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(57)  To provide an aggravation estimation device
and an aggravation estimation program for accurately
estimating aggravation of a patient as a subject based
on various types of information regarding the patient as
the subject. A computer terminal (10) implements the
functions of: generating a static scoring model in which
first and second variables based on patient information
extracted from a database (40) correspond to vertical
and horizontal axes, respectively; acquiring types of pa-
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Description
TECHNICAL FIELD
[0001] The present invention relates to an aggravation estimation device and an aggravation estimation program.
BACKGROUND ART

[0002] Recently, in the medical field, there have been researches and development carried out for utilizing biological
information of a certain patient measured therefrom not only for treatment, diagnosis, and the like of the patient but also
for treatment, diagnosis, and the like of other patients as well.

[0003] Examples of such kind of technologies include the following Patent Document 1.

[0004] In Patent Document 1, a system is disclosed that generates an alarm when a patient is aggravated. The system
utilizes various kinds of physiological scoring systems or physiological parameters such as early warning scores (EWS),
modified early warning scores (MEWS), and vital signs indexes (VIX).

[0005] In Patent Document 1, it is disclosed to plot actually measured values of the heart rate and respiratory rate as
part of information used for the early warning scores on a two-dimensional model that takes the heart rate as the vertical
axis and the respiratory rate as the horizontal axis, and to generate an alarm when the plot is displayed in a specific
region of the two-dimensional model.

CITATION LIST

PATENT DOCUMENTS

[0006] Patent Document 1: National Publication of International Patent Application No. 2014-510603
SUMMARY OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0007] The two-dimensional model disclosed in Patent Document 1 is effective in terms of making it easy to make
intuitive determination by visually displaying the early warning score. However, only the heart rate and the respiratory
rate are selectively used in spite of the fact that the early warning score is an index for determining the seriousness of
the patientby adding parameters such as a systolicblood pressure, a degree of oxygen saturation, and abody temperature
to the heart rate and the respiratory rate, so that there is a concern that the validity thereof may become insufficient.
[0008] The presentinvention, which is designed in view of the foregoing problem, provides an aggravation estimation
device and an aggravation estimation program for accurately estimating aggravation of a patient as a subject based on
various types of information regarding the patient as the subject.

MEANS FOR SOLVING THE PROBLEM

[0009] The present invention provides an aggravation estimation device, including: a model generation unit that ex-
tracts, from a database accumulating a plurality of types of patient information acquired chronologically for a plurality of
patients, patient information acquired in a predetermined period including at least a period before a point in time at which
each of the patients is aggravated, derives a first variable and a second variable from the extracted patient information,
and generates a static scoring model as a two-dimensional model in which the derived first variable and second variable
correspond to a vertical axis and a horizontal axis, respectively; a scoring unit that acquires the plurality of types of
patient information regarding the patient as a subject per unit time, and derives the first variable and the second variable
fromthe acquired patientinformation to successively draw plots on the static scoring model; and an aggravation estimation
unit that estimates at least part of points in time at which the plots are drawn by the scoring unit in a specific region that
is part of a two-dimensional region of the static scoring model as a timing at which the subject is aggravated, wherein
at least one of the first variable and the second variable is an index derived by using the plurality of types of patient
information.

[0010] The presentinvention provides an aggravation estimation program for causing a computer to execute: a model
generation unit that extracts, from a database accumulating a plurality of types of patient information acquired chrono-
logically for a plurality of patients, patient information acquired in a predetermined period including at least a period
before a point in time at which each of the patients is aggravated, derives a first variable and a second variable from the
extracted patient information, and generates a static scoring model as a two-dimensional model in which the derived
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first variable and second variable correspond to a vertical axis and a horizontal axis, respectively; a scoring unit that
acquires the plurality of types of patient information regarding the patient as a subject per unit time, and derives the first
variable and the second variable from the acquired patient information to successively draw plots on the static scoring
model; and an aggravation estimation unit that estimates at least part of points in time at which the plots are drawn by
the scoring unit in a specific region that is part of a two-dimensional region of the static scoring model as a timing at
which the subject is aggravated, wherein at least one of the first variable and the second variable is an index derived
by using the plurality of types of patient information.

