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(57) Abstract: A myocardial excitation determining apparatus which can support the determination of excitation dynamics of the
myocardium during atrial fibrillation is provided. A myocardial excitation determining apparatus has: an acquiring section 2 which
acquires an intracardiac electrocardiogram of a subject; a processing section 3 which computes to produce visualized data indicating

O a state of excitation in the myocardium, based on the intracardiac electrocardiogram; and a determining section 4 which determines

W

the type of excitation dynamics of the myocardium based on the visualized data.
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Description
Title of Invention: MYOCARDIAL EXCITATION DE-

TERMINING APPARATUS
Technical Field

The present invention relates to a myocardial excitation determining apparatus for

determining the type of excitation in the myocardium.

Background Art

Usually, atrial fibrillation means an arrhythmia in which the atrium of the heart has a
convulsive seizure, and the heart cannot operate in the original and correct way. When
atrial fibrillation occurs, the blood stagnates in the atrium, and thrombus is prone to
develop, thereby increasing the possibility of occurrence of brain infarction or the like.

Conventionally, it is known that, when an arrhythmia such as atrial fibrillation
occurs, a treatment is performed by selectively applying ablation to an abnormal
portion which causes the arrhythmia, by using a cardiac catheter. In the treatment, it is
important to correctly identify the location where ablation is to be performed. For
example, JP2013-523344T and U.S. Patent Publication No. 2014/0088395 disclose a
technique in which a calculation process is performed on an intracardiac electro-
cardiogram that is measured from electrodes of a cardiac catheter, thereby producing
visualized data indicating the state of excitation in the myocardium, and the location
where ablation is to be performed is identified from the visualized data.

States of myocardial excitation during atrial fibrillation are roughly classified into
several types such as those called typical excitation dynamics, according to the change
patter of the state.

In the related art, the medical person must determine the type of excitation dynamics
of the myocardium by means of visual observation of the state of the myocardium
which is visualized based on visualized data. However, the state of the myocardium
during atrial fibrillation has characteristics that it irregularly varies from time to time.
In some cases, the variation is so rapid that it cannot be visually recognized, and it is
difficult to visually determine the type.

Therefore, it is an object of the invention to provide a myocardial excitation de-
termining apparatus which can support the determination of excitation dynamics of the
myocardium during atrial fibrillation.

Summary

An aspect of the myocardial excitation determining apparatus of the invention

includes:

an acquiring section which acquires an intracardiac electrocardiogram of a subject;
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a processing section which computes to produce visualized data indicating a state of
excitation in a myocardium, based on the intracardiac electrocardiogram; and
a determining section which determines a type of excitation dynamics of the my-

ocardium based on the visualized data.
According to the configuration, the type of excitation dynamics of the myocardium

during atrial fibrillation is automatically determined based on the visualized data.
Therefore, the medical person can determine the type of excitation dynamics of the
myocardium by reference to the result of the automatic determination. As described
above, the above-described configuration can provide a myocardial excitation de-
termining apparatus which can support the determination of excitation dynamics of the
myocardium during atrial fibrillation.

The aspect of myocardial excitation determining apparatus of the invention can
support the determination of excitation dynamics of the myocardium during atrial fib-

rillation.

Brief Description of Drawings

[fig.1]Fig. 1 is a diagram of a myocardial excitation determining apparatus of Em-
bodiment 1 of the invention.

[fig.2A]Fig. 2A to 2C illustrates a typical types of excitation dynamics of the my-
ocardium.

[fig.2B]Fig. 2A to 2C illustrates a typical types of excitation dynamics of the my-
ocardium.

[fig.2C]Fig. 2A to 2C illustrates a typical types of excitation dynamics of the my-
ocardium.

[fig.3]Fig. 3 is a diagram illustrating a catheter in the atrium.

[fig.4A]Fig. 4A is a diagram illustrating examples of intracardiac electrocardiogram
waveforms which are acquired by electrodes.

[fig.4B]Fig. 4B is a diagram of a placement of the acquired intracardiac electrocar-
diograms on grids.

[fig.5A]Fig. SA illustrates steps of producing a pseudo action potential waveform.
[fig.5B]Fig. 5B is a view illustrating steps of detecting beats.

[fig.6A]Fig. 6A illustrates a diastolic interval and an action potential duration.
[fig.6B]Fig. 6B is a graph showing relationships between a diastolic interval and an
action potential duration.

[fig.6C]Fig. 6C is a view showing conditions for detecting beats.

[fig.7A]Fig. 7A illustrates steps of detecting the initial beat.

[fig.7B]Fig. 7B is a view illustrating steps of detecting the second and subsequent

beats.
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[fig.8]Fig. 8 is a diagram of a placement of pseudo action potential waveforms on
grids.

[fig.9A]Fig. 9A is a view for calculating virtual electrodes.

[fig.9B]Fig. 9B is a view for calculating virtual electrodes.

[fig.9C]Fig. 9C is a view for calculating virtual electrodes and a diagram of a
placement of an action potential waveform of a virtual electrode which is interpolated
from surrounding electrodes.

[fig.10A]Fig. 10A is a view illustrating steps of correcting the height of a beat.

[fig. 10B]Fig. 10B is a diagram of a placement of action potential waveforms on grids.
[fig.11A]Fig. 11A is a view showing a shifted waveform in which the phase is shifted
with respect to an action potential waveform.

[fig.11B]Fig. 11B is a diagram of a placement of action potential waveforms and
shifted waveforms on grids.

[fig.12A]Fig. 12A is a view illustrating a calculation of interpolated waveforms on
other grids in which the spatial interpolation technique is used.

[fig.12B]Fig. 12B is a diagram of a placement of interpolated action potential
waveforms and shifted waveform on grids.

[fig.13]Fig. 13 is a diagram showing a phase portrait drawn in each grid.
[fig.14A]Fig. 14A is a view illustrating colors which are painted in grids, and 1il-
lustrates colors used in the painting.

[fig.14B]Fig. 14B is a view illustrating colors which are painted in grids, a view in
which portions of an action potential waveform are defined by colors for every sample.
[fig.14C]Fig. 14C is a view illustrating colors which are painted in grids, illustrates
angle information of samples.

[fig.15A]Fig. 15A is a diagram in which each sample is colored in each grid.
[fig.15B]Fig. 15B is a view in which first to X-th samples in one grid are colored.
[fig. 15C]Fig. 15C is a view showing visualized data of the first to X-th samples.
[fig.16]Fig. 16 is a view illustrating a method of detecting a phase singularity.
[fig.17]Fig. 17 is a view showing the number of excitation grids contained in frames
constituting visualized data.

[fig.18]Fig. 18 is a view for determining the type of excitation dynamics of the my-
ocardium.

[fig.19]Fig. 19 illustrates an example of visualized data and type of excitation
dynamics which are displayed on a monitor screen.

[fig.20]Fig. 20 is a diagram of a myocardial excitation determining apparatus of Em-
bodiment 2 of the invention.

