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7) ABSTRACT

A blood pressure measurement method of acquiring a
change in a blood pressure with respect to time includes a
pulse wave acquisition step of acquiring a time waveform
based on a volume pulse wave, a DN point detection step of
detecting a DN point, which corresponds to a dicrotic notch
point in a blood pressure waveform indicating the change in
the blood pressure with respect to time, in the time wave-
form, and a waveform correction step of correcting the time
waveform so that a time waveform value at the DN point
becomes a predetermined blood pressure value and acquit-
ing the change in the blood pressure with respect to time.
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Fig.5

i o 28 3



US 2017/0238816 A1

Patent Application Publication

9614

{(s) amiL (s)
. R . . . 8} HNLL
o'y 0e 0 0 00, I 07 ol 00 *

’ ’ . M 7 T _mmmimmwmw W...M
® | o s [ pySOE0SE 2 =
s o [ [ow Mea NI m o Ty Ko 90-300°6" 5
3 | 3 Y \x,_f 4 50308 D | % ! {oo3000 F
7 i i Jn% o WW = = 1 w z
= \ I ) S0H00E =2 | i \ | {90300 2
S [ Ny S0E0SE T | W wm S0-300'L m
=T ] i 1 J . o .

S 7 50-300'9 4 m i w @
z2 ¢'1:L LNOgY < $0-305'1 M.
(g (e}



US 2017/0238816 A1

(s) INLL (
: : . , $) INILL
oY 0e ©0¢ OF 00, < oy  0e 0T 0L 00

1oz , » : S0-300°¢ £
m m T o
= e B e g 08 3 e L AJ SO°H0SE
g ™\ M Ng@ﬁ “ N AJ 1% 2 R ] 1so=00v M
g Mm ) M \ﬁw ] mmw M G .| 450306 =
[#.0] ——
= ,.M AN 0zt AH?W §0-300°G 5
& / ] %G 4 1 g0306'¢ =
< 1 ovL HM . 90
o BHwwos Lnogy ; 50-300'¢

2 | $'LlL LN0gY
() (&)
LB

Patent Application Publication



Patent Application Publication  Aug. 24,2017 Sheet 8 of 18 US 2017/0238816 Al

Fig.8
105
20
= N/
3
101 104
S -
WIRELESS
cPU 7 " COMMUNIGATION
MODULE
102 106
Yol !
. | OPERATION
RAM ' > MODULE
103 107
P
ROM - > DISPLAY




Patent Application Publication  Aug. 24,2017 Sheet 9 of 18 US 2017/0238816 Al

Fig.9
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Fig.10
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BLOOD PRESSURE MEASUREMENT
METHOD, BLOOD PRESSURE
MEASUREMENT DEVICE, BLOOD
PRESSURE MEASUREMENT PROGRAM,
AND RECORDING MEDIUM FOR
RECORDING SAID PROGRAM

TECHNICAL FIELD

[0001] An aspect of the present invention relates to a
blood pressure measurement method, a blood pressure mea-
surement device, a blood pressure measurement program,
and a recording medium for recording the program.

BACKGROUND ART

[0002] Conventionally, as a non-invasive blood pressure
measurement method that reduces the burden on a test
subject, a method of obtaining a blood pressure value by
analyzing a pulse wave is known. For example, in a blood
pressure measurement method described in Patent Literature
1, an acceleration pulse wave is obtained by secondary
differentiation of a volume pulse wave and a value of a
diastolic blood pressure is estimated on the basis of a time
interval between two feature points in the acceleration pulse
wave. Also, for example, in a blood pressure measurement
method described in Patent Literature 2, various feature
quantities associated with a blood pressure are calculated
from waveforms of a volume pulse wave, a velocity pulse
wave obtained by first differentiation of the volume pulse
wave, and an acceleration pulse wave obtained by secondary
differentiation of the volume pulse wave and a value of a
diastolic blood pressure or a systolic blood pressure is
calculated on the basis of various feature quantities that are
calculated.

[0003] As a non-invasive blood pressure measurement
method, a method of obtaining a series of time-varying
blood pressure values as well as a blood pressure value at a
predetermined time is also known. For example, in the blood
pressure measurement method described in Patent Literature
3, infrared light is transmitted into an inside of the body, a
frequency of a reflected wave from the inside of the body is
acquired, and a blood pressure is measured by performing
calibration based on the frequency. Specifically, this cali-
bration is performed by associating a maximum frequency
and a minimum frequency of the frequency of the reflected
wave from the inside of the body with a maximum blood
pressure (systolic blood pressure) and a minimum blood
pressure (diastolic blood pressure) measured in advance by
a cuff compression method or the like and approximating
blood pressure values from a linear function related to a
frequency.

CITATION LIST

Patent Literature
[0004] [Patent Literature 1] Japanese Unexamined Patent
Publication No. 2006-6897

[0005] [Patent Literature 2] Japanese Unexamined Patent
Publication No. 11-155826

[0006] [Patent Literature 3] Japanese Unexamined Patent
Publication No. 2001-187032
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SUMMARY OF INVENTION

Technical Problem

[0007] Inthe blood pressure measuring methods described
in the above-described Patent Literature 1 and 2, only a
blood pressure value at a predetermined time such as a
diastolic blood pressure or a systolic blood pressure can be
measured, and a series of time-varying blood pressure values
cannot be obtained.

[0008] In the blood pressure measurement method
described in the above-described Patent Literature 3, a series
of time-varying blood pressure values according to calibra-
tion can be obtained, but it is necessary to perform complex
calibration in each motional state of a test subject because
differences occur in frequency of a reflected wave from the
inside of the body according to the motional state of the test
subject (e.g., at the time of rest, after exercise, or the like).
[0009] An aspect of the present invention is to provide a
blood pressure measurement method and a blood pressure
measurement device capable of accurately and easily obtain-
ing a series of time-varying blood pressure values.

Solution to Problem

[0010] To solve the above-described problem, the present
inventors newly found the following facts from results of
intensive research.

[0011] A time waveform based on a volume pulse wave
can be acquired as a waveform similar to a blood pressure
waveform indicating a change in a blood pressure with
respect to time and a DN point corresponding to a dicrotic
notch point in the blood pressure waveform appears in the
time waveform based on the volume pulse wave. The
dicrotic notch point in the blood pressure waveform is a
point of change in the blood pressure caused by the closure
of the arterial valve of the heart due to a decrease in a blood
flow rate and the blood pressure value at this point of change
is substantially constant irrespective of the motional state of
the test subject. Consequently, the present inventors found
that a waveform corresponding to the blood pressure wave-
form can be acquired by correcting the time waveform so
that the time waveform value of the DN point in the time
waveform becomes a reference value by using the blood
pressure value at the dicrotic notch point in the blood
pressure waveform as the reference value.

[0012] An aspect of the present invention based on the
above-described fact is a blood pressure measurement
method of acquiring a change in a blood pressure with
respect to time, the blood pressure measurement method
including; a pulse wave acquisition step of acquiring a time
waveform based on a volume pulse wave; a DN point
detection step of detecting a DN point, which corresponds to
a dicrotic notch point in a blood pressure waveform indi-
cating the change in the blood pressure with respect to time,
in the time waveform; and a waveform correction step of
correcting the time waveform so that a time waveform value
at the DN point becomes a predetermined blood pressure
value and acquiring the change in the blood pressure with
respect to time.

[0013] In the blood pressure measurement method accord-
ing to the above aspect, in the time waveform, a DN point
corresponding to a dicrotic notch point in the blood pressure
waveform is detected and the time waveform is corrected so
that the time waveform value of the DN point becomes a
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predetermined blood pressure value. Consequently, for
example, using the blood pressure value of the dicrotic notch
point in the pre-measured blood pressure waveform as a
reference value, it is possible to obtain a waveform corre-
sponding to the blood pressure waveform by correcting the
time waveform so that the time waveform value of the DN
point in the time waveform becomes the reference value.
Thereby, a series of time-varying blood pressure values can
be accurately and easily obtained.

