in the second transducer set. In some
embodiments, the set of one or more transducers not including any transducer in the first
transducer set may include at least one transducer of the plurality of transducers other than each
transducer included in the first transducer set and other than each transducer included in the
second transducer set.

In some embodiments, the first transducer set may include a first transducer of
the selected at least some of the transducers in the distribution and another transducer of the
selected at least some of the transducers in the distribution. The first transducer included in the
first transducer set may be positioned in the distribution sufficiently distant from the another
transducer included in the first transducer set to avoid causing a confluence of ablated tissue
regions formed by the first transducer included in the first transducer set and the another
transducer included in the first transducer set during a simultancous occurrence of the first
transmission of power between the RF power source device system and each of the first
transducer included in the first transducer set and the another transducer included in the first
transducer set. In some embodiments, the electrical property of the first transmission of power
transmitted between the RF power source device system and the first transducer included in the
first transducer set may include a first phase angle of the at least one phase angle in the first
range of phase angles, and the electrical property of the first transmission of power transmitted
between the RF power source device system and the another transducer included in the first
transducer set may include a second phase angle of the at least one phase angle in the first range
of phase angles. In some embodiments, second phase angle may be different than the first phase
angle. A phase difference between the second phase angle and the first phase angle may not
exceed 10 degrees in some embodiments or 20 degrees in some embodiments.

In some embodiments, the first transducer set may include at least three
transducers of the selected at least some of the transducers in the distribution. In some
embodiments, at least a first one of the at least three transducers included in the first transducer

set may be positioned in the distribution sufficiently close to a second one of the at least three
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transducers included in the first transducer set to cause a confluence of ablated tissue regions
formed by the first one of the at least three transducers included in the first transducer set and
the second one of the at least three transducers included in the first transducer set during a
simultaneous occurrence of the first transmission of power between the RF power source device
system and cach transducer included in the first transducer set. In some embodiments, at least
the first one of the at least three transducers included in the first transducer set may be
positioned in the distribution sufficiently distant from a third one of the at least three transducers
included in the first transducer set to avoid causing a confluence of ablated tissue regions formed
by the first one of the at least three transducers included in the first transducer set and the third
one of the at least three transducers included in the first transducer set during the simultaneous
occurrence of the first transmission of power between the RF power source device system and
each transducer included in the first transducer set. In some embodiments, the second one of the
at least three transducers included in the first transducer set may be positioned in the distribution
sufficiently distant from the third one of the at least three transducers included in the first
transducer set to avoid causing a confluence of ablated tissue regions formed by the second one
of the at least three transducers included in the first transducer set and the third one of the at
least three transducers included in the first transducer set during the simultaneous occurrence of
the first transmission of power between the RF power source device system and each transducer
included in the first transducer set. In some embodiments, the electrical property of the first
transmission of power transmitted between the RF power source device system and each of the
at least three transducers included in the first transducer set may include a same phase angle of
the at least one phase angle in the first range of phase angles. In some embodiments, the
clectrical property of the first transmission of power transmitted between the RF power source
device system and each of the first one and the second one of the at least three transducers
included in the first transducer set during the simultaneous occurrence of the first transmission
of power between the RF power source device system and each transducer included in the first
transducer set may include a same phase angle of the at least one phase angle in the first range of
phase angles. In some embodiments, the electrical property of the first transmission of power
transmitted between the RF power source device system and the third one of the at least three
transducers included in the first transducer set during the simultancous occurrence of the first
transmission of power between the RF power source device system and each transducer included
in the first transducer set may include a phase angle of the at least one phase angle in the first
range of phase angles different than the same phase angle of the at least one phase angle in the

first range of phase angles.
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In some embodiments, (1) the at least one phase angle in the first range of phase
angles includes at least two phase angles; (2) the at least one phase angle in the second range of
phase angles includes at least two phase angles; or both (1) and (2). In some embodiments, (1)
the first transducer set includes a first transducer of the selected at least some of the transducers
in the distribution and another transducer of the sclected at least some of the transducers in the
distribution, the electrical property of the first transmission of power transmitted between the RF
power source device system and the first transducer included in the first transducer set includes a
first phase angle of the at least one phase angle in the first range of phase angles, and the
electrical property of the first transmission of power transmitted between the RF power source
device system and the another transducer included in the first transducer set includes another
phase angle of the at least one phase angle in the first range of phase angles different than the
first phase angle; (2) the second transducer set includes a second transducer of the selected at
least some of the transducers in the distribution and another transducer of the selected at least
some of the transducers in the distribution, the clectrical property of the second transmission of
power transmitted between the RF power source device system and the second transducer
included in the second transducer set includes a second phase angle of the at least one phase
angle in the second range of phase angles, and the ¢lectrical property of the second transmission
of power transmitted between the RF power source device system and the another transducer
included in the second transducer set includes another phase angle of the at least one phase angle
in the second range of phase angles different than the second phase angle; or both (1) and (2).

In some embodiments, (1) the electrical property of the first transmission of
power between the RF power source device system and a first transducer included in the first
transducer sct includes a first portion including a first phase angle of the at least one phase angle
in the first range of phase angles and a second portion including a second phase angle of the at
least one phase angle in the first range of phase angles different than the first phase angle in the
first range of phase angles; (2) the electrical property of the second transmission of power
between the RF power source device system and a second transducer included in the second
transducer set includes a first portion including a first phase angle of the at least one phase angle
in the second range of phase angles and a second portion including a second phase angle of the
at least one phase angle in the second range of phase angles different than the first phase angle
in the second range of phase angles; or both (1) and (2).

In some embodiments, (1) the first transmission instructions may be configured
to cause the electrical property of the first transmission of power between the RF power source

device system and each of at least a first transducer included in the first transducer set to
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modulate between a first phase angle of the at least one phase angle in the first range of phase
angles and a second phase angle of the at least one phase angle in the first range of phase angles
different than the first phase angle in the first range of phase angles; (2) the second transmission
instructions may be configured to cause the electrical property of the second transmission of
power between the RF power source device system and cach of at least a second transducer
included in the second transducer set to modulate between a first phase angle of the at least one
phase angle in the second range of phase angles and a second phase angle of the at least one
phase angle in the second range of phase angles different than the first phase angle in the second
range of phase angles; or both (1) and (2).

In some embodiments, the selected at least some of the transducers in the
distribution may include some but not all of the transducers in the distribution.

In some embodiments, the input-output device system may include the plurality
of transducers, and the distribution may be an arrayed distribution including a plurality of
intersecting rows and columns, a respective group of the transducers arranged along cach of the
rows and a respective group of the transducers arranged along each of the columns. In some
embodiments, the identification instructions may be configured to at least prevent the first
transducer set from including any transducer in the selected at least some of the transducers in
the distribution that is positioned along any of the rows or columns adjacent any transducer in
the distribution included in the second transducer set.

In some embodiments, the input-output device system may include the plurality
of transducers, and the transducers in the distribution are arranged in a grid including at least
three rows and at least three columns, each of the columns arranged to intersect each of the rows
at a respective intersection location, a respective one of the transducers arranged at cach
respective intersection location. The identification instructions may be configured to at least
prevent the first transducer set from including any transducer in the selected at least some of the
transducers in the distribution whose respective intersection location is adjacent to the respective
intersection location of any transducer in the distribution included in the second transducer set.

In some embodiments, the program may further include display instructions
configured to cause the input-output device system to concurrently display at least a map
depicting a surface of a tissue wall of the bodily cavity, the surface interrupted by one or more
openings (or ports), and a plurality of transducer graphical elements, each of the transducer
graphical elements corresponding to at least part of a respective one of the plurality of
transducers, a first spatial relationship between the displayed transducer graphical elements

consistent with a second spatial relationship between the transducers. In some embodiments, the
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display instructions may be configured to display the respective transducer graphical elements
corresponding to the selected at least some of the transducers in the distribution surrounding at
least one of the one or more openings (or ports) depicted in the map. In some embodiments, the
program may further include information reception instructions configured to cause reception
via the input-output device system of information from ecach of the plurality of transducers. In
some embodiments, the display instructions may be configured to display the map based at least
on the information received from the each of the plurality of transducers. In some embodiments,
the display instructions may be further configured to display the respective transducer graphical
elements corresponding to the selected at least some of the transducers in the distribution
differently than the transducers graphical elements corresponding to particular ones of the
plurality of transducers that do not form part of the sclected at least some of the transducers in
the distribution. In some embodiments, the reception, via the input-output device system, of the
selected at least some of the transducers in the distribution may include reception of a user-based
sclection, via the input-output device system, of the selected at least some of the transducers in
the distribution.

In some embodiments, the reception, via the input-output device system, of the
selected at least some of the transducers in the distribution may include reception of a user-based
selection, via the input-output device system, of the selected at least some of the transducers in
the distribution, and the identification instructions configured to identify the plurality of
transducer sets from the selected at least some of the transducers in the distribution may include
machine-based identification of the plurality of transducer sets from the selected at least some of
the transducers in the distribution.

In some embodiments, the identification instructions may be configured to cause
the first transducer set to include only transducers in the selected at least some of the transducers
in the distribution that each are sufficiently distant from each respective transducer in the
distribution included in the second transducer set to not cause a confluence of ablated tissue
regions formed by any transducer in the first transducer set and any transducer in the second
transducer set during the simultaneous occurrence of the first transmission of power and the
second transmission of power. In some embodiments, (1) the first transducer set may include
two or more of the transducers of the selected at least some of the transducers in the distribution,
and the first transmission of power between the RF power source device system and each
transducer included in the first transducer set is transmitted simultaneously between the RF
power source device system and each transducer included in the first transducer set; (2) the

second transducer set may include two or more of the transducers of the selected at least some of
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the transducers in the distribution, and the second transmission of power between the RF power
source device system and each transducer included in the second transducer set is transmitted
simultaneously between the RF power source device system and each transducer included in the
second transducer set; or both (1) and (2).

In some embodiments, a transducer-activation system may be summarized as
including a data processing device system; an input-output device system communicatively
connected to the data processing device system; and a memory device system communicatively
connected to the data processing device system and storing a program executable by the data
processing device system. The data processing device system may be configured by the
program at least to: communicate, via the input-output device system, with an RF power source
device system and a plurality of transducers located on a catheter device, the plurality of
transducers arrangeable in a distribution in a bodily cavity; receive, via the input-output device
system, a selection of at least some of the transducers in the distribution; identify a plurality of
transducer scts from the selected at least some of the transducers in the distribution, the plurality
of transducer sets including at least a first transducer set and a second transducer set, each of the
transducer sets including at least one transducer of the selected at least some of the transducers
in the distribution; cause a first transmission of power between the RF power source device
system and each transducer in the first transducer set, the first transmission of power comprising
an ¢lectrical property including at least one phase angle in a first range of phase angles, the
clectrical property being a current or a voltage; and cause a second transmission of power
between the RF power source device system and each transducer in the second transducer set,
the second transmission of power comprising the electrical property including at least one phase
angle in a second range of phase angles. In some embodiments, the second range of phase
angles does not overlap the first range of phase angles. Each transducer included in the first
transducer set and each transducer included in the second transducer set may be operable to form
a respective ablated tissue region in response to transmission of a respective one of the first
transmission of power and the second transmission of power. The first transmission of power
and the second transmission of power may occur simultaneously at least in part over a time
interval (a) during the reception of the selection, (b) after a completion of the reception of the
selection, or both (a) and (b). In some embodiments, the identifying of the plurality of
transducer sets at least prevents the first transducer set from including a particular transducer in
the selected at least some of the transducers in the distribution that is sufficiently close to any
respective transducer in the distribution included in the second transducer set to cause a

confluence of respective ablated tissue regions therebetween if the first transmission of power
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was to be transmitted between the RF power source device system and the particular transducer
simultancously with the second transmission of power between the RF power source device
system and the respective transducer included in the second transducer set. In some
embodiments, no transmission of any power comprising the electrical property including at least
one phase angle in the first range of phase angles between the RF power source device system
and any of the plurality of transducers not included in the first transducer set occurs during the
simultaneous occurrence of the first transmission of power and the second transmission of
power, and no transmission of any power comprising the electrical property including at least
one phase angle in the second range of phase angles between the RF power source device
system and any of the plurality of transducers not included in the second transducer set occurs
during the simultancous occurrence of the first transmission of power and the second
transmission of power. In some embodiments, the first transmission of power is delivered only
between the RF power source device system and each transducer in the first transducer set
during the simultancous occurrence of the first transmission of power and the second
transmission of power, and the second transmission of power is delivered only between the RF
power source device system and each transducer in the second transducer set during the
simultancous occurrence of the first transmission of power and the second transmission of
power.

In some embodiments, a transducer-activation method may be executed by a data
processing device system according to a program stored by a memory device system
communicatively connected to the data processing device system. The data processing device
system may be further communicatively connected to an input-output device system. The
method may include communicating, via the input-output device system, with an RF power
source device system and a plurality of transducers located on a catheter device, the plurality of
transducers arrangeable in a distribution in a bodily cavity; receiving, via the input-output device
system, a sclection of at least some of the transducers in the distribution; identifying a plurality
of transducer sets from the selected at least some of the transducers in the distribution, the
plurality of transducer sets including at least a first transducer set and a second transducer set,
each of the transducer sets including at least one transducer of the selected at least some of the
transducers in the distribution; causing a first transmission of power between the RF power
source device system and each transducer in the first transducer set, the first transmission of
power comprising an electrical property including at least one phase angle in a first range of
phase angles, the electrical property being a current or a voltage; and causing a second
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second transducer set, the second transmission of power comprising the electrical property
including at least one phase angle in a second range of phase angles. In some embodiments, the
second range of phase angles does not overlap the first range of phase angles. Each transducer
included in the first transducer set and each transducer included in the second transducer set may
be operable to form a respective ablated tissue region in response to transmission of a respective
one of the first transmission of power and the second transmission of power. The first
transmission of power and the second transmission of power may occur simultaneously at least
in part over a time interval (a) during the reception of the selection, (b) after a completion of the
reception of the selection, or both (a) and (b). In some embodiments, the identifying of the
plurality of transducer sets at least prevents the first transducer set from including a particular
transducer in the selected at least some of the transducers in the distribution that is sufficiently
close to any respective transducer in the distribution included in the second transducer set to
cause a confluence of respective ablated tissue regions therebetween if the first transmission of
power was to be transmitted between the RF power source device system and the particular
transducer simultaneously with the second transmission of power between the RF power source
device system and the respective transducer included in the second transducer set.