[fig.21]Fig. 21 illustrates an action potential unit waveform for producing the action

potential waveform.
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[fig.22]Fig. 22 illustrates a procedure of detecting the waveform of myocardial ex-
citation from an intracardiac electrocardiogram waveform.

[fig.23]Fig. 23 is a graph illustrating relationships between a diastolic interval and
action potential duration of an action potential unit waveform.

[fig.24]Fig. 24 illustrates an intracardiac electrocardiogram waveform to which an
action potential unit waveform is applied.

[fig.25]Fig. 25 illustrates a display position of an action potential unit waveform with
respect to an intracardiac electrocardiogram waveform.

Description of Embodiments

Hereinafter, embodiments will be described with reference to the drawings.

(Embodiment 1)

As shown in Fig. 1, a myocardial excitation determining apparatus 1 of Embodiment
I includes an acquiring section 2, a processing section 3, a determining section 4, and a
displaying section 5. For example, the myocardial excitation determining apparatus 1
is used for performing one function of a catheter inspecting apparatus.

The acquiring section 2 acquires an intracardiac electrocardiogram of a subject which
is acquired or recorded by a recording unit (e.g., a cardiac catheter, spiral catheter,
helix catheter) A having a plurality of electrodes.

The processing section 3 performs a computation for visualizing the state of my-
ocardial excitation of the subject, on the intracardiac electrocardiogram which is
acquired by the acquiring section 2. The processing section 3 includes a first producing
section 11, a first interpolating section 12, a correcting section 13, a second producing
section 14, a second interpolating section 15, a third producing section 16, and a
detecting section 17.

The first producing section 11 produces pseudo action potential waveforms with
respect to a plurality of intracardiac electrocardiograms which are acquired by the
acquiring section 2, respectively. The first interpolating section 12 defines a virtual
electrode at a position which is in the myocardium of the atrium, and in which no
electrode of the inserted cardiac catheter A is placed, i.e., at a position in which the
distances with respect to surrounding electrodes among the placed electrodes are large.
The first interpolating section 12 interpolates a pseud action potential waveform with
respect to the virtual electrode, based on pseud action potential waveforms which are
produced with respect to electrodes surrounding the virtual electrode.

The correcting section 13 reduces noise components contained in the pseud action
potential waveforms output from the first producing section 11 and the first inter-
polating section 12, and performs a correction in which the amplitudes at respective

beats are made uniform. In the following description of Embodiment 1, a corrected
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action potential waveform is referred to simply as an action potential waveform.

With respect to each of the action potential waveforms output from the correcting
section 13, the second producing section 14 produces a shifted waveform which is
shifted in time phase by a predetermined time from the action potential waveform.
With respect to a position in which the electrodes of the cardiac catheter A and the
virtual electrode are not placed, i.e., the distances between each electrode and sur-
rounding electrodes are large, the second interpolating section 15 interpolates an action
potential waveform and a shifted waveform based on the action potential waveforms
and shifted waveforms which are produced with respect to the surrounding electrodes.

The third producing section 16 produces a phase portrait based on the action
potential waveforms output from the correcting section 13, the shifted waveforms
output from the second producing section 14, and the action potential waveforms and
shifted waveforms output from the second interpolating section 15. Moreover, the third
producing section 16 calculates the phase based on the phase portrait, and produces vi-
sualized data (Phase Map) indicating the state of excitation in the myocardium. The vi-
sualized data mean a frame in which the excitation potential of the myocardium is vi-
sualized. Electrical excitation occurs in the membrane potential of the myocardium
cells to cause the heart to contract. The excitation-contraction phenomenon is provoked
by the action potential. The action potential is an excitation reaction of myocardial
cells which is caused by depolarization produced by the flow of Na* into the cells, and
repolarization produced by the flow in or out of Ca* or K+.

The detecting section 17 detects a phase singularity in the visualized data produced
by the third producing section 16, i.e., the rotor of fibrillation on the atrial wall.

The determining section 4 determines the type of excitation dynamics of the my-
ocardium based on visualized data. The determining section 4 has a calculating section
18 for calculating the number of predetermined data contained in the visualized data.
The visualized data for determining the type of excitation dynamics of the myocardium
are configured by frames of predetermined time units. The calculating section 18
calculates the total number of predetermined grids included in the frames of prede-
termined time units, as the number of predetermined data contained in the visualized
data. The determining section 4 determines the type of excitation dynamics of the my-
ocardium, based on the number of predetermined grids which is calculated by the cal-
culating section 18, and the number of phase singularities detected by the detecting
section 17.

The displaying section 5 displays the state of excitation in the myocardium of the
subject, and the determined type of excitation dynamics, based on the visualized data
output from the third producing section 16 of the processing section 3. The displaying

section 5 is configured by, for example, a liquid crystal monitor screen of the touch
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myocardium condition in which atrial fibrillation occurs. The type of excitation
dynamics of the myocardium includes the MR (Meandering Rotor) as shown in Fig.
2A, the PA (Passive Activation) as shown in Fig. 2B, and the MW (Multiple Wavelets)
as shown in Fig. 2C. The MR is a state where the excitation wave rotates around a
phase singularity. The PA is a state where the excitation wave propagates. The MW is
a state where a plurality of phase singularities exist simultaneously.

Next, the operation of the myocardial excitation determining apparatus 1 will be
described with reference to Figs. 3 to 19.

As shown in Fig. 3, first, the cardiac catheter A having a plurality of electrodes B is
inserted and placed in the atrium of the subject.

As shown in Fig. 4A, a plurality (in the embodiment, ten waveforms) of intracardiac
electrocardiogram waveforms 21a to 21j (hereinafter, "intracardiac electrocardiogram
waveforms 21" is used when generally referring to the intracardiac electrocardiogram
waveforms) are recorded by the electrodes B of the cardiac catheter A. The recorded
intracardiac electrocardiogram waveforms 21 are acquired by the acquiring section 2.

As shown in Fig. 4B, the first producing section 11 shows a predetermined region in
the atrium in which the cardiac catheter A is placed as a rectangular frame 22 or the
like, and partitions the frame 22 into a plurality of grids 23. In the diagram of Fig. 4B,
for the sake of convenience of description, 7 x 7 =49 grids are shown. Actually,
however, the frame is partitioned into several tens of thousands or more of grids. In ac-
cordance with the position of the cardiac catheter A placed in the atrium, the positions
of the electrodes B are shown on the corresponding grids in the frame, and the in-
tracardiac electrocardiogram waveforms 21a to 21j are placed on the grids 23, re-
spectively.

As shown in Fig. 5A, the first producing section 11 full-wave rectifies each of the in-
tracardiac electrocardiogram waveforms 21 to produce a full-wave rectified waveform
24. Moreover, the first producing section 11 performs moving average of the full-wave
rectified waveform 24 to produce a pseudo action potential waveform 25.

