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INTRACARDIAC EGM SIGNALS FOR BEAT
MATCHING AND ACCEPTANCE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a Continuation Application of
the application Ser. No. 15/275,438, filed Sep. 25, 2016,
which claims priority to Provisional Application No. 62/233,
341, filed Sep. 26, 2015, which is herein incorporated by
reference in its entirety.

TECHNICAL FIELD

[0002] This disclosure relates to systems and methods for
providing information about a patient’s heart and, in par-
ticular, to systems and methods for electro-anatomically
mapping the patient’s heart.

BACKGROUND

[0003] Use of minimally invasive procedures, such as
catheter ablation, to treat a variety of heart conditions, such
as supraventricular and ventricular arrhythmias, is becoming
increasingly prevalent. Often, these procedures involve the
mapping of electrical activity in the heart at various loca-
tions on the endocardial or epicardial surface, referred to as
cardiac mapping, to identify the mechanism of the arrhyth-
mia followed by a targeted ablation of the site. To perform
the cardiac mapping, a catheter with one or more electrodes
can be inserted into the patient’s heart.

[0004] Cardiac mapping techniques include contact map-
ping, near contact mapping, and non-contact mapping. In
contact mapping, one or more catheters are advanced into
the heart and physiological signals resulting from the elec-
trical activity of the heart are acquired with one or more
electrodes located at the catheter distal tip after determining
that the tip is in stable and steady contact with the endocar-
dial surface of a heart chamber. The location and electrical
activity can be measured on a point-by-point basis at, for
example, about 50 to 200 points on the internal surface of the
heart to construct an electro-anatomical depiction of the
heart. In near-contact mapping, a movable catheter having
multiple spatially distributed electrodes is placed in a heart
chamber of interest and moved to one or more locations
within the chamber of interest, where the electrodes are on
or near, such as within millimeters of, the endocardial
surface of the heart chamber. Measurements are taken auto-
matically at each of the locations of the catheter, without
determining whether the electrodes are in contact with the
surface of the heart. These measurements are analyzed to
detect the endocardial surface of the heart chamber in the
vicinity of the catheter. The location of the catheter, e.g., a
location provided by a tracking system, and the measure-
ments from the electrodes are used to reconstruct the cham-
ber anatomy, where, for example, 20,000 measurements may
be made to construct an electro-anatomical depiction of the
heart. As the tracked catheter is moved inside the chamber,
a partial or complete representation of the chamber anatomy
can be constructed. In non-contact mapping, a multiple
electrode catheter is placed in the heart chamber of interest
and the catheter is deployed to assume a three dimensional
shape. Using the signals detected by the non-contact elec-
trodes and information on chamber anatomy and relative
electrode location, the system calculates and provides physi-
ological information regarding the endocardial surface of the
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heart chamber. In either cardiac mapping technique, the
generated map may then serve as the basis for deciding on
a therapeutic course of action, such as tissue ablation, to alter
the propagation of the heart’s electrical activity and to
restore normal heart rhythm.

[0005] During cardiac mapping of a patient’s heart, the
mapping process determines whether a cardiac beat matches
a target beat morphology. If the cardiac beat matches the
target beat morphology, the signals obtained in conjunction
with the cardiac beat can be mapped into a map dataset for
the target beat morphology. If the cardiac beat does not
match the target beat morphology, the signals obtained in
conjunction with the cardiac beat may be discarded. Often,
electrocardiogram (ECG) signals are used to detect the
similarity between the cardiac beat and the target beat
morphology. However, the industry is continuously devel-
oping new and improved systems and methods for cardiac

mapping.
SUMMARY

[0006] Example 1 is a system for providing information
about a patient’s heart. The system includes one or more
catheters that receive intracardiac signals from electrical
activity of the heart over one or more heart beat cycles. The
system being characterized by an electronic processor
coupled to the one or more catheters to: receive the intrac-
ardiac signals from the one or more catheters; preprocess the
intracardiac signals to provide preprocessed signals, wherein
each of the intracardiac signals is preprocessed to provide a
corresponding preprocessed signal; and compare the pre-
processed signals to a set of signals to determine a degree of
similarity between each of the preprocessed signals and the
set of signals.

[0007] Example 2 is the system of Example 1, wherein to
preprocess the intracardiac signals the electronic processor
is to: apply a transform function to the intracardiac signals
to provide transformed signals, wherein each of the intrac-
ardiac signals is transformed to a corresponding transformed
signal; and apply a morphological close operation to each of
the transformed signals to reduce noise in the preprocessed
signals.

[0008] Example 3 is the system of Example 2, wherein the
transform function is a Hilbert transform and the close
operation is a non-boolean close operation.

[0009] Example 4 is the system of any of Examples 1-3,
wherein the electronic processor is to: detect a beat of the
heart; define a window for samples of the intracardiac
signals based on the beat; and provide a matrix of the
samples of the intracardiac signals in the window.

[0010] Example 5 is the system of any of Examples 1-4,
wherein the one or more catheters include one or more
reference catheters situated at stable positions in the
patient’s body and the set of signals includes a template of
signals determined from the intracardiac signals received by
the one or more reference catheters.

[0011] Example 6 is the system of any of Examples 1-5,
wherein to compare the preprocessed signals the electronic
processor is to: receive individual threshold values for each
of the intracardiac signals; set a master threshold value;
provide dynamic threshold values for each of the intracar-
diac signals based on the individual threshold values and the
master threshold value; compare the preprocessed signals to
the set of signals to obtain comparison values for the
intracardiac signals; and compare the comparison values to
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the dynamic threshold values to determine whether a beat of
the intracardiac signals is to be accepted into an existing
cardiac map.

[0012] Example 7 is the system of any of Examples 1-6,
wherein to compare the preprocessed signals the electronic
processor is to: receive individual threshold values for each
of the intracardiac signals; compare the preprocessed signals
to the set of signals to obtain comparison values for the
intracardiac signals; and compare the comparison values to
the individual threshold values to determine whether a beat
of the intracardiac signals is to be accepted.

[0013] Example 8 is the system of any of Examples 1-7,
wherein to compare the preprocessed signals the electronic
processor is to: receive individual threshold values for each
of the intracardiac signals; and compare each of the indi-
vidual threshold values to a fixed value and if all of the
individual threshold values are less than the fixed value,
accept one or more beats of the intracardiac signals.

[0014] Example 9 is the system of any of Examples 1-8,
wherein the one or more catheters include one or more
mapping catheters positioned in the patient’s heart and the
set of signals includes a set of signals from the one or more
mapping catheters and a previously detected beat of the
heart.

[0015] Example 10 is the system of any of Examples 1-9,
wherein to compare the preprocessed signals the electronic
processor is to: compare the preprocessed signals to the set
of signals from the one or more mapping catheters and a
previously detected beat of the heart to obtain previous beat
comparison values; and compare each of the previous beat
comparison values to a corresponding threshold value to
determine whether a beat of the intracardiac signals is to be
accepted.

[0016] Example 11 is the system of any of Examples 1-10,
wherein the electronic processor is to determine whether to
accept the intracardiac signals into a cardiac map based on
the degree of similarity, and the electronic processor is to:
classify the intracardiac signals into a current existing car-
diac map; classify the intracardiac signals into another
existing cardiac map; or make a new cardiac map based on
the intracardiac signals.

[0017] Example 12 is a method for mapping a patient’s
heart. The method includes receiving intracardiac signals
from electrical activity of the heart over one or more heart
beat cycles at one or more catheters. The method being
characterized by the steps of: receiving the intracardiac
signals at an electronic processor that is coupled to the one
or more catheters; preprocessing the intracardiac signals, by
the electronic processor, to provide preprocessed signals,
wherein each of the intracardiac signals is preprocessed to
provide a corresponding preprocessed signal; and compar-
ing the preprocessed signals, by the electronic processor, to
a set of signals to determine a degree of similarity between
each of the preprocessed signals and the set of signals.

[0018] Example 13 is the method of Example 12, wherein
preprocessing the intracardiac signals includes: transform-
ing each of the intracardiac signals via a transform function;
and applying a morphological close operation to reduce
noise in the preprocessed signals.

[0019] Example 14 is the method of any of Examples 12
and 13, wherein the one or more catheters include one or
more reference catheters situated at stable positions in the
patient’s body and the set of signals includes a template of
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signals determined from the intracardiac signals received by
the one or more reference catheters.

[0020] Example 15 is the method of any of Examples
12-14, wherein the one or more catheters include one or
more mapping catheters positioned in the patient’s heart and
the set of signals includes a set of signals from the one or
more mapping catheters and a previously detected beat of
the heart.

