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IMPEDANCE-BASED FAR-FIELD
SUBTRACTION OF WAVEFORM USING
NON-TISSUE CONTACTING ELECTRODES

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Provisional
Application No. 62/590,016, filed Nov. 22, 2017, which is
herein incorporated by reference in its entirety.

TECHNICAL FIELD

[0002] The present invention relates to devices and meth-
ods for determining one or more physiological parameters of
a subject. More specifically, the invention relates to devices,
systems, and methods for sensing physiological signals and
determining a near-field component of the sensed physi-
ological signals using non-tissue contacting electrodes.

BACKGROUND

[0003] Physicians and other medical professionals use
electrodes disposed on mapping catheters to sense physi-
ological signals of tissue. The sensed physiological signals
are used to determine the health of the tissue.

[0004] Two different sensing methods are generally used
for sensing physiological signals, unipolar sensing and bipo-
lar sensing. Unipolar sensing uses one electrode (e.g., the
cathode) in contact with, or in close proximity to, tissue and
another electrode (e.g., the anode) outside of the tissue that
is being sensed. For bipolar sensing, both electrodes (i.e., the
cathode and anode) are in contact with, or in close proximity
to, the tissue that is being sensed.

SUMMARY

[0005] Embodiments disclosed herein determine and
remove far-field signals present in sensed unipolar electrical
signals by using the signals sensed by non-contact or par-
tially-contacting electrodes.

[0006] In an Example 1, a medical system for removing
far-field signals from a unipolar electrical signal comprises:
a catheter comprising a plurality of electrodes, each elec-
trode being configured to sense unipolar electrical signals
transmitted through tissue; and a processing device commu-
nicatively coupled to the catheter, the processing device
configured to: receive the sensed unipolar electrical signals;
determine an electrode of the plurality of electrodes having
a high level of contact with the tissue; determine an elec-
trode of the plurality of electrodes having a lower level of
contact with the tissue than the electrode having the high
level of contact with the tissue; determine a sensed near-field
electrical signal based on the unipolar electrical signal
received from the electrode having the high level of contact
and the unipolar electrical signal received from the electrode
having the lower level of contact; and output the determined
near-field electrical signal to a display device.

[0007] Inan Example 2, the medical system of Example 1,
wherein the electrode of the plurality of electrodes having a
lower level of contact comprises more than one electrode of
the plurality of electrodes and wherein the processing device
is further configured to average the unipolar electrical sig-
nals received from the more than one electrode having the
lower level of contact.

[0008] Inan Example 3, the medical system of Example 2,
wherein to average the unipolar electrical signals received
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from the more than one electrode having the lower level of
contact, the processing device is configured to assign
weights to each of the unipolar electrical signals received
from the more than one electrode having the lower level of
contact and average the weighted unipolar electrical signals.
[0009] Inan Example 4, the medical system of Example 3,
the processing device further configured to determine
impedances associated with each electrode of the plurality of
electrodes and wherein the weights assigned to the unipolar
electrical signals are based on the respective determined
impedances associated with each electrode.

[0010] Inan Example 5, the medical system of Example 4,
wherein the weights have a linear relationship with the
respective determined impedances.

[0011] In an Example 6, the medical system of any of
Examples 2-5, wherein to determine the sensed near-field
electrical signal, the processing device is configured to
subtract the averaged unipolar electrical signal from the
unipolar electrical signal received from the electrode having
the high level of contact.

[0012] In an Example 7, the medical system of any of
Examples 1-6, wherein the processing device is configured
to: determine an electrode’s level of contact with the tissue
based on at least one of: amplitude of the sensed unipolar
electrical signal, measured impedance, sensed temperature,
determined mechanical force, and proximity to a proximity
sensor of the catheter.

[0013] Inan Example 8, the medical system of Example 7,
wherein the processing device is configured to: accept or
reject a sensed signal based on the determined electrode’s
level of contact; and include only the accepted signals in an
electro-anatomical map.

[0014] In an Example 9, a method removing far-field
signals from a unipolar electrical signal comprises: receiving
sensed unipolar electrical signals from a plurality of elec-
trodes disposed on a distal end of a catheter, wherein the
unipolar electrical signals are transmitted through tissue;
determining an electrode of the plurality of electrodes hav-
ing a high level of contact with the tissue; determine an
electrode of the plurality of electrodes having a lower level
of contact with the tissue than the electrode having the high
level of contact with the tissue; determine a sensed near-field
electrical signal based on the unipolar electrical signal
received from the electrode having the high level of contact
and the unipolar electrical signal received from the electrode
having the lower level of contact; and output the determined
near-field electrical signal to a display device.

[0015] In an Example 10, the method of Example 9,
wherein the electrode of the plurality of electrodes having a
lower level of contact comprises more than one electrode of
the plurality of electrodes and the method further comprising
averaging the unipolar electrical signals received from the
more than one electrode having the lower level of contact.

[0016] In an Example 11, the method of Example 10,
wherein averaging the unipolar electrical signals received
from the more than one electrode having the lower level of
contact comprises assigning weights to each of the unipolar
electrical signals received from the more than one electrode
having the lower level of contact and average the weighted
unipolar electrical signals.

[0017] In an Example 12, the method of Example 11,
further comprising determining impedances associated with
each electrode of the plurality of electrodes and wherein the
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weights assigned to the unipolar electrical signals are based
on the respective determined impedances associated with
each electrode.

[0018] Inan Example 13, the method of any of Examples
10-12, wherein determining the sensed near-field electrical
signal comprises subtracting the averaged unipolar electrical
signal from the unipolar electrical signal received from the
electrode having the high level of contact.

[0019] In an Example 14, the method of any of Examples
9-13, further comprising: determining an electrode’s level of
contact with the tissue based on at least one of: amplitude of
the sensed unipolar electrical signal, measured impedance,
sensed temperature, determined mechanical force, and prox-
imity to a proximity sensor of the catheter.

[0020] In an Example 15, the method of Example 14,
wherein an electrode having the high level of contact is the
electrode having a higher impedance than other electrodes of
the plurality of electrodes.

[0021] In an Example 16, a medical system for removing
far-field signals from a unipolar electrical signal comprises:
a catheter comprising a plurality of electrodes, each elec-
trode being configured to sense unipolar electrical signals
transmitted through tissue; and a processing device commu-
nicatively coupled to the catheter, the processing device
configured to: receive the sensed unipolar electrical signals;
determine an electrode of the plurality of electrodes having
a high level of contact with the tissue; determine an elec-
trode of the plurality of electrodes having a lower level of
contact with the tissue than the electrode having the high
level of contact with the tissue; determine a sensed near-field
electrical signal based on the unipolar electrical signal
received from the electrode having the high level of contact
and the unipolar electrical signal received from the electrode
having the lower level of contact; and output the determined
near-field electrical signal to a display device.

[0022] Inan Example 17, the medical system of Example
16, wherein the electrode of the plurality of electrodes
having a lower level of contact comprises more than one
electrode of the plurality of electrodes and wherein the
processing device is further configured to average the uni-
polar electrical signals received from the more than one
electrode having the lower level of contact.