[0011] In the present invention, at least one of the first variable and the second variable corresponding to the vertical
axis and the horizontal axis of the two-dimensional model (static scoring model) to be scored is the index derived by
using a plurality of types of patient information. Accordingly, it is possible with the present invention to plot the patient
information with higher validity compared to that of the conventional technique on the two-dimensional model and to
accurately estimate the timing at which the subject is aggravated.

EFFECT OF THE INVENTION

[0012] The presentinvention provides the aggravation estimation device and the aggravation estimation program for
accurately estimating aggravation of a patient as a subject based on various types of information regarding the patient
as the subject.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013]

Fig. 1 is a system configuration diagram for implementing the present invention.
Fig. 2 is a chart showing a specific example of a display screen of a computer terminal.

DESCRIPTION OF EMBODIMENTS

[0014] Hereinafter, an embodiment of the present invention will be described by referring to the accompanying draw-
ings. Note that the same reference signs are applied to the same structural elements all through the drawings, and
explanations thereof will not be repeated.

<Aggravation Prediction Device according to Present Invention>

[0015] First, an aggravation prediction device according to the present invention will be described by using Fig. 1 and
Fig. 2.

[0016] Fig. 1 is a system configuration diagram for implementing the present invention. Fig. 2 is a chart showing a
specific example of a display screen of a computer terminal.

[0017] The aggravation prediction device according to the present invention is implemented by a computer terminal
10 to which dedicated application software (an aggravation prediction program according to the present invention) is
installed, for example.

[0018] The computer terminal 10 is capable of achieving each function to be described later by executing processing
related to the application software, and includes hardware resources required for achieving the function. Specifically,
the hardware resources herein may be a CPU and a memory built in the computer terminal 10, an input device for
receiving operation input from a user, and an output device for outputting screens, sound, and the like required for
implementing operations of the user and each of the functions, for example.

[0019] The computer terminal 10 is capable of implementing at least the following functions.

[0020] The first function is to extract, from a database 40, patient information acquired in a predetermined period
including at least a period before the point in time at which each patient is aggravated, derive a first variable and a
second variable from the extracted patient information, and generate a static scoring model as a two-dimensional model
in which the derived first variable and second variable correspond to the vertical axis and the horizontal axis, respectively
(hereinafter, referred to as a model generation unit).

[0021] The second function is to acquire a plurality of types of patient information regarding a patient 30 as a subject
per unit time, and derive the first variable and the second variable from the acquired patient information to successively
draw plots on the static scoring model (hereinafter, referred to as a scoring unit).

[0022] The third function is to estimate, as the timing at which the subject is aggravated, at least part of points in time
at which the plots are drawn by the scoring unit in a specific region as part of a two-dimensional region in the static
scoring model (hereinafter, referred to as an aggravation estimation unit).
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[0023] The database 40 accumulates a plurality of types of patient information acquired chronologically for a plurality
of patients. The database 40 may be a dedicated database provided to introduce the present invention or may be a
general database provided for a system (for example, an electronic medical record system) introduced separately from
the present invention.

[0024] The patient information accumulated in the database 40 includes information regarding personal attributes of
the patient (for example, name of the patient, sex, age, name of disease, identification number of the patient, and the
like) and biological information of the patient (for example, the body temperature, the heart rate, the respiratory rate, the
degree of oxygen saturation, the blood pressure, and the like). Note here that the blood pressure may correspond to
any of a systolic blood pressure, a diastolic blood pressure, and a mean blood pressure.