[0014] Another aspect of the present invention is a blood
pressure measurement device for acquiring a change in a
blood pressure with respect to time, the blood pressure
measurement device including: a pulse wave acquisition unit
configured to acquire a time waveform based on a volume
pulse wave; and a waveform correction unit configured to
detect a DN point, which corresponds to a dicrotic notch
point in a blood pressure waveform indicating the change in
the blood pressure with respect to time, in the time wave-
form and correct the time waveform so that a time waveform
value at the DN point becomes a predetermined blood
pressure value and acquire the change in the blood pressure
with respect to time.

[0015] Also, another aspect of the present invention is a
blood pressure measurement program for causing a com-
puter to execute blood pressure measurement for acquiring
a change in a blood pressure with respect to time, the blood
pressure measurement program including: a pulse wave
acquisition process of acquiring a time waveform based on
a volume pulse wave; a DN point detection process of
detecting a DN point, which corresponds to a dicrotic notch
point in a blood pressure waveform indicating the change in
the blood pressure with respect to time, in the time wave-
form; and a waveform correction process of correcting the
time waveform so that a time waveform value at the DN
point becomes a predetermined blood pressure value and
acquiring the change in the blood pressure with respect to
time. Also, another aspect of the present invention is a
computer-readable recording medium for recording the
blood pressure measurement program.

[0016] The above-described blood pressure measurement
device, blood pressure measurement program, and recording
medium have operations and effects similar to those of the
blood pressure measurement method.

Advantageous Effects of Invention

[0017] According to an aspect of the present invention,
there are provided a blood pressure measurement method, a
blood pressure measurement device, a blood pressure mea-
surement program, and a recording medium for recording
the program, which can accurately and easily obtain a series
of time-varying blood pressure values.

BRIEF DESCRIPTION OF DRAWINGS

[0018] FIG. 1 is a schematic configuration diagram illus-
trating a blood pressure measurement systent including a
computer which is a blood pressure measurement device
according to a first embodiment of an aspect of the present
invention.

[0019] FIG. 2 is a functional block diagram of a computer
in FIG. 1.
[0020] FIG. 3 is a diagram illustrating a method in which

a pulse wave acquisition unit acquires a pulse wave wave-
form.
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[0021] FIG. 4 is a diagram illustrating a correspondence
relationship between a blood pressure waveform and a pulse
wave waveform.

[0022] FIG. 5 is a conceptual diagram in which an aortic
valve is physically modeled.

[0023] FIG. 6 is a diagram illustrating a first correction
process in a method in which a waveform correction unit
corrects a pulse wave waveform.

[0024] FIG. 7 is a diagram illustrating a second correction
process in a method in which the waveform correction unit
corrects a pulse wave waveform.

[0025] FIG. 8 is a hardware configuration diagram of a
computer in FIG. 1.

[0026] FIG. 9 is a flowchart illustrating a blood pressure
measurement method according to a first embodiment.
[0027] FIG. 10 is a flowchart illustrating a detailed pro-
cedure in a waveform correction step illustrated in FIG. 9.
[0028] FIG. 11 is a schematic configuration diagram illus-
trating a blood pressure measurement device according to a
second embodiment of an aspect of the present invention.
[0029] FIG. 12 is a schematic configuration diagram illus-
trating a blood pressure measurement system according to a
modified example.

[0030] FIG. 13 is a graph illustrating a blood pressure
waveform measured by an invasive catheter sphygmoma-
nometer.

[0031] FIG. 14 is a graph illustrating a power spectrum of
a blood pressure waveform illustrated in FI1G. 13.

[0032] FIG. 15 is a graph illustrating a change in blood
pressure of a cynomolgus monkey due to an anesthetic
agent.

[0033] FIG. 16 is a graph illustrating a correlation between
a ratio between highest blood pressure and lowest blood
pressure and a ratio based on a spectral intensity of the blood
pressure waveform.

[0034] FIG. 17 is a graph illustrating a spread of a power
spectrum of a blood pressure waveform due to living body
fluctuation.

[0035] FIG. 18 is a diagram illustrating an effective width
of the spectral intensity of the power spectrum illustrated in
FIG. 17.

DESCRIPTION OF EMBODIMENTS

[0036] Hereinafter, embodiments according to an aspect
of the present invention will be described in detail with
reference to the accompanying drawings. The same ele-
ments or elements having the same function are denoted by
the same reference signs in the description, and redundant
description thereof will be omitted.

First Embodiment

[0037] FIG. 1 is a schematic configuration diagram illus-
trating a blood pressure measurement system including a
blood pressure measurement device according to a first
embodiment of an aspect of the present invention. As
illustrated in F1G. 1, the blood pressure measurement system
1 includes a pulse wave measurement device 10 and a
computer 20 (blood pressure measurement device).

[0038] The pulse wave measurement device 10 measures
a volume pulse wave in a living body serving as a test
subject (a subject whose blood pressure is measured) by
using, for example, near infrared spectroscopy called so-
called near infra-red spectroscopy (NIRS). A volume pulse
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wave shows a waveform in which a change in a blood flow
rate occurring at a predetermined position in a living body
with respect to time is measured on the surface of the living
body. The pulse wave measurement device 10 includes a
probe 11 and a measurement unit 12. The probe 11 is
attached to a surface of a living body H serving as a test
subject (a palm in the present embodiment). The probe 11
has a light source and a photodetector and radiates near
infrared light from the light source from the surface of the
living body H to the inside thereof and detects reflected light
from the inside of the living body H with the photodetector.
Thereby, an absorbance when light passes through the inside
of the living body H is obtained. Because this absorbance
varies with a blood flow rate at a position where the probe
11 is attached to the living body H, the change in this
absorbance with respect to time corresponds to the volume
pulse wave. Examples of components that absorb light in a
blood flow include red blood cells, hemoglobin contained in
red blood cells, moisture, and the like. The probe 11 outputs
a signal indicating the detected absorbance to the measure-
ment unit 12.

[0039] The measurement unit 12 is connected to the probe
11 through a cable 32 and controls the probe 11. The
measurement unit 12 receives a signal indicating the absor-
bance detected by the probe 11 and measures the absorbance
with respect to time. Thereby, the measurement unit 12
measures a volume pulse wave. The measurement unit 12
transmits information indicating the measured volume pulse
wave to the computer 20 immediately by wireless commu-
nication or at predetermined intervals. The measurement
unit 12 may transmit the information to the computer 20 by
wire communication via a cable or the like.

[0040] The computer 20 receives information indicating
the volume pulse wave transmitted from the measurement
unit 12 and performs a waveform correction process to be
described below with respect to the volume pulse wave on
the basis of the received information. As a result, the
computer 20 acquires a waveform corresponding to a blood
pressure waveform indicating a change in a blood pressure
with respect to time. Hereinafter, each function of the
computer 20 will be described in detail.

[0041] FIG. 2 is a functional block diagram of the com-
puter 20 in FIG. 1. As illustrated in FIG. 2, the computer 20
includes a pulse wave acquisition unit 21, a waveform
correction unit 22, a blood pressure calculation unit 23, and
a display unit 24.

[0042] The pulse wave acquisition unit 21 acquires a time
waveform based on the volume pulse wave on the basis of
the information indicating the volume pulse wave transmit-
ted from the pulse wave measurement device 10. The time
waveform based on the volume pulse wave is a volume pulse
wave waveform which is a waveform of the volume pulse
wave or a waveform obtained by differentiating the volume
pulse wave with respect to time. That is, the time waveform
may be the waveform itself of the volume pulse wave or may
be a waveform obtained by differentiating the volume pulse
wave with respect to time. Also, the differentiation of the
volume pulse wave with respect to time may be performed
a plurality of times. In the following description, a wave-
form obtained by performing first-order differentiation on
the volume pulse wave with respect to time is defined as a
time waveform based on the volume pulse wave and is
simply referred to as a “pulse wave waveform.” A time
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waveform value (waveform intensity value) at any point in
the time waveform is simply referred to as a “pulse wave
waveform value.”

