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ULTRASONIC BLOOD PRESSURE
MEASURING DEVICE AND ULTRASONIC
BLOOD PRESSURE MEASURING METHOD

BACKGROUND
[0001] 1. Technical Field
[0002] The present invention relates to an ultrasonic blood

pressure measuring device that measures blood pressure
using an ultrasonic wave.

[0003] 2. Related Art

[0004] As a method for measuring the blood pressure of a
subject in a non-invasive manuner, a technique of measuring
the diameter of the blood vessel of a subject using an ultra-
sonic wave and estimating the blood pressure from the blood
vessel diameter is known. For example, JP-A-2004-41382
discloses a method of regarding the relationship between the
blood vessel diameter and blood pressure as a non-linear
function and calculating the blood pressure from the blood
vessel diameter and a stiffness parameter [ indicating the
hardness of the blood vessel.

[0005] In general, in blood pressure measurement, the
highest blood pressure (cardiac systolic blood pressure) and
the lowest blood pressure (cardiac diastolic blood pressure)
are measured. That is, when calculating the blood pressure
using the relationship between the blood vessel diameter and
blood pressure as described above, a cardiac systolic blood
vessel diameter that is a blood vessel diameter at the time of
the highest blood pressure (cardiac systolic blood pressure)
and a cardiac diastolic blood vessel diameter that is a blood
vessel diameter at the time of the lowest blood pressure (car-
diac diastolic blood pressure) need to be measured first.
[0006] Ina cufftype pressure sphygmomanometer used in
known blood pressure measurement, there is a disadvantage
in that about tens of seconds are required for measurement
and continuous measurement is not possible. Therefore,
quick and continuous blood pressure measurement has been
demanded.

SUMMARY

[0007] An advantage of some aspects of the invention is to
enable quick and continuous measurement of the highest
blood pressure (cardiac systolic blood pressure) and the low-
est blood pressure (cardiac diastolic blood pressure) in blood
pressure measurement using an ultrasonic wave.

[0008] A first aspect of the invention is directed to an ultra-
sonic blood pressure measuring device including: a transmis-
sion and reception unit that transmits an ultrasonic wave to a
blood vessel and receives a reflected wave of the ultrasonic
wave; a displacement degree measuring unit that measures a
degree of displacement of a blood vessel wall of the blood
vessel based on reflected wave of the ultrasonic wave during
at least one heartbeat period; a blood vessel diameter measur-
ing unit that measures a diameter of the blood vessel based on
the reflected wave; a peak calculation unit that calculates a
peak of the degree of displacement of the blood vessel wall; a
blood vessel diameter acquisition unit that acquires a maxi-
mum value of the blood vessel diameter, which appears after
the peak of the degree of displacement of the blood vessel
wall, as a cardiac systolic blood vessel diameter and acquires
aminimum value of the blood vessel diameter, which appears
before the peak, as a cardiac diastolic blood vessel diameter;
and a blood pressure calculation unit that calculates cardiac
systolic blood pressure and cardiac diastolic blood pressure
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from the cardiac systolic blood vessel diameter and the car-
diac diastolic blood vessel diameter using a correlation
between the diameter of the blood vessel and blood pressure
set in advance.

[0009] As another aspect of the invention, the invention
may be configured as an ultrasonic blood pressure measuring
method including: receiving a reflected wave of an ultrasonic
wave transmitted to a blood vessel and measuring a degree of
displacement of a blood vessel wall of the blood vessel based
on the reflected wave of the ultrasonic wave during at least
one heartbeat period; measuring a diameter of the blood ves-
sel based on the reflected wave; calculating a peak of the
degree of displacement of the blood vessel wall; and calcu-
lating cardiac systolic blood pressure and cardiac diastolic
blood pressure from a maxinum value of the blood vessel
diameter, which appears after the peak of the degree of dis-
placement of the blood vessel wall, and a minimum value of
the blood vessel diameter, which appears before the peak,
using a correlation between the diameter of the blood vessel
and blood pressure set in advance.

[0010] According to the first aspect and the like of the
invention, it is possible to measure the cardiac systolic blood
pressure and the cardiac diastolic blood pressure for each
heartbeat. The blood vessel repeats expansion and contrac-
tion due to the beating of the heart, and the position (depth
position) of the blood vessel wall changes according to the
expansion and contraction. For example, the artery has a
feature that the change in the position of the blood vessel wall
is fast in cardiac systole but is slow in cardiac diastole. That is,
since the degree of displacement of the blood vessel wall in
cardiac systole is large compared with that in cardiac diastole,
the peak of the degree of displacement of the blood vessel
wall appears in cardiac systole. Accordingly, the minimum
value of the blood vessel diameter appearing before the peak
of the degree of displacement of the blood vessel wall can be
acquired as the cardiac diastolic blood vessel diameter, and
the maximum value of the blood vessel diameter appearing
after the peak of the degree of displacement of the blood
vessel wall can be acquired as the cardiac systolic blood
vessel diameter. Therefore, since the cardiac systolic blood
pressure and the cardiac diastolic blood pressure appearing
for each heartbeat can be measured, it is possible to measure
the highest blood pressure (cardiac systolic blood pressure)
and the lowest blood pressure (cardiac diastolic blood pres-
sure) quickly and continuously.

[0011] As a second aspect of the invention, the ultrasonic
blood pressure measuring device according to the first aspect
ofthe invention may be configured such that the displacement
degree measuring unit measures a displacement speed of the
blood vessel wall as the degree of displacement.

[0012] According to the second aspect of the invention, a
displacement speed is measured as the degree of displace-
ment of the blood vessel wall.

