DESCRIPTION

TITLE OF INVENTION: INFORMATION PROCESSING SYSTEM AND PROGRAM

TECHNICAL FIELD

[0001] The present invention relates to an information processing system and a program.

BACKGROUND ART
[0002] A method of detecting heart failure has been disclosed in which the electrocardiogram,
heart rate, heart rate variability, heart rate interval, and respiratory frequency are obtained from
the user, and information thereof is analyzed to determine whether the user has heart failure or

not (see Patent Document 1).

PRIOR ART DOCUMENTS
Patent Document

[0003] [Patent Document 1] Japanese Unexamined Patent Publication No. 2020-039472

SUMMARY OF INVENTION
Problems to be Solved by Invention

[0004] However, the technology disclosed in Patent Document 1 does not determine the severity
of the heart failure (heart failure stage). Further, since various information needed to be obtained
from the user, it is time-consuming to determine the heart failure.

[0005] The present invention has been in view of the above circumstances and provides an
information processing system capable of reducing labor of medical staff in determining the
heart failure stage.

Means for Solving Problems

[0006] According to one aspect of the present invention, an information processing system is
provided. The information processing system is configured to execute: a reading step of reading
out an input first electrocardiogram including an electrocardiogram of a user; and a
determination step of determining a heart failure stage of the user based on the first
electrocardiogram and reference information, wherein the reference information is information
showing a relationship between the second electrocardiogram, including the electrocardiogram
obtained beforehand, in which the heart failure stage has been determined by the physician, and
a feature quantity of the heart failure, wherein: the reference information is a learned model in
which the feature quantity of the heart failure is learned from the second electrocardiogram,

and the learned model is a model that learned a content determined in the determination step



and corresponding clinical data.
[0007] According to the above disclosure, it is possible to provide an information processing

system capable of reducing labor of medical staff in determining the heart failure stage.

BRIEF DESCRIPTION OF DRAWINGS

[0008] [FIG. 1] is a block diagram showing a configuration of an information processing system 100.
[FIG. 2] is a block diagram showing a functional structure of the information processing system
100.
[FIG. 3] is an activity diagram showing information processing of a controller 110.
[FIG. 4] [FIG. 4A] is a diagram showing the normalized electrocardiogram and heart failure
stage of a healthy person. [FIG. 4B] is a diagram showing the normalized electrocardiogram
and heart failure stage at early stage. [FIG. 4C] is a diagram showing the normalized
electrocardiogram and heart failure stage in mild. [FIG. 4D] is a diagram showing the
normalized electrocardiogram and heart failure stage in moderately severe.
[FIG. 5] is a diagram showing a representation method of a determination result of the heart
failure stage.
[FIG. 6] is a diagram showing a representation method of a determination result of the heart
failure stage.
[FIG. 7] is a diagram showing a representation method of a determination result of the heart
failure stage.
[FIG. 8] is a diagram showing a representation method of a determination result of the heart
failure stage.
[FIG. 9] is a diagram showing a representation method of a determination result of the heart
failure stage.
[FIG. 10] is a diagram showing a representation method of a determination result of the heart
failure stage.
[FIG. 11] is a diagram showing a representation method of a determination result of the heart
failure stage.
[FIG. 12] is a diagram showing a representation method of a determination result of the heart
failure stage.
[FIG. 13] is a diagram showing a representation method of a determination result of the heart
failure stage.
[FIG. 14] is a diagram showing a representation method of a determination result of the heart
failure stage.
[FIG. 15] is a block diagram showing the functional structure of the information processing

system 100.



[FIG. 16] [FIG. 16A] is an activity diagram showing a generation method of a learned model
122. [FIG. 16B] is an activity diagram showing information processing of a controller 110.
[FIG. 17] is a block diagram showing the functional structure of the information processing
system 100.

[FIG. 18] is an activity diagram showing the information processing of the controller 110.
[FIG. 19] is a block diagram showing the functional structure of the information processing
system 100.

[FIG. 20] is an activity diagram showing the information processing of the controller 110.

DESCRIPTION OF EMBODIMENTS

[0009] Hereinafter, embodiments of the present invention will be described with reference to the
drawings. Various features described in the embodiment below can be combined with each
other.