In some embodiments, a computer-readable storage medium system may include
one or more computer-readable storage mediums storing a program executable by one or more
data processing devices of a data processing device system communicatively connected to an
input-output device system. The program may be configured to cause the data processing device
system to communicate, via the input-output device system, with an RF power source device
system and a plurality of transducers located on a catheter device, the plurality of transducers
arrangeable in a distribution in a bodily cavity. The program may include a reception module
configured to cause reception, via the input-output device system, of a selection of at least some
of the transducers in the distribution; an identification module configured to identify a plurality
of transducer sets from the selected at least some of the transducers in the distribution, the
plurality of transducer sets including at least a first transducer set and a second transducer set,
each of the transducer sets including at least one transducer of the selected at least some of the
transducers in the distribution; a first transmission module configured to cause a first
transmission of power between the RF power source device system and each transducer in the
first transducer set, the first transmission of power comprising an electrical property including at
least one phase angle in a first range of phase angles, the electrical property being a current or a
voltage; and a second transmission module configured to cause a second transmission of power

between the RF power source device system and each transducer in the second transducer set,
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the second transmission of power comprising the electrical property including at least one phase
angle in a second range of phase angles. In some embodiments, the second range of phase
angles does not overlap the first range of phase angles. Each transducer included in the first
transducer set and each transducer included in the second transducer set may be operable to form
a respective ablated tissue region in response to transmission of a respective one of the first
transmission of power and the second transmission of power. The first transmission of power
and the second transmission of power may occur simultancously at least in part over a time
interval (a) during the reception of the selection, (b) after a completion of the reception of the
selection, or both (a) and (b). The identification module may be configured to at least prevent
the first transducer set from including a particular transducer in the selected at least some of the
transducers in the distribution that is sufficiently close to any respective transducer in the
distribution included in the second transducer set to cause a confluence of respective ablated
tissue regions therebetween if the first transmission of power was to be transmitted between the
RF power source device system and the particular transducer simultaneously with the second
transmission of power between the RF power source device system and the respective transducer
included in the second transducer set.

In some embodiments, a transducer-activation system may be summarized as
including a data processing device system, an input-output device system communicatively
connected to the data processing device system, and a memory device system communicatively
connected to the data processing device system and storing a program executable by the data
processing device system, the program configured to cause the data processing device system to
communicate, via the input-output device system, with an RF power source device system and a
plurality of transducers located on a catheter device, the plurality of transducers arrangeable in a
distribution in a bodily cavity.

The program may include reception instructions configured to cause reception,
via the input-output device system, of a sclection of at least some of the transducers in the
distribution. The program may include identification instructions configured to identify a
plurality of transducer sets from the selected at least some of the transducers in the distribution,
the plurality of transducer sets including at least a first transducer set and a second transducer
set, each of the first transducer set and the second transducer set respectively including two or
more of the selected at least some of the transducers in the distribution. The program may
include first transmission instructions configured to cause simultancous transmission of a first
transmission of power between the RF power source device system and each respective one of

the transducers in the first transducer set, the first transmission of power between the RF power
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source device system and each respective one of the transducers including an electrical property
including a respective phase angle in a first range of phase angles, the clectrical property being a
current or a voltage. The program may include second transmission instructions configured to
cause simultaneous transmission of a second transmission of power between the RF power
source device system and each respective one of the transducers in the second transducer set, the
second transmission of power between the RF power source device system and each respective
one of the transducers including the electrical property including a respective phase angle in a
sccond range of phase angles, the second range of phase angles not overlapping the first range of
phase angles.

Each transducer included in the first transducer set and each transducer included
in the second transducer set may be operable to form a respective ablated tissue region in
response to transmission of a respective one of the first transmission of power and the second
transmission of power. Each of the first transmission of power and the second transmission of
power may occur simultancously at least in part over a time interval (a) during the reception of
the selection, (b) after a completion of the reception of the selection, or both (a) and (b).

In some embodiments, the identification instructions may be configured to
identify each of the first transducer set and the second transducer set such that during the
simultaneous transmission of the first transmission of power between the RF power source
device system and each respective one of the transducers included in the first transducer set, at
least a difference between respective electrical potentials of any two of the transducers included
in the first transducer set causes relatively higher current to be transmitted between either of the
any two transducers included in the first transducer set and a first set of one or more transducers
not including any transducer in the first transducer set than relatively lower current caused to be
transmitted between the transducers of the any two of the transducers included in the first
transducer set.

In some embodiments, the identification instructions may be configured to
identify each of the first transducer set and the second transducer set such that during the
simultaneous transmission of the second transmission of power between the RF power source
device system and ecach respective one of the transducers included in the second transducer set,
at least a difference between respective electrical potentials of any two of the transducers
included in the second transducer set causes relatively higher current to be transmitted between
either of the any two transducers included in the second transducer set and a second set of one or

more transducers not including any transducer in the second transducer set than relatively lower
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current caused to be transmitted between the transducers of the any two of the transducers
included in the second transducer set.

In some embodiments, the identification instructions may be configured to
identify each of the first transducer set and the second transducer set such that a particular
distance between any particular transducer included in the first transducer set and any particular
transducer included in the second transducer set is sufficient to avoid a confluence of ablated
tissue regions formed by the particular transducer included in the first transducer set and the
particular transducer included in the second transducer set during the simultancous occurrence
of the first transmission of power and the second transmission of power.

In some embodiments, no transmission of any power comprising the electrical
property including at least one phase angle in the first range of phase angles between the RF
power source device system and any of the plurality of transducers not included in the first
transducer set occurs during the simultaneous occurrence of the first transmission of power and
the second transmission of power, and no transmission of any power comprising the clectrical
property including at least one phase angle in the second range of phase angles between the RF
power source device system and any of the plurality of transducers not included in the second
transducer set occurs during the simultancous occurrence of the first transmission of power and
the second transmission of power. In some embodiments, the first transmission of power is
delivered only between the RF power source device system and each transducer in the first
transducer set during the simultancous occurrence of the first transmission of power and the
second transmission of power, and the second transmission of power is delivered only between
the RF power source device system and each transducer in the second transducer set during the
simultancous occurrence of the first transmission of power and the second transmission of
power.

In some embodiments, the electrical property of the first transmission of power
transmitted between the RF power source device system and a first of the any two of the
transducers included in the first transducer set may include a first phase angle of the at least one
phase angle in the first range of phase angles and the electrical property of the first transmission
of power transmitted between the RF power source device system and a second of the any two
of the transducers included in the first transducer set may include a second phase angle of the at
least one phase angle in the first range of phase angles. In some embodiments, the difference
between the respective electric potentials of the any two of the transducers included in the first
transducer set may be dependent on, at least in part, a phase difference between the first phase

angle and the second phase angle. In some embodiments the electrical property of the second
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transmission of power transmitted between the RF power source device system and a first of the
any two of the transducers included in the second transducer set may include a third phase angle
of the at least one phase angle in the second range of phase angles, and the electrical property of
the second transmission of power transmitted between the RF power source device system and a
sccond of the any two of the transducers included in the second transducer set may include a
fourth phase angle of the at least one phase angle in the second range of phase angles. In some
embodiments, the difference between the respective electric potentials of the any two of the
transducers included in the second transducer set may be dependent on, at least in part, a phase
difference between the third phase angle and the fourth phase angle.

In some embodiments, each transducer included in the first transducer set may be
different than cach transducer included in the second transducer set.

In some embodiments, (1) a first transducer included in the first transducer set is
positioned in the distribution sufficiently close to another transducer included in the first
transducer sct to cause a confluence of ablated tissue regions formed by the first transducer
included in the first transducer set and the another transducer included in the first transducer set
during the simultancous transmission of the first transmission of power between the RF power
source device system and each respective one of the transducers included in the first transducer
set; (2) a second transducer included in the second transducer set is positioned in the distribution
sufficiently close to another transducer included in the second transducer set to cause a
confluence of ablated tissue regions formed by the second transducer included in the second
transducer set and the another transducer included in the second transducer set during the
simultaneous transmission of the second transmission of power between the RF power source
device system and each respective one of the transducers included in the second transducer set;
or both (1) and (2).

In some embodiments, a first one of the transducers included in the first
transducer set is positioned in the distribution sufficiently close to a second one of the
transducers included in the first transducer set to cause a confluence of ablated tissue regions
formed by the first one of the transducers included in the first transducer set and the second one
of the transducers included in the first transducer set during the simultaneous transmission of the
first transmission of power between the RF power source device system and each respective one
of the transducers included in the first transducer set. In some embodiments, the first one of the
transducers included in the first transducer set may be positioned in the distribution sufficiently
distant from a third one of the transducers included in the first transducer set to avoid causing a
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first transducer set and the third one of the transducers included in the first transducer set during
the simultaneous transmission of the first transmission of power between the RF power source
device system and each respective one of the transducers included in the first transducer set. In
some embodiments, the second one of the transducers included in the first transducer set may be
positioned in the distribution sufficiently distant from the third one of the transducers included
in the first transducer set to avoid causing a confluence of the ablated tissue regions formed by
the second one of the transducers included in the first transducer set and the third one of the
transducers included in the first transducer set during the simultancous transmission of the first
transmission of power between the RF power source device system and each respective one of
the transducers included in the first transducer set.

In some embodiments, the input-output device system includes the plurality of
transducers, and the transducers in the distribution are arranged in a grid including at least three
rows and at least three columns, each of the columns arranged to intersect each of the rows at a
respective intersection location, a respective one of the transducers arranged at cach respective
intersection location. The identification instructions may be configured to at least prevent the
first transducer set from including any transducer in the selected at least some of the transducers
in the distribution whose respective intersection location is adjacent to the respective
intersection location of any transducer in the distribution included in the second transducer set.

In some embodiments, a transducer-activation system may include a data
processing device system; an input-output device system communicatively connected to the data
processing device system; and a memory device system communicatively connected to the data
processing device system and storing a program exccutable by the data processing device
system. The data processing device system may be configured by the program at least to:
communicate, via the input-output device system, with an RF power source device system and a
plurality of transducers located on a catheter device, the plurality of transducers arrangeable in a
distribution in a bodily cavity; receive, via the input-output device system, a selection of at least
some of the transducers in the distribution; identify a plurality of transducer sets from the
selected at least some of the transducers in the distribution, the plurality of transducer sets
including at least a first transducer set and a second transducer set, each of the first transducer
set and the second transducer set respectively including two or more of the selected at least some
of the transducers in the distribution; cause simultancous transmission of a first transmission of
power between the RF power source device system and each respective one of the transducers in
the first transducer set, the first transmission of power between the RF power source device

system and each respective one of the transducers including an electrical property including a
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respective phase angle in a first range of phase angles, the electrical property being a current or a
voltage; and cause simultancous transmission of a second transmission of power between the RF
power source device system and each respective one of the transducers in the second transducer
set, the second transmission of power between the RF power source device system and each
respective one of the transducers including the electrical property including a respective phase
angle in a second range of phase angles, the second range of phase angles not overlapping the
first range of phase angles. Each transducer included in the first transducer set and each
transducer included in the second transducer set may be operable to form a respective ablated
tissue region in response to transmission of a respective one of the first transmission of power
and the second transmission of power. Each of the first transmission of power and the second
transmission of power may occur simultancously at least in part over a time interval (a) during
the reception of the selection, (b) after a completion of the reception of the selection, or both (a)
and (b). The identifying of the plurality of transducer sets may identify each of the first
transducer sct and the second transducer set such that at least: during the simultancous
transmission of the first transmission of power between the RF power source device system and
each respective one of the transducers included in the first transducer set, at least a difference
between respective electrical potentials of any two of the transducers included in the first
transducer set causes relatively higher current to be transmitted between either of the any two
transducers included in the first transducer set and a first set of one or more transducers not
including any transducer in the first transducer set than relatively lower current caused to be
transmitted between the transducers of the any two of the transducers included in the first
transducer set; during the simultaneous transmission of the second transmission of power
between the RF power source device system and each respective one of the transducers included
in the second transducer set, at least a difference between respective electrical potentials of any
two of the transducers included in the second transducer set causes relatively higher current to
be transmitted between cither of the any two transducers included in the second transducer set
and a second set of one or more transducers not including any transducer in the second
transducer set than relatively lower current caused to be transmitted between the transducers of
the any two of the transducers included in the second transducer set; and a particular distance
between any particular transducer included in the first transducer set and any particular
transducer included in the second transducer set is sufficient to avoid a confluence of ablated
tissue regions formed by the particular transducer included in the first transducer set and the
particular transducer included in the second transducer set during the simultaneous occurrence

of the first transmission of power and the second transmission of power. In some embodiments,
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no transmission of any power comprising the electrical property including at least one phase
angle in the first range of phase angles between the RF power source device system and any of
the plurality of transducers not included in the first transducer set occurs during the
simultaneous occurrence of the first transmission of power and the second transmission of
power, and no transmission of any power comprising the electrical property including at least
one phase angle in the second range of phase angles between the RF power source device
system and any of the plurality of transducers not included in the second transducer set occurs
during the simultancous occurrence of the first transmission of power and the second
transmission of power. In some embodiments, the first transmission of power is delivered only
between the RF power source device system and each transducer in the first transducer set
during the simultancous occurrence of the first transmission of power and the second
transmission of power, and the second transmission of power is delivered only between the RF
power source device system and each transducer in the second transducer set during the
simultancous occurrence of the first transmission of power and the second transmission of
power.

