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METHOD OF EXPLORING OR MAPPING
INTERNAL CARDIAC STRUCTURES

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Provisional
Application No. 62/233,343, filed Sep. 26, 2015, which is
herein incorporated by reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure generally relates to cardiac
mapping systems and methods. More specifically, the pres-
ent disclosure relates to cardiac mapping systems and meth-
ods for mapping and depicting internal cardiac structures.

BACKGROUND

[0003] Diagnosing and treating cardiac disorders often
involve the introduction of a catheter into a cardiac chamber
through the surrounding vasculature. The catheter has a
plurality of sensors that sense electrical activity of the
cardiac chamber. The electrical activity is generally pro-
cessed into different maps including, but not limited to,
voltage maps, activation maps and fractionation maps of the
endocardial surface of the cardiac chamber. These maps are
then used by a physician or other medical professional to
treat and diagnose cardiac disorders.

[0004] These conventional maps, however, generally only
show the electrical activity that occurs on the endocardial
surface of the heart. As a result, structures that project
inwardly from the endocardial surface typically are not
depicted. Examples of structures that project inwardly from
the endocardial surface include papillary muscles, septums
and carinas. These structures may contribute to cardiac
disorders. However, since the physician generally cannot
view or analyze representations of these internal structures
with conventional mapping technologies, the physician may
find it more difficult to diagnose and treat disorders that may
be associated with these internal structures.

SUMMARY

[0005] Embodiments of the subject matter disclosed
herein include cardiac mapping systems that generate a
cardiac map of cardiac tissue and a surface map. In embodi-
ments, the surface map can include a surface point that is not
located on the generated map. Additionally, a cardiac elec-
trical signal feature sensed at a point that is located within
a threshold distance of the surface point can be represented
on the surface map at the surface point. In embodiments, the
cardiac electrical signal feature represented at the surface
point on the surface map may not be represented on the
generated map. That is, in embodiments, a cardiac electrical
signal feature that would otherwise not be displayed on the
generated map can be displayed on the surface map. As such,
a user of the cardiac mapping system can view representa-
tions of sensed electrical activity at points internal to and/or
external to the generated map. Sensing electrical activity
internal to the generated map may help a user in determining
if an internal cardiac structure that is not represented on the
generated map has contributed, or is contributing, to a
cardiac disorder. Additionally, a user can use the cardiac
mapping system to detect the boundaries of internal struc-
tures. In embodiments, a user can also reposition the surface
map so that the surface map can include any number of
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different sets of surface points, and include corresponding
cardiac electrical signal features sensed within threshold
distances of the surface points, that are either internal to
and/or external to the generated map.

[0006] In an Example 1, a method for mapping and
displaying cardiac structures, the method comprises sensing,
using a mapping probe, a plurality of cardiac electrical
signal features at a plurality of points; generating, using a
processing device, a cardiac map of at least a portion of one
or more cardiac structures based on at least a portion of the
plurality of cardiac electrical signal features; generating,
using the processing device, a surface map having a corre-
sponding first position relative to the cardiac map, the
surface map comprises a first surface point, wherein a first
cardiac electrical signal feature of the plurality of cardiac
electrical signal features is represented on the surface map at
the first surface point if the first cardiac electrical signal is
sensed at a point that is located within a threshold distance
of the first surface point; and displaying, on a display device,
the cardiac map and the surface map at the first position.
[0007] Inan Example 2, the method according to Example
1, wherein the first surface point is not located on the
generated map.

[0008] In an Example 3, the method according to either
Example 1 or 2, wherein the cardiac electrical signal feature
is not represented on the generated map.

[0009] Inan Example 4, the method according to any one
of Examples 1-3, wherein the surface map is a plane map.
[0010] Inan Example 5, the method according to any one
of Examples 1-4, further comprises repositioning the surface
map so that the repositioned surface map has a correspond-
ing second position relative to the generated map, the
repositioned surface map comprises a second surface point,
wherein a second cardiac electrical signal feature of the
plurality of cardiac electrical signal features is represented
on the repositioned surface map at the second surface point
if the second cardiac electrical signal feature is sensed at a
point that is located within the threshold distance of the
second surface point; and displaying, on the display device,
the repositioned surface map at the second position.
[0011] Inan Example 6, the method according to Example
5, further comprises: performing less than all of a plurality
of display enhancing functions to the displayed repositioned
surface map if the displayed repositioned surface map is
being viewed in a quick-view mode.

[0012] In an Example 7, the method according to any of
Examples 1-6, wherein the respective cardiac electrical
signal feature comprises at least one of an activation time, a
minimum voltage value, a maximum voltages value, a
maximum negative time-derivative of voltage, an instanta-
neous potential, a voltage amplitude, a dominant frequency,
a peak-to-peak voltage.

[0013] In an Example 8, the method according to any of
Examples 1-7, wherein the surface map passes through a
papillary muscle or a septum of the one or more cardiac
structures.

[0014] In an Example 9, a mapping system comprises: a
mapping probe comprising a plurality of electrodes located
on a distal end of the cardiac mapping probe, wherein each
of the plurality of electrodes is configured to sense a
plurality of cardiac electrical signal features of a cardiac
structure at a plurality of points; a processing device con-
figured to: generate a cardiac map of at least a portion of the
one or more cardiac structures based on at least a portion of
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the plurality of cardiac electrical signal features; generate a
surface map having a corresponding first position relative to
the generated map, the surface map comprising a first
surface point, wherein a first cardiac electrical signal feature
of the plurality of cardiac electrical signal features is rep-
resented on the surface map at the first surface point if the
first cardiac electrical signal feature is sensed at a point that
is located within a threshold distance of the first surface
point; and output to a display device the generated map and
the generated surface map at the first position; and the
display device configured to display the generated map and
the generated surface map at the first position.

[0015] In an Example 10, the cardiac mapping system
according to Example 9, wherein the first surface point is not
located on the generated map.

[0016] In an Example 11, the cardiac mapping system
according to either Examples 9 or 10, wherein the cardiac
electrical signal feature is not represented on the generated
map.

[0017] In an Example 12, the cardiac mapping system
according to any of Examples 9-11, the cardiac mapping
system further comprises: a user input device; wherein the
processing device is further configured to: reposition the
surface map, in response to a user input received by the user
input device, so that the repositioned surface map has a
corresponding second position relative to the generated map,
the repositioned surface map comprising a second surface
point, wherein a second cardiac electrical signal feature of
the plurality of cardiac electrical signal features is repre-
sented on the repositioned surface map at the second surface
point if the second cardiac electrical signal feature is sensed
at a point that is located within the threshold distance of the
second surface point; and output the repositioned surface
map at the second position to the display device.

[0018] In an Example 13, the cardiac mapping system
according to Example 12, wherein the processing device is
further configured to: perform less than all of a plurality of
display enhancing functions to the displayed repositioned
surface map if the displayed repositioned surface map is
being viewed in a quick-view mode.

[0019] In an Example 14, the cardiac mapping system
according to any of Examples 9-13, wherein the respective
cardiac electrical signal feature comprises at least one of an
activation time, a minimum voltage value, a maximum
voltages value, a maximum negative time-derivative of
voltage, an instantaneous potential, a voltage amplitude, a
dominant frequency, a peak-to-peak voltage.