[0025] The static scoring model is a two-dimensional model that takes, as the vertical axis and the horizontal axis, the
first variable and the second variable derivable from the patient information accumulated in the database 40. Note that
the static scoring model according to the present invention is defined as "static" with the fact that the range of the specific
region to be the criteria for performing processing by the aggravation estimation unit after being generated by the model
generation unit is invariable. Therefore, it is possible to change the specific region of the static scoring model to be
variable depending on various conditions used by the model generation unit and to dynamically change display modes
of the static scoring model displayed on the display screen of the computer terminal 10.

[0026] Note here that at least one of the first variable and the second variable is an index derived by using a plurality
of types of patient information. For example, in a case shown in Fig. 2, the first variable corresponding to the horizontal
axis is a shock index, and the second variable corresponding to the vertical axis is a modified early warning score.
Instead of such case, either one of the first variable or the second variable may be a single type of patient information
(biological information) such as the heart rate, the respiratory rate, or the systolic blood pressure.

[0027] As shown in Fig. 2, the display screen of the computer terminal 10 may be divided mainly into four parts. In
Fig. 2, those four parts are shown by being surrounded by broken lines. Note that those broken lines are not actually
displayed.

[0028] A patient attribute display part DR1 located in the uppermost part is a region that displays information related
to personal attributes of a subject (patient 30). In the embodiment, displayed in the patient attribute display part DR1
are the identification number of the patient, name, age at the time of admission, sex, transferred clinical department,
room admission classification number or surgery classification number, length of stay, and names of diagnosed diseases.
[0029] While it is configured to be capable of displaying a plurality of names of diagnosed diseases, Fig. 2 shows a
state where only one type is being displayed.

[0030] An index transition display part DR2 located on the right side of the middle part is a region that displays
chronological changes of the modified early warning score and the shock index. In the display of the index transition
display part DR2 of the embodiment, the vertical axis is the modified early warning score or the shock index, and the
horizontal axis is the time. Transitions of the modified early warning score and the shock index are shown with solid
lines, transitions of values in which +1c is added to each thereof are shown with long dashed short dashed lines, and
transitions of values in which -1c is added to each thereof are shown with long dashed double-short dashed lines. Note
here that "c" is a standard deviation of the modified early warning score or the shock index.

[0031] By observing chronological changes of the modified early warning score and the shock index described above,
it is possible to predict whether the condition of the patient will get worse or better than the current condition. Further,
through analyzing variations in the modified early warning score and the shock index by referring also to the values with
+10c added thereto, it is possible to predict the condition of the patient with still higher accuracy.

[0032] Note that an upper limit is set for the horizontal axis in the index transition display part DR2. For example, in
Fig. 2, 20 minutes is set as the upper limit, and chronological changes of the modified early warning score and the shock
index are displayed within that range. The time zone displayed in the index transition display part DR2 is displayed in a
time zone display part DR4 to be described later.

[0033] The model display part DR3 located on the left side of the middle part is a region that displays the static scoring
model. The static scoring model of the embodiment is sectioned into three regions that are a stable condition zone NZ,
a warning zone WZ, and a terminal zone TZ. The stable condition zone NZ is a region showing that the condition of the
patient 30 is most stable, and the terminal zone TZ is a region showing that the condition of the patient 30 is most critical.
The computer terminal 10 estimates the plotting time to the terminal zone TZ as the timing at which the subject is
aggravated. That is, the terminal zone TZ corresponds to the specific region described above.

[0034] Even when a plot is drawn in the terminal zone TZ, it is not necessary to immediately estimate as aggravation.
It is because the possibility of aggravation is considered to be low when the condition is recovered immediately even if
the condition of the patient 30 temporarily changes and a plot is drawn in the terminal zone TZ. Therefore, when plots
are drawn in the terminal zone TZ over a specific length of time (when a specific number of plots are continuously drawn
in the terminal zone TZ), it then may be estimated as aggravation of the patient 30.

[0035] While those three regions are shown to be distinguishable in the embodiment for the sake of explanations, the
computer terminal 10 does not necessarily need to display each of the regions to be distinguishable.
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[0036] The time zone display part DR4 located in the lowermost part is a region that displays which part among the
whole time the time zone being displayed at that point in time in the index transition display part DR2 corresponds to.
More specifically, a selected region SR out of the whole time (hatched partin the time zone display part DR4) corresponds
to the time zone displayed in the index transition display part DR2.

