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7) ABSTRACT

A phase singularity identification system includes: a signal
reception unit for receiving a single activity electrogram
signal measured through a single-electrode catheter at a
particular point of a cardiac muscle cell; a phase calculation
unit for calculating a phase from the received single activity
electrogram signal; and a phase singularity identification
unit for identifying through the calculated phase if the
particular point of the cardiac muscle cell is a phase singu-
larity. Accordingly, it is possible to identify the phase
singularity of a rotor by using a single-electrode catheter
rather than a multi-electrode catheter, thereby significantly
reducing time required and costs spent in comparison with
prior art, and it is possible to accurately identify the phase
singularity of the rotor, thus the system can be used for a
radiofrequency electrode catheter ablation procedure for
cardiac arrhythmia treatment.
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PHASE SINGULARITY IDENTIFICATION
SYSTEM AND METHOD

BACKGROUND OF THE INVENTION

1. Technical Field

[0001] The present invention relates to a system and
method for identifying a phase singularity and, more pat-
ticularly, to a system and method capable of identifying
whether a particular point of a cardiac muscle cell is a phase
singularity based on a single activity electrogram signal.

2. Description of Related Art

[0002] Arrhythmias are a symptom in which a cardiac
activation map becomes abnormal to speed up, slow down
or make irregular a cardiac impulse. Atrial fibrillation of
such arrhythmias is one of the most common types. The
mechanism of atrial fibrillation has not been clarified
although the possibility of ischemic stroke and an untimely
death is very high, and treatment therefor is also not easy. As
one mechanism for maintaining atrial fibrillation for atrial
fibrillation treatment, there is a rotor, that is, the center of an
electric pulse whirlwind. However, the rotor has a problem
in that research and clinic application of the rotor are not
easy because the detection of the rotor is not easy.

[0003] The rotor for atrial fibrillation treatment is math-
ematically defined as the phase singularity of an electrical
pulse. A method of identifying a phase singularity was first
proposed by lyer and Gray, “An Experimentalist’s Approach
to Accurate Localization of Phase Singularities during Reen-
try”, Annals of Biomedical Engineering 29(1), 2001.
[0004] The thesis is a kind of conventional technology. All
of phases at the respective locations of a heart tissue are
calculated, and a phase singularity is detected by detecting
that the phases continuously make one rotation.

[0005] In the conventional technology, however, electrical
conduction mapping through the simultaneous recording of
a multi-electrode catheter must be performed in order to
identify whether a specific point is a phase singularity.
Accordingly, there are problems in that the time taken to
identify a phase singularity increases and a cost consumed
therefor increases. The present invention proposes a system
and method capable of significantly reducing the time taken
to identify a phase singularity and a cost consumed therefor
compared to a conventional technology.

SUMMARY OF THE INVENTION

[0006] An object of the present invention is to propose a
system and method for capable of significantly reducing
time and costs in determining a phase singularity of a rotor.
[0007] Meanwhile, technical objects to be achieved by the
present invention are not limited to the aforementioned
object, and various technical objects may be derived within
the range evident to those skilled in the art from the
following description.

[0008] A system for identifying a phase singularity
according to an embodiment of the present invention
includes a signal reception unit receiving a single activity
electrogram signal (x[n], n is a natural number) measured
through a single electrode catheter at a particular point of a
cardiac muscle cell, a phase calculation unit calculating a
phase (O[n], n is a natural number) from the single activity
electrogram signal received by the signal reception unit, and
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a phase singularity identification unit identifying whether
the particular point of the cardiac muscle cell is a phase
singularity based on the phase calculated by the phase
calculation unit. The present invention has advantages in
that it can significantly reduce the time and a consumed cost
compared to a conventional technology by identifying a
phase singularity of a rotor using a single electrode catheter
not a multi-electrode catheter and the present invention can
be used for a high-frequency electrode catheter ablation
procedure for cardiac arrhythmia treatment by precisely
identifying a phase singularity of a rotor.

[0009] Furthermore, the phase calculation unit may cal-
culate the phase from the single activity electrogram signal
according to Equation 1 6[n]=arctan2 (x[n+t]-k, x[n]-k)
(wherein 8[n] is the phase, x[n] is the single activity elec-
trogram signal, T is a delay constant, and k is a base value
of the single activity electrogram signal)

[0010] Moreover, in the phase calculated by the phase
calculation unit, an electrical state of the cardiac muscle cell
may appear as values —x to m. The phase calculation unit
may calculate the phase up to 6[n+1].