As shown in Fig. 5B, furthermore, the first producing section 11 detects candidates
of beats (beat candidates) 28 indicating the diastoles of the myocardium in the pseudo
action potential waveform 25, based on the pseudo action potential waveform 25 and
the intracardiac electrocardiogram waveform 21. Specifically, the first producing
section 11 first detects, in the pseudo action potential waveform 25, convex portions 26
with respect to each of which a larger portion does not exist within time periods of 37
msec. (described later with reference to Figs. 6A and 6B) preceding and succeeding the

convex portion 26. Then, the first producing section 11 detects, in the intracardiac elec-
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trocardiogram waveform 21, beats 27 which are in phase with the respective convex
portions 26, and which satisfy predetermined conditions (described later with reference
to Fig. 6C). In the case where a convex portion 26 contains a beat 27 satisfying the pre-
determined conditions, the first producing section 11 detects the convex portion 26 as a
beat candidate 28 indicating the diastole of the myocardium. In Fig. 5B, four beat
candidates 28 are detected.

Fig. 6A illustrates an ideal model of a unit waveform contained in the action
potential waveform of the myocardium. In Fig. 6A, the term "APD" (Action Potential
Duration) means a time period from the start of the depolarization phase of the action
potential of the myocardium, to the end of the repolarization phase, and corresponds to
the refractory period of the myocardium. The term "DI" (Diastolic Interval) means a
time period from the end of the APD to the start of the next APD, and corresponds to
the stationary phase when the myocardium is excitable. The total time period of the
APD and the DI is called the CL (Cycle Length). The relationships between the DI and
the APD in the ideal model of a unit waveform are previously obtained from a
computer simulation as shown in the graph of Fig. 6B. As shown in the graph, the
periods of 37 msec. are determined with reference to the shortest APD. The prede-
termined conditions of the beat 27 are set that, as shown in Fig. 6C, the lateral width w
of the beat 27 is equal to or smaller than a preset value, and the vertical width h is
equal to or larger than a preset value.

As shown in Fig. 7A, then, the first producing section 11 compares the heights of the
peaks of all beat candidates (in the embodiment, beat candidates 28a, 28b) which exist
in the shortest CL starting from the initial beat candidate 28a, with one another. The
first producing section 11 detects the beat candidate 28a having the highest peak as the
first beat 29A. From the graph of Fig. 6B, the shortest CL is 117 msec. which is
obtained by adding 37 msec. that is the shortest APD, and 80 msec. that is the shortest
DI.

As shown in Fig. 7B, then, the first producing section 11 compares the heights of the
peaks of all beat candidates (in the embodiment, beat candidates 28c, 28d) which exist
in the shortest CL starting from the beat candidate 28c following the beat candidates
28a, 28b that are compared with each other in Fig. 7A, with one another. The first
producing section 11 detects the beat candidate 28d having the highest peak as the
second beat 29B. Same or similarly, the first producing section 11 detects beats from
pseudo action potential waveforms 25a to 25j which are produced based on the in-
tracardiac electrocardiogram waveforms 21a to 21j, respectively.

The pseudo action potential waveforms 25a to 25j from which the beats 29A, 29B,

. are detected are placed on the grids 23 (see Fig. 8).

Then, the first interpolating section 12 defines virtual electrodes in locations where
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the pseudo action potential waveforms 25 are not placed, based on the positions of the
pseudo action potential waveforms 25a to 25j which are placed in the frame 22, and
which are shown in Fig. 8. As shown in Figs. 9A and 9B, each of the virtual electrodes
is defined based on a plurality (in the embodiment, four) of surrounding electrodes. In
Fig. 9A, the position of a virtual electrode 8e is set based on position data of electrodes
8a to 8d. In Fig. 9B, the position of another virtual electrode 8g is set based on the
virtual electrode 8e and electrodes 8a, 8b, 8f. The first interpolating section 12 sets the
positions of virtual electrodes 81, 8k, 8m by using a same or similar technique.

The first interpolating section 12 interpolates pseudo action potential waveforms 25
with respect to the defined virtual electrodes 8e, 8g, 8i, 8k, 8m, . . . , based on
pseudo action potential waveforms which are produced with respect to surrounding
electrodes. For example, an interpolated pseudo action potential waveform 25k is
placed on the grid 23 in the location where a virtual electrode is disposed (see Fig. 9C).

As shown in Fig. 10A, then, the correcting section 13 produces action potential
waveforms 30 from the pseudo action potential waveform 25. Specifically, the
correcting section 13 first applies the shortest APD (37 msec.) to the first beat 29A of
the pseudo action potential waveform 25. Then, the CL between the peak of the first
beat 29A and that of the second beat 29B is obtained. The shortest APD is subtracted
from the CL to obtain the value of the DI (DI = CL - shortest APD). Then, the value of
the APD corresponding to the obtained value of the DI is obtained from the graph of
Fig. 6B. The obtained value of the APD is the value of the APD?2 of the second beat
29B. Same or similarly, the values of the APDs of the third and subsequent beats 29
are obtained.

Then, the correcting section 13 multiplies the beats 29A,29B, . . . bya
correction coefficient, thereby correcting the heights (amplitudes) of the beats to justify
the heights. The correction coefficient is obtained by dividing a constant by the height
of the beat 29A, 29B, or the like (correction coefficient = constant/height of peak of
beat 29). The correcting section 13 eliminates, by correction, beat candidates other
than the beats 29A, 29B, etc. in the pseudo action potential waveform 235, such as the
beat candidates 28b, 28c, etc. As a result, the action potential waveforms 30 having
beats 31A, 31B, . . . in which their heights H are equal to one another are produced
with respect to the pseudo action potential waveforms 25, respectively. The corrected
action potential waveforms 30a to 30k are placed on the grids 23 in the locations where
the electrodes and the virtual electrodes are disposed (see Fig. 10B).

Then, the second producing section 14 calculates a mean APD of the beats 31A, 31B,

in the action potential waveforms 30, and produces shifted waveforms 40
which, as shown in Fig. 11A, are shifted in time phase by 1/4 of the mean APD from

the action potential waveforms 30. The action potential waveforms 30a to 30k and the
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shifted waveforms 40a to 40k are placed on the grids 23 in the locations where the
electrodes and the virtual electrodes are disposed (see Fig. 11B). The magnitude of the
shift in time phase may be N + (1/4) (N is O or a positive integer).

Then, the second interpolating section 15 interpolates virtual action potential
waveforms 35 and virtual shifted waveform 45 to grids 23 (see Fig. 11B) in which the
action potential waveforms 30 and the shifted waveforms 40 are not placed on the
frame 22. The second interpolating section 15 calculates data of the action potential
waveforms 35 and the shifted waveforms 45, from those of the surrounding action
potential waveforms 30 and shifted waveforms 40 by using the spatial interpolation
technique shown in Fig. 12A. In Fig. 12A, V1 to V3 indicate the data of the action
potential waveforms 30 and the shifted waveforms 40 in the grids 23 of the electrodes
and the virtual electrodes, and V4 to V7 indicate data of the action potential
waveforms 35 and the shifted waveforms 45. The arrows indicate the distances
between close grids among grids in which the data V1 to V7 are placed or to be placed.
As an example, the distances between the grids are indicated as 1.