[0037] Various types of information displayed on the display screen of the computer terminal 10 as described above
are generated based on each piece of data accumulated in the database 40 or generated based on biological information
(vital signs) of the patient 30 chronologically measured by a measuring instrument 20. Thereby, "visualization" of the
state (condition) of the whole body of the patient 30 may be implemented.

[0038] While the time interval for measuring the biological information by the measuring instrument 20 (time interval
at which the computer terminal 10 acquires the measurement result from the measuring instrument 20) may be set
freely, it is preferable to be set in the order of minutes or less in order to estimate aggravation timing of the patient 30
with specific accuracy. Note here that the order of minutes or less means that the time interval for the computer terminal
10 to acquire is a range not exceeding 1 hour (60 minutes), and it is more preferable to be a range not exceeding 10
minutes. In the embodiment, the time interval for measuring the biological information by the measuring instrument 20
is set as 1-minute interval in principle.

[0039] As described above, the present invention is capable of accurately and automatically estimating aggravation
of the patient 30 through performing computer processing using the static scoring model generated based on a great
amount of past patient information and appropriately notifying the medical personnel about the timing that requires
therapeutic intervention.

[0040] Hereinafter, each feature of the present invention will be described in detail.

<First Variable and Second Variable>

[0041] It is preferable to employ the first variable and the second variable having at least one type in common in the
patient information used for deriving the first variable and in the patient information used for deriving the second variable.
Thereby, the first and second variables come to have a specific correlation with each other, so that behavior of the plots
drawn in the static scoring model becomes more significant for estimating aggravation of the subject.

[0042] Forexample, in the case of the static scoring model shown in Fig. 2, the first variable is the shock index derived
by dividing the heart rate by the systolic blood pressure, and the second variable is the modified early warning score
derived based on the heart rate, the systolic blood pressure, the respiratory rate, the degree of oxygen saturation, and
the body temperature.

[0043] A method for deriving the modified early warning score will be described. The following table is used for deriving
the modified early warning score.

[Table 1]
3 2 1 0 1 2 3
RR =8 9-11 12-20 2124 | =25
Sp02 | =91 | 9293 94-95 =96
BT | =35.0 35.1-36.0 | 36.1-38.0 | 38.1-39.0 | =39.1
ABPs | =90 | 91-100 | 101-110 | 111-219 =220
HR =40 41-50 51-90 91-110 | 111-130 | =131

[0044] The computer terminal 10 acquires scores of each of items by collating the respiratory rate (RR), the degree
of oxygen saturation (SpO2), the body temperature (BT), the systolic blood pressure (ABPs), and the heart rate (HR)
acquired per unit time with the table shown above. Then, the total value of the acquired scores is the modified early
warning score. Therefore, when the patient information of the patient 30 at a certain point in time indicates that the
respiratory rate is 18 times, the degree of oxygen saturation is 95%, the body temperature is 38.5 degrees Celsius, the
systolic blood pressure is 100 mmHg, and the heart rate is 100 times, for example, the modified early warning score is
calculated as 5 (= 0+1+1+2+1).

[0045] Because of the above manner itis derived, the modified early warning score is derived as an integer of 0 (zero)
or larger.

[0046] Alternatively, in the embodiment of the present invention, an intervention prediction score (IPS) may be used
for the second variable instead of the modified early warning score while the shock index is used for the first variable.
Note here that the intervention prediction score is an index uniquely built by the inventor of the present invention, and
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derived based on the age, the diastolic blood pressure, the body temperature, the heart rate, the respiratory rate, and
the degree of oxygen saturation. Details of the intervention prediction score will be described later.