In some embodiments, a transducer-activation method may be executed by a data
processing device system according to a program stored by a memory device system
communicatively connected to the data processing device system. The data processing device
system may be further communicatively connected to an input-output device system. The
method may include communicating, via the input-output device system, with an RF power
source device system and a plurality of transducers located on a catheter device, the plurality of
transducers arrangeable in a distribution in a bodily cavity; receiving, via the input-output device
system, a sclection of at least some of the transducers in the distribution; identifying a plurality
of transducer sets from the selected at least some of the transducers in the distribution, the
plurality of transducer sets including at least a first transducer set and a second transducer set,
cach of the first transducer set and the second transducer set respectively including two or more
of the selected at least some of the transducers in the distribution; causing simultancous
transmission of a first transmission of power between the RF power source device system and
cach respective one of the transducers in the first transducer set, the first transmission of power
between the RF power source device system and each respective one of the transducers
comprising an electrical property including a respective phase angle in a first range of phase
angles, the electrical property being a current or a voltage; and causing simultancous
transmission of a second transmission of power between the RF power source device system and

each respective one of the transducers in the second transducer set, the second transmission of
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power between the RF power source device system and each respective one of the transducers
comprising the electrical property including a respective phase angle in a second range of phase
angles, the second range of phase angles not overlapping the first range of phase angles. Each
transducer included in the first transducer set and each transducer included in the second
transducer sct may be operable to form a respective ablated tissue region in response to
transmission of a respective one of the first transmission of power and the second transmission
of power. Each of the first transmission of power and the second transmission of power may
occur simultancously at least in part over a time interval (a) during the reception of the selection,
(b) after a completion of the reception of the selection, or both (a) and (b). The identifying of
the plurality of transducer sets may identify each of the first transducer set and the second
transducer sct such that at least: during the simultancous transmission of the first transmission of
power between the RF power source device system and each respective one of the transducers
included in the first transducer set, at least a difference between respective electrical potentials
of any two of the transducers included in the first transducer set causes relatively higher current
to be transmitted between either of the any two transducers included in the first transducer set
and a first set of one or more transducers not including any transducer in the first transducer set
than relatively lower current caused to be transmitted between the transducers of the any two of
the transducers included in the first transducer set; during the simultaneous transmission of the
second transmission of power between the RF power source device system and each respective
one of the transducers included in the second transducer set, at least a difference between
respective electrical potentials of any two of the transducers included in the second transducer
set causes relatively higher current to be transmitted between either of the any two transducers
included in the second transducer set and a second set of one or more transducers not including
any transducer in the second transducer set than relatively lower current caused to be transmitted
between the transducers of the any two of the transducers included in the second transducer set;
and a particular distance between any particular transducer included in the first transducer set
and any particular transducer included in the second transducer set is sufficient to avoid a
confluence of ablated tissue regions formed by the particular transducer included in the first
transducer set and the particular transducer included in the second transducer set during the
simultaneous occurrence of the first transmission of power and the second transmission of
power.

In some embodiments, a computer-readable storage medium system may include
one or more computer-readable storage mediums storing a program executable by one or more

data processing devices of a data processing device system communicatively connected to an
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input-output device system. The program may be configured to cause the data processing device
system to communicate, via the input-output device system, with an RF power source device
system and a plurality of transducers located on a catheter device, the plurality of transducers
arrangeable in a distribution in a bodily cavity. The program may include: a reception module
configured to cause reception, via the input-output device system, of a selection of at least some
of the transducers in the distribution; an identification module configured to identify a plurality
of transducer sets from the selected at least some of the transducers in the distribution, the
plurality of transducer sets including at least a first transducer set and a second transducer set,
each of the first transducer set and the second transducer set respectively including two or more
of the sclected at least some of the transducers in the distribution; a first transmission module
configured to cause simultancous transmission of a first transmission of power between the RF
power source device system and each respective one of the transducers in the first transducer set,
the first transmission of power between the RF power source device system and each respective
one of the transducers including an electrical property including a respective phase angle in a
first range of phase angles, the electrical property being a current or a voltage; and a second
transmission module configured to cause simultaneous transmission of a second transmission of
power between the RF power source device system and cach respective one of the transducers in
the second transducer set, the second transmission of power between the RF power source
device system and each respective one of the transducers comprising the electrical property
including a respective phase angle in a second range of phase angles, the second range of phase
angles not overlapping the first range of phase angles. Each transducer included in the first
transducer set and each transducer included in the second transducer set may be operable to form
a respective ablated tissue region in response to transmission of a respective one of the first
transmission of power and the second transmission of power. Each of the first transmission of
power and the second transmission of power may occur simultanecously at least in part over a
time interval (a) during the reception of the selection, (b) after a completion of the reception of
the selection, or both (a) and (b). The identification module may be configured to identify each
of the first transducer set and the second transducer sct such that at least: during the
simultaneous transmission of the first transmission of power between the RF power source
device system and each respective one of the transducers included in the first transducer set, at
least a difference between respective electrical potentials of any two of the transducers included
in the first transducer set causes relatively higher current to be transmitted between either of the
any two transducers included in the first transducer set and a first set of one or more transducers

not including any transducer in the first transducer set than relatively lower current caused to be
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transmitted between the transducers of the any two of the transducers included in the first
transducer set; during the simultancous transmission of the second transmission of power
between the RF power source device system and each respective one of the transducers included
in the second transducer set, at least a difference between respective electrical potentials of any
two of the transducers included in the second transducer set causes relatively higher current to
be transmitted between either of the any two transducers included in the second transducer set
and a second set of one or more transducers not including any transducer in the second
transducer sct than relatively lower current caused to be transmitted between the transducers of
the any two of the transducers included in the second transducer set; and a particular distance
between any particular transducer included in the first transducer set and any particular
transducer included in the second transducer set is sufficient to avoid a confluence of ablated
tissue regions formed by the particular transducer included in the first transducer set and the
particular transducer included in the second transducer set during the simultaneous occurrence
of the first transmission of power and the second transmission of power.

Various systems may include combinations and subsets of all the systems
summarized above or otherwise described herein.

Any of the features of any of the methods discussed herein may be combined
with any of the other features of any of the methods discussed herein. In addition, a computer
program product may be provided that includes program code portions for performing some or
all of any of the methods and associated features thereof described herein, when the computer
program product is executed by a computer or other computing device or device system. Such a
computer program product may be stored on one or more computer-readable storage mediums.

In some embodiments, each of any or all of the computer-readable storage
mediums or medium systems described herein is a non-transitory computer-readable storage
medium or medium system including one or more non-transitory computer-readable storage
mediums storing the respective program(s).

Further, any or all of the methods and associated features thereof discussed herein
may be implemented by all or part of a device system or apparatus, such as any of those

described herein.
BRIEF DESCRIPTION OF THE DRAWINGS

It is to be understood that the attached drawings are for purposes of illustrating

aspects of various embodiments and may include elements that are not to scale.
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Figure 1 includes a schematic representation of a transducer-activation system
according to various example embodiments, the transducer-activation system including a data
processing device system, an input-output device system, and a memory device system.

Figure 2 includes a cutaway diagram of a heart showing a transducer-based
device percutancously placed in a left atrium of the heart according to various example
embodiments.

Figure 3A includes a partially schematic representation of a medical system
according to various example embodiments, the medical system including a data processing
device system, an input-output device system, a memory device system, and a transducer-based
device having a plurality of transducers and an expandable structure shown in a delivery or
unexpanded configuration.

Figure 3B includes the representation of the medical system of Figure 3A with
the expandable structure shown in a deployed or expanded configuration, according to various
example embodiments.

Figure 4 includes a schematic representation of a transducer-based device that
includes a flexible circuit structure according to various example embodiments.

Figure 5A includes a graphical interface providing a graphical representation of
at least a portion of a transducer-based device according to various example embodiments, the
graphical representation including a plurality of graphical elements that include a plurality of
transducer graphical elements and a plurality of between graphical elements, according to
various example embodiments.

Figure 5B includes the graphical representation provided by the graphical
interface of Figure 5A with at least some of the transducer graphical elements identified by
identification labels, according to various example embodiments.

Figure 5C includes the graphical representation provided by the graphical
interface of Figure 5A with the addition of various regions determined based at least on an
analysis of transducer data, according to various example embodiments.

Figure 5D includes the graphical representation of Figure 5C depicted two-
dimensionally, according to various example embodiments.

Figure 5E includes the graphical representation of Figure 5C with an addition of a
depicted path, according to various example embodiments.

Figures 5F and 5G include the graphical representation of Figure SE associated
with two successive activations of various transducer sets identified from a plurality of

transducer graphical elements along the path, according to various example embodiments.

25



10

15

20

25

30

WO 2016/080965 PCT/US2014/066143

Figure 5H includes the graphical representation of Figure SE after the completion
of the activation of all the various transducer scts, according to various example embodiments.
Figure 6 includes a block diagram of a method for activating transducers of a

transducer-based device according to various example embodiments.

DETAILED DESCRIPTION

In the following description, certain specific details are set forth in order to
provide a thorough understanding of various embodiments of the invention. However, one
skilled in the art will understand that the invention may be practiced at a more general level
without these details. In other instances, well-known structures have not been shown or
described in detail to avoid unnecessarily obscuring descriptions of various embodiments of the
invention.

Any reference throughout this specification to “one embodiment” or “an
embodiment” or “an example embodiment” or “an illustrated embodiment™ or “a particular
embodiment” and the like means that a particular feature, structure or characteristic described in
connection with the embodiment is included in at least one embodiment. Thus, any appearance
of the phrase “in one embodiment” or “in an embodiment” or “in an example embodiment” or
“in this illustrated embodiment” or “in this particular embodiment” or the like in this
specification is not necessarily all referring to one embodiment or a same embodiment.
Furthermore, the particular features, structures or characteristics of different embodiments may
be combined in any suitable manner to form one or more other embodiments.

It is noted that, unless otherwise explicitly noted or required by context, the word
“or” is used in this disclosure in a non-exclusive sense. In addition, unless otherwise explicitly
noted or required by context, the word ““set” is intended to mean one or more, and the word
“subset” is intended to mean a set having the same or fewer elements than those present in the
subset’s parent or superset. In addition, the word “number” is intended to mean one or more.
For example, the phrase “a number of elements” would exclude there being zero elements.

Further, the phrase “at least” is used herein at times to emphasize the possibility
that other elements can exist besides those explicitly listed. However, unless otherwise
explicitly noted (such as by the use of the term “only”) or required by context, non-usage herein
of the phrase “at least” does not exclude the possibility that other elements can exist besides
those explicitly listed. For example, the phrase “activation of at least transducer A” includes
activation of transducer A by itself, as well as activation of transducer A and activation of one or

more other additional elements besides transducer A. In the same manner, the phrase
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“activation of transducer A” includes activation of transducer A by itself, as well as activation of
transducer A and activation of one or more other additional elements besides transducer A.
However, the phrase “activation of only transducer A” includes only activation of transducer A,
and excludes activation of any other transducers besides transducer A.

The word “ablation” as used in this disclosure should be understood to include
any disruption to certain properties of tissue. Most commonly, the disruption is to the electrical
conductivity and is achieved by heating, which can be generated with resistive or radio-
frequency (RF) techniques for example. Other properties, such as mechanical or chemical, and
other means of disruption, such as optical, are included when the term “ablation” is used.

The word “fluid” as used in this disclosure should be understood to include any
fluid that can be contained within a bodily cavity or can flow into or out of, or both into and out
of a bodily cavity via one or more bodily openings positioned in fluid communication with the
bodily cavity. In the case of cardiac applications, fluid such as blood will flow into and out of
various intra-cardiac cavities (e.g., a left atrium or right atrium).

The words “bodily opening” as used in this disclosure should be understood to
include a naturally occurring bodily opening or channel or lumen; a bodily opening or channel
or lumen formed by an instrument or tool using techniques that may include, but are not limited
to, mechanical, thermal, electrical, chemical, and exposure or illumination techniques; a bodily
opening or channel or lumen formed by trauma to a body; or various combinations of one or
more of the above. Various elements having respective openings, lumens or channels and
positioned within the bodily opening (e.g., a catheter sheath) may be present in various
embodiments. These elements may provide a passageway through a bodily opening for various
devices employed in various embodiments.

The words “bodily cavity” as used in this disclosure should be understood to
mean a cavity in a body. The bodily cavity may be a cavity provided in a bodily organ (e.g., an
intra-cardiac cavity of a heart). A bodily cavity is sometimes referred to as a “bodily chamber”
in some embodiments.

The word “tissue” as used in some embodiments in this disclosure should be
understood to include any surface-forming tissue that is used to form a surface of a body or a
surface within a bodily cavity, a surface of an anatomical feature or a surface of a feature
associated with a bodily opening positioned in fluid communication with the bodily cavity. The
tissue can include part or all of a tissue wall or membrane that defines a surface of the bodily
cavity. In this regard, the tissue can form an interior surface of the cavity that surrounds a fluid

within the cavity. In the case of cardiac applications, tissue can include tissue used to form an
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interior surface of an intra-cardiac cavity such as a left atrium or right atrium. In some
embodiments, the word tissue may refer to a tissue having fluidic propertics (e.g., blood) and
may be referred to as fluidic tissue.

The term “transducer” as used in this disclosure should be interpreted broadly as
any device capable of distinguishing between fluid (e.g., fluidic tissue) and tissue, sensing
temperature, creating heat, ablating tissue, sensing, sampling or measuring electrical activity of a
tissue surface (e.g., sensing, sampling or measuring intra-cardiac electrograms, or sensing,
sampling or measuring intra-cardiac voltage data), stimulating tissue, or any combination
thereof. A transducer can convert input energy of one form into output energy of another form.
Without limitation, a transducer may include an electrode that functions as, or as part of, a
sensing device included in the transducer, an energy delivery device included in the transducer,
or both a sensing device and an energy delivery device included in the transducer. A transducer
may be constructed from several parts, which may be discrete components or may be integrally
formed. In this regard, although transducers, electrodes, or both transducers and electrodes are
referenced with respect to various embodiments, it is understood that other transducers or
transducer elements may be employed in other embodiments. It is understood that a reference to
a particular transducer in various embodiments may also imply a reference to an electrode, as an
electrode may be part of the transducer as shown, e.g., with Figure 4 discussed below.