[0010] A program for realizing a software in the present embodiment may be provided as a non-
transitory computer readable medium that can be read by a computer, or may be provided for
download from an external server, or may be provided so that the program can be activated on
an external computer to realize its functions on a client terminal (so-called cloud computing).

[0011] In the present embodiment, the “unit” may include, for instance, a combination of
hardware resources implemented by circuits in a broad sense and information processing of
software that can be concretely realized by these hardware resources. Further, although
various information is performed in the present embodiment, this information can be
represented, for example, by physical signal values representing voltage and current, by high
and low signal values as a bit set of binary numbers composed of 0 or 1, or by quantum
superposition (so-called quantum bits). In this way, communication/calculation can be
performed on a circuit in a broad sense.

[0012] Further, the circuit in a broad sense is a circuit realized by combining at least an appropriate
number of a circuit, a circuitry, a processor, a memory, and the like. In other words, it is a
circuit includes Application Specific Integrated Circuit (ASIC), Programmable Logic Device
(e.g., Simple Programmable Logic Device (SPLD), Complex Programmable Logic Device
(CPLD), and Field Programmable Gate Array (FPGA)), and the like.

[0013] <First embodiment>

The first embodiment will be described as follows.
[0014] 1. Configuration of an information processing system 100
FIG. 1 is a block diagram showing a configuration of an information processing system
100. As shown in FIG. 1, the information processing system 100 has a controller 110, a

storage unit 120, a display unit 130, an input unit 140, and a communication unit 150. The



controller 110 is a CPU (Central Processing Unit), GPU (Graphics Processing Unit), or the
like, and controls the entire information processing system 100. The storage unit 120 stores
various programs and data, and is configured of, for example, memory, HDD (Hard Disk
Drive), ROM (Read Only Memory), RAM (Random Access Memory), and the like.

[0015] The storage unit 120 stores data or the like used when the controller 110 executes
processing based on the program. By executing processing by the controller 110 based on the
program stored in the storage unit 120, various processing described below are realized. In
other words, the program causes the computer to execute each step of the information
processing system 100. As for the storage unit 120, at least a part of the information may be
stored in an external server other than the storage unit 120, or may be stored in a plurality of
terminals in a distributed manner using blockchain technology or the like.

[0016] The display unit 130 displays text or images (including still and moving images) and is
configured with any display. The input unit 140 inputs various information to the information
processing system 100, and is configured of mouse, keyboard, pointing device, and the like.
The communication unit 150 is a NIC (Network Interface Card) or the like, and connects the
information processing system 100 to a network, and is configured to enable data
communication with other device or component through wired or wireless connection.

[0017] 2. Functional configuration of the information processing system 100

FIG. 2 is a block diagram showing a functional structure of the information processing
system 100. As shown in FIG. 2, the controller 110 comprises a reading unit 111 and a
determination unit 112. The reading unit 111 is a unit in which information processing by a
software (stored in the storage unit 120) is specifically realized by a hardware (the controller
110). The reading unit 111 is configured to execute the reading step. The reading unit 111
reads out the input first electrocardiogram. The first electrocardiogram indicates the
electrocardiogram obtained from the user. Reading out the first electrocardiogram means, for
example, receiving the first electrocardiogram from an external device via the communication
unit 150, writing to the storage unit 120 (e.g., RAM) by reading out the first electrocardiogram,
reading out the first electrocardiogram stored in the storage unit 120 (e.g., HDD) beforechand
in response to an operation of the input unit 140 by the user, and writing to the storage unit 120
(e.g., RAM), or writing the first electrocardiogram transmitted from a predetermined
electrocardiogram measurement terminal to a cloud and stored in a storage apparatus (e.g.,
HDD) of a server to a storage apparatus (e.g., RAM) of a server by a control apparatus (e.g.,
CPU) of the server, or the like. Of course, these are only examples and are not limited to
these.

[0018] The determination unit 112 is a unit in which information processing by the software

(stored in the storage unit 120) is specifically realized by the hardware (the controller 110).