[0021] Example 16 is a system for providing information
about a patient’s heart. The system includes one or more
catheters that receive intracardiac signals from electrical
activity of the heart over one or more heart beat cycles and
an electronic processor coupled to the one or more catheters.
The electronic processor to: receive the intracardiac signals
from the one or more catheters; preprocess the intracardiac
signals to provide preprocessed signals, wherein each of the
intracardiac signals is preprocessed to provide a correspond-
ing preprocessed signal; compare the preprocessed signals to
a set of signals to determine a degree of similarity between
each of the preprocessed signals and the set of signals; and
determine whether to accept one or more beats of the
intracardiac signals into an existing cardiac map based on
the degree of similarity.

[0022] Example 17 is the system of Example 16, wherein
to preprocess the intracardiac signals the electronic proces-
sor is to: apply a transform function to the intracardiac
signals to provide transformed signals, wherein each of the
intracardiac signals is transformed to a corresponding trans-
formed signal; and apply a morphological close operation to
each of the transformed signals to reduce noise in the
preprocessed signals.

[0023] Example 18 is the system of Example 17, wherein
the transform function is a Hilbert transform and the close
operation is a non-boolean close operation.

[0024] Example 19 is the system of Example 16, wherein
the electronic processor is to: detect a beat of the heart;
define a window for samples of the intracardiac signals
based on the beat; and provide a matrix of the samples of the
intracardiac signals in the window.

[0025] Example 20 is the system of Example 16, wherein
the one or more catheters include one or more reference
catheters situated at stable positions in the patient’s body
and the set of signals includes a template of signals deter-
mined from the intracardiac signals received by the one or
more reference catheters.

[0026] Example 21 is the system of Example 16, wherein
the one or more catheters include one or more mapping
catheters positioned in the patient’s heart and the set of
signals includes a set of signals from the one or more
mapping catheters and a previously detected beat of the
heart.

[0027] Example 22 is the system of Example 16, wherein
to compare the preprocessed signals the electronic processor
is to: receive individual threshold values for each of the
intracardiac signals; set a master threshold value; provide
dynamic threshold values for each of the intracardiac signals
based on the individual threshold values and the master
threshold value; compare the preprocessed signals to the set
of signals to obtain comparison values for the intracardiac
signals; and compare the comparison values to the dynamic
threshold values to determine whether a beat of the intrac-
ardiac signals is to be accepted into an existing cardiac map.
[0028] Example 23 is the system of Example 16, wherein
to compare the preprocessed signals the electronic processor
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is to: receive individual threshold values for each of the
intracardiac signals; compare the preprocessed signals to the
set of signals to obtain comparison values for the intracar-
diac signals; and compare the comparison values to the
individual threshold values to determine whether a beat of
the intracardiac signals is to be accepted into an existing
cardiac map.

[0029] Example 24 is the system of Example 16, wherein
to compare the preprocessed signals the electronic processor
is to: receive individual threshold values for each of the
intracardiac signals; and compare each of the individual
threshold values to a fixed value and if all of the individual
threshold values are less than the fixed value, accept one or
more beats of the intracardiac signals into an existing
cardiac map.

[0030] Example 25 is the system of Example 16, wherein
to compare the preprocessed signals the electronic processor
is to: compare the preprocessed signals to a set of signals
from one or more mapping catheters and a previously
detected beat of the heart to obtain previous beat comparison
values; and compare each of the previous beat comparison
values to a corresponding threshold value to determine
whether a beat of the intracardiac signals is to be accepted.
[0031] Example 26 is the system of Example 16, wherein
the electronic processor is to determine whether to: classify
the intracardiac signals into the current cardiac map; classify
the intracardiac signals into another existing cardiac map; or
make a new cardiac map based on the intracardiac signals.
[0032] Example 27 is a system for providing information
about a patient’s heart. The system includes one or more
catheters that receive intracardiac signals from electrical
activity of the heart over one or more heart beat cycles and
an electronic processor coupled to the one or more catheters.
The electronic processor to receive the intracardiac signals
from the one or more catheters and preprocess the intracar-
diac signals to provide preprocessed signals, wherein the
electronic processor is to apply a transform function to the
intracardiac signals to provide transformed signals, wherein
each of the intracardiac signals is transformed to a corre-
sponding transformed signal and apply a close operation to
each of the transformed signals to reduce noise in the
preprocessed signals. Also, the electronic processor is to
correlate the preprocessed signals to a set of signals to
determine a degree of correlation between each of the
preprocessed signals and the set of signals and determine
whether to accept the intracardiac signals into an existing
cardiac map based on the degree of correlation.

[0033] Example 28 is the system of Example 27, wherein
the one or more catheters include one or more reference
catheters situated at stable positions in the patient’s body
and the set of signals includes a template of signals deter-
mined from the intracardiac signals received by the one or
more reference catheters.

[0034] Example 29 is the system of Example 27, wherein
the one or more catheters include one or more mapping
catheters positioned in the patient’s heart and the set of
signals includes a set of signals from the one or more
mapping catheters and a previously detected beat of the
heart.

[0035] Example 30 is a method for mapping a patient’s
heart. The method including: receiving intracardiac signals
from electrical activity of the heart over one or more heart
beat cycles at one or more catheters; receiving the intracar-
diac signals at an electronic processor that is coupled to the
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one or more catheters; preprocessing the intracardiac sig-
nals, by the electronic processor, to provide preprocessed
signals, wherein each of the intracardiac signals is prepro-
cessed to provide a corresponding preprocessed signal;
comparing the preprocessed signals, by the electronic pro-
cessor, to a set of signals to determine a degree of similarity
between each of the preprocessed signals and the set of
signals; and determining whether to accept the intracardiac
signals into an existing cardiac map based on the degree of
similarity.

[0036] Example 31 is the method of Example 30, wherein
preprocessing the intracardiac signals includes transforming
each of the intracardiac signals via a transform function and
applying a close operation to reduce noise in the prepro-
cessed signals.

[0037] Example 32 is the method of Example 30, wherein
comparing the preprocessed signals comprises: receiving
individual threshold values for each of the intracardiac
signals; setting a master threshold value; providing dynamic
threshold values for each of the intracardiac signals based on
the individual threshold values and the master threshold
value; comparing the preprocessed signals to the set of
signals to obtain comparison values for the intracardiac
signals; and comparing the comparison values to the
dynamic threshold values to determine whether a beat of the
intracardiac signals is to be accepted into an existing cardiac
map.

[0038] Example 33 is the method of Example 30, wherein
comparing the preprocessed signals comprises: receiving
individual threshold values for each of the intracardiac
signals; comparing the preprocessed signals to the set of
signals to obtain comparison values; and comparing the
comparison values to the individual threshold values to
determine whether a beat of the intracardiac signals is to be
accepted into an existing cardiac map.

[0039] Example 34 is the method of Example 30, wherein
comparing the preprocessed signals comprises: receiving
individual threshold values for each of the intracardiac
signals; and comparing each of the individual threshold
values to a fixed value and if all of the individual threshold
values are less than the fixed value, accept one or more beats
of the intracardiac signals into an existing cardiac map.

[0040] Example 35 is the method of Example 30, wherein
comparing the preprocessed signals comprises: comparing
the preprocessed signals to a set of signals from one or more
mapping catheters and a previously detected beat of the
heart to obtain previous beat comparison values; and com-
paring each of the previous beat comparison values to a
corresponding threshold value to determine whether a beat
of the intracardiac signals is to be accepted.

[0041] While multiple embodiments are disclosed, still
other embodiments of the present disclosure will become
apparent to those skilled in the art from the following
detailed description, which shows and describes illustrative
embodiments of the disclosure. 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 is a diagram illustrating an electro-anatomi-
cal mapping system for mapping cardiac rhythms of a
patient, according to embodiments of the disclosure.
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[0043] FIG. 2 is a flowchart diagram illustrating an elec-
tro-anatomical mapping process, according to embodiments
of the disclosure.

[0044] FIG. 3 is a flowchart diagram illustrating a data
stream and a beat detection and processing process, accord-
ing to embodiments of the disclosure.

[0045] FIG. 4 is a flowchart diagram illustrating formation
of a template of preprocessed intracardiac EGM signals that
can be used in a comparison process, according to embodi-
ments of the disclosure.

[0046] FIG. 5 is a flowchart diagram illustrating a com-
parison process, according to embodiments of the disclo-
sure.