The term “activation” as used in this disclosure should be interpreted broadly as
making active a particular function as related to various transducers disclosed in this disclosure.
Particular functions may include, but are not limited to, tissue ablation, sensing, sampling or
measuring clectrophysiological activity (e.g., sensing, sampling or measuring intra-cardiac
clectrogram information or sensing, sampling or measuring intra-cardiac voltage data), sensing,
sampling or measuring temperature and sensing, sampling or measuring electrical characteristics
(e.g., tissue impedance or tissue conductivity). For example, in some embodiments, activation
of a tissue ablation function of a particular transducer is initiated by causing energy sufficient for
tissue ablation from a power source device system to be delivered to the particular transducer.
Alternatively, in this example, the activation may be deemed to be initiated when the particular
transducer causes a temperature sufficient for the tissue ablation due to the energy provided by
the power source device system. Also in this example, the activation may last for a duration of
time concluding when the ablation function is no longer active, such as when energy sufficient
for the tissue ablation is no longer provided to the particular transducer. Alternatively, in this
example, the activation period may be deemed to be concluded when the temperature caused by

the particular transducer is below the temperature sufficient for the tissue ablation. In some
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contexts, however, the word “activation” may merely refer to the initiation of the activating of a
particular function, as opposed to referring to both the initiation of the activating of the
particular function and the subsequent duration in which the particular function is active. In
these contexts, the phrase or a phrase similar to “activation initiation” may be used.

The term “program” in this disclosure should be interpreted as a set of
instructions or modules that can be executed by one or more components in a system, such a
controller system or data processing device system, in order to cause the system to perform one
or more operations. The set of instructions or modules can be stored by any kind of memory
device, such as those described subsequently with respect to the memory device system 130 or
330 shown in Figures 1 and 3, respectively. In addition, this disclosure sometimes describes that
the instructions or modules of a program are configured to cause the performance of a function.
The phrase “configured to” in this context is intended to include at least (a) instructions or
modules that are presently in a form executable by one or more data processing devices to cause
performance of the function (e.g., in the case where the instructions or modules are in a
compiled and unencrypted form ready for execution), and (b) instructions or modules that are
presently in a form not executable by the one or more data processing devices, but could be
translated into the form executable by the one or more data processing devices to cause
performance of the function (e.g., in the case where the instructions or modules are encrypted in
a non-executable manner, but through performance of a decryption process, would be translated
into a form ready for execution). The word “module” may be defined as a sct of instructions. In
some instances, this disclosure describes that the instructions or modules of a program perform a
function. Such descriptions should be deemed to be equivalent to describing that the
instructions or modules are configured to cause the performance of the function.

Unless otherwise required by context, each of the phrases “derived from” or
“derivation of” or “derivation thercof” or the like is intended to mean to come from at least some
part of a source, be created from at least some part of a source, or be developed as a result of a
process in which at least some part of a source forms an input. For example, a data set derived
from some particular portion of data may include at least some part of the particular portion of
data, or may be created from at least part of the particular portion of data, or may be developed
in response to a data manipulation process in which at least part of the particular portion of data
forms an input. In some embodiments, a data set may be derived from a subset of the particular
portion of data. In some embodiments, the particular portion of data is analyzed to identify a
particular subset of the particular portion of data, and a data set is derived from the subset. In

various ones of these embodiments, the subset may include some, but not all, of the particular
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portion of data. In some embodiments, changes in least one part of a particular portion of data
may result in changes in a data set derived at least in part from the particular portion of data.

In this regard, each of the phrases “derived from” or “derivation of” or
“derivation thereof” or the like is used herein at times merely to emphasize the possibility that
such data or information may be modified or subject to one or more operations. For example, if
a device generates first data for display, the process of converting the generated first data into a
format capable of being displayed may alter the first data. This altered form of the first data
may be considered a derivative or derivation of the first data. For instance, the first data may be
a one-dimensional array of numbers, but the display of the first data may be a color-coded bar
chart representing the numbers in the array. For another example, if the above-mentioned first
data is transmitted over a network, the process of converting the first data into a format
acceptable for network transmission or understanding by a receiving device may alter the first
data. As before, this altered form of the first data may be considered a derivative or derivation
of the first data. For yet another example, generated first data may undergo a mathematical
operation, a scaling, or a combining with other data to generate other data that may be
considered derived from the first data. In this regard, it can be seen that data is commonly
changing in form or being combined with other data throughout its movement through one or
more data processing device systems, and any reference to information or data herein is intended
to include these and like changes, regardless of whether or not the phrase “derived from” or
“derivation of” or “derivation thercof” or the like is used in reference to the information or data.
As indicated above, usage of the phrase “derived from” or “derivation of” or “derivation
thereof” or the like merely emphasizes the possibility of such changes. Accordingly, the
addition of or deletion of the phrase “derived from” or “derivation of” or “derivation thercof” or
the like should have no impact on the interpretation of the respective data or information. For
example, the above-discussed color-coded bar chart may be considered a derivative of the
respective first data or may be considered the respective first data itself.

The word “device” and the phrase “device system” both are intended to include
one or more physical devices or sub-devices (e.g., pieces of equipment) that interact to perform
one or more functions, regardless of whether such devices or sub-devices are located within a
same housing or different housings. In this regard, for example, this disclosure sometimes refers
to a “catheter device”, but such catheter device may equivalently be referred to as a “catheter
device system”. The word “device” may equivalently be referred to as a “device system”.

In some contexts, the term “adjacent” is used in this disclosure to refer to objects

that do not have another substantially similar object between them. For example, object A and
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object B could be considered adjacent if they contact each other (and, thus, it could be
considered that no other object is between them), or if they do not contact ecach other, but no
other object that is substantially similar to object A, object B, or both objects A and B,
depending on context, is between them.

Further, the phrase “in response to” commonly is used in this disclosure. For
example, this phrase might be used in the following context, where an event A occurs in
response to the occurrence of an event B. In this regard, such phrase may include, for example,
that at least the occurrence of the event B causes or triggers the event A.

Further, the phrase “graphical representation” used herein is intended to include a
visual representation presented via a display device and may include computer-generated text,
graphics, animations, or on¢ or more combinations thercof, which may include one or more
visual representations originally generated, at least in part, by an image-capture device, such as
fluoroscopy images, CT scan images, MRI images, etc.

Further still, example methods are described herein with respect to Figure 6.
Such figure is described to include blocks associated with computer-executable instructions. It
should be noted that the respective instructions associated with any such blocks herein need not
be separate instructions and may be combined with other instructions to form a combined
instruction set. The same set of instructions may be associated with more than one block. In
this regard, the block arrangement shown in each of the method figures herein is not limited to
an actual structure of any program or set of instructions or required ordering of method tasks,
and such method figures, according to some embodiments, merely illustrate the tasks that
instructions are configured to perform, for example upon execution by a data processing device
system in conjunction with interactions with one or more other devices or device systems.

Figure 1 schematically illustrates a system 100 for activating transducers,
according to some embodiments. The system 100 includes a data processing device system 110,
an input-output device system 120, and a processor-accessible memory device system 130. The
processor-accessible memory device system 130 and the input-output device system 120 are
communicatively connected to the data processing device system 110.

The data processing device system 110 includes one or more data processing
devices that implement or execute, in conjunction with other devices, such as those in the system
100, the methods of various embodiments, including the example methods of Figure 6 described
herein. Each of the phrases “data processing device”, “data processor”, “processor”, and
“computer” is intended to include any data processing device, such as a central processing unit

(“CPU”), a desktop computer, a laptop computer, a mainframe computer, a tablet computer, a
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personal digital assistant, a cellular phone, and any other device for processing data, managing
data, or handling data, whether implemented with electrical, magnetic, optical, biological
components, or otherwise.

The memory device system 130 includes one or more processor-accessible
memory devices configured to store information, including the information needed to execute
the methods of various embodiments, including the example methods of Figure 6 described
herein. The memory device system 130 may be a distributed processor-accessible memory
device system including multiple processor-accessible memory devices communicatively
connected to the data processing device system 110 via a plurality of computers and/or devices.
On the other hand, the memory device system 130 need not be a distributed processor-accessible
memory system and, consequently, may include one or more processor-accessible memory
devices located within a single data processing device.

Each of the phrases “processor-accessible memory” and “processor-accessible
memory device” is intended to include any processor-accessible data storage device, whether
volatile or nonvolatile, electronic, magnetic, optical, or otherwise, including but not limited to,
registers, floppy disks, hard disks, Compact Discs, DVDs, flash memories, ROMs, and RAMs.
In some embodiments, each of the phrases “processor-accessible memory” and “processor-
accessible memory device” is intended to include a non-transitory computer-readable storage
medium. And in some embodiments, the memory device system 130 may be considered a non-
transitory computer-readable storage medium system.

The phrase “communicatively connected” is intended to include any type of
connection, whether wired or wireless, between devices, data processors, or programs between
which data may be communicated. Further, the phrase “communicatively connected” is
intended to include a connection between devices or programs within a single data processor, a
connection between devices or programs located in different data processors, and a connection
between devices not located in data processors at all. In this regard, although the memory
device system 130 is shown separately from the data processing device system 110 and the
input-output device system 120, one skilled in the art will appreciate that the memory device
system 130 may be located completely or partially within the data processing device system 110
or the input-output device system 120. Further in this regard, although the input-output device
system 120 is shown separately from the data processing device system 110 and the memory
device system 130, one skilled in the art will appreciate that such system may be located
completely or partially within the data processing system 110 or the memory device system 130,

depending upon the contents of the input-output device system 120. Further still, the data

32



10

15

20

25

30

WO 2016/080965 PCT/US2014/066143

processing device system 110, the input-output device system 120, and the memory device
system 130 may be located entirely within the same device or housing or may be separately
located, but communicatively connected, among different devices or housings. In the case
where the data processing device system 110, the input-output device system 120, and the
memory device system 130 are located within the same device, the system 100 of Figure 1 may
be implemented by a single application-specific integrated circuit (ASIC) in some embodiments.

The input-output device system 120 may include a mouse, a keyboard, a touch
screen, another computer, or any device or combination of devices from which a desired
selection, desired information, instructions, or any other data is input to the data processing
device system 110. The input-output device system may include a user-activatable control
system that is responsive to a user action. The input-output device system 120 may include any
suitable interface for receiving information, instructions or any data from other devices and
systems described in various ones of the embodiments. In this regard, the input-output device
system 120 may include various ones of other systems described in various embodiments. For
example, the input-output device system 120 may include at least a portion a transducer-based
device system. The phrase “transducer-based device system” is intended to include one or more
physical systems that include various transducers. The phrase “transducer-based device” is
intended to include one or more physical devices that include various transducers.

The input-output device system 120 also may include an image generating device
system, a display device system, a processor-accessible memory device, or any device or
combination of devices to which information, instructions, or any other data is output by the data
processing device system 110. In this regard, if the input-output device system 120 includes a
processor-accessible memory device, such memory device may or may not form part or all of
the memory device system 130. The input-output device system 120 may include any suitable
interface for outputting information, instructions or data to other devices and systems described
in various ones of the embodiments. In this regard, the input-output device system may include
various other devices or systems described in various embodiments. In some embodiments, the
input-output device system 120 may include one or more display devices that display one or
more of the graphical interfaces of Figures 5, described below.

Various embodiments of transducer-based devices are described herein. Some of
the described devices are medical devices that are percutancously or intravascularly deployed.
Some of the described devices are moveable between a delivery or unexpanded configuration
(e.g., Figure 3A, discussed below) in which a portion of the device is sized for passage through a

bodily opening leading to a bodily cavity, and an expanded or deployed configuration (e.g.,
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Figure 3B, discussed below) in which the portion of the device has a size too large for passage
through the bodily opening leading to the bodily cavity. An example of an expanded or
deployed configuration is when the portion of the transducer-based device is in its intended-
deployed-operational state inside the bodily cavity. Another example of the expanded or
deployed configuration is when the portion of the transducer-based device is being changed
from the delivery configuration to the intended-deployed-operational state to a point where the
portion of the device now has a size too large for passage through the bodily opening leading to
the bodily cavity.

In some example embodiments, the device includes transducers that sense
characteristics (e.g., convective cooling, permittivity, force) that distinguish between fluid, such
as a fluidic tissue (e.g., blood), and tissue forming an interior surface of the bodily cavity. Such
sensed characteristics may allow a medical system to map the cavity, for example using
positions of openings or ports into and out of the cavity to determine a position or orientation
(e.g., pose), or both of the portion of the device in the bodily cavity. In some example
embodiments, the devices are capable of sensing various cardiac functions (e.g.,
electrophysiological activity including intra-cardiac voltages). In some example embodiments,
the devices are capable of providing stimulation (e.g., clectrical stimulation) to tissue within the
bodily cavity. Electrical stimulation may include pacing.

Figure 2 is a representation of a transducer-based device 200 useful in
investigating or treating a bodily organ, for example a heart 202, according to one example
embodiment.

Transducer-based device 200 may be percutancously or intravascularly inserted
into a portion of the heart 202, such as an intra-cardiac cavity like left atrium 204. In this
example, the transducer-based device 200 is part of a catheter 206 inserted via the inferior vena
cava 208 and penetrating through a bodily opening in trans-atrial septum 210 from right atrium
212. (In this regard, transducer-based devices or device systems described herein that include a
catheter may also be referred to as catheter devices or catheter-based devices, in some
embodiments.) In other embodiments, other paths may be taken.

Catheter 206 includes an elongated flexible rod or shaft member appropriately
sized to be delivered percutancously or intravascularly. Various portions of catheter 206 may be
steerable. Catheter 206 may include one or more lumens. The lumen(s) may carry one or more
communications or power paths, or both. For example, the lumens(s) may carry one or more

electrical conductors 216 (two shown). Electrical conductors 216 provide electrical connections
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to transducer-based device 200 that are accessible externally from a patient in which the
transducer-based device 200 is inserted.

