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PAIN JUDGING DEVICE TO JUDGE PAIN
BASED ON A FREQUENCY COMPONENT OF
A PEAK-RELEVANT VALUE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a national stage application under 35
U.S.C. 371 of PCT Application No. PCT/JP2009/002866
having an international filing date of 23 Jun. 2009, which
designated the United States, which PCT application claimed
the benefit of Japanese Application No. 2008-164466 filed 24
Jun. 2008, the entire disclosure of each of which are hereby
incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to atechnique of objectifying
the presence of pain.

BACKGROUND ART

If pain that a test subject has can be measured and objec-
tively shown, it is possible to objectively measure the efficacy
of a pain killer or visualize the pain of the test subject for an
adequate medical treatment. Conventionally, as disclosed in,
for example, Patent Document 1, a method of quantifying
pain is used where the scale indicating the degree of pain is
handed to a patient, the patient moves the cursor based on the
degree of his or her pain, and the degree is read.

Patent Document 1: U.S. Pat. No. 6,258,042

SUMMARY OF THE INVENTION
Problem to be Solved by the Invention

However, since the conventional technique of measuring
pain is based on the self-reported pain by a patient, there is a
problem that it is difficult to acquire objective data.

It is therefore an object of this invention to provide a
technique of solving the above problem and objectively judg-
ing pain.

Means for Solving the Problem

Each independent aspect of the present invention will be
described below.

(1) A pain judging device according to the present inven-
tion comprises: an electrocardiographic information acquir-
ing unit for acquiring electrocardiographic information mea-
sured in a measuring unit;

pain judging means for judging pain based on fluctuation
related to a peak-relevant value of the electrocardiographic
information; and

outputting means for outputting a judgment result by the
pain judging means.

Consequently, it is possible to objectively judge the pain.

(2) With the pain judging device according to the present
invention, the fluctuation related to the peak-relevant value is
fluctuation of a characteristic value of a P wave, a Q wave, an
R wave, an S wave, a T wave, or an ST.

Consequently, it is possible to accurately judge the pain
based on these values of clear characteristic points.

(3) In the pain judging device according to the present
invention, the pain judging means comprises noise eliminat-
ing means for improving an accuracy of pain judgment based
on the fluctuation related to the peak-relevant value.
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Consequently, it is possible to reduce error judgment that
there 1s pain when there is no pain.

(4) In the pain judging device according to the present
invention, the noise eliminating means eliminates influence
of the noise using, as an index, fluctuation of an interval
between characteristic points of the electrocardiographic
complex, myoelectric information or a skin resistance or a
skin potential measured by a second measuring unit.

Consequently, it is possible to further accurately prevent
error judgment.

(5) In the pain judging device according to the present
invention, the pain judging means comprises: a peak-relevant
value frequency analyzing means for analyzing a frequency
of the peak-relevant value acquired as time-series data; and a
peak-relevant value LF component calculating means for cal-
culating, as a peak-relevant value LF component, an LF com-
ponent based on a frequency component of a peak-relevant
value acquired by the peak-relevant value frequency analyz-
ing means, and wherein the peak-relevant value LF compo-
nent is acquired as characteristics of fluctuation of a peak-
relevant value.

Consequently, it is possible to judge the pain by observing
a peak-relevant value LF component.

(6) In the pain judging device according to the present
invention, the pain judging means judges that there is pain
when the peak-relevant value LF component increases.

Consequently, it is possible to further accurately judge the
pain.

(7) In the pain judging device according to the present
invention, the pain judging means comprises: interval fre-
quency analyzing means for analyzing a frequency of an
interval between waveform characteristic points of the elec-
trocardiographic information acquired as time-series data;
and interval HF component calculating means for calculating,
as an interval HF component, an HF component based on a
frequency component of the interval between the waveform
characteristic points acquired by the interval frequency ana-
lyzing means, and wherein the interval HF component is
acquired as characteristics of fluctuation of an interval.

Consequently, it is possible to increase the accuracy of pain
judgment by observing the interval HF component.

(8) With the pain judging device according to the present
invention, the interval HF component is an index indicating a
respiratory fluctuation component acquired from a frequency
component of an interval between waveform characteristic
points acquired by the interval frequency analyzing means.

(9) In the pain judging device according to the present
invention, the pain judging means judges that there is pain
when an interval HF component does not decrease and a
peak-relevant value LF component increases.