[0043] Here, a method of obtaining a pulse wave wave-
form by performing first-order differentiation on the volume
pulse wave with respect to time will be described with
reference to FIG. 3. Part (a) of FIG. 3 is a graph illustrating
a volume pulse wave measured by the pulse wave measure-
ment device 10, wherein the horizontal axis represents time
and the vertical axis represents a waveform intensity of the
volume pulse wave. Part (b) of FIG. 3 is a graph illustrating
a pulse wave waveform in which the horizontal axis repre-
sents time and the vertical axis represents a waveform
intensity of the pulse wave waveform. As illustrated in FIG.
3, the volume pulse wave and the pulse wave waveform
have a shape that depends on a blood pressure waveform
(see part (b) of FIG. 4) showing a change in a blood pressure
with respect to time. Particularly, the pulse wave waveform
illustrated in part (b) of FIG. 3 has a shape very similar to
the blood pressure waveform showing the change in the
blood pressure with respect to time. Details of the corre-
spondence relationship between the blood pressure wave-
form and the pulse wave waveform will be described below
in the description of the waveform correction unit 22. The
pulse wave acquisition unit 21 outputs the acquired pulse
wave waveform to the waveform correction unit 22 and the
display unit 24.

[0044] The waveform correction unit 22 corrects the pulse
wave waveform output from the pulse wave acquisition unit
21. Specifically, the waveform correction unit 22 corrects
the pulse wave waveform using the dicrotic notch point as
a reference in the blood pressure waveform on the basis of
the correspondence relationship between the blood pressure
waveform indicating the change in the blood pressure with
respect to time and the pulse wave waveform. The dicrotic
notch point in the blood pressure waveform is a point of
change of the blood pressure caused by the aortic valve
closing according to a decrease in a blood flow rate. Here-
inafter, the dicrotic notch point will be simply referred to as
a “notch point” and the notch point will be described in
detail with reference to FIGS. 4 and 5.

[0045] First, the correspondence relationship between the
blood pressure waveform and the pulse wave waveform will
be described with reference to FIG. 4. Part (a) of FIG. 4 is
a graph illustrating a blood pressure waveform in which the
horizontal axis represents time and the vertical axis repre-
sents blood pressure. Part (b) of FIG. 4 is a graph illustrating
the pulse wave waveform in which the horizontal axis
represents time and the vertical axis represents a waveform
intensity of the pulse wave waveform.

[0046] As illustrated in FIG. 4, the blood pressure wave-
form and the pulse wave waveform have shapes very similar
to each other. As illustrated in part (a) of FIG. 4, the blood
pressure waveform has diastolic blood pressure P,,,, which
is lowest in the diastole, systolic blood pressure P, which
is highest in the systole, and a notch point P, which is a
point of change caused by the closure of the aortic valve. In
correspondence with this, as illustrated in part (b) of FIG. 4,
the pulse wave waveform has a minimum point Q,,, cor-
responding to the diastolic blood pressure P, , a maximum
point Q,,,. corresponding to the systolic blood pressure
P,,... and a DN point Q, corresponding to the notch point
P, As described above, the shapes of the blood pressure
waveform and the pulse wave waveform have a correspon-
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dence relationship and the shape of the pulse wave wave-
form depends on the shape of the blood pressure waveform.
[0047] Next, the physical meaning of the notch point P,
in the blood pressure waveform will be described with
reference to FI1G. 5. FIG. 5 is a conceptual diagram in which
an aortic valve is physically modeled. As illustrated in FIG.
5, an aortic valve V is physically modeled as a valve having
a rotary spring with a predetermined initial load. The aortic
valve V is located in a blood outflow path A from a left
ventricle of the heart to the aorta. When the blood flow rate
is sufficiently high, the aortic valve V is opened by a blood
flow. When the blood flow rate becomes equal to or less than
the predetermined initial load, the aortic valve V is closed,
thereby generating the notch point P, in the blood pressure
waveform. Consequently, the blood pressure value at the
moment when the valve closes depends on only the mag-
nitude of the predetermined initial load. Therefore, the blood
pressure value at the notch point P,y can be assumed to be
a substantially constant value for each test subject irrespec-
tive of the motional state of the test subject.

[0048] On the basis of the above-described assumption,
the waveform correction unit 22 corrects a pulse wave
waveform so that a pulse wave waveform value of the DN
point Qp,, in the pulse wave waveform becomes a reference
value by using, for example, the blood pressure value at the
notch point P, measured in advance as the reference value.
Specifically, the waveform correction unit 22 performs pulse
wave waveform correction including a first correction pro-
cess and a second correction process as described below.
Hereinafter, a method in which the waveform correction unit
22 corrects a pulse wave waveform will be described in
detail with reference to FIGS. 6 and 7.

[0049] First, the first correction process will be described
with reference to FIG. 6. Part (a) of FIG. 6 is a graph
illustrating the pulse wave waveform before the first cor-
rection process, wherein the horizontal axis represents time
and the vertical axis represents a waveform intensity. Part
(b) of FIG. 6 is a graph illustrating the pulse wave waveform
after the first correction process, wherein the horizontal axis
represents time and the vertical axis represents a waveform
intensity.

[0050] In the first correction process, the waveform cor-
rection unit 22 detects the minimum point Q,,, and the
maximum point Q,  in the pulse wave waveform acquired
by the pulse wave acquisition unit 21. Then, the waveform
correction unit 22 calculates the ratio between the detected
minimum point Q,,,,,, and the detected maximum point Q,,, ..
and adds an addition coefficient to the pulse wave waveform
acquired by the pulse wave acquisition unit 21 so that the
ratio becomes a predetermined value. Here, the predeter-
mined value is set in advance on the basis of, for example,
the ratio between the diastolic blood pressure P,,;, and the
systolic blood pressure P, _1in the blood pressure waveform
of the test subject calculated or measured in advance. The
ratio between the diastolic blood pressure P, and the
systolic blood pressure P,,,, in the blood pressure waveform
of the test subject may be calculated from, for example,
statistical data in advance and may be measured in advance
in an indirect method such as a cuff compression method, a
direct method such as an invasive method, or the like and
may be calculated by performing frequency analysis of the
volume pulse wave.

[0051] FIG. 6 illustrates an example in which the ratio
between the diastolic blood pressure P,,;, and the systolic
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blood pressure P, in the blood pressure waveform of the
test subject is about 1:1.5. In this case, the waveform
correction unit 22 adds an addition coefficient to the wave-
form intensity for each time shown in the pulse wave
waveform so that the ratio between the minimum point Q,,,,
and the maximum point Q,, . in the pulse wave waveform is
about 1:1.5. Thereby, in the pulse wave waveform after the
first correction process, the ratio between the minimum
point Q . and the maximum point Q,__is about 1:1.5.

[0052] Next, the second correction process will be
described with reference to FIG. 7. Part (a) of FIG. 7 is a
graph illustrating the pulse wave waveform before the
second correction process, wherein the horizontal axis rep-
resents time and the vertical axis represents a waveform
intensity. Part (b) of FIG. 7 is a graph of the pulse wave
waveform after the second correction process, wherein the
horizontal axis represents time and the vertical axis repre-
sents a waveform intensity.

[0053] In the second correction process, the waveform
correction unit 22 detects the DN point Qp, in the pulse
wave waveform after the first correction process. Then, the
waveform correction unit 22 multiplies the pulse wave
waveform after the first correction process by a multiplica-
tion coeflicient so that the pulse wave waveform value of the
detected DN point Qp, becomes a predetermined blood
pressure value. Here, the predetermined blood pressure
value is set in advance on the basis of the blood pressure
value at the notch point P, in the blood pressure waveform
of the test subject calculated or measured in advance. The
blood pressure value at the notch point P, in the blood
pressure waveform of the test subject may be calculated in
advance from, for example, statistical data or may be
measured in advance by an indirect method such as a cuff
compression method, a direct method such as an invasive
method, or the like.