[0047] FIG. 6 is a flowchart diagram illustrating another
comparison process, according to embodiments of the dis-
closure.

[0048] FIG. 7 is a flowchart diagram illustrating a classi-
fication process, according to embodiments of the disclo-
sure.

[0049] While the disclosure is amenable to various modi-
fications 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 alternatives falling within
the scope of the disclosure as defined by the appended
claims.

DETAILED DESCRIPTION

[0050] The present disclosure describes systems and
methods that use intracardiac electrogram (EGM) signals for
detecting and processing cardiac beats. The detected and
processed beats can be compared to target beat morpholo-
gies, accepted into map datasets, and/or classified into
different cardiac beat morphologies. This beat detection and
processing includes beat detection, beat comparison, and
beat classification that uses metrics derived from comparing
the incoming intracardiac EGM signals to another set of
intracardiac EGM signals. In some embodiments, the other
set of intracardiac EGM signals includes a template of
intracardiac EGM signals. In some embodiments, the other
set of intracardiac EGM signals includes a set of intracardiac
EGM signals obtained from a previous cardiac beat, such as
the most recent previous cardiac beat.

[0051] Embodiments of the systems and methods
described herein may add signals to selected cardiac beat
morphologies, check for consistencies between neighboring
cardiac beats, and/or automatically classifv the cardiac beats
into different cardiac beat morphologies. Embodiments of
systems and methods described herein may be used for both
ventricular and atrial cardiac mapping.

[0052] FIG.1is a diagram illustrating an electro-anatomi-
cal mapping system 20 for mapping cardiac rhythms of a
patient 22 using intracardiac EGM signals for beat detection
and processing, according to embodiments described in the
disclosure. The system 20 can be operated by a user 24, such
as a physician and/or a technician,

[0053] The system 20 includes one or more catheters 26,
each having one or more electrodes situated at or toward the
distal end of the catheter 26. The one or more catheters 26
can be situated in or near the heart of the patient 22. The
system 20 obtains intracardiac EGM signals from the one or
more electrodes on the catheters 26. In some embodiments,
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the one or more catheters 26 include one or more reference
catheters, where each of the reference catheters includes one
or more electrodes and is secured in place in a stable position
in or near the heart. In some embodiments, the one or more
catheters 26 include up to five reference catheters, each
having one or more electrodes and being secured in place in
a stable position in or near the heart. In some embodiments,
the one or more reference catheters include at least one
coronary sinus catheter.

[0054] Insome embodiments, the one or more catheters 26
include one or more mapping catheters, where each of the
mapping catheters includes one or more electrodes and can
be moved from one location to another in the heart. In
embodiments that include the one or more mapping cath-
eters, at least one of the mapping catheters can be displaced
to multiple locations within the heart during the signal
acquisition stage of a mapping procedure, where the acqui-
sition of signals at multiple catheter locations in the heart
chamber enables the one or more mapping catheters to
effectively act as a “mega-catheter” whose effective number
of electrodes and electrode span is proportional to the
product of the number of locations in which signal acqui-
sition is performed and the number of electrodes on the one
or more mapping catheters. In some embodiments, the one
or more mapping catheters are configured for contact map-
ping. In some embodiments, the one or more mapping
catheters are configured for near-contact mapping. In some
embodiments, the one or more mapping catheters are con-
figured for non-contact mapping. In some embodiments, the
electrodes are mounted on the one or more mapping cath-
eters following a three dimensional olive shape, where the
electrodes are mounted on a device capable of deploying the
electrodes into the desired shape while inside the heart and
capable of retracting the electrodes when the catheter is
removed from the heart. In embodiments, to allow deploy-
ment into the three dimensional shape, the electrodes may be
mounted on a balloon or shape memory material, such as
Nitinol.

[0055] In some embodiments of mapping, to enhance the
quality of the physiological information at the endocardium
surface, the one or more mapping catheters are moved to
more than three locations, such as more than 5, 10, or even
50 locations within the heart chamber. Further, the spatial
range over which the one or more mapping catheters are
moved may be larger than one third (%) of the diameter of
the heart cavity, such as larger than 35%, 40%, 50% or even
60% of the diameter of the heart cavity.

[0056] The one or more electrodes on the one or more
catheters 26 receive intracardiac EGM signals resulting from
electrical activity in the heart cavity. The intracardiac EGM
signals are used in the beat detection and processing process
and can provide, to the user 24, physiological data pertaining
to the heart’s electrical activity. In some embodiments, the
physiological information is computed based on signals
measured over several heart beats, either at a single catheter
location within the heart chamber or over several locations.
In embodiments where physiological information is based
on multiple measurements over several heart beats, the
measurements can be synchronized with one another so that
the measurements are performed, and/or analyzed, with
respect to approximately the same phase of the heart cycle.
Also, the signal measurements over multiple beats can be
synchronized based on features detected from physiological
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data, such as, for example, a surface electrocardiogram
(ECG) or the intracardiac EGM signals.

[0057] The system 20 includes a processing unit 28, which
may be, or include, a processor that executes code stored in
internal memory 30 and/or in a storage device 32 to perform
operations pertaining to embodiments of a mapping proce-
dure. The internal memory 30 and/or the storage device 32
also, or alternatively, may store data acquired by the one or
more electrodes of the one or more catheters 26. In some
embodiments, the processing unit 28 is an electronic pro-
cessor, which may be, at least in part, a software processor.
[0058] The processing unit 28 is communicatively
coupled to the one or more catheters 26 and receives the
intracardiac EGM signals from the one or more electrodes
on the one or more catheters 26. The processing unit 28
executes code from memory, such as the internal memory 30
and/or the storage device 32, to process the intracardiac
EGM signals for beat detection and processing, including
beat detection, beat comparison, and beat classification for
the cardiac rhythm.

[0059] Inbeat comparison, the processing unit 28 executes
code to preprocess the intracardiac EGM signals and provide
preprocessed signals, where each of the intracardiac EGM
signals is preprocessed to provide a corresponding prepro-
cessed signal. Also, the processing unit 28 executes code to
compare the preprocessed signals to another set of prepro-
cessed intracardiac EGM signals and determine a degree of
similarity between each of the preprocessed signals and the
other set of preprocessed intracardiac EGM signals. This
degree of comparison can be used as a metric for determin-
ing how closely the signals compare to or match an existing
cardiac map configuration, for acceptance of the detected
beat into a map dataset, and for classification of the detected
beat into a cardiac rhythm morphology. In some embodi-
ments, to compare the preprocessed signals to another set of
preprocessed signals, the processing unit 28 executes code
to correlate the preprocessed signals to the other set of
preprocessed intracardiac EGM signals and determines a
degree of correlation between each of the preprocessed
signals and the other set of preprocessed intracardiac EGM
signals, where this degree of correlation can be used as a
metric for determining how closely the signals compare to or
match an existing cardiac map configuration, for acceptance
of the detected beat into a map dataset, and for classification
of the detected beat into a cardiac rhythm morphology.
[0060] In embodiments, the one or more catheters 26
include one or more reference catheters secured in place at
stable locations in the patient’s body, where the intracardiac
EGM signals are obtained from the one or more reference
catheters and the other set of preprocessed intracardiac EGM
signals is a template of preprocessed intracardiac EGM
signals that were determined from intracardiac EGM signals
previously received by the one or more reference catheters.
In some embodiments, the one or more catheters 26 include
one or more mapping catheters positioned in the patient’s
heart, where the intracardiac EGM signals are obtained from
the one or more mapping catheters and the other set of
signals is a set of intracardiac EGM signals obtained from
the one or more mapping catheters from a previously
detected beat of the heart, such as the most recent previously
detected beat of the heart.

[0061] In embodiments, the processing unit 28 executes
code to determine whether to accept the intracardiac EGM
signals into a cardiac map based on the degree of similarity,
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which in some embodiments is a degree of correlation. In
embodiments, the processing unit 28 executes code to clas-
sify the intracardiac EGM signals for inclusion in a current
existing cardiac map, another existing cardiac map, or a new
cardiac map.

[0062] Thus, the processing unit 28 executes code from
memory to process the intracardiac EGM signals with beat
detection, beat comparison, and beat classification criteria
for existing cardiac mapping configurations that may include
existing cardiac mapping configurations that correspond to
the current existing cardiac map and other existing cardiac
maps. This provides information about how well the signals
match the cardiac rhythm of the existing cardiac mapping
configurations.