Consequently, it is possible to further accurately judge the
pain.

(10) In the pain judging device according to the present
invention, the pain judging means comprises: peak-relevant
value frequency analyzing means for analyzing a frequency
of the peak-relevant value acquired as time-series data; and
peak-relevant value HF component calculating means for
calculating as a peak-relevant value HF component an HF
component based on a frequency component of a peak-rel-
evant value acquired by the peak-relevant value frequency
analyzing means, and wherein the peak-relevant value HF
component is acquired as characteristics of fluctuation of a
peak-relevant value.

(11) In the pain judging device according to the present
invention, the pain judging means judges that there is pain
when an interval HF component does not decrease and both of
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a peak-relevant value LF component and a peak-relevant
value HF component increase.

Consequertly, it is possible to more accurately judge the
pain.

The “electrocardiographic complex measuring unit” ofthis
invention refers to a unit with the function of measuring an
electrocardiographic complex of a measurement target, and
corresponds to an electrocardiographic meter etc. In the
embodiment, this corresponds to ECG electrodes 20 and an
amplifier 22 of F1G. 2.

In the embodiment, the “pain judging means” corresponds
to steps S3 to S7 of FIG. 3, and steps S8 to S14 of FIG. 4.

In the embodiment, the “interval frequency analyzing
means” corresponds to steps S5 and S6 of FIG. 3.

In the embodiment, the “interval waveform HF component
calculating means” corresponds to step S7 of FIG. 3.

In the embodiment, the “peak-relevant value frequency
analyzing means” corresponds to steps S8 and S9 of FIG. 4.

In the embodiment, the “peak-relevant value LF compo-
nent calculating means” corresponds to step S10 of FIG. 4.

The “outputting means” refers to means having function of
outputting a judgment result in some form, and is a concept
that includes a unit outputting the result to, for example, a
display, a printer, another computer, or recording medium or
thatincludes a communication unit for transmitting the result.

The “electrocardiographic information” is a concept that
includes not only electrocardiographic complex data but also,
for exaniple, a value of a characteristic portion of the electro-
cardiographic complex.

The “peak-relevant value” is a concept that includes not
only a peak (crest) value but also a value related to a wave-
form such as an average peak value or waveform area.

The “electrocardiographic information acquiring unit” is a
concept that includes a circuit for receiving signals from the
measuring unit, a drive for reading data from the recording
medium, and a receiving unit for receiving data transmitted
via communication.

The “fluctuation” refers to temporal fluctuation of a value.

The “fluctuation of a characteristic value of a P wave, Q
wave, R wave, S wave, T wave, or ST” refers to fluctuation of
a characteristic value (for example, a peak value or average
value) that characterizes the P wave etc.

The “program” is a concept that includes not only a pro-
gram that can be directly executed by the CPU but also a
program in a source form, a compressed program, and an
encrypted program.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a functional block diagram of a pain judging
device according to an embodiment of the present invention.

FIG. 2 shows a hardware configuration when a pain judg-
ing device is realized using a CPU.

FIG. 3 is a flowchart of a pain judging program.

FIG. 4 is a flowchart of a pain judging program.

FIG. 5 shows an electrocardiographic complex.

FIG. 6a shows data of each pulse recorded on a hard disc
32.

FIG. 6b shows average data of five-second periods that are
recorded on the hard disc 32.

FIGS. 7A-7B show spline interpolation of an RR interval
and R wave peak value.

FIG. 8 shows calculation of an LF component and HF
component.

FIG. 9 shows data measured by the pain judging device.

FIG. 10 shows data measured by the pain judging device.
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FIGS. 11A-11D show a graph data measured by the pain
Judging device.

FIGS.12A-12D show a graph of data measured by the pain
judging device.

FIGS.13A-13D show a graph of data measured by the pain
judging device.

FIGS. 14A-14D show a graph of data measured by the pain
judging device.

FIGS. 15A-15D show changes in an LF component and HF
component of a T wave peak value.

FIGS.16A-16D show changes in an LF component and HF
component of an ST value.

FIGS.17A-17D show changes in an LF component and HF
component of a QRS interval.

FIGS. 18A-18D show changes in an R wave peak value LF
component and R wave peak value HF component when a
pain killer is administered.

FIGS. 19A-19D show changes in an RR interval HF com-
ponent when a pain killer is administered.

FIGS. 20A-20D show changes in a T wave peak value LF
component and T wave peak value HF component when a
pain killer is administered.