The determination unit 112 is configured to perform a determination step. The determination
unit 112 determines the heart failure stage based on the first electrocardiogram and the reference
information 121. The reference information 121 is stored in the storage unit 120 (e.g., ROM).
Here, the reference information 121 is information that indicates the relationship between the
second electrocardiogram and a feature quantity of the heart failure. Examples of the
reference information include look-up table, function, mathematical model, learned model, or
the like. Of course, these are only examples and are not limited to these. The heart failure
stage refers to a four-stage classification of heart failure severity based on the degree of
subjective symptoms caused by physical activity, created by NYHA (New York Heart
Association). Moreover, the second electrocardiogram indicates the electrocardiogram that
has been obtained in advance and for which the heart failure stage has been determined by a
physician.

[0019] Here, to determine means, for example, that a look-up table is stored in the storage unit
120 (e.g., ROM or HDD) in advance and the controller 110 reads out the look-up table from the
storage unit 120 to determine, that a function is stored in the storage unit 120 (e.g., ROM or
HDD) in advance and the decision is made by inputting the feature quantity obtained from the
first electrocardiogram to the function, that a mathematical model is stored in the storage unit
120 (e.g., ROM or HDD) in advance and the decision is made by inputting the feature quantity
obtained from the first electrocardiogram to the mathematical model, or the decision is made
by inputting the feature quantity obtained from the first electrocardiogram to the learned model
based on the learned model that learned the second electrocardiogram and the feature quantity
of the heart failure. Of course, these are only examples and are not limited to these.

[0020] 3. information processing

FIG. 3 is an activity diagram showing information processing of the controller 110. As
shown in FIG. 3, the reading unit 111 reads out the input first electrocardiogram (A120). Next,
the determination unit 112 determines the heart failure stage based on the first
electrocardiogram and the reference information (A140).

[0021] FIGS. 4A to 4D are diagrams showing determination results of the heart failure stage.
Specifically, in FIGS. 4A to 4D, first electrocardiograms 311, 321, 331, 341 are read out by the
reading unit 111, and the determination results 312, 322, 332, 342 of the heart failure stage
determined by the determination unit 112 are displayed based on the read out first
electrocardiograms 311, 321, 331, 341 and the reference information.

[0022] As shown in FIG. 4A, the NYHA corresponding to the determination result 312 shows 0
in all 9 heartbeats, which indicates a case of a healthy person. As shown in FIG. 4B, the
NYHA corresponding to the determination result 322 shows 1 in all 9 heartbeats, which

indicates a case where the heart failure stage is early. As shown in FIG. 4C, the NYHA



corresponding to the determination result 332 shows 2 in all 11 heartbeats, which indicates a
case where the heart failure stage is mild. As shown in FIG. 4D, the NYHA corresponding to
the determination result 342 shows 2 for the third heartbeat out of 8 heartbeats, but 4 for the
other 7 heartbeats, and since 4 is dominant, this indicates a case where the heart failure stage is
moderately severe.

[0023] Various screen examples displayed on the display unit 130 of the information processing
system 100 or a second user terminal 220 described below are shown in FIGS. 5 to 14 for
reference. According to the screen examples shown in FIGS. 5 to 14, the user can easily grasp
the determination results of the heart failure stage.

[0024] In summary, the information processing method is configured to execute the reading step
and the determination step.

The reading step reads out the input first electrocardiogram. The determination step
determines the heart failure stage based on the first electrocardiogram and the reference
information. The reference information is information indicating a relationship between the
second electrocardiogram and the feature quantity of the heart failure.

[0025] In the first embodiment, if the input first electrocardiogram exists, the heart failure stage
can be automatically determined. That is, since there is no need to obtain various information
from the user, the labor of medical staff in determining the heart failure stage can be reduced.

[0026] <Second Embodiment>

The second embodiment will be illustrated hereinafter. In the second embodiment, the
description of the parts that overlap with the first embodiment will be appropriately omitted.