[0013] As a third aspect of the invention, the ultrasonic
blood pressure measuring device according to the first aspect
of the invention may be configured such that the displacement
degree measuring unit measures displacement acceleration of
the blood vessel wall as the degree of displacement.

[0014] According to the third aspect of the invention, dis-
placement acceleration is measured as the degree of displace-
ment of the blood vessel wall.

[0015] As a fourth aspect of the invention, the ultrasonic
blood pressure measuring device according to any one of the
first to third aspects of the invention may be configured such
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that the ultrasonic blood pressure measuring device further
includes a correlation setting unit that sets the correlation.
[0016] According to the fourth aspect of the invention, a
correlation between the blood vessel diameter and blood
pressure is set. The correlation between the blood vessel
diameter and blood pressure differs depending on an indi-
vidual. Therefore, a calibration suitable for a subject can be
realized by setting the correlation between the blood vessel
diameter and blood pressure using the blood pressure mea-
sured separately, for example.

[0017] As a fifth aspect of the invention, the ultrasonic
blood pressure measuring device according to any one of the
first to fourth aspects of the invention may be configured such
that the blood vessel is an artery.

[0018] According to the fifth aspect of the invention, it is
possible to measure the blood pressure of the artery.

[0019] As a sixth aspect of the invention, the ultrasonic
blood pressure measuring device according to any one of the
first to fifth aspects of the invention may be configured such
that the ultrasonic blood pressure measuring device further
includes a storage unit that stores the correlation as a look-up
table of the blood vessel diameter and the blood pressure, and
the blood pressure calculation unit calculates cardiac systolic
blood pressure and cardiac diastolic blood pressure from the
cardiac systolic blood vessel diameter and the cardiac dias-
tolic blood vessel diameter with reference to the look-up
table.

[0020] According to the sixth aspect of the invention, it is
possible to store the correlation between the blood vessel
diameter and blood pressure as a look-up table. Therefore, it
is possible to reduce the calculation load when calculating the
blood pressure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Theinvention will be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

[0022] FIG. 1 is an application example of an ultrasonic
blood pressure measuring device.

[0023] FIG. 2 is an explanatory diagram of the measure-
ment of a blood vessel diameter using an ultrasonic wave.
[0024] FIG. 3 is a graph showing the relationship between
the blood vessel diameter and blood pressure.

[0025] FIG. 4A is a graph of a blood vessel diameter varia-
tion waveform, and FIG. 4B is a graph of a displacement
acceleration waveform of the blood vessel wall.

[0026] FIG.5isa diagram showing the functional configu-
ration of the ultrasonic blood pressure measuring device.

[0027] FIG. 6 is a flowchart of the blood pressure measur-
ing process.
[0028] FIG. 7A is a graph of a blood vessel diameter varia-

tion waveform, and FIG. 7B is a graph of a displacement
speed waveform of the blood vessel wall.

[0029] FIG.8isadiagram showing a modification example
of correlation setting data.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Overall Configuration

[0030] FIG.11sa diagram showing an application example
of an ultrasonic blood pressure measuring device 10 in the
present embodiment. The ultrasonic blood pressure measur-
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ing device 10 is a device that measures the blood pressure of
a subject 2 in a non-pressure manner using an ultrasonic
wave, and includes a main body 20 and an ultrasonic probe
30.

[0031] Theultrasonic probe 30 has an ultrasonic transducer
32 (referto FIG. 2) to transmit and receive an ultrasonic pulse
signal or burst signal of, for example, several to tens of MHz,
and outputs a received signal to the main body 20. The ultra-
sonic probe 30 is attached to the neck skin surface of the
subject 2 so that the ultrasonic transducer 32 is located imme-
diately above the carotid artery of the subject 2, for example.
Here, “immediately above” is used as an operating manual
expression when operating the ultrasonic probe 30 for easy
understanding. To be precise, “immediately above” refers to
the positional relationship when the carotid artery is located
on the straight line of irradiation of the ultrasonic wave emit-
ted from the ultrasonic transducer 32.

[0032] The main body 20 is connected to the ultrasonic
probe 30 by a cable, and measures the blood pressure of the
subject 2 using the ultrasonic probe 30. Specifically, the main
body 20 emits an ultrasonic wave toward the blood vessel (for
example, carotid artery) of the subject 2 using the ultrasonic
probe 30, measures the position of the blood vessel wall and
a blood vessel diameter based on the received signal of the
reflected wave, and calculates the blood pressure of the sub-
ject 2 based on the measured position of the blood vessel wall
and the measured blood vessel diameter. In particular, the
present embodiment is characterized in that cardiac systolic
blood pressure (highest blood pressure) and cardiac diastolic
blood pressure (lowest blood pressure) are measured and
output for each heartbeat. In general, terms of systolic blood
pressure and diastolic blood pressure are used. In the present
embodiment, however, contraction and expansion of the
blood vessel are also handled. Therefore, in order to avoid
confusion, terms of cardiac systolic blood pressure and car-
diac diastolic blood pressure are used.

[0033] In addition, in calculating the blood pressure based
on the blood vessel diameter, it is necessary to measure the
blood pressure for calibration apart from the blood vessel
diameter. For this blood pressure measurement, it is assumed
that a pressure sphygmomanometer 40 is used in the present
embodiment. The pressure sphygmomanometer 40 measures
the blood pressure of the arm artery of the subject 2 in a state
where a cuff for pressure 42 is wound around the upper arm of
the subject 2. After calibration, the cuff 42 is detached from
the subject 2. Then, the blood pressure of the subject 2 is
measured in a non-pressure manner, that is, in a non-invasive
manner using the ultrasonic probe 30.

