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(57) Abstract: An electrocardiogram recording device, includes: a first receiver (21) configured to receive in real time electrocardio -
gram waveform data from an electrode attached to a patient, a transmitter (24) configured to transmit a portion of the received elec -
trocardiogram waveform data to an external apparatus; a second receiver (22) contigured to receive electrocardiogram analysis in -
formation from the external apparatus; a storing section (28) configured to store the electrocardiogram waveform data and the elec -
trocardiogram analysis information; a comparing section (26) configured to compare each of the plurality of electrocardiogram
waveforms indicated by the electrocardiogram waveform data, with the electrocardiogram analysis information; and an updating sec-
tion (27) contigured to update the electrocardiogram analysis information stored in the storing section, based on new electrocardio -
gram analysis information received by the second receiver, in a state where the electrode remains to be attached to the patient.
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Description
Title of Invention: ELECTROCARDIOGRAM RECORDING

DEVICE AND ELECTROCARDIOGRAM ANALYSIS METHOD
Technical Field

[0001]  The present disclosure relates to an electrocardiogram recording device and an elec-
trocardiogram analysis method. The present disclosure also relates to an electro-
cardiogram analysis program and a computer readable medium storing the electro-
cardiogram analysis program. The present disclosure further relates to an electro-
cardiogram analysis system which includes an electrocardiogram recording device and
an external apparatus.

Background

[0002] A portable electrocardiogram (hereinafter, "electrocardiogram" is often abbreviated
as ECQ) recorder such as an ECG event recorder or an ECG Holter recorder not only
acquires in real time ECG waveform data of a patient to whom the portable ECG
recording device is attached, but also has a function of analyzing the ECG waveform
data. By contrast, such a portable ECG recording device has a restriction thata so-
phisticated computer (such as a sophisticated microcomputer) which can perform a
complicated calculation process cannot be mounted on the recorder from viewpoints of
the production cost, the size of the recorder, the lifetime of a battery, and the like.

[0003] On the other hand, in order to determine a reference ECG waveform (reference
heartbeat waveform) of one cycle (one beat) which is obtained by performing a cal-
culation process on a plurality of ECG waveforms (heartbeat waveforms) that con-
tinuously appear on the time axis, the calculation process must be performed in a very
complicated manner. Because of the above-described restriction and the like, therefore,
it is very difficult to, in the portable ECG recording device, determine a reference ECG
waveform from ECG waveform data.

[0004] According to disclosure of JP-A-2014-54391, a reference ECG waveform is de-
termined by an electrocardiograph and a work station (WS), and the determined
reference ECG waveform is stored in a Holter electrocardiograph which can be taken
out. Thereafter, ECG waveforms acquired by the Holter electrocardiograph are
compared with the reference ECG waveform, whereby an abnormality (for example,
detection of arrhythmia) of the heart of a patient to whom the Holter electrocar-
diograph is attached can be detected.

Summary
[0005]  In the technique disclosed in JP-A-2014-54391, however, positions at which

electrodes connected to the electrocardiograph are respectively attached cannot be
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[0006]

[0007]

[0008]

[0009]

made strictly coincident with those at which electrodes connected to the Holter electro-
cardiograph are respectively attached. Usually, the electrocardiograph and the Holter
electrocardiograph are not configured by identical apparatuses. Moreover, timings
when the plurality of ECG waveforms are acquired by the electrocardiograph are
different from those when the plurality of ECG waveforms are acquired by the Holter
electrocardiograph.

In view of the above-mentioned points, the reference ECG waveform which is de-
termined by the work station is different from that which would be obtained by
performing a calculation process on the plurality of ECG waveforms acquired by the
Holter electrocardiograph. Therefore, the reliability of the reference ECG waveform
which is determined by the work station is reduced, and hence the accuracy of analysis
of a plurality of ECG waveforms acquired by the Holter electrocardiograph is lowered.

Furthermore, ECG waveforms which are acquired in real time vary with time.
Therefore, the accuracy of analysis of ECG waveform data by using the reference ECG
waveform which is determined by the work station is lowered with time.

An aspect of the present disclosure provides an electrocardiogram recording device,
an electrocardiogram analysis method, and an electrocardiogram analysis program, in
which the accuracy of analysis of ECG waveform data can be improved even when a
sophisticated computer or the like is not used. Another aspect of the present disclosure
provides a computer-readable medium causing a computer to perform the electro-
cardiogram analysis method. Another object of the invention provides an electro-
cardiogram analysis system which includes the electrocardiogram recording device and
an external apparatus.

According to a first aspect of the present disclosure, there is provided an electro-
cardiogram recording device, comprising:

a first receiver configured to receive in real time electrocardiogram waveform data
from an electrode attached to a patient, wherein the electrocardiogram waveform data
indicates a plurality of electrocardiogram waveforms which are continuously generated
on a time axis;

a transmitter configured to transmit a portion of the received electrocardiogram
waveform data to an external apparatus;

a second receiver configured to receive electrocardiogram analysis information from
the external apparatus;

a storing section configured to store the electrocardiogram waveform data and the
electrocardiogram analysis information;

a comparing section configured to compare each of the plurality of electrocardiogram
waveforms indicated by the electrocardiogram waveform data, with the electro-

cardiogram analysis information; and
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[0010]

[0011]

[0012]

[0013]

[0014]

[0015]

an updating section configured to update the electrocardiogram analysis information
stored in the storing section, based on new electrocardiogram analysis information
received by the second receiver, in a state where the electrode remains to be attached to

the patient.
According to a second aspect of the present disclosure, there is provided a method

performed by a computer, comprising:

a) receiving in real time electrocardiogram waveform data from an electrode attached
to a patient, wherein the electrocardiogram waveform data indicates a plurality of elec-
trocardiogram waveforms which are continuously generated on a time axis;

b) transmitting a portion of the received electrocardiogram waveform data to an
external apparatus;

c¢) receiving electrocardiogram analysis information from the external apparatus;

d) storing the electrocardiogram waveform data and the electrocardiogram analysis
information;

e) comparing each of the plurality of electrocardiogram waveforms indicated by the
electrocardiogram waveform data, with the electrocardiogram analysis information;
and

) updating the stored electrocardiogram analysis information, based on new electro-
cardiogram analysis information, in a state where the electrode remains to be attached
to the patient.