[0011] Furthermore, the phase singularity identification
unit identifies that the particular point of the cardiac muscle
cell is a phase singularity when n satisfying Equation 3
6[n+1-6[n]=-M (wherein M is a phase singularity identifi-
cation condition and is a specific constant) is present. M, that
is, the phase singularity identification condition, may be .

[0012] Meanwhile, the system for identifying a phase
singularity according to an embodiment of the present
invention may be implemented as a method of identifying a
phase singularity, which includes the steps of (a) receiving,
by a signal reception unit, a single activity electrogram
signal (x[n], n is a natural number) measured through a
single electrode catheter at a particular point of a cardiac
muscle cell, (b) calculating, by a phase calculation unit, a
phase (8[n], n is a natural number) from the single activity
electrogram signal received by the signal reception unit, and
(c) identifying, by a phase singularity identification unit,
whether the particular point of the cardiac muscle cell is a
phase singularity based on the phase calculated by the phase
calculation unit and is another embodiment capable of
implementing the same technical characteristic.

[0013] Inthis case, the step (b) may include calculating the
phase from the single activity electrogram signal according
to Equation 1 O[n]=arctan2 (x[n+t]-k, x[n]-k) (wherein
O[n] is the phase, x[n] is the single activity electrogram
signal, T is a delay constant, and k is a base value of the
single activity electrogram signal)

[0014] Furthermore, in the phase calculated in the step (b),
an electrical state of the cardiac muscle cell may appear as
values -7 to m. The step (b) may further include the step
(b-1) of calculating, by the phase calculation unit, a phase
B[n+1] according to the equation.

[0015] Moreover, the step (¢) may include (c-1) identify-
ing that the particular point of the cardiac muscle cell is a
phase singularity when n satisfying Equation 3 8[n+1-6[n]
<-M (wherein M is a phase singularity identification con-
dition and is a specific constant) is present. The M may be
.

[0016] Finally, the method of identifying a phase singu-
larity according to another embodiment of the present inven-
tion may be implemented as a program stored in a medium
for executing the method in a computer.
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Advantageous Effects

[0017] The present invention has an advantage in that it
can significantly reduce a consumed time and cost compared
to a conventional technology by identifying a phase singu-
larity of a rotor using a single electrode catheter not a
multi-electrode catheter.

[0018] Furthermore, the present invention has an advan-
tage in that it can be used for a high-frequency electrode
catheter ablation procedure for cardiac arrhythmia treatment
by precisely identifying a phase singularity of a rotor.
[0019] Meanwhile, effects of the present invention are not
limited to the aforementioned effects, and may include
various other effects within the range evident to those skilled
in the art from the following description.

BRIEF DESCRIPTION OF DRAWINGS

[0020] FIG. 1 is a diagram showing a general configura-
tion of a system for identifying a phase singularity according
to an embodiment of the present invention.

[0021] FIG. 2 is a diagram showing the state in which an
activity electrogram at a particular point of a cardiac muscle
cell is measured using a multi-electrode catheter that is a
conventional technology.

[0022] FIG. 3 is a diagram showing the state in which an
activity electrogram at a particular point of a cardiac muscle
cell is measured using a single electrode catheter according
to an embodiment of the present invention.

[0023] FIG. d is a diagram showing an example of a single
activity electrogram signal received by a signal reception
unit.

[0024] FIG. 5 is a diagram showing the state in which the
single activity electrogram signal of FIG. 4 was calculated
as a phase according to Equation 1.

[0025] FIG. 6 is a diagram showing an anatomical image
of a 3-D mapped heart for a phase singularity.

[0026] FIG. 7 is a diagram showing an embodiment in
which the system for identifying a phase singularity accord-
ing to an embodiment of the present invention has been
implemented in an electronic circuit form.

[0027] FIG. 8 is a diagram showing a flowchart of a
method of identifying a phase singularity according to
another embodiment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0028] Hereinafter, some embodiments of the present
invention are described in detail with reference to the
exemplary drawings. The embodiments are provided so that
those skilled in the art may easily understand the techno-
logical spirit of the present invention and the present inven-
tion is not restricted by the embodiments. A detailed descrip-
tion of the known functions and constructions will be
omitted if it is deemed to make the gist of the present
invention unnecessarily vague.