Principle

(1) Measurement of Position of Blood Vessel Wall and Blood
Vessel Diameter

[0034] First, measurement of the position of a blood vessel
wall and a blood vessel diameter using an ultrasonic wave will
be described. The blood vessel diameter can be calculated
from the position of the blood vessel wall, more specifically,
from the depth positions (hereinafter, simply referred to as
“positions”) of the front and rear walls of the blood vessel.
Therefore, if the depth positions of the front and rear walls of
the blood vessel are measured, the blood vessel diameter can
be automatically calculated. FIG. 2 is a diagram for explain-
ing the measurement of the positionofa blood vessel wall and
ablood vessel diameter using an ultrasonic wave, and shows
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a cross-sectional view of a blood vessel 4 in a long-axis
direction thereof. As shown in FIG. 2, in measurement, the
ultrasonic probe 30 is attached to the neck of the subject 2 so
that the ultrasonic transducer 32 is in close contact with a skin
surface 3 immediately above the blood vessel 4.

[0035] From the ultrasonic transducer 32, an ultrasonic
wave is transmitted in a downward direction in FIG. 2. The
ultrasonic wave has a characteristic of being largely reflected
on the boundary surface of the medium. That is, when the
blood vessel 4 is located immediately below the ultrasonic
transducer 32, some of the ultrasonic waves transmitted from
the ultrasonic transducer 32 are reflected on a front wall 4a
and a rear wall 4b of the blood vessel 4, and strong reflected
waves reflected from the front wall 4a and the rear wall 45
appear in the reflected wave signal in the ultrasonic trans-
ducer 32. The positions of the front wall 4a and the rear wall
4b can be measured from the time difference until reflected
waves from the front wall 4a and the rear wall 45 appear from
the ultrasonic wave transmission timing and the propagation
speed of the ultrasonic wave. A blood vessel diameter D is
calculated by finding the positions of the front wall 4a and the
rear wall 4b. The measurement of the position of the blood
vessel wall and the blood vessel diameter using an ultrasonic
wave is repeatedly performed at predetermined periods of
several to tens of milliseconds, for example. The measure-
ment unit is referred to as a “frame” hereinafter.

(2) Correlation Between Blood Vessel Diameter and Blood
Pressure

[0036] Next, measurement of blood pressure based on the
blood vessel diameter will be described. FIG. 3 is a graph
showing the correspondence relationship between the blood
vessel diameter D and blood pressure P. As shown in FIG. 3,
correlation between the blood vessel diameter D and the
blood pressure P is a non-linear relationship, and it is known
that the correlation between the blood vessel diameter D and
the blood pressure P can be expressed by the correlation
equation shown in the following equation (1).

P=Pd-exp[p(D/Dd-1)] (1)
Here, p=In(Ps/Pd)/(Ds/Dd-1) 2)
[0037] In the equations (1) and (2), “Pd” is a cardiac dias-

tolic blood pressure (lowest blood pressure), “Dd” is a cardiac
diastolic blood vessel diameter that is a blood vessel diameter
at the time of cardiac diastolic blood pressure, “Ps” is a
cardiac systolic blood pressure (highest blood pressure),
“Ds” is a cardiac systolic blood vessel diameter that is a blood
vessel diameter at the time of cardiac systolic blood pressure,
and “B” is a blood vessel elasticity index value called a stiff-
ness parameter.

[0038] In order to calculate the blood pressure P from the
blood vessel diameter D using the correlation equation (1), it
is necessary to set the cardiac diastolic blood pressure Pd, the
cardiac diastolic blood vessel diameter Dd, the cardiac sys-
tolic blood pressure Ps, the cardiac systolic blood vessel
diameter Ds, and the stiffness parameter {3 that are constants
of the equations (1) and (2) and to perform a calibration to
define the correlation equation (1). Therefore, in the present
embodiment, the cardiac diastolic blood vessel diameter Dd
and the cardiac systolic blood vessel diameter Ds are mea-
sured using the ultrasonic probe 30 and the cardiac diastolic
blood pressure Pd and the cardiac systolic blood pressure Ps
are measured using the pressure sphygmomanometer 40, and
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the stiffness parameter f3 is calculated by using the measure-
ment values Dd, Ds, Pd, and Ps, thereby defining the corre-
lation equation (1). In addition, the cardiac diastolic blood
pressure Pd and the cardiac systolic blood pressure Ps for
calibration do not need to be measured by the pressure sphyg-
momanometer 40, and may be measured by different measur-
ing means.

[0039] After calibration, based on the measured blood ves-
sel diameter D, it is possible to estimate the blood pressure P
from the correlation equation (1). That is, in the present
embodiment, a cardiac systolic blood vessel diameter Dsl
and a cardiac diastolic blood vessel diameter Dd1 are mea-
sured by ultrasonic measurement, and cardiac systolic blood
pressure Ps1 and cardiac diastolic blood pressure Pdl are
calculated from the correlation equation (1) based on the
cardiac systolic blood vessel diameter Ds1 and the cardiac
diastolic blood vessel diameter Dd1 that have been measured.

(3) Measurement of Cardiac Systolic Blood Vessel Diameter
Ds1 and Cardiac Diastolic Blood Vessel Diameter Dd1

[0040] Next, measurement of the cardiac systolic blood
vessel diameter Ds1 and the cardiac diastolic blood vessel
diameter Dd1 using an ultrasonic wave will be described. A
blood vessel repeats contraction and expansion approxi-
mately isotropically due to the beating of the heart. That is,
the blood vessel diameter varies approximately similar to
blood pressure.