According to a third aspect of the present disclosure, there is provided a program
causing a computer to perform the method.

According to a fourth aspect of the present disclosure, there is provided a computer-
readable medium storing the program.

According to a fifth aspect of the present disclosure, there is provided a system
comprising: the electrocardiogram recording device; and an external apparatus
configured to generate electrocardiogram analysis information by analyzing a portion
of the electrocardiogram waveform data received from the electrocardiogram recording
device.

Brief Description of Drawings

[fig.1]Fig. 1 illustrates an ECG analysis system including an ECG recording device of
an embodiment of the invention.

[fig.2]Fig. 2 illustrates functional blocks of a controller of the ECG recording device.
[fig.3]Fig. 3 is a sequence diagram illustrating an ECG analysis method using the ECG
recording device.

Description of Embodiments

Hereinafter, an embodiment of the invention will be described with reference to the
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[0016]

[0017]

[0018]

[0019]

[0020]

drawings. The description of components denoted by the same reference numerals
which are identical with those designating components that have been described in the
embodiment will be omitted for the sake of convenience of description.

Fig. 1 illustrates an ECG analysis system 100 including an ECG recording device 1
of the embodiment of the invention (hereinafter, referred to merely as "the em-
bodiment"), an external apparatus 10, and an external server 30. As shown in Fig. 1,
the ECG recording device 1 (hereinafter, referred to merely as "recording device 1") is
a portable ECG recording device which is to be carried by a patient P, such as an ECG
event recorder or an ECG Holter recorder. It should be noted that, in Fig. 1, the
recording device 1 is illustrated in an enlarged manner relative to the patient P for the
sake of convenience of description, and the recording device 1 is carried by the patient
P. The recording device 1 includes a controller 2, a storage device 3, a network
interface 4, a displaying section 5, an input operating section 6, and a sensor interface
7. The components are communicably connected to one another through a bus 8.

The controller 2 includes a memory and a processor. The memory is configured by,
for example, a read only memory (ROM) which stores various programs and the like,
and a random access memory (RAM) having a plurality of work areas in which
programs to be executed by the processor are to be stored. For example, the processor
is a central processing unit (CPU), and configured to develop designated one of the
various programs stored in the ROM, on the RAM, and cooperate with the RAM to
execute various processes.

Particularly, the processor may develop an ECG analysis program which will be
described later, on the RAM, and cooperate with the RAM to execute the program,
thereby causing the controller 2 to control various operations of the recording device 1.
The controller 2 and the ECG analysis program will be described later in detail.

The storage device 3 is a storage device such as a USB flash memory or an SD card,
and configured to store programs and various data. The ECG analysis program may be
installed in the storage device 3. Furthermore, comparison result data (comparison
result) which are obtained by a comparing section 26 that will be described later, and
reference ECG waveform data (reference electrocardiograph waveform) which is
acquired from the external apparatus 10 may be stored in the storage device 3.

The network interface 4 is configured to connect the recording device 1 to a commu-
nication network (not shown). The communication network is a local area network
(LAN), a wide area network (WAN), the Internet, or the like. For example, the ECG
analysis program may be acquired from a computer located on the communication
network through the network interface 4. Data stored in the recording device 1 may be
wirelessly transmitted to the external server 30 which is located on the communication

network, through the network interface 4.
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[0021]

[0022]

[0023]

[0024]

[0025]

The displaying section 5 is a display device such as a liquid crystal display (LCD) or
an organic EL display (OELD), and configured to display (visualize) in real time a
plurality of ECG waveforms (heartbeat waveforms) which are continuously generated
on the time axis, based on ECG waveform data that are acquired in real time through
the sensor interface 7. The displaying section 5 may not be disposed in the recording
device 1.

The input operating section 6 is configured to receive an input operation performed
by the operator who operates the recording device 1, and generate an instruction signal
corresponding to the input operation. For example, the input operating section 6 is a
touch panel which is overlaid on the displaying section 5, operation buttons which are
attached to a housing, event switches, or the like. The input operating section 6
receives an input operation such as that for starting acquisition of ECG waveform data
or that for switching displayed waveforms, and generates an instruction signal corre-
sponding to the input operation. The generated instruction signal is transmitted to the
controller 2 through the bus 8. The controller 2 is configured to control the operation of
the recording device 1 based on the instruction signal.

The sensor interface 7 is connected to electrodes 40, 42 attached to the patient P, and
an indifferent electrode (not shown). The electrodes 40, 42 are contacted with mea-
surement portions of the patient P, and function as sensors for delivering potential
changes of the measurement portions. The electrodes 40, 42 are configured to derive
the potential difference of the measurement portions, and the indifferent electrode is
configured to eliminate external noises which are induced in phase in the electrodes 40,
42.

