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VISUALIZATION OF DIFFERENT CARDIAC
RHYTHMS USING DIFFERENT
TIMING-PATTERN DISPLAYS

FIELD OF THE INVENTION

[0001] The present invention relates generally to electro-
anatomical mapping, and particularly to methods and sys-
tems for cardiac electro-anatomical mapping.

BACKGROUND OF THE INVENTION

[0002] Techniques for electro-anatomical mapping of car-
diac chambers were previously discussed in the patent
literature. For example, U.S. Patent Application Publication
2016/0089048 describes an automatic method of determin-
ing local activation time (LAT) from at least four multichan-
nel cardiac electrogram signals including a ventricular chan-
nel, a mapping channel and a plurality of reference channels.
The method comprises (a) storing the cardiac channel sig-
nals, (b) using the ventricular and mapping channel signals
and a first reference channel signal to compute LAT values
at a plurality of mapping-channel locations, (¢) monitoring
the timing stability of the first reference channel signal, and
(d) if the timing stability of the monitored signal falls below
a stability standard, using the signal of a second reference
channel to determine LAT values. Substantial loss of LAT
values is avoided in spite of loss of timing stability.

[0003] As another example, U.S. Patent Application Pub-
lication 2016/0089050 describes an anatomical mapping
system and method includes mapping electrodes that are
configured to detect activation signals of cardiac activity. A
processing system is configured to record the detected
activation signals and generate a vector field for each sensed
activation signal during each instance of the physiological
activity. The processing system determines an onset time
and alternative onset time candidates, identifies an initial
vector field template based on a degree of similarity between
the initial vector field and a vector field template from a bank
of templates, then determines an optimized onset time for
each activation signal based on a degree similarity between
the onset time candidates and initial vector field template.

[0004] U.S. Patent Application Publication 2011/0251505
describes system, assembly and method to facilitate recon-
struction of cardiac information representing a complex
rhythm disorder associated with a patient’s heart to indicate
a source of the heart rhythm disorder. The complex rhythm
disorder can be treated by application of energy to modify
the source of the rhythm disorder.

SUMMARY OF THE INVENTION

[0005] An embodiment of the present invention provides
a method including receiving an electrocardiogram (ECG)
measured at a given location over a portion of a heart. Based
on the measured ECG, a rhythmic pattern is identified over
a given time-interval. The rhythmic pattern corresponds to a
relation between a present cardiac cycle length and a pre-
ceding cardiac cycle length. Based on the identified rhyth-
mic pattern, a classification of the location as either showing
regular pattern or showing arrhythmia is determined. The
location is graphically encoded according to the classifica-
tion. The graphically encoded location is overlaid on an
anatomical map of the portion of a heart.
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[0006] In some embodiments, identifying the rhythmic
pattern includes calculating a difference between the present
cardiac cycle length and the preceding cardiac cycle length.
[0007] In some embodiments, classifying the location as
showing arrhythmia includes classifying a type of the
arrhythmia.

[0008] In an embodiment, overlaying the graphically
encoded location includes generating a spatiotemporal elec-
tro-anatomical map of the portion of a heart. In another
embodiment, the method further includes measuring the
ECG using a catheter-based system for electro-anatomical
mapping.

[0009] There is additionally provided, in accordance with
an embodiment of the present invention, a system including
a memory and a processor. The memory is configured to
store an electrocardiogram (ECG) measured at a given
location over a portion of a heart. The processor is config-
ured to identify, based on the measured ECG, a rhythmic
pattern over a given time-interval. The rhythmic pattern
corresponds to a relation between a present cardiac cycle
length and a preceding cardiac cycle length. The processor
is additionally configured to determine, based on the iden-
tified rhythmic pattern, a classification of the location as
either showing regular pattern or showing arrhythmia. The
processor is further configured to graphically encode the
location according to the classification, and overlay the
graphically encoded location on an anatomical map of the
portion of a heart.