From the data of the action potential waveforms 30 and shifted waveforms 40 of two
grids which are close to the grid where the action potential waveform 35 and the
shifted waveform 45 are to be placed, the data of the action potential waveform 35 and
the shifted waveform 45 are calculated according to a predetermined calculation ex-
pression, by using the spatial interpolation technique, the data of the two grids, and the
distance between the two grids. For example, the action potential waveform 35 and
shifted waveform 45 of V4 are calculated from the data of V1 and V2, and the
distances m and 1 - m between V1 and V4, and V2 and V4. V7 is calculated from V6
which is calculated as described above, and the data V1 of the grid in which the action
potential waveforms 30 and the shifted waveforms 40 are placed. The action potential
waveforms 35 and shifted waveforms 45 which are calculated as described above are
placed on the grids 23 in which the interpolation is performed (see Fig. 12B).

In order to obtain the states of the action potentials in the grids 23 in which the action
potential waveforms 30, 35 and the shifted waveforms 40, 45 are placed, then, the third
producing section 16 produces phase portraits 50 based on the respective action
potential waveforms 30, 35 and shifted waveforms 40, 45 as shown in Fig. 13. A phase
portrait can be produced by rewriting the potentials of action potential waveforms and
shifted waveforms to two-dimensional ones.

In order to express the states of the action potentials in colors, the third producing
section 16 paints the grids 23 with colors. The colors of the grids 23 are determined for
respective samples of the produced phase portraits. The third producing section 16
draws the grids 23 by using a plurality of colors (in the embodiment, 16 colors) shown

in Fig. 14A. For example, the third producing section 16 defines colors so that, in unit
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waveforms of the action potential waveforms 30, 35, the action potential portion is
drawn in warm colors, and the resting membrane portion is drawn in cool colors (see
Fig. 14B). The third producing section 16 further defines colors so that, in the region C
where the temporal variation in the action potential is fast, the color change between
adjacent samples 51 is small, and, in the region D where the temporal variation is slow,
the color change is large. As shown in Fig. 14C, the third producing section 16 obtains
angle information of each of the samples 51 from the center portion of a phase portrait
which is displayed while being replaced with a two-dimensional form, and expresses
the state of the action potential of the sample by one of 16 colors.

As shown in Figs. 15A and 15B, the third producing section 16 continuously paints
the grids 23 with colors which are determined for respective samples in the grids 23.
When colors for the first to X-th samples are continuously painted in each of the grids
23, continuous visualized data 52 such as shown in Fig. 15C are produced.

As shown in Fig. 16, then, the detecting section 17 extracts a first grid set 60 which is
configured by a predetermined number (in the embodiment, 3 x 3) of grids 23, from
the frame 22. The detecting section 17 further extracts a second grid set 61 that is
configured by grids 23 which are centered on the first grid set 60, and the number (in
the embodiment, 9 x 9) of which is larger than that in the first grid set 60. The
detecting section 17 calculates whether the total of color differences between adjacent
grids (from grid A to grid H) in the first grid set 60 is equal to or larger than a prede-
termined value or not. Specifically, (color difference between A and B) + (color
difference between Band C)+ . . . + (color difference between H and A) is
calculated. The detecting section 17 further calculates whether all of the 16 colors are
contained in the second grid set 61 or not. When both the conditions are satisfied, the
detecting section 17 detects the center of the first grid set 60 as a phase singularity 62
which is the center of swirl of the state of excitation in the myocardium.

In the determining section 4, then, the numbers of excitation grids contained in the
frames in the visualized data produced by the third producing section 16 are se-
quentially calculated by the calculating section 18. Excitation grids mean grids in-
dicating the state of excitation in the myocardium, and are grids which are painted with
warm colors at R = 255 (see the range 80 in Fig. 14A). For example, the numbers of
excitation grids in the frames which are calculated by the calculating section 18 are
shown as a graph 81 in Fig. 17. In the determining section 4, moreover, the moving
averages of the numbers of excitation grids contained in frames (for example, 15
frames) in a predetermined time period are sequentially calculated by the calculating
section 18. For example, the moving-averaged numbers of excitation grids are shown
as a graph 82 in Figs. 17 and 18.

The determining section 4 calculates the average value of the numbers of excitation
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grids, and determines plus and minus thresholds with reference to the calculated
average number of excitation grids. For example, the average number of excitation
grids is indicated as an average value of 83 in Fig. 18, and the plus and minus
thresholds are shown as thresholds 84a, 84b in Fig. 18, respectively. The determining
section 4 determines whether the moving-averaged numbers of excitation grids exceed
the thresholds 84a, 84b or not. If the moving-averaged numbers of excitation grids
exceed the thresholds, it is determined that the state of excitation dynamics of the my-
ocardium is the PA. In the graph 82 shown in Fig. 18, the moving-averaged numbers of
excitation grids exceed the thresholds 84a, 84b in, for example, a range 85, and it is de-
termined that, in the time zone, the state of excitation dynamics of the myocardium is
the PA. In the case where the moving-averaged numbers of excitation grids exceed the
thresholds, furthermore, the positions of excitation grids in the frames may be
specified, thereby determining whether the excitation wave occurs in the region of the
cardiac catheter A or outside the region. This causes the state PA of excitation in the
myocardium is further divided into two states.

If the moving-averaged numbers of excitation grids do not exceed the thresholds 84a,
84b (for example, in the case of the range 86 or 87 in Fig. 18), the determining section
4 determines the type of excitation dynamics of the myocardium based on the number
of the phase singularities 62 of the frames detected by the detecting section 17. In the
case where there are a plurality of total numbers of the phase singularities of the
frames, the determining section 4 determines that the state of excitation dynamics of
the myocardium is in the MW, and, in the case where there are not a plurality of total
numbers, determines that the excitation dynamics of the myocardium is in the MR.

On the displaying section 5, the visualized data are continuously displayed in a time
sequential manner to be shown as a moving image, whereby the manner of change in
the state of excitation in the myocardium of the subject is displayed in real time. On
the displaying section 5, in accordance with the change in the state of excitation in the
myocardium, moreover, results of determinations of excitation dynamics of the my-
ocardium are sequentially displayed in a type display region 90 in a display manner in
which, for example, colors or characters indicating the types are used. In the type
display region 90 in Fig. 19, it is displayed that the determination was the MR. Alter-
natively, the percentages of the types of excitation dynamics may be displayed in such
a manner that, for example, Meandering Rotor = 100%, Passive Activation = 0%,
Multiple Wavelets = 0%.

In the case where waveforms having beat information which is sufficient for analysis
are not obtained from one of the electrodes B of the cardiac catheter A, the grid 23
related to the electrode B may be omitted from the drawing of the visualized data in

order to maintain the accuracy of the visualized data. In this case, it may be determined
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whether beat information is sufficient or not, based on the cycle length value.