[0023] In an Example 18, the medical system of Example
17, wherein to average the unipolar electrical signals
received from the more than one electrode having the lower
level of contact, the processing device is configured to
assign weights to each of the unipolar electrical signals
received from the more than one electrode having the lower
level of contact and average the weighted unipolar electrical
signals.

[0024] In an Example 19, the medical system of Example
18, the processing device further configured to determine
impedances associated with each electrode of the plurality of
electrodes and wherein the weights assigned to the unipolar
electrical signals are based on the respective determined
impedances associated with each electrode.

[0025] In an Example 20, the medical system of Example
19, wherein the weights have a linear relationship with the
respective determined impedances.

[0026] Inan Example 21, the medical system of Example
17, wherein to determine the sensed near-field electrical
signal, the processing device is configured to subtract the
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averaged unipolar electrical signal from the unipolar elec-
trical signal received from the electrode having the high
level of contact.

[0027] Inan Example 22, the medical system of Example
16, wherein the processing device is configured to: deter-
mine an electrode’s level of contact with the tissue based on
at least one of: amplitude of the sensed unipolar electrical
signal, measured impedance, sensed temperature, deter-
mined mechanical force, and proximity to a proximity
sensor of the catheter.

[0028] In an Example 23, the medical system of Example
22, wherein the processing device is configured to: accept or
reject a sensed signal based on the determined electrode’s
level of contact; and include only the accepted signals in an
electro-anatomical map.

[0029] In an Example 24, a method removing far-field
signals from a unipolar electrical signal comprises: receiving
sensed unipolar electrical signals from a plurality of elec-
trodes disposed on a distal end of a catheter, wherein the
unipolar electrical signals are transmitted through tissue;
determining an electrode of the plurality of electrodes hav-
ing a high level of contact with the tissue; determine an
electrode of the plurality of electrodes having a lower level
of contact with the tissue than the electrode having the high
level of contact with the tissue; determine a sensed near-field
electrical signal based on the unipolar electrical signal
received from the electrode having the high level of contact
and the unipolar electrical signal received from the electrode
having the lower level of contact; and output the determined
near-field electrical signal to a display device.

[0030] In an Example 25, the method of Example 24,
wherein the electrode of the plurality of electrodes having a
lower level of contact comprises more than one electrode of
the plurality of electrodes and the method further comprising
averaging the unipolar electrical signals received from the
more than one electrode having the lower level of contact.

[0031] In an Example 26, the method of Example 25,
wherein averaging the unipolar electrical signals received
from the more than one electrode having the lower level of
contact comprises assigning weights to each of the unipolar
electrical signals received from the more than one electrode
having the lower level of contact and average the weighted
unipolar electrical signals.

[0032] In an Example 27, the method of Example 26,
further comprising determining impedances associated with
each electrode of the plurality of electrodes and wherein the
weights assigned to the unipolar electrical signals are based
on the respective determined impedances associated with
each electrode.

[0033] In an Example 28, the method of Example 27,
wherein the weights have a linear relationship with the
respective determined impedances.

[0034] In an Example 29, the method of Example 25,
wherein determining the sensed near-field electrical signal
comprises subtracting the averaged unipolar electrical signal
from the unipolar electrical signal received from the elec-
trode having the high level of contact.

[0035] In an Example 30, the method of Example 24
further comprising: determining an electrode’s level of
contact with the tissue based on at least one of: amplitude of
the sensed unipolar electrical signal, measured impedance,
sensed temperature, determined mechanical force, and prox-
imity to a proximity sensor of the catheter.
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[0036] In an Example 31, the method of Example 30,
wherein the electrode having the high level of contact is the
electrode having a higher impedance than other electrodes of
the plurality of electrodes.

[0037] In an Example 32, a non-transitory computer-
readable medium comprises executable instructions that
when executed by one or more processors of a medical
system cause the one or more processors to: receive sensed
unipolar electrical signals from a plurality of electrodes
disposed on a distal end of a catheter, wherein the unipolar
electrical signals are transmitted through tissue; determine
an impedance associated with each electrode of the plurality
of electrodes; determine, using the determined impedances,
an electrode of the plurality of electrodes having a high level
of contact with the tissue; determine, using the determined
impedances, an electrode of the plurality of electrodes
having a lower level of contact with the tissue than the
electrode having the high level of contact with the tissue;
determine, using the unipolar electrical signal sensed by the
electrode having the lower level of contact, a far-field
component of the unipolar electrical signal sensed by the
electrode having a high level of contact; remove the far-field
component of the unipolar electrical signal sensed by the
electrode having the high level of contact to determine the
near-field component of the unipolar electrical signal sensed
by the electrode having the high level of contact; and output
the determined near-field electrical signal to a display
device.

[0038] In an Example 33, the non-transitory computer-
readable medium of Example 32, wherein the electrode of
the plurality of electrodes having a lower level of contact
comprises more than one electrode of the plurality of
electrodes and wherein the executable instructions comprise
instructions that cause the one or more processors to:
average the unipolar electrical signals received from the
more than one electrode having the lower level of contact.
[0039] In an Example 34, the non-transitory computer-
readable medium of Example 33, wherein to average the
unipolar electrical signals received from the more than one
electrode having the lower level of contact, the executable
instructions comprise instructions that cause the one or more
processors to: assign weights to each of the unipolar elec-
trical signals received from the more than one electrode
having the lower level of contact and average the weighted
unipolar electrical signals.

[0040] In an Example 35, the non-transitory computer-
readable medium of Example 34, wherein the weights have
a linear relationship with the respective determined imped-
ances.

[0041] While multiple embodiments are disclosed, still
other embodiments of the present invention will become
apparent to those skilled in the art from the following
detailed description, which shows and describes illustrative
embodiments of the invention. Accordingly, the drawings
and detailed description are to be regarded as illustrative in
nature and not restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] FIG. 1 depicts an illustrative medical system for
removing far-field signals present in unipolar signals, in
accordance with embodiments disclosed herein.

[0043] FIG. 2 is a block diagram depicting an illustrative
computing device, in accordance with embodiments dis-
closed herein.
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[0044] FIG. 3 depicts an illustrative catheter tip assembly,
in accordance with embodiments disclosed herein.

[0045] FIG. 4 is a block diagram depicting an illustrative
operating environment for removing far-field signals present
in unipolar signals, in accordance with embodiments dis-
closed herein.

[0046] FIG. 5 is a flow diagram depicting an illustrative
method for removing far-field signals present in unipolar
signals, in accordance with embodiments disclosed herein.

[0047] 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.