<How to Define Terminal Zone TZ>

[0047] Subsequently, the way of defining the terminal zone TZ in the static scoring model will be described. For defining
the terminal zone TZ, it is necessary to define a threshold value of the shock index (first variable) corresponding to the
horizontal axis and a threshold value of the modified early warning score (second variable), respectively.

[0048] It is preferable for the computer terminal 10 (model generation unit) to search the database for a plurality of
patients 40 by using at least one type among the patient information related to the subject as a key, and define the
terminal zone TZ (threshold values of the first variable and the second variable) in the static scoring model based on
the patient information related to a plurality of patients searched for. It is because aggravation of the subject may be
estimated more accurately by making analyses targeted on the patients having attributes and disease close to the subject.
[0049] In the explanations below, 18 patients suffering from rheumatism/blood disease and urgently admitted to an
intensive care unit were acquired from the database 40 to be the target of analysis for setting the terminal zone TZ in
the static scoring model.

[0050] Specifically, acquired was the patient information of those 18 patients at the point in time at which medical
intervention such as tracheal intubation and administration of vasopressor was carried out and 30 minutes before and
afterthat pointin time (hereinafter, the patientinformation in this 60-minute period is referred to as intervention group data).
[0051] Further, 24 hours later from the point in time at which the medical intervention was carried out was set as a
reference time, and the patient information of the same 18 patients was acquired 30 minutes before and after the
reference time (hereinafter, the patient information in this 60-minute period is referred to as stable group data).

[0052] Note thatitis possibletochange as appropriate what pointintime is set as the reference or the patientinformation
in the period of how long from the point in time of the reference is taken as the target.

[0053] Missing data, data at the time of taking a blood sample, and the like were excluded from the target of analysis
among the intervention group data and the stable group data acquired in the manner described above, and 470 points
were used for the intervention group data and 894 points were used for the stable group data.

[0054] The following table shows the sensitivity and the specificity acquired according to the modified early warning
score calculated based on the data. Note here that the sensitivity and the specificity are quantitative indexes that show
how accurately the examination is able to determine presence of a specific disease.

[0055] The numerical values written in the right columns of the sensitivity column and the specificity column are the
confidence interval (Cl) of the sensitivity or the specificity with a confidence level of 95%. The numerical values written
in the rightmost columns in each of the rows are likelihood ratios of the sensitivity and the specificity.

[Table 2]

Cutoff Sensitivity% 95% CI Specificity% 95% CI Likelihoo d ratio
< 0.5000 5.145 3.791% to 6.804% 99.79 98.82% to 99.99% 24.18
<1.500 28.08 25.15% to 31.15% 98.30 96.67% to 99.26% 16.49
<2.500 44.30 41.01% to 47.62% 95.96 93.76% to 97.55% 10.96
<3.500 64.65 61.42% to 67.79% 85.74 82.25% to 88.78% 4.535
<4.500 87.25 84.88% to 89.37% 75.53 71.39% to 79.35% 3.566
< 5.500 91.83 89.84% to 93.55% 59.15 54.55% to 63.63% 2.248
<6.500 99.66 99.02% to 99.93% 43.83 39.29% to 48.45% 1.774
<7.500 100.0 99.59% to 100.0% 30.21 26.09% to 34.59% 1.433
<8.500 100.0 99.59% to 100.0% 15.11 11.99% to 18.67% 1.178
<9.500 100.0 99.59% to 100.0% 6.809 4.703% to 9.476% 1.073
<10.50 100.0 99.59% to 100.0% 3.404 1.958% to 5.470% 1.035
<11.50 100.0 99.59% to 100.0% 1.702 0.7376% to 3.326% 1.017
<12.50 100.0 99.59% to 100.0% 0.8511 0.2324% to 2.165% 1.009
<13.50 100.0 99.59% to 100.0% 0.4255 0.05158% to 1.529% 1.004
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[0056] Looking into the case where the threshold value is set as 4.5 (Cut off < 4.5) in the above table, 87.25% of the
stable group data is included when MEWS < 4.5 while 75.53% of intervention group data is included when MEWS >
4.5. That is, it may be interpreted that intervention is necessary in 75% of circumstances when MEWS exceeds 4.5.
[0057] Further, looking into the case where the threshold value is set as 5.5 (Cut off < 5.5) in the above table, 91.83%
of the stable group data is included when MEWS < 5.5 while 59.15% of intervention group data is included when MEWS
> 5.5. That is, it may be interpreted that intervention is necessary in 59% of circumstances when MEWS exceeds 5.5.
[0058] Asdescribed above, the modified early warning score takes the value derived as an integer of 0 (zero) or larger,
so that it is determined appropriate to set the threshold value regarding the modified early warning score to 5 based on
the analysis result.