In a conventional case where the medical person is to determine the type of ex-
citation dynamics of the myocardium, visualized data indicating the state of excitation
in the myocardium are produced, and the type of excitation dynamics is determined
based on the visualized data. However, the myocardium during atrial fibrillation
sometimes vibrates, for example, about 300 times per minute. It is difficult to visually
correctly determine excitation dynamics from data of the myocardium which change at
such a high speed. Conventionally, when the state of excitation in the myocardium is to
be observed, therefore, the changing speed of measured visualized data is sometimes
reduced to, for example, 1/10. Moreover, visualized data which can be acquired from
one cardiac catheter are limited to data of a part of the atrium, and therefore data which
are sufficient for visual determination cannot be obtained in one measurement. In order
to enhance the determination accuracy, therefore, it is necessary to acquire data from a
plurality of locations in the atrium. In the conventional method, consequently, a long
period of time is required to determine the type of excitation dynamics of the my-
ocardium.

In the myocardial excitation determining apparatus 1 of the embodiment, by contrast,
the type of excitation dynamics of the myocardium during atrial fibrillation is auto-
matically determined based on the total number of excitation grids contained in the vi-
sualized data. Moreover, the type of excitation dynamics of the myocardium during
atrial fibrillation is automatically determined based on the total number of phase singu-
larities. When a result of the automatic determination is referred, therefore, the medical
person can determine the type of excitation dynamics of the myocardium, more
correctly and in a shorter time period as compared with the case where the deter-
mination is visually performed as in the prior art. Moreover, the determination is
performed based on a plurality of parameters (the total numbers of excitation grids and
phase singularities), and therefore the meandering rotor, passive activation, and
multiple wavelets which are typical types of excitation dynamics can be automatically
determined from one another.

Together with the moving image illustrating a change of the state of excitation in the
myocardium, a result (type) of the automatic determination is displayed on the
displaying section 5 so as to be corresponded to the change of the state of excitation.
Therefore, the medical person can easily know the type itself of excitation dynamics of
the myocardium, and the manner of the type change. In the case where the percentages
of the types of excitation dynamics are displayed, it is sometimes not necessary to
check the moving image to the end.

According to the configuration, therefore, it is possible to provide a myocardial ex-

citation determining apparatus which can support the determination of excitation
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dynamics of the myocardium during atrial fibrillation.

(Embodiment 2)

Next, Embodiment 2 will be described. Hereinafter, components which are identical
with those of Embodiment 1 are denoted by the same reference numerals, and their de-
scription will be omitted.

As shown in Fig. 20, a myocardial excitation determining apparatus 100 of Em-
bodiment 2 includes the acquiring section 2, a processing section 3A, a storage section
110, the determining section 4, and the displaying section 5. The processing section 3
includes a first producing section 111, the first interpolating section 12, the second
producing section 14, the second interpolating section 15, the third producing section
16, and the detecting section 17.

The storage section 110 stores a plurality of action potential unit waveforms 120
which are as shown in Fig. 21, and which are previously produced. The action
potential unit waveforms 120 are obtained by applying a temporal moving averaging
process on an action potential waveform in human atrial muscle under structural re-
modeling which is derived by computer simulation. The term "structural remodeling"
means a histoanatomical change which appears in a pathological condition of the atrial
muscle. In each of the action potential unit waveforms 120, the rising from the start
point 121 to the peak 122 is gentler (the rising angle q is smaller) as compared with
that in an ideal model of a unit waveform contained in the action potential waveforms
in the myocardium. The storage section 110 is connected to the first producing section
I11.

The first producing section 111 produces pseudo action potential waveforms by
using the action potential unit waveforms 120 with respect to the plurality of in-
tracardiac electrocardiograms which are acquired by the acquiring section 2. In the
following description of Embodiment 2, a pseudo action potential waveform 25 is also
referred to simply as an action potential waveform 25.

With respect to each of the action potential waveforms output from the first
producing section 111 and the first interpolating section 12, the second producing
section 14 produces a shifted waveform which is shifted in time phase by a prede-
termined time from the action potential waveform.

The third producing section 16 produces a phase portrait based on the action
potential waveforms output from the first producing section 111 and the first inter-
polating section 12, the shifted waveforms output from the second producing section
14, and the action potential waveforms and shifted waveforms output from the second
interpolating section 15. Moreover, the third producing section 16 calculates the phase
based on the phase portrait, and produces visualized data (Phase Map) indicating the

state of excitation in the myocardium.
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The acquiring section 2, the first interpolating section 12, the second interpolating
section 15, the detecting section 17, the determining section 4, and the displaying
section 5 are configured in a same or a similar manner as the respective sections in
Embodiment 1.

Next, the operation of the myocardial excitation determining apparatus 100 will be
described.

The operation which is performed until the intracardiac electrocardiogram
waveforms 21a to 21j recorded by the cardiac catheter A are placed on the grids 23 is
similar to that which is performed before and including the description of Fig. 4B in
Embodiment 1.

With respect to the recorded intracardiac electrocardiogram waveforms 21a to 21j,
thereafter, the first producing section 11 produces the action potential waveforms 25
by using the action potential unit waveforms 120.

In order to produce the action potential waveforms 25, as shown in Fig. 22, for
example, the first producing section 11 first detects beats satisfying predetermined
conditions, as candidate waveforms of myocardial excitation, from the recorded in-
tracardiac electrocardiogram waveforms 21. Specifically, beats which satisfy
conditions that the lateral width w is 10 msec. or shorter, and the vertical width h is 0.1
mV or higher are detected (with respect to the lateral width w and the vertical width h,
see Fig. 6C). In the case of the intracardiac electrocardiogram waveform 21 shown in
Fig. 22, as beats satisfying the conditions, seven beats contained in the broken-line
rectangles 131 to 137 are detected as candidate waveforms of myocardial excitation.

The first producing section 11 further detects beats satisfying predetermined
conditions as the waveform of myocardial excitation, from the detected candidate
waveforms of myocardial excitation. With reference to the candidate waveforms of
myocardial excitation, specifically, the first producing section 11 sets a search time
period when another candidate waveform of myocardial excitation is searched, and a
search exclusion time period when another candidate waveform of myocardial ex-
citation is not searched. In this case, the search time period (for example, 49 msec.) is
set to a time period which is shorter than the search exclusion time period (for
example, 50 msec.).

As shown in Fig. 22, the first producing section 11 detects, in the intracardiac elec-
trocardiogram waveform 21, detects a beat which is first contained in the broken-line
rectangle 131, as a candidate waveform of myocardial excitation. The first producing
section 11 searches whether or not another candidate waveform of myocardial ex-
citation (a waveform contained in the broken-line rectangle) exists between the peak
(the circle symbol 131a) of the detected candidate waveform of myocardial excitation,

and the square symbol 131b after elapse of the search time period (49 msec.). In the
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embodiment, another candidate waveform of myocardial excitation does not exist in
the search time period. In the embodiment, therefore, the beat contained in the broken-
line rectangle 131 is detected as the initial waveform of myocardial excitation. The
first producing section 11 sets the time period between the peak (the circle symbol
131a) of the detected waveform of myocardial excitation, and the triangle symbol 131c
after elapse of 50 msec., as a detection exclusion time period when another candidate
waveform of myocardial excitation is not detected.