[0010] The present invention will be more fully under-
stood from the following detailed description of the embodi-
ments thereof, taken together with the drawings in which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a schematic, pictorial illustration of a
system for electro-anatomical mapping, in accordance with
an embodiment of the present invention;

[0012] FIGS. 2A-2C are schematic, illustrative scatter-
plots of local heartbeat timing patterns, in accordance with
an embodiment of the present invention;

[0013] FIG. 3 is a schematic, pictorial illustration of a
spatiotemporal electro-anatomical map of a cardiac cham-
ber, in accordance with an embodiment of the present
invention; and

[0014] FIG. 4 is a flow chart that schematically illustrates
a method and algorithm for a method for creating a spa-
tiotemporal electro-anatomical map of a cardiac chamber, in
accordance with an embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

Overview

[0015] One important use of catheter-based electro-ana-
tomical mapping procedures is to identify intra-cardiac
tissue locations that serve as potential origins or conduction
paths for an arrhythmia. For diagnosis, a certain tissue
location may be characterized as normal or aberrant based
on analyzing a rhythmic pattern of electrophysiological (EP)
activity that the catheter records at the location.

[0016] Such locally recorded rhythmic patterns, seen, for
example, in intra-cardiac electrocardiograms (ECG), can be
concisely expressed by a property of a cardiac cycle length
(i.e., periodicity) of the cardiac EP activation. A repeatable
cycle length, usually meaning a normal sinus rhythm, indi-
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cates a healthy and normal cardiac tissue location. On the
other hand, a highly variable cycle length indicates an
aberrant tissue location, from which an arrhythmia origi-
nates, or through which it propagates.

[0017] At present, a physician may analyze an electro-
anatomical map of a heart chamber by manually examining
different regions of the heart chamber to try to identify an
origin and/or a path of an arrhythmia. This sort of exami-
nation, however, requires meticulous work that is laborious
and time consuming.

[0018] Embodiments of the present invention that are
described hereinafter generate a spatiotemporal electro-ana-
tomical map (also named hereinafter “spatiotemporal EP
map”) of surface tissue of a portion of a heart, such as of a
cardiac chamber. The spatiotemporal EP map graphically
encodes tissue locations as healthy or aberrant. Furthermore,
the disclosed technique for generating the spatiotemporal EP
map can identify and encode different types of arrhythmic
behaviors.

[0019] The disclosed spatiotemporal EP map is produced
by classifying timing patterns exhibited by tissue locations
over a portion of the heart, such as those exhibited over a
cardiac chamber wall tissue. A timing pattern is identified,
for any particular tissue location, by a processor comparing
a “present” time period, i.e., cycle length, against a preced-
ing, or “previous,” time period. The timing pattern may be
identified by the processor over a typical time-interval of
several seconds. In this way, a timing pattern of a tissue
location is indicative of the rhythmic pattern at the location.
[0020] Tissue locations that exhibit normal sinus rhythm
(e.g., with a heart beat rate that is repeatable enough over
several seconds) yield a timing pattern that essentially gives
a single point, as described below. However, tissue locations
that exhibit arrhythmia will generate timing patterns differ-
ent from the sinus pattern, and each different type of
arrythmia will typically have a distinct characteristic timing
pattern, as shown below.

[0021] In some embodiments, a memory is provided,
which is configured to store an electrocardiogram (ECG)
measured at a given location over a portion of a heart. A
processor is configured to (a) based on the measured ECG,
identify a rhythmic pattern over a given time-interval, the
rhythmic pattern corresponding to a relation between a
present cardiac cycle length and a preceding cardiac cycle
length, and (b) based on the identified rhythmic pattern,
determine a classification of the location as either showing
regular pattern (i.e., normal) or showing arrhythmia. The
processor is further configured to graphically encode the
location according to the classification, and to overlay the
graphically encoded location on an anatomical map of the
portion of a heart.