The sensor interface 7 receives: an electrical signal which is output from the
electrode 40, and which indicates a potential change (potential); another electrical
signal which is output from the electrode 42, and which indicates a potential change
(potential); and a further electrical signal which is output from the indifferent
electrode, and which indicates a potential change (potential). The sensor interface 7
differentially amplifies the potential delivered from the electrode 40, and the potential
derived from the electrode 42, eliminates external noises by the potential derived from
the indifferent electrode, and generates an amplified ECG signal. Moreover, the sensor
interface 7 analog-digital converts (AD converts) the amplified ECG signal to generate
ECG waveform data. The generated ECG waveform data are supplied to the memory
of the controller 2 through the bus 8. Here, the ECG waveform data indicate a plurality
of ECG waveforms (waveforms generated in one beat, that is, heartbeat waveforms)
which are continuously generated on the time axis.

The recording device 1 further includes a power supply (not shown). The power

supply is configured by, for example, a battery. In the embodiment, from the



WO 2017/170177 PCT/JP2017/011865
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[0027]

[0028]

[0029]

[0030]

[0031]

viewpoints of the production cost of the recording device 1, the size of the recording
device 1, the life time of the battery, and the like, the controller 2 cannot execute a
complicated calculation process (in other words, the controller 2 does not include a
high-performance processor). In the embodiment, therefore, a complicated calculation
process is executed by a controller 14 of the external apparatus 10 as described later.

For example, the external apparatus 10 may be an apparatus dedicated to analysis of
ECG waveform data, a personal computer, a smart phone, a tablet, or a wearable
device (such as Apple Watch (registered trademark)) which is to be attached to the
body (e.g., the arm or the head) of the operator (medical person). The external
apparatus 10 includes the controller 14, a network interface 12, and a storage device
13. These components are communicably connected to one another through a bus 15.

The controller 14 includes a memory and a processor. The memory is configured by,
for example, a ROM which stores various programs and the like, and a RAM having a
plurality of work areas in which programs to be executed by the processor are to be
stored. For example, the processor is a CPU, and configured to develop designated one
of the various programs stored in the ROM, on the RAM, and cooperate with the RAM
to execute various processes. As described above, the controller 14 includes a high-
performance processor which can execute a complicated calculation process.

The network interface 12 is configured to connect the external apparatus 10 to the
communication network. In response to a request from the recording device 1, for
example, the controller 14 of the external apparatus 10 analyzes a portion of the ECG
waveform data to generate the reference ECG waveform which will be described later,
and wirelessly transmits the generated reference ECG waveform to the recording
device 1 through the network interface 12 and the communication network. The
recording device 1 and the external apparatus 10 may wirelessly communicate with
each other through an access point, or in Adhoc mode.

The storage device 13 is a storage device such as a hard disk drive (HDD) or a solid
state drive (SSD), and configured to store various programs and data.

The external server 30 is connected to the communication network. For example, the
external server 30 is configured to receive data of results of comparisons between a
plurality of ECG waveforms and the reference ECG waveform from the recording
device 1 through the communication network, and analyze the received comparison
result data, thereby correctly determining the presence or absence of an abnormality of
the heart (for example, the presence or absence of arrhythmia) of the patient P. Alter-
natively, the above-described determination of the presence or absence of an ab-
normality of the heart may be performed by the recording device 1.

Next, the functional blocks of the controller 2 of the recording device 1 will be

described with reference to Fig. 2. Fig. 2 illustrates the functional blocks of the
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[0033]

controller 2 of the recording device 1. As shown in Fig. 2, the controller 2 includes a
receiver 21, a transmitter 24, a determining section 25, the comparing section 26, an
updating section 27, and a storing section 28. The receiver 21 includes a first receiver
22 and a second receiver 23. The first receiver 22 is configured to receive in real time
the ECG waveform data from the electrodes 40, 42 attached to the patient P, through
the sensor interface 7. The second receiver 23 is configured to receive the reference
ECG waveform (an example of the electrocardiogram analysis information) from the
external apparatus 10 through the network interface 4. The transmitter 24 is configured
to transmit a portion of the ECG waveform data which are received by the first
receiver 22, to the external apparatus 10 through the network interface 4. The storing
section 28 is configured to store the ECG waveform data which are received by the
first receiver 22, and the reference ECG waveform which is received by the second
receiver 23. The storing section 28 may be configured by a memory such as a RAM, or
by the storage device 3 such as an SD card.

The determining section 25 is configured to determine whether or not a prede-
termined period of time (for example, 24 hours) has elapsed since the reference ECG
waveform is stored in the storing section 28. The comparing section 26 is configured to
compare each of the ECG waveforms (waveforms generated in one beat) indicated by
the ECG waveform data, with the reference ECG waveform. The updating section 27
is configured to update the reference ECG waveform stored in the storing section 28,
to a new reference ECG waveform. Although, in the embodiment, the reference ECG
waveform is updated under conditions that the predetermined period of time has
elapsed since the reference ECG waveform is stored in the storing section 28, the
reference ECG waveform may be updated under the following conditions:

- a condition in which the operator operates the touch portion, wherein the input
operating section 6 includes a touch portion or the like for updating the reference ECG
waveform;

+ a condition in which the comparing section 26 does not detect an ECG waveform
which is coincident with the reference ECG waveform, for a certain period of time, or

+ a condition in which a change of the body posture of the patient P is detected by
the sensor, wherein the recording device 1 includes a sensor (such as an acceleration
sensor) for detecting the body posture of the patient P.