[0048] As the terms are used herein with respect to mea-
surements (e.g., dimensions, characteristics, attributes, com-
ponents, etc.), and ranges thereof, of tangible things (e.g.,
products, inventory, etc.) and/or intangible things (e.g., data,
electronic representations of currency, accounts, informa-
tion, portions of things (e.g., percentages, fractions), calcu-
lations, data models, dynamic system models, algorithms,
parameters, etc.), “about” and “approximately” may be used,
interchangeably, to refer to a measurement that includes the
stated measurement and that also includes any measure-
ments that are reasonably close to the stated measurement,
but that may differ by a reasonably small amount such as
will be understood, and readily ascertained, by individuals
having ordinary skill in the relevant arts to be attributable to
measurement error; differences in measurement and/or
manufacturing equipment calibration; human error in read-
ing and/or setting measurements; adjustments made to opti-
mize performance and/or structural parameters in view of
other measurements (e.g., measurements associated with
other things); particular implementation scenarios; impre-
cise adjustment and/or manipulation of things, settings,
and/or measurements by a person, a computing device,
and/or a machine; system tolerances; control loops;
machine-learning; foreseeable variations (e.g., statistically
insignificant variations, chaotic variations, system and/or
model instabilities, etc.); preferences; and/or the like.

[0049] 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 blocks disclosed
herein. Similarly, although illustrative methods may be
represented by one or more drawings (e.g., flow diagrams,
communication flows, etc.), the drawings should not be
interpreted as implying any requirement of, or particular
order among or between, various steps disclosed herein.
However, certain embodiments may require certain steps
and/or certain orders between certain steps. as may be
explicitly described herein and/or as may be understood
from the nature of the steps themselves (e.g., the perfor-
mance of some steps may depend on the outcome of a
previous step). Additionally, a “set,” “subset,” or “group” of
items (e.g., inputs, algorithms, data values, etc.) may include
one or more items, and, similarly, a subset or subgroup of
items may include one or more items. A “plurality” means
more than one.
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[0050] As used herein, the term “based on” is not meant to
be restrictive, but rather indicates that a determination,
identification, prediction, calculation, and/or the like, is
performed by using, at least, the term following “based on”
as an input. For example, predicting an outcome based on a
particular piece of information may additionally, or alterna-
tively, base the same determination on another piece of
information.

DETAILED DESCRIPTION

[0051] As stated above, two different sensing methods are
generally used for sensing physiological signals, unipolar
sensing and bipolar sensing. Both unipolar and bipolar
sensing methods, however, have drawbacks that impact their
ability to accurately sense physiological signals. With regard
to unipolar sensing, because unipolar sensing has one elec-
trode in contact with or in close proximity to tissue and
another electrode outside of the tissue that is being sensed,
an antenna effect may be created where the sensed signal
includes a lot of extraneous information, for example,
breathing, far-field signals originating from non-proximal
tissue and/or the like. For example, when sensing ventricular
activity, far-field signals originating from the atrium may be
present in the sensed signals when using the unipolar
sensing method. On the other hand, bipolar sensing has
reduced spatial and temporal resolution in comparison to
unipolar sensing. Embodiments disclosed herein provide
solutions to some of these issues.

[0052] FIG. 1 depicts an illustrative medical system 100
for removing far-field effects present in unipolar sensing
using non-tissue contacting electrodes, in accordance with
embodiments of the disclosure. The medical system 100
includes a catheter 102 having a tip assembly 104. The tip
assembly 104 may include a tissue ablation electrode 106,
mapping electrodes 108, ring electrodes 110, and a sensor
112. The catheter 102 also includes a catheter body 114 and
a proximal catheter handle assembly 116, having a handle
118, coupled to a proximal end 120 of the catheter body 114.
The tip assembly 104 is coupled to a distal end 122 of the
catheter body 114.

[0053] In embodiments, the medical system 100 may be
utilized in mapping and/or ablation procedures on a subject.
The subject may be a human, a dog, a pig, and/or any other
animal having physiological parameters that can be
recorded. In various embodiments, the catheter 102 may be
configured to be introduced into or through the vasculature
of a subject and/or into or through any other lumen or cavity.
In an example, the catheter 102 may be inserted through the
vasculature of the subject, into one or more chambers of the
subject’s heart (e.g., a target area), and/or other organ of the
subject.

[0054] When the catheter 102 is inserted in the subject’s
vasculature, heart or other organ, the tissue ablation elec-
trode 106 may be configured to apply ablation energy to the
subject’s tissue. According to embodiments, the tissue abla-
tion electrode 106 may be, or be similar to, any number of
different tissue ablation electrodes such as, for example, the
IntellaTip MiFi,™ Orion™ or the Blazer™ Ablation tip, all
of which are available from Boston Scientific of Marlbor-
ough, Mass. In embodiments, the tissue ablation electrode
106 may have any number of different sizes, shapes, and/or
other configuration characteristics. The tissue ablation elec-
trode 106 may be any length and may have any number of
the mapping electrodes 108 positioned therein and spaced
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circumferentially and/or longitudinally about the tissue abla-
tion electrode 106. In some instances, the tissue ablation
electrode 106 may have a length of between one (1) mm and
twenty (20) mm, three (3) mm and seventeen (17) mm, or six
(6) mm and fourteen (14) mm. In an illustrative example, the
tissue ablation electrode 106 may have an axial length of
about eight (8) mm. In another illustrative example, the
tissue ablation electrode 106 may include an overall length
of approximately 4-10 mm. In embodiments, the tissue
ablation electrode 106 may include an overall length of
approximately 4 mm, 4.5 mm, and/or any other desirable
length. In some cases, the plurality of mapping electrodes
108 may be spaced at any interval about the circumference
of the tissue ablation electrode 106. In an example, the tissue
ablation electrode 106 may include at least three mapping
electrodes 108 equally or otherwise spaced about the cir-
cumference of the tissue ablation electrode 106 and at the
same or different longitudinal positions along the longitu-
dinal axis of the tissue ablation electrode 106.

[0055] Additionally or alternatively, when inserted into
the subject’s vasculature, heart or other organ, the mapping
electrodes 108 and/or the ring electrodes 110 may be used to
sense electrophysiological signals transmitted through tissue
and/or map tissue based on the sensed signals. In embodi-
ments, the mapping electrodes 108 may be configured to
operate in unipolar and/or bipolar sensing modes. In
embodiments, one or more of the mapping electrodes 108
may form a unipolar pair with an electrode (not shown)
external to the subject’s vasculature and/or heart. For
example, one or more of the mapping electrodes may form
aunipolar pair with an electrode included in a patch attached
to a subject’s back. Additionally or alternatively, the map-
ping electrodes 108 may define and/or at least partially form
one or more bipolar electrode pairs with each other. Each
unipolar and/or bipolar electrode pair may be configured to
measure an electrical signal corresponding to a sensed
electrical activity (e.g., an electrogram (EGM) reading) of
the myocardial tissue proximate thereto. In embodiments,
one or more of the mapping electrodes 108 and/or one or
more of the ring electrodes 110 may form one or more pairs
and the signals therefrom may be transmitted to a mapping
system 128 to determine the contact and orientation of the
tip assembly 104 relative to a subject’s tissue, as explained
in more detail below in relation to FIG. 3. Furthermore,
based on the contact and orientation of the tip assembly 104
relative to the subject’s tissue, the mapping system 128 may
determine far-field signals included in the unipolar signals
and remove the far-field signals from the unipolar signals, as
described in more detail below in relation to FIG. 4. Addi-
tionally or alternatively, an EGM reading or signal from a
unipolar and/or bipolar electrode pair may at least partially
form the basis of a contact assessment, ablation area assess-
ment (e.g., tissue viability assessment), and/or an ablation
progress assessment (e.g., a lesion formation/maturation
analysis).