EMBODIMENT FOR CARRYING OUT THE
INVENTION

1. Functional Block Diagram

FIG. 1 is a functional block diagram of a pain judging
device according to an embodiment of the present invention.
An electrocardiographic information acquiring unit 2
acquires electrocardiographic information of a target.

Peak-relevant value acquiring means 10 acquires a peak-
relevant value (for example, a peak value of an R wave (i.e.R
wave peak value)) per cycle based on the acquired electrocar-
diogram. The peak-relevant value acquiring means 10 may
acquire data that includes a peak-relevant value in advance or
acquire this data by calculating the peak-relevant value based
on electrocardiographic data. The peak-relevant value fre-
quency analyzing means 12 analyzes the frequency of the
peak-relevant value acquired as time-series data, and acquires
the magnitude of each frequency component. The peak-rel-
evant value LF calculating means 14 calculates an LF com-
ponent (i.e. peak-relevant value LF component) based on the
frequency component of the peak-relevant value.

Interval acquiring means 4 acquires an interval between
characteristic points of an electrocardiographic complex (for
example a time interval between R waves (i.e. RR interval))
based on the acquired electrocardiogram. Note that the inter-
val acquiring means 4 may acquire data that includes the
interval between the characteristic points in advance, or
acquire this data by calculating the interval between the char-
acteristic points based on the electrocardiographic data. Inter-
val frequency analyzing means 6 analyzes the frequency of
the interval between the characteristic points acquired as the
time-series data, and acquires the magnitude of each fre-
quency component. Interval HF component calculating
means 8 calculates an HF component (i.e. interval HF com-
ponent) based on the frequency component of the interval
between the characteristic points acquired by the interval
frequency analyzing means 6.

Analyzing means 16 judges the presence or absence of pain
and the degree of pain as follows based on changes in the
peak-relevant value LF component and the interval HF com-
ponent. The analyzing means 16 judges pain based on the
peak-relevant value LF component. When the peak-relevant
value LF component is greater than usual, there is a possibil-
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ity of pain. Further, when the peak-relevant value LF compo-
nent is the same as or less than usual, there is no possibility of
pain.

However, even when the peak-relevant value LF compo-
nent is greater than usual and there is a possibility of pain, if
the interval HF component is less than usual, the analyzing
means 16 does not judge that there is pain. When the peak-
relevant value LF component is greater than usual and the
interval HF component is the same as or greater than usual,
the analyzing means 16 judges that there is pain. At this time,
the analyzing means 16 judges the degree of the peak of the
peak-relevant value LF component as the degree of pain.

In this embodiment, pain judging means 3 includes the
peak-relevant value acquiring means 10, peak-relevant value
frequency analyzing means 12, peak-relevant value LF com-
ponent calculating means 14, interval acquiring means 4,
interval frequency analyzing means 6, and interval HF com-
ponent calculating means 8. Further, the noise canceling
means includes the interval calculating means 4, interval
frequency analyzing means 6, and interval HF calculating
means 8.

The outputting means 17 outputs a judgment result of pain
thatis analyzed as described above, to, for example, a display.
2. Hardware Configuration

FIG. 2 shows a hardware configuration when the pain
judging device according to an embodiment is realized using
aCPU 26. The CPU 26 is connected with an A/D converter 24,
a display 28, a memory 30, a hard disc 32, and an operating
unit 24.

ECG electrodes 20 are attached to the body of a target (a
test subject) to acquire electrocardiographic signals of the
target. The electrocardiographic signals from the ECG elec-
trodes 20 are amplified by the amplifier 22 and are converted
into electrocardiographic complex signals of digital data by
the A/D converter 24. The A/D converter 24 stores the gen-
erated digital data in the memory 30.

The memory 30 is used as a work area of the CPU 26. The
display 28 displays, for example, a judgment result. The
operating unit 34 includes a button and the like for inputting
an operation by an operator. A program for judging pain is
stored in the hard disc 32.

3. Processing of the Pain Determining Program

FIG. 3 shows the flowchart of the pain judging program
stored on the hard disc 32. In step S1, the CPU 26 retrieves
electrocardiographic complex data recorded in the memory
30. The electrocardiographic complex is digital data obtained
by sampling changes in a potential at each predetermined
time, and is schematically shown in FIG. 5.

