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(57)  The purpose of the present invention is to pro-
vide a vascular viscoelasticity determination device hav-
ing high reliability of evaluation of vascular viscoelasticity
when a pulse wave is measured using one cuff, and on
the basis of the measured pulse wave, a determination
index of vascular viscoelasticity is calculated and when
the determination index of vascular viscoelasticity is cal-
culated with a comparatively young person as a person
to be measured. A vascular viscoelasticity evaluation de-
vice primarily differentiates a pulse wave obtained using
a cuff, detects a positive first generated amplitude peak
value (Vf1), and a second generated peak (Vr2) among
a plurality of generated negative amplitude peak values
in a single pulse wave of the differentiated waveform in
a state where external force approximately higher than
or equal to maximum blood pressure is applied to a blood
vessel, calculates the ratio between the detected positive
first generated amplitude peak value (Vf1) and negative
second generated amplitude peak value (Vr2), and on
the basis of the calculated ratio, evaluates vascular vis-

VASCULAR VISCOELASTICITY EVALUATION DEVICE, VASCULAR VISCOELASTICITY
EVALUATION METHOD, AND PROGRAM

coelasticity.

FIG.2
20: CPU

l Pulse wave component extraction means I

l 22

l Differential waveform formation means |

l 23 l 24

Positive first amplitude peak value Negative second amplitude peak
detecting means values detecting means

", 25

{ Ratio calculation means ]

} 26

I Vascular viscoelasticity evaluation means I

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 979 628 A1 2

Description
TECHNICAL FIELD

[0001] The presentinvention relates to a device, meth-
od, and program for non-invasively evaluating the degree
of vascular viscoelasticity by analyzing pulse waves.

BACKGROUND ART

[0002] Pulse wave propagation velocity (PWV) has
been a widespread device for evaluating vascular vis-
coelasticity non-invasively up to now. In this method,
pulse waves must be measured using a cuff or the like
attached at two or more places.

[0003] Meanwhile, there are known devices for evalu-
ating vascular viscoelasticity by pulse wave measure-
ment with a cuff attached at only one place, in which the
pulse wave component of the cuff pressure is extracted,
this extracted pulse wave componentis subjected to tem-
poral differentiation to calculate a primary differential val-
ue and form a differential waveform, and in a state in
which an external force substantially the same as or
greater than the systolic blood pressure is being exerted
on the blood vessel, the positive amplitude peak value
within one pulse wave of the differential waveform is de-
tected, the negative amplitude peak value is detected in
a pulse wave in which the positive amplitude peak value
was detected, the ratio of the peak value of the positive
amplitude to the peak value of the negative amplitude is
calculated, and then the vascular viscoelasticity is eval-
uated on the basis of this calculated ratio (Japanese Pat-
ent No.: 4,054,884, for example).

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0004] Within one pulse wave of the differentiated
waveform of a relatively young person, of the negative
amplitude peaks, the first peak value that occurs is usu-
ally the maximum peak value. When pulse waves are
measured for this relatively young person using the de-
vice disclosed in Patent Reference 1, since the above-
described maximum peak value is used as data for eval-
uating vascular viscoelasticity, a problem is that reliability
of the evaluation of the vascular viscoelasticity is low.
[0005] Itis an object of the presentinvention to provide
a vascular viscoelasticity evaluation device, a vascular
viscoelasticity evaluation method, and a program with
which vascular viscoelasticity can be evaluated with high
reliability when a pulse wave is measured with a single
cuff, and a determination index for vascular viscoelastic-
ity is calculated on the basis of this measured pulse wave,
and when calculating the determination index for vascu-
lar viscoelasticity wherein the measurement subject is a
relatively young person.

[0006] The viscoelasticity of a blood vessel has been
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shown to be associated with atherosclerosis, and the risk
of arteriosclerosis rises in proportion to the hardness of
a blood vessel. In particular, the viscoelasticity of the
blood vessels of a central artery is held to have great
clinical significance, and being able to accurately evalu-
ate the viscoelasticity of a central artery with a single cuff
has considerable importance from a societal perspective.