[0063] According to embodiments, the processing unit 28
executes a reconstruction procedure to determine the physi-
ological information at the endocardium surface. To expe-
dite embodiments of computational operations performed by
the system 20, the processing unit 28 may compute, prior to
the insertion of the catheter 26 into the heart chamber and/or
before signal acquisition by the catheter’s electrodes has
commenced, transformation functions that can be used,
during a mapping procedure, to facilitate the reconstruction
process. After one or more catheters 26 have been inserted
and displaced to a particular location in the heart chamber,
the mapping procedure may be performed expeditiously by
computing those transformation components that were not
computed ahead of the signal acquisition stage, and com-
bining those components with the appropriate pre-processed
transformation components to obtain the overall transfor-
mation function(s). The overall transformation function may
be applied to the acquired raw data to perform an inverse
reconstruction operation.

[0064] The processing unit 28 may also perform a catheter
registration procedure. The location of the one or more
catheters 26 in the heart chamber may be determined using
a conventional sensing and tracking system (not shown) that
provides the three dimensional spatial coordinates of the one
or more catheters 26 and/or its multiple electrodes with
respect to the catheter’s coordinate system as established by
the sensing and tracking system. However, to perform the
mapping procedure and/or reconstruct physiological infor-
mation on the endocardium surface, it may be desirable to
align the coordinate system(s) of the one or more catheters
26 with the endocardium surface’s coordinate system. The
processing unit 28 or another processing module of the
system 20 may be configured to determine a coordinate
system transformation function that transforms the three
dimensional spatial coordinates of the catheter’s locations
into coordinates expressed in terms of the endocardium
surface’s coordinate system, or vice-versa. In some embodi-
ments, the processing unit 28 performs post-processing
operations on the reconstructed physiological information to
extract and display useful features of the information to the
operator of the system 20 and/or other persons, such as a
physician.

[0065] The intracardiac EGM signals acquired by the one
or more electrodes of the one or more catheters 26 may be
passed to the processing unit 28 via a signal conditioning
module 34 that receives the signals from the one or more
catheters 26 and performs signal enhancement operations on
the signals before they are forwarded to the processing unit
28. Signal conditioning hardware may be used to amplify,
filter, and continuously sample intracardiac potential mea-
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sured by one or more electrodes. In some embodiments, for
example, the intracardiac signals have maximum amplitudes
of 60 mV and mean amplitudes of a few millivolts. In some
embodiments the signals are bandpass filtered in a frequency
range, such as 0.5-500 Hz, and sampled with analog to
digital converters, such as converters with 15-bit resolution
at 1 kHz.

[0066] To avoid interference with electrical equipment in
the room, the signals may be filtered to remove one or more
frequencies corresponding to the equipment. Other types of
signal processing operations may be implemented, such as,
for example, spectral equalization, automatic gain control,
and/or the like. The resultant processed signals are for-
warded by the module 34 to the processing unit 28 for
further processing.

[0067] The system 20 includes a user interface 36 and,
optionally, peripheral devices, such as a printer 38, which
are communicatively coupled to the processing unit 28. The
user interface 36 includes one or more display devices 40
and input devices, such as a mouse 42 and a keyboard 44.
The user interface 36 may receive signals from the process-
ing unit 28 and display information about which of the
existing cardiac mapping configurations more closely
matches or compares to the cardiac beat, including infor-
mation about whether the beat more closely matches the
cardiac rhythm that corresponds to the current map or the
cardiac rhythm that corresponds to a different one of the
existing cardiac maps. In some embodiments, with the user
interface 32 displaying this information, the user 24 can
quickly and easily determine whether to add the cardiac beat
into the current existing cardiac map or another one of the
existing cardiac maps. In some embodiments, the user
interface 36 displays this information while the system 20 is
adding signals into the current map. In some embodiments,
the user interface 36 includes a graphical user interface that
includes a touch screen, which can be used for switching
from adding beats to the current map to adding beats to
another one of the existing maps or a new cardiac map.
[0068] FIG. 2 is a flowchart diagram illustrating an elec-
tro-anatomical mapping process, according to embodiments
of the disclosure. The electro-anatomical mapping process
of FIG. 2 may be performed, at least in part, by the
electro-anatomical mapping system 20 of FIG. 1. In some
embodiments, the processing unit 28 executes computer
code stored in the internal memory 30 and/or storage device
32 to facilitate the electro-anatomical mapping process of
FIG. 2.

[0069] In the electro-anatomical mapping process of FIG.
2, a data stream 100 containing multiple signals is input into
the system (e.g., the mapping system 20 depicted in FIG. 1).
The data stream 100 provides a collection of physiological
and non-physiological signals and information that serve as
inputs to the mapping process. The data stream 100 includes
signals, such as unipolar or bipolar intracardiac EGM sig-
nals, received from one or more electrodes on the one or
more catheters 26. Also, the data stream 100 can include
signals and/or information, such as ECG signals, electrode
and/or catheter location information originating from a
variety of methodologies including magnetic, impedance,
ultrasound, fluoroscopy, and real time magnetic resonance
imaging (MRI) methodologies, tissue proximity informa-
tion, catheter force or contact information such as from force
spring sensing, piezo-electric sensing, and optical sensing,
catheter tip and/or tissue temperature, acoustic information,
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catheter electrical coupling information, respiration phase,
blood pressure, and/or other physiological information. In
addition, the data stream 100 can contain information such
as catheter shape and electrode properties. The signals and
information can be collected directly by the mapping system
and/or obtained from another system using an analog or
digital interface.

[0070] A beat detection and processing process 102
receives the data stream 100 and processes the data to
compare the data to existing cardiac mapping configurations
for different beat morphologies. to accept the data into an
existing map dataset, and/or to classify the data into one or
more cardiac beat morphologies. The beat detection and
processing process 102 can provide information for deter-
mining whether the signals in the data stream 100 should be
added to the current map, added to another existing cardiac
map, or added to a new cardiac map. The beat detection and
processing process 102 includes a beat detection process
104, a beat comparison process 106, and a beat classification
process 108.

[0071] The beat detection and processing process 102
processes the data with beat detection and beat acceptance
criteria to provide information about how well the signals
compare to existing cardiac mapping configurations. The
beat detection and processing process 102 can process the
data with beat detection and beat acceptance criteria for the
current map of the existing maps into which data are
currently being added, and with beat detection and beat
acceptance criteria for one or more other existing maps. In
some embodiments, the beat detection and processing pro-
cess 102 processes the data with beat detection and beat
acceptance criteria for all existing cardiac mapping configu-
rations. In some embodiments, the beat detection and pro-
cessing process 102 processes the data with beat detection
and beat acceptance criteria for a subset of all existing
cardiac mapping configurations. In some embodiments, the
beat detection and processing process 102 continuously (or
continually) processes the data or signals with beat detection
and beat acceptance criteria, such as by sequentially com-
paring different criteria to the incoming data.

[0072] In some embodiments, the beat detection and pro-
cessing process 102 displays the degree of similarity or
matching between the incoming data and the existing car-
diac mapping configurations via a user interface, such as the
user interface 36. The beat detection and processing process
102 may display the degree of similarity for determining
whether the cardiac rhythm of an existing cardiac mapping
configuration more closely matches the incoming data. With
this information displayed on the user interface, the user
may quickly and easily determine whether the incoming data
should be added to the current map, or added to another
existing map or added to a new cardiac map. In some
embodiments, the beat detection and processing process 102
displays at least some of the above information on the user
interface while adding the incoming data to the current map.
[0073] The beat detection process 104 includes triggering
from one or more signals in the data stream 100 via a trigger
event, defining a window about the trigger event, and
providing a matrix of signal names and signal samples from
the window. One or more of the signals in the data stream
100 can be used as a reference signal for triggering relative
to the cardiac rhythm of the incoming data. The beat
detection process 104 detects a trigger event around which
awindow of data is sampled from the data stream 100. These
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samples, from the window of data, are put into the matrix of
signal names and signal samples and provided in a beat
dataset for the trigger event. In some embodiments, the
trigger event is detected from one or more intracardiac EGM
signals designated as a reference signal. In some embodi-
ments, waveform attributes such as minimum/maximum,
absolute maximum, maximum/minimum slope, and/or first
deviation from baseline are used to detect a trigger event. In
some embodiments, a single signal source can be selected
for triggering, such as a single intracardiac EGM signal from
one electrode on the one or more catheters 26. Also, in some
embodiments, multiple intracardiac EGM signals can be
used to determine a trigger event, which can be advanta-
geous as more stable than triggering schemes based on a
single signal.