Transducer-based device 200 includes a frame or structure 218 which assumes an
unexpanded configuration for delivery to left atrium 204. Structure 218 is expanded (e.g.,
shown in a deployed or expanded configuration in Figure 2) upon delivery to left atrium 204 to
position a plurality of transducers 220 (three called out in Figure 2) proximate the interior
surface formed by tissue 222 of left atrium 204. In some embodiments, at least some of the
transducers 220 are used to sense a physical characteristic of a fluid (e.g., blood) or tissue 222,
or both, that may be used to determine a position or orientation (e.g., pose), or both, of a portion
of a device 200 within, or with respect to left atrium 204. For example, transducers 220 may be
used to determine a location of pulmonary vein ostia or a mitral valve 226, or both. In some
embodiments, at least some of the transducers 220 may be used to selectively ablate portions of
the tissue 222. For example, some of the transducers 220 may be used to ablate a pattern around
the bodily openings, ports, or pulmonary vein ostia, for instance to reduce or eliminate the
occurrence of atrial fibrillation. In some embodiments, at least some of the transducers 220 are
used to ablate cardiac tissue. In some embodiments, at least some of the transducers 220 are
used to sense or sample intra-cardiac voltage data or sense or sample intra-cardiac electrogram
data. In some embodiments, at least some of the transducers 220 are used to sense or sample
intra-cardiac voltage data or sense or sample intra-cardiac electrogram data while at least some
of the transducers 220 are concurrently ablating cardiac tissue. In some embodiments, at least
one of the sensing or sampling transducers 220 is provided by at least one of the ablating
transducers 220. In some embodiments, at least a first one of the transducers 220 senses or
samples intra-cardiac voltage data or intra-cardiac electrogram data at a location at least
proximate to a tissue location ablated by at least a second one of the transducers 220. In some
embodiments, the first one of the transducers 220 is other than the second one of the transducers
220.

Figures 3A and 3B show a transducer-based device system (e.g., a portion thereof
shown schematically) that includes a transducer-based device 300 according to one illustrated
embodiment. Transducer-based device 300 includes a plurality of elongate members 304 (three
called out in each of Figure 3A and 3B) and a plurality of transducers 306 (three called out in
Figure 3A and three called out in Figure 3B as 306a, 306b and 306c). The plurality of
transducers 306 is positionable in a distribution (e.g., a spaced-apart distribution) within a bodily
cavity. For example, in some embodiments, the transducers 306 are able to be positioned in a

bodily cavity by movement into, within, or into and within the bodily cavity, with or without a
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change in a configuration of the plurality of transducers 306. In some embodiments, the
plurality of transducers 306 are arranged to form a two- or three-dimensional distribution, grid
or array of the transducers capable of mapping, ablating or stimulating an inside surface of a
bodily cavity or lumen without requiring mechanical scanning. As shown, for example, in
Figure 3A, the plurality of transducers 306 are arranged in a distribution receivable in a bodily
cavity.

The elongate members 304 are arranged in a frame or structure 308 that is
sclectively movable between an unexpanded or delivery configuration (e.g., as shown in Figure
3A) and an expanded or deployed configuration (e.g., as shown in Figure 3B) that may be used
to position elongate members 304 against a tissue surface within the bodily cavity or position the
clongate members 304 in the vicinity of the tissue surface. In some embodiments, structure 308
has a size in the unexpanded or delivery configuration suitable for delivery through a bodily
opening (e.g., via catheter sheath 312) to the bodily cavity. In some embodiments, structure 308
has a size in the expanded or deployed configuration too large for delivery through a bodily
opening (e.g., via catheter sheath 312) to the bodily cavity. The elongate members 304 may
form part of a flexible circuit structure (e.g., also known as a flexible printed circuit board (PCB)
circuit). The elongate members 304 may include a plurality of different material layers. Each of
the elongate members 304 may include a plurality of different material layers. The structure 308
may include a shape memory material, for instance Nitinol. The structure 308 may include a
metallic material, for instance stainless steel, or non-metallic material, for instance polyimide, or
both a metallic and non-metallic material by way of non-limiting example. The incorporation of
a specific material into structure 308 may be motivated by various factors including the specific
requirements of each of the unexpanded or delivery configuration and expanded or deployed
configuration, the required position or orientation (e.g., pose), or both of structure 308 in the
bodily cavity or the requirements for successful ablation of a desired pattern.

Figure 4 is a schematic side elevation view of at least a portion of a transducer-
based device 400 that includes a flexible circuit structure 401 that is employed to provide a
plurality of transducers 406 (two called out) according to various example embodiments. In
some embodiments, the flexible circuit structure 401 may form part of a structure (e.g., structure
308) that is selectively movable between a delivery configuration sized for percutancous
delivery and expanded or deployed configurations sized too large for percutaneous delivery. In
some embodiments, the flexible circuit structure 401 may be located on, or form at least part of,

a structural component (e.g., elongate member 304) of a transducer-based device system.
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The flexible circuit structure 401 may be formed by various techniques including
flexible printed circuit techniques. In some embodiments, the flexible circuit structure 401
includes various layers including flexible layers 403a, 403b and 403c (e.g., collectively flexible
layers 403). In some embodiments, each of flexible layers 403 includes an electrical insulator
material (e.g., polyimide). One or more of the flexible layers 403 may include a different
material than another of the flexible layers 403. In some embodiments, the flexible circuit
structure 401 includes various electrically conductive layers 404a, 404b and 404c¢ (collectively
clectrically conductive layers 404) that are interleaved with the flexible layers 403. In some
embodiments, each of the electrically conductive layers 404 is patterned to form various
electrically conductive elements. For example, electrically conductive layer 404a is patterned to
form a respective clectrode 415 of cach of the transducers 406. Electrodes 415 have respective
electrode edges 415-1 that form a periphery of an electrically conductive surface associated with
the respective electrode 415.

Electrically conductive layer 404b is patterned, in some embodiments, to form
respective temperature sensors 408 for each of the transducers 406 as well as various leads 410a
arranged to provide electrical energy to the temperature sensors 408. In some embodiments,
cach temperature sensor 408 includes a patterned resistive member 409 (two called out) having a
predetermined electrical resistance. In some embodiments, each resistive member 409 includes
a metal having relatively high electrical conductivity characteristics (e.g., copper). In some
embodiments, electrically conductive layer 404c is patterned to provide portions of various leads
410b arranged to provide an electrical communication path to electrodes 415. In some
embodiments, leads 410b are arranged to pass though vias in flexible layers 403a and 403b to
connect with electrodes 415. Although Figure 4 shows flexible layer 403¢ as being a bottom-
most layer, some embodiments may include one or more additional layers underneath flexible
layer 403c, such as one or more structural layers, such as a steel or composite layer. These one
or more structural layers, in some embodiments, are part of the flexible circuit structure 401 and
may be part of, e.g., elongate member 304. In addition, although Figure 4 shows only three
flexible layers 403a-403c and only three electrically conductive layers 404a-404c, it should be
noted that other numbers of flexible layers, other numbers of electrically conductive layers, or
both, may be included.

In some embodiments, electrodes 415 are employed to selectively deliver RF
energy to various tissue structures within a bodily cavity (e.g., an intra-cardiac cavity). The
energy delivered to the tissue structures may be sufficient for ablating portions of the tissue

structures. The energy delivered to the tissue may be delivered to cause monopolar tissue
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ablation, bipolar tissue ablation or blended monopolar-bipolar tissue ablation by way of non-
limiting example. In some embodiments, each clectrode 415 is employed to sense or sample an
electrical potential in the tissue proximate the electrode 415 at a same or different time than
delivering energy sufficient for tissue ablation. In some embodiments, each electrode 415 is
employed to sense or sample intra-cardiac voltage data in the tissue proximate the clectrode 415.
In some embodiments, each electrode 415 is employed to sense or sample data in the tissue
proximate the electrode 415 from which an electrogram (e.g., an intra-cardiac electrogram) may
be derived. In some embodiments, each resistive member 409 is positioned adjacent a
respective one of the electrodes 415. In some embodiments, each of the resistive members 409
is positioned in a stacked or layered array with a respective one of the electrodes 415 to form a
respective one of the transducers 406. In some embodiments, the resistive members 409 are
connected in series to allow electrical current to pass through all of the resistive members 409.
In some embodiments, leads 410a are arranged to allow for a sampling of electrical voltage in
between cach resistive members 409. This arrangement allows for the electrical resistance of
each resistive member 409 to be accurately measured. The ability to accurately measure the
electrical resistance of each resistive member 409 may be motivated by various reasons
including determining temperature values at locations at least proximate the resistive member
409 based at least on changes in the resistance caused by convective cooling effects (e.g., as
provided by blood flow).

Referring to Figures 3A, 3B, transducer-based device 300 may communicate
with, receive power from or be controlled by a transducer-activation system 322. In some
embodiments, elongate members 304 may form a portion of an elongated cable 316 of control
leads 317, for example by stacking multiple layers, and terminating at a connector 321 or other
interface with transducer-activation system 322. The control leads 317 may correspond to the
clectrical connectors 216 in Figure 2 in some embodiments. The transducer-activation device
system 322 may include a controller 324 that includes a data processing device system 310 (e.g.,
from Figure 1) and a memory device system 330 (e.g., from Figure 1) that stores data and
instructions that are executable by the data processing device system 310 to process information
received from transducer-based device 300 or to control operation of transducer-based device
300, for example activating various selected transducers 306 to ablate tissue. Controller 324 may
include one or more controllers.

Transducer-activation device system 322 includes an input-output device system
320 (e.g., from Figure 1) communicatively connected to the data processing device system 310

(e.g., via controller 324 in some embodiments). Input-output device system 320 may include a
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user-activatable control that is responsive to a user action. Input-output device system 320 may
include one or more user interfaces or input/output (I/0) devices, for example one or more
display device systems 332, speaker device systems 334, keyboards, mice, joysticks, track pads,
touch screens or other transducers to transfer information to, from, or both to and from a user,
for example a care provider such as a physician or technician. For example, output from a
mapping process may be displayed on a display device system 332. Input-output device system
320 may include a sensing device system 325 configured to detect various characteristics
including, but not limited to, at least one of tissue characteristics (e.g., electrical characteristics
such as tissue impedance, tissue type, tissue thickness) and thermal characteristics such as
temperature. In this regard, the sensing device system 325 may include one, some, or all of the
transducers 306 (or 406 of Figure 4) of the transducer based device 300, including the internal
components of such transducers shown in Figure 4, such as the electrodes 315 (provided as part
of transducer 306 and identified as 315a, 315b and 315¢ for respective ones of transducers 306a,
306b and 306¢) (or 415) and temperature sensors 408.

Transducer-activation device system 322 may also include a power source device
system 340 including one or more power source devices connected to transducers 306. In this
regard, although Figure 3A shows a communicative connection between the power source
device system 340 and the controller 324 (and its data processing device system 310), the power
source device system 340 may also be connected to the transducers 306 via a communicative
connection that is independent of the communicative connection with the controller 324 (and its
data processing device system 310). For example, the power source device system 340 may
receive control signals via the communicative connection with the controller 324 (and its data
processing device system 310), and, in response to such control signals, deliver energy to,
receive energy from, or both deliver energy to and receive energy from one or more of the
transducers 306 via a communicative connection with such transducers 306 (e.g., via one or
more communication lines through catheter body 314, clongated cable 316 or catheter sheath
312) that does not pass through the controller 324. In this regard, the power source device
system 340 may provide results of its delivering energy to, receiving energy from, or both
delivering energy to and receiving energy from one or more of the transducers 306 to the
controller 324 (and its data processing device system 310) via the communicative connection
between the power source device system 340 and the controller 324. In various embodiments,
power source device system 340 may transmit radio frequency (RF) power and may alternately

be referred to as RF power source device system 340.
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In any event, the number of power source devices in the power source device
system 340 is fewer than the number of transducers in some embodiments. The power source
device system 340 may, for example, be connected to various selected transducers 306 to
selectively provide energy in the form of electrical current or power (e.g., RF power), light or
low temperature fluid to the various selected transducers 306 to cause ablation of tissue. The
power source device system 340 may, for example, selectively provide energy in the form of
electrical current to various selected transducers 306 and measure a temperature characteristic,
an clectrical characteristic, or both at a respective location at least proximate cach of the various
transducers 306. The power source device system 340 may include various electrical current
sources or electrical power sources as power source devices. In some embodiments, an
indifferent electrode 326 is provided to receive at least a portion of the energy transmitted by at
least some of the transducers 306. Consequently, although not shown in Figure 3A, the
indifferent electrode 326 may be communicatively connected to the power source device system
340 via one or more communication lines in some embodiments. In addition, although shown
separately in Figure 3A, indifferent electrode 326 may be considered part of the power source
device system 340 in some embodiments. In various embodiments, indifferent electrode 326
may be positioned outside of the bodily cavity in which the transducers 306 are located. In
various embodiments, indifferent electrode 326 is positioned on an external surface (e.g., a skin-
based surface) of a body that comprises the bodily cavity into which at least transducers 306 are
to be delivered.

It is understood that input-output device system 320 may include other systems.
In some embodiments, input-output device system 320 may optionally include power source
device system 340, transducer-based device 300 or both power source device system 340 and
transducer-based device 300 by way of non-limiting example. Input-output device system 320
may include the memory device system 330 in some embodiments.