[0029] Furthermore, contents represented in the accompa-
nying drawings have been diagrammed in order to easily
describe the embodiments of the present invention, and may
be different from forms that are actually implemented. It is
to be noted that in assigning reference numerals to elements
in the drawings, the same reference numerals denote the
same elements throughout the drawings even in cases where
the elements are shown in different drawings.

Feb. 14, 2019

[0030] Furthermore, it should be understood that an
expression that some elements are “included” is an expres-
sion of an “open type” and the expression simply denotes
that the corresponding elements are present, but does not
exclude additional elements.

[0031] FIG. 1 is a diagram showing a general configura-
tion of a system 100 for identifying a phase singularity
according to an embodiment of the present invention.

[0032] The system 100 for identifying a phase singularity
includes a signal reception unit 10, a phase calculation umt
20 and a phase singularity identification unit 30, but this is
only an embodiment. Some elements may be added or
deleted, if necessary.

[0033] The signal reception unit 10 receives a single
activity electrogram signal (x[n], n is a natural number)
measured through a single electrode catheter at a particular
point of a cardiac muscle cell. In this case, a known
electrode catheter used for a high-frequency electrode cath-
eter ablation procedure may be used as the single electrode
catheter. FIGS. 2 and 3 show a difference between the single
electrode catheter and a conventional technology related to
an electrode catheter. FIG. 2 is a diagram showing the state
in which an activity electrogram at a particular point of a
cardiac muscle cell is measured using a multi-electrode
catheter that is a conventional technology. Referring to FIG.
2, in order to identify a phase singularity at a No. 1 point, all
of activity electrograms for Nos. 2 to 9 points that surround
the No. 1 point must be measured. In accordance with FIG.
3 that is an embodiment of the present invention, however,
in order to identify a phase singularity at the No. 1 point,
only the activity electrogram of the No. 1 point has only to
be measured. Accordingly, a multi-electrode catheter as in a
conventional technology is not necessary. Only one elec-
trode catheter of a multi-electrode catheter may be used
according to circumstances. Although only one electrode
catheter of the multi-electrode catheter is used, the activity
electrograms of points that surround a point for identifying
a phase singularity do not need to be measured. Accordingly,
the time taken to identify a phase singularity and a cost
consumed therefor can be significantly reduced, compared
to a conventional technology.

[0034] Meanwhile, an example of a single activity elec-
trogram signal received by the signal reception unit 10 is
shown in FIG. 4.

[0035] The phase calculation unit 20 calculates a phase
(6[n], n is a natural number) based on a single activity
electrogram signal received by the signal reception unit 10.
Specifically, the phase calculation unit 20 calculates the
phase based on the single activity electrogram signal accord-
ing to [Equation 1] below.

O[n]=arctan2 (x[n+v]-k, x[n]-k)

[0036] Inthiscase, 6[n] is the phase, and x[n] is the single
activity electrogram signal. T is a delay constant and may be
set as a value corresponding a delay time, for example, 20
to 30 ms and may be freely adjusted by a system adminis-
trator. k is a base value of the single activity electrogram
signal and may be set as the mean value of x[n] or a specific
constant, for example, 0. Like the delay constant, k may be
freely adjusted by a system administrator.

[0037] Meanwhile, in the phase calculated according to
[Equation 1], the electrical state of the cardiac muscle cell
appears as values -7 to +m. From FIG. 5, it may be seen that

[Equation 1]
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single activity electrogram signals shown in FIG. 4 were
calculated as phases according to [Equation 1].

[0038] The phase calculation unit 20 calculates a phase
0[n+1] in addition to the phase 0[n] of x[n], that is, a single
activity electrogram signal, in order to perform the phase
identification function of the phase singularity identification
unit 30. In this case, the phase calculation unit 20 may
calculate the phase up to 0[n+1] according to [Equation 1].
A delay constant and a base value of the single activity
electrogram signal need to be set in the same manner as the
case where the phase 6[n] is calculated. [Equation 2] below
may mean that the phase 0[n+1] is calculated according to
[Equation 1].