[0027] The first electrocardiogram is preferably configured of 1 to 50 beats. Specifically, for
example, itis 1,2,3,4,5,6,7,8,9,10,11, 12, 13, 14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24,25,
26,27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50
beats, and may be in a range between any two of the numerical values illustrated above. In
particular, it is preferably one beat. The determination unit 112 determines the heart failure
stage based on the first electrocardiogram configured of 1 to 50 beats and the reference
information.

[0028] The first electrocardiogram is preferably configured of heartbeats of 5 to 300 seconds.
Specifically, for example, it is 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85,
90, 95, 100, 105, 110, 115, 120, 125, 130, 135, 140, 145, 150, 155, 160, 165, 170, 175, 1 80,
185, 190, 195, 200, 205, 210, 215, 220, 225, 230, 235, 240, 245, 250, 255, 260, 265, 270, 275,
280, 285, 290, 295, 300 seconds, and may be in the range between any two of the numerical
values illustrated above. In particular, it is preferably 5 seconds. The determination unit 112
determines the heart failure stage based on the first electrocardiogram configured of heartbeats

of 5 to 300 seconds and the reference information.



[0029] In the second embodiment, the heart failure stage can be automatically determined if the
first electrocardiogram indicating 1 to 50 beats and heartbeats of 5 to 300 seconds exists.
Therefore, the time to obtain the first electrocardiogram can be reduced, and the heart failure
stage can be determined quickly.

[0030] <Third embodiment>

The third embodiment will be illustrated hereinafter. In the third embodiment, the
description of the parts that overlap with the first and second embodiments will be
appropriately omitted.

[0031] The first electrocardiogram is preferably configured of one lead. The determination unit
112 determines the heart failure stage based on the first electrocardiogram configured of the
one lead and the reference information. The first electrocardiogram is usually configured of
6 types of limb leads and 6 types of chest leads, and the one lead indicates any one of these
leads.

[0032] In the third embodiment, the heart failure stage can be automatically determined if the first
electrocardiogram regarding the one lead exists. That is, since the labor for attaching
electrodes to the user can be eliminated, the labor of medical staff can be reduced.

[0033] <Fourth embodiment>

The fourth embodiment will be illustrated hereinafter. In the fourth embodiment, the
description of the parts that overlap with the first, second and third embodiments will be
appropriately omitted.

[0034] FIG. 15 is a block diagram showing the functional structure of the information processing
system 100. As shown in FIG. 15, it is preferable that the reference information stored in the
storage unit 120 is a learned model 122 in which the feature quantity of heart failure is learned
from the second electrocardiogram. The learned model 122 is, for example, a learned model
in which the feature quantity of heart failure is learned from the second electrocardiogram by
deep learning or machine learning such as CNN (Convolutional Neural Network).

[0035] FIG. 16A is an activity diagram showing a generation method of the learned model 122.
Here, machine learning will be illustrated as an example. As shown in FIG. 16A, the
controller 110 (e.g., CPU) reads out the second electrocardiogram stored in the storage unit 120
(e.g., HDD) (A210). Next, the controller 110 (e.g., GPU) performs machine learning
regarding the second electrocardiogram (A220). Then, the controller 110 (e.g., GPU)
performs the output processing (A230). Here, the learned model 122 is generated by
repeatedly performing A210 to A230.

[0036] Here, the learned model is a model that learned a content determined in the determination
unit 112 and corresponding clinical data. The clinical data is data including at least one of age,

gender, BMI (Body Mass Index), PWTT (Pulse Wave Transit Time), blood pressure, heart rate,



SDNN (Standard Deviation of The NN Interval), CVRR (Coefficient of Variation of RR
Interval), atrial fibrillation, or HRV (Heart Rate Variability).

[0037] FIG. 16B is an activity diagram showing information processing of the controller 110.
As shown in FIG. 16B, the reading unit 111 reads out the input first electrocardiogram (A120).
Next, the determination unit 112 determines the heart failure stage based on the first
electrocardiogram and the reference information (A140). Then, the controller 110 causes the
learned model 122 to machine learn the content determined in A140 and corresponding clinical
data (A150).

[0038] In the fourth embodiment, by using the learned model 122 as reference information, the
heart failure stage can be determined with a high degree of accuracy by further learning the
content determined in the determination unit 112 and corresponding clinical data.