Structure 308 may be delivered and retrieved via a catheter member, for example
a catheter sheath 312. In some embodiments, a structure provides expansion and contraction
capabilities for a portion of the medical device (e.g., an arrangement, distribution or array of
transducers 306). The transducers 306 may form part of, be positioned or located on, mounted
or otherwise carried on the structure and the structure may be configurable to be appropriately
sized to slide within catheter sheath 312 in order to be deployed percutancously or
intravascularly. Figure 3A shows one embodiment of such a structure. In some embodiments,
cach of the elongate members 304 includes a respective distal end 305 (only one called out), a

respective proximal end 307 (only one called out) and an intermediate portion 309 (only one
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called out) positioned between the proximal end 307 and the distal end 305. The respective
intermediate portion 309 of cach clongate member 304 includes a first or front surface 318a that
is positionable to face an interior tissue surface within a bodily cavity and a second or back
surface 318b opposite across a thickness of the intermediate portion 309 from the front surface
318a. In some embodiments, cach of the elongate members 304 is arranged front surface 318a-
toward-back surface 318D in a stacked array during an unexpanded or delivery configuration
similar to that described in co-assigned International Application No.: PCT/US2012/022061 and
co-assigned International Application No.: PCT/US2012/022062. In many cases a stacked array
allows the structure 308 to have a suitable size for percutaneous or intravascular delivery. In
some embodiments, the elongate members 304 are arranged to be introduced into a bodily cavity
distal end 305 first. For clarity, not all of the elongate members 304 of structure 308 are shown
in Figure 3A. A flexible catheter body 314 is used to deliver structure 308 through catheter
sheath 312.

In a manner similar to that described in co-assigned International Application
No.: PCT/US2012/022061 and co-assigned International Application No.:
PCT/US2012/022062, each of the elongate members 304 is arranged in a fanned arrangement
370 in Figure 3B. In some embodiments, the fanned arrangement 370 is formed during the
expanded or deployed configuration in which structure 308 is manipulated to have a size too
large for percutaneous or intravascular delivery. In some embodiments, structure 308 includes a
proximal portion 308a having a first domed shape 309a and a distal portion 308b having a
second domed shape 309b. In some embodiments, the proximal and the distal portions 308a,
308b include respective portions of elongate members 304. In some embodiments, the structure
308 1s arranged to be delivered distal portion 308b first into a bodily cavity when the structure is
in the unexpanded or delivery configuration as shown in Figure 3A. In some embodiments, the
proximal and the distal portions 308a, 308b are arranged in a clam shell configuration in the
expanded or deployed configuration shown in Figure 3B.

The transducers 306 may be arranged in various distributions or arrangements in
various embodiments. In some embodiments, various ones of the transducers 306 are spaced
apart from one another in a spaced apart distribution in the delivery configuration shown in
Figure 3A. In some embodiments, various ones of the transducers 306 are arranged in a spaced-
apart distribution in the deployed configuration shown in Figure 3B. In some embodiments,
various pairs of transducers 306 are spaced apart with respect to one another. In some
embodiments, various regions of space are located between various pairs of the transducers 306.

For example, in Figure 3B the transducer-based device 300 includes at least a first transducer
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3064, a second transducer 306b and a third transducer 306¢ (all collectively referred to as
transducers 306). In some embodiments cach of the first, the second and the third transducers
306a, 306b and 306¢ are adjacent transducers in the spaced-apart distribution. In some
embodiments, the first and the second transducers 306a, 306b are located on different elongate
members 304 while the second and the third transducers 306b, 306¢ are located on a same
clongate member 304. In some embodiments, a first region of space 350 is between the first and
the second transducers 306a, 306b. In some embodiments, the first region of space 350 is not
associated with any physical portion of structure 308. In some embodiments, a second region of
space 360 associated with a physical portion of device 300 (e.g., a portion of an elongate
member 304) is between the second and the third transducers 306b, 306¢. In some
embodiments, cach of the first and the second regions of space 350, 360 do not include a
transducer of transducer-based device 300. In some embodiments, each of the first and the
second regions of space 350, 360 do not include any transducer. It is noted that other
embodiments need not employ a group of elongate members 304 as employed in the illustrated
embodiment. For example, other embodiments may employ a structure having one or more
surfaces, at least a portion of the one or more surfaces defining one or more openings in the
structure. In these embodiments, a region of space not associated with any physical portion of
the structure may extend over at least part of an opening of the one or more openings. In other
example embodiments, other structures may be employed to support or carry transducers of a
transducer-based device such as a transducer-based catheter. For example, an clongated catheter
member may be used to distribute the transducers in a linear or curvilinear array. Basket
catheters or balloon catheters may be used to distribute the transducers in a two-dimensional or
three-dimensional array.

Figure 6 includes a data generation and flow diagram, which may implement
various embodiments of method 600 by way of associated computer-executable instructions,
according to some example embodiments. In various example embodiments, a memory device
system (e.g., memory device systems 130, 330) is communicatively connected to a data
processing device system (e.g., data processing device systems 110 or 310, otherwise stated
herein as “e.g., 110, 310”) and stores a program executable by the data processing device system
to cause the data processing device system to execute various embodiments of method 600 via
interaction with at least, for example, a transducer-based device (e.g., transducer-based devices
200, 300, or 400). In these various embodiments, the program may include instructions
configured to perform, or cause to be performed, various ones of the instructions associated with

execution of various embodiments of method 600. In some embodiments, method 600 may
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include a subset of the associated blocks or additional blocks than those shown in Figure 6. In
some embodiments, method 600 may include a different sequence between various ones of the
associated blocks than those shown in Figure 6.

In some embodiments, block 602 is associated with computer-executable
instructions (e.g., graphical representation instructions or graphical interface instructions
provided by a program) configured to cause an input-output device system (e.g., input-output
device system 120 or 320) to display a graphical representation of at least a portion of a
transducer-based device (e.g., structure 308 in Figure 3). Figure 5A illustrates a graphical
interface including a graphical representation 500 provided by the input-output device system
according to one example embodiment provided in accordance with instructions associated with
block 602 in Figure 6. The instructions associated with block 602 may be configured to access a
predefined model (e.g., a computer-aided-design (CAD) or other computer-readable model
stored in memory device system 130, 330) of the at least the portion of the transducer-based
device and display the at least the portion of the transducer-based device according to such
model. In some embodiments, the transducer-based device is a catheter-based device similar to
devices 200 and 300 shown respectively in Figures 2 and 3. In some embodiments
encompassing Figure SA, the representation of the transducer-based device is provided by or
among various elements of graphical representation 500. In some embodiments, the graphical
interface depicts graphical representation 500 of the transducer-based device as including a first
domed portion 500a associated with a first domed portion of the transducer-based device (e.g.,
proximal portion 308a when having the first domed shape 309a) and a second domed portion
500b associated with a second domed portion of the transducer-based device (e.g., distal portion
308b having the second domed shape 309b). Various other transducer-based devices may be
depicted according to the instructions associated with block 602 in other embodiments. Figures
5A, 5B, 5C, 5D, SE, 5F, 5G, and 5H (collectively Figures 5) are presented in this disclosure in
association with various embodiments. It is understood that cach of these embodiments need not
be associated with all of the Figures 5, and in some cases will only be associated with a subset of
the Figures 5.

In some embodiments, the graphical representation 500 includes a plurality of
graphical elements 501. Each of the graphical elements 501 is respectively associated with a
respective one of a plurality of transducer sets. Each respective transducer set includes at least
one of a plurality of transducers included as part of the transducer-based device (e.g., transducer-
based devices 200, 300, or 400) and each respective transducer set has at least one different

transducer than another of the other transducer sets. In some embodiments, each respective
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transducer set has at least one different transducer than each of the others of the other transducer
sets.

In some embodiments, each of at least some of the graphical elements 501 are
provided by a respective one of a plurality of transducer graphical elements 502 that include at
least a first transducer graphical element 502Q6, a second transducer graphical element 502R6,
and a third transducer graphical element 502R7 (e.g., all the transducer graphical elements
collectively referred to as transducer graphical elements 502). In some embodiments, each
transducer graphical element 502 is associated with a single respective transducer of the
transducer-based device. In some example embodiments, each transducer graphical element 502
is representative of a respective transducer of the transducer-based device. In some example
embodiments, cach transducer graphical element 502 is representative of a location or position
of a respective transducer of the transducer-based device. In some embodiments, the graphical
representation 500 includes a first spatial relationship or arrangement between the displayed
transducer graphical elements 502 that is consistent with a second spatial relationship or
arrangement between the corresponding transducers associated with the transducer graphical
elements 502. An electrocardiogram (ECG/EKG) signal 523 is also shown in the graphical
interface of Figure 5A.

In some embodiments, each of at least some of the graphical elements 501 are
provided by a respective one of a plurality of between graphical elements 504 including a first
between graphical element 504a and a second between graphical element 504b (e.g., all the
between graphical elements collectively referred to as between graphical elements 504). In
various embodiments, each of the between graphical elements 504 is associated with a set of at
least two of the transducers of the transducer-based device. In some example embodiments,
each of the between graphical elements 504 is associated with a pair of transducers in the
transducer-based device. In some example embodiments, each between graphical element 504
is associated with a region of space between a respective pair of transducers in the transducer-
based device. In some example embodiments, each between graphical element 504 is associated
with a region of space between a respective pair of adjacent ones of the transducers in the
transducer-based device.

In some embodiments, first transducer graphical element 502Q6 is associated
with a first transducer (e.g., first transducer 306a) of the transducer-based device, second
transducer graphical element 502R6 is associated with a second transducer (e.g., second
transducer 306b) of the transducer-based device, and third transducer graphical element 502R7

is associated with a third transducer (e.g., third transducer 306¢) of the transducer-based device.
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In some embodiments, the first between graphical element 504a is associated with a first region
of space that is between the first and the second transducers and the second between graphical
element 504b is associated with a second region of space that is between the second and the
third transducers. In this illustrated embodiment, the first region of space is a region of space
that is not associated with any physical part of the transducer-based device (e.g., first region of
space 350) and the second region of space is a region of space that is associated with a physical
part of the transducer-based device (e.g., second region of space 360). In some embodiments,
cach of the first and the second between graphical elements 504a, 504D is associated with a
region of space that does not include a transducer of the transducer-based device. In some
embodiments, each of the first and the second between graphical elements 504a, 504D is
associated with a region of space that does not include any transducer. It is understood that a
“region of space” need not be a vacant space but may include physical matter therein.

In Figure 5SA, at least a portion of the transducer graphical elements 502, and at
least a portion of the between graphical elements 504 are arranged in a plurality of rows 510
(two called out) and a plurality of columns 512 (two called out, each column 512 identified in
the graphical representation by a respective one of letters “A”, “B”, “C”, “D”, “E”, “F”, “G”,
“H”, “17, “J”, “K”, “L”, “M”, “N”, “O0”, “P”, “Q”, “R”, “S”, and “T”). In this regard, it may be
considered that the transducers (e.g., 306 in Figures 3A, 3B) corresponding to the transducer
graphical elements 502 are arranged in an arrayed distribution that includes a plurality of
intersecting transducer rows and transducer columns, a respective group of the plurality of
transducers arranged along each of the transducer rows, and a respective group of the plurality
of transducers arranged along each of the transducer columns. Adjacent ones of the transducer
columns may be separated from cach other at least by a non-physical portion of the transducer-
based system, e.g., corresponding to region of space 350 in Figure 3B, and adjacent ones of the
transducer rows may be separated from each other at least by a physical portion (e.g., a portion
between transducers 306 along a same e¢longate member 304) of the transducer-based system
(e.g., 200, 300, or 400). In some embodiments, it may be considered that the transducers (e.g.,
306 in Figures 3A, 3B) corresponding to the transducer graphical elements 502 are arranged in a
distribution that includes a grid that includes at least three rows and at least three columns, each
of the columns arranged to intersect each of the rows at a respective intersection location, a
respective one of the transducers arranged at each respective intersection location.

Referring back to Figure SA, a portion of each of the columns 512 corresponds to
a region of space associated with a physical portion of the transducer-based device (e.g., an

elongate member 304), according to some embodiments. In some embodiments, each of the
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columns 512 corresponds to at least a portion of the transducers located on a particular elongate
member of a transducer-based device (e.g., an elongate member 304). In some embodiments,
cach of the columns 512 corresponds to at least a portion of the transducers located on a
respective one of a pair of domed portions 500a, 500b arranged in a clam shell configuration
similar to the embodiments of Figure 3B. In embodiments in which each domed portion is
formed by a respective portion of each of a plurality of elongate members (e.g., clongate
members 304), a set of two or more of the columns 512 may correspond to the transducers
located on a single one of the clongate members.

In some embodiments, a portion of each of the rows 510 corresponds to regions
of space not associated with any physical portion of the transducer-based device (e.g., regions of
space 350 between adjacent ones of the elongate members 304). In other example
embodiments, different numbers of transducer graphical elements 502 and different numbers
and spatial relationships or arrangements of between graphical elements 504 may be depicted in
the graphical representation. In other example embodiments, different numbers and spatial
relationships or arrangements of rows 510 and columns 512 may be depicted in the graphical
representation. In various embodiments, each of the between graphical elements (e.g., between
graphical elements 504) depicted in the graphical representation are representative of a
respective physical path extending between a respective pair of transducers of the transducer-
based device. Each of the physical paths may extend over a physical surface of the transducer-
based device or over a portion of an opening defined by a physical surface of the transducer-
based device.