Next, an ECG analysis method in which the recording device 1 is employed will be
described with reference to Fig. 3. Fig. 3 is a sequence diagram illustrating the ECG
analysis method in which the recording device 1 is employed. In step S1, as shown in
Fig. 3, the medical person such as the doctor attaches the electrodes 40, 42 and the in-
different electrode (not shown), to the patient P, and then turns ON the power supply
of the recording device 1. In step S2, then, the recording device 1 (specifically, the first
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[0034]

[0035]

[0036]

receiver 22) starts acquisition of ECG waveform data from the electrodes 40, 42
attached to the patient P, through the sensor interface 7. In step S3, then, the
transmitter 24 transmits a part (for example, ECG waveform data in a predetermined
period of time) of the ECG waveform data which are received by the first receiver 22,
to the external apparatus 10 through the network interface 4 and the communication
network. Here, an example of the predetermined period of time is 10 seconds. Next,
the controller 14 of the external apparatus 10 acquires the portion of the ECG
waveform data through the network interface 12, and analyzes the acquired portion of
the ECG waveform data to generate the reference ECG waveform (step S4). Then, the
external apparatus 10 transmits the reference ECG waveform to the recording device 1
through the communication network (step S5). Here, the reference ECG waveform is a
typical waveform which is extracted from a plurality of ECG waveforms indicated by
the acquired portion of the ECG waveform data based on a predetermined criterion, or
a calculated waveform which is obtained by performing a calculation process on the
plurality of ECG waveforms.

An example of a technique for extracting a typical waveform from a plurality of ECG
waveforms will be described below. For example, each of the plurality of ECG
waveforms is subjected to measurements of the following items.

<ltems>

- Noise mixing degree,

- Shape of QRS waveform (classified into R type, QR type, RS type, etc.),
+ R amplitude,

+ S amplitude, and

T amplitude

With respect to the noise mixing degree, the smaller the degree, the higher the point
is given. With respect to the other items (the shape of QRS waveform, the R amplitude,
the S amplitude, and the T amplitude), the closer the value to the average, the higher
the point is given. After the point which is to be given to each ECG waveform is de-
termined in this way, the ECG waveform in which the point is highest is extracted as
the typical waveform.

Examples of a technique for performing a calculation process on a plurality of ECG
waveforms to obtain a calculated waveform are as follows:

1) Arithmetic averaging is simply performed on all ECG waveforms to calculate the
calculated waveform:;

2) Shapes of ECG waveforms are compared with one another, ECG waveforms
which are clearly different in shape from other ECG waveforms are eliminated, and
then arithmetic averaging is performed on the remaining ECG waveforms to calculate

the calculated waveform; and
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3) ECG waveforms are arranged by taking the QRS position as the reference, and the
median value (or the average value) at each time is determined as the typical value. A
waveform configured by the typical values at respective times is set as a calculated
waveform.

[0037]  In the embodiment, the generation of the reference ECG waveform requires a com-
plicated calculation process as described above, and therefore the external apparatus 10
including the high-performance processor generates the reference ECG waveform, in
place of the recording device 1.

[0038] In step S6, then, the second receiver 23 receives the reference ECG waveform from
the external apparatus 10, through the communication network and the network
interface 4. Thereafter, the received reference ECG waveform is stored in the storing
section 28 (for example, the RAM) (step S6).

[0039]  In step S7, then, the comparing section 26 compares each of the ECG waveforms
indicated by the ECG waveform data which are acquired in real time from the
electrodes 40, 42, with the reference ECG waveform, and generates the comparison
result data. For example, the comparing section 26 may determine the presence or
absence of an abnormality of each of the ECG waveforms by comparing the ECG
waveform with the reference ECG waveform. Alternatively, the comparing section 26
may determine the presence or absence of arrhythmia by comparing the ECG
waveforms with the reference ECG waveform.

[0040]  In step S8, then, the determining section 25 determines whether the acquisition of
ECG waveform data is to be ended or not. In the case where the time period of ac-
quisition of ECG waveform data is set to one month, for example, the determining
section 25 determines whether one month has elapsed after the start of the acquisition
of ECG waveform data or not. If YES in step S8, the transmitter 24 wirelessly
transmits the comparison result (comparison result data) to the external server 30
through the communication network (step S9). The external server 30 analyzes the
transmitted comparison result data to correctly determine the presence or absence of an
abnormality of the heart (for example, the presence or absence of arrhythmia) of the
patient P.

[0041]  If NOin step S8, by contrast, the determining section 25 determines whether or not a
predetermined period of time (for example, 24 hours) has elapsed since the reference
ECG waveform is stored in the storing section 28 (step S10).

[0042]  If YES in step S10 (namely, for example, in the case where the determining section
25 determines that the predetermined period of time has elapsed after the reference
ECG waveform is stored in the storing section 28), the transmitter 24 transmits another
portion (for example, ECG waveform data in 10 seconds) of the ECG waveform data

which are acquired in real time, to the external apparatus 10 through the network
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interface 4 and the communication network (step S3). Thereafter, the external
apparatus 10 analyzes the other portion of the ECG waveform data to generate a new
reference ECG waveform, and transmits the new reference ECG waveform to the
recording device 1 (steps S4 and S5). After the second receiver 23 then receives the
new reference ECG waveform from the external apparatus 10, the updating section 27
updates the reference ECG waveform stored in the storing section 28, to the new
reference ECG waveform (step S6). In a state where the electrodes 40, 42 and the in-
different electrode remain to be attached to the patient P, particularly, the updating
section 27 updates the reference ECG waveform stored in the storing section 28, based
on the new reference ECG waveform which is received by the second receiver 23.
Thereafter, the comparing section 26 compares each of the ECG waveforms indicated
by the ECG waveform data which are acquired in real time, with the new reference
ECG waveform (step S7). In this way, the latest ECG waveform data are transmitted to
the external apparatus 10 each time when the predetermined period of time has elapsed
after the reference ECG waveform is stored in the storing section 28, and the latest
reference ECG waveform which is based on the latest ECG waveform data is
generated by the external apparatus 10. Moreover, the reference ECG waveform stored
in the storing section 28 is updated to the latest reference ECG waveform, and the ECG
waveforms are compared with the latest reference ECG waveform. Therefore, the
reference ECG waveform is updated each time when the predetermined period of time
has elapsed, and consequently the reliability of the reference ECG waveform can be
enhanced.