[0039] <Fifth embodiment>

The fifth embodiment will be illustrated hereinafter. In the fifth embodiment, the
description of the parts that overlap with the first, second, third and fourth embodiments will
be appropriately omitted.

[0040] FIG. 17 is a block diagram showing the functional structure of the information processing
system 100. As shown in FIG. 17, the controller 110 is preferably further comprises a
preprocessor 113.  The preprocessor 113 is specifically realized by hardware (the controller
110) with information processing by software (stored in the storage unit 120). The
preprocessor 113 is configured to execute a preprocessing step. The preprocessor 113
preprocesses the first electrocardiogram read out by the reading unit 111.  Here, to preprocess
indicates, for example, that a predetermined parameter necessary for removing noise in the first
electrocardiogram are stored in the storage unit 120 (e.g., ROM or HDD) in advance, and that
the controller 110 reads out the first electrocardiogram and the predetermined parameter from
the storage unit 120 and performs processing. The preprocessing may include, for example,
trend removal, motion artifact removal, noise removal, waveform cutout for each heartbeat, and
normalization. These may be combined with each other for preprocessing.

[0041] FIG. 18 is an activity diagram showing the information processing of the controller 110.
As shown in FIG. 18, the reading unit 111 reads out the input first electrocardiogram (A120).
Next, the preprocessor 113 preprocesses the first electrocardiogram (A130). Then, the
determination unit 112 determines the heart failure stage based on the preprocessed first
electrocardiogram and the reference information (A140).

[0042] In the fifth embodiment, the heart failure stage can be determined with a high degree of
accuracy by preprocessing the first electrocardiogram to make it easier to determine the heart
failure stage.

[0043] <Sixth embodiment>



The sixth embodiment will be illustrated hereinafter. In the sixth embodiment, the
description of the parts that overlap with the first, second, third, fourth, and fifth embodiments
will be appropriately omitted.

[0044] The one lead is preferably a lead I.  Here, the lead I is obtained from a right hand and a
left hand of the user and giving a view of the lateral wall of the left ventricle in the heart.
[0045] In the sixth embodiment, the heart failure stage can be automatically determined if the first
electrocardiogram for the lead I exists. In other words, since the electrodes are attached only
to the right hand and the left hand of the user, the labor for attaching electrodes to the user can

be eliminated, thus the labor of medical staff can be reduced.

[0046] <Seventh embodiment>

The seventh embodiment will be illustrated hereinafter. In the seventh embodiment, the
description of the parts that overlap with the first, second, third, fourth, fifth and sixth
embodiments will be appropriately omitted.

[0047] FIG. 19 is a block diagram showing the functional structure of the information processing
system 100. As shown in FIG. 19, the controller 110 is preferably further comprises a
reception unit 115 and a visual information generation unit 116. The reception unit 115 is
specifically realized by hardware (the controller 110) with information processing by software
(stored in the storage unit 120). The reception unit 115 is configured to execute a reception
step. The reception unit 115 receives the first electrocardiogram from a first user terminal 210.
The first user terminal 210 is, for example, a simple electrocardiograph, a wearable terminal, a
12-lead electrocardiograph, a bedside monitor, or a Holter electrocardiograph. Here, to
receive indicates, for example, receiving the first electrocardiogram obtained in the first user
terminal 210 via the communication unit 150.

[0048] The visual information generation unit 116 is specifically realized by hardware (the
controller 110) with information processing by software (stored in the storage unit 120). The
visual information generation unit 116 is configured to execute a visual information generation
step. The visual information generation unit 116 generates visual information that can be seen
by the second user terminal 220 from a result of the determination unit 112. The second user
terminal 220 may be, for example, a computer, a smart phone, or a tablet. Here, to generate
the visual information indicates, for example, generating visual information such as screen,
image, rendering information, or the like when displaying the results of the heart failure stage
determination stored in the storage unit 120 (e.g., RAM or HDD) on the second user terminal
220. The first user terminal 210 and the second user terminal 220 may be the same terminal.