[0074] In addition, in some embodiments, when aggregat-
ing data from multiple cardiac beats to create an electro-
anatomical map, such as an activation map, it may be useful
to trigger based on a stable reference that can provide
alignment across beats to a desired phase in the cardiac
cycle. While, in other embodiments, when aggregating data
for another result, such as constructing an anatomical shell,
one or more of the signals in the incoming data stream 100
can be used as a reference for triggering and alignment of the
data stream 100 relative to a biological cycle other than the
cardiac rhythm and/or to a system clock.

[0075] In response to a trigger event, the beat detection
process 104 provides a beat dataset that includes the matrix
of signal names and signal samples from the window of data
around the trigger event for the beat dataset. Each of the
signal names in the matrix is referred to as a signal channel,
i.e., a channel. The beat datasets are received by the beat
comparison process 106 that determines metrics for each of
the beat datasets. These metrics can be used to: compare a
beat dataset to an existing cardiac mapping configuration;
make a decision about whether to accept a beat dataset into
a map dataset 110 for the current existing cardiac map,
another existing cardiac map, or a new cardiac map; and/or
classify the beat dataset into a certain cardiac rhythm
morphology.

[0076] The beat comparison process 106 includes a pre-
processing process and a comparison process, which in
some embodiments is a correlation process. In the prepro-
cessing process, the intracardiac EGM signals are converted
or transformed into preprocessed signals, where each of the
intracardiac EGM signals is preprocessed to provide a
corresponding preprocessed signal. The comparison process
receives the preprocessed signals and compares the prepro-
cessed signals to another set of preprocessed intracardiac
EGM signals to determine the degree of similarity between
each of the preprocessed signals and the other set of pre-
processed intracardiac EGM signals. Comparison values
determined in the comparison process can be used as beat
metrics. In some embodiments, the comparison process
includes a correlation process that receives the preprocessed
signals and correlates the preprocessed signals to another set
of preprocessed intracardiac EGM signals to determine the
degree of correlation between each of the preprocessed
signals and the other set of preprocessed intracardiac EGM
signals, where the correlation values determined in the
correlation process can be used as beat metrics. In other
embodiments, the comparison process includes a different
process, other than correlation, that is used to compare the
preprocessed signals to another set of preprocessed intrac-
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ardiac EGM signals to determine the degree of similarity
between each of the preprocessed signals and the other set
of preprocessed intracardiac EGM signals. In some embodi-
ments, the one or more catheters 26 can include one or more
reference catheters secured in place at stable locations in the
patient’s body, where the intracardiac EGM signals are
obtained from the one or more reference catheters and the
other set of preprocessed intracardiac EGM signals is a
template of preprocessed intracardiac EGM signals that
were previously received via the one or more reference
catheters and preprocessed to form the template. In other
embodiments, the one or more catheters 26 include one or
more mapping catheters positioned in the patient’s heart,
where the intracardiac EGM signals are obtained from the
one or more mapping catheters and the other set of signals
is a set of intracardiac EGM signals obtained from the one
or more mapping catheters from a previously detected beat
of the heart.

[0077] In some embodiments, a number of beat metrics
are computed for each of the beat datasets. These beat
metrics can be computed using information from a single
signal spanning one or more beats, over multiple signals
within the same beat, and/or from multiple signals spanning
multiple beats. The beat metrics provide multiple types of
information on the quality of a beat dataset and the likeli-
hood that the beat data in the beat dataset is acceptable for
inclusion in a map dataset 110.

[0078] After the beat metrics are computed, the classifi-
cation process 108 aggregates the metrics and determines
which of the existing cardiac mapping configurations more
closely compares to or matches the beat dataset and whether
the beat dataset can be added to one of the existing map
datasets 110. The classification process 108 can classify the
beat datasets for acceptance into map datasets 110 for the
current existing cardiac map, other existing cardiac maps, or
a new cardiac map based on the degree of similarity. The
classification process 108 can indicate the degree of simi-
larity between the incoming data stream 100 and the existing
cardiac mapping configurations, including the existing car-
diac mapping configurations that correspond to the current
map and at least one other existing cardiac map. A user, (e.g.,
user 24), and/or the system (e.g., systen 20) may determine,
based at least in part on the degree of similarity, whether to
continue adding data to the current map or to switch to
adding data into another one of the existing maps or a new
cardiac map. In some embodiments, for example, the beat
detection and processing process 102 indicates the degree of
similarity between the incoming data and at least two of the
existing cardiac mapping configurations, including the exist-
ing cardiac mapping configuration that corresponds to the
current map, by displaying the percentage of beat datasets
that are accepted and can be added into each of the different
map datasets 110 over a predetermined period of time.

[0079] The electro-anatomical mapping process of FIG. 2
continues with a surface map generation process 120 that is
employed to generate surface map data from the map
datasets 110 and surface geometry data 118. In some
embodiments, the surface geometry data 118 may be gen-
erated concurrently, or at least during the same data acqui-
sition process, using identical or different triggering and beat
acceptance metrics employing a surface geometry construc-
tion process 112. The surface geometry construction process
112 may construct surface geometry using data such as
electrode locations and catheter shape contained in the data
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stream 100. Also, previously collected surface geometry 116
may be used as an input to the surface map data. Such
surface geometry 116 may be collected in the same proce-
dure using a different map dataset or using a different
modality such as CT, MRI, ultrasound, and/or rotational
angiography, and/or registered to the catheter locating sys-
tem.

[0080] A system, such as system 20, may select the source
of the surface geometry data at 114 and provide surface
geometry data 118 to the surface map generation process
120. The surface map generation process 120 generates
surface map data 122 that can provide information on
cardiac electrical excitation, cardiac motion, tissue proxim-
ity information, tissue impedance information, force infor-
mation, and/or any other collected and/or derived informa-
tion. Once obtained, the surface map data 122 may be further
processed to annotate desired features from the underlying
data, a process defined herein as surface map annotation
124. Desired annotations may include instantaneous poten-
tial, activation time, voltage amplitude, dominant frequency
and/or other properties of the signal. Once computed, the
annotations may be displayed superimposed on chamber
geometry. If the number of annotations is lower than the
number of elements that make up the display of surface
geometry, surface map interpolation 126 may be employed.
Displayed maps 128 may be computed and displayed sepa-
rately, combined, and/or overlaid on top of each other.
[0081] FIG. 3 is a flowchart diagram illustrating the data
stream 100 and the beat detection and processing process
102, according to embodiments of the disclosure. The beat
detection and processing process 102 includes the beat
detection process 104, the beat comparison process 106, and
the beat classification process 108, as shown in FIG. 2 and
described in the description of FIG. 2. The beat detection
and processing process 102 processes the data stream 100 to
provide information about how closely the signals in the
data stream 100 compare to existing cardiac mapping con-
figurations. In some embodiments, the beat detection and
processing process 102 processes the data with existing
cardiac mapping configurations, including beat detection
and beat acceptance criteria, for the current map and one or
more other existing maps for determining whether the
signals in the data stream 100 should be added to the current
map, added to another existing cardiac map, or added to a
new cardiac map.

[0082] The beat detection process 104 receives the data
stream 100 and provides triggering 110 of the data stream
100 via a trigger event, defining a window 112 about the
trigger event, and providing a matrix of signal names and
signal samples 114 from the window, where each of the
signal names in the matrix is referred to as a signal channel,
i.e., a channel.

[0083] In triggering 110, the beat detection process 104
identifies a trigger event, such as an activation of a cardiac
rhythm in the heart, in the data stream 100. The trigger event
indicates when a beat occurs and is detected in the data
stream 100 using one or more of the signals or channels in
the data stream 100 as a reference signal or channel. In some
embodiments, the trigger event is detected from one or more
intracardiac EGM signals or channels designated as a ref-
erence signal or channel. In some embodiments, waveform
attributes such as minimum/maximum, absolute maximum,
maximum/minimum slope, and/or first deviation from base-
line are used to detect a trigger event. In some embodiments,
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a single signal source can be selected for triggering, such as
a single intracardiac EGM signal or channel from one
electrode on the one or more catheters 26. In some embodi-
ments, multiple intracardiac EGM signals or channels can be
used to determine a trigger event. In some embodiments,
triggering 110 identifies activations in an atrium of the heart.
In some embodiments, triggering 110 identifies activations
in a ventricle of the heart. In some embodiments, schemes,
suich as beat blanking, are used to enhance identification of
a trigger event and a beat.