The CPU 26 recognizes a pulse of the retrieved electrocar-
diographic complex (step S2). For example, the CPU 26
recognizes a wave with a peak that exceeds a predetermined
value as an R wave. Then, the CPU 26 recognizes a bottom
wave immediately before this R wave as a Q wave, and
recognizes the start point of the Q wave as the start point of a
pulse. In the same fashion, the CPU 26 recognizes each pulse
by recognizing the start point of the next pulse. Further, the
CPU 26 recognizes the bottom wave immediately after the R
wave as an S wave, and recognizes aflat portion subsequent to
the end of the S wave as an ST portion.

Next, the CPU 26 calculates the time interval between the
peak of the R wave of the pulse that is recognized this time
and the peak of the R wave of the previous pulse, and stores it
on the hard disc 32 (step S3). In this embodiment, step S3
corresponds to the interval acquiring means. Further, the
value of the peak of the R wave is calculated, and is stored on
the hard disc 32 (step S4). In this embodiment, step S4 cor-
responds to the peak-relevant value acquiring means. Conse-
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quently, when processing continues, as shown in FIG. 6a, the
RR interval and the R wave peak value of each pulse are
stored on the hard disc 32.

In FIG. 64, R indicates the R wave peak value and RR
indicates the RR interval. Further, the absolute time indicates
the measured time, and the relative time indicates elapsed
time from the start time of measurement which is zero elapsed
time. Furthermore, in this embodiment, as shown in FIG. 6a,
characteristic values other than the RR interval and the R
wave peak value are also recorded. P indicates a P wave peak
value, Q indicates a Q wave peak value, S indicates an S wave
peak value, ST indicates an ST value, T indicates a T wave
peak value, PR indicates an interval between the P wave and
the R wave, VAT indicates an interval between the Q wave and
the R wave, QRS indicates an interval between the Q wave
and the S wave and QT indicates an interval between the Q
wave and the T wave.

Next, the CPU 26 calculates the waveform that represents
temporal fluctuation of the RR interval (step S5). For
example, as shown in FIG. 65, the CPU 26 calculates tempo-
ral fluctuation of the average value of the RR interval of five
seconds based on data shown in FIG. 6a. Next, as shown in
FIG. 7A, on a plane where the horizontal axis represents time
and the vertical axis represents the RR interval, temporal
fluctuation of the average value of the RR interval of FIG. 6
is plotted as shown by P. The time interval plotted on the
horizontal axis may correspond to the pulse duration. The
temporal fluctuation of the RR interval is a discrete value of
each pulse. Therefore, a smooth waveform a is generated by
spline interpolation as shown in FIG. 7A.

Next, the CPU 26 performs resampling at a time interval
shorter than one pulse (for example, several ten milliseconds)
based on the generated RR interval fluctuated waveform a to
obtain time-series data of the RR interval. The CPU 26 ana-
lyzes the frequency of this time-series data (by for example,
Fourier transform, Wavelet transform, or the like), and calcu-
lates the value of each frequency component (step S6). The
value resulting from this frequency analysis is calculated per
unit time interval of resampling.

FIG. 8 shows the waveform of frequency analysis obtained
in this way. The vertical axis indicates the power spectrum
density (where the unit is the square of msec*xHz), and the
horizontal axis indicates the frequency (where unit is Hz). A
wave with a peak appearing at a low frequency is referred to
as “VLF,” a wave appearing at a higher frequency is referred
to as “LF”, and a wave appearing at a much higher frequency
is referred to as “HF” (representing a respiratory fluctuation
component). The CPU 26 calculates the average value of the
wave of HF.

In this embodiment, the CPU 26 calculates the average
value of HF as follows. First, the CPU 26 finds the local
maximum value between 0.15 Hz and 0.4 Hz (up to 2 Hz is
also possible). Next, the CPU 26 extracts the waveform in the
section 0.15 Hz before and after the frequency of the local
maximum value, and calculates the area assuming the mini-
mum value as the base line (see FIG. 8). The CPU 26 calcu-
lates the average value by dividing this area by the frequency
width (0.3 Hz), and assumes this average value as an RR
interval HF component (where the unit is m sec/(square root
of Hz)).