[0056] Additionally or alternatively, the tip assembly 104
may include one or more sensors 112. In embodiments, the
sensors 112 may be a sensor for measuring force, tempera-
ture and/or proximity relative to other portions of the
catheter (e.g., electrodes of the catheter) in embodiments
where the catheter is a basket catheter. In embodiments, the
sensors 112 may be used to determine tissue contact, as
explained in more detail below in relation to FIGS. 3 and 4.
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[0057] In embodiments, the tip assembly 104 may include
one or more irrigation ports (not shown). In embodiments,
the irrigation ports may contribute to reducing coagulation
of blood near the tip assembly 104. For example, when the
tissue ablation electrode 106 is applying ablation energy to
cardiac tissue, a mapping system 128 may provide cooling
fluid, such as a saline, through the catheter 102 and out
through the irrigation ports in order to cool the blood. In
embodiments, the amount of irrigation fluid provided to an
irrigation port may be based on a determined fluid flow
condition as described herein.

[0058] In embodiments, the catheter 102 may include a
deflectable catheter region 124 configured to allow the
catheter 102 to be steered through the vasculature of a
subject, and which may enable the tissue ablation electrode
106 to be accurately placed adjacent a targeted tissue region.
A steering wire (not shown) may be slidably disposed within
the catheter body 114. The handle assembly 116 may include
one or more steering members 126 such as, for example,
rotating steering knobs that are rotatably mounted to the
handle 118. Rotational movement of a steering member 126
relative to the handle 118 in a first direction may cause a
steering wire to move proximally relative to the catheter
body 114 which, in turn, may tension the steering wire, thus
pulling and bending the catheter deflectable region 124 into
an arc; and rotational movement of the steering member 126
relative to the handle 118 in a second direction may cause
the steering wire to move distally relative to the catheter
body 114 which, in turn, may relax the steering wire, thus
allowing the catheter 102 to return toward its original form.
To assist in the deflection of the catheter 102, the deflectable
catheter region 124 may be made of a lower durometer
plastic than the remainder of the catheter body 114.

[0059] According to embodiments, the catheter body 114
includes one or more cooling fluid lumens (not shown) to
provide cooling fluid to an irrigation port (not shown) and
may include other tubular element(s) to provide desired
functionality to the catheter 102. The addition of metal in the
form of a braided mesh layer sandwiched in between layers
of plastic tubing may be used to increase the rotational
stiffness of the catheter 102.

[0060] The illustrated medical system 100 also includes a
mapping system 128. The mapping system 128 may be
configured to determine and map sensed signals and control
aspects of the functioning of the medical system 100 such as,
for example, an RF generator, an irrigation system, a display
system, and/or the like. In embodiments, the mapping sys-
tem 128 may be configured to adjust one or more operation
parameters based on information such as, for example, user
input, input from other components, and/or the like.

[0061] Any number of components of the mapping system
128 may be implemented using one or more computing
devices. FIG. 2 is a block diagram depicting an illustrative
computing device 200, in accordance with embodiments of
the disclosure. The computing device 200 may include any
type of computing device suitable for implementing aspects
of embodiments of the disclosed subject matter. Examples of
computing devices include specialized computing devices or
general-purpose computing devices such “workstations,”
“servers,” “laptops,” “desktops,” “tablet computers,” “hand-
held devices,” “smartphones,” “general-purpose graphics
processing units (GPGPUs),” and the like, all of which are
contemplated within the scope of FIGS. 1 and 2, with
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reference to various components of the mapping system 128
and/or computing device 200.

[0062] In embodiments, the computing device 200
includes a bus 202 that, directly and/or indirectly, couples
the following devices: a processor 220, a memory 206, an
input/output (I/0) port 208, an I/O component 210, and a
power supply 212. Any number of additional components,
different components, and/or combinations of components
may also be included in the computing device 200. The /O
component 210 may include a presentation component con-
figured to present information to a user such as, for example,
adisplay device, a speaker, a printing device, and/or the like,
and/or an input component such as, for example, a micro-
phone, a joystick, a satellite dish, a scanner, a printer, a
wireless device, a keyboard, a pen, a voice input device, a
touch input device, a touch-screen device, an interactive
display device, a mouse, and/or the like.

[0063] The bus 202 represents what may be one or more
busses (such as, for example, an address bus, data bus, or
combination thereof). Similarly, in embodiments, the com-
puting device 200 may include a number of processors 204,
anumber of memory components 206, a number of 1/0 ports
208, a number of I/O components 210, and/or a number of
power supplies 212. Additionally any number of these
components, or combinations thereof, may be distributed
and/or duplicated across a number of computing devices.
[0064] In embodiments, the memory 206 includes com-
puter-readable media in the form of volatile and/or nonvola-
tile memory and may be removable, nonremovable, or a
combination thereof. Media examples include Random
Access Memory (RAM); Read Only Memory (ROM); Elec-
tronically Erasable Programmable Read Only Memory (EE-
PROM); flash memory; optical or holographic media; mag-
netic cassettes, magnetic tape, magnetic disk storage or other
magnetic storage devices; data transmissions; and/or any
other medium that can be used to store information and can
be accessed by a computing device such as, for example,
quantum state memory, and/or the like. In embodiments, the
memory 206 stores computer-executable instructions 214
for causing the processor 204 to implement aspects of
embodiments of system components discussed herein and/or
to perform aspects of embodiments of methods and proce-
dures discussed herein.

[0065] The computer-executable instructions 214 may
include, for example, computer code, machine-useable
instructions, and the like such as, for example, program
components capable of being executed by one or more
processors 204 associated with the computing device 200.
Program components may be programmed using any num-
ber of different programming environments, including vari-
ous languages, development kits, frameworks, and/or the
like. Some or all of the functionality contemplated herein
may also, or alternatively, be implemented in hardware
and/or firmware.

[0066] The illustrative medical system 100 shown in FIG.
1 and the illustrated computing device 200 shown in FIG. 2
are not intended to suggest any limitation as to the scope of
use or functionality of embodiments of the present disclo-
sure. The illustrative medical system 100 and the illustrated
computing device 200 should not be interpreted as having
any dependency or requirement related to any single com-
ponent or combination of components illustrated therein.
Additionally, various components depicted in FIG. 1 and
various components depicted in FIG. 2 may be, in embodi-
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ments, integrated with various ones of the other components
depicted therein (and/or components not illustrated), all of
which are considered to be within the ambit of the subject
matter disclosed herein.