[0054] An example in which the blood pressure value at
the notch point P, in the blood pressure waveform of the
test subject is about 90 mmHg is illustrated in FIG. 7. In this
case, the waveform correction unit 22 multiplies a first-order
differential absorbance at each time shown in the pulse wave
waveform by a multiplication coeflicient so that the pulse
wave waveform value of the DN point Q,,, detected in the
pulse wave waveform after the first correction process
becomes about 90 mmHg. Thereby, in the pulse wave
waveform after the second correction process, the pulse
wave waveform value of the DN point Q,, becomes about
90 mmHg.

[0055] Through the above-described process, the pulse
wave waveform becomes a waveform corresponding to the
blood pressure waveform. That is, the waveform correction
unit 22 acquires a waveform corresponding to the blood
pressure waveform. The waveform correction unit 22 may
reduce an influence of the reflected wave within the artery by
reconfiguring the waveform from a specific frequency com-
ponent of the power spectrum obtained by performing, for
example, a Fourier transform on the pulse wave waveform
after the second correction process. Also, for example,
physiological effects or the like in the living body may be
reduced by reconfiguring the waveform after reducing or
removing a low frequency component in the power spec-
trum. The waveform correction unit 22 outputs the wave-
form corresponding to the blood pressure waveform to the
blood pressure calculation unit 23 and the display unit 24.
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[0056] The blood pressure calculation unit 23 calculates a
blood pressure value on the basis of the waveform corre-
sponding to the blood pressure waveform output from the
waveform correction unit 22 (see part (b) of FIG. 7). The
blood pressure calculation unit 23 calculates the blood
pressure value at each time point or calculates the blood
pressure value at a time point set in advance. Also, the blood
pressure calculation unit 23 may perform a process of
integrating blood pressure values across a plurality of cycles
or may calculate the blood pressure value as an average
blood pressure in each cycle.

[0057] The display unit 24 displays at least one of the
pulse wave waveform output from the pulse wave acquisi-
tion unit 21 (see part (b) of FIG. 3), the waveform corre-
sponding to the blood pressure waveform output from the
waveform correction unit 22 (see part (b) of FIG. 7), and the
blood pressure value calculated by the blood pressure cal-
culation unit 23 on, for example, a display of the computer
20 to be described below or the like. The display unit 24 may
display a pulse wave waveform subjected to the Fourier
transform or a waveform corresponding to the blood pres-
sure waveform subjected to the Fourier transform. Also, a
current blood pressure value may be displayed in real time
or a maximum/minimum blood pressure value and an aver-
age blood pressure value per cycle may be displayed. Also,
a pulse rate may be obtained by the pulse wave acquisition
unit 21 and the pulse rate may be displayed simultaneously
with the waveform or the blood pressure value.

[0058] Next, a hardware configuration of the computer 20
will be described. FIG. 8 illustrates the hardware configu-
ration of the computer 20 in FIG. 1. As illustrated in FIG. 8,
the computer 20 physically includes a central processing
unit (CPU) 101 which is a processor, a random access
memory (RAM) 102 or a read only memory (ROM) 103
which is a recording medium, a wireless communication
module 104, an antenna 105, an operation module 106, a
display 107, and the like. These components are electrically
connected to each other. Each function of the computer 20
described above causes the wireless communication module
104, the antenna 105, the operation module 106, the display
107, and the like to operate under the control of the CPU 101
by loading the blood pressure measurement program on
hardware such as the CPU 101, the RAM 102, or the like,
and is implemented by reading and writing data from and to
the RAM 102. The above is the configuration of the com-
puter 20 according to the present embodiment.

[0059] Next, a blood pressure measurement method which
is an operation method of the computer 20 (a process to be
executed by the computer 20) according to the present
embodiment will be described for each process with refer-
ence to the flowcharts of FIGS. 9 and 10. First, an example
of the overall processing procedure will be described with
reference to the flowchart of FIG. 9. FIG. 9 is a flowchart
illustrating the blood pressure measurement method accord-
ing to the first embodiment.

[0060] In this case, as a premise of this process, the ratio
between the diastolic blood pressure P,,;, and the systolic
blood pressure P, and the blood pressure value at the
notch point P,,; are set in advance in the computer 20. When
the connection based on the wireless communication is
established between the pulse wave measurement device 10
and the computer 20, the pulse wave acquisition unit 21
acquires a pulse wave waveform based on a volume pulse
wave on the basis of information indicating the volume
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pulse wave transmitted from the pulse wave measurement
device 10 (S1: pulse wave acquisition step). Subsequently,
the acquired pulse wave waveform is corrected by the
waveform correction unit 22 (82: waveform correction
step). Thereby, a waveform corresponding to the blood
pressure waveform is acquired. A detailed processing pro-
cedure in the waveform correction step will be described
below with reference to FIG. 10.

[0061] Subsequently, the blood pressure calculation unit
23 calculates a blood pressure value on the basis of the
corrected pulse wave waveform, i.e., the waveform corre-
sponding to the blood pressure waveform (S3: blood pres-
sure calculation step). Subsequently, the display unit 24
displays at least one of the pulse wave waveform acquired
in the pulse wave acquisition step S1, the waveform corre-
sponding to the blood pressure waveform acquired in the
waveform correction step S2 (a corrected pulse wave wave-
form), and the blood pressure value calculated in the blood
pressure calculation step S3 on the display 107 of the
computer 20 (S4: display step). Thus, the blood pressure
measurement method ends. The blood pressure calculation
step S3 and the display step S4 may not be included in the
blood pressure measurement method. Also, the display step
S4 may be performed between the pulse wave acquisition
step S1 and the waveform correction step S2 or between the
waveform correction step S2 and the blood pressure calcu-
lation step S3.

[0062] Next, a detailed processing procedure in the wave-
form correction step S2 will be described with reference to
the flowchart of FIG. 10. FIG. 10 is a flowchart illustrating
a detailed procedure in the waveform correction step S2
illustrated in FIG. 9.

[0063] When the processing of the waveform correction
step S2 starts, the waveform correction unit 22 performs the
processing of the following steps S21 to S24. First, the
minimum point Q,,.. and the maximum point Q,,,. in the
pulse wave waveform are detected (S21). Subsequently, a
ratio between the minimum point Q,,;, and the maximum
point Q,,.. is calculated and the pulse wave waveform is
corrected on the basis of the ratio (S22). Specifically, an
addition coeflicient is added to the pulse wave waveform
value at each time so that the ratio between the minimum
point Q . and the maximum point QQ, _is the ratio between
the diastolic blood pressure P, and the systolic blood
pressure P, set in advance in the computer 20.

[0064] Subsequently. by performing the processing of S21
and S22, the DN point Qp, in the corrected pulse wave
waveform is detected (S23: DN point detection step). Sub-
sequently, the pulse wave waveform is corrected on the basis
of the pulse wave waveform value at the DN point Qp,; in
the pulse wave waveform (524). Specifically; the pulse
wave waveform value at each time is multiplied by a
multiplication coefficient so that the pulse wave waveform
value at the DN point Q ,,, becomes the blood pressure value
at the notch point P, set in advance in the computer 20. As
described above, the waveform correction process is com-
pleted by the waveform correction unit 22, and a waveform
corresponding to the blood pressure waveform is acquired.
The processing of S21 and S22 (first correction process) and
the processing of S23 and S24 (second correction process)
may be performed in reverse order. That is, with respect to
the pulse wave waveform corrected on the basis of the pulse
wave waveform value at the DN point Q,,, the corrected
pulse wave waveform may be further corrected so that the
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ratio between the minimum point Q,,,, and the maximum
point Q,, .. of the corrected pulse wave waveform becomes
a predetermined value. Also, the detection of the minimum
point Q,,. and the maximum point Q,, . in S21 and the
detection of the DN point Q, in S23 may be performed
collectively before the processing of S22 and S24.

[0065] As described above, in the computer 20 and the
blood pressure measurement method using the computer 20
according to the present embodiment, the DN point Q,,
corresponding to the notch point P, in a blood pressure
waveform is detected in a pulse wave waveform and the
pulse wave waveform is corrected so that a pulse wave
waveform value of the DN point Q,,,, becomes a predeter-
mined blood pressure value. Consequently, using, for
example, the blood pressure value of the notch point P, in
the blood pressure waveform measured in advance as a
reference value, it is possible to acquire a waveform corre-
sponding to the blood pressure waveform by correcting the
pulse wave waveform so that the pulse wave waveform
value of the DN point Qp, in the pulse wave waveform
becomes the reference value. Thereby, a series of time-
varying blood pressure values can be accurately and easily
obtained.