[0041] FIG. 4A is a blood vessel diameter change wave-
form showing a temporal change in the blood vessel diameter
of the carotid artery in one heartbeat period. In FIG. 4A, the
horizontal axis indicates time t, and the vertical axis indicates
the blood vessel diameter D). One heartbeat period includes
diastole and systole. That is, the blood vessel diameter
increases and accordingly the carotid artery vessel expands
rapidly from cardiac systole according to the beating of the
heart. In cardiac diastole, the blood vessel diameter decreases
slowly to return to the original thickness. Thus, since the
blood vessel diameter increases rapidly in cardiac systole, a
blood vessel diameter variation waveform rises rapidly. How-
ever, since the blood vessel diameter decreases slowly in
cardiac diastole, the blood vessel diameter variation wave-
form falls slowly. In the blood vessel diameter variation
waveform, the minimum value of the blood vessel diameter is
a cardiac diastolic blood vessel diameter Dd1, and the maxi-
mum value of the blood vessel diameter is a cardiac systolic
blood vessel diameter Ds1. In the present embodiment, the
cardiac systolic blood vessel diameter Ds1 and the cardiac
diastolic blood vessel diameter Dd1 are acquired by using the
degree of displacement of the blood vessel wall.

[0042] FIG. 4B is a waveform showing the displacement
acceleration of the front wall of the blood vessel wall. In FIG.
4B, the horizontal axis indicates time t that is used in common
with FIG. 4A, and the vertical axis indicates displacement
acceleration. In the vertical direction, an upward direction is
a direction in which the depth position becomes shallow, and
a downward direction is a direction in which the depth posi-
tion becomes deep. The displacement acceleration is an
example of the degree of displacement of the blood vessel
wall. For example, the displacement acceleration is obtained
by differentiating the depth position of the blood vessel wall
between a plurality of consecutive frames twice in a time
direction based on the frame rate. In the following explana-
tion, a blood vessel wall for which displacement acceleration
is to be measured is a front wall of the blood vessel facing the
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skin side. However, the blood vessel wall for which displace-
ment acceleration is to be measured may be a rear wall. In this
case, the waveform shown in FIG. 4B is vertically inverted.
[0043] A carotid artery vessel expands rapidly in cardiac
systole, and returns to the original thickness slowly in cardiac
diastole. That is, the depth position of the front wall of the
carotid artery vessel changes in a direction in which the depth
position of the front wall becomes shallow rapidly in cardiac
systole and then changes in a direction in which the depth
position of the front wall becomes deep slowly in cardiac
diastole. Therefore, in the displacement acceleration wave-
form of the front wall of the blood vessel wall, the positive
peak (maximum value) M1 and the negative peak (minimum
value) M2 appear in order in the cardiac systole. Also in the
cardiac diastole, a positive peak (maximum value) and a
negative peak (minimum value) appear. However, since a
change in the blood vessel diameter is gentle compared with
that in the cardiac systole, the value of the peak is small.
[0044] That is, the cardiac systolic blood vessel diameter
Ds1 and the cardiac diastolic blood vessel diameter Dd1
appear before and after the peak M1 in cardiac systole of the
displacement acceleration waveform of the blood vessel wall.
Specifically, the peak M1 indicates a peak of the blood vessel
diameter, the cardiac systolic blood vessel diameter Dsl
appears as a maximum value of the blood vessel diameter
immediately after the peak M1, and the cardiac diastolic
blood vessel diameter Dd1 appears as a minimum value of
blood vessel diameter immediately before the peak M1.
[0045] Therefore, a predetermined period Tw including the
peak M1 of the displacement acceleration waveform of the
blood vessel wall is set, and the maximum value of the blood
vessel diameter D in the predetermined period Tw is detected
as the cardiac systolic blood vessel diameter Ds1 and the
minimum value of the blood vessel diameter D is detected as
the cardiac diastolic blood vessel diameter Dd1. The prede-
termined period Tw is set so as to include the maximum value
(cardiac systolic blood vessel diameter Ds1) and the mini-
mum value (cardiac diastolic blood vessel diameter Dd1) of
the blood vessel diameter variation waveform. Specifically,
the predetermined period Tw is set as a period that is longer
than the length of cardiac systole and is shorter than one
heartbeat period, and can be set to about hundreds of milli-
seconds, for example, “about 100 to 300 milliseconds”.
[0046] In addition, the peak M1 in the displacement accel-
eration waveform of the blood vessel wall is detected by the
displacement acceleration exceeding the predetermined
threshold value A, and a time at which the peak M1 is detected
is determined to be the peak. The predetermined threshold
value A is set to a value that is smaller than the peak M1 of
cardiac systole in the displacement acceleration waveform
and is larger than the peak that may appear in cardiac diastole.
In addition, the displacement acceleration waveform of the
blood vessel wall differs depending on the subject 2. There-
fore, for example, it is also possible to acquire a displacement
acceleration waveform from the waveform of the depth posi-
tion of the blood vessel wall acquired in advance at the time of
calibration or the like and to set the threshold value A accord-
ing to the magnitude of the positive peak in the displacement
acceleration waveform.