[0022] In an embodiment, the processor overlays the
encoding with the different timing patterns of locations on an
anatomical map of the cardiac chamber to create a spa-
tiotemporal map of the cardiac chamber, and the spatiotem-
poral map can assist the physician in locating an origin of an
arrythmia and/or indicate the arrythmia type.

[0023] Typically, the processor is programmed in software
containing a particular algorithm that enables the processor
to conduct each of the processor related steps and functions
outlined above.

[0024] The disclosed spatiotemporal electro-anatomical
mapping technique provides the physician with a clear
visual representation of normal versus aberrant regions of a
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cardiac chamber tissue and may thus facilitate an easier
diagnosis of, and treatment-selection for, an arrythmia.

System Description

[0025] FIG. 1 is a schematic, pictorial illustration of a
system for electro-anatomical mapping, in accordance with
an embodiment of the present invention. FIG. 1 depicts a
physician 27 using an electro-anatomical catheter 29 to
perform an electro-anatomical mapping of a heart 23 of a
patient 25. Catheter 29 comprises, at its distal end, one or
more arms 20, which may be mechanically flexible, each of
which is coupled with one or more electrodes 22. During the
mapping procedure, electrodes 22 acquire and/or inject
signals from and/or to the tissue of heart 23. A processor 28
receives these signals via an electrical interface 35, and uses
information contained in these signals to construct an elec-
tro-anatomical map 31, which processor 28 saves in a
memory 33 for further use, for example, to create the
disclosed spatiotemporal electro-anatomical map, as
described below. During and/or following the procedure,
processor 28 may display electro-anatomical map 31 on a
display 26.

[0026] During the procedure, a tracking system is used to
track the respective locations of sensing-electrodes 22, such
that each of the signals may be associated with the location
at which the signal was acquired. For example, the Active
Current Location (ACL) system, made by Biosense-Webster
(Irvine Calif.), which is described in U.S. Pat. No. 8,456,
182, whose disclosure is incorporated herein by reference,
may be used. In the ACL system, a processor estimates the
respective locations of the electrodes based on impedarnces
measured between each of the sensing-electrodes 22, and a
plurality of surface-electrodes 24, that are coupled to the
skin of patient 25. For example, three surface-electrodes 24
may be coupled to the patient’s chest, and another three
surface-electrodes may be coupled to the patient’s back. (For
ease of illustration, only one surface-electrode is shown in
FIG. 1.) The processor associates any given impedance
signal received from electrodes 22 with the location in heart
23 at which the signal was acquired.

[0027] The example illustration shown in FIG. 1 is chosen
purely for the sake of conceptual clarity. Other tracking
methods can be used, such as ones based on measuring
voltage signals, as with the Carto®4 system (produced by
Biosense Webster). Other types of sensing catheters, such as
the Lasso® Catheter (produced by Biosense Webster), may
equivalently be employed. Contact sensors may be fitted at
the distal end of electro-anatomical catheter 29. As noted
above, other types of electrodes, such as those used for
ablation, may be utilized in a similar way, fitted to electrodes
22 for acquiring the needed position data. Thus, an ablation
electrode used for collecting position data is regarded, in this
case, as a sensing-electrode. In an optional embodiment,
processor 28 1s further configured to indicate the quality of
physical contact between each of the electrodes 22 and an
inner surface of the cardiac chamber during measurement.
[0028] Processor 28 typically comprises a general-purpose
computer with software programmed to carry out the func-
tions described herein. The software may be downloaded to
the computer in electronic form, over a network, for
example, or it may, alternatively or additionally, be provided
and/or stored on non-transitory tangible media, such as
magnetic, optical, or electronic memory. In particular, pro-
cessor 28 runs a dedicated algorithm as disclosed herein,
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including in FIG. 4, that enables processor 28 to perform the
disclosed steps, as further described below.

Using Different Timing Pattern Displays of
Different Cardiac Rhythms

[0029] FIGS. 2A-2C are schematic, illustrative scatter-
plots of local heart beat timing patterns, in accordance with
an embodiment of the present invention. All three figures
plot a “present” time period, i.e., cycle length, against an
immediately preceding, or “previous” time period.