[0020] In an Example 15, the cardiac mapping system
according to any of Examples 9-14, wherein the surface map
passes through a papillary muscle or a septum of the one or
more cardiac structures.

[0021] In an Example 16, a method for mapping and
displaying internal cardiac structures, the method comprises:
sensing, using a mapping probe, a plurality of cardiac
electrical signal features at a plurality of points; generating,
using a processing device, a cardiac map of at least a portion
of one or more cardiac structures based on at least a portion
of the plurality of cardiac electrical signal features; gener-
ating, using the processing device, a surface map having a
corresponding first position relative to the cardiac map, the
surface map comprising a first surface point, wherein a first
cardiac electrical signal feature of the plurality of cardiac
electrical signal features is represented on the surface map at
the first surface point if the first cardiac electrical signal
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feature is sensed at a point that is located within a threshold
distance of the first surface point; and displaying, on a
display device, the generated map and the generated surface
map at the first position.

[0022] In an Example 17, the method of Example 16,
wherein the first surface point is not located on the generated
map.

[0023] In an Example 18, the method of Example 16,
wherein the cardiac electrical signal feature is not repre-
sented on the generated map.

[0024] In an Example 19, the method of Example 16,
wherein the surface map is a plane map.

[0025] In an Example 20, the method of Example 16,
further comprises: repositioning the surface map so that the
repositioned surface map has a corresponding second posi-
tion relative to the generated map, the repositioned surface
map comprising a second surface point, wherein a second
cardiac electrical signal feature of the plurality of cardiac
electrical signal features is represented on the repositioned
surface map at the second surface point if the second cardiac
electrical signal feature is sensed at a point that is located
within the threshold distance of the second surface point;
and displaying, on the display device, the repositioned
surface map at the second position.

[0026] In an Example 21, the method of Example 20,
further comprises: performing less than all of a plurality of
display enhancing functions to the displayed repositioned
surface map if the displayed repositioned surface map is
being viewed in a quick-view mode.

[0027] In an Example 22, the method of Example 16,
wherein the respective cardiac electrical signal feature com-
prises at least one of an activation time, a minimum voltage
value, a maximum voltages value, a maximum negative
time-derivative of voltage, an instantancous potential, a
voltage amplitude, a dominant frequency, a peak-to-peak
voltage.

[0028] In an Example 23, the method of Example 16,
wherein the surface map passes through a papillary muscle
or a septum of the one or more cardiac structures.

[0029] In an Example 24, a mapping system comprises: a
mapping probe comprising a plurality of electrodes located
on a distal end of the cardiac mapping probe, wherein each
of the plurality of electrodes is configured to sense a
plurality of cardiac electrical signal features of a cardiac
structure at a plurality of points; a processing device con-
figured to: generate a cardiac map of at least a portion of one
or more cardiac structures based on at least a portion of the
plurality of cardiac electrical signal features; generate a
surface map having a corresponding first position relative to
the generated map, the surface map comprising a first
surface point, wherein a first cardiac electrical signal feature
of the plurality of cardiac electrical signal features is rep-
resented on the surface map at the first surface point if the
first cardiac electrical signal feature is sensed at a point that
is located within a threshold distance of the first surface
point; and output to a display device the generated map and
the generated surface map at the first position; and the
display device configured to display the generated map and
the generated surface map at the first position.

[0030] In an Example 25, the cardiac mapping system of
Example 24, wherein the first surface point is not located on
the generated map.
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[0031] In an Example 26, the cardiac mapping system of
Example 24, wherein the cardiac electrical signal feature is
not represented on the generated map.

[0032] In an Example 27, the cardiac mapping system of
Example 24, wherein the surface map is a plane map.
[0033] In an Example 28, the cardiac mapping system of
Example 24, the cardiac mapping system further comprises:
a user input device; wherein the processing device is further
configured to: reposition the surface map, in response to a
user input received by the user input device, so that the
repositioned surface map has a corresponding second posi-
tion relative to the generated map, the repositioned surface
map comprising a second surface point, wherein a second
cardiac electrical signal feature of the plurality of cardiac
electrical signal features is represented on the repositioned
surface map at the second surface point if the second cardiac
electrical signal feature is sensed at a point that is located
within the threshold distance of the second surface point;
and the display device configured to display the repositioned
surface map.

[0034] In an Example 29, the cardiac mapping system of
Example 28, wherein the processing device is further con-
figured to: perform less than all of a plurality of display
enhancing functions to the displayed repositioned surface
map if the displayed repositioned surface map is being
viewed in a quick-view mode.

[0035] In an Example 30, the cardiac mapping system of
Example 24, wherein the respective cardiac electrical signal
feature comprises at least one of an activation time, a
minimum voltage value, a maximum voltages value, a
maximum negative time-derivative of voltage, an instanta-
neous potential, a voltage amplitude, a dominant frequency,
a peak-to-peak voltage.

[0036] In an Example 31, the cardiac mapping system of
Example 24, wherein the surface map passes through a
papillary muscle or an extended septum of the one or more
cardiac structures,

[0037] Inan Example 32, one or more computer-readable
media having computer-executable instructions embodied
thereon that, when executed by a processor, cause the
processor to: generate a cardiac map of at least a portion of
the one or more cardiac structures based on at least a portion
of a plurality of cardiac electrical signal features; generate a
surface map having a corresponding first position relative to
the cardiac map, the surface map comprising a first surface
point, wherein a first cardiac electrical signal feature of the
plurality of cardiac electrical signal features is represented
on the surface map at the first surface point if the first cardiac
electrical signal feature is sensed at a point that is located
within a threshold distance of the first surface point; and
output to a display device the generated map and the
generated surface map at the first position.

[0038] In an Example 33, the media of Example 32,
wherein the first surface point is not located on the generated
map.

[0039] In an Example 34, the media of Example 32,
further comprising instructions that cause the processor to:
reposition the surface map, in response to a user input
received by the user input device, so that the repositioned
surface map has a corresponding second position relative to
the generated map, the repositioned surface map comprising
a second surface point, wherein a second cardiac electrical
signal feature of the plurality of cardiac electrical signal
features is represented on the repositioned surface map at the
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second surface point if the second cardiac electrical signal
feature is sensed at a point that is located within the
threshold distance of the second surface point; and output
the repositioned surface map at the second position to the
display device.

[0040] In an Example 35, the media of Example 34,
further comprises: perform less than all of a plurality of
display enhancing functions to the displayed repositioned
surface map if the displayed repositioned surface map is
being viewed in a quick-view mode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] FIG. 11is a schematic view of a system for mapping
and displaying cardiac structures, in accordance with
embodiments of the present disclosure.

[0042] FIG. 2 is a schematic view of a mapping probe for
use in association with the system of FIG. 1, in accordance
with embodiments of the present disclosure.

[0043] FIG. 3 is a flow diagram depicting a method for
mapping and displaying cardiac structures, in accordance
with embodiments of the present disclosure.

[0044] FIGS. 4A-4D are images of a voltage map shown
from different perspectives, in accordance with embodi-
ments of the present disclosure.

[0045] While the disclosed subject matter is amenable to
various modifications and alternative forms, specific
embodiments have been shown by way of example in the
drawings and are described in detail below. The intention,
however, is not to limit the disclosure to the particular
embodiments described. On the contrary. the disclosure is
intended to cover all modifications, equivalents, and alter-
natives falling within the scope of the disclosure as defined
by the appended claims.