[0047] The cardiac systolic blood vessel diameter Ds1 and
the cardiac diastolic blood vessel diameter Dd1 are calculated
after the predetermined period Tw has ended. That is, after the
predetermined period Tw has passed in ultrasonic measure-
ment, the cardiac systolic blood vessel diameter Ds1 that is
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the maximum value of the blood vessel diameter in the pre-
determined period Tw and the cardiac diastolic blood vessel
diameter Dd1 that is the minimum value of the blood vessel
diameter are calculated, and the cardiac systolic blood pres-
sure Ps1 and the cardiac diastolic blood pressure Pd1 are
calculated from equation (1), thereby calculating the blood
pressure. The time required for this processing is “about 100
to 200 milliseconds™ at most. Accordingly, for each heartbeat,
the cardiac systolic blood pressure Ps1 and the cardiac dias-
tolic blood pressure Pd1 in the heartbeat can be immediately
calculated and output before the next heartbeat arrives. As a
result, it is possible to realize quick and continuous measure-
ment.

Functional Configuration

[0048] FIG. 5 is a diagram showing the functional configu-
ration of the ultrasonic blood pressure measuring device 10.
As shown in FIG. 5, the ultrasonic blood pressure measuring
device 10 is configured to include the ultrasonic probe 30 and
the main body 20. The main body 20 is configured to include
an operation unit 110, a display unit 120, a sound output unit
130, a communication unit 140, a processing unit 200, and a
storage unit 300.

[0049] The operation unit 110 is implemented by input
devices, such as button switches, a touch panel, and various
sensors, and outputs an operation signal corresponding to the
operation to the processing unit 200. The display unit 120 is
implemented by a display device, such as a liquid crystal
display (LCD), and performs various kinds of display accord-
ing to the display signal from the processing unit 200. The
sound output unit 130 is implemented by a sound output
device, such as a speaker, and outputs various sounds based
on the sound signal from the processing unit 200. The com-
munication unit 140 is implemented by a wireless communi-
cation device, such as a wireless local area network (LAN) or
Bluetooth (registered trademark), and performs communica-
tion with an external device (mainly, the pressure sphygmo-
manometer 40).

[0050] The processing unit 200 is implemented by a micro-
processor, such as a central processing unit (CPU) ora digital
signal processor (DSP), or an electronic component, such as
an application specific integrated circuit (ASIC) or an inte-
grated circuit (IC) memory. The processing unit 200 controls
the operation of the ultrasonic blood pressure measuring
device 10 by executing various kinds of arithmetic processing
based on a program or data stored in the storage unit 300, an
operation signal from the operation unit 110, or the like. In
addition, the processing unit 200 includes an ultrasonic mea-
surement control section 210, ablood vessel wall position and
blood vessel diameter calculation section 220, a correlation
setting section 230, a displacement degree measuring section
240, a blood vessel diameter feature value acquisition section
250, and a blood pressure calculation section 260, and
executes blood pressure measurement processing (refer to
FIG. 6) according to a blood pressure measurement program
310.

[0051] The ultrasonic measurement control section 210
controls the transmission and reception of an ultrasonic wave
in the ultrasonic probe 30. Specifically, the ultrasonic mea-
surement control section 210 transmits an ultrasonic wave
from the ultrasonic probe 30 at the transmission timing of a
predetermined period. In addition, the ultrasonic measure-
ment control section 210 performs amplification or the like of
the signal of the reflected wave of the ultrasonic wave
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received by the ultrasonic probe 30. Based on the received
signal of the reflected wave by the ultrasonic probe 30, ultra-
sonic measurement data 320 of each mode, such as an A
mode, a B mode, or an M mode, is generated.

[0052] The blood vessel wall position and blood vessel
diameter calculation section 220 calculates the position of the
blood vessel wall and the blood vessel diameter based on the
received signal of the reflected wave of the ultrasonic wave
received by the ultrasonic probe 30. That is, the reception of
the reflected wave from each of the front wall 4a and the rear
wall 45 of the blood vessel 4 is determined from the signal
strength of the received signal. The positions (depth posi-
tions) of the front wall 4a and the rear wall 45 are calculated
using the time difference between the ultrasonic wave trans-
mission timing and the reception timing of the reflected
waves from the front wall 4a and the rear wall 4b. Then, the
blood vessel diameter is calculated from the positions of the
front wall 4a and the rear wall 4b. Since the transmission of
the ultrasonic wave and the reception of the reflected wave by
the ultrasonic probe 30 are performed when necessary, the
calculation of the position of the blood vessel wall and the
blood vessel diameter is repeatedly executed at every prede-
termined time (for example, at time intervals that can be
called almost real time, such as several to tens of millisec-
onds). As a result, a waveform (refer to FIG. 4A) showing the
variation of the blood vessel diameter is obtained. The blood
vessel diameter obtained by the blood vessel wall position
and blood vessel diameter calculation section 220 is stored as
blood vessel diameter measurement data 350 so as to match
the measurement time.

[0053] The correlation setting section 230 sets the correla-
tion between the blood vessel diameter D and the blood
pressure P based on the calculation result of the blood vessel
wall position and blood vessel diameter calculation section
220 and the measurement result of the pressure sphygmoma-
nometer 40. That is, the correlation equation (1) indicating the
correlation between the blood vessel diameter and blood
pressure is set and defined by calculating the stiffness param-
eter P given by equation (2) from the cardiac systolic blood
pressure Ps, the cardiac diastolic blood pressure Pd, the car-
diac systolic blood vessel diameter Ds, and the cardiac dias-
tolic blood vessel diameter Dd. The correlation setting sec-
tion 230 can also be said to be a calibration section that
calibrates the correlation between the blood vessel diameter
and blood pressure.