After the detection exclusion time period (after and including the triangle symbol
131c), the first producing section 11 detects a beat contained in a broken-line rectangle
132 as the next candidate waveform of myocardial excitation. Similarly with the
above-described search, the first producing section 11 searches whether or not another
candidate waveform of myocardial excitation exists between the peak (the circle
symbol 132a) of the detected candidate waveform of myocardial excitation, and the
square symbol 132b after elapse of the search time period. In the case of the em-
bodiment, a beat contained in a broken-line rectangle 133 is detected as another
candidate waveform of myocardial excitation. The first producing section 11 compares
the amplitudes (P-P values) of the two detected candidate waveforms of myocardial
excitation (the beats contained in the broken-line rectangles 132, 133) with each other,
and detects the candidate waveform having the larger amplitude, as the waveform of
myocardial excitation. In the embodiment, the beat contained in the broken-line
rectangle 133 is detected as the waveform of myocardial excitation. The first
producing section 11 sets the time period between the peak (the circle symbol 133a) of
the detected candidate waveform of myocardial excitation, and the triangle symbol
133c after elapse of 50 msec., as the detection exclusion time period in a manner
similar to the above. The beat in the broken-line rectangle 132 which is not detected as
the waveform of myocardial excitation is eliminated from waveforms for producing
the action potential waveform 25.

When the above-described detecting process is repeated, in the intracardiac electro-
cardiogram waveforms 21 shown in Fig. 22, beats contained in the broken-line
rectangles 131, 133, 134, 136, 137 are detected as waveforms of myocardial excitation.

Then, the first producing section 11 detects the time intervals between the detected
waveforms (between the unit waveforms) of myocardial excitation. Specifically, the
time interval T1 between the peak (the circle symbol 131a) of the beat contained in the
broken-line rectangle 131, and the peak (the circle symbol 133a) of the beat contained
in the broken-line rectangle 133 is detected. Same or similarly, the time interval T2
between the circle symbol 133a and the circle symbol 134a, the time interval T3
between the circle symbol 134a and the circle symbol 136a, and the time interval T4

between the circle symbol 136a and the circle symbol 137a are detected.
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When the action potential waveforms 25 are to be produced by using the action
potential unit waveforms 120, calculations are performed under the assumption that the
detected time intervals T1 to T4 between the waveforms of myocardial excitation
correspond to unit waveforms (hereinafter, referred to as unit action potential
waveforms) CL1 to CL4 contained in the action potential waveforms 25 to be
produced, respectively.

The first producing section 11 applies the shortest APD (41 msec.) shown in the
graph of Fig. 23, to the APD value of the unit action potential waveform which is
produced with respect to the initial waveform of myocardial excitation (the beat
contained in the broken-line rectangle 131). The first producing section 11 subtracts
the shortest APD from the CL1 (T1) to obtain the value of the DI1 (DIl = CL1 -
shortest APD), and obtains the value of the APD with respect to the obtained value of
the DI1 from the graph of Fig. 23. The obtained value of the APD is the value of the
APD?2 of the unit action potential waveform which is produced with respect to the
second waveform of myocardial excitation (the beat contained in the broken-line
rectangle 133).

Same or similarly, the values of the APDs (APD3, APD4, etc.) of unit action
potential waveforms which are produced with respect to the third and subsequent
waveforms of myocardial excitation are obtained.

Based on the obtained values of the APDs, then, the first producing section 11 selects
action potential unit waveforms which are to be used in the production of the action
potential waveforms 25, from the action potential unit waveforms 120 shown in Fig.
21. In each of the action potential unit waveforms 120 of Fig. 21, specifically, the time
interval between two points (for example, between t; and t,) indicating -53 mV is set as
the value of the APD of the action potential unit waveform 120. Then, action potential
unit waveforms 120 having the value of the APD which is close to the thus obtained
values of the APDs (APD1, APD2, etc.) are sequentially selected.

The selected action potential unit waveforms 120 are displayed as waveforms for
producing the action potential waveforms 25, corresponding to the intracardiac electro-
cardiogram waveform 21 as shown in Fig. 24. The display position of each of the
action potential unit waveforms 120 relative to the intracardiac electrocardiogram
waveform 21 is as shown in Fig. 25. When the intracardiac electrocardiogram
waveform 21 is full-wave rectified to produce the full-wave rectified waveform 24,
and a moving averaging process is applied to the full-wave rectified waveform 24 to
produce the action potential waveform 25, for example, the time phase of the peak 25P
of the action potential waveform 25 is the position of the start point 121 of the action
potential unit waveform 120.

Same or similarly, the first producing section 11 produces the action potential
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waveforms 25a to 25j with respect to the intracardiac electrocardiogram waveforms
2lato 21j.

In a same or a similar manner as Embodiment 1, then, the first interpolating section
12 sets the positions of virtual electrodes, and interpolates the action potential
waveform 25k and the like with respect to the set virtual electrodes.

In Embodiment 2, the action potential unit waveforms are used, and therefore the
correction in which, as in Embodiment 1, the amplitudes of the action potential
waveforms are justified by the correcting section is not performed.

Then, the second producing section 14 calculates the mean APD of the values of the
APDs (APD3, APD4, etc.) of the unit action potential waveforms, and, similarly with
Embodiment 1, produces the shifted waveforms 40a to 40k. The action potential
waveforms 25a to 25k and the shifted waveforms 40a to 40k are placed on the grids 23
where the electrodes and the virtual electrodes are disposed, respectively (see Fig.
11B).

The processing operations which are performed in the following steps in the second
interpolating section 15, the third producing section 16, the detecting section 17, and
the determining section 4 (including the calculating section 18) and the displaying
section 5 are similar to those in the description of Embodiment 1.

Also the thus configured myocardial excitation determining apparatus 100 attains
effects similar to those in Embodiment 1.

The invention is not limited to the above-described embodiments, and may be ad-
equately subjected to modification, improvement, and the like. In addition, the
materials, shapes, dimensions, numerical values, forms, numbers, placement places,
and the like of the components of the above-described embodiments are arbitrary and
not limited insofar as the invention is achieved.

In the embodiments, for example, phase portraits and visualized data are produced by
using action potential waveforms and shifted waveforms, and the type of excitation
dynamics of the myocardium is determined based on the visualized data. However, the
invention is not limited to the configuration. For example, the Hilbert conversion may
be performed on intracardiac electrocardiograms to produce phase portraits and vi-
sualized data, and the type of excitation dynamics of the myocardium may be de-
termined based on the visualized data.