The CPU 26 calculates the average value of the RR interval
HF components which are calculated per unit time of resam-
pling, of a five second period, and stores the average value on
the hard disc 32 (step S7). FIG. 9 shows stored examples of
the RR interval HF component. In this figure, the item indi-
cated by HF Amplitude indicates the RR interval HF compo-
nent.
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Next, the CPU 26 calculates the waveform that represents
temporal fluctuation of the R wave peak value (step S8). For
example, as shown in FIG. 7B, on a plane where the horizon-
tal axis represents time and the vertical axis represents the R
wave peak value, temporal fluctuation of the average value of
the R wave peak value in the five-second period is plotted as
shown by Q based on the data in FIG. 6. The time interval
that is plotted on the horizontal axis may correspond to time
of an actual pulse. The temporal fluctuation of the R wave
peak value is a discrete value of each pulse. Therefore, a
smooth waveform [} is generated by spline interpolation as
shown in FIG. 7B.

Next, the CPU 26 performs resampling at a time interval
shorter than one pulse (for example, several ten milliseconds)
based on the generated R wave peak value waveform f to
obtain the time-series data of the R wave peak value. The CPU
26 analyzes the frequency of this time-series data (by for
example, Fourier transform, Wavelet transform, or the like),
and calculates the value of each frequency component (step
S9). The value resulting from this frequency analysis is cal-
culated per unit time interval of resampling.

FIG. 8 shows the waveform of the frequency analysis
obtained in this way. For the frequency analysis waveform of
the R wave peak value which is the time-series data, the CPU
26 calculates an R wave peak value LF component according
to the calculating method which is the same as the method
applied to the above RR interval HF component.

In this embodiment, the CPU 26 calculates the average
value of the R wave peak value LF as follows. First, the CPU
26 extracts the waveform in the section between 0.04 Hz and
0.15 Hz, and calculates the area assuming the minimum value
as the base line (see FIG. 8). The CPU 26 calculates the
average value by dividing this area by the frequency width
(0.11 Hz), and assumes this average value as the R wave peak
value LF component (where the unit is m sec/(square root of
Hz)).

The CPU 26 calculates the average value of the R wave
peak value HF component of the five-second periods calcu-
lated perunit time of resampling, and stores the average value
on thehard disc 32 (step S10). FIG. 10 shows stored examples
of the R wave peak value LF component. In this figure, the
item indicated by LF Amplitude indicates the R wave peak
value LF component.

Next, the CPU 26 judges whether or not the RR interval HF
component (i.e. the above average value in the five-second
period) which is the judgment target decreases from the ref-
erence HF component (step S11). Here, the reference HF
component is the RR interval HF component when the target
is in the normal state. The value measured in advance may be
stored as the reference HF component, and the average value
of the RR interval HF component over a predetermined time
in this measurement may be used. The same applies to the
reference LF component described later. When the RR inter-
val HF component is less than the reference HF component, it
is judged that there is no “pain” at this pulse.

When the RR interval HF component is at the same level as
or greater than the reference HF component, the CPU 26
judges whether or not the R wave peak value LF component
which is the judgment target becomes greater than the refer-
ence LF component (step S12). When the R wave peak value
LF component does not become greater the reference LF
component, it is judged that there is no “pain” (step S14).
When the R wave peak value LF component becomes greater
than the reference LF component, it is judged that there is
“pain.” As an index of pain, the CPU 26 outputs (display on
the display 28, for example) the value obtained by subtracting
the reference LF component from the R wave peak value LF
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component. For example, the R wave peak value LF compo-
nent may be 0.04 mV/Hz!2, and the R wave peak value HF
component may be 0.03 mV/Hz'".

When the above processing is finished, the step returns to
step S1 and the next processing is executed. In this way, the
presence or absence of pain is detected in real-time.

FIG. 11 and FIG. 12 show examples of measuring pain as
described above. FIG. 11A shows a graph showing the tran-
sition of the R wave peak value LF component (i.e. average in
five seconds). InFIG. 11, the broken lines of (1) to (8) indicate
that the following events have occurred. In (1), (2) and (4), the
shin is sandwiched with a clip and given pain stimulation. In
(5), (7), and (8), the nail is sandwiched with a clip and given
pain stimulation. In (3) and (6), no pain stimulation is given.
As is clear from this graph, immediately after (1), (2), (4), (5),
(7), and (8) where pain is given, the increase in the R wave
peak value LF component is observed. Accordingly, by
observing the R wave peak value LF component, it is possible
to judge pain.