[0046] Although the term “block” may be used herein to
connote different elements illustratively employed, the term
should not be interpreted as implying any requirement of, or
particular order among or between, various steps disclosed
herein unless and except when explicitly referring to the
order of individual steps.

DETAILED DESCRIPTION

[0047] FIG. 1 is a schematic view of a mapping system
100 for mapping cardiac structures 102, in accordance with
embodiments of the disclosure. Throughout this disclosure,
the term “cardiac structure” can mean any portion of a
subject’s heart and/or adjacent features such as, for example,
an endocardium, an epicardium, an entire heart, a heart
chamber, a portion of a heart chamber, a valve, a coronary
sinus and/or its tributaries, a portion of a coronary sinus
and/or a portion of its tributaries, a pulmonary artery, other
surrounding vasculature and/or the like. While this disclo-
sure discusses using the cardiac mapping system to map
cardiac structures 102, embodiments of the cardiac mapping
system 100 can also, or alternatively, be used to map other
organs and biological tissue including, but not limited to,
kidneys, lungs, brains, gall bladders, livers, spleens and
intestines.

[0048] The system 100 includes a mapping probe 14. The
mapping probe 14 includes a flexible catheter body 18.
When mapping cardiac structures 102, a physician or medi-
cal professional inserts the distal end of the catheter body 18
into a cardiac chamber (e.g., the left ventricle of the heart)
of a patient. While the left ventricle of the heart is shown,
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alternatively, the distal end of the catheter body 18 can be
deployed in other parts of the heart and/or surrounding
vasculature, such as, e.g., the left atrium, the right atrium, or
the right ventricle, the coronary sinus and its tributaries and
the pulmonary artery. The distal end of the catheter body 18
has a multiple electrode structure 20. In the illustrated
embodiment, the electrode structure 20 takes the form of a
basket defining an open interior space 22. While the elec-
trode structure 20 takes the form of a basket in the illustrated
embodiment, this is only an example and other electrode
structures can be utilized. For example, the electrode struc-
ture may include one or more electrodes (e.g., ablation
electrodes, microelectrodes, ring electrodes, etc.) disposed
on an ablation catheter, a diagnostic catheter, and/or the like.
[0049] As shown in FIG. 1, the electrode structure 20
includes a number of electrodes 24. The electrodes 24 are
configured to sense cardiac electrical signals traversing a
cardiac structure 102. The cardiac electrical signals can be
sensed, for example, on the endocardial surface of the heart
and/or in the heart chamber below the endocardial surface.
As used herein, a mapped representation of a cardiac elec-
trical signal feature that is sensed at a point inside a heart
chamber is referred to as being below the endocardial
surface. That is, for example, because the cardiac map
includes an anatomical shell that represents an endocardial
surface and, from the perspective of the viewer, a point that
is located inside the chamber, and not on the endocardial
surface, would appear to be “below” the mapped surface.
[0050] As the term is used herein, a sensed cardiac elec-
trical signal may refer to one or more sensed signals. Each
cardiac electrical signal may include a number of intracar-
diac electrograms (EGMs) sensed within a patient’s heart,
and may include any number of features that may be
ascertained by aspects of the system 100. Examples of
cardiac electrical signal features include, but are not limited
to, activation times, minimum voltage values, maximum
voltages values, maximum negative time-derivatives of volt-
ages, instantaneous potentials, voltage amplitudes, dominant
frequencies, peak-to-peak voltages, and/or the like. A car-
diac electrical signal feature may refer to one or more
features extracted from one or more cardiac electrical sig-
nals, derived from one or more features that are extracted
from one or more cardiac electrical signals, and/or the like.
Additionally, a representation, on a cardiac and/or a surface
map, of a cardiac electrical signal feature may represent one
or more cardiac electrical signal features, an interpolation of
a number of cardiac electrical signal features, and/or the
like.

[0051] Each cardiac signal also may be associated with a
set of respective position coordinates that corresponds to the
location at which the cardiac electrical signal was sensed.
Each of the respective position coordinates for the sensed
cardiac signals may include three-dimensional Cartesian
coordinates, polar coordinates, and/or the like. In embodi-
ments, other coordinate systems can be used. In embodi-
ments, an arbitrary origin is used and the respective position
coordinates refer to positions in space relative to the arbi-
trary origin. Since, in embodiments, the cardiac signals may
be sensed on the endocardial surface as well as in the
chamber enclosed by the endocardial surface, the respective
position coordinates may be on the endocardial surface of
the patient’s heart and/or below the endocardial surface.
[0052] The electrodes 24 are electrically coupled to a
processing device 32. That 1s, each electrode 24 on the
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basket structure 20 may be communicatively coupled to the
processing device 32, via a wired and/or wireless connec-
tion. In embodiments where there is a wired connection, the
wires (not shown) from each electrode may extend through
the catheter body 18 of the cardiac mapping probe 14 and
electrically couple each electrode 24 to the processing
device 32. In embodiments where there is a wireless con-
nection, a transmitter (not shown) may be included in the
cardiac mapping probe 14 which may transmit sensed sig-
nals from each electrode 24 on the basket structure 20 to a
receiver (not shown) that is coupled to the processing device
32.

[0053] Once the sensed signals are received by the pro-
cessing device 32 from the electrodes 24, the processing
device 32 processes the sensed signals. The processing
device 32 processes the sensed signals according to mapping
instructions 36, which are stored on memory 34. The pro-
cessing device 32 may be, include, or be included in, an
electrical processor, a software processor, a general purpose
microprocessor and/or a special purpose microprocessor,
and may include a sole processor or one of multiple pro-
cessors or cores. The processed signals are displayed on a
display device 40. The display device 40 can include, but is
not limited to, one of the following display devices: a
cathode ray tube (CRT) display, a light emitting diode (LED)
display, or a liquid crystal display (LCD) display.

[0054] The memory 34 can be in the form of volatile
and/or nonvolatile memory and may be removable, nonre-
movable, or a combination thereof. Media examples include
Random Access Memory (RAM); Read Only Memory
(ROM); Electronically Erasable Programmable Read Only
Memory (EEPROM); flash memory; optical or holographic
media, magnetic cassettes, magnetic tape, magnetic disk
storage or other magnetic storage devices; data transmis-
sions; and/or any other medium that can be used to store
information and can be accessed by a processing device 32
such as, for example, quantum state memory, and/or the like.
Mapping instructions 36 may be programmed on the
memory 34 using any number of different programming
environments, including various languages, development
kits, frameworks, and/or the like. Some or all of the func-
tionality contemplated herein may also, or alternatively, be
implemented in hardware and/or firmware.