[0084] In defining a window 112, the beat detection pro-
cess 104 defines a window in time around or about the
trigger event. The window identifies the part of the beat that
may be useful in determining cardiac rhythm morphology
and other characteristics about the beat. In some embodi-
ments, the window size can be 100-300 milliseconds long.
[0085] In providing a matrix of signal names (channels)
and signal samples 114, the beat detection system 104
samples at least some of the intracardiac EGM signals in the
data stream 100 during the window to obtain a number of
samples for each of the signals. The names of the signals
sampled (the channels) and the samples are put into a matrix
of signal names and signal samples and provided in a beat
dataset for the trigger event. In some embodiments, the
signals can be sampled at a predetermined sampling rate. In
some embodiments, the sampling rate is 1 KHz. In some
embodiments, the number of samples is from 100-300
samples

[0086] Thus, in response to the trigger event, the beat
detection process 104 provides a beat dataset that includes
the matrix of signal names and signal samples from the
window of data around the trigger event. The beat datasets
are received by the beat comparison process 106 that deter-
mines beat metrics for each of the beat datasets. These beat
metrics can be used to: compare a beat dataset to an existing
cardiac mapping configuration; make a decision about
whether to accept a beat dataset into a map dataset 110 for
the current existing cardiac map, another existing cardiac
map, or a new cardiac map; and/or classify the beat dataset
into a certain cardiac rhythm morphology.

[0087] The beat comparison process 106 includes prepro-
cessing 116 of the matrix of signal names and signal samples
into preprocessed signals and comparison 118 of the pre-
processed signals to other preprocessed signals. The prepro-
cessing 116 includes transformation 120 of the signals in the
matrix into transformed signals and a close operation 122 on
the transformed signals. In some embodiments, the com-
parison 118 includes correlation of the preprocessed signals
to other preprocessed signals.

[0088] In transformation 120, the intracardiac EGM sig-
nals in the matrix are converted or transformed into trans-
formed signals. Each of the intracardiac EGM signals is
converted or transformed into a corresponding transformed
signal. In some embodiments, the transformation 120
includes applying a Hilbert transform on each of the intrac-
ardiac EGM signals to provide a corresponding transformed
signal. Using the Hilbert transform, the magnitude of the
signal, which is a local estimate of power, is computed,
where each of the transformed signals is substantially an
envelope of the power in the signal. In other embodiments,
another type of transform or conversion can be used to show
signal content and amplitude.

[0089] In the close operation 122, a noise reduction opera-
tion is performed on each of the transformed signals to
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provide preprocessed signals. The noise reduction operation
reduces noise, fills in gaps, and/or removes artifacts in the
transformed signals to provide the preprocessed signals. In
some embodiments, the close operation includes a morpho-
logical close operation. In some embodiments, the close
operation includes shape preserving morphological noise
reduction to reduce sensitivity to subtle signal variations. In
some embodiments, the close operation includes shape
preserving morphological noise reduction using a plus or
minus 5 millisecond greyscale. In some embodiments, the
close operation 122 is similar to an image processing
operation for removing noise, filling in gaps, and/or remov-
ing artifacts. In some embodiments, the close operation 122
is a non-boolean close operation.

[0090] Optionally, the close operation 122 includes band-
pass filtering of the signals for frequency selectivity. The
output of the close operation 122 is a preprocessed signal,
also referred to as an activation waveform, which is pro-
vided for metric computational stages and/or template pro-
duction.

[0091] The comparison process 118 receives the prepro-
cessed signals from the close operation 122 and compares
the preprocessed signals to another set of preprocessed
intracardiac EGM signals to determine a degree of similarity
between each of the preprocessed signals and the other set
of preprocessed intracardiac EGM signals. The comparison
values determined in the comparison process 118 are used as
beat metrics that indicate how closely the preprocessed
signals, and the beat dataset from which they came, compare
to or match the beat morphology or cardiac rhythm shape
represented by the other set of preprocessed intracardiac
EGM signals. In some embodiments, the comparison pro-
cess 118 compares the preprocessed signals to multiple other
sets of preprocessed intracardiac EGM signals to determine
a degree of similarity between the preprocessed signals and
each of the other sets of preprocessed intracardiac EGM
signals and their cardiac rhythm shapes.

[0092] Insome embodiments, the comparison process 118
includes a correlation process that receives the preprocessed
signals from the close operation 122 and correlates the
preprocessed signals to another set of preprocessed intrac-
ardiac EGM signals to determine a degree of correlation
between each of the preprocessed signals and the other set
of preprocessed intracardiac EGM signals. The correlation
values determined in the correlation process are used as beat
metrics that indicate how closely the preprocessed signals,
and the beat dataset from which they came, compare to or
match the beat morphology or cardiac rhythm shape repre-
sented by the other set of preprocessed intracardiac EGM
signals.

[0093] In some embodiments, the intracardiac EGM sig-
nals are obtained from one or more reference catheters and
the other set of preprocessed intracardiac EGM signals is a
template of preprocessed intracardiac EGM signals. Where,
the template represents one beat morphology or cardiac
rhythm shape and the intracardiac EGM signals used to form
the template are received via the one or more reference
catheters and preprocessed to form the template. In some
embodiments, the comparison process 118 compares the
preprocessed signals to one or more templates to determine
the degree of similarity between the preprocessed signals
and each of the one or more templates and their cardiac
rhythm shapes.
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[0094] 1In other embodiments, the intracardiac EGM sig-
nals are obtained from one or more mapping catheters and
the other set of signals is a set of intracardiac EGM signals
obtained from the one or more mapping catheters from a
previously detected beat of the heart, such as the most recent
previously detected beat of the heart.

[0095] After the comparison values are computed, the
classification process 108 aggregates the comparison value
metrics and determines which of the existing cardiac map-
ping configurations more closely compares to the beat
dataset and whether the beat dataset can be added to one of
the existing map datasets 110. The classification process 108
can classify the beat datasets for acceptance into map
datasets 110 for the current existing cardiac map, other
existing cardiac maps, or a new cardiac map based on the
degree of similarity. In some embodiments, the comparison
values are determined for multiple templates and the clas-
sification process 108 classifies the beat dataset for adding to
map datasets 110 for the current existing cardiac map, other
existing cardiac maps, and/or a new cardiac map based on
the comparison values.

[0096] FIG. 4 is a flowchart diagram illustrating the for-
mation of a template of preprocessed intracardiac EGM
signals, which can be used in the comparison process 118,
according to embodiments of the disclosure. The prepro-
cessed intracardiac EGM signals to be compared to the
template in the comparison process 118 are obtained via one
or more reference catheters situated in stable positions in or
near the heart. Thus, to form the template, the data stream
150 includes intracardiac EGM signals obtained from the
same one or more reference catheters.

[0097] At 152, 10 seconds of data is obtained from the
data stream 150. This 10 seconds of data contains a number
of beats of the heart, such as 10 to 15 beats.

[0098] At 154, a system, such as system 20, detects and
preprocesses the beats in the 10 seconds of data. At this step,
each of the intracardiac EGM signals of interest in each of
the beats is preprocessed to provide a corresponding pre-
processed signal. In some embodiments, the system uses the
beat detection process 104 and the preprocessing 116 from
the beat comparison process 106 to detect beats and pre-
process the signals at 154.

[0099] At 156, a user, such as a physician or a technician,
selects one of the beats in the 10 seconds of data as a favorite
beat, where the favorite beat often represents a cardiac
rhythm morphology that the user wants to map.

[0100] At 158, the system compares the preprocessed
signals of the favorite beat to the preprocessed signals of the
other beats. At this step, each of the preprocessed intracar-
diac EGM signals from the favorite beat is compared to each
of the corresponding preprocessed intracardiac EGM signals
from the other preprocessed beats. A beat is considered
similar to the favorite beat if the signals in the beat compare
favorably to the signals in the favorite beat. The correspond-
ing signals in the similar beats are averaged together to form
averaged signals in the template. In some embodiments, the
preprocessed intracardiac EGM signals from the selected
beat are correlated to the preprocessed intracardiac EGM
signals from the other preprocessed beats. In some embodi-
ments, a beat is considered similar to the favorite beat if all
reference signals or channels in the beats have a minimum
correlation value of greater than or equal to 0.8.

[0101] At 160, the beats that are deemed to be similar
beats are averaged to form a template of preprocessed
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signals. At this step, each of the preprocessed intracardiac
EGM signals is averaged with the corresponding prepro-
cessed intracardiac EGM signals of other similar beats to
obtain average signals for each of the preprocessed intrac-
ardiac signals in the template.