[0059] Note that this threshold value is simply a specific example and may change depending on the disease and the
like of the subject and may change by altering the range of the patient information as the analysis target, so that the
threshold value in the embodiment of the present invention is not limited thereto.

[0060] The methoddescribed above may alsobe applied when setting the threshold value of the shock index. Therefore,
by combining the threshold value of the shock index and the threshold value of the modified early warning score derived
independently, the computer terminal 10 is able to set the terminal zone TZ.

<Construction of Intervention Prediction Score>

[0061] As described above, for the second variable, it is possible to use the intervention prediction score instead of
the modified early warning score.

[0062] As the candidates for the variables used for the intervention prediction score, there may be background data
such as the age, sex, past medical history and the like of the patient, medicine used for treatment, evaluation items of
sedation/analgesia, patient information that may be acquired by the measuring instrument 20, and numerical value data
acquired by analyzing images captured by a camera or the like, for example.

[0063] Those variables are compared with the data in the aggravated state and the data of the stable stage. As a
method for comparison and investigation, it is possible to apply linear regression analysis, logistic regression analysis,
nonlinear regression analysis, machine learning, and the like.

[0064] In the embodiment, as a specific example, the intervention group data used for setting the threshold value
described above is treated as "data in aggravated state", and the stable group data is treated as "data of stable stage".
[0065] By analyzing the diastolic blood pressure (ABPd), the mean blood pressure (ABPm), the systolic blood pressure
(ABPs), the age (Age), the body temperature (BT), the heart rate (HR), the respiratory rate (RR), the sex (Sex), and the
degree of oxygen saturation (SpO2) used as explanatory variables in those data groups, mutual correlations were
acquired. Note that the correlations of the total of the early warning score (EWS) with respect to the above described
explanatory variables were also acquired for reference.

[0066] The values written in each column of the following table show correlations of each of the explanatory variables,
and the higher the value is, the stronger the correlation is. In this case, the diastolic blood pressure, the mean blood
pressure, and the systolic blood pressure are strongly correlated to each other, so that part thereof may be excluded
from variable options regarding the intervention prediction score. In the embodiment, the intervention prediction score
is constructed by using only the diastolic blood pressure among those.

[Table 3]
ABPd | ABPm | ABPs | Age | BT | EWStotal | HR | RR | Sex | Sp02
276 | 442 | 670 | 1.42 | 1.46 5.23 214 | 2.87 | 124 | 235

[0067] The intervention prediction score was set as 100 points for the above described intervention group data while
the intervention prediction score was set as 0 point for the above described stable group data, and multiple regression
analysis was carried out for those continuous variables. As a result, the following prediction expression having the age
(Age), the diastolic blood pressure (ABPd), the body temperature (BT), the heart rate (HR), the respiratory rate (RR),
and the degree of oxygen saturation (SpO2) as the variables is derived.