[0055] The processing device 32, the memory 34 and the
display device 40 can be coupled together, directly and/or
indirectly, by a bus 42. Any number of additional compo-
nents, different components, and/or combinations of com-
ponents may also be coupled to the processing device 32,
memory 34 and display device 40, via the bus 42. The bus
represents what may be one or more busses (such as, for
example, an address bus, data bus, or combination thereof).
[0056] The illustrative mapping system 100 shown in FIG.
1 is not intended to suggest any limitation as to the scope of
use or functionality of embodiments of the present disclo-
sure. Neither should the illustrative mapping system 100 be
interpreted as having any dependency or requirement related
to any single component or combination of components
illustrated therein. Additionally, various components
depicted in FIG. 1 may be, in embodiments, integrated with
various ones of the other components depicted therein
(and/or components not illustrated), all of which are con-
sidered to be within the ambit of the present disclosure. For
example, the memory 34 may be integrated with the pro-
cessing device 32.
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[0057] FIG. 2 is a schematic view of a mapping probe 14
for use in association with the system 100 of FIG. 1, in
accordance with embodiments of the disclosure. The map-
ping probe 14 has a flexible catheter body 18, the distal end
of which carries the three-dimensional basket structure 20
that includes the mapping electrodes 24. As stated above, the
mapping electrodes 24 sense signals in a cardiac structure;
and the sensed signals are sent to a processing device 32, via
a wired and/or wireless connection. The processing device
32 processes the sensed signals and a cardiac map is created,
as described, for example, in the description corresponding
to FIG. 3, below. The types of cardiac maps created can
include, but are not limited to, the following: a voltage map,
an activation map, a fractionation map, a velocity map,
and/or the like.

[0058] The basket structure 20 comprises a base member
41 and an end cap 42 between which flexible splines 44
generally extend in a circumferentially spaced relationship.
As discussed above, the basket structure 20 takes the form
of a basket defining an open interior space 22. In embodi-
ments, the splines 44 are made of a resilient inert material,
such as Nitinol metal or silicone rubber, and are connected
between the base member 41 and the end cap 42 in a
resilient, pre-tensed condition, to bend and conform to the
tissue surface they contact. In the illustrated embodiments,
eight splines 44 form the three-dimensional structure 20.
Additional or fewer splines 44 could be used in other
embodiments, and the three-dimensional structure 20 may
be configured according to any number of different shapes
such as, for example, generally spherical shapes, generally
elliptical shapes, generally tear-drop shapes, and/or the like.
As illustrated, each spline 44 carries eight mapping elec-
trodes 24. Additional or fewer mapping electrodes 24 could
be disposed on each spline 44 in other embodiments of the
three-dimensional structure 20. In the illustrated embodi-
ments, the three-dimensional structure 20 is relatively small
(e.g., 40 mm or less in diameter). In embodiments, the
three-dimensional structure 20 is larger (e.g., 40 mm in
diameter or greater).

[0059] In embodiments, a slidable sheath 50 is movable
along the major axis of the catheter body 30. Moving the
sheath 50 forward (i.e., toward the distal end) causes the
sheath 50 to move over the three-dimensional structure 20,
thereby collapsing the structure 20 into a compact, low
profile condition suitable for introduction into an interior
space, such as, for example, into the heart. In contrast,
moving the sheath 50 rearward (i.e., toward the proximal
end) exposes the three-dimensional structure 20, allowing
the structure 20 to elastically expand and assume the pre-
tensed position illustrated in FIG. 2. Further details of
embodiments of the three-dimensional structure 20 are dis-
closed, for example, in U.S. Pat. No. 5,647,870, entitled
“Multiple Electrode Support Structures,” which is hereby
incorporated by reference in its entirety.

[0060] In embodiments where the mapping probe 14 uses
a wired connection, a signal wire (not shown) may be
electrically coupled to each mapping electrode 24. The wires
may extend through the body 30 of the mapping catheter 20
into a handle 54, in which they may be coupled to an
external connector 56, which may be, for example, a mul-
tiple pin connector. The connector 56 electrically couples the
mapping electrodes 24 to the processing system 32. Further
details on mapping systems and methods for processing
signal generated by mapping catheters are discussed, for
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example, in U.S. Pat. No. 6,070,094, entitled “Systems and
Methods for Guiding Movable Electrode Elements within
Multiple-Electrode Structure;” U.S. Pat. No. 6,233,491,
entitled “Cardiac Mapping and Ablation Systems;” and U.S.
Pat. No. 6,735,465, entitled “Systems and Processes for
Refining a Registered Map of a Body Cavity,” the disclo-
sures of which are incorporated herein by reference.
[0061] It is noted that other electrode structures could be
deployed on the distal end of a mapping catheter. It is further
noted that the multiple mapping electrodes 24 may be
disposed on more than one structure, rather than, for
example, the single mapping probe 14 illustrated in FIG. 2.
For example, if mapping within the left atrium with multiple
mapping structures, an arrangement comprising a coronary
sinus catheter carrying multiple mapping electrodes and a
basket catheter carrying multiple mapping electrodes posi-
tioned in the left atrium may be used. As another example,
if mapping within the right atrium with multiple mapping
structures, an arrangement comprising a decapolar catheter
carrying multiple mapping electrodes for positioning in the
coronary sinus, and a loop catheter carrying multiple map-
ping electrodes for positioning around the tricuspid annulus
may be used.

[0062] Although the mapping electrodes 24 have been
described as being carried by dedicated mapping probes,
such as the mapping probe 14, the mapping electrodes may
be carried on non-mapping dedicated probes or multifunc-
tion probes. For example, an ablation catheter can be con-
figured to include one or more mapping electrodes 24
disposed on the distal end of the catheter body and coupled
to the signal processing system 32.

[0063] FIG. 3 is a flow diagram depicting an illustrative
method 300 for mapping and viewing cardiac structures, in
accordance with embodiments of the disclosure. Embodi-
ments of method 300 may be performed, in whole or in part,
by a mapping system (e.g., the mapping system 100 depicted
in FIG. 1). Embodiments of the method 300 include sensing,
using a mapping probe, a number of cardiac electrical
signals of a cardiac structure at a number of points (block
302) and determining one or more features of each of the
sensed cardiac signals (block 304). Fach of the sensed
cardiac electrical signals (and, accordingly, features of each
signal) corresponds to a respective point (e.g., location in
space) where the cardiac electrical signal was sensed. In
embodiments, the mapping probe can have the same or
similar characteristics to the mapping probe 14 described
above in FIGS. 1 and 2.

[0064] The respective cardiac electrical signals can
include a number of intracardiac EGMs. Examples of fea-
tures of the cardiac electrical signals include, but are not
limited to, activation times, minimum voltage values, maxi-
mum voltages values, maximum negative time-derivatives
of voltages, instantaneous potentials, voltage amplitudes,
dominant frequencies, peak-to-peak voltages, and/or the
like. Fach of the respective points at which a cardiac
electrical signal is sensed has a corresponding set of three-
dimensional position coordinates. For example, the position
coordinates of the points may be represented in Cartesian
coordinates. Other coordinate systems can be used, as well.
In embodiments, an arbitrary origin is used and the respec-
tive position coordinates are defined with respect to the
arbitrary origin. In some embodiments, the points have
non-uniform spacing, while in other embodiments, the
points have uniform spacing. In embodiments, the point
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corresponding to each sensed cardiac electrical signal may
be located on the endocardial surface of the heart and/or
below the endocardial surface of the heart.