[0102] At 162, after forming the template, each beat that
was used to form the template has its signals compared to the
averaged signals in the template to determine individual
threshold values for each of the signal channels. These
individual thresholds are confidence levels that indicate the
amount of information in and the confidence a user can have
in a particular channel. At this step, in some embodiments,
each of the preprocessed intracardiac EGM signals of a beat
used to form the template is correlated to each of the
corresponding averaged preprocessed intracardiac EGM sig-
nals in the template to obtain the individual thresholds. In
some embodiments, an individual threshold for each of the
signal channels is determined based on the minimum cross
correlation coefficient between the averaged signal of the
template and the corresponding signals of each of the similar
beats used to form the template, as indicated in Equation I:

0, ~min[V,QV, ]

where 8, ; is the individual threshold for channel j, V, ,is the
waveform or signal from channel j of similar beat 1, V, is
channel j of the template, and & is the cross correlation
operator.

[0103] FIG. 5 is a flowchart diagram illustrating a com-
parison process 118, according to embodiments of the dis-
closure. The comparison process 118 includes a correlation
process and acceptance/rejection criteria for correlating pre-
processed intracardiac EGM signals of a beat to the aver-
aged preprocessed intracardiac EGM signals of a template
and determining whether to accept or reject the beat as
matching the template. The intracardiac EGM signals of the
beat were obtained via one or more reference catheters and
the intracardiac EGM signals used to form the template were
also obtained via the one or more reference catheters. Also,
in this example, the template is formed using the process of
FIG. 4. As described above, each of the channels or signal
names in the template has an individual threshold value.
[0104] At 170, the comparison process 118 receives the
preprocessed intracardiac EGM signals (activation wave-
forms) of a beat from the close operation 122 of prepro-
cessing 116 and the comparison process 188 receives the
individual thresholds for each of the channels.

[0105] At 172, the comparison process 118 compares each
of the individual thresholds to a fixed value and, at 174, if
all of the individual threshold values are less than the fixed
value, the beat is accepted as matching the template. If one
or more of the individual threshold values is greater than the
fixed value, processing can continue at 176. In some
embodiments, the fixed value is zero and if the individual
thresholds are all less than or equal to zero the beats are
accepted as matching the template.

[0106] At 176, the comparison process 118 correlates the
preprocessed intracardiac EGM signals of the beat to the
averaged preprocessed intracardiac EGM signals of the
template. Each of the preprocessed intracardiac EGM sig-
nals of a beat is correlated to the averaged preprocessed
intracardiac EGM signals in the template to provide a
correlation value for that signal of the beat. In some embodi-
ments, other comparisons and/or correlations can be used to
determine the correlation value of a signal to the template.
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[0107] At 178, the comparison process 118 compares each
of the correlation values of the beat to each corresponding
individual threshold value for the channel and, at 180, if all
of the correlation values obtained at 176 are greater than or
equal to the corresponding individual threshold values, the
beat is accepted as matching the template, otherwise pro-
cessing can continue at 182.

[0108] At 182, after correlating the preprocessed intrac-
ardiac EGM signals of the beat to the averaged preprocessed
intracardiac EGM signals of the template at 176, the com-
parison process 118 sets a master threshold value. The
master threshold value is seen by the user 24 and can be set
by the user 24 or the system 20. The master threshold value
modulates each of the individual thresholds of the channels
to provide a dynamic threshold value for each of the
channels.

[0109] At 184, the comparison process 118 calculates a
dynamic threshold value for each of the channels based on
the individual threshold value for the channel and the master
threshold value. In some embodiments, each of the dynamic
threshold values is calculated as shown in Equation II:

0d=0a+(-1)(1-c)

where, 8 is calculated as shown in Equation III,
6=0,~(1-1)

and « is calculated as shown in Equation IV,
a=0%

where 0, is the individual threshold, t is the master threshold
value, and g is a shape parameter with a value, in some
embodiments, selected to be 0.1.

[0110] At 186, the comparison process 118 compares each
of the correlation values of the beat to each corresponding
dynamic threshold value for the channel and, at 188, if all of
the correlation values obtained at 176 are greater than or
equal to the corresponding dynamic threshold values, the
beat is accepted as matching the template. If the beat is not
accepted, via any of the above criteria, at 174, 180, and 188,
the beat is rejected. This follows the principal that one bad
or wrong signal makes the entire beat unacceptable and
eliminates beats if any of the signals in the beat do not
provide a correlation value that is greater than or equal to the
individual threshold value or the dynamic threshold value
for that channel.

[0111] In other embodiments, the dynamic threshold val-
ues can be calculated differently. In some embodiments,
each of the individual threshold values can be multiplied by
the master threshold value to obtain a dynamic threshold
value. For example, if the master threshold level is set to 0.6,
then each of the individual threshold values is multiplied by
0.6 to provide the dynamic threshold level for that particular
signal name/channel.

[0112] FIG. 6 is a flowchart diagram illustrating the com-
parison process 118 correlating preprocessed intracardiac
BGM signals of a beat to a set of preprocessed intracardiac
EGM signals of a previous beat, according to embodiments
of the disclosure. In this example, the intracardiac EGM
signals of the beat were obtained via one or more mapping
catheters and the intracardiac EGM signals of the previous
beat were also obtained via the one or more mapping
catheters.

[0113] At 190, the comparison process 118 receives the
preprocessed intracardiac EGM signals of a beat from the
close operation 122 of preprocessing 116. These prepro-
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cessed intracardiac EGM signals are correlated to the pre-
processed intracardiac EGM signals of the most recent
previous beat to provide beat metrics for the beat. Based on
these beat metrics, the beat will be either accepted or
rejected as matching the most recent previous beat.

[0114] At 192, the comparison process 118 correlates the
preprocessed intracardiac EGM signals of the beat to the
preprocessed intracardiac EGM signals of the most recent
previous beat. Each of the preprocessed intracardiac EGM
signals of the beat is correlated to the set of preprocessed
intracardiac EGM signals of the previous beat to obtain
correlation values. In some embodiments, other compari-
sons and/or correlations can be used to determine the
comparison value of a signal to the previous beat.

[0115] At 194, the comparison process 118 compares the
correlation values obtained at 192 to a corresponding thresh-
old value. Where, in some embodiments, the threshold value
is set by the user to be between zero and one.

[0116] In some embodiments, if any of the correlation
values obtained at 192 is below a corresponding threshold
value for that signal name, the beat is rejected. This follows
the principal that one bad or wrong signal makes the entire
beat unacceptable and eliminates beats from mapping if any
of the signals in the beat do not correlate to the previous beat
to provide a correlation value that is greater than or equal to
the corresponding threshold value.

[0117] FIG. 7 is a flowchart diagram illustrating the clas-
sification process 108, according to embodiments of the
disclosure. The classification process 108 aggregates the
metrics and determines which of the existing cardiac map-
ping configurations more closely compares to or matches the
beat dataset and whether the beat dataset can be added to one
of the existing map datasets 110. The classification process
108 can classify the beat datasets for acceptance into map
datasets 110 for the current existing cardiac map, other
existing cardiac maps, or a new cardiac map based on the
degree of similarity, which in some embodiments is the
degree of correlation. The classification process 108 can
indicate the degree of similarity between the incoming data
stream 100 and the existing cardiac mapping configurations,
including the existing cardiac mapping configurations that
correspond to the current map and at least one other existing
cardiac map.

[0118] As described in relation to FIG. 5, the comparison
process 118 compares the intracardiac EGM signals of a beat
to the averaged intracardiac EGM signals of a template and
provides comparison values, such as correlation values, that
are used as beat metrics for the beat. Where, the template
may correspond to an existing cardiac map and the map
dataset 110 for that existing cardiac map. In some embodi-
ments, the comparison process 118 compares the intracar-
diac EGM signals of a beat to multiple existing templates
and provides multiple sets of comparison values, one set of
comparison values for each comparison to a different exist-
ing template. In some embodiments, the multiple existing
templates correspond to the current existing cardiac map and
one or more other existing cardiac maps.