If NO in step S10, by contrast, steps S7 and S8 are repeatedly executed until the pre-
determined period of time has elapsed.

According to the embodiment, the reference ECG waveform is received from the
external apparatus 10, and each of the ECG waveforms indicated by the ECG
waveform data is compared with the reference ECG waveform. Moreover, the
reference ECG waveform stored in the storing section 28 is updated in the state where
the electrodes 40, 42 and the indifferent electrode remain to be attached to the patient
P. Even when the recording device 1 does not include a sophisticated calculation
function, in this way, the reference ECG waveform can be acquired from the external
apparatus 10. Moreover, the attachment positions of the electrodes 40, 42 and the in-
different electrode can be maintained during at least a period from when the portion of
the ECG waveform data is transmitted to the external apparatus 10, to when each of the
ECG waveforms is compared with the reference ECG waveform. Moreover, the
reference ECG waveform can be updated. Therefore, comparison analysis can be
performed by using the reference ECG waveform which is adapted to ECG waveform

data that are acquired in real time. In this way, the reliability of the reference ECG
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waveform can be enhanced.

Therefore, it is possible to provide the recording device 1 in which, even when a so-
phisticated computer or the like is not used, the accuracy of analysis of ECG waveform
data can be improved.

Moreover, the transmitter 24 is configured to wirelessly transmit the comparison result
data which are obtained by the comparing section 26, to the external server 30, and
therefore an abnormality of the heart of the patient P can be rapidly diagnosed.
According to the embodiment, furthermore, it is possible to provide the ECG analysis
system 100 in which the accuracy of analysis of ECG waveform data can be improved.

In order to realize the recording device 1 of the embodiment by using software, the
electrocardiogram analysis program may be pre-installed in the storage device 3 or the
ROM. Alternatively, the electrocardiogram analysis program may be stored on a
computer readable storage medium such as a magnetic disk (an HDD or a floppy disk),
an optical disk (a CD-ROM, a DVD-ROM, a Blu-ray disk (registered trademark), or
the like), a magneto-optical disk (an MO or the like), or a flash memory (an SD card, a
USB memory, an SSD, or the like). In this case, when the storage medium is connected
to the recording device 1, programs which are stored on the storage medium are
installed into the storage device 3. Then, the electrocardiogram analysis program
installed in the storage device 3 is loaded into the RAM, the processor executes the
loaded program, and as a result the controller 2 executes the various processes il-
lustrated in Fig. 2.

Alternatively, the electrocardiogram analysis program may be downloaded from a
computer on the communication network, through the network interface 4. Also in this
case, the downloaded program is installed into the storage device 3.

Although the embodiment of the invention has been described, the technical scope of
the invention should not be interpreted in a limited manner based on the description of
the embodiment. It should be understood by those skilled in the art that the em-
bodiment is a mere example, and may be variously changed within the scope of the
invention as defined in the claims. The technical scope of the invention should be de-
termined based on the scope of the invention (claimed invention) as defined in the
claims, and the scope of equivalence thereof.

Although, in the embodiment, a reference ECG waveform has been described as an
example of the electrocardiogram analysis information, the electrocardiogram analysis
information is not limited to a reference ECG waveform. For example, the information
may be the reference RR interval or the reference QT interval. In the case where the
electrocardiogram analysis information is the reference RR interval, the external
apparatus 10 analyzes the ECG waveform data transmitted from the recording device

1, to generate the reference RR interval (for example, the typical, average, or median
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value of the RR interval), and transmits the generated reference RR interval to the
recording device 1. Thereafter, the storing section 28 stores the reference RR interval,
and the comparing section 26 then compares the RR interval of each of ECG
waveforms with the reference RR interval to generate the comparison result. As
described above, the electrocardiogram analysis information as defined in the claimed
invention is not limited to the reference ECG waveform that has been described in the
embodiment, and various reference indexes may be applied as the electrocardiogram
analysis information.

Although, in the description of the embodiment, an ECG event recorder and an ECG
Holter recorder are exemplified as the ECG recording device, the embodiment is not
limited to such a recorder. For example, the ECG recording device may be a patient
monitor having a function of recording a measured ECG, a defibrillator, a medical
transmitter, or the like.

The outline of the embodiment will be summarized as follows.

An electrocardiogram recording device comprises:

a first receiver configured to receive in real time electrocardiogram waveform data
from an electrode attached to a patient, wherein the electrocardiogram waveform data
indicates a plurality of electrocardiogram waveforms which are continuously generated
on a time axis;

a transmitter configured to transmit a portion of the received electrocardiogram
waveform data to an external apparatus;

a second receiver configured to receive electrocardiogram analysis information from
the external apparatus;

a storing section configured to store the electrocardiogram waveform data and the
electrocardiogram analysis information;

a comparing section configured to compare each of the plurality of electrocardiogram
waveforms indicated by the electrocardiogram waveform data, with the electro-
cardiogram analysis information; and

an updating section configured to update the electrocardiogram analysis information
stored in the storing section, based on new electrocardiogram analysis information
received by the second receiver, in a state where the electrode remains to be attached to
the patient.