[0065] Embodiments of the method 300 also include gen-
erating a cardiac map of at least a portion of one or more
cardiac structures (block 306). In embodiments, the cardiac
map may be generated based, at least in part, on the cardiac
electrical signal features. In embodiments, the cardiac map
may also be generated, at least in part, using any number of
other signals, techniques, and/or the like. For example,
embodiments may utilize impedance mapping techniques to
generate one or more portions of the cardiac map such as, for
example, an anatomical shell upon which electrical signal
features are represented. In embodiments, a surface may be
fitted on one or more of the points associated with the
cardiac electrical signals to generate a shell representing the
endocardial surface of the one or more cardiac structures. In
embodiments, a surface may also be fitted on one or more of
the points associated with the cardiac electrical signals to
generate a shell representing an epicardium surface or other
excitable cardiac tissue. In embodiments, one or more of the
cardiac electrical signal features at the corresponding points
can be included on the shell to generate a cardiac map of the
one or more cardiac structures. For example, embodiments
may include displaying annotations on the cardiac map that
represent features, extracted from the cardiac electrical
signals and/or derived from other features, such as, for
example, activation times, minimum voltage values, maxi-
mum voltages values, maximum negative time-derivatives
of voltages, instantaneous potentials, voltage amplitudes,
dominant frequencies, peak-to-peak voltages, and/or the
like.

[0066] Embodiments of the method 300 further include
generating a surface map having a corresponding first posi-
tion relative to the cardiac map, wherein the surface map
includes a first surface point (block 308). The surface map
may include any type of surface such as, for example, a
planar surface, a curved surface, a folded surface, a twisted
surface, an open surface, a closed surface, and/or the like. In
embodiments, for example, the surface may be a surface of
a three-dimensional object such as a cube, a sphere, a
pyramid, and/or the like. Examples of a planar surface
include a polygon (e.g., a triangle, a quadrilateral, a rect-
angle, a square, an ellipsoid, a pentagon, a hexagon, and/or
the like), an irregular shape, and/or the like. An example
quadrilateral is shown in FIGS. 4A-4D. In embodiments,
more than one surface map may be generated, where each
additional surface map may have a corresponding position
that is different than the first position. In embodiments, one
or more surface maps may be defined according to different
characteristics, manipulated separately or in a synchronized
manner, and/or the like.

[0067] The first position of the surface map relative to the
cardiac map can be any one of a number of different
positions. For example, in embodiments, the first position of
the surface map can dissect the cardiac map (as shown in
FIGS. 4A-4B). The points where the surface map dissects
the cardiac map can be different in different embodiments.
As shown in FIGS. 4A and 4B, the position of the surface
map relative to the cardiac map may be such that a part of
the surface map is internal to the cardiac map and part of the
surface map is external to the cardiac map. As another
example, the surface map can have a first position relative to
the cardiac map that is completely internal to the cardiac
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map. As even another example, the surface map can have a
first position relative to the cardiac map that is completely
external to the cardiac map. In some embodiments, the
surface map can have a first position that is tangential to a
surface of the cardiac map.

[0068] In embodiments, the first surface point can be
located internal to (or below) the cardiac map, external to the
cardiac map, and/or on the surface of the cardiac map. In
embodiments where the first surface point is located internal
to (or below) the cardiac map and/or external to the cardiac
map, a cardiac electrical signal feature represented on the
surface map may not be represented on the cardiac map. As
such, the surface map may allow a user to view electrical
activity that is captured by the system but not represented on
the generated map, e.g., at points internal to and/or external
to the cardiac map, which may, for example, facilitate
detection of boundaries of internal structures and/or deter-
mine whether a structure not included in the cardiac map has
contributed, or is contributing, to a cardiac disorder.
[0069] In embodiments where the first surface point is
located internal to (or below) the cardiac map, a physician
or other medical professional can determine whether an
internal structure of the heart is the source of a cardiac
disorder or is contributing to a cardiac disorder. Some
examples of structures that may be internal to (or below) the
endocardial surface of the heart include papillary muscles
and septums. As an example, in some instances, a tachycar-
dia can travel through a papillary muscle or a septum in the
left atrium. In these cases, the generated surface map may be
generated so that a first point of the surface map has a
position that is within a predetermined threshold of the
papillary muscle in which case electrical data can be repre-
sented on the surface map at the first surface point, as
discussed below, to help determine whether the papillary
muscle is contributing to the tachycardia.

[0070] In addition to, or alternatively to, viewing struc-
tures of a cardiac structure to diagnose or treat a cardiac
disorder, a physician may also adjust the representation of
cardiac structures to compensate for catheter-driven inaccu-
racies, such as tissue distention or “webbing,” using the
cardiac mapping systems described herein. For example, if
a cardiac structure does not appear on the cardiac map, but
is represented on a surface map having a first surface point
that is located within a threshold distance of the cardiac
structure, then a physician may modify the anatomical shell
to include the cardiac structure.

[0071] In addition to generating a surface map having a
corresponding first position relative to the cardiac map and
including a first surface point, a first cardiac electrical signal
feature is represented on the surface map at the first surface
point if the first cardiac electrical signal is sensed at a point
that is located within a threshold distance of the first surface
point. That is, each cardiac electrical signal is sensed at a
respective point; as such, ifa first cardiac electrical signal is
sensed at a point that is sufficiently close to the first surface
point, then the first cardiac electrical signal feature can be
represented on the surface map at the first surface point. The
distance between the first surface point and the point at
which the first cardiac electrical signal is sensed can be any
type of distance between two points such as, for example, a
rectilinear distance, 1.1, a Euclidean distance, L2, and/or the
like. For example, if the distance between first surface point
and the point at which the first cardiac electrical signal is
sensed is a Euclidean distance, then the distance between the
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two points may be determined according to the following.
Assume the surface map includes a first surface point that
has coordinates x,, y,. 7z, and that a first cardiac electrical
signal is sensed at a point with coordinates X, y,, Z,. Further
assume that a threshold distance is set to a millimeters. In

this example, if \/((xl—xz)2+(y1—yz)2+(zl—zz)z)sa mm,
then the first cardiac electrical signal feature can be repre-
sented on the surface map at the first surface point (x,, y,,
7,). Examples of threshold distances include, but are not
limited to, 0.01 mm, 0.05 mm, 0.1 mm, 0.5 mm and 1 mm.
[0072] The first cardiac electrical signal feature repre-
sented on the surface map may any be, or include, any
features extracted from one or more corresponding sensed
cardiac electrical signals and/or derived from one or more of
such features. The first cardiac electrical signal feature may
be represented on the surface map in a number of different
ways. For example, the first cardiac electrical signal feature
may be represented by a color, such that if the first cardiac
electrical signal feature has an amplitude or other value
within a first range then the first cardiac electrical signal
feature may be represented by a first color, whereas if the
first cardiac electrical signal feature has an amplitude or
other value that is within a second range that is different than
the first range, the first cardiac electrical may be represented
by a second color. As another example, the first cardiac
electrical signal feature may be represented by a number
(e.g.,20.2 mV sensed cardiac electrical signal feature can be
represented by a 0.2 at its respective position on the surface
map). Examples of a first cardiac electrical signal feature
that can be represented at the first surface point include, but
are not limited to, an activation time, a minimum voltage
value, a maximum voltages value, a maximum negative
time-derivative of voltage, an instantaneous potential, a
voltage amplitude, a dominant frequency, a peak-to-peak
voltage, and/or the like.

[0073] In embodiments, in addition to the first surface
point, the surface map can include one or more other surface
points. Additionally, a respective cardiac electrical signal
feature can be represented on the surface map at a respective
surface point of the one or more surface points if the
respective cardiac electrical signal is sensed within a thresh-
old distance of the respective surface point.