[0119] At 200, the classification process 108 receives
information about the comparisons of the beat to one or
more existing templates. In some embodiments, the classi-
fication process 108 receives the comparison values, such as
correlation values, from the comparison process 118, for the
comparisons of the beat to the different templates. In some
embodiments, the classification process 108 receives accep-
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tance/rejection determinations, from the comparison process
118, for the comparisons of the beat to the different tem-
plates.
[0120] At 202, the classification process 108 analyzes the
received information about the comparisons of the beat to
one or more existing templates. In some embodiments, the
classification process 108 analyzes the correlation values
against the individual and dynamic threshold values for the
comparisons to classify the beat into one of the existing
cardiac maps or to build a new cardiac map. In some
embodiments, the classification process 108 analyzes the
acceptance/rejection determinations from the comparison
process 118 to classify the beat into one of the existing
cardiac maps or to build a new cardiac map.
[0121] At 204, if the beat more closely compares to or
matches one of the templates, the classification process 108
classifies the beat for acceptance into a map dataset 110 that
corresponds to the template.
[0122] At 206, if the beat does not match any of the
existing templates, the classification process 108 forms a
new template for a new cardiac mapping configuration and
classifies the beat for acceptance into a new map dataset 110
that corresponds to the new template.
[0123] A user, (e.g.. user 24), and/or the system (e.g.,
system 20) may determine, based at least in part on the
degree of similarity, whether to add the data to the current
map or to switch and add the data into another one of the
existing maps or to make a new cardiac map. In some
embodiments, for example, the classification process 108
indicates the degree of similarity between the incoming data
and at least two of the existing cardiac maps, including the
current map, by displaying the percentage of beat datasets
that can be added into each of the different map datasets 110
over a predetermined period of time.
[0124] Various modifications and additions can be made to
the exemplary embodiments discussed without departing
from the scope of the disclosure. For example, while the
embodiments described above refer to particular features,
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 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 system for providing information about a patient’s
heart, the system comprising:
one or more catheters that receive intracardiac signals
from electrical activity of the heart over one or more
heart beat cycles; and
an electronic processor coupled to the one or more
catheters to:
receive the intracardiac signals from the one or more
catheters;
preprocess the intracardiac signals to provide prepro-
cessed signals, wherein each of the intracardiac
signals is preprocessed to provide a corresponding
preprocessed signal;
compare the preprocessed signals to a set of signals to
determine a degree of similarity between each of the
preprocessed signals and the set of signals; and
determine whether to accept one or more beats of the
intracardiac signals into an existing cardiac map
based on the degree of similarity.
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2. The system of claim 1, wherein to preprocess the
intracardiac signals the electronic processor is to:

apply a transform function to the intracardiac signals to

provide transformed signals, wherein each of the
intracardiac signals is transformed to a corresponding
transformed signal; and

apply a morphological close operation to each of the

transformed signals to reduce noise in the preprocessed
signals.

3. The system of claim 2, wherein the transform function
is a Hilbert transform and the close operation is a non-
boolean close operation.

4. The system of claim 1, wherein the electronic processor
is to:

detect a beat of the heart;

define a window for samples of the intracardiac signals

based on the beat; and

provide a matrix of the samples of the intracardiac signals

in the window.

5. The system of claim 1, wherein the one or more
catheters include one or more reference catheters situated at
stable positions in the patient’s body and the set of signals
includes a template of signals determined from the intrac-
ardiac signals received by the one or more reference cath-
eters.

6. The system of claim 1, wherein the one or more
catheters include one or more mapping catheters positioned
in the patient’s heart and the set of signals includes a set of
signals from the one or more mapping catheters and a
previously detected beat of the heart.

7. The system of claim 1, wherein to compare the pre-
processed signals the electronic processor is to:

receive individual threshold values for each of the intrac-

ardiac signals;

set a master threshold value;

provide dynamic threshold values for each of the intrac-

ardiac signals based on the individual threshold values
and the master threshold value;

compare the preprocessed signals to the set of signals to

obtain comparison values for the intracardiac signals;
and

compare the comparison values to the dynamic threshold

values to determine whether a beat of the intracardiac
signals is to be accepted into an existing cardiac map.

8. The system of claim 1, wherein to compare the pre-
processed signals the electronic processor is to:

receive individual threshold values for each of the intrac-

ardiac signals;

compare the preprocessed signals to the set of signals to

obtain comparison values for the intracardiac signals;
and

compare the comparison values to the individual thresh-

old values to determine whether a beat of the intracar-
diac signals is to be accepted into an existing cardiac
map.

9. The system of claim 1, wherein to compare the pre-
processed signals the electronic processor is to:

receive individual threshold values for each of the intrac-

ardiac signals; and

compare each of the individual threshold values to a fixed

value and if all of the individual threshold values are
less than the fixed value, accept one or more beats of
the intracardiac signals into an existing cardiac map.
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10. The system of claim 1, wherein to compare the
preprocessed signals the electronic processor is to:

compare the preprocessed signals to a set of signals from

one or more mapping catheters and a previously
detected beat of the heart to obtain previous beat
comparison values; and

compare each of the previous beat comparison values to

a corresponding threshold value to determine whether
a beat of the intracardiac signals is to be accepted.

11. The system of claim 1, wherein the electronic pro-
cessor is to determine whether to:

classify the intracardiac signals into the current cardiac

map;

classify the intracardiac signals into another existing

cardiac map; or

make a new cardiac map based on the intracardiac signals.

12. A system for providing information about a patient’s
heart, the system comprising:

one or more catheters that receive intracardiac signals

from electrical activity of the heart over one or more
heart beat cycles; and

an electronic processor coupled to the one or more

catheters to:
receive the intracardiac signals from the one or more
catheters;
preprocess the intracardiac signals to provide prepro-
cessed signals, wherein the electronic processor is to:
apply a transform function to the intracardiac signals
to provide transformed signals, wherein each of
the intracardiac signals is transformed to a corre-
sponding transformed signal; and
apply a close operation to each of the transformed
signals to reduce noise in the preprocessed signals;
correlate the preprocessed signals to a set of signals to
determine a degree of correlation between each of
the preprocessed signals and the set of signals; and
determine whether to accept the intracardiac signals
into an existing cardiac map based on the degree of
correlation.

13. The system of claim 12, wherein the one or more
catheters include one or more reference catheters situated at
stable positions in the patient’s body and the set of signals
includes a template of signals determined from the intrac-
ardiac signals received by the one or more reference cath-
eters.

14. The system of claim 12, wherein the one or more
catheters include one or more mapping catheters positioned
in the patient’s heart and the set of signals includes a set of
signals from the one or more mapping catheters and a
previously detected beat of the heart.

15. A method for mapping a patient’s heart, comprising:

receiving intracardiac signals from electrical activity of

the heart over one or more heart beat cycles at one or
more catheters;
receiving the intracardiac signals at an electronic proces-
sor that is coupled to the one or more catheters;

preprocessing the intracardiac signals, by the electronic
processor, to provide preprocessed signals, wherein
each of the intracardiac signals is preprocessed to
provide a corresponding preprocessed signal;

comparing the preprocessed signals, by the electronic
processor, to a set of signals to determine a degree of
similarity between each of the preprocessed signals and
the set of signals; and
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determining whether to accept the intracardiac signals
into an existing cardiac map based on the degree of
similarity.
16. The method of claim 15, wherein preprocessing the
intracardiac signals includes:
transforming each of the intracardiac signals via a trans-
form function; and
applying a close operation to reduce noise in the prepro-
cessed signals.
17. The method of claim 15, wherein comparing the
preprocessed signals comprises:
receiving individual threshold values for each of the
intracardiac signals;
setting a master threshold value;
providing dynamic threshold values for each of the intrac-
ardiac signals based on the individual threshold values
and the master threshold value;
comparing the preprocessed signals to the set of signals to
obtain comparison values for the intracardiac signals;
and
comparing the comparison values to the dynamic thresh-
old values to determine whether a beat of the intracar-
diac signals is to be accepted into an existing cardiac
map.
18. The method of claim 15, wherein comparing the
preprocessed signals comprises:
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receiving individual threshold values for each of the
intracardiac signals;

comparing the preprocessed signals to the set of signals to
obtain comparison values; and

comparing the comparison values to the individual thresh-
old values to determine whether a beat of the intracar-
diac signals is to be accepted into an existing cardiac
map.

19. The method of claim 15, wherein comparing the

preprocessed signals comprises:

receiving individual threshold values for each of the
intracardiac signals; and

comparing each of the individual threshold values to a
fixed value and if all of the individual threshold values
are less than the fixed value, accept one or more beats
of the intracardiac signals into an existing cardiac map.

20. The method of claim 15, wherein comparing the

preprocessed signals comprises:

comparing the preprocessed signals to a set of signals
from one or more mapping catheters and a previously
detected beat of the heart to obtain previous beat
comparison values; and

comparing each of the previous beat comparison values to
a corresponding threshold value to determine whether
a beat of the intracardiac signals is to be accepted.
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