[0030] FIG.2A s a timing pattern plot for a location over
tissue that operates in a regular fashion, e.g., in a normal
sinus rhythm. As seen, the timing pattern plot essentially
gives one point 464, since present and previous cycle lengths
between EP activation are very similar in normal cardiac
tissue.

[0031] FIG. 2B is a timing pattern plot for a location over
tissue that exhibits arrhythmia of a particular type, named
“type 1.” As seen, “type 1 arrhythmia is characterized by a
single value change 465 between consecutive cycle lengths.
[0032] FIG. 2C is a timing pattern plot for another location
over tissue that exhibits another type of arrhythmia, named
“type 2.” As seen, “type 2” arrhythmia is characterized by
the cycle length changing in a more complex fashion, i.e.,
between three values 46c. As further seen, each type of
time-pattern is graphically encoded by assigning each
respective location with a spatial footprint comprising
graphical patterns 44a, 44b, and 44c¢, according to their
respective types of timing pattern plots (i.e., classifying each
location as either normal or arrhythmic with one type or
other of arrhythmia showing at the location).

[0033] The example illustrations shown in FIGS. 2A-2C
are chosen purely for the sake of conceptual clarity. FIGS.
2A-2C shows only parts relevant to embodiments of the
present invention. For example, some variation may occur in
the scatter plots, in a form of a broadening “cloud” about
each point. Additional data processing steps, such as thresh-
olding of heart beat wander may be applied to minimize
inconclusive broadened timing pattern plots. In alternative
embodiments, other classifications may be established, such
as those that quantify the timing pattern seen in a scatter plot.
[0034] FIG. 3 is a schematic, pictorial illustration of a
spatiotemporal electro-anatomical map 40 of a cardiac
chamber, in accordance with an embodiment of the present
invention. To produce map 40, the processor overlays the
classified locations on an anatomical map of the cardiac
chamber, such as on map 31. As seen, each region in map 40
may comprise one or more locations according to a legend
60: encoded to show a regular pattern, i.e., a region 52;
encoded to show type 1 arrhythmia, i.e., a region 54; or
encoded to show type 2 arrhythmia, i.e., a region 56. The
locations of the different timing patterns plotted on an
anatomical map create a spatiotemporal map of the cardiac
chamber, and this map can assist the physician in locating an
origin of an arrythmia and/or indicate an arrythmia type.
Therefore, the disclosed technique provides physician 27 a
clear visual representation of normal versus aberrant regions
of a cardiac chamber tissue, so as to facilitate, for example,
a decision on a required course of treatment.

[0035] The example illustration shown in FIG. 3 is chosen
purely for the sake of conceptual clarity. In alternative
embodiments, additional or alternative graphical elements,
such as arrows with a variable length to quantify the timing
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pattern seen in a scatter plot, may be overlaid on map 31 to
create map 40 based on the different classifications.

[0036] FIG. 4 is a flow chart that schematically illustrates
a method and algorithm for creating a spatiotemporal elec-
tro-anatomical map of a cardiac chamber, in accordance
with an embodiment of the present invention. The algorithm,
according to the present embodiment, carries out a process
that begins with physician 30 uploading, from a memory 33,
an intra-cardiac ECG trace that was measured at a location
over an inner surface tissue of a cardiac chamber, at an ECG
trace uploading step 70. Next, processor 28 examines the
rhythmic pattern exhibited in the ECG trace, by processor 28
comparing timing patterns at the location, at a timing pattern
checking step 72. In an analysis step 74, using the dedicated
algorithm, processor 28 determines whether the analyzed
rhythmic pattern is regular (i.e. repeatable) or aberrant (i.e.,
highly variable). Then, processor 28 classifies the tissue
location accordingly as either normal or aberrant, at location
classification steps 76 and 78, respectively.