The present application is based on Japanese Patent Application No. 2016-050782,
filed on March 15, 2016, the entire contents of which are incorporated herein by

reference.
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Claims

A myocardial excitation determining apparatus comprising:

an acquiring section which acquires an intracardiac electrocardiogram
of a subject;

a processing section which computes to produce visualized data in-
dicating a state of excitation in a myocardium, based on the intracardiac
electrocardiogram; and

a determining section which determines a type of excitation dynamics
of the myocardium based on the visualized data.

The apparatus according to claim 1, wherein

the visualized data are configured by frames for every predetermined
time unit, each of the frames is configured by a plurality of grids, and
the determining section has a calculating section which calculates total
numbers of excitation grids indicating the state of excitation in the my-
ocardium, in the plurality of grids constituting the frames, and de-
termines a type of the excitation dynamics of the myocardium, based
on the total number of excitation grids for each of the frames.

The apparatus according to claim 2, wherein

the processing section has a detecting section which detects a phase sin-
gularity indicating a center of swirl of the state of excitation in the my-
ocardium, for each of the frames based on the visualized data, and

the determining section determines the type of excitation dynamics of
the myocardium, for each of the frames based on the total number of
excitation grids and a total number of the phase singularities.

The apparatus according to any one of claims 1 to 3, further comprising
a displaying section which displays the type of excitation dynamics

which is determined by the determining section.



1722

PCT/JP2017/010287

WO 2017/159705

g

f

[Fig. 1]

NOLLO3S I €l
NOILO3S | NOILO3S |, c—
ONIAVIdSiaf™ ONILO313q[™ T ONa0dd] | NOLIIE | NOLLO3S |,
] w 71 0SS ONILOHHOD !
[
) L) 9l T f
N NOLLO3S 7! NOILOZS NOILO3S
NOLLO3S | ONILYTOdHINI=—" L ONILYIOdHILNI (= ONIDNA0Nd =
ONILYINI o[ ™ L anogas 1SHl 1544
NOLLO3S Gl 21 NOLLD3S
ONININY3LIC ONILNdIOD
| m ATBn
s
14 € Z T
] <\ ¥3LIHLYO IVIQHY




2/22

WO 2017/159705 PCT/JP2017/010287

[Fig. 2A]

Meandering Rotor

[Fig. 2B]

FIG. 2B

Passive Activation
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Multiple Wavelets
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FIG. 3




5/22

WO 2017/159705 PCT/JP2017/010287

[Fig. 4A]

=
S




WO 2017/159705

[Fig. 4B]

6/22

PCT/JP2017/010287

o Intracardiac Electro-
»»%ﬁ Catheter 5, "l '~ Y cardiogram 21,

23|

21g-

21b

21

237

——A

'}/\-/210

21e/

[Fig. SA]

21

Intracardiac Electrocardiogram
Waveform

Full-wave Rectified
Waveform Waveform

21d

25

Pseudo Action Potential



7122

WO 2017/159705 PCT/JP2017/010287
[Fig. 5B]
FIG.5 B
Rl
26 =4~ 26
S\
25~
27 21 27
21~ _»

[Fig. 6A]

i}

DepolarizationT
APD




8/22

WO 2017/159705 PCT/JP2017/010287
[Fig. 6B]

FIG. 6 B

APD[ms])
250

200
150 — ]

100 ////
50

] —

0 i T T
0 80 200 400
DI{ms]
[Fig. 6C]
Conditions for Detecting Beats
A
| Lateral Width w Which Is Equal to or Smaller Than Set Value |
| |
| |
| |
| _ |
| |
| |
I Vertical Width h Which Is I
| Equal to or Larger Than '
: Set Value !
| _ i
| |
S M U )
[Fig. 7A]

25

283 / 29A

, Shortest CL
—p

Shortest CL
—




9/22

WO 2017/159705 PCT/JP2017/010287

[Fig. 7B]

FIG. 7B 25

/ 298

29A Shortest CL
*——>
28d

[Fig. 8]

FIG. 8

25 22

25a
: 25h /
@ Catheter /Dseudo Action /

Potential Waveform

1
23—}
_25b
A
25f —
/250
253\»,, PI\ )

25j 254 25



10/22

WO 2017/159705 PCT/JP2017/010287

[Fig. 9A]

[Fig. 9B]




11/22

WO 2017/159705 PCT/JP2017/010287
[Fig. 9C]
FIG. 9C
25a 52
23\_/
25b
l
2500
25k.
A
25f—.
;/2513
237
g ~ 23
258"
2 254
[Fig. 10A]
FIG. 10A
Shortest APD I
(37ms) ( APDZ2
e ™ o9
29A~ b B0 a2 il
Beat 1 ; 2c i
) e—
DI = CL- Shortest APD!
. '
oL
[Fig. 10B]
FIG. 10 B 2
Catheter h_N\_]\ Ovcgi\?er}oPr%tentﬂ 30a
23\/
30g-|
30f~_
30k
30e—1

30 soé




12/22

WO 2017/159705 PCT/JP2017/010287

[Fig. 11A]

FIG. 11A

Action Patential Waveform

ShortestAPD  APD2

[Fig. 11B]
FIG. 11B
30
) 30a 40 2
e ;‘"g Catheter 40a \ Ezaon Potential Waveform
W \ and Shifted waveform |
L ——
23| AN

~

[Fig. 12A]




13722

WO 2017/159705 PCT/JP2017/010287

[Fig. 12B]

FIG. 12B
22

35 35 /
45

45

e J:;“;;»% ?‘é"»}ﬁ“ ﬁ{/A/ction Potential Waveform and Shifted Waveform

W) Catheter Hjﬁ%ﬁﬂj * Which Are Obtained by Spatial Interpolation Tegrbnique
\ © 303

/

vt
T
z

[Fig. 13]

23

50

287




14/22

WO 2017/159705 PCT/JP2017/010287

[Fig. 14A]

FIG.

Cool Colors ~

= Warm Colors L

[Fig. 14B]




15722

WO 2017/159705 PCT/JP2017/010287

[Fig. 14C]

FIG. 14

Cool Colors «——s Warm Colors
- 51

V) e | e




16/22

WO 2017/159705 PCT/JP2017/010287

[Fig. 15A]

FIG. 15A

.
11 Catheter

gt

23—

[Fig. 15B]

FIG. 15B

Second Sample 51
First Sample / .

X-th Sample

51— @



17/22

WO 2017/159705 PCT/JP2017/010287

[Fig. 15C]

FIG. 15C

52 52

ﬁ §

First Sample  Second Sample X-th Sample

[Fig. 16]
FIG. 16
/22
23J\
AH G
/,ﬁ\\‘g—/ F
62 oD IE 60




18/22

PCT/JP2017/010287

WO 2017/159705

[Fig. 17]

FIG. 17

SPUS UOBHIXS 40 JBGUINN

Frame Number

[Fig. 18]

FIG. 18

82

~

S g

sploD ‘co_ym«_oxm_ 1O JOGUINN

Frame Number

.