[0054] The cardiac systolic blood pressure Ps and the car-
diac diastolic blood pressure Pd are measured by the pressure
sphygmomanometer 40. Blood pressure measurement using
the pressure sphygmomanometer 40 takes a time of about
several to tens of seconds. The cardiac systolic blood vessel
diameter Ds and the cardiac diastolic blood vessel diameter
Dd are calculated from the blood vessel diameter calculated
by the blood vessel wall position and blood vessel diameter
calculation section 220, the calculation by the blood vessel
diameter calculation section 220 being performed in parallel
with the blood pressure measurement using the pressure
sphygmomanometer 40. That is, the maximum value and the
minimum value of the blood vessel diameter are detected for
each heartbeat, and the maximum values is set to the cardiac
systolic blood vessel diameter Ds and the minimum values is
set to the cardiac diastolic blood vessel diameter Dd.

[0055] Theblood pressure measured by the pressure sphyg-
momanometer 40 is stored as blood pressure measurement
data 340 so as to match the measurement. In addition, the
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correlation between the blood vessel diameter and blood
pressure set by the correlation setting section 230 is stored as
correlation setting data 330. Specifically, the correlation set-
ting data 330 stores the values of the parameter Ds, Dd, Ps, Pd,
and f defining the correlation equation (1).

[0056] The displacement degree measuring section 240
measures the displacement acceleration of the front wall of
the blood vessel that is the degree of displacement of the
blood vessel wall. That is, displacement acceleration is cal-
culated from a temporal change in the position of the front
wall 4a of the blood vessel calculated by the blood vessel wall
position and blood vessel diameter calculation section 220.

[0057] Theblood vessel diameter feature value acquisition
section 250 calculates the cardiac systolic blood vessel diam-
eter Ds1 and the cardiac diastolic blood vessel diameter Dd1,
which are feature values of the blood vessel diameter, from
the blood vessel diameter calculated by the blood vessel wall
position and blood vessel diameter calculation section 220.
That 1s, the blood vessel diameter feature value acquisition
section 250 regards displacement acceleration when the dis-
placement acceleration of the blood vessel wall measured by
the displacement degree measuring section 240 exceeds a
predetermined threshold value as the peak M1 (value of the
peak: maximum value), and sets the predetermined period Tw
with the time of the peak M1 as a reference. Then, the maxi-
mum value and the minimum value of the blood vessel diam-
eter in the set predetermined period Tw are determined, and
the determined maximum value is set to the cardiac systolic
blood vessel diameter Ds1 and the minimum valueis set to the
cardiac diastolic blood vessel diameter Dd1. The blood vessel
diameter feature value acquisition section 250 corresponds to
a peak calculation section and a blood vessel diameter acqui-
sition section. The feature values (cardiac systolic blood ves-
sel diameter Ds1 and cardiac diastolic blood vessel diameter
Dd1) of the blood vessel diameter calculated by the blood
vessel diameter feature value acquisition section 250 are
stored as blood vessel diameter feature value data 360.

[0058] The blood pressure calculation section 260 calcu-
lates the cardiac systolic blood pressure Ps1 and the cardiac
diastolic blood pressure Pdl, according to the correlation
equation (1) set by the correlation setting section 230, based
on the cardiac systolic blood vessel diameter Ds1 and the
cardiac diastolic blood vessel diameter Dd1 that are feature
values of the blood vessel diameter calculated by the blood
vessel diameter feature value acquisition section 250. The
systolic blood pressure Psl and the cardiac diastolic blood
pressure Pd1 calculated by the blood pressure calculation
section 260 are stored as blood pressure calculation data 370
so as to match the measurement time.

[0059] The storage unit 300 is implemented by a storage
device, such as a read only memory (ROM), a random access
memory (RAM), or a hard disk. The storage unit 300 stores a
program or data required for the processing unit 200 to per-
form overall control of the ultrasonic blood pressure measur-
ing device 10, and is used as a working area of the processing
unit 200. In addition, the calculation results of the processing
unit 200, operation data from the operation unit 110, and the
like are temporarily stored in the storage unit 300. n the
present embodiment, the blood pressure measurement pro-
gram 310, the ultrasonic measurement data 320, the correla-
tion setting data 330, the blood pressure measurement data
340, the blood vessel diameter measurement data 350, the
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blood vessel diameter feature value data 360, and the blood
pressure calculation data 370 are stored in the storage unit
300.

Process Flow

[0060] FIG. 6 is a flowchart illustrating the flow of the
blood pressure measuring process. This process is realized by
the processing unit 200 that executes the blood pressure mea-
surement program 310.

[0061] Referring to FIG. 6, first, the measurement of the
position of a blood vessel wall and a blood vessel diameter
using an ultrasonic wave is started when the ultrasonic mea-
surement control section 210 starts control to transmit and
receive an ultrasonic wave to and from the ultrasonic probe 30
and the blood vessel wall position and blood vessel diameter
calculation section 220 starts the measurement of the position
of the blood vessel wall and the blood vessel diameter based
on the received signal of the reflected wave of the ultrasonic
wave (step S1).

[0062] Then, the processing unit 200 determines whether
or not calibration is required. For example, the processing
unit 200 determines that calibration is required when the
subject 2 performs blood pressure measurement with the
device for the first time or when a predetermined amount of
time has passed from the previous calibration. If calibration is
required (step S3: YES), for example, a message is displayed
on the display unit 120 to give an instruction to attach the cuff
42 to the subject 2 and measure the blood pressure with the
pressure sphygmomanometer 40. Accordingly, blood pres-
sure measurement of the subject 2 using the pressure sphyg-
momanometer 40 is started (step S5). When the blood pres-
sure measurement using the pressure sphygmomanometer 40
ends and the highest blood pressure (cardiac systolic blood
pressure) Ps and the lowest blood pressure (cardiac diastolic
blood pressure) Pd are measured, the correlation setting sec-
tion 230 calculates the stiffness parameter f§ from the blood
vessel diameter obtained by ultrasonic measurement and the
blood pressure measured by the pressure sphygmomanom-
eter 40, and calculates the correlation equation (1) between
the blood vessel diameter and the blood pressure (step S7).
This is the calibration.