According to the above configuration, electrocardiogram analysis information is
received from the external apparatus, and each of the plurality of electrocardiogram
waveforms indicated by the electrocardiogram waveform data is compared with the
received electrocardiogram analysis information. In the state where the electrodes
remain to be attached to the patient, furthermore, the electrocardiogram analysis in-

formation stored in the storing section is updated. Thus, even when the electro-



13

WO 2017/170177 PCT/JP2017/011865

[0053]

[0054]

[0055]

[0056]

[0057]

[0058]

[0059]

cardiogram recording device does not have a sophisticated calculation function, in this
way, electrocardiogram analysis information can be acquired from the external
apparatus.

The attachment positions of the electrodes can be maintained during at least the
period from the transmission of the portion of the electrocardiogram waveform data to
the external apparatus, to the comparison of each of the electrocardiogram waveforms
with the electrocardiogram analysis information. Moreover, the electrocardiogram
analysis information can be updated, and therefore comparison analysis can be
performed using the electrocardiogram analysis information which is adapted to elec-
trocardiogram waveform data that are received in real time. In this way, the reliability
of the electrocardiogram analysis information can be enhanced.

Therefore, it is possible to provide the electrocardiogram recording device in which,
even when a sophisticated computer or the like is not used, the accuracy of analysis of
electrocardiogram waveform data can be improved.

The electrocardiogram analysis information may be a reference electrocardiogram
waveform. The reference electrocardiogram waveform may be a typical waveform
which is extracted from a plurality of electrocardiogram waveforms indicated by a
portion of the electrocardiogram waveform data based on a predetermined criterion, or
a calculated waveform which is obtained by performing a calculation process on the
plurality of electrocardiogram waveforms.

According to the above configuration, the reference electrocardiogram waveform is
received from the external apparatus, and each of the plurality of electrocardiogram
waveforms indicated by the electrocardiogram waveform data is compared with the
received reference electrocardiogram waveform. Even when the electrocardiogram
recording device does not include a sophisticated computer or the like, in this way, the
reference electrocardiogram waveform can be compared with the electrocardiogram
waveforms with high accuracy.

The transmitter may be configured to wirelessly transmit a comparison result which
is obtained by the comparing section.

According to the above configuration, the comparison result which is obtained by the
comparing section is wirelessly transmitted, and therefore an abnormality of the heart
of the patient can be rapidly diagnosed.

The electrocardiogram recording device may further comprise:

a determining section configured to determine whether or not a predetermined period
of time has elapsed since the electrocardiogram analysis information is stored in the
storing section.

If the determining section determines that the predetermined period of time has

elapsed since the electrocardiogram analysis information is stored in the storing
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section,

the transmitter transmits another portion of the received electrocardiogram waveform
data to the external apparatus,

the second receiver receives new electrocardiogram analysis information from the
external apparatus,

the updating section updates the electrocardiogram analysis information stored in the
storing section, with the new electrocardiogram analysis information,

and

the comparing section compares each of the plurality of electrocardiogram waveforms
indicated by the electrocardiogram waveform data, with the new electrocardiogram
analysis information.

According to the above configuration, it is determined whether the predetermined
period of time has elapsed from the storage of the electrocardiogram analysis in-
formation in the storing section or not, and, if it is determined that the predetermined
period of time has elapsed from the storage of the electrocardiogram analysis in-
formation in the storing section, the electrocardiogram analysis information which has
been stored in the storing section is updated to the new electrocardiogram analysis in-
formation. In this way, the electrocardiogram analysis information is updated every
predetermined period of time, and therefore the reliability of the electrocardiogram
analysis information can be enhanced.

A method performed by a computer, comprises:

a) receiving in real time electrocardiogram waveform data from an electrode attached
to a patient, wherein the electrocardiogram waveform data indicates a plurality of elec-
trocardiogram waveforms which are continuously generated on a time axis;

b) transmitting a portion of the received electrocardiogram waveform data to an
external apparatus;

c¢) receiving electrocardiogram analysis information from the external apparatus;

d) storing the electrocardiogram waveform data and the electrocardiogram analysis
information;

e) comparing each of the plurality of electrocardiogram waveforms indicated by the
electrocardiogram waveform data, with the electrocardiogram analysis information;
and

) updating the stored electrocardiogram analysis information, based on new electro-
cardiogram analysis information, in a state where the electrode remains to be attached
to the patient.

The electrocardiogram analysis information may be a reference electrocardiogram
waveform. The reference electrocardiogram waveform may be a typical waveform

which is extracted from a plurality of electrocardiogram waveforms indicated by the
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portion of the electrocardiogram waveform data based on a predetermined criterion, or
a calculated waveform which is obtained by performing a calculation process on the
plurality of electrocardiogram waveforms.

The method may further comprise:

g) wirelessly transmitting a comparison result which is obtained by comparing each
of the plurality of electrocardiogram waveforms indicated by the electrocardiogram
waveform data, with the electrocardiogram analysis information.

The method may further comprise:

h) determining whether or not a predetermined period of time has elapsed since the
electrocardiogram analysis information is stored,

1) if determining that the predetermined period of time has elapsed since the electro-
cardiogram analysis information is stored,

il) transmitting another portion of the received electrocardiogram waveform data to
the external apparatus;

12) receiving new electrocardiogram analysis information from the external
apparatus;

13) updating the stored electrocardiogram analysis information with the new electro-
cardiogram analysis information; and

i4) comparing each of the plurality of electrocardiogram waveforms indicated by the
electrocardiogram waveform data with the new electrocardiogram analysis in-
formation.