In Figure 5A, the transducer graphical elements 502 and the between graphical
clements 504 in cach respective one of the rows 510 are interleaved with respect to one another
along the respective one of the rows 510. In this illustrated embodiment, the transducer
graphical elements 502 and the between graphical elements 504 in each respective one of the
columns 512 are interleaved with respect to one another along the respective one of the columns
512. In this illustrated embodiment, each one of the plurality of columns 512 shares a same
transducer graphical element 502 with one of the plurality of rows 510. In this illustrated
embodiment, each respective one of the plurality of columns 512 excludes any of the between
graphical elements 504 included in each of the plurality of rows 510. In this illustrated
embodiment, at least a first one of the between graphical elements 504 (e.g., second between
graphical element 504b) is depicted in the graphical representation between two adjacent ones of
the plurality of rows 510 and at least a second one of the plurality of between graphical elements

504 (e.g., first between graphical element 504a) is positioned between two adjacent ones of the
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plurality of columns 512. In some embodiments, the plurality of rows 510 and the plurality of
columns 512 are depicted as a three-dimensional arrangement in the graphical representation. In
some embodiments, at least two of the plurality of columns 512 are depicted in the graphical
representation extending along respective directions that converge with respect to one another.
In this illustrated embodiment, at least two of the plurality of columns 512 are depicted in the
graphical representation extending along non-parallel directions and at least two of the plurality
of rows 510 are depicted extending along parallel directions. In this illustrated embodiment, the
rows 510 and the columns 512 are depicted in the graphical representation in an arrangement in
which the columns 512 are circumferentially arranged. In this illustrated embodiment, the rows
510 and the columns 512 are depicted in the graphical representation in an arrangement having a
generally spherical shape. The plurality of columns 512 may be depicted like lines of longitude,
and the plurality of rows 510 may be depicted like lines of latitude. In some embodiments,
columns 512 are considered rows, and rows 510 are considered columns in various ones of
Figures 5. In this case, cach particular column may be identified by the numerical portion of the
alpha-numeric identifier of the transducer graphical element 502 arranged along the particular
column, and each particular row may be identified by the alphabetic portion of the alpha-
numeric identifier of the transducer graphical element 502 arranged along the particular row.

The graphical interface of Figure 5B includes the graphical representation 500
with the addition of identification labels 513 (two called out, e.g., as “A:6” and ““S:7”) to cach of
the transducer graphical elements 502. In some embodiments, identification labels are applied
by operating the input-output device system to activate a control button 514 identified as “View
Options”. In some embodiments, a selection box 522 allows for the selective inclusion of
identification labels 513 (e.g., indicated as “Labels” in this illustrated embodiment). In some
embodiments, each of the identification labels 513 employs an alpha-numeric format including a
letter representative of the column 512 in which a corresponding transducer graphical element is
located and a number representative of a location of the transducer graphical element 502 in the
corresponding column 514. Other identification schemes may be employed in other
embodiments.

Selection, activation, or both selection and activation of a control button, a
selection box, or other graphical element provided in the various embodiments may be
accomplished via various input-output device system controls that may include a touch screen,
keyboard or computer mouse by way of non-limiting example. In various embodiments,
selection of control button 514 causes the selection menu 515 identified as “Model View

Options” to appear in the graphical representation. Selection menu 515 provides various
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selection boxes 516 that are selectable to vary the graphical representation of the portion of the
transducer-based device between a three-dimensional graphical representation (e.g., as depicted
in Figures 5A and 5B) and a two dimensional graphical representation (e.g., as depicted in
Figure 5D). Various two-dimensional graphical representations are possible in various
embodiments. For example, the two-dimensional graphical representation depicted in Figure 5D
is shown in a “Mercator-type” representation in which the first domed portion 500a (e.g., shown
in Figure 5A) of the depicted transducer-based device is depicted as a first Mercator projection
518a and the second domed portion 500b (e.g., shown in Figure 5A) of the depicted transducer-
based device is a depicted as a second Mercator projection 518b. The first and the second
Mercator projections 518a and 518b advantageously allow for simultaneous viewing of all the
transducer graphical elements 502 and the between graphical elements 504. Other two-
dimensional graphical representations including polar projections are also selectable.

In various embodiments where the transducer-based device is deployed in a
bodily cavity (e.g., when the transducer-based device takes the form of a catheter device
arranged to be percutaneously or intravascularly delivered to a bodily cavity), it may be
desirable to perform various mapping procedures in the bodily cavity. Although these mapping
procedures may be implemented at various times, such as any time during the generation of or
after the display of the graphical representation via the instructions associated with block 602. It
is noted that, in some embodiments, the mapping procedure need not be limited to the mapping
of various anatomical landmarks. For example, when the bodily cavity is an intra-cardiac
cavity, the mapping procedure may include mapping electrophysiological activity in the intra-
cardiac cavity. In some embodiments, the mapping procedure may include mapping varying
degrees of contact between various ones of the transducers (e.g., clectrodes) and a tissue surface
of a bodily cavity into which the transducers are located.

An example of the mapping performed by devices according to various
embodiments would be to locate the position of the ports of various bodily openings positioned
in fluid communication with a bodily cavity. For example, in some embodiments, it may be
desired to determine the locations of various ones of the pulmonary veins or the mitral valve that
each interrupts an interior surface of an intra-cardiac cavity such as a left atrium.

In some example embodiments, the mapping is based at least on locating such
bodily openings by differentiating between fluid and tissue (e.g., tissue defining a surface of a
bodily cavity). There are many ways to differentiate tissue from a fluid such as blood or to
differentiate tissue from a bodily opening in case a fluid is not present. Four approaches may

include by way of non-limiting example:
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1. The use of convective cooling by fluid of heated transducer elements. A
slightly heated arrangement of transducers that is positioned adjacent to the tissue that forms the
interior surface(s) of a bodily cavity and across the ports of the bodily cavity will be cooler at
the areas which are spanning the ports carrying the flow of fluid.

2. The use of tissue impedance measurements. A set of transducers
positioned adjacently to tissue that forms the interior surface(s) of a bodily cavity and across the
ports of the bodily cavity may be responsive to electrical tissue impedance. Typically, heart
tissue will have higher associated tissue impedance values than the impedance values associated
with blood.

3. The use of the differing change in dielectric constant as a function of
frequency between blood and tissue. A set of transducers positioned around the tissue that
forms the interior surface(s) of the atrium and across the ports of the atrium monitors the ratio of
the dielectric constant from 1 KHz to 100 KHz. Such may be used to determine which of those
transducers are not proximate to tissue, which is indicative of the locations of the ports.

4. The use of transducers that sense force (e.g., force sensors). A set of
force detection transducers positioned around the tissue that forms the interior surface of the
bodily cavity and across the bodily openings or ports of the bodily cavity may be used to
determine which of the transducers are not engaged with the tissue, which is indicative of the
locations of the ports.

The graphical representation depicted by the graphical interface of Figure 5C
includes various regions 525c (e.g., part of a plurality of regions collectively referred to as
regions 525¢ when considering all of the Figures 5) added to the graphical representation 500 of
the transducer-based device. The regions 525¢ may be identified and displayed according to the
instructions associated with block 602 in Figure 6, in some embodiments; although such regions
525¢ may be identified and displayed at other times or according to other instructions. In some
embodiments, the graphical interface depicted in Figure 5C is generated after the transducer-
based device was received in a bodily cavity having various anatomical features of interest and
the control button 526 identified as “Map” was activated via the input-output device system to
select a mode referred to as “Flow”. Techniques for flow-based mapping techniques are
disclosed in commonly assigned U.S. Patent Application Publication No.: US 2008/0004534.

In various embodiments associated with various ones of Figures 5, the anatomical features of
interest are ports of a mitral valve and various pulmonary veins positioned in fluid
communication with an intra-cardiac cavity (e.g., a left atrium in some embodiments). In these

various embodiments, the transducers of the transducer-based device are distributed adjacent
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respective regions in the intra-cardiac cavity that may include relatively lower blood flow
regions (e.g., adjacent a tissue surface of the intra-cardiac cavity), relatively higher flow regions
(e.g., over the ports of the intra-cardiac cavity). It is noted that relatively lower blood flow
regions in the intra-cardiac cavity may occur when a transducer is positioned in contact with a
tissue surface to restrict blood flow at the contacted tissue. In some example embodiments, the
relatively large number of transducers in the distribution advantageously allows for each of the
transducers to be positioned adjacent their corresponding regions with little or no repositioning
of the transducer-based device thereby facilitating obtaining transducer-based data concurrently
from a multitude of locations in the bodily cavity. In some embodiments, activation via the
input-output device system of the control button 526 identified as “Map” may allow for other
types of maps, including but not limited to, tissue contact maps, isochronal maps, isopotential
maps, propagation maps, and various other voltage maps associated with intra-cardiac electrical
activity. Referring back to Figure 5B, selection menu 515 provides various selection boxes 520
that may control mouse drag functions between rotating and panning modes. A rotating mode
may be advantageously used for manipulation of a three-dimensional graphical representation of
the transducer-based device to allow for viewing a portion of the three-dimensional graphical
representation that was not previously viewable. Selection menu 515 includes a plurality of
selection boxes 522 that allow for variations in the viewable content of the graphical
representation. In some embodiments, a selection box 522 allows for the selective inclusion in
the graphical representation of graphical clements associated with various anatomical features.
In some example embodiments, the graphical elements associated with the anatomical features
are selectable from a menu and may be tailored to a particular procedure in which the
transducer-based device is employed. Various ones of the selection boxes 522 allow for
selective inclusions of the transducer graphical elements 502 (e.g., indicated as “Electrodes” in
this illustrated embodiment) and the selective inclusion of the between graphical elements 504
(e.g., indicated as “Segments” in this illustrated embodiment). In some embodiments, a
selection box 522 allows for the selective inclusion in the graphical representation of graphical
clements associated with lesions which may be of particular interest in embodiments in which
various transducers of the transducer based-device ablate tissue to form the lesions therein.

It is noted that the transducer graphical elements 502, the between graphical
clements 504, or both may have different sizes, shapes or forms than those shown in the
illustrated embodiment. In some embodiments, different ones of the transducer graphical

elements 502 may be depicted with different shapes, sizes or forms in the graphical
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representation. In some embodiments, different ones of the between graphical elements 504
may be depicted with different shapes, sizes or forms in the graphical representation.

Having described examples of the graphical representation displayed according to
the instructions associated with block 602 in Figure 6, the data processing device system (e.g.,
110, 310) may be configured according to instructions associated with block 604 to receive a
selection of at least some of transducers in a distribution (e.g., a distribution of transducers 306
as shown in Figures 3A and 3B), according to some embodiments. Although Figure 6 shows
block 604 located after block 602, some embodiments are not limited to this arrangement, and
the selection of the at least some of the transducers in the distribution according to block 604
may occur at any time.

Selection of the at least some of the transducers may take various forms. For
example, when the distribution is an arrayed distribution including a plurality of intersecting
rows (e.g., 510) and columns (e.g., 512) with a respective group of the transducers arranged
along cach of the plurality of rows and a respective group of the transducers arranged along cach
of the plurality of columns (e.g., as described above), the selection of the at least some of the
transducers may include (a) a selection of at least some of the transducers in each of at least one
of the rows, (b) a sclection of at least some of the transducers in each of at least one of the
columns, or both (a) and (b). In various embodiments, the selection of the at least some of the
transducers in the distribution includes a selection of some but not all of the transducers in the
distribution. For example, particular ones of the transducers may be selected to cause tissue
ablation in select regions of a bodily cavity in which the distribution of transducers are
deployed, the select regions not forming an entirety of a tissue surface defining the bodily
cavity.

In various embodiments, reception of the selected at least some of the selected
transducers in the distribution is made via an input-output device system (e.g., 120, 320) and
includes a user-based selection, via the input-output device system, of the selected at least some
of the transducers in the distribution. For example, a user may input information (e.g., via a
keyboard or other input device) specifying a particular one or particular ones of the transducers
in the distribution that are to be selected. In this regard, the selection according to the
instructions associated with block 604 includes, in some embodiments, multiple constituent or
sub-selections (although in other embodiments, the selection according to the instructions
associated with block 604 includes only a single selection). For instance, in some embodiments,
block 604 may include selection instructions configured to cause, due to execution of the

selection instructions by the data processing device system (e.g., exemplified by data processing
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device systems 110, 310), selection of one or more graphical elements. In some embodiments,
such selection instructions include a first group of instructions configured to cause the data
processing device system to receive or process, via the input-output device system, a user
instruction to select one or more graphical elements. In some of these embodiments, such
selection instructions also include a second group of instructions configured to cause the data
processing device system to perform its own selection of the graphical element in response to
receiving the user instruction. For instance, the user instruction to select the graphical element
might originate from a user clicking a mouse button (e.g., a first constituent selection) while a
cursor is above a user-selected graphical element. In this case, the first group of instructions
may configure the data processing device system to recognize this user instruction when it is
received via the data input-output device system as a user instruction to sclect the user-selected
graphical element below the cursor at the time of the mouse-button click. In some
embodiments, the second group of instructions may configure the data processing device
system, in response to the first group of instructions recognizing this user instruction, to perform
its own selection (e.g., a second constituent selection) of the user-selected graphical element at
least by causing, via the input-output device system, the display of the user-selected graphical
clement to change one or more visual characteristics of the user-selected graphical element.
Accordingly, the selection according to the instructions associated with block 604 may be
deemed, in some embodiments, to involve a first, user-based constituent selection and a second,
machine-based or automatic constituent selection triggered by the user-based constituent
selection.

Although a mouse-click was provided above as an example of a user-based
constituent selection, and the changing of a visual characteristic of the user-selected graphical
element was provided as an example of a machine-based constituent selection, it should be
noted, however, that any form of user-based selection or machine-based selection of a graphical
clement known in the art may be used. In this regard, direct interaction with a graphical clement
itself (e.g., by way of a mouse-click on the graphical element) is not required to directly select
the graphical element or its corresponding transducer. For example, a user might type a unique
identifier associated with a graphical element or transducer via a keyboard, which may cause
direct selection of that graphical element or transducer.

Further, although a user-based constituent selection of a user-selected graphical
element followed by a machine-based constituent selection of that user-selected graphical
element was provided above as an example of constituent selections involved with block 604, it

should be noted that a user-based constituent selection of a first user-selected graphical element
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may also cause a machine-based constituent selection of a second, different, non-user-selected
graphical element. For example, a user-performed mouse-click while the mouse cursor is above
a user-selected between graphical element 504 (e.g., a user-based constituent selection) may
cause, possibly among other things, a machine-based constituent selection of the non-user-
sclected transducer graphical elements 502 at cach end of the user-selected between graphical
clement 504. In this regard, the phrase, “user-selected”’, when used herein to describe a selected
graphical element (e.g., a transducer graphical element or a between graphical element), is
intended to refer to a graphical element directly selected by a user, as opposed to a non-user-
selected graphical element, which is a machine-selected graphical element that is machine-
selected either in response to no user instruction to select any graphical element or in response to
a user instruction to sclect a user-selected graphical element different than the machine-selected
graphical element. In cases where a user selection of a user-selected graphical element causes a
machine-selection of a different graphical element, it may be said that the different graphical
clement is indirectly selected by the user.