MEANS FOR SOLVING THE PROBLEMS

[0007] Within one pulse wave of a differential wave-
form obtained by temporal differentiation of a pulse wave
component extracted in a state that an external force that
is substantially the same as or greater than the systolic
blood pressure has been exerted on a blood vessel, a
positive amplitude peak value Vf1 that occurs first and a
peak Vr2 that occurs second out of a plurality of negative
amplitude peak values are detected, a ratio of the positive
amplitude peak value Vf1 that occurs first with respect
to the negative amplitude peak value Vr2 that occurs sec-
ond is calculated, and vascular viscoelasticity is evalu-
ated on the basis of this calculated ratio.

EFFECTS OF THE INVENTION

[0008] According to the present invention such an ef-
fect is provided that vascular viscoelasticity can be eval-
uated with high reliability when a pulse wave is measured
with a single cuff, and a determination index for vascular
viscoelasticity is calculated on the basis of this measured
pulse wave, and when the determination index for vas-
cular viscoelasticity is calculated with the measurement
subject being a relatively young person.

[0009] Also, since the evaluation is made on the basis
of the above-described calculated ratio, the viscoelastic-
ity of a central artery can be accurately evaluated without
being affected by the hardness of brachial blood vessels.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010]

FIG. 1is a block diagram of a vascular viscoelasticity
evaluation device 100 of Example 1 of the present
invention;

FIG. 2 is a block diagram illustrating the functions of
a CPU 20;

FIG. 3 is a graph of changes in cuff pressure in Ex-
ample 1;

FIG. 4 is adetailed view of a relation (dP/dt) between
the change in cuff pressure and the amplitude value;
FIG. 5 is a detailed view of a differential pulse wave
near the systolic blood pressure in Example 1;
FIG. 6 is a detailed view of one pulse of a differential
pulse waveform;

FIG. 7 shows one pulse of a differential pulse wave-
form from a young person;

FIG. 8 shows a differential pulse waveform from an
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elderly person and a patient with arterial sclerosis;
FIG. 9 is a flowchart of the operation in Example 1;
FIG. 10 is a block diagram of a vascular viscoelas-
ticity evaluation device 200 according to Example 2;
FIG. 11 is a diagram of the configuration of a CPU
20a in Example 2;

FIG. 12 a graph illustrating characteristics of a ratio
RT (Vr2/Vf1), Vr1/Vf1 with reference to age in Ex-
ample 2;

FIG. 13isagraph illustrating characteristics of a ratio
RT, Vr1/Vf1 of the hardness of brachial blood vessels
at age 25 in Example 2;

FIG. 14isagraph illustrating characteristics of a ratio
RT, Vr1/Vf1 of the hardness of brachial blood vessels
at age 55 in Example 2;

FIG. 15isa graph illustrating characteristics of a ratio
RT, Vr1/Vf1 of the hardness of brachial blood vessels
at age 85;

FIG. 16 is a block diagram of a vascular viscoelas-
ticity evaluation device 300 in Example 3;

FIG. 17 is a block diagram of the function of a CPU
20b;

FIG. 18 is a flowchart of the operation in Example 3;
and

FIG. 19 is a graph of the relation between the pres-
sure applied to the cuff and the cuff oscillation pres-
sure measured at the cuff in Example 3.

MODES FOR CARRYING OUT THE INVENTION

[0011] Examples of the invention are presented below
by the following Examples.

[Example 1]

[0012] FIG. 1 is a block diagram of a vascular viscoe-
lasticity evaluation device 100 of Example 1 of the
presentinvention. The vascular viscoelasticity evaluation
device 100 is comprised of a cuff 11, a pressure appli-
cation means 12, alow-speed exhaust means 13, a pres-
sure detecting means 14, a sampling means 15, a CPU
20,aROM30,aRAM40, aninterface 50, a display device
61, a printer 62, and an external terminal 63.