[0049] FIG. 20 is an activity diagram showing the information processing of the controller 110.
As shown in FIG. 20, the reception unit 115 receives the first electrocardiogram from the first

user terminal 210 (A110). Next, the reading unit 111 reads out the input first
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electrocardiogram (A120). Then, the determination unit 112 determines the heart failure stage
based on the first electrocardiogram and the reference information (A140). Next, the visual
information generation unit 116 generates visual information that can be seen by the second
user terminal 220 from the result determined in A140 (A170).

[0050] In the seventh embodiment, the user can confirm the heart failure stage on his or her own
second user terminal 220, thus the user can pay attention to his or her own physical condition
without being constrained by time or place. In other words, it is possible to raise awareness
of heart failure to the user.

[0051] It may be provided in each of the following aspects.

In the information processing system, the clinical data is data including at least one of age,
gender, BMI (Body Mass Index), PWTT (Pulse Wave Transit Time), blood pressure, heart rate,
SDNN (Standard Deviation of The NN Interval), CVRR (Coefficient of Variation of RR
Interval), atrial fibrillation, or HRV (Heart Rate Variability).

In the information processing system, the first electrocardiogram is configured of one lead.
In the information processing system, the one lead is a lead I, obtained from a right hand and
a left hand of a user.

In the information processing system, a preprocessing step of preprocessing the first
electrocardiogram read out in the reading step, wherein the preprocessing is a processing for
removing noise in the first electrocardiogram.

In the information processing system, the first electrocardiogram is configured of 1 to 50
beats.

In the information processing system, a reception step of accepting the first
electrocardiogram from a first user terminal, and a visual information generation step of
generating visual information that can be seen by a second user terminal from a result of the
determination step.

A program, wherein: the program allows a computer to execute each step of the
information processing system.

Of course, the above embodiments are not limited thereto.

REFERENCE SIGNS LIST
[0052] 100: Information processing system

110: Controller

111: Reading unit

112: Determination unit

113: Preprocessor

115: Reception unit



116: Visual information generation unit

120:
121:
122:
130:
140:
150:
210:
220:
311:
312:
321:
322:
331:
332:
341:
342:

Storage unit

Reference information
Learned model
Display unit

Input unit
Communication unit
First user terminal
Second user terminal
First electrocardiogram
Determination result
First electrocardiogram
Determination result
First electrocardiogram
Determination result
First electrocardiogram

Determination result
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CLAIMS

An information processing system, configured to execute:

a reading step of reading out an input first electrocardiogram including an
electrocardiogram of a user; and

a determination step of determining a heart failure stage of the user based on the
first electrocardiogram and reference information, wherein the reference information
is information showing a relationship between the second electrocardiogram, including
the electrocardiogram obtained beforehand, in which the heart failure stage has been
determined by the physician, and a feature quantity of the heart failure, wherein:

the reference information is a learned model in which the feature quantity of the
heart failure is learned from the second electrocardiogram, and

the learned model is a model that learned a content determined in the

determination step and corresponding clinical data.

The information processing system according to Claim 1, wherein:

the clinical data is data including at least one of age, gender, BMI (Body Mass
Index), PWTT (Pulse Wave Transit Time), blood pressure, heart rate, SDNN (Standard
Deviation of The NN Interval), CVRR (Coefficient of Variation of RR Interval), atrial
fibrillation, or HRV (Heart Rate Variability).

The information processing system according to Claim 1, wherein:

the first electrocardiogram is configured of one lead.

The information processing system according to Claim 3, wherein:

the one lead is a lead I, obtained from a right hand and a left hand of a user.

The information processing system according to Claim 1, further configured to
execute:

a preprocessing step of preprocessing the first electrocardiogram read out in the
reading step, wherein the preprocessing is a processing for removing noise in the first

electrocardiogram.

The information processing system according to Claim 1, wherein:

the first electrocardiogram is configured of 1 to 50 beats.
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[Claim 7] The information processing system according to Claim 1, further configured to
execute:
areception step of accepting the first electrocardiogram from a first user terminal,
and
a visual information generation step of generating visual information that can be

seen by a second user terminal from a result of the determination step.

[Claim 8] A program, wherein:
the program allows a computer to execute each step of the information processing

system according to Claim 1.