[0067] FIG. 3 depicts an illustrative catheter tip assembly
302, in accordance with embodiments of the disclosure. The
tip assembly 302 is coupled to a distal end of a catheter body
304 and includes an ablation electrode 306 having an open
interior region defined by an exterior wall 308, mapping
electrodes 310, ring electrodes 312 and/or one or more
sensors. In the illustrated embodiment, the tip assembly 302
has a generally cylindrical shape with a semi-spherical tip,
but in other embodiments, the tip assembly 302 may have
any number of different shapes such as, for example, an
elliptical shape, a polygonal shape, and/or the like. By way
of an example and not limitation, embodiments of the tip
assembly 302 may have a diameter on the order of about
0.08-0.1 inches, a length on the order of about 0.2-0.3
inches, and an exterior wall 308 with a thickness on the order
of about 0.003-0.004 inches. According to embodiments, the
ablation electrode 306 may be formed from a conductive
material. For example, some embodiments use a platinum-
iridium alloy. Some embodiments use an alloy with approxi-
mately 90% platinum and 10% iridium. The conductive
material of the ablation electrode 306 may be used to
conduct RF energy used to form legions during the ablation
procedure. In embodiments, the tip assembly may include
one or more irrigation ports (not shown) to reduce coagu-
lation of blood near the tip assembly 302 when the ablation
electrode 306 is used to form legions during an ablation
procedure.

[0068] The mapping functions may be performed, at least
in part, by mapping electrodes 310 and ring electrodes 312.
Additionally or alternatively, the mapping electrodes 310
and the ring electrodes 312 may be used to determine tissue
contact. For example, the ablation electrode 306 may trans-
mit a current to the ring electrode 312(3), which creates a
voltage therebetween. Additionally, each of the mapping
electrodes may form a pair with one of the ring electrodes
312. For example, each of the mapping electrodes 310 may
form a pair with the ring electrode 312(1) and a voltage may
be measured between each of the mapping electrodes and
the ring electrode 312(1). Based on the measured voltages,
local impedances for each of the mapping electrodes can be
determined. Using the determined local impedances, the
tissue contact for the tip assembly 302 can be determined.
For example, tissue generally has a higher impedance than
blood. As such, when the tip assembly 302 is disposed into
a subject’s heart, if one of the mapping electrodes 310 has
a higher impedance than another mapping electrode 310,
then it is likely that the mapping electrode 310 exhibiting the
higher impedance is in contact with tissue; and, the mapping
electrode 310 exhibiting a lower impedance is only in partial
contact with tissue and/or is not in contact with tissue, but
is instead in located in the blood pool. Further details
regarding determining tissue contact based on impedance
are provided in U.S. Patent Appln. No. 62/510,189, which is
expressly incorporated herein by reference in its entirety for
all purposes. Once tissue contact of the tip assembly 302 is
determined, a far-field signal may be determined and
removed from sensed unipolar signals as described in more
detail below in relation to FIG. 4.

[0069] Additionally or alternatively, the one or more sen-
sors 314 may be used to determine tissue contact. In
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embodiments, the one or more sensors 314 may be force
sensors and/or temperature sensors. For example, a force
measured by a first force sensor 314 proximal to a first
mapping electrode 310 that is higher than a force measured
by a second force sensor 314 proximal to a second mapping
electrode 310 may indicate the first mapping electrode 310
is in partial or complete contact with tissue whereas the
second mapping electrode 310 may have no or partial
contact with tissue. As another example, a temperature
measured by a first temperature sensor 314 proximal to a
first mapping electrode 310 that is higher than a temperature
measured by a second temperature sensor 314 proximal to a
second mapping electrode 310 may indicate the first map-
ping electrode 310 is in partial or complete contact with
tissue whereas the second mapping electrode 310 may have
no or partial contact with tissue. Additionally or alterna-
tively, the one or more sensors 314 may be proximity
sensors 314 (e.g., magnetic sensors) that are used to deter-
mine how close the proximity sensors 314 are to other
portions of the catheter (e.g., the electrodes) in embodiments
where the catheter is a basket catheter. When the basket
catheter is supposed to be fully deployed and the proximity
sensors 314 are used to determine portions of the basket
catheter are closer than they should be, then it can be
determined that those portions may be in contact with tissue.
[0070] The illustrative tip assembly 302 shown in FIG. 3
is not intended to suggest any limitation as to the scope of
use or functionality of embodiments of the present disclo-
sure. The illustrative tip assembly 302 should not be inter-
preted as having any dependency or requirement related to
any single component or combination of components illus-
trated therein. Additionally, various components depicted in
FIG. 3 may be, in embodiments, integrated with various
ones of the other components depicted therein (and/or
components not illustrated), all of which are considered to
be within the ambit of the subject matter disclosed herein.
[0071] FIG. 4 is a block diagram depicting an illustrative
operating environment 400 for removing far-field signals
present in unipolar signals, in accordance with embodiments
disclosed herein. As described above, one drawback of
unipolar sensing is that an antenna effect is created where the
sensed signal includes a lot of extraneous information.
However, the advantage of unipolar sensing has better
spatial and temporal resolution than bipolar sensing. As
such, the operating environment 400 uses unipolar sensing
so that spatial and temporal resolution are high, but also
provides embodiments, as set forth below, for effectively
removing the far-field signals present in unipolar signals.
[0072] According to embodiments, the operating environ-
ment 400 may be, be similar to, include, be included in, or
correspond to the mapping system 128 depicted in FIG. 1.
As shown in FIG. 4, the illustrative operating environment
400 includes a mapping system 402 and a display device
404. In embodiments, the display device 404 may be incor-
porated into the mapping system 402. Alternatively, the
display device 404 may be separate from the mapping
system 402 and be communicatively coupled via an 1/0 port
and component 406 to the mapping system 402.

[0073] In embodiments, the display device 404 may be
configured to present an indication of a tissue contact, tissue
condition, and/or effectiveness of an ablation procedure.
Additionally or alternatively, the display device 404 may
include electrocardiogram (ECG) information, which may
be analyzed by a user to determine the existence and/or
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location of arrhythmia substrates within the heart and/or
determine the location of a tip assembly within the heart,
vasculature and/or organ of a subject.

[0074] As shown, the mapping system 402 includes an
input/output (I/O) port and component 406 (e.g., the I/O port
208 depicted in FIG. 2 and/or the 1/O component 210
depicted in FIG. 2), an RF system 408, an irrigation system
410, a processor 412 (e.g., the processor 220 depicted in
FIG. 2), and memory 414 (e.g., the memory 206 depicted in
FIG. 2).

[0075] The RF system 408 may be used to generate RF
energy for use during an ablation procedure. The RF system
408 may include an RF source that produces the RF energy
and an RF generator component that controls the timing,
level, and/or other characteristics of the RF energy delivered
by the RF system 408. In embodiments, the RF system 408
may be configured to deliver ablation energy to a catheter
(e.g., the catheter 102 depicted in FIG. 1 and/or the tip
assembly 302 depicted in FIG. 3) in a controlled manner in
order to ablate the target tissue sites. Ablation of tissue
within the heart is well known in the art, and thus for
purposes of brevity, the RF system 408 will not be described
in further detail. Further details regarding RF systems are
provided in U.S. Pat. No. 5,383,874, which is expressly
incorporated herein by reference in its entirety for all pur-
poses.