There may be provided a program causing a computer to perform the above method.

There may be provided a computer-readable medium storing the program.

A system comprises:

the electrocardiogram recording device; and

an external apparatus configured to generate electrocardiogram analysis information
by analyzing a portion of the electrocardiogram waveform data received from the elec-
trocardiogram recording device.

This application is based on Japanese Patent Application No. 2016-065565 filed on

March 29, 2016, the entire contents of which are incorporated herein by reference.
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Claims

An electrocardiogram recording device, comprising:

a first receiver configured to receive in real time electrocardiogram
waveform data from an electrode attached to a patient, wherein the
electrocardiogram waveform data indicates a plurality of electro-
cardiogram waveforms which are continuously generated on a time
axis;

a transmitter configured to transmit a portion of the received electro-
cardiogram waveform data to an external apparatus;

a second receiver configured to receive electrocardiogram analysis in-
formation from the external apparatus;

a storing section configured to store the electrocardiogram waveform
data and the electrocardiogram analysis information;

a comparing section configured to compare each of the plurality of
electrocardiogram waveforms indicated by the electrocardiogram
waveform data, with the electrocardiogram analysis information; and
an updating section configured to update the electrocardiogram analysis
information stored in the storing section, based on new electro-
cardiogram analysis information received by the second receiver, in a
state where the electrode remains to be attached to the patient.

The electrocardiogram recording device of claim 1, wherein

the electrocardiogram analysis information is a reference electro-
cardiogram waveform, and

the reference electrocardiogram waveform is a typical waveform which
is extracted from a plurality of electrocardiogram waveforms indicated
by the portion of the electrocardiogram waveform data based on a pre-
determined criterion, or a calculated waveform which is obtained by
performing a calculation process on the plurality of electrocardiogram
waveforms.

The electrocardiogram recording device of claim 1 or 2, wherein

the transmitter is configured to wirelessly transmit a comparison result
which is obtained by the comparing section.

The electrocardiogram recording device of any one of claims 1 to 3,
further comprising:

a determining section configured to determine whether or not a prede-
termined period of time has elapsed since the electrocardiogram

analysis information is stored in the storing section,
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wherein

if the determining section determines that the predetermined period of
time has elapsed since the electrocardiogram analysis information is
stored in the storing section,

the transmitter transmits another portion of the received electro-
cardiogram waveform data to the external apparatus,

the second receiver receives new electrocardiogram analysis in-
formation from the external apparatus,

the updating section updates the electrocardiogram analysis information
stored in the storing section, with the new electrocardiogram analysis
information,

and

the comparing section compares each of the plurality of electro-
cardiogram waveforms indicated by the electrocardiogram waveform
data, with the new electrocardiogram analysis information.

A method performed by a computer, comprising:

a) receiving in real time electrocardiogram waveform data from an
electrode attached to a patient, wherein the electrocardiogram
waveform data indicates a plurality of electrocardiogram waveforms
which are continuously generated on a time axis;

b) transmitting a portion of the received electrocardiogram waveform
data to an external apparatus;

¢) receiving electrocardiogram analysis information from the external
apparatus;

d) storing the electrocardiogram waveform data and the electro-
cardiogram analysis information;

e) comparing each of the plurality of electrocardiogram waveforms
indicated by the electrocardiogram waveform data, with the electro-
cardiogram analysis information; and

f) updating the stored electrocardiogram analysis information, based on
new electrocardiogram analysis information, in a state where the
electrode remains to be attached to the patient.

The method of claim 5, wherein

the electrocardiogram analysis information is a reference electro-
cardiogram waveform, and

the reference electrocardiogram waveform is a typical waveform which
is extracted from a plurality of electrocardiogram waveforms indicated

by the portion of the electrocardiogram waveform data based on a pre-
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determined criterion, or a calculated waveform which is obtained by
performing a calculation process on the plurality of electrocardiogram
waveforms.

The method of claim 5 or 6, further comprising:

g) wirelessly transmitting a comparison result which is obtained by
comparing each of the plurality of electrocardiogram waveforms
indicated by the electrocardiogram waveform data, with the electro-
cardiogram analysis information.

The method of any one of claims 5 to 7, further comprising:

h) determining whether or not a predetermined period of time has
elapsed since the electrocardiogram analysis information is stored,

1) if determining that the predetermined period of time has elapsed
since the electrocardiogram analysis information is stored,

il) transmitting another portion of the received electrocardiogram
waveform data to the external apparatus;

i2) receiving new electrocardiogram analysis information from the
external apparatus;

13) updating the stored electrocardiogram analysis information with the
new electrocardiogram analysis information; and

i4) comparing each of the plurality of electrocardiogram waveforms
indicated by the electrocardiogram waveform data with the new elec-
trocardiogram analysis information.

A program causing a computer to perform the method of any one of
claims 5 to 8.

A computer-readable medium storing the program of claim 9.

A system comprising:

the electrocardiogram recording device of any one of claims 1 to 4; and
an external apparatus configured to generate electrocardiogram analysis
information by analyzing a portion of the electrocardiogram waveform

data received from the electrocardiogram recording device.