However, even immediately after (3) and (6) where no pain
is given, the increase in the R wave peak value LF component
is observed although the level is low. Then, in this embodi-
ment, by taking the RR interval HF component into account,
the accuracy of judgment is improved. That is, when both of
the R wave peak value LF component and the RR interval HF
component increase, it is judged that there is pain. FIG. 12B
shows the RR interval HF component. As is obvious from this
figure, immediately after (3) and (6) where no pain is given,
the increase in the RR interval HF component is not observed.
Accordingly, itis possible to judge that there is painin (1), (2),
4), (5), (7), and (8). On the contrary, (3) and (6) do not meet
the above condition, and it is possible to judge that there is no
pain.

Although pain is artificially given and measured above, an
effect is measured below when a pain killer is administered to
a patient having constant pain due to a cancer.

FIG. 18 is the graph showing the relationship between the
R wave peak value LF component before and after adminis-
tration of morphine hydrochloride salt as a pain killer and
pain complained by a patient of the pharynx cancer. From the
start of measurement (1) to the time when the patient com-
plains severe pain (2), the R wave peak value LF component
transitions at a high level. At time (3), the patient makes a
nurse call, and, even at time (4), complains severe pain. At
time (5), an oral solution (i.e. morphine hydrochloride) as a
pain killer is administered. This oral solution stimulates the
throat significantly and causes pain when this solution is
swallowed. Therefore, pain is caused after the solution is
taken.

A little after time (5) when the pain killer is administered in
FIG. 18, the R wave peak value LF component decreases, and
this matches with the patient’s complaint that pain is eased.
Further, the decrease in the R wave peak value HF component
is not observed.

FIG. 19 is a graph of the RR interval HF component in the
above experiment. Subsequent to time (5) after the pain killer
is administered, the RR interval HF component does not
increase on average.

FIG. 20 is the graph of the T wave peak value LF compo-
nent and T wave peak value HF component in the above
experiment. These components are observed to have the same
inclination as the R wave peak value LF component and the R
wave peak value HF component.

4. Other Embodiment

(1) With the above embodiment, although the average val-
ues of the R wave peak value LF component and the RR
interval HF component over a predetermined time (i.e. the
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above average in five seconds in the embodiment), judgment
may be made by using the R wave peak value LF component
and the RR interval HF component as is.

(2) In the above embodiment, although the average values
of the R wave peak value LF component and the RR interval
HF component over a predetermined time are used as is, a
high-frequency cutoff filter may be applied to these values to
be used for judgment. Forexample, the high-frequency cutoff
filter adopting 0.03 Hz as the cutoff frequency is applied to the
time-series R wave peak value LF component and the RR
interval HF component. The value of the RR interval HF
component at this time is indicated in high-frequency cutoff
HF amplitude of FIG. 9. The value of the R wave peak value
LF component at this time is indicated in high-frequency
cutoff LF amplitude of F1G. 10. Further, FIG. 11C shows the
transition of the R wave peak value LF component (i.e. the
average in five seconds) after the high-frequency cutoff fil-
tering. FIG. 12D shows the transition of the RR interval HF
component (i.e. the average in five seconds) after the high-cut
filtering. By performing high-cut filtering in this way, it is
possible to more clearly judge the pain.

(3) Pain may be judged in combination with not only the R
wave peak value LF component and the RR interval HF
component but also the R wave peak value HF component.
That is, when these three components increase, it is judged
that there is pain, so that more accurate judgment is possible.

In HF amplitude of FIG. 10, data examples of the R wave
peak value HF component are shown. Further, FIG. 11B is the
graph showing the temporal transition of the R wave peak
value HF component. In the portions of (1), (2), (4), (5), (7),
and (8), the increase in the R wave peak value component is
observed. Even in this case, it is possible to perform high-
frequency cutoff filtering.

FIG. 13 and FIG. 14 show transitions of the R wave peak
value LF component, the RR interval HF component, and the
R wave peak value HF component when the patient runs
without being given pain. FIG. 13A shows the R wave peak
value LF component, FIG. 14B shows the RR interval HF
component, and FIG. 13B shows the R wave peak value HF
component. FIG. 13C, FIG. 14D, and FIG. 13D show the
waveform to which high-frequency cutoff filtering is applied
on the waveform of FIG. 13A, FIG. 14B and FIG. 13B,
respectively.

In this case, sine the R wave peak value HF component
does not increase, it can be judged that there is no pain.