Further still, although a user-based constituent selection followed by a machine-
based constituent selection was provided above as an example of constituent selections involved
with block 604, it should be noted that any number of constituent selections, whether user-based
or machine-based, may be involved with block 604. For example, depending upon how the user
interface is structured, one or more user-based constituent selections may result in one or more
machine-based constituent selections. For instance, multiple user gestures (e.g., a double-
fingered gesture on a touch screen, a mouse click-drag-and-release sequence, or other multiple
user-gesture technique) might be required to identify a particular user-selected graphical element
in order to cause the data processing device system to change the visual characteristics of (or
provide another form of selection of) the particular user-selected graphical element. For another
example, multiple user-based constituent selections might be a mouse click-and-hold followed
by a dragging of a cursor to expand a selection box originating from the initial mouse click
location, followed by a releasing of the mouse button to define the final size of the selection box.
This initial user-based selection (comprised of the multiple user-based constituent selections)
may be recognized by the data processing device system according to the above-discussed first
group of instructions, and cause multiple machine-based or automatic constituent selections
performed by the data processing device system according to the above-discussed second group
of instructions. For instance, these multiple machine-based or automatic constituent selections
may include a first constituent selection by the data processing device system of all graphical

clements residing within the selection box, followed by a second constituent selection of only
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those graphical elements deemed to reside within the selection box whose corresponding
transducers have been deemed acceptable for selection.

Further still, although one or more user-based constituent selections followed by
one or more machine-based constituent selections was provided above as an example of
constituent selections involved with block 604, it should be noted that block 604 might not
involve any user-based constituent selections. For example, graphical element selection
according to block 604 might occur based upon data received from transducers, and this data
might result in one or more machine-based or automatic constituent selections performed by the
data processing device system.

It should be noted that, whenever a selection of a graphical element is discussed
herein, such selection, in some embodiments, may include the above-discussed constituent
selections. However, the above-discussed constituent selections are not limited to just selections
of graphical elements and may apply to any selection described herein. For example, one or
more user-based constituent selections of a user-selected graphical element may lead to one or
more machine-based constituent selections of the user-selected graphical element or some other
graphical element(s), which may lead to one or more machine-based selections of one or more
transducers corresponding to the machine-selected graphical elements, the machine-based
selection(s) of the one or more transducers causing an activation of the one or more transducers.
For another example, one or more user-based constituent selections of a user-selected graphical
clement may lead to one or more machine-based constituent selections of one or more data
objects associated with the user-selected graphical element, one or more other associated
graphical elements, one or more transducers associated with the user-selected graphical element,
or one or more other objects associated with the user-selected graphical element, such as for
purposes of viewing or changing properties of the one or more data objects or causing an
activation based upon information provided by the one or more data objects.

In view of the above-discussion regarding selection types involved with block
604, in some embodiments, the instructions associated with block 604 are provided in a program
that includes instructions configured to cause the data processing device system (e.g., 110, 310)
to receive a selection from the input-output device system (e.g., 120, 320) of a transducer
graphical element (e.g., transducer graphical element 502). In accordance with various
activation instructions (e.g., instructions associated with block 608 in Figure 6), a program may
include activation instructions configured to, in response to receiving the selection, cause
activation, via the input-output device system, of a particular one of the transducers

corresponding to the selected transducer graphical element (e.g., transducer graphical element
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502). For another example, in some embodiments, various activation instructions (e.g.,
instructions associated with block 608) are provided in a program that includes selection
instructions configured to cause, due to execution of the selection instructions by the data
processing device system (e.g., again exemplified by data processing device systems 110 or
310), reception of a selection from the input-output device system of a between graphical
clement (e.g., between graphical element 504). In accordance with the instructions associated
with block 608, the program may include activation instructions configured to, in response to
receiving the selection, cause activation, via the input-output device system, of a respective set
of two or more of the transducers (e.g., a pair or other group of the transducers) of the
transducers in the distribution corresponding to the between graphical element. Advantageously,
sclecting and, in some embodiments, activating a set of two or more of the transducers based on
a selection of a single graphical element (e.g., between graphical element 504) provides for a
workflow that is less cumbersome and more expeditious than individually selecting the
respective graphical elements (e.g., transducer graphical element 502) associated with cach
transducer of the set of two or more of the transducers, especially when 50, 100, 200 or even
over 300 or more transducer graphical elements are provided in the graphical representation.
This configuration is even more advantageous when a single graphical element (e.g., between
graphical element 504) provides additional information (e.g., spatial information) relating each
of the transducers in the set of two or more of the transducers. For example, a between
graphical element 504 may indicate a distance between or acceptability-of-activation of
transducers of a corresponding transducer pair, and, accordingly, the between graphical element
504 provides, in some embodiments, information about the corresponding pair of transducers
and, thereby, makes the selection process more efficient. In addition, allowing selection of the
between-graphical elements for corresponding transducer activation may provide a more
intuitive user interface in certain applications. For example, such an arrangement allows a user
to make selections along an ablation path or a path along which data is to be obtained, without
having to focus on the transducers required to make that ablation path or acquire that data. The
user can, for example, just select a path using between graphical elements (e.g., user-based
selection(s)/constituent selection(s)), and the corresponding transducers are automatically
selected (e.g., machine-based selection(s)/constituent selection(s)) in response. Since various
ones of the between graphical elements need not be tied to any physical portion of the
transducer-based device, they may be freely designed to reflect the path (e.g., over tissue or
fluid) in which their corresponding transducers will interact when activated (e.g., by causing

ablation or gathering data). In this regard, if the between graphical elements are configured to
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accurately represent their respective path segments in which ablation or data gathering will
occur, according to some embodiments, the user may gain an even better understanding of the
expected results of activation of the corresponding transducers.

An example selection of various graphical elements corresponding to selected
particular ones of a distribution of the transducers positionable in a bodily cavity (e.g., particular
ones of the transducers 306) is shown in Figure SE. In some embodiments, various selected
transducer graphical elements 502 associated with a path 537 may be selected (e.g., each
sclected transducer graphical element 502 indicated by the corresponding identification labels
513: “R:6”, “Q:6”, “P:6”, “P:7”, “0:7”, “0:8”, “0:9”, “P:9”, “P:10”, “Q:10”, “R:10”, “R:9”,
“S:97, “S:8”, “S:77, and “R:7”). Also, as shown in Figure SE, the between graphical elements
504 associated with path 537 may be selected (e.g., cach sclected between graphical element 504
herein identified by the corresponding pair of identification labels 513 associated with the
transducer graphical elements 502 in which the selected between graphical element 504 is
positioned between): “R:6-Q:6”, “Q:6-P:6”, “P:6-P:7”, “P:7-0:7”, “0:7-0:8”, “0:8-0:9”, “0.9-
P:9”, “P:9-P:10”, “P:10-Q:10”, “Q:10-R:10”, “R:10-R:9”, “R:9-S:9”, “S:9-S:8”, “S:8-S:7”,
“S:7-R:7” and “R:7-R:6”. Path 537 may, in some embodiments, correspond to an ablation path
(e.g., a path along a tissue surface structure that is subject to ablative energy transmitted by the
selected ones of the transducers. In some embodiments, selection of various ones of the
graphical elements includes (a) a user-based selection of at least some of the transducer
graphical elements 502, (b) at lcast some of the between graphical clements 504, or a
combination of (a) and (b). In some embodiments, the selected graphical elements 501 may be
selected sequentially along path 537 with an order that corresponds to a positional order of the
selected graphical clements 501 along the path 537. In some embodiments, the selected
graphical elements 501 may be selected according to an order that does not correspond to a
positional order of the selected graphical elements 501 along the path 537. Without limitation,
transducers selected in accordance with the instructions associated with block 604 may include a
selection of a plurality of transducer sets. In some embodiments, at least some of the selected
transducer sets are selected sequentially. In some embodiments, at least some of the transducer
sets are selected concurrently. In some embodiments, each of at least some of the transducer sets
may be considered to have a single transducer. In some embodiments, each of at least some the
transducer sets may be considered to have at least two transducers. In some embodiments, the
selected transducer sets may be selected according to a defined order. In some embodiments,

the selected transducer sets may be selected randomly or pseudo-randomly.
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In some embodiments, the display instructions associated with block 602 (or
other display instructions) are configured to display the sclected ones of the transducer graphical
elements 502 (e.g., the transducer graphical elements 502 identified as “R:6”, “Q:6”, “P:6”,
“P:7”,0:77, “0:87, “0:97, “P:9”, “P:107, “Q:107, “R:10”, “R:97, “*S:97, “S:8”, *“S:7”, and
“R:7”) with a sct of visual characteristics that that is different than a set of visual characteristics
comprised by particular ones of the transducer graphical elements 502 corresponding to
particular ones of the transducers that do not form part of the selected transducers in the
distribution. In some embodiments, the display instructions associated with block 602 are
configured to display the selected ones of the between graphical elements 504 (e.g., the between
graphical elements 504 identified as “R:6-Q:6”, “Q:6-P:6”, “P:6-P:7”, “P:7-0:7”, “0:7-0:8,
“0:8-0:97, “0:9-P:9”, “P:9-P:10”, “P:10-Q:10”, “Q:10-R:10”, “R:10-R:9”, “R:9-S:9”, “S:9-
S:8”, “S:8-S:7”, “S:7-R:7” and “R:7-R:6”") with a set of visual characteristics (e.g., an interior
color) that is different than a set of visual characteristics comprised by other particular ones of
the between graphical elements (e.g., which are displayed with a different interior color). In
some embodiments, a plurality of intra-cardiac electrograms 535 is also displayed, each of the
intra-cardiac electrograms derived from intra-cardiac voltage data sampled by a respective one
of the selected transducers in the distribution.

In some embodiments, the display instructions associated with block 602 (or
other display instructions) are configured to cause the input-output device system (e.g., 120,
320) to cause the graphical representation 500 to display a map depicting a surface of a tissue
wall of the bodily cavity, the surface interrupted by one or more openings or ports, concurrently
with the displayed graphical elements 501 (e.g., displayed transducer graphical elements 502
and displayed between graphical elements 504 are displayed concurrently with regions 525¢).
In some embodiments, each of the one or more ports corresponds to a region 525¢ (described
previously).

In some embodiments, the display instructions associated with block 602 (or
other display instructions) are configured to display the particular transducer graphical elements
502 corresponding to the selected transducers in the distribution surrounding at least one of the
one or more ports depicted in the map (e.g., a region 525¢ in some embodiments). In various
embodiments, reception instructions may be included in a program, the reception instructions
configured to cause reception, via the input-output device system (e.g., 120, 320), of information
from each of a number of the plurality of transducers (e.g., each of the plurality of transducers

306), and the display instructions associated with block 602 may be configured to display the
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map based at least on the information received from each of the number of the plurality of
transducers (e.g., by various methods the same or similar to those described above).

In some embodiments, the transducer activation instructions associated with
block 608 may include instructions that are configured to cause a sensing device system (e.g.,
sensing device system 325) to detect a physiological parameter in the bodily cavity. Other
forms of activation of the respective transducer corresponding to the selected transducer
graphical element are possible in other embodiments. For example, in various embodiments,
activation instructions configured to activate a particular transducer may include instructions
configured to cause energy from a power source device system (e.g., power source device
system 340) to be delivered to the particular transducer. In some embodiments, a sensing device
system (e.g., provided at least in part by a number of the transducers) is arranged to sense at
least one tissue electrical characteristic (e.g., tissue impedance) at a respective location at least
proximate the respective transducer corresponding to the selected transducer graphical element
with the energy delivered to the transducer (e.g., in some embodiments, tissue impedance may
be measured between transducers on the structure 308 or between a transducer on the structure
308 and the indifferent electrode 326). In some of these various embodiments, the energy is
sufficient for ablating tissue (e.g., tissuc-ablating energy). In some of these various
embodiments, an indifferent electrode (e.g., indifferent electrode 326) is provided (e.g., usually
to an external surface or skin-based surface of a body) while the transducer-based device is
received in a bodily cavity within the body. A significant or major portion of the tissue-ablating
energy delivered to the respective transducer corresponding to the selected transducer graphical
clement may be transmitted from the respective transducer to the indifferent electrode in a
process typically referred to as monopolar ablation.

Returning to Figure 5E, there is represented a group of transducers surrounding a
region 525c that are selected for activation. These selected transducers are represented in the
graphical representation 500 in Figure SE by way of corresponding highlighted between
graphical elements 504. With these selections, the instructions associated with block 608 are
configured to cause the data processing device system (e.g., 110, 310) to execute a process of
activating these selected transducers, according to some embodiments. However, due to
hardware constraints (e.g., limitations on the power source device system 340) and safety
constraints (e.g., limitations on delivered energy and energy density to prevent the formation of
coagulum), activation of all of the selected transducers at the same time often is not possible or
acceptable. Accordingly, the instructions associated with block 606 are configured, according to

some embodiments, to cause the data processing device system (e.g., 110, 310) to break up these
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selected transducers into various subsets to be activated, at least in part, in series over time
within the hardware constraints, safety constraints, or other constraints.

For example, Figures SF-5H show the transducers selected according to Figure
5E being activated in a piece-meal manner over time, according to some embodiments. For
instance, Figure 5F shows a first sct of transducers 530a and a second set of transducers 530b of
the transducers selected according to Figure SE being activated (e.g., in a "during-energy
delivery" state), followed by a third set of transducers 530c and a fourth set of transducers 530d
being activated (e.g., in the "during-energy delivery” state) as shown in Figure 5G. Figure SH
shows a state where all of the transducers selected according to Figure SE have been activated
(e.g., in a "post-energy delivery" state).

However, the present inventors have recognized potential issues associated with
energy delivery characteristics that may limit various configurations of transducer sets that may
be identified according to the instructions associated with block 606 for activation