[0076] In embodiments, the irrigation system 410 may
include an irrigation fluid source for providing cooling fluid,
such as a saline, through a catheter and out through the
irrigation ports (not shown). In embodiments, the irrigation
fluid source of the irrigation system 410 may include a fluid
reservoir and a pump to provide cooling fluid through the
catheter. The irrigation system 410 may also include an
irrigation fluid output component. The irrigation fluid output
component may control the timing, level, and/or other
characteristics of the irrigation fluid provided by the irriga-
tion system 410.

[0077] The processor 412 may execute instructions and
perform desired tasks as specified by computer-executable
instructions (e.g., the instructions 214 depicted in FIG. 2)
stored in the memory 414. The processor 412 may also be
configured to store information in the memory 414 and/or
access information from the memory 414. For example, in
embodiments, the processor 412 may be configured to store
data to and/or access instructions stored on an impedance
component 416, a tissue contact component 418, a signal
processing component 420, a mapping component 422,
and/or the like.

[0078] The memory 414 may include volatile and/or non-
volatile memory, and may store instructions that, when
executed by the processor 412 cause methods and processes
to be performed by the mapping system 402. For example,
in embodiments, the processor 412 may process instructions
and/or data stored in the memory 414 to remove far-field
signals from sensed unipolar signals as described below.
[0079] In embodiments, a catheter (e.g., the catheter 102
depicted in FIG. 1 and/or the tip assembly 302 depicted in
FIG. 3) may be communicatively coupled to the I/O port and
component 406. The I/O port and component 406 may be
configured to receive one or more current signals and/or one
or more voltage signals. For example, a current may be
injected between a ring electrode (e.g., the ring electrodes
110 depicted in FIG. 1 and/or the ring electrodes 312
depicted in FIG. 3) and an ablation electrode (e.g., the
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ablation electrode 106 depicted in FIG. 1 and/or the ablation
electrode 306 depicted in FIG. 3) and a signal representing
the current injection may be sent to the impedance compo-
nent 416. Additionally or alternatively, voltages between one
or more mapping electrodes (e.g., the mapping electrodes
108 depicted in FIG. 1 and/or the mapping electrodes 310)
and one or more ring electrodes (e.g., the ring electrodes 110
depicted in FIG. 1 and/or the ring electrodes 312 depicted in
FIG. 3) may be transmitted to the impedance component
416. Based on the inject current and the voltages, respective
impedances for each of the mapping electrodes may be
determined by the impedance component 416.

[0080] In embodiments, the I/O port and component 406
may also be configured to receive one or more unipolar
signals from the catheter. The received unipolar signals may
then be transmitted to the tissue contact component 418. In
embodiments, the tissue contact component 418 may deter-
mine whether the received unipolar signals represent stable
signals. For example, the tissue contact component 418 may
include determining whether it is likely the subject was
moving during acquisition of the signals and/or the mor-
phology of the signals are stable, i.e., the rhythm of the
signal is stable. If the tissue contact component 418 deter-
mines either there is subject movement and/or the rhythm is
not stable, the received unipolar signals may be disregarded
and the tissue contact component 418 may receive new
unipolar signals.

[0081] Additionally or alternatively, the tissue contact
component 418 may be configured to determine which
electrode(s) (e.g., the mapping electrodes 108 depicted in
FIG. 1 and/or the mapping electrodes 310 depicted in FIG.
3) of a catheter are in contact with tissue. In embodiments,
the tissue contact component 418 may be configured to
determine which electrodes are in contact with tissue based
on impedance determined by the impedance component 416.
For example, a mapping electrode having a higher imped-
ance than other mapping electrodes may be indicative of
partial or complete contact with tissue. Alternatively, a
mapping electrode having a lower impedance than other
mapping electrodes may be indicative that the electrode is
not in contact with tissue.

[0082] Additionally or alternatively, the tissue contact
component 418 may determine whether one or more elec-
trodes are in contact with tissue based on force measure-
ments determined by one or more force sensors incorporated
into a distal end of the catheter. For example, a first sensor
proximal to a first mapping electrode having a higher force
than a second sensor located proximal to a second mapping
electrode may indicate that the first mapping electrode is in
contact or in partial contact with the tissue whereas the
second mapping electrode is in partial contact with tissue or
not in contact with tissue.

[0083] Additionally or alternatively, the tissue contact
component 418 may determine whether one or more elec-
trodes are in contact with tissue based on an amplitude of a
unipolar signal. For example, a unipolar signal sensed by a
first electrode that has a higher amplitude than a unipolar
signal sensed by a second electrode may indicate the first
electrode is in contact or in partial contact with tissue
whereas the second electrode is in partial contact with tissue
or not in contact with tissue. Because different types of
tissue (e.g., myocardium vs. venous) and different locations
of tissue (e.g., central wall of the heart vs. outer ventricular
wall) may transmit signals having different amplitudes, the
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tissue contact component 418 may adjust the expected
amplitude based on what tissue and/or the location of the
tissue that is being sensed. For example, because the central
wall of the heart transmits signals having lower amplitudes
than the amplitudes of the outer ventricular wall, the
expected amplitude may be scaled down so that when the
catheter is disposed near the central wall, the mapping
electrode is not mistaken for being in contact with the blood
pool as opposed to the central wall.

[0084] Additionally or alternatively, the tissue contact
component 418 may determine whether one or more elec-
trodes are in contact with tissue based on temperature
measurements determined by one or more temperature sen-
sors incorporated into a distal end of the catheter. For
example, a first sensor proximal to a first mapping electrode
having a higher temperature than a second sensor located
proximal to a second mapping electrode may indicate that
the first mapping electrode is in contact or in partial contact
with the tissue whereas the second mapping electrode is in
partial contact with tissue or not in contact with tissue.
[0085] Additionally or alternatively, the tissue contact
component 418 may determine whether one or more elec-
trodes are in contact with tissue based on proximity mea-
surements determined by one or more proximity sensors
incorporated into a distal end of the catheter in embodiments
where the catheter is a basket catheter. For example, a first
portion of the basket catheter being determined to be in
closer proximity to a proximity sensor than a second portion
of the basket catheter may be used to determine the first
portion of the basket catheter is in contact or in partial
contact with the tissue whereas the second portion of the
basket catheter is in partial contact with tissue or not in
contact with tissue.

[0086] Once the level of tissue contact is determined by
the tissue contact component 418, the signal processing
component 420 may determine a far-fleld component in any
sensed unipolar signals. In embodiments, the signal process-
ing component 420 may determine a non-contacting elec-
trode to be sensing a far-field signal. Additionally or alter-
natively, the signal processing component 420 may
determine a partially contacting electrode to be sensing at
least a portion of far-field signals.

[0087] In embodiments where there is more than one
non-contacting and/or partially contacting electrode, the
signal processing component 420 may average the sensed
signals of the non-contacting and/or partially contacting
electrodes. In embodiments, the signal processing compo-
nent 420 may also assign weights to each of the sensed
signals of the non-contacting and/or partially contacting
electrodes. The weights may be assigned based on a deter-
mined level of contact. For example, if two electrodes are
determined to be non-contacting and/or partially contacting
electrodes but a first electrode of the two electrodes has
associated therewith a lower impedance, lower temperature,
lower force and/or lower proximity to a proximity sensor
than the second electrode, the signal processing component
420 may assign a higher weight to the first electrode than the
second electrode of the two electrodes.