[0063] After the calibration ends, the displacement degree
measuring section 240 starts the calculation of the displace-
ment acceleration of the blood vessel wall from the position
of the blood vessel wall measured for each frame by the blood
vessel wall position and blood vessel diameter calculation
section 220 (step S9). Then, the blood vessel diameter feature
value acquisition section 250 compares the calculated dis-
placement acceleration with the predetermined threshold
value A. If the displacement acceleration exceeds the prede-
termined threshold value A (step S11: YES), the blood vessel
diameter feature value acquisition section 250 sets the prede-
termined period Tw including the time at which the displace-
ment acceleration exceeds the predetermined threshold value
A, and calculates the maximum value and the minimum value
of the blood vessel diameter in the predetermined period Tw
(step S13). Then, the maximum value is set to the cardiac
systolic blood vessel diameter Dsl, and the minimum value is
set to the cardiac diastolic blood vessel diameter Dd1 (step
S15).

[0064] Then, the blood pressure calculation section 260
calculates the cardiac systolic blood pressure Psl and the
cardiac diastolic blood pressure Pdl from the correlation
equation (1) based on the cardiac systolic blood vessel diam-
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eter Ds1 and the cardiac diastolic blood vessel diameter Dd1
that have been calculated (step S17). Then, the cardiac sys-
tolic blood pressure Ps1 and the cardiac diastolic blood pres-
sure Pd1 that have been calculated are displayed on the dis-
play unit 120, and are stored as the blood pressure calculation
data 370 (step S19).

[0065] Then, the processing unit 200 determines whether
or not the blood pressure measurement using an ultrasonic
wave has ended. If the blood pressure measurement has not
ended (step S21: NO), the process returns to step S11 to
perform blood pressure measurement for the next heartbeat
period. On the other hand, if the blood pressure measurement
has ended (step S21: YES), the ultrasonic measurement con-
trol section 210 ends the transmission and reception of the
ultrasonic wave by the ultrasonic probe 30. After ending the
measurement ofthe blood vessel diameter using an ultrasonic
wave (step S23), this process is ended.

Effects

[0066] Thus, according to the ultrasonic blood pressure
measuring device 10 of the present embodiment, the cardiac
systolic blood pressure (highest blood pressure) and the car-
diac diastolic blood pressure (lowest blood pressure) can be
measured for each heartbeat. That is, the displacement accel-
eration of the position (depth position) of the blood vessel
wall of the blood vessel measured by using anultrasonic wave
1s calculated, the peak M1 of the displacement acceleration is
detected by comparing the displacement acceleration with the
predetermined threshold value A, and the predetermined
period Tw including the peak M1 as a reference is set. Then,
the minimum value of the blood vessel diameter in the pre-
determined period Tw is set to the cardiac diastolic blood
vessel diameter Dd1, and the maximum value of the blood
vessel diameter is set to the cardiac systolic blood vessel
diameter Ds1. The cardiac systolic blood pressure Ps1 and the
cardiac diastolic blood pressure Pd1 are calculated from the
correlation equation (1) between the blood vessel diameter D
and the blood pressure P. Therefore, since the cardiac systolic
blood pressure and the cardiac diastolic blood pressure
appearing for each heartbeat can be measured before the next
heartbeat arrives, it is possible to measure the highest blood
pressure (cardiac systolic blood pressure) and the lowest
blood pressure (cardiac diastolic blood pressure) quickly and
continuously.

Modification Examples

[0067] In addition, it should be understood that embodi-
ments to which the invention can be applied are not limited to
the embodiment described above and various modifications
can be made without departing from the spirit and scope of the
invention.

[0068] (A)In the embodiment described above, “displace-
ment acceleration of the blood vessel wall” is used as the
“degree of displacement of the blood vessel wall”. However,
“displacement speed of the blood vessel wall” may also be
used.

[0069] FIG. 7A is a blood vessel diameter variation wave-
form showing a temporal change in the blood vessel diameter
of the carotid artery in one heartbeat period. FIG. 7B is a
waveform showing a displacement speed V that is an example
ofthe degree of change ofthe blood vessel wall. The displace-
ment speed waveform of the blood vessel wall is obtained by
differentiating the position of the blood vessel wall between a
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plurality of consecutive frames once in a time direction based
on the frame rate, for example. In FIG. 7B, similar to the
displacement acceleration shown in F1G. 4B, the front wall of
the blood vessel is an object to be measured, and the upward
direction is a direction (positive direction) in which the posi-
tion of the front wall becomes shallow.

[0070] As shown in FIG. 7B, in the displacement speed of
the blood vessel wall, a positive peak M3 appears in cardiac
systole. In addition, although the negative peak appears in
cardiac diastole, the negative peak is a small peak value
because the change in the blood vessel diameter is gentle
compared with the cardiac systole. That is, the cardiac sys-
tolic blood vessel diameter Ds1 and the cardiac diastolic
blood vessel diameter Dd1 appear before and after the peak
M3. Specifically, the peak M3 indicates a peak of the blood
vessel diameter, the cardiac systolic blood vessel diameter
Ds1 appears as a maximum value of the blood vessel diameter
immediately after the peak M3, and the cardiac diastolic
blood vessel diameter Dd1 appears as a minimum value of the
blood vessel diameter immediately before the peak M3.
Therefore, a predetermined period Tw including the peak M3
of the displacement speed of the blood vessel wall as a refer-
ence can be set, and the maximum value of the blood vessel
diameter D in the predetermined period Tw can be detected as
the cardiac systolic blood vessel diameter Ds1 and the mini-
mum value of the blood vessel diameter D can be detected as
the cardiac diastolic blood vessel diameter Dd1.