[0074] In embodiments, other features such as, for
example, non-electrical signal features, non-cardiac electri-
cal signal features, and/or the like, can be represented on a
surface map at respective surface points. For instance,
similar to cardiac electrical signal features, in embodiments,
anon-electrical signal feature may be associated with a point
in space and the non-electrical signal feature may be repre-
sented at a respective surface point if it is determined the
respective point in space of the non-electrical signal feature
is located within threshold distance of the respective surface
point. Examples of non-electrical signal features include, but
are not limited to, features derived from magnetic resonance
imaging, a computerized tomography scan, ultrasonic imag-
ing, and/or the like.

[0075] Embodiments of the method 300 also include dis-
plaving, on a display device, the cardiac map and the surface
map, where the surface map is displayed at the first position
(block 310). In embodiments, one or more display-erthanc-
ing functions may be performed to render the final cardiac
map and/or surface map. When a certain number of display-
enhancing functions (e.g., all available such functions, a
certain set of functions, all functions available under the
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circumstances, and/or the like) are performed to render the
cardiac map and/or the surface map, the cardiac map and/or
the surface map may be displayed according to a first display
mode, which may be referred to, for example, as “normal
mode.” If however, less than the certain number of display-
enhancing functions (e.g., less than all of such functions,
less than all of the available functions, and/or the like) are
performed to render the cardiac map and/or the surface map,
then the cardiac map and/or surface map may be displayed
according to a second display mode, which may be referred
to, for example, as “quick-view mode.” The quick-view
mode is described in more detail below in reference to block
316. In embodiments, the display-enhancing functions can
smooth and/or sharpen the cardiac map and/or surface map
to reduce noise and/or sharpen features therein. The display-
enhancing functions that smooth and/or sharpen the cardiac
map and/or surface map may include, but are not limited to,
various linear and non-linear filtering functions, electrode
position indicator, anatomical type projections (i.e., ana-
tomical site tags).

[0076] Inembodiments, the cardiac map may be displayed
without the surface map. That is, for example, the surface
map may be displayed with a cardiac map that is already
displayed in response to a user input. The display device
may have some or all of the same characteristics as the
display device 40 discussed in FIG. 1. In embodiments, after
the cardiac map and the surface map are displayed, the
cardiac map and/or the surface map may be rotated, so that
the cardiac map and/or the surface map may be viewed from
different angles (see FIGS. 4A-4D for examples of this).
[0077] Embodiment of the method 300 may also include
repositioning the surface map so that the repositioned sur-
face map has a corresponding second position relative to the
cardiac map, where the repositioned surface map includes a
second surface point (block 312). Repositioning the surface
map may include changing the orientation of the surface
map and/or translating the surface map to another location
while maintaining the same orientation. In embodiments,
this can be useful if the first surface point is not within a
threshold distance of a cardiac structure that a user is trying
to examine. As such, the surface map can be repositioned so
that the surface map includes a second surface point that is
located within a threshold distance of a cardiac structure of
interest.

[0078] The second position of the surface map may be any
one of a number of different positions. For example, in
embodiments, in the second position, the surface map may
dissect the cardiac map (as shown in FIGS. 4A-4B). The
points where the surface map dissects the cardiac map can
be different in different embodiments. As another example,
the surface map may have a second position that is com-
pletely internal to the cardiac map. As even another
example, the surface map may have a second position that
is completely external to the cardiac map. As another
example, the surface map may have a second position that
is tangential to a surface of the cardiac map.

[0079] Similar to the first surface point, in embodiments,
the second surface point may be located internal to (or
below) the cardiac map, external to the cardiac map, and/or
on the surface of the cardiac map. In embodiments where the
second surface point is located internal to (or below) the
cardiac map and/or to external to the cardiac map, the
cardiac electrical signal feature may not be represented on
the cardiac map. As such, the surface map may allow a user
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to view electrical activity at points internal to and/or external
to the cardiac map, which may help detect boundaries of
internal structures and/or determine whether a structure not
included in the cardiac map has contributed, or is contrib-
uting, to a cardiac disorder.

[0080] Inembodiments, the surface map is repositioned to
the second position in response to receiving a user input
from a user. That is, for example, a user may be able to
utilize an input device (e.g., a finger, a mouse, etc.) to
reposition the surface map on the display device, thereby
causing the surface map to be positioned at the second
position. In embodiments, the second position is different
than the first position and the second surface point does not
have the same coordinates as the first surface point.
[0081] Similar to above, a second cardiac electrical signal
feature of the plurality of cardiac electrical signal features
may be represented on the repositioned surface map at the
second surface point if a second cardiac electrical signal is
sensed at a point that is located within a threshold distance
of the second surface point. In embodiments, the second
cardiac electrical signal feature may be different than the
first cardiac electrical signal feature. The second cardiac
electrical signal feature represented on the surface map may
be any of the cardiac electrical signal features determined in
block 304 above, and/or any features extracted and/or
derived therefrom. Examples of a second cardiac electrical
signal feature that may be represented at the second surface
point include, but are not limited to, an activation time, a
minimum voltage value, a maximum voltages value, a
maximum negative time-derivative of voltage, an instanta-
neous potential, a voltage amplitude, a dominant frequency,
a peak-to-peak voltage, and/or the like. Examples of thresh-
old distances include, but are not limited to, 0.01 mm, 0.05
mm, 0.1 mm, 0.5 mm and 1 mm.

[0082] Similar to the first cardiac electrical signal feature,
the second cardiac electrical signal feature may be repre-
sented on the surface map in a number of different ways. For
example, the second cardiac electrical signal feature may be
represented by a color, such that if the second cardiac
electrical signal feature has an amplitude or other value
within a first range then the second cardiac electrical signal
feature may be represented by a first color, whereas if the
second cardiac electrical signal feature has an amplitude or
other value that is within a second range that is different than
of the first range, the second cardiac electrical may be
represented by a second color. As another example, the
second cardiac electrical signal feature may be represented
by a number (e.g., a 0.2 mV sensed cardiac electrical signal
feature may be represented by a 0.2 at its respective position
on the surface map).

[0083] In embodiments, in addition to the second surface
point, the repositioned surface map may include one or more
other surface points. Additionally, a respective cardiac elec-
trical signal feature may be represented on the repositioned
surface map at a respective surface point of the one or more
surface points if the respective cardiac electrical signal is
sensed within a threshold distance of the respective surface
point.

[0084] Embodiments of the method 300 may also include
displaying, on a display device, the cardiac map and the
repositioned surface map at the second position (block 312).
In embodiments, the cardiac map may be displayed without
the repositioned surface map. That is, for example, the
repositioned surface map may be displayed on a cardiac map
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that is already displayed, for example, in response to a user
input. The display device may have some or all of the same
characteristics as the display device 40 discussed in FIG. 1.
In embodiments, after the cardiac map and the repositioned
surface map are displayed, the cardiac map and/or the
generated surface map may be rotated, so that the cardiac
map and/or the surface map may be viewed from different
angles.