[0088] In embodiments, the weights may be linearly asso-
ciated with the impedance, temperature, force and/or prox-
imity. For example, if the first electrode has an impedance
30% greater than the second electrode, the first electrode
may be have a 30% higher weight assigned to the unipolar
signal sensed by the first electrode than the unipolar signal
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sensed by the second electrode. Alternatively, the weights
may be nonlinearly associated with the impedance, tempera-
ture, force and/or proximity.

[0089] Once the far-field component is determined by the
signal processing component 420, the signal processing
component 420 may remove the far-field signal from any
contacting electrodes to determine a near-field component of
the sensed unipolar signal. For example, the signal process-
ing component 420 may subtract the determined far-field
signal from the unipolar signal sensed by a contacting
electrode to yield the near-field component of a unipolar
signal sensed by a contacting electrode.

[0090] Additionally or alternatively, sensed signals may
be rejected based on a level of tissue contact. For example,
when a threshold level of tissue contact for an electrode is
exceeded, as determined by the tissue contact component
418, the signal processing component 420 may accept
signals received from the electrode. Alternatively, in
embodiments, when a threshold level of tissue contact for an
electrode does not meet or exceed a threshold, the signal
processing component 420 may reject signals received from
the electrode.

[0091] Once a near-field component of a sensed unipolar
signal is determined, the mapping component 422 may
perform one or more updates to any unipolar signals. For
example, the mapping component 422 may update any
electro-anatomical maps based on the calculated near-field
signals. Additionally or alternatively, the mapping compo-
nent 422 may assign an activation time to the near-field
component that may be determined based on a peak, max
derivative of negative component and/or the like. Addition-
ally or alternatively, the mapping component 422 may
determine a voltage amplitude and/or mapping window of
the near-field component of the unipolar signal. Additionally
or alternatively, the mapping component may determine any
fractionated potentials, double potentials and/or late poten-
tials. Additionally or alternatively, lesion maturation may be
determined by the mapping component 422 using the near-
field signal component of the unipolar signal. In embodi-
ments, only signals that are accepted by the signal process-
ing component 420 may be used by the mapping component
420. In embodiments where the signal processing unit 420
does not accept or reject signals based on a level of contact
of the electrode, all sensed signals may be used by the
mapping component 420 and/or another method (e.g., fil-
tering signals based on a frequency. etc.) may be used to
determine whether a signal is used by the mapping compo-
nent 422.

[0092] In embodiments, any calculations and/or maps
determined by the mapping component 422 may be provided
to the display device 404 for use by a clinician. Additionally
or alternatively, an indication to the clinician about a char-
acteristic of the tip assembly (e.g., tissue contact) and/or the
tissue being mapped may be provided to the display device
404. In instances where an output is generated to a display
device 404, the mapping component 422 may be operatively
coupled to or otherwise in communication with the display
device 404. In embodiments, the display device 404 may
present various static and/or dynamic representations of
information related to the use of the mapping system 402.
For example, the display device 404 may present an image
representing the target area, an image representing the
catheter, an image representing tissue contact of the catheter,
notifications relating to tissue contact, and/or information
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related to EGMs, which may be analyzed by the user and/or
by the processor 412 to determine the existence and/or
location of arrhythmia substrates within the heart, to deter-
mine the location of the catheter within the heart, vascula-
ture and/or other organ, and/or to make other determinations
relating to use of the catheter and/or other catheters. In
addition or alternatively, the mapping system 402 may
include speakers (not shown) and an audio sound and/or
notification may be emitted from the speakers when a
condition is present or is not present and/or may be pro-
gressive (e.g., tissue contact of at least one mapping elec-
trode).

[0093] The illustrative operating environment 400 of FIG.
4 is not intended to suggest any limitation as to the scope of
use or functionality of embodiments of the present disclo-
sure. The illustrative operating environment 400 also should
not be interpreted as having any dependency or requirement
related to any single component or combination of compo-
nents illustrated therein. Additionally, various components
depicted in FIG. 4 may be, in embodiments, integrated with
various ones of the other compornents depicted therein
(and/or components not illustrated), all of which are con-
sidered to be within the ambit of the present disclosure.
[0094] FIG. 5 is a flow diagram depicting an illustrative
method 500 for removing far-field signals present in unipo-
lar signals, in accordance with embodiments of the subject
matter disclosed herein. According to embodiments, the
method 500 may be performed by any number of different
aspects of components of the medical system 100 depicted
in FIG. 1, the computing device 200 depicted in FIG. 2, the
tip assembly 302 depicted in FIG. 3, and/or the operating
environment 400 depicted in FIG. 4. For example, in
embodiments, the illustrative method 500 may be performed
by a processor and/or memory, as described herein.

[0095] Embodiments of the method 500 include receiving
unipolar signals sensed by electrodes (block 502). In
embodiments, the method 500 may include determining
whether the received signals represent stable signals. For
example, the method 500 may include determining whether
it is likely the subject was moving during acquisition of the
signals and/or the morphology of the signals are stable, i.c.,
the rhythm of the signal is stable. If the method 500
determines either there is subject movement and/or the
rhythm is not stable, the received unipolar signals may be
disregarded and the method 500 may receive new unipolar
signals.

[0096] The method 500 further includes determining
impedances of the electrodes used to sense the unipolar
signals (block 504). According to embodiments, determin-
ing impedances of electrodes may be performed according
to the embodiments discussed above in relation to FIGS. 3
and 4.