(4) Note that the above judgment is made using the R wave
peak value LF component and the RR interval HF component
(also the R wave peak value HF component). However,
another peak value such as a P wave, Q wave, S wave, or T
wave, or an ST value may be used instead of the R wave peak
value. For example, F1G. 15A shows the LF component of the
T wave peak value, and F1G. 15B shows the HF component of
the T wave peak value. Similar to the R wave peak value, these
components are observed to increase according to the events
(D), (2), (4), (5), (7). and (8) relative to pain. FIG. 15C and
FIG. 15D show the waveform to which high-frequency cutoff
filtering is applied on the waveform of FIG. 15A and FIG.
15B, respectively.

Further, FIG. 16A shows the LF component of the ST
value, and FIG. 16B shows the HF component of the ST
value. FIG. 16C and FIG. 16D show the waveform to which
high-frequency cutoff filtering is applied on the waveform of
FIGS. 16A and 16B, respectively. Similar to the R wave peak
value, these components are observed to increase according
to the events (1), (2), (4), (5), (7), and (8) relative to pain.

(5) In the above embodiment, influence of the noise is
eliminated using the RR interval HF component. However, an
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HF component of the interval between pulses of given char-
acteristic points (for example, point P or point Q) of the
electrocardiographic complex may be used. Further, an HF
component of the time interval between two given character-
istic points within a single pulse may be used. FIG. 17A
shows the LF component of a QRS interval within a single
pulse, and FIG. 17B shows the HF component of the QRS
interval. FIG. 17C, FIG. 17D shows the waveform to which
high-frequency cutoff filtering is applied on the waveform of
FIGS. 17A and 17B. Similar to the RR interval HF compo-
nent, immediately after (3) and (6) where no pain is given, the
increase in the QRS interval HF component is not observed.

Further, instead of the RR interval HF component or
together with this, based on a change in the skin potential or
skin resistance or the presence or absence of the myoelectric
signal superimposed on an electrocardiographic complex, the
influence of noise may be eliminated. For example, when the
skin resistance is a predetermined value or more, it is judged
that there is no pain even if the R wave peak value LF com-
ponent increases. When the skin potential (i.e. the difference
in potential between two points of the skin, for example, SPL
(skin potential level) or SPR (skin potential response)) is
smaller than a predetermined value, it is judged that there is
no pain even if the R wave peak value Lf component
increases. Further, when the myoelectric signal is acquired by
applying to the electrocardiographic complex a band-pass
filter that passes 10 to 40 Hz and the magnitude of the myo-
electric signal exceeds a predetermined value, it may be
judged that there is no pain even if the R wave peak value LF
component increases.

(6) In the above embodiment, although the average value is
used to calculate the LF component and the HF component,
the maximum value or area value may be used.

(7) In the above embodiment, the target is people, and
therefore, in FIG. 8, the range to calculate the LF component
is set to 0.04 Hz to 0.15 Hz and the range to calculate the HF
component is set to 0.15 Hz to 0.4 Hz. However, when pain is
judged targeting at animals, the range needs to be set as shown
in the following table 1.

TABLE 1
Frequency Band (Hz)

LF Range HF Range
Humans 0.041t0 0.15 0.15t0 0.4
Large Animals (e.g. Dog) 0.05t00.2 02t02
Middle-sized Animals (e.g. 0.04t00.28 0.28t02
Rabbit))
Small Animals (e.g. Rat) 0.27t00.74 0.74t02

(8) In each of the above embodiments, although pain judg-
ment is output, the graphs shown in FIG. 11 and FIG. 12 may
be output and displayed on the display 28 so as to be judged
by people.

(9) Although this invention is configured as the pain judg-
ing device in the above embodiment, it may be applied as an
electrocardiographic monitor with a pain judging function.

(10) In the above embodiment, the “fluctuation” is quanti-
fied by calculating the HF component and the LF component.
However, judgment may be made by quantifying the “fluc-
tuation” based on other component, for example, peak value
of the HF wave or the LF wave or the degree of steepness of
the HF wave or the LF wave.

(11) In the above embodiment, pain is judged by receiving
the electrocardiographic complex and extracting the charac-
teristic values of, for example, the R wave peak value and the



US 9,042,972 B2

11

RR interval. However, pain may also be judged by receiving
the extracted characteristic values from outside.

(12) In the above embodiment, the R wave peak value LF
component is the primary element to judge pain, and the RR
interval HF component and the R wave peak value HF com-
ponent are secondary judgment elements. However, the RR
interval HF component or the R wave peak value HF compo-
nent may be the primary element, and the other components
may be secondary judgment elements.