[0066] According to the present embodiment, the pulse
wave waveform acquired in the pulse wave acquisition step
S1 is a waveform obtained by differentiating the volume
pulse wave with respect to time. Thus, the DN point Qp,
becomes clearer in the waveform, so that the DN point Q.
can be easily detected.

[0067] When the pulse wave waveform acquired in the
pulse wave acquisition step S1 is the waveform of the
volume pulse wave, it is possible to correct the waveform of
the volume pulse wave so that the pulse wave waveform
value of the DN point Qp,, becomes the reference value in
the waveform of the volume pulse wave by using the blood
pressure value at the notch point P, as the reference value.
Thereby, a waveform corresponding to the blood pressure
waveform can be acquired on the basis of the waveform of
the volume pulse wave and a series of time-varying blood
pressure values can be accurately and easily obtained.
[0068] According to the present embodiment, in the blood
pressure calculation step S3, the blood pressure value at each
time point can be obtained by calculating the blood pressure
value on the basis of the waveform corresponding to the
blood pressure waveform acquired in the waveform correc-
tion step S2.

[0069] According to the present embodiment, in the wave-
form correction step S2, a pulse wave waveform to be
subjected to correction based on the pulse wave waveform
value of the DN point Q, is a pulse wave waveform
corrected on the basis of the ratio between the minimum
point Q,,;,, and the maximum point Q,, .. in the pulse wave
waveform by using the ratio between the diastolic blood
pressure P, and the systolic blood pressure P, measured
in advance as the reference value. Consequently, because the
DN point becomes clearer in the pulse wave waveform, the
DN point can be easily detected and the waveform corre-
sponding to the blood pressure waveform can be acquired
more accurately.

[0070] Also, even when the processing of S21 and S22
(first correction process) and the processing of S23 and S24
(second correction process) are performed in the reverse
order, the waveform corresponding to the blood pressure
waveform can be acquired more accurately because the ratio
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between the minimum point Q,,;,, and the maximum point
Q... i the pulse wave waveform corrected on the basis of
the pulse wave waveform value of the DN point Q,, is
corrected to be the reference value by using the ratio
between the diastolic blood pressure P, and systolic blood
pressure P, measured in advance as the reference value.
[0071] According to the present embodiment, in the dis-
play step S4, at least one of the pulse wave waveform
acquired in the pulse wave acquisition step S1, the wave-
form corresponding to the blood pressure waveform
acquired by correction in the waveform correction step S2,
and the blood pressure value calculated in the blood pressure
calculation step S3 is displayed. Thus, it is possible to
visualize information of the pulse wave waveform, the
waveform corresponding to the blood pressure waveform, or
the blood pressure value, and allow a measurer to visually
confirm the information.

Second Embodiment

[0072] Next, a configuration of a blood pressure measure-
ment device according to the second embodiment will be
described with reference to FIG. 11. FIG. 11 is a schematic
configuration diagram illustrating the blood pressure mea-
surement device according to the second embodiment of an
aspect of the present invention. As illustrated in FIG. 11, in
the present embodiment, the communication terminal 40
such as a smartphone functions as a blood pressure mea-
surement device. A communication terminal such as a smart-
phone is included in a computer having a processor, a
storage medium, or the like. The communication terminal 40
has a function similar to that of the computer 20 according
to the first embodiment. That is, similar to the computer 20,
the communication terminal 40 has functions as a pulse
wave acquisition unit 21, a waveform correction unit 22, a
blood pressure calculation unit 23, and a display unit 24.
[0073] The difference between the communication termi-
nal 40 and the computer 20 is that the communication
terminal 40 also has a function as the pulse wave measure-
ment device 10 according to the first embodiment. That is,
the pulse wave acquisition unit 21 of the communication
terminal 40 includes a light source (light irradiation device)
16 that radiates light to an inside of the living body H as a
test subject and a photodetector 17 that detects light radiated
from the light source 16 and transmitted through the inside
of the living body H. The light source 16 is, for exaniple, a
flash lamp of the communication terminal 40. The photo-
detector 17 is, for example, a camera of the communication
terminal 40. In addition to the flash lamp and the camera, the
communication terminal 40 may have a light source 16 and
a photodetector 17 dedicated for pulse wave measurement.
A tablet computer or the like may be also included in a
computer having a processor, a storage medium, and the
like, and a tablet computer or the like may be used instead
of the communication terminal 40.

[0074] In the present embodiment, in a state in which a
surface of the living body H (e.g., a finger) serving as a test
subject is placed on both the light source 16 and the
photodetector 17 of the communication terminal 40, the
pulse wave acquisition unit 21 radiates light from the light
source 16 from the surface of the living body H toward the
inside thereof. Then, the pulse wave acquisition unit 21
detects reflected light from the living body H with the
photodetector 17. Thereby, the pulse wave acquisition unit
21 acquires a volume pulse wave. Subsequently, the pulse
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wave acquisition unit 21 acquires a pulse wave waveform as
in the first embodiment on the basis of its own acquired
volume pulse wave. Then, as in the first embodiment, by
correcting the pulse wave waveform, a waveform corre-
sponding to the blood pressure waveform is acquired.
Thereby, also in the present embodiment, a series of time-
varying blood pressure values can be accurately and easily
obtained.

[0075] Further, according to the present embodiment, the
pulse wave acquisition unit 21 in the communication termi-
nal 40 includes the light source 16 and the photodetector 17.
Consequently, by detecting the light radiated from the light
source 16 in the pulse wave acquisition unit 21 and trans-
mitted through the inside of the living body H with the
photodetector 17 in the pulse wave acquisition unit 21, it is
possible to easily acquire a pulse wave waveform without
providing the pulse wave measurement device 10 separately
from the communication terminal 40 which is a blood
pressure measurement device.

[0076] Although various embodiments of an aspect of the
present invention have been described above, an aspect of
the present invention is not limited to the above-described
embodiments and may be modified without departing from
the scope and spirit described in the claims or may be
applied to other embodiments.

[0077] For example, as in a modified example illustrated
in FIG. 12, a pulse wave measurement device 10A in which
a measurement instrument and a probe are integrated may be
used instead of the pulse wave measurement device 10
according to the first embodiment. The pulse wave mea-
surement device 10A is attached to a surface of a living body
H and includes, for example, a communication unit 13, a
processing unit 14, a power supply unit 15, a light source 16,
and a photodetector 17. Also in the blood pressure measure-
ment device according to this modified example, it is pos-
sible to accurately and easily obtain a series of time-varying
blood pressure values as in the above-described embodi-
ment.

[0078] The computer 20 is a blood pressure measurement
device in the above embodiment, but a configuration includ-
ing the pulse wave measurement device 10 or 10A may be
a blood pressure measurement device. Also, the surface of
the living body H serving as a test subject may be other than
a palm or a finger and may be a forehead, an upper arm, a
neck, an earlobe or the like.

[0079] Inthe blood pressure measurement method accord-
ing to the above-described aspect, the time waveform may
be a waveform of the volume pulse wave. In this case, by
using the blood pressure value at the dicrotic notch point as
a reference value, the waveform of the volume pulse wave
can be corrected so that the time waveform value of the DN
point becomes the reference value in the waveform of the
volume pulse wave. Thereby, a waveform corresponding to
the blood pressure waveform can be acquired on the basis of
the waveform of the volume pulse wave and a series of
time-varying blood pressure values can be accurately and
easily obtained.