[0013] Thecuff 11, the pressure application means 12,
the low-speed exhaust means 13, and the pressure de-
tecting means 14 are connected by flexible tubing. Also,
the pressure application means 12, the low-speed ex-
haust means 13, the pressure detecting means 14, and
the sampling means 15 are controlled by the CPU 20.
[0014] The cuff 11 is wrapped around the arm, wrist,
finger, thigh, ankle, etc., of a measurement subject to
obtain a pulse wave. The pressure application means 12
pressurizes the cuff 11 to a predetermined pressure
needed for blood pressure measurement. The low-speed
exhaustmeans 13 gradually releases the pressure inside
the cuff 11 pressurized by the pressure application
means 12.

[0015] The pressure detecting means 14 includes a
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pressure transducer for detecting the pressure of the cuff
11, and it converts the above-described pressure into an
electrical signal (pulse) and outputs the result. The sam-
pling means 15 counts the number of electrical signals
(pulses) from the pressure detecting means 14 within a
specific length of time, and it repeats this count periodi-
cally in response to a sampling signal, and further sub-
jects the sampled value to A/D conversion.

[0016] FIG.2isablockdiagramillustrating the function
of the CPU 20.

[0017] The CPU 20 controls the entire vascular viscoe-
lasticity evaluation device 100, and functionally, it works
in conjunction with programs stored in the ROM 30 (a
corresponding flowchart is shown in FIG. 9) to form im-
plementation of a pulse wave component extraction
means 21, a differential waveform formation means 22,
a positive first amplitude peak value detecting means 23,
a negative second amplitude peak value detecting
means 24, a ratio calculation means 25, and a vascular
viscoelasticity evaluation means 26.

[0018] The pulse wave component extraction means
21 extracts the pulse wave component of the cuff pres-
sure. The differential waveform formation means 22 sub-
jects the pulse wave component extracted by the pulse
wave component extraction means 21 to temporal differ-
entiation to calculate a primary differential value and form
a differential waveform.

[0019] Inastateinwhich an externalforce substantially
the same as the systolic blood pressure has been exerted
on a blood vessel, the positive first amplitude peak value
detecting means 23 detects the positive amplitude peak
value Vf1 that occurs first within one pulse wave of the
above-described differential waveform.

[0020] The negative second amplitude peak value de-
tecting means 24 detects the negative amplitude peak
value Vr2 that occurs second in the pulse wave in which
the positive amplitude peak value Vf1 that occurs first
was detected. The ratio calculation means 25 calculates
theratio RT (Vr2/Vf1) of the positive amplitude peak value
Vf1 that occurs first with respect to the negative amplitude
peak value Vr2 that occurs second. The vascular viscoe-
lasticity evaluation means 26 evaluates vascular viscoe-
lasticity on the basis of the ratio RT calculated by the
ratio calculation means 25.

[0021] FIG. 3is a graphillustrating the changes in cuff
pressure in Example 1.

[0022] The cuff 11 is wrapped around an arm, wrist,
finger, etc. The pressure inside this cuff 11 is raised to a
specific level by the pressure application means 12, after
which itis reduced substantially linearly by the low-speed
exhaust means 13 at a rate of 3to 5 mm Hg/second. The
pulse wave amplitude componentis superposed over the
cuff pressure during the course of this depressurization.
[0023] How the vascular viscoelasticity evaluation de-
vice 100 computes an index for vascular viscoelasticity
will now be described more concretely. First, the cuff 11
is wrapped around the arm of a measurement subject, a
measurement start switch provided to the interface 50 is
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turned on, which pressurizes the cuff 11 with the pressure
application means 12 untilthe pressure required for blood
pressure measurementis reached, then the pressure ap-
plication is halted, and the low-speed exhaust means 13
next gradually exhausts the air inside the cuff 11, so that
the pressure displacement brought about by the pulse
wave component thereby begins to be transmitted to the
cuff.

[0024] The pressure detecting means 14 converts the
cuff pressure into an electrical signal as a change in fre-
quency, and the sampling means 15 samples at regular
time intervals (for example, every 5 ms) and outputs a
pulse in response to the sampled cuff pressure.

[0025] FIG. 4 is a detailed view of the relation between
the cuff pressure change and the amplitude value (dP/dt).
[0026] FIG. 5 is a detailed view of a differential pulse
wave near the systolic blood pressure in Example 1.
[0027] When temporal differentiation is made for cuff
pressure and the depressurization rate is removed from