[0085] In embodiments, the method 300 may further
include performing less than all of a plurality of display
enhancing functions to the displayed repositioned surface
map if the displayed repositioned surface map is being
viewed in a quick-view mode (block 314). As stated above,
method 300 may include displaying the maps in a quick-
view mode or a normal mode. In a normal mode a plurality
of display enhancing functions may be performed to render
the repositioned surface map. In a quick-view mode, less
than the plurality of display enhancing functions may be
performed to render the repositioned surface map. Examples
of display enhancing functions may include, but are not
limited to, linear and non-linear filtering functions, smooth-
ing operations, interpolations, electrode position indicator,
anatomical type projections and/or the like.

[0086] In embodiments, the quick-view mode may be
automatically enabled when a particular condition is present
and, likewise, switch back to normal view mode upon
detecting another condition. For example, in embodiments,
the method 300 may switch to quick view mode upon
determining that the surface map is being repositioned, such
as, for example, upon detecting motion of the surface map,
receiving a user input indicating that the surface map is
being repositioned (or will be repositioned), and/or the like.
If one or more of these conditions are present, method 300
may include performing less than all of the display enhanc-
ing functions, which, in embodiments, may include not
performing any display enhancing functions.

[0087] As another example, if the repositioned surface
map has not been displayed at the second position for a
threshold amount of time, then method 300 may include
displaying the repositioned surface map in a quick-view
mode. For example, once the repositioned surface map is
displayed, method 300 may include starting a timer, so that
at some time after the repositioned surface map is displayed,
method 300 will be able to determine how long the reposi-
tioned surface map has been displayed. If the repositioned
surface map has not been displayed for a period of time that
exceeds the predetermined amount of time, method 300 may
include performing less than all of the display enhancing
functions, which, in embodiments, may include not perform-
ing any display enhancing functions. Examples of a prede-
termined amount of time can include, but is not limited to,
1 millisecond, 10 milliseconds, 100 millisecond and 1
second.

[0088] In embodiments, the system may switch back to
normal mode upon determining that the repositioned surface
map has been brought to rest at a new position, been at a new
position for a predetermined amount of time and/or received
a user input or an indication of a cessation of a user input
(e.g., upon determining that a user has released a mouse
button that had been depressed to affect a grab and drag
operation on the surface map), and/or the like. As an
example, if the repositioned surface map has been displayed
for a period of time that exceeds the predetermined amount
of time, method 300 may include performing a plurality of
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display enhancing functions. Examples of a predetermined
amount of time can include, but is not limited to, 1 milli-
second, 10 milliseconds, 100 millisecond and 1 second.
[0089] A quick-view mode can be helpful if the surface
map is being repositioned by a physician that is searching a
heart for any cardiac disorders using the surface map; and,
as a result, a quick-view mode that does not perform
additional display enhancing functions might help the phy-
sician to eliminate or focus in on some areas more quickly
by repositioning the surface map in a somewhat fluid matter.
Additionally, viewing the repositioned surface map in a
quick-view mode can decrease the processing power
required to reposition the surface map, while the physician
is searching for any problematic areas.

[0090] As such, in embodiments where the repositioned
surface map has been displayed for less than a predeter-
mined amount of time, a less-refined representation of the
repositioned surface map and any cardiac electrical signal
features represented on the surface map at the second point
may be displayed without performing any display enhancing
functions or performing only a portion of the display
enhancing functions (block 318). This less-refined represen-
tation is referred to herein as a quick-view mode.

[0091] Embodiments of the method 300 may also include
displaying a virtual probe. A virtual probe may be used to
inspect any of the cardiac electrical signal features and/or
the corresponding cardiac electrical signals that were sensed
by a mapping probe in block 302. To do so, the method may
include positioning the virtual probe at one or more different
positions on the cardiac and/or surface map, in response to
receiving a user input. Examples of user input that may be
indicative of positioning the virtual probe at a position
include, but are not limited to, a single or double mouse
click, a touch on a touchscreen, and/or the like. After the
virtual probe is at a position, the method 300 may include
repositioning the virtual probe to a different position on the
cardiac map and/or the surface map, in response to receiving
a user input. Examples of user input that may be indicative
of repositioning the virtual probe to a different position
include, but are not limited to, a mouse click and drag on the
virtual probe and/or a touch and drag on the virtual probe.
[0092] In embodiments, the method 300 may include
displaying an additional window on the display device. The
additional window may facilitate displaying EGMs and/or
features of cardiac electrical signals that were sensed at
positions that are within a threshold distance of the position
of the virtual probe’s tip. Examples of electrical signals that
may be displayed include, but are not limited to, a graph of
the EGM waveform (which may include both bipolar and
constituent unipolar EGMs) that was sensed by the mapping
probe at a position closest to the position of the virtual
probe’s tip (referred to hereafter as “proximal EGM”),
graphs of other EGMs sensed by the mapping probe (re-
ferred to hereafter as “distal EGMs”) that are associated with
the same beat as the beat associated with the proximal EGM,
activation times of the proximal and distal EGMs, and
fractionation indexes of the proximal and distal EGMs.
[0093] In embodiments, after the proximal and distal
EGMs are displayed, the method 300 may include editing
one or more of the cardiac electrical signal features in
response to a user input and/or marking one or more of the
cardiac electrical signal features in response to a user input.
For example, the method 300 may include changing the
activation times associated with the proximal and distal
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EGM, in response to receiving a user input, in order to edit
the activation map of the cardiac structure. As another
example, the method 300 may include marking fractionated
EGMs, in response to receiving a user input.

[0094] FIGS. 4A-4D are images 400A-400D of an illus-
trative map produced using aspects of embodiments of the
system and methods of FIGS. 1 and 3. Each image 400A-
400D of the exemplary map shown has the surface map 410.
In a conventional voltage map, only the voltage on the
endocardial surface of the one or more cardiac structures is
viewable. Embodiments disclosed herein, however, include
the surface map 410, which allows a user to view the
voltages of structures external and internal to (or below) the
endocardial surface of the one or more cardiac structures.
[0095] In each of the images 400A-400D, the surface map
410 is in the same first position relative to the cardiac map
and includes the same first surface point 401. However, each
of the images 400A-400D are rotated to show that the
cardiac map and the surface map 410 can be viewed from
different angles, as described above in FIG. 3. In addition to
the first surface point 401, the surface map 410 includes
other surface points 402, 403, 404 as well. The other surface
points 402, 403, 404 include representations of features of
cardiac electrical signals sensed at respective points located
within threshold distances of the other surface points 402,
403, 404.

[0096] The cardiac electrical signal feature in this illus-
trative embodiment is voltage. Thus, the cardiac map shown
in FIGS. 4A-4D is a voltage map and shows the magnitude
of voltages at different points on the cardiac map. More
specifically, the first surface point 401, the second surface
point 402, the third surface point 403 and the fourth surface
point 404 of FIGS. 4A-4D have respective voltage magni-
tudes. In healthy areas of the myocardium of a cardiac
structure, the voltage is higher than unhealthy areas of the
myocardium of a cardiac structure and inside the blood pool.
[0097] In FIGS. 4A-4D The first surface point 401 has a
higher voltage magnitude than the second surface point 402;
the second surface point has a higher voltage magnitude than
the third surface point 403; and the third surface point 403
has a higher voltage magnitude than the fourth surface point
404. The first surface point 401 has a location near the
endocardial surface of the one or more cardiac structures.
The fourth surface point 404 has a location in the blood pool
of the one or more cardiac structures. Since the fourth
surface point 404 does not correspond to myocardium, the
low voltage magnitude may not be a concern for a physician.
The second surface point 402 (also referred to herein as
septum 402) that connects the two pulmonary veins, how-
ever, may be a concern for a physician if the septum 402 had
aberrant activation times. This septum 402 is not viewable
using conventional methods. Here, however, since the volt-
age of points internal to the one or more cardiac structures
are displayed on the surface map 410, a physician can
determine whether the septum 402 is inappropriately
mapped by determining whether the septum 402 is display-
ing an abnormally low voltage magnitude. If the septum 402
is displaying an abnormally low voltage magnitude, a physi-
cal may modify the map until the septum 402 is displaying
an appropriate voltage magnitude. After the map is modified,
a physician may be able to better diagnose any aberrant
activation times of the septum 402.