[0037] At a next step, processor 28 updates an electro-
anatomical map with the classified location, at an electro-
anatomical map updating step 80. The process then loops to
step 70 to examine another tissue location.

[0038] Finally, based on classifying the examined loca-
tions, processor 28 constructs spatiotemporal map 40 of the
cardiac chamber tissue, by graphically encoding rhythmic
pattern, as described in FIG. 3, at a spatiotemporal mapping
step 82. The resulting spatiotemporal map is indicative of
locations showing an arrhythmic activity. Finally, processor
28 presents the derived spatiotemporal map to physician 27,
at a spatiotemporal map presentation step 84.

[0039] The example flow chart shown in FIG. 4 is chosen
purely for the sake of conceptual clarity. Additional steps,
such as presenting the arrhythmic timing patterns, are omit-
ted from the purposely highly simplified flow chart.

[0040] Although the embodiments described herein
mainly address cardiac applications, the methods and sys-
tems described herein can also be used in other applications,
such as in electroencephalogram (EEG) based mapping of
EP activity of a brain.

[0041] It will thus be appreciated that the embodiments
described above are cited by way of example, and that the
present invention is not limited to what has been particularly
shown and described hereinabove. Rather, the scope of the
present invention includes both combinations and sub-com-
binations of the various features described hereinabove, as
well as variations and modifications thereof which would
occur to persons skilled in the art upon reading the foregoing
description and which are not disclosed in the prior art.
Documents incorporated by reference in the present patent
application are to be considered an integral part of the
application except that to the extent any terms are defined in
these incorporated documents in a manner that conflicts with
the definitions made explicitly or implicitly in the present
specification, only the definitions in the present specification
should be considered.

1. A method, comprising:

receiving an electrocardiogram (ECG) measured at a
given location over a portion of a heart;

based on the measured ECG, identifying a rhythmic
pattern over a given time-interval, the rhythmic pattern
corresponding to a relation between a present cardiac
cycle length and a preceding cardiac cycle length; and
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based on the identified rhythmic pattern, determining a
classification of the location as either showing regular
pattern or showing arrhythmia;

graphically encoding the location according to the clas-
sification; and

overlaying the graphically encoded location on an ana-
tomical map of the portion of a heart.

2. The method according to claim 1, wherein identifying
the rhythmic pattern comprises calculating a difference
between the present cardiac cycle length and the preceding
cardiac cycle length.

3. The method according to claim 1, wherein classifying
the location as showing arrhythmia comprises classifying a
type of the arrhythmia.

4. The method according to claim 1, wherein overlaying
the graphically encoded location comprises generating a
spatiotemporal electro-anatomical map of the portion of a
heart.

5. The method according to claim 1, and comprising
measuring the ECG using a catheter-based system for elec-
tro-anatomical mapping.

6. A system, comprising:
a memory, which is configured to store an electrocardio-

gram (ECG) measured at a given location over a
portion of a heart; and
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a processor, which is configured to:

based on the measured ECG, identify a rhythmic pat-
tern over a given time-interval, the rhythmic pattern
corresponding to a relation between a present cardiac
cycle length and a preceding cardiac cycle length;
and

based on the identified rhythmic pattern, determine a
classification of the location as either showing regu-
lar pattern or showing arrhythmia;

graphically encode the location according to the clas-
sification; and

overlay the graphically encoded location on an ana-
tomical map of the portion of a heart.

7. The system according to claim 6, wherein the processor
is configured to identify the rhythmic pattern by calculating
a difference between the present cardiac cycle length and the
preceding cardiac cycle length.

8. The system according to claim 6, wherein the processor
is configured to classify the location as showing arrhythmia
by classifying a type of the arrhythmia.

9. The system according to claim 5, wherein the processor
is configured to overlay the graphically encoded location by
generating a spatioteniporal electro-anatomical map of the
portion of a heart.

10. The system according to claim 5, wherein the system
is further configured to measure the ECG using a catheter-
based system for electro-anatomical mapping.
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