[Expression 1]

IPS = —404.7 + (0.71 x Age) + (—1.00 x ABPd) + (13.6 x BT) + (0.92 x HR) +
(1.95 X RR) + (—1.82 x Sp02)
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[0068] When the expression above is used, the point in time at which the value of the intervention prediction score
(IPS) exceeds 100 or the point in time at which the value is close to 100 may be estimated as the medical intervention
timing, that is, as the timing at which the subject is aggravated. When the computer terminal 10 calculates the intervention
prediction score by using the above expression, the solution thereof takes a larger value compared to that of the modified
early warning score and, further, it is possible to acquire the solution to decimal places. Therefore, the plot pattern on
the static scoring model using the intervention prediction score for the second variable fluctuates chronologically more
minutely compared to the case of using the modified early warning score for the second variable. Therefore, estimating
the aggravation timing of the subject by using the intervention prediction score results in achieving higher accuracy
compared to estimating it by using the modified early warning score. Because the age factor is employed in addition to
the items of the modified early warning score, it is predicted that sensitivity and specificity for the elderly are improved
so that the usefulness in the clinical practice considered to be increased.

[0069] Note thatselections of each of the variables in the expression above and the content of the prediction expression
may change when the data to be the target of analysis is changed, so that the embodiment of the present invention is
not limited thereto.

<Modification Example of the Present Invention>

[0070] While the present invention has been described heretofore with reference to the embodiment, the present
invention is not limited to the embodiment described above but includes various kinds of changes, modifications, and
the like as long as the object of the present invention is implemented therewith.

[0071] Inthe above embodiment, while the display screen of the computer terminal 10 shown in Fig. 2 is illustrated to
include the patient attribute display part DR1, the index transition display part DR2, and the time zone display part DR4
in addition to the model display part DR3 that displays the static scoring model, the embodiment of the display screen
is not limited thereto.

[0072] For example, the display screen may be configured only by a display corresponding to the model display part
DR3 or may be configured with another display not shown in Fig. 2.

[0073] While it has been described to individually acquire the threshold value of the first variable and the threshold
value of the second variable as the method for setting the specific region (terminal zone TZ) in the above embodiment,
the embodiment of the present invention is not limited thereto.

[0074] For example, it is possible to use a method for setting the specific region by relating the first variable with the
second variable (method with which the threshold value of the specific region is derived by a function using both the first
variable and the second variable as the variables).

[0075] The embodiment includes the following technical ideas.

(1) An aggravation estimation device, including: a model generation unit that extracts, from a database accumulating
a plurality of types of patient information acquired chronologically for a plurality of patients, patient information
acquired in a predetermined period including at least a period before a point in time at which each of the patients
is aggravated, derives a first variable and a second variable from the extracted patient information, and generates
a static scoring model as a two-dimensional model in which the derived first variable and second variable correspond
to a vertical axis and a horizontal axis, respectively; a scoring unit that acquires the plurality of types of patient
information regarding the patient as a subject per unit time, and derives the first variable and the second variable
from the acquired patient information to successively draw plots on the static scoring model; and an aggravation
estimation unit that estimates at least part of points in time at which the plots are drawn by the scoring unit in a
specific region that is part of a two-dimensional region of the static scoring model as a timing at which the subject
is aggravated, wherein at least one of the first variable and the second variable is an index derived by using the
plurality of types of patient information.

(2) The aggravation estimation device according to (1), wherein the patient information used for deriving the first
variable and the patient information used for deriving the second variable have at least one type in common.

(3) The aggravation estimation device according to (2), wherein: the first variable is an index derived by dividing a
heart rate by a systolic blood pressure; and the second variable is an index derived based on the heart rate, the
systolic blood pressure, a respiratory rate, a degree of oxygen saturation, and a body temperature.

(4) The aggravation estimation device according to (2), wherein: the first variable is an index derived by dividing a
heart rate by a systolic blood pressure; and the second variable is an index derived based on age, a diastolic blood
pressure, a body temperature, the heart rate, a respiratory rate, and a degree of oxygen saturation.