173

PCT/JP2017/011865

WO 2017/170177

[Fig. 1]

0l ——

0] 4

s
AMOWAN | | H0SS300Nd
vl HITIOMLINOD
|
- |
it 30IA3a
— EIL ANEITY
el J9VH0LS 4 S WYOMLIN
SNLYYYddY TYNYILXT
¥ 9 L
G w
¢ —|_[ NOILO3S JOVI4ALNI NOILD3S ERONANEIT
ONIAY1dSIA MHOMLAN | [ONILYYIdO IndNI| | HOSN3S
I
0¢ | _3omn3a
3OVd0LS AHOWIN | | ¥0SS300Hd
¢ Y3TIOYINOD
_\\/\
301A3A ONIAHODTH WYHO0IaYYI0H 10T 13

1 'OId



2/3

PCT/JP2017/011865

WO 2017/170177

[Fig. 2]

N«N ﬂm y
) ) ~
oot | | H3LLINSNYAL -
92~ JOVALILNI
. MIOMLIN
NOILO3S NOILO3S NETNEREN R o €
ONIHOLS ONIHYdNOD anooas [
\
NOILO3S
8¢ Sz ¥3NFOT | JOVALILNI
ONININ3130 1sdd [T | MOSN3S
NEINEREN J
\
Y3 TIOHINOD 24
\
Z




WO 2017/170177

[Fig. 3]

RECORDING DEVIC

3/3

)

Y

POWER IS TURNED ON AFTER ELECTRODES
ARE ATTACHED TO PATIENT

Y

STARTACQUISITIONOF | S2

ECG WAVEFORM DATA

TRANSMIT

-
Lot

ECG WAVEFORM DATA

S3

PCT/JP2017/011865

EXTERNAL
APPARATUS

S4

Y /

-

GENERATE REFERENCE
ECG WAVEFORM

TRANSMIT

/

REFERENCE ECG WAVEFORM

S5

-l
ad

Y

STORE REFERENC

E ECG WAVEFORM
IN STORING SECTION

—— 56

/

\

COMPARE ECG WAVEFORM DATA

WHICH ARE ACQUIRED IN REAL TIME,
WITH REFERENCE ECG WAVEFORM

ACQUISITION
OF ECG WAVEFORM DATAIS
TO BE ENDED?

S9

/

TRANSMIT COMPARISON RESULT

|

REDETERMINED
PERIOD OF TIME
HAS ELAPSED?

\

TO EXTERNAL SERVER
J YES/

S10




INTERNATIONAL SEARCH REPORT

International application No

PCT/JP2017/011865

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61B5/00 A61B5/0432
ADD. A61B5/0404

A61B5/0452

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.

paragraphs [0019],
paragraphs [0041], [0042],
paragraphs [0055] - [0060]
figures

ALBRECHT PAUL)
8 December 2005 (2005-12-08)

figures

X EP 1 928 311 A2 (TOUMAZ TECHNOLOGY LTD
[GB]) 11 June 2008 (2008-06-11)

[0023] - [0031]
[0047]

X WO 2005/117467 A2 (UNITED THERAPEUTICS
CORP [US]; KURZWEIL RAYMOND C [US];

page 7, line 14 - page 20, line 21
page 32, line 7 - page 33, line

1-11

1-11

12

_/__

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

22 May 2017

Date of mailing of the international search report

31/05/2017

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

Bataille, Frédéric

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

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/JP2017/011865

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 5 092 340 A (YAMAGUCHI KEIJI [JP] ET
AL) 3 March 1992 (1992-03-03)

column 8, line 8 - column 10, line 36
column 11, line 64 - column 13, Tine 17
figures

1,5,9-11

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/JP2017/011865
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 1928311 A2 11-06-2008 AT 476914 T 15-08-2010
CN 101272733 A 24-09-2008
EP 1928311 A2 11-06-2008
GB 2420628 A 31-05-2006
JP 5244600 B2 24-07-2013
JP 2009509607 A 12-03-2009
US 2008214946 Al 04-09-2008
WO 2007036748 A2 05-04-2007
WO 2005117467 A2 08-12-2005  NONE
US 5092340 A 03-03-1992 DE 3789060 D1 24-03-1994
DE 3789060 T2 19-05-1994
EP 0327646 Al 16-08-1989
JP HO347094 B2 18-07-1991
JP 56399840 A 02-05-1988
us 5092340 A 03-03-1992
WO 8802617 Al 21-04-1988

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




LR EH(F)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

RHA

IPCHEKS
CPCH %5
e
NS

BEG®)

—fOBEIEREE ,

DERIEFEEMOBERD TG E

EP3435845A1 A
EP2017716018

BAE Tk att

HAB AT

BB LNE

ONO YOSHINOBU
TAKAYANAGI TSUNEO

ONO YOSHINOBU
TAKAYANAGI TSUNEO

A61B5/00 A61B5/0432 A61B5/0452 A61B5/0404
A61B5/0006 A61B5/0404 A61B5/0432 A61B5/04525

2016065565 2016-03-29 JP

Espacenet

BIE EBKER (21) | REENMKERER

E R BARSSATRKUD BB BRI, 20588 (24) | WECE R ATIEIE
DB ER P BIEN — S RIAFIAIRE, FEKEE (22) , ATMA
BREBWOEEDMER, FHED (28) , ATHF#OBEREESE
MOBEIMERLRE (26) , ATHHELBERREHERTHSN
DEREREANES - M SOBRIMESRTLERENND (27) , &
BEENERRREWETBENRST | ETHE S BRESERKAHN
LEESHES , ENMFREFESI PN OERINES.

2019-02-06

2017-03-23

patsnap


https://share-analytics.zhihuiya.com/view/3d0101f6-4d18-43bd-9c72-8bab6939b693
https://worldwide.espacenet.com/patent/search/family/058489754/publication/EP3435845A1?q=EP3435845A1