[0097] As is further shown in FIG. 5, embodiments of the
method 500 include determining tissue contact of electrodes
(block 506). According to embodiments, determining
impedances of electrodes may be performed according to the
embodiments discussed above in relation to FIGS. 3 and 4.
For example, determining tissue contact of electrodes may
be based on the determine impedances. Additionally or
alternatively, the determining tissue contact may be based on
one or more of the following: amplitude of the sensed
unipolar electrical signal, sensed temperature, determined
mechanical force, and/or proximity to a proximity sensor of
the catheter in embodiments where the catheter is a basket
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catheter. In embodiments, the method 500 may include
weighting signals of the non-contacting electrodes (block
508). In embodiments, weighting signals of the non-con-
tacting electrodes may be based on the determined imped-
ances of the electrodes. In embodiments, the weights
assigned to the signals of the non-contacting electrodes may
be linearly related to the respective determined impedances
of the electrodes.
[0098] As shown in FIG. 5, the method 500 may include
averaging the weighted signals of the non-contacting elec-
trodes (block 510) and determining a far-field signal com-
ponent of a unipolar signal sensed by a contacting electrode
(block 512). In embodiments, the average weighted signal
may be the far-field signal component of the unipolar signal
sensed by the contacting electrode. The method 500 may
further include removing the far-field signal from the uni-
polar signal of the contacting electrode (block 514). In
embodiments, the far-field signal component may be sub-
tracted from the unipolar signal to yield the near-field signal
component of the unipolar signal of the contacting electrode.
In embodiments, the method 500 may further include out-
putting the near-field signal to a display device for use by a
physician (block 516).
[0099] The illustrative method 500 of FIG. 5§ is not
intended to suggest any limitation as to the scope of use or
functionality of embodiments of the present disclosure. The
illustrative method 500 also should not be interpreted as
having any dependency or requirement related to any single
block or combination of blocks illustrated therein. Addition-
ally, various blocks depicted in FIG. 5§ may be, in embodi-
ments, integrated with various ones of the other blocks
depicted therein (and/or blocks not illustrated), all of which
are considered to be within the ambit of the present disclo-
sure.
[0100] Various modifications and additions can be made to
the exemplary embodiments discussed without departing
from the scope of the present invention. For example, while
the embodiments described above refer to particular fea-
tures, the scope of this invention 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 invention 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 medical system for removing far-field signals from a
unipolar electrical signal, the medical system comprising:
a catheter comprising a plurality of electrodes, each
electrode being configured to sense unipolar electrical
signals transmitted through tissue; and
a processing device communicatively coupled to the
catheter, the processing device configured to:
receive the sensed unipolar electrical signals;
determine an electrode of the plurality of electrodes
having a high level of contact with the tissue;
determine an electrode of the plurality of electrodes
having a lower level of contact with the tissue than
the electrode having the high level of contact with
the tissue;
determine a sensed near-field electrical signal based on
the unipolar electrical signal received from the elec-
trode having the high level of contact and the uni-
polar electrical signal received from the electrode
having the lower level of contact; and
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output the determined near-field electrical signal to a
display device.

2. The medical system of claim 1, wherein the electrode
of the plurality of electrodes having a lower level of contact
comprises more than one electrode of the plurality of
electrodes and wherein the processing device is further
configured to average the unipolar electrical signals received
from the more than one electrode having the lower level of
contact.

3. The medical system of claim 2, wherein to average the
unipolar electrical signals received from the more than one
electrode having the lower level of contact, the processing
device is configured to assign weights to each of the unipolar
electrical signals received from the more than one electrode
having the lower level of contact and average the weighted
unipolar electrical signals.

4. The medical system of claim 3, the processing device
further configured to determine impedances associated with
each electrode of the plurality of electrodes and wherein the
weights assigned to the unipolar electrical signals are based
on the respective determined impedances associated with
each electrode.

5. The medical system of claim 4, wherein the weights
have a linear relationship with the respective determined
impedances.

6. The medical system of claim 2. wherein to determine
the sensed near-field electrical signal, the processing device
is configured to subtract the averaged unipolar electrical
signal from the unipolar electrical signal received from the
electrode having the high level of contact.

7. The medical system of claim 1, wherein the processing
device is configured to: determine an electrode’s level of
contact with the tissue based on at least one of: amplitude of
the sensed unipolar electrical signal, measured impedance,
sensed temperature, determined mechanical force, and prox-
imity to a proximity sensor of the catheter.

8. The medical system of claim 7, wherein the processing
device is configured to: accept or reject a sensed signal based
on the determined electrode’s level of contact; and include
only the accepted signals in an electro-anatomical map.

9. A method removing far-field signals from a unipolar
electrical signal, the method comprising:

receiving sensed unipolar electrical signals from a plu-

rality of electrodes disposed on a distal end of a
catheter, wherein the unipolar electrical signals are
transmitted through tissue;
determining an electrode of the plurality of electrodes
having a high level of contact with the tissue;

determine an electrode of the plurality of electrodes
having a lower level of contact with the tissue than the
electrode having the high level of contact with the
tissue;

determine a sensed near-field electrical signal based on

the unipolar electrical signal received from the elec-
trode having the high level of contact and the unipolar
electrical signal received from the electrode having the
lower level of contact; and

output the determined near-field electrical signal to a

display device.

10. The method of claim 9, wherein the electrode of the
plurality of electrodes having a lower level of contact
comprises more than one electrode of the plurality of
electrodes and the method further comprising averaging the
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unipolar electrical signals received from the more than one
electrode having the lower level of contact.

11. The method of claim 10, wherein averaging the
unipolar electrical signals received from the more than one
electrode having the lower level of contact comprises
assigning weights to each of the unipolar electrical signals
received from the more than one electrode having the lower
level of contact and average the weighted unipolar electrical
signals.

12. The method of claim 11, further comprising deter-
mining impedances associated with each electrode of the
plurality of electrodes and wherein the weights assigned to
the unipolar electrical signals are based on the respective
determined impedances associated with each electrode.

13. The method of claim 12, wherein the weights have a
linear relationship with the respective determined imped-
ances.

14. The method of claim 10, wherein determining the
sensed near-field electrical signal comprises subtracting the
averaged unipolar electrical signal from the unipolar elec-
trical signal received from the electrode having the high
level of contact.

15. The method of claim 9 further comprising: determin-
ing an electrode’s level of contact with the tissue based on
at least one of: amplitude of the sensed unipolar electrical
signal, measured impedance, sensed temperature, deter-
mined mechanical force, and proximity to a proximity
sensor of the catheter.

16. The method of claim 15, wherein the electrode having
the high level of contact is the electrode having a higher
impedance than other electrodes of the plurality of elec-
trodes.

17. A non-transitory computer-readable medium compris-
ing executable instructions that when executed by one or
more processors of a medical system cause the one or more
processors to:

receive sensed unipolar electrical signals from a plurality

of electrodes disposed on a distal end of a catheter,
wherein the unipolar electrical signals are transmitted
through tissue;

determine an impedance associated with each electrode of

the plurality of electrodes;

determine, using the determined impedances, an electrode

of the plurality of electrodes having a high level of
contact with the tissue;

determine, using the determined impedances, an electrode

of the plurality of electrodes having a lower level of
contact with the tissue than the electrode having the
high level of contact with the tissue;
determine, using the unipolar electrical signal sensed by
the electrode having the lower level of contact, a
far-field component of the unipolar electrical signal
sensed by the electrode having a high level of contact;

remove the far-field component of the unipolar electrical
signal sensed by the electrode having the high level of
contact to determine the near-field component of the
unipolar electrical signal sensed by the electrode hav-
ing the high level of contact; and

output the determined near-field electrical signal to a

display device.

18. The non-transitory computer-readable medium of
claim 17, wherein the electrode of the plurality of electrodes
having a lower level of contact comprises more than one
electrode of the plurality of electrodes and wherein the
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executable instructions comprise instructions that cause the
one or more processors to: average the unipolar electrical
signals received from the more than one electrode having the
lower level of contact.

19. The non-transitory computer-readable medium of
claim 18, wherein to average the unipolar electrical signals
received from the more than one electrode having the lower
level of contact. the executable instructions comprise
instructions that cause the one or more processors to: assign
weights to each of the unipolar electrical signals received
from the more than one electrode having the lower level of
contact and average the weighted unipolar electrical signals.

20. The non-transitory computer-readable medium of
claim 19, wherein the weights have a linear relationship with
the respective determined impedances.
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