[0080] In the blood pressure measurement method accord-
ing to the above-described aspect, the time waveform may
be a waveform obtained by differentiating the volume pulse
wave with respect to time. In this case, because the DN point
becomes clearer in the waveform obtained by differentiating
the volume pulse wave with respect to time, the DN point
can be easily detected.
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[0081] 1In the blood pressure measurement method accord-
ing to the above-described aspect, the time waveform may
be a waveform obtained by correcting a volume pulse wave
waveform which is a waveform of the volume pulse wave or
a waveform obtained by differentiating the volume pulse
wave with respect to time so that a ratio between a minimum
point and a maximum point of the volume pulse wave
waveform becomes a predetermined value. In this case,
because the DN point becomes clearer in the volume pulse
wave waveform, it is possible to easily detect the DN point.

[0082] In the blood pressure measurement method accord-
ing to the above-described aspect, the corrected time wave-
form may be further corrected so that a ratio between a
minimum point and a maximum point of the corrected time
waveform becomes a predetermined value in the waveform
correction step. In this case, the corrected time waveform
can be further corrected so that the ratio between the
minimum point and the maximum point in the time wave-
form corrected on the basis of the DN point becomes a
reference value by using, for example, the ratio between the
diastolic blood pressure and the systolic blood pressure
measured in advance as the reference value. Thereby, a
waveform corresponding to the blood pressure waveform
can be acquired more accurately.

[0083] The blood pressure measurement method accord-
ing to the above-described aspect may further include a
blood pressure calculation step of calculating a blood pres-
sure value on the basis of the corrected time waveform. In
this case, because the time waveform corrected in the
waveform correction step corresponds to a blood pressure
waveform, the blood pressure value at each time point can
be obtained by calculating the blood pressure value based on
the waveform corresponding to the blood pressure wave-
form.

[0084] The blood pressure measurement method accord-
ing to the above-described aspect may further include a
display step of displaying at least one of the time waveform,
the corrected time waveform, and the blood pressure value.
In this case, it is possible to visualize information of the time
waveform, the corrected time waveform, or the blood pres-
sure value, and allow a measurer to visually confirm the
information.

[0085] In the blood pressure measurement device accord-
ing to the above-described aspect, the time waveform may
be a waveform of the volume pulse wave.

[0086] In the blood pressure measurement device accord-
ing to the above-described aspect, the time waveform may
be a waveform obtained by differentiating the volume pulse
wave with respect to time.

[0087] In the blood pressure measurement device accord-
ing to the above-described aspect, the time waveform may
be a waveform obtained by correcting a volume pulse wave
waveform which is a waveform of the volume pulse wave or
a waveform obtained by differentiating the volume pulse
wave with respect to time so that a ratio between a minimum
point and a maximum point of the volume pulse wave
waveform becomes a predetermined value.

[0088] In the blood pressure measurement device accord-
ing to the above-described aspect, the waveform correction
unit may further correct the corrected time waveform so that
a ratio between a minimum point and a maximum point of
the corrected time waveform becomes a predetermined
value.
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[0089] The blood pressure measurement device according
to the above-described aspect may further include a blood
pressure calculation unit configured to calculate a blood
pressure value on the basis of the corrected time waveform.
[0090] The blood pressure measurement device according
to the above-described aspect may further include a display
unit configured to display at least one of the time waveform,
the corrected time waveform, and the blood pressure value.
[0091] In the blood pressure measurement device accord-
ing to another aspect, the pulse wave acquisition unit may
include an irradiation device configured to radiate light
inside a living body; and a photodetector configured to
detect the light transmitted through an inside of the living
body. In this case, by detecting the light radiated from the
irradiation device in the pulse wave acquisition unit and
transmitted through the inside of the living body with the
photodetector in the pulse wave acquisition unit, it is pos-
sible to easily acquire the time waveform without providing
the pulse wave measurement device separately from the
blood pressure measurement device.

[0092] Also, for example, a pulse wave waveform spec-
trum in the computer 20 is generated by performing a
Fourier transform on a pulse wave waveform and a ratio
Porac Prms between maximum and minimum blood pres-
sures corresponding to a ratio between a diastolic blood
pressure P, and a systolic blood pressure P, in the blood
pressure waveform of the test subject may be calculated on
the basis of the pulse wave waveform spectrum. In detail, the
ratio P, P, . between the maximum and minimum
blood pressures in the test subject is calculated on the basis
of a pulse wave waveform spectrum P'.. having a frequency
equal to or higher than a frequency corresponding to the
pulse of the test subject in the pulse wave waveform
spectrum P'.. More specifically, the ratio P, . Pr,..
between the maximum and minimum blood pressures is
calculated on the basis of the following Equation (1). As a
result of repeated intensive research by the present inven-
tors, Equation (1) shows a newly found statistically signifi-
cant correspondence relationship. Details of the correspon-
dence relationship and Equation (1) will be described below.
The pulse wave waveform spectrum may be generated from
the pulse wave waveform corrected on the basis of the pulse
wave waveform value at the DN point Q-

[Math. 1]

¥
Prwin:Pr e = | ()1 Y 1 PRCE) |

n=1

Here, in Equation (1), n represents a positive integer, f;
represents a frequency corresponding to a pulse, and f,
represents a frequency which is n times the frequency
corresponding to the pulse.

[0093] Hereinafter, a wave with the frequency f, corre-
sponding to the pulse in the pulse wave waveform spectrum
P'.. is defined as a first harmonic wave and a wave with the
frequency f, which is n times the frequency f, of the first
harmonic wave is defined as an n” harmonic wave. The
frequency f, corresponding to the pulse is a frequency range
corresponding to a pulse that the human body can cope with,
and is, for example, about 0.5 Hz to 3.7 Hz. The frequency
f, corresponding to the pulse fluctuates within the frequency
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range (about 0.5 Hz to 3.7 Hz) corresponding to the pulse
that the human body can cope with according to changes in
the living body, and the frequency f, also changes in accor-
dance therewith. In the above-described Equation (1), P' (1))
represents a spectral intensity of the first harmonic wave,
and P',(f,) represents a spectral intensity of the n™ harmonic
wave. The spectral intensity of the first harmonic wave is,
for example, a peak value of the spectral intensity of the first
harmonic wave, and the spectral intensity of the n” har-
monic wave is, for example, a peak value of the spectral
intensity of the n” harmonic wave.

[0094] The ratio P, _ P, . between the maximum and
minimum blood pressures is calculated by calculating a ratio
between a sum of peak values of spectral intensities of the
first harmonic wave or more in the pulse wave waveform
spectrum P',. and a peak value of a spectral intensity of the
first harmonic wave in the pulse wave waveform spectrum
P on the basis of the above-described Equation (1). When the
ratio P, ‘P, between the maximum and minimum
blood pressures is calculated according to the above-de-
scribed Equation (1), for example, N=3 may be used. That
is, at least peak values of spectral intensities from the first
harmonic wave to the third harmonic wave may be used.
Also, N may be 6. That is, peak values of the spectral
intensities from the first harmonic wave to the sixth har-
monic wave may be used. More specifically, because a
component having a frequency higher than 30 Hz in the
pulse wave waveform spectrum P',. is noise, a peak value of
the spectral intensity of 30 Hz or less may be used so that the
noise is not reflected in the calculation result, and preferably,
a peak value of a spectral intensity of 20 Hz or less is used.
[0095] Also, the ratio P, ,.:P7,.,, between the maximum
and minimum blood pressures may be calculated on the
basis of a sum of intensities of relative blood pressure
waveform spectra of a first harmonic wave group or more.
Specifically, the ratio P, P . between the maximum
and minimum blood pressures may be calculated on the
basis of the following Equation (2). As a result of repeated
intensive research by the present inventors, Equation (2)
shows a newly found statistically significant correspondence
relationship. Details of the correspondence relationship and
Equation (2) will be described below.

[Math. 2]

Pronin: P omax = j‘d
—d

Here, in Equation (2), n represents a positive integer, f;
represents a frequency corresponding to a pulse, and f,
represents a frequency which is n times the frequency
corresponding to the pulse.