[0071] In addition, the peak M3 in the displacement speed
of the blood vessel wall is detected by the displacement speed
exceeding a predetermined threshold value B, and a time at
which the peak M3 is detected is determined to be the peak.
The predetermined threshold value B is set to a value that is
smaller than the peak M3 of cardiac systole.

[0072] (B) In the embodiment described above, the com-
munication method of the ultrasonic blood pressure measur-
ing device 10 and the pressure sphygmomanometer 40 is
wired communication. However, wireless communication
may also be applied. In addition, the subject 2 may be made to
measure the blood pressure using, for example, the pressure
sphygmomanometer 40, and the subject 2 may manually
input the measurement value to the ultrasonic blood pressure
measuring device 10.

[0073] (C) In the embodiment described above, the blood
vessel to be measured is the carotid artery. However, it is
needless to say that other arteries, such as the radial artery, can
be applied as an object to be measured.

[0074] (D)Inaddition, in the embodiment described above,
the correlation setting data 330 is data for storing the value of
each parameter defining the correlation equation (1). How-
ever, other forms may also be applied. For example, after
deriving the correlation equation (1) by calculating the value
of each parameter, a look-up table shown in FIG. 8 in which
the correspondence relationship between the blood vessel
diameter and blood pressure is set may be obtained from the
correlation equation (1), and the look-up table may be set as
the correlation setting data 330. A functional portion for
obtaining the look-up table is a correlation setting section.
The interval between blood vessel diameters in the look-up
table can be arbitrarily set. For example, the interval between
blood vessel diameters can be set to a unit of several to tens of
micrometers.

[0075] In addition, the blood pressure calculation section
260 can calculate the cardiac systolic blood pressure Ps1 and
the cardiac diastolic blood pressure Pdl from the cardiac
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systolic blood vessel diameter Ds1 and the cardiac diastolic
blood vessel diameter Dd1, which have been calculated by the
blood vessel diameter feature value acquisition section 250,
with reference to the look-up table. As a result, it is possible
to reduce the calculation load when the blood pressure cal-
culation section 260 calculates blood pressure.

[0076] Theentire disclosure of Japanese Patent Application
No. 2014-081925 filed on Apr. 11, 2014 and No. 2014-
159626 filed on Aug. 5, 2014 are expressly incorporated by
reference herein.

What is claimed is:

1. An ultrasonic blood pressure measuring device, com-

prising:

a transmission and reception unit that transmits an ultra-
sonic wave to a blood vessel and receives a reflected
wave of the ultrasonic wave;

a displacement degree measuring unit that measures a
degree of displacement of a blood vessel wall of the
blood vessel based on reflected wave of the ultrasonic
wave during at least one heartbeat period;

a blood vessel diameter measuring unit that measures a
diameter of the blood vessel based on the reflected wave;

a peak calculation unit that calculates a peak of the degree
of displacement of the blood vessel wall;

a blood vessel diameter acquisition unit that acquires a
maximum value of the blood vessel diameter, which
appears after the peak of the degree of displacement of
the blood vessel wall, as a cardiac systolic blood vessel
diameter and acquires a minimum value of the blood
vessel diameter, which appears before the peak, as a
cardiac diastolic blood vessel diameter; and

a blood pressure calculation unit that calculates cardiac
systolic blood pressure and cardiac diastolic blood pres-
sure from the cardiac systolic blood vessel diameter and
the cardiac diastolic blood vessel diameter using a cor-
relation between the diameter of the blood vessel and
blood pressure set in advance.

2. The ultrasonic blood pressure measuring device accord-

ing to claim 1,

wherein the displacement degree measuring unit measures
a displacement speed of the blood vessel wall as the
degree of displacement.

3. The ultrasonic blood pressure measuring device accord-

ing to claim 1,

wherein the displacement degree measuring unit measures
displacement acceleration of the blood vessel wall as the
degree of displacement.

4. The ultrasonic blood pressure measuring device accord-

ing to claim 1, further comprising:

a correlation setting unit that sets the correlation.

5. The ultrasonic blood pressure measuring device accord-

ing to claim 1,

wherein the blood vessel is an artery.

6. The ultrasonic blood pressure measuring device accord-

ing to claim 1, further comprising:

a storage unit that stores the correlation as a look-up table
of the blood vessel diameter and the blood pressure,

wherein the blood pressure calculation unit calculates car-
diac systolic blood pressure and cardiac diastolic blood
pressure from the cardiac systolic blood vessel diameter
and the cardiac diastolic blood vessel diameter with
reference to the look-up table.

7. An ultrasonic blood pressure measuring method, com-

prising:
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receiving a reflected wave of an ultrasonic wave transmit-
ted to a blood vessel and measuring a degree of displace-
ment of a blood vessel wall of the blood vessel based on
the reflected wave of the ultrasonic wave during at least
one heartbeat period;

measuring a diameter of the blood vessel based on the
reflected wave;

calculating a peak of the degree of displacement of the
blood vessel wall; and

calculating cardiac systolic blood pressure and cardiac
diastolic blood pressure from a maximum value of the
blood vessel diameter, which appears after the peak of
the degree of displacement of the blood vessel wall, and
a minimum value of the blood vessel diameter, which
appears before the peak, using a correlation between the
diameter of the blood vessel and blood pressure set in
advance.
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