(13) In the above embodiment, pain is judged based on the 10

fluctuation of the peak-relevant value or the interval value.
However, pain may also be directly judged based on the
peak-relevant value or the interval value.
(14) In the above embodiment, although each function in
FIG. 1 is realized using the computer, part or all of functions
may be realized by a hardware logic circuit.
What is claimed is:
1. A pain judging device comprising:
an electrocardiographic information acquiring unit for
acquiring electrocardiographic information measured in
a measuring unit;

pain judging means for judging a degree of pain based on
analysis of a frequency of a peak value of a P wave, a Q
wave, an R wave, an S wave, a T wave, or an ST of the
electrocardiographic information; and

outputting means for outputting a judgment result by the

pain judging means for treatment of a patient,
wherein the pain judging means comprises:
peak value frequency analyzing means for analyzing a
frequency of the peak value acquired as time-series data;

peak value Low Frequency (LF) component calculating
means for calculating as a peak value LF component an
LF component based on a frequency component of a
peak value acquired by the peak value frequency ana-
lyzing means, and

wherein the peak value LF component is acquired as char-

acteristics of fluctuation of a peak value.

2. The pain judging device according to claim 1, wherein
the pain judging means comprises noise eliminating means
for improving accuracy of pain judgment based on the fluc-
tuation related to the peak value.

3. The pain judging device according to claim 2, wherein
the noise eliminating means for eliminating influence of the
noise using, as an index, fluctuation of an interval between
characteristic points of the electrocardiographic complex,
myoelectric information, or a skin resistance or a skin poten-
tial measured by a second measuring unit.

4. The pain judging device according to claim 1, wherein
the pain judging means judges that there is pain when the peak
value Low Frequency (LF) component increases.

5. The pain judging device according to claim 1, wherein
the pain judging means comprises:

interval frequency analyzing means for analyzing a fre-

quency of an interval between waveform characteristic
points of the electrocardiographic information acquired
as time-series data;

interval High Frequency (HF) component calculating

means for calculating as an interval HF component an
HF component based on a frequency component of the
interval between the waveform characteristic points that
are acquired by the interval frequency analyzing means,
and

12

wherein the interval HF component is acquired as charac-
teristics of fluctuation of an interval.
6. The pain judging device according to claim 5, wherein
the interval HF component is an index indicating a respiratory
5 fluctuation component acquired from a frequency component
of an interval between waveform characteristic points that are
acquired by the interval frequency analyzing means.
7. The pain judging device according to claim 5, further
comprising:
peak value LF component calculating means for calculat-
ing as a peak value LF component an LF component
based on a frequency component of a peak value
acquired by the peak value frequency analyzing means,
and
wherein the pain judging means judges that there is pain
when an interval HF component does not decrease and a
peak value LF component increases.
8. The pain judging device according to claim 1, wherein
20 the pain judging means comprises:
peak value frequency analyzing means for analyzing a
frequency ofthe peak value acquired as time-series data;
peak value High Frequency (HF) component calculating
means for calculating as a peak value HF component an
HF component based on a frequency component of a
peak value that is acquired by the peak value frequency
analyzing means, and
wherein the peak value HF component is acquired as char-
acteristics of fluctuation of a peak value.
9. The pain judging device according to claim 8, further
comprising:
peak value Low Frequency (LF) component calculating
means for calculating as a peak value LF component and
LF component based on a frequency component of a
peak value acquired by the peak value frequency ana-
lyzing means, and
wherein the pain judging means judges that there is pain
when an interval HF component does not decrease and a
peak value LF component and a peak value HF compo-
nent both increase.
10. A pain judging device comprising:
an electrocardiographic information acquiring unit
adapted to acquire electrocardiographic information
measured in a measuring unit;
pain judging means for judging a degree of pain based on
analysis of a frequency of a peak value of the electrocar-
diographic information; and
an outputting unit adapted to output a judgment result by
the pain judging means for treatment of a patient,
wherein the pain judging means comprises:
peak value frequency analyzing means for analyzing a
frequency ofthe peak value acquired as time-series data;
peak value Low Frequency (LF) component calculating
means for calculating as a peak value LF component an
LF component based on a frequency component of a
peak value acquired by the peak value frequency ana-
lyzing means, and
wherein the peak value LF component is acquired as char-
acteristics of fluctuation of a peak value.
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