O[n+1])=arctan2 (x[n+1+7]-k, x[n+1]-k) [Equation 2]

[0039] The phase singularity identification unit 30 identi-
fies whether a particular point of a cardiac muscle cell is a
phase singularity based on a phase calculated by the phase
calculation unit 20. Specifically, the phase singularity iden-
tification unit 30 identifies whether a particular point of a
cardiac muscle cell is a phase singularity according to
[Equation 3] below.

0[n+1]-0[n]s-M [Equation 3]

[0040] In this case, M is a phase singularity identification
condition and is theoretically 2, but may be set as a specific
constant, for example, a constant such as x by taking into
consideration elements, such as noise in the measurement of
a single activity electrogram signal.

[0041] If n to satisfy [Equation 3] is present, the phase
singularity identification unit 30 identifies that the particular
point of the cardiac muscle cell is a phase singularity. This
is based on a physical fact that the phase 6[n] is continuous
function at all of points of the cardiac muscle cell except a
phase singularity. Specifically, in accordance with the defi-
nition of a phase singularity, a value not 0 is calculated when
O[n] is integrated in a path that surrounds the periphery of a
phase singularity. The reason for this is that 6[n] is not
mathematically a continuous function well defined in a
single connection region.

[0042] The system 100 for identifying a phase singularity,
including the signal reception unit 10, the phase calculation
unit 20 and the phase singularity identification unit 30, may
identify whether a particular point of a cardiac muscle cell
is a phase singularity by calculating a phase based on a
single activity electrogram signal measured through a single
electrode catheter. In this case, the phase singularity can be
identified within a shorter time compared to a conventional
technology because the activity electrograms of points to
surround the particular point of the cardiac muscle cell are
not measured. A consumed cost can be significantly reduced
compared to a conventional technology because a single
electrode catheter is used.

[0043] Furthermore, the system 100 for identifying a
phase singularity according to an embodiment of the present
invention may further include a mapping unit (not shown)
capable of mapping an identified phase singularity on an
anatomical image of the heart in a three-dimensional (3-d)
manner. An anatomical image of the phase singularity
mapped in a 3-D manner can be seen from FIG. 6. If a phase
singularity is mapped to an anatomical image of the heart by
the mapping unit (not shown), a high-frequency electrode
catheter ablation procedure device may be connected to the
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system 100 for identifying a phase singularity. Accordingly,
a mapped image can be received and easily used for a
practical surgical procedure.

[0044] Meanwhile, the system 100 for identifying a phase
singularity according to an embodiment of the present
invention may be implemented in the form of an electronic
circuit not a device configuration, such as a systen. The
system may be implemented in various forms because it is
an electronic circuit. One embodiment implemented in an
electronic circuit form may be seen from FIG. 7.

[0045] Furthermore, the system 100 for identifying a
phase singularity according to an embodiment of the present
invention may be implemented as a method of identifying a
phase singularity, including substantially the same charac-
teristics as the system 100 for identifying a phase singularity
according to an embodiment of the present invention,
although they have different categories. This is described
below with reference to FIG. 8.

[0046] FIG. 8 is a diagram showing a flowchart of a
method of identifying a phase singularity according to
another embodiment of the present invention.

[0047] However, this is only the most preferred embodi-
ment for achieving the object of the present invention, and
some steps may be added or deleted.

[0048] First, the signal reception unit 10 receives a single
activity electrogram signal (x[n], n is a natural number)
measured through a single electrode catheter at a particular
point of a cardiac muscle cell (S210). In this case, a known
electrode catheter used for a high-frequency electrode cath-
eter ablation procedure may be used as the single electrode
catheter. Unlike in a conventional technology using a multi-
electrode catheter, the single activity electrogram of a point
for identifying a phase singularity has only to be measured
using a single electrode catheter. However, only one elec-
trode catheter of a multi-electrode catheter may be used
according to circumstances. Although only one electrode
catheter of a multi-electrode catheter is used, the activity
electrograms of points to surround a point for identifying a
phase singularity do not need to be measured. Accordingly,
the time taken to identify a phase singularity and a cost
consumed therefor can be significantly reduced compared to
a conventional technology.