(5) The aggravation estimation device according to any one of (1) to (4), wherein the model generation unit searches
the database for a plurality of patients by using at least one type of the patient information related to the subject as
a key, and defines the specific region of the static scoring model based on the patient information of the plurality of
patients searched for.
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(6) An aggravation estimation program for causing a computer to execute: a model generation unit that extracts,
from a database accumulating a plurality of types of patient information acquired chronologically for a plurality of
patients, patient information acquired in a predetermined period including at least a period before a point in time at
which each of the patients is aggravated, derives a first variable and a second variable from the extracted patient
information, and generates a static scoring model as a two-dimensional model in which the derived first variable
and second variable correspond to a vertical axis and a horizontal axis, respectively; a scoring unit that acquires
the plurality of types of patient information regarding the patient as a subject per unit time, and derives the first
variable and the second variable from the acquired patient information to successively draw plots on the static
scoring model; and an aggravation estimation unit that estimates at least part of points in time at which the plots
are drawn by the scoring unit in a specific region that is part of a two-dimensional region of the static scoring model
as a timing at which the subject is aggravated, wherein at least one of the first variable and the second variable is
an index derived by using the plurality of types of patient information.

[0076] This application claims the benefit of priority to Japanese Patent Application No. 2017-138390, filed on July
14, 2017, which is hereby incorporated by reference in its entirety.

REFERENCE SIGNS LIST

[0077]
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Claims

1. An aggravation estimation device comprising:

a model generation unit that extracts, from a database accumulating a plurality of types of patient information
acquired chronologically for a plurality of patients, patient information acquired in a predetermined period in-
cluding at least a period before a point in time at which each of the patients is aggravated, derives a first variable
and a second variable from the extracted patient information, and generates a static scoring model as a two-
dimensional model in which the derived first variable and second variable correspond to a vertical axis and a
horizontal axis, respectively;

a scoring unit that acquires the plurality of types of patient information regarding the patient as a subject per
unit time, and derives the first variable and the second variable from the acquired patient information to suc-
cessively draw plots on the static scoring model; and

an aggravation estimation unit that estimates at least part of points in time at which the plots are drawn by the
scoring unit in a specific region that is part of a two-dimensional region of the static scoring model as a timing
at which the subject is aggravated, wherein

at least one of the first variable and the second variable is an index derived by using the plurality of types of
patient information.

The aggravation estimation device according to claim 1, wherein the patient information used for deriving the first
variable and the patient information used for deriving the second variable have at least one type in common.

The aggravation estimation device according to claim 2, wherein:
the first variable is an index derived by dividing a heart rate by a systolic blood pressure; and
the second variable is an index derived based on the heart rate, the systolic blood pressure, a respiratory rate,
a degree of oxygen saturation, and a body temperature.

The aggravation estimation device according to claim 2, wherein:

the first variable is an index derived by dividing a heart rate by a systolic blood pressure; and
the second variable is an index derived based on age, a diastolic blood pressure, a body temperature, the heart
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rate, a respiratory rate, and a degree of oxygen saturation.

The aggravation estimation device according to any one of claims 1 to 4, wherein the model generation unit searches
the database for a plurality of patients by using at least one type of the patient information related to the subject as
a key, and defines the specific region of the static scoring model based on the patient information of the plurality of
patients searched for.

An aggravation estimation program for causing a computer to execute:

a model generation unit that extracts, from a database accumulating a plurality of types of patient information
acquired chronologically for a plurality of patients, patient information acquired in a predetermined period in-
cluding at least a period before a point in time at which each of the patients is aggravated, derives a first variable
and a second variable from the extracted patient information, and generates a static scoring model as a two-
dimensional model in which the derived first variable and second variable correspond to a vertical axis and a
horizontal axis, respectively;

a scoring unit that acquires the plurality of types of patient information regarding the patient as a subject per
unit time, and derives the first variable and the second variable from the acquired patient information to suc-
cessively draw plots on the static scoring model; and

an aggravation estimation unit that estimates at least part of points in time at which the plots are drawn by the
scoring unit in a specific region that is part of a two-dimensional region of the static scoring model as a timing
at which the subject is aggravated, wherein

at least one of the first variable and the second variable is an index derived by using the plurality of types of
patient information.

10
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