[0096] Hereinafter, a wave group having a frequency f;
corresponding to a pulse and having a frequency within a
predetermined range of a frequency f, corresponding to a
pulse is set as a first harmonic wave group. More specifi-
cally, the first harmonic wave group is, for example, a
spectrum in a range of a predetermined effective width
centered on the peak value of the spectral intensity of the
first harmonic wave. The spectral intensity of the first
harmonic wave group is, for example, an integral value of
spectral intensities at a predetermined effective width. Also,
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a wave group having a frequency f, which is n times the
frequency f;, corresponding to the pulse and having a
frequency in a predetermined range of the frequency f,
which is n times the frequency f, is set as an n” harmonic
wave group. More specifically, the n harmonic wave group
is, for example, a spectrum in a range of a predetermined
effective width centered on the peak value of the spectral
intensity of the n” harmonic wave. The spectral intensity of
the n” harmonic wave group is, for example, an integral
value of spectral intensities at a predetermined effective
width. A specific example of the predetermined effective
width will be described below with reference to FIG. 18.
[0097] The ratio P4, ,.'Pr, between the maximum and
minimum blood pressures is calculated by calculating a ratio
between a sum of peak values of spectral intensities of the
first harmonic wave group or more in the pulse wave
waveform spectrum P', and a peak value of a spectral
intensity of the first harmonic wave group in the pulse wave
waveform spectrum P', on the basis of the above-described
Equation (2). In the above-described Equation (2), N may be
set to 3. That is, at least an integral value of spectral
intensities from the first harmonic wave group to the third
harmonic wave group may be used. Also, N may be 6. That
is, an integral value of spectral intensities from the first
harmonic wave group to the sixth harmonic wave group may
be used. More specifically, because a component having a
frequency higher than 30 Hz in the pulse wave waveform
spectrum P'- is noise, an integral value of spectral intensities
of 30 Hz or less may be used so that the noise is not reflected
in the calculation result, and preferably, an integral value of
spectral intensities of 20 Hz or less is used.

[0098] Next, a correspondence relationship indicating the
above-described Equation (1) found by the present inventors
will be described in detail.

[0099] FIG. 13 is a graph illustrating a blood pressure
waveform measured by an invasive catheter sphygmoma-
nometer. The horizontal axis of FIG. 13 represents time [s]
and the vertical axis of FIG. 13 represents a blood pressure
[mmHg]. In the graph illustrated in FIG. 13, a maximum
blood pressure value P, . is about 130 mmHg and a
minimum blood pressure value P, . is about 70 mmHg.
Consequently, the ratio between the maximum blood pres-
sure value P, and the minimum blood pressure value
P 1., the ratio between the maximum and minimum
blood pressures, is about 1.86. The blood pressure waveform
mainly includes a first harmonic wave (main wave) with the
frequency f, corresponding to the pulse and an n harmonic
wave with the frequency f, larger than the frequency f;.
When the blood pressure waveform illustrated in FIG. 13 is
subjected to a Fourier transform, a power spectrum as
illustrated in FIG. 14 is obtained.

[0100] FIG. 14 is a graph illustrating a power spectrum
obtained by performing a Fourier transform on a blood
pressure waveform illustrated in FIG. 13. The power spec-
trum is normalized by the spectral intensity of the first
harmonic wave, the horizontal axis of FIG. 14 represents a
frequency [Hz], and the vertical axis of FIG. 14 represents
a spectral intensity. As a result of repeated intensive
research, the present inventors newly found that a ratio
between a sum of spectral intensities of the n” harmonic
wave which is equal to or greater than the first harmonic
wave and a spectral intensity of the first harmonic wave
(hereinafter also referred to as a “spectral intensity-based
ratio”) is substantially equal to the ratio between the maxi-
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mum and minimum blood pressures obtained from the blood
pressure waveform illustrated in FIG. 13 in the power
spectrum illustrated in FIG. 14. Specifically, in the power
spectrum illustrated in FIG. 14, the sum of the spectral
intensities of the n” harmonic wave which is equal to or
greater than the first harmonic wave is 1.00+0.49+0.20+0.
16=1.85. Consequently, the ratio between the sum of the
spectral intensities of the n™ harmonic wave which is equal
to or greater than the first harmonic wave and the spectral
intensity of the first harmonic wave is 1.85 and is substan-
tially equal to about 1.86 which is the ratio between the
maximum blood pressure value P, .. and the minimum
blood pressure value P, . in the true blood pressure wave-
form. This correspondence relationship can be represented
by the above-described Equation (1).

[0101] The present inventors confirmed that the corre-
spondence relationship shown in the above-described Equa-
tion (1) is statistically significant through the following
experiment. The present inventors continuously measured a
blood pressure waveform indicating a change in a blood
pressure of a cynomolgus monkey while changing the blood
pressure by giving isoflurane anesthetic agents of different
concentrations to the cynomolgus monkey in a state in
which an invasive blood pressure monitor was installed in
the artery of the foot of the cynomolgus monkey. FIG. 15 is
a graph illustrating a change in a blood pressure of a
cynomolgus monkey due to an anesthetic agent. The hori-
zontal axis of FIG. 15 represents time and the vertical axis
of FIG. 15 represents a blood pressure.

[0102] Then, a correlation relationship was confirmed by
extracting a plurality of pieces of data in different time
periods of the measured blood pressure waveform and
plotting a relationship between a ratio between the maxi-
mum blood pressure and the minimum blood pressure
obtained from the extracted data and a spectral intensity-
based ratio obtained by performing a Fourier transform on
the blood pressure waveform as illustrated in a graph of FIG.
16. The horizontal axis of FIG. 16 represents the ratio
between the maximum and minimum blood pressures
obtained by experiments performed on cynomolgus mon-
keys and the vertical axis of FIG. 16 represents the ratio
based on the spectral intensity obtained by performing a
Fourier transform on the blood pressure waveform. As
illustrated in FIG. 16, it was confirmed that the spectral
intensity-based ratio obtained by performing the Fourier
transform on the blood pressure waveform falls within a
range of +5% of the ratio between the maximum blood
pressure and the minimum blood pressure obtained by the
experiment performed on the cynomolgus monkeys.
[0103] A correspondence relationship shown in the above-
described Equation (1) was shown to be statistically signifi-
cant from the above.

[0104] The accuracy of the relationship shown in the
above-described Equation (1) depends on the frequency
resolution of the Fourier transform. When one pulse wave is
considered, there is no wave with a frequency other than an
integer multiple of the frequency corresponding to the pulse
ideally. However, when a plurality of pulse waves are
considered, a wave with a frequency other than an integer
multiple of a frequency corresponding to a pulse may be
included according to living body fluctuation.

[0105] The frequency resolution of the Fourier transform
depends on a length of the time waveform before conversion
in principle, but the spectrum of the time waveform cannot



US 2017/0238816 Al

be completely separated for each frequency because the time
waveform actually measured is a finite length. The spectra of
integer-multiple waves include spectra of waves around the
integer-multiple waves other than the integer-multiple
waves. When the frequency resolution is higher, waves other
than the integer-multiple waves can be eliminated and the
accuracy of the relationship shown in the above-described
Equation (1) is improved. Conversely, when the frequency
resolution is lower, there is more influence from waves other
than the integer-multiple waves and the accuracy decreases.
Although there is a difference in accuracy depending on the
frequency resolution of the Fourier transform, the corre-
spondence relationship expressed by the above-described
Equation (1) remains significant statistically.

[0106] FIG. 17 is a graph illustrating a spread of a power
spectrum of a blood pressure waveform due to living body
fluctuation. The horizontal axis of FIG. 17 represents a
frequency [Hz], and the vertical axis of FIG. 17 represents
a spectral intensity. A graph 10a of FIG. 17 shows a power
spectrum of an ideal blood pressure waveform ignoring
living body fluctuation and a graph 105 of FIG. 17 shows a
power spectrum of a blood pressure waveform including
waves other than integer-multiple waves due to living body
fluctuation. The graph 105 showing the power spectrum of
the blood pressure waveform including waves other than
integer-multiple waves due to living body fluctuation has
wider peaks than the graph 104 showing the power spectrum
of the ideal blood pressure waveform for which the living
body fluctuation is ignored.