[0049] Thereafter, the phase calculation unit 20 calculates
aphase (8[n]) based on the single activity electrogram signal
received by the signal reception unit 10 (S220). Specifically,
the phase is calculated from the single activity electrogram
signal according to [Equation 1] below.

O[n]=arctan? (x[n+v]-k, x[n]-k)

[0050] In this case, O[n] is the phase, and x[n] is the single
activity electrogram signal. T is a delay constant and may be
set as a value corresponding a delay time, for example, 20
to 30 ms and may be freely adjusted by a system adminis-
trator. k is a base value of the single activity electrogram
signal and may be set as the mean value of x[n] or a specific
constant, for example, 0. Like the delay constant, k may be
freely adjusted by a system administrator.

[0051] Meanwhile, in the phase calculated according to
[Equation 1], the electrical state of the cardiac muscle cell
appears as values —m 10 +T.

[0052] The phase calculation unit 20 calculates a phase
B[n+1] in addition to the phase 8[n] of x[n], that is, a single
activity electrogram signal, in order to perform the phase
identification function of the phase singularity identification

[Equation 1]
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unit 30 (S221). In this case, the phase 6[n+1] may be
calculated according to [Equation 1] below. A delay constant
and a base value of the single activity electrogram signal
needs to be set in the same manner as the case where the
phase 6[n] is calculated. [Equation 2] may mean that the
phase 8[n+1] is calculated according to [Equation 1].

O[n+1]=arctan2 (x[n+1+7]-k, x[n+1]-k)

[0053] When the phase calculation unit 20 calculates the
phase, the phase singularity identification unit 30 identifies
whether a particular point of a cardiac muscle cell is a phase
singularity based on the phase calculated by the phase
calculation unit 20 (S230). Specifically, the phase singularity
identification unit 30 identifies whether a particular point of
a cardiac muscle cell is a phase singularity according to
[Equation 3] below.

[Equation 2]

Bn+1]-6[n]=-M

[0054] In this case, M is a phase singularity identification
condition and is theoretically 27, but may be set as a specific
constant, for example, a constant such as 7 by taking into
consideration elements, such as noise in the measurement of
a single activity electrogram signal.

[0055] If n to satisfy [Equation 3] is present, the phase
singularity identification unit 30 identifies that the particular
point of the cardiac muscle cell is a phase singularity. This
is based on a physical fact that the phase 6[n] is continuous
function at all of points of the cardiac muscle cell except a
phase singularity. Specifically, in accordance with the defi-
nition of a phase singularity, a value not 0 is calculated when
O[n] is integrated in a path that surrounds the periphery of a
phase singularity. The reason for this is that 6[n] is not
mathematically a continuous function well defined in a
single connection region.

[0056] When the phase singularity is identified, the map-
ping unit (not shown) maps the identified phase singularity
to an anatomical image of the heart in a 3-D manner (S240).
When the phase singularity is mapped to an anatomical
image of the heart by the mapping unit (not shown), the
high-frequency electrode catheter ablation procedure is con-
nected to the system 100 for identifying a phase singularity.
Accordingly, the mapped image may be received and easily
used for a practical surgical procedure.

[0057] Although the present invention has not been
described in detail in order to prevent redundant description,
the characteristics described in relation to the system 100 for
identifying a phase singularity may also be inferred and
applied to the method of identifying a phase singularity.
Furthermore, the method of identifying a phase singularity
may be implemented in the form of a program stored in a
medium and may be stored in a computer-readable recording
medium in which a program for executing the method in a
computer in this state is written or may be distributed
through a program providing server. Moreover, if the
method of identifying a phase singularity is implemented in
a program form, the phase calculation unit 20 and the phase
singularity identification unit 30 may be driven as indepen-
dent threads to simultaneously process a plurality of single
activity electrograms, thereby being capable of contributing
to computing speed improvement.

[0058] The aforementioned embodiments of the present
invention have been disclosed for illustrative purposes, and
the present invention is not restricted by the embodiments.
Furthermore, those skilled in the art to which the present
invention pertains may modify and change the present

[Equation 3]
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invention in various ways within the spirit and range of the
present invention, and such modifications and changes
should be construed as belonging to the scope of the present
invention.

INDUSTRIAL APPLICABILITY

[0059] The present invention has an advantage it can
significantly reduce time and costs compared to a conven-
tional method of identifying a phase singularity of a rotor in
identifying the phase singularity of the rotor and thus has an
industrial applicability.