T



19/22

WO 2017/159705 PCT/JP2017/010287

[Fig. 19]

90
[Fig. 20]
A
CARDIAC CATHETER _~ FIG. 20
100
ACQURING] 2 3A 4
SECTION 111 S
DETERMINING
CSEETION I 12 15 SECTION
FIRST FIRST SECOND a CALCULATING
PRODUCING |- INTERPOLATING INTERPOLATING " SECTION
SECTION SECTION SECTION S
14 16 17 18
i |
DETECTING DISPLAYING
STORAGE SECTION | _ |PRODUGINGI={"sECTiON | SECTION
SECTION 3
5




20/22

WO 2017/159705 PCT/JP2017/010287

[Fig. 21]

mv)
[Fig. 22]
FIG. 22
21
A T1 T2
50msec 50msec
- 49msec 49msec
131a 132b

133¢

Ry I |

1342 137a



21722

WO 2017/159705 PCT/JP2017/010287
[Fig. 23]
FIG. 23
APD[ms]
200
150
100
50
Y ./
|
|
|
|
0 7 T I l
0 80 100 200 300 400 DI(ms)
(Fig. 24]
FIG. 24
25
120 120




22/22

WO 2017/159705 PCT/JP2017/010287

[Fig. 25]

FIG. 25

21 24 25

) ) )

| N

Intracardiac Full-wave Rectified Action Potential
Electrocardiogram Waveform Waveform
Waveform
25P
25

—>
\ 120

12



INTERNATIONAL SEARCH REPORT

International application No

PCT/JP2017/010287

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61B5/00 A61B5/046
ADD. A61N1/40

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

A61B

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

AL) 17 July 2014 (2014-07-17)
abstract

[0142],
[0361]

paragraphs [0114],
[0336], [0337],

7 May 2015 (2015-05-07)
figures 1-3, 12, 13, 15-17
paragraphs [0044], [0053],
[0071]

US 2014/200429 Al (SPECTOR PETER S [US] ET

figures 13, 30, 55, 56A-56C, 57, 66

WO 2015/066678 A2 (UNIV NORTHWESTERN

1-4

[0326],
[uS]) 1,2,4
[0068],

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

17 May 2017

Date of mailing of the international search report

23/05/2017

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Meyer, Wolfgang

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/JP2017/010287

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

US 2014/088395 Al (DUBOIS REMI [FR] ET AL)
27 March 2014 (2014-03-27)

cited in the application

figures 1, 22, 23, 25

paragraphs [0073], [0077], [0089],
[0110]

US 5 876 349 A (WANG JYH-YUN J [US] ET AL)
2 March 1999 (1999-03-02)

the whole document

WO 20107054409 Al (CARDIOINSIGHT
TECHNOLOGIES INC [US]:; RAMANATHAN
CHARULATHA [US]; WODLI)

14 May 2010 (2010-05-14)

the whole document

US 2015/119672 Al (THAKUR PRAMODSINGH
HIRASINGH [US] ET AL)

30 April 2015 (2015-04-30)

the whole document

1-4

1-4

1-4

1-4

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/JP2017/010287
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2014200429 Al 17-07-2014 AU 2014207528 Al 30-07-2015
CA 2897991 Al 24-07-2014
CN 105208927 A 30-12-2015
EP 2945534 Al 25-11-2015
JP 2016504117 A 12-02-2016
RU 2015134391 A 20-02-2017
US 2014200429 Al 17-07-2014
US 2014200430 Al 17-07-2014
US 2014200471 Al 17-07-2014
US 2014200571 Al 17-07-2014
US 2014200572 Al 17-07-2014
US 2014200575 Al 17-07-2014
WO 2014113577 Al 24-07-2014
WO 2015066678 A2 07-05-2015 CA 2934643 Al 07-05-2015
EP 3065633 A2 14-09-2016
US 2016262643 Al 15-09-2016
WO 2015066678 A2 07-05-2015
US 2014088395 Al 27-03-2014 CA 2885531 Al 27-03-2014
EP 2897522 Al 29-07-2015
JP 2015530160 A 15-10-2015
US 2014088395 Al 27-03-2014
US 2016338772 Al 24-11-2016
WO 2014047405 Al 27-03-2014
US 5876349 A 02-03-1999 DE 19830316 Al 25-02-1999
JP H1189809 A 06-04-1999
us 5876349 A 02-03-1999
WO 2010054409 Al 14-05-2010  EP 2345024 Al 20-07-2011
JP 5911726 B2 27-04-2016
JP 2012508079 A 05-04-2012
JP 2015171548 A 01-10-2015
US 2012101398 Al 26-04-2012
US 2014005563 Al 02-01-2014
WO 2010054409 Al 14-05-2010
US 2015119672 Al 30-04-2015 CN 105636513 A 01-06-2016
EP 3062695 Al 07-09-2016
JP 2016534781 A 10-11-2016
US 2015119672 Al 30-04-2015
WO 2015066164 Al 07-05-2015

Form PCT/ISA/210 (patent family annex) (April 2005)




LR EH(F)

[ i (S RIR) A ()

RE(EFR)AGE)

HERB(E R AGE)

FRIRAA

EHA

L5
SAERgERE

BEG®F)

BT -MONBBBERE  HEBXFEOEHBRBEOCNBRIS. CIHE

ODAVBENELREE
EP3429460A1 NI (AE)B
EP2017715546

E Y RFEEANERERAZE
AAKBETLHR S

T ETAKESHI
NATH-O i & FMICENT

EERFERKFE
AZRXBART

LB, TAKESHI

] 2R o % 0 1T B PR AR

EFMERRAS
AN BT

+E , TAKESHI

B SRR I B AR

ASHIHARA TAKASHI
TAKIZAWA KOJI
NISHIHARA TATSUO
SUZUKI NOBUHIRO
IWANAGA YUUHO
OTA AKIO
TSUCHIYA TAKESHI
NAKAZAWA KAZUO
INADA SHIN

ASHIHARA TAKASHI
TAKIZAWA KOJI
NISHIHARA TATSUO
SUZUKI NOBUHIRO
IWANAGA YUUHO
OTA AKIO
TSUCHIYA, TAKESHI
NAKAZAWA, KAZUO
INADA, SHIN

A61B5/00 A61B5/046 A61N1/40

2019-01-23

2017-03-14

patsnap

AG61B5/0422 A61B5/046 A61B5/6857 A61B5/7264 A61B5/743 A61B2505/05 G16H50/20 G16H10/60

2016050782 2016-03-15 JP

Espacenet

EREER  FEEH2 , HIRBN

KW LA OERAERS3 , HET OAOBETE £ E RO FRBORSH TRCEE BESRS4E T AR BFEEE O

By RZ HFHIRE,


https://share-analytics.zhihuiya.com/view/ea81e316-6b1b-43cd-a3e2-61048c01d01d
https://worldwide.espacenet.com/patent/search/family/058489042/publication/EP3429460A1?q=EP3429460A1