[0107] The present inventors found that a ratio between
the sum of the spectral intensities of the n” harmonic wave
group equal to or greater than the first harmonic wave group
and the spectral intensity of the first harmonic wave group
is substantially equal to the ratio between the maximum
blood pressure value PT, and the minimum blood pressure
value PT,,, in a power spectrum of a blood pressure
waveform in which waves other than integer-multiple waves
are included due to living body fluctuation as described
above. That is, a correspondence relationship represented by
the above-described Equation (2) was found to be satisfied.
[0108] By establishing the correspondence relationship
shown in the above-described Equation (2), the ratio
between the maximum and minimum blood pressures can be
obtained from an integral value of the spectral intensity at
each predetermined effective width including each peak
value as described above. Here, the predetermined effective
width may be, for example, a frequency width W1 which is
a value at half of the peak value of the spectral intensity of
the n” harmonic wave as illustrated in part (a) of FIG. 18 or
may be, for example, a frequency width W2 demarcated by
centers between frequencies of adjacent n” harmonic waves
as illustrated in part (b) of FIG. 18. The optimum frequency
resolution or the effective width of the spectrum group may
be appropriately set as in consideration of device character-
istics of a blood pressure ratio calculation device or the
living body fluctuation or the like.

[0109] Also, a blood pressure measurement program
according to one embodiment of the present invention
includes a main module, a pulse wave acquisition module, a
DN point detection module, and a waveform correction
module.

[0110] The main module is a part for controlling a blood
pressure measurement process in an integrated manner. The
pulse wave acquisition module is a part that performs a pulse
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wave acquisition process. The function realized by running
the pulse wave acquisition module is similar to the above-
described function of the pulse wave acquisition unit 21 of
the computer 20. The DN point detection module performs
a DN point detection process, and the waveform correction
module performs a waveform correction process. The func-
tion realized by running the DN point detection module and
the waveform correction module is similar to the function of
the waveform correction unit 22 of the computer 20
described above.

[0111] The blood pressure measurement program is pro-
vided by, for example, a recording medium or a semicon-
ductor memory such as a CD-ROM, DVD, or ROM. In
addition, the blood pressure measurement program may be
provided as a computer data signal superimposed on a
carrier wave via a network.

[0112] Also, an aspect of the present invention is a pro-
gram for causing a computer to execute blood pressure
measurement for acquiring a change in a blood pressure with
respect to time, wherein the program may cause the com-
puter to function as: a pulse wave acquisition unit configured
to acquire a time waveform based on a volume pulse wave;
a DN point detection unit configured to detect a DN point,
which corresponds to a dicrotic notch point in a blood
pressure waveform indicating the change in the blood pres-
sure with respect to time, in the time waveform; and a
waveform correction unit configured to correct the time
waveform so that a time waveform value at the DN point
becomes a predetermined blood pressure value and acquire
the change in the blood pressure with respect to time.

INDUSTRIAL APPLICABILITY

[0113] According to an aspect of the present invention, it
is possible to accurately and easily obtain a series of
time-varying blood pressure values using a blood pressure
measuring method, a blood pressure measurement device, a
blood pressure measuring program, and a recording medium
for recording the program as application forms.

REFERENCE SIGNS LIST

[0114] 16 Light source (light irradiation device)

[0115] 17 Photodetector

[0116] 20 Computer (blood pressure measurement
device)

[0117] 21 Pulse wave acquisition unit

[0118] 22 Waveform correction unit

[0119] 23 Blood pressure calculation unit

[0120] 40 Communication terminal (blood pressure

measurement device)

[0121] S1 Pulse wave acquisition step
[0122] S2 Waveform correction step
[0123] S23 DN point detection step
[0124] S3 Blood pressure calculation step
[0125] S4 Display step

[0126] P, Diastolic blood pressure
[0127] P, Systolic blood pressure
[0128] P, Dicrotic notch point

[0129] Q,,;, Minimum point

[0130] Q,,.. Maximum point
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[0131] Qp DN point

[0132] H Living body.

1. A blood pressure measurement method of acquiring a
change in a blood pressure with respect to time, the blood
pressure measurement method comprising:

acquiring a time waveform based on a volume pulse

wave;

detecting a DN point in the time waveform, wherein the

DN point corresponds to a dicrotic notch point in a
blood pressure waveform indicating the change in the
blood pressure with respect to time; and

correcting the time waveform so that a time waveform

value at the DN point becomes a predetermined blood
pressure value and acquiring the change in the blood
pressure with respect to time.

2. The blood pressure measurement method according to
claim 1, wherein the time waveform comprises a waveform
of the volume pulse wave.

3. The blood pressure measurement method according to
claim 1, wherein the time waveform comprises a waveform
obtained by differentiating the volume pulse wave with
respect to time.

4. The blood pressure measurement method according to
claim 1, wherein the time waveform is a waveform obtained
by correcting a volume pulse wave waveform which com-
prises a waveform of the volume pulse wave or a waveform
obtained by differentiating the volume pulse wave with
respect to time so that a ratio between a minimum point and
a maximum point of the volume pulse wave waveform
becomes a predetermined value.

5. The blood pressure measurement method according to
claim 1, wherein the corrected time waveform is further
corrected so that a ratio between a minimum point and a
maximum point of the corrected time waveform becomes a
predetermined value in correcting the time waveform.

6. The blood pressure measurement method according to
claim 1, further comprising:

calculating a blood pressure value on the basis of the

corrected time waveform.

7. The blood pressure measurement method according to
claim 6, further comprising:

displaying at least one of the time waveform, the cor-

rected time waveform, and the blood pressure value.

8. A blood pressure measurement device for acquiring a
change in a blood pressure with respect to time, the blood
pressure measurement device comprising:

a pulse wave acquisition unit configured to acquire a time

waveform based on a volume pulse wave; and

a waveform correction unit configured to detect a DN

point in the time waveform and correct the time wave-
form so that a time waveform value at the DN point
becomes a predetermined blood pressure value and
acquire the change in the blood pressure with respect to
time, wherein the DN point corresponds to a dicrotic
notch point in a blood pressure waveform indicating the
change in the blood pressure with respect to time.
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9. The blood pressure measurement device according to
claim 8, wherein the time waveform comprises a waveform
of the volume pulse wave.

10. The blood pressure measurement device according to
claim 8, wherein the time waveform comprises the wave-
form obtained by differentiating a volume pulse wave with
respect to time.

11. The blood pressure measurement device according to
claim 8, wherein the time waveform is a waveform obtained
by correcting a volume pulse wave waveform which com-
prises a waveform of the volume pulse wave or a waveform
obtained by differentiating the volume pulse wave with
respect to time so that a ratio between a minimum point and
a maximum point of the volume pulse wave waveform
becomes a predetermined value.

12. The blood pressure measurement device according to
claim 8, wherein the waveform correction unit further cor-
rects the corrected time waveform so that a ratio between a
minimum point and a maximum point of the corrected time
waveform becomes a predetermined value.

13. The blood pressure measurement device according to
claim 8, further comprising:

a blood pressure calculation unit configured to calculate a
blood pressure value on the basis of the corrected time
waveform.

14. The blood pressure measurement device according to

claim 13, further comprising:

a display configured to display at least one of the time
waveform, the corrected time waveform, and the blood
pressure value.

15. The blood pressure measurement device according to

claim 8, wherein the pulse wave acquisition unit comprises:

a light source configured to radiate light inside a living
body; and

a photodetector configured to detect the light transmitted
through an inside of the living body.

16. A blood pressure measurement program for causing a
computer to execute blood pressure measurement for acquir-
ing a change in a blood pressure with respect to time, the
blood pressure measurement program comprising:

a pulse wave acquisition process of acquiring a time

waveform based on a volume pulse wave;

a DN point detection process of detecting a DN point in
the time waveform, wherein the DN point corresponds
to a dicrotic notch point in a blood pressure waveform
indicating the change in the blood pressure with respect
to time; and

a waveform correction process of correcting the time
waveform so that a time waveform value at the DN
point becomes a predetermined blood pressure value
and acquiring the change in the blood pressure with
respect to time.

17. A computer-readable recording medium for recording

the blood pressure measurement program according to claim
16.
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