[0098] Various modifications and additions can be made to
the exemplary embodiments discussed without departing
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from the scope of the present disclosure. For example, while
the embodiments described above refer to particular fea-
tures, the scope of this disclosure also includes embodiments
having different combinations of features and embodiments
that do not include all of the described features. Accordingly,
the scope of the present disclosure is intended to embrace all
such alternatives, modifications, and variations as fall within
the scope of the claims. together with all equivalents thereof.

We claim:

1. A method for mapping and displaying internal cardiac
structures, the method comprising:
sensing, using a mapping probe, a plurality of cardiac
electrical signals at a plurality of points;
generating, using a processing device, a cardiac map of at
least a portion of one or more cardiac structures based
on at least a portion of the plurality of cardiac electrical
signals;
generating, using the processing device, a surface map
having a corresponding first position relative to the
cardiac map, the surface map comprising a first surface
point, wherein a first cardiac electrical signal feature of
a first cardiac electrical signal of the plurality of cardiac
electrical signals is represented on the surface map at
the first surface point if the first cardiac electrical signal
is sensed at a point that is located within a threshold
distance of the first surface point; and
displaying, on a display device, the generated map and the
generated surface map at the first position.
2. The method of claim 1, wherein the first surface point
is not located on the cardiac map.
3. The method of claim 1, wherein the cardiac electrical
signal feature is not represented on the cardiac map.
4. The method of claim 1, wherein the surface map is a
plane map.
5. The method of claim 1, further comprising:
repositioning the surface map so that the repositioned
surface map has a corresponding second position rela-
tive to the generated map, the repositioned surface map
comprising a second surface point, wherein a second
cardiac electrical signal feature of a second cardiac
electrical signal of the plurality of cardiac electrical
signal features is represented on the repositioned sur-
face map at the second surface point if the second
cardiac electrical signal is sensed at a point that is
located within the threshold distance of the second
surface point; and
displaying, on the display device, the repositioned surface
map at the second position.

6. The method of claim 5, further comprising: performing
less than all of a plurality of display-enhancing functions to
render the displayed repositioned surface map if the dis-
played repositioned surface map is being viewed in a
quick-view mode.

7. The method of claim 1, wherein the respective cardiac
electrical signal feature comprises at least one of an activa-
tion time, a minimum voltage value, a maximum voltages
value, a maximum negative time-derivative of voltage, an
instantaneous potential, a voltage amplitude, a dominant
frequency, and a peak-to-peak voltage.

8. The method of claim 1, wherein the surface map passes
through a papillary muscle or a septum of the one or more
cardiac structures.
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9. A mapping system comprising;

a mapping probe comprising a plurality of electrodes
located on a distal end of the cardiac mapping probe,
wherein each of the plurality of electrodes is configured
to sense a plurality of cardiac electrical signals at a
plurality of points;

a processing device configured to:

generate a cardiac map of at least a portion of one or more
cardiac structures based on at least a portion of the
plurality of cardiac electrical signals;

generate a surface map having a corresponding first
position relative to the cardiac map, the surface map
comprising a first surface point, wherein a first cardiac
electrical signal feature of a first cardiac electrical
signal of the plurality of cardiac electrical signal fea-
tures is represented on the surface map at the first
surface point if the first cardiac electrical signal is
sensed at a point that is located within a threshold
distance of the first surface point; and

output to a display device the cardiac map and the surface
map at the first position; and

the display device configured to display the cardiac map
and the surface map at the first position.

10. The cardiac mapping system of claim 9, wherein the

first surface point is not located on the cardiac map.

11. The cardiac mapping system of claim 9, wherein the
cardiac electrical signal feature is not represented on the
cardiac map.

12. The cardiac mapping system of claim 9, wherein the
surface map is a plane map.

13. The cardiac mapping system of claim 9, the cardiac
mapping system further comprising:

a user input device;

wherein the processing device is further configured to:

reposition the surface map, in response to a user input
received by the user input device, so that the reposi-
tioned surface map has a corresponding second position
relative to the cardiac map, the repositioned surface
map comprising a second surface point, wherein a
second cardiac electrical signal feature of a second
cardiac electrical signal of the plurality of cardiac
electrical signals is represented on the repositioned
surface map at the second surface point if the second
cardiac electrical signal is sensed at a point that is
located within the threshold distance of the second
surface point; and

the display device configured to display the repositioned
surface map.

14. The cardiac mapping system of claim 13, wherein the
processing device is further configured to: perform less than
all of a plurality of display-enhancing functions to the
displayed repositioned surface map if the displayed reposi-
tioned surface map is being viewed in a quick-view mode.

15. The cardiac mapping system of claim 9, wherein the
respective cardiac electrical signal feature comprises at least
one of an activation time, a minimum voltage value, a
maximum voltages value, a maximum negative time-deriva-
tive of voltage, an instantaneous potential, a voltage ampli-
tude, a dominant frequency, and a peak-to-peak voltage.

16. The cardiac mapping system of claim 9, wherein the
surface map passes through a papillary muscle or an
extended septum of the one or more cardiac structures.
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17. One or more computer-readable media having com-
puter-executable instructions embodied thereon that, when
executed by a processor, cause the processor 10:

generate a cardiac map of at least a portion of one or more

cardiac structures based on at least a portion of a
plurality of cardiac electrical signal features;

generate a surface map having a corresponding first

position relative to the cardiac map, the surface map
comprising a first surface point, wherein a first cardiac
electrical signal feature of the plurality of cardiac
electrical signal features is represented on the surface
map at the first surface point if a corresponding first
cardiac electrical signal is sensed at a point that is
located within a threshold distance of the first surface
point; and

output to a display device the cardiac map and the surface

map at the first position.

18. The media of claim 17, wherein the first surface point
is not located on the cardiac map.

19. The media of claim 17, further comprising instruc-
tions that cause the processor to:
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reposition the surface map, in response to a user input
received by the user input device, so that the reposi-
tioned surface map has a corresponding second position
relative to the cardiac map, the repositioned surface
map comprising a second surface point, wherein a
second cardiac electrical signal feature of the plurality
of cardiac electrical signal features is represented on
the repositioned surface map at the second surface
point if a corresponding second cardiac electrical signal
is sensed at a point that is located within the threshold
distance of the second surface point; and

output the repositioned surface map at the second position
to the display device.

20. The media of claim 19, further comprising:

perform less than all of a plurality of display-enhancing
functions to the displayed repositioned surface map if
the displayed repositioned surface map is being viewed
in a quick-view mode.
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