1. A system for identifying a phase singularity, compris-

ing:

a signal reception unit receiving a single activity electro-
gram signal (x[n], n being a natural number) measured
through a single electrode catheter at a particular point
of a cardiac muscle cell;

a phase calculation unit calculating a phase (6[n], n being
a natural number) from the single activity electrogram
signal received by the signal reception unit; and

a phase singularity identification unit identifying whether
the particular point of the cardiac muscle cell is a phase
singularity based on the phase calculated by the phase
calculation unit.

2. The system of claim 1, wherein the phase calculation

unit calculates the phase from the single activity electrogram
signal according to [Equation 1] below:

O[n]=arctan? (x[n+v]-k, x[n]-k) [Equation 1]

where O[n] is the phase, x[n] is the single activity elec-
trogram signal, T is a delay constant, and k is a base
value of the single activity electrogram signal.

3. The system of claim 1, wherein in the phase calculated
by the phase calculation unit, an electrical state of the
cardiac muscle cell appears as values -7 to 7.

4. The system of claim 2, wherein the phase calculation
unit calculates the phase up to 6[n+1].

5. The system of claim 4, wherein the phase singularity
identification unit identifies that the particular point of the
cardiac muscle cell is a phase singularity when n satisfying
[Equation 3] below is present:

O[n+1)-0[n]=-M [Equation 3]

where M is a phase singularity identification condition
and is a specific constant.

6. The system of claim 5, wherein M which is the phase

singularity identification condition is 7.

7. A method of identifying a phase singularity, comprising

steps of:

(a) receiving, by a signal reception unit, a single activity
electrogram signal (x[n], n being a natural number)
measured through a single electrode catheter at a par-
ticular point of a cardiac muscle cell;

(b) calculating, by a phase calculation unit, a phase (6[n],
n being a natural number) from the single activity
electrogram signal received by the signal reception
unit; and

(¢) identifying, by a phase singularity identification unit,
whether the particular point of the cardiac muscle cell
is a phase singularity based on the phase calculated by
the phase calculation unit.

8. The method of claim 7, wherein the step (b) comprises

calculating the phase from the single activity electrogram
signal according to [Equation 1] below:
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O[n]=arctan? (x[n+v]-k, x[n]-k) [Equation 1]

where 0[n] is the phase, x|n] is the single activity elec-
trogram signal, T is a delay constant, and k is a base
value of the single activity electrogram signal.

9. The method of claim 7, wherein in the phase calculated
in the step (b), an electrical state of the cardiac muscle cell
appears as values —x to T.

10. The method of claim 8, wherein the step (b) further
comprising a step (b-1) of calculating, by the phase calcu-
lation unit, a phase 0[n+1].

11. The method of claim 10, wherein the step (c) com-
prises (c-1) identifying that the particular point of the
cardiac muscle cell is a phase singularity when n satisfying
[Equation 3] below is present:

O[n+1]-0[n]=-M [Equation 3]

where M is a phase singularity identification condition
and is a specific constant.

12. The method of claim 11, wherein the M is 7.

13. A program stored in a medium for executing the
method of claim 7 in a computer.

14. A program stored in a medium for executing the
method of claim 8 in a computer.

15. A program stored in a medium for executing the
method of claim 9 in a computer.

16. A program stored in a medium for executing the
method of claim 10 in a computer.

17. A program stored in a medium for executing the
method of claim 11 in a computer.

18. A program stored in a medium for executing the
method of claim 12 in a computer.

* % % ok &
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Signal reception unit receives single activity electrogram
signal (x[n], n is natural number) measured through single ~ ~~S210
electrode catheter at particular point of cardiac muscle cell

|

Phase calculation unit calculates phase (8[n]) based on single $220
activity electrogram signal received by signal reception unit
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E Jtti?"%éﬁ WFH T%\T*ﬁﬁ EE'W%E;\é Eﬁjﬁ ’ FH :-F Phase singularity identification unit identifies whether

particular point of cardiac muscle cell is phase singularity ~ ~~S230
based on phase calculated by phase calculation unit

Mapping unit maps identified phase singularity 5240
to anatomical image of heart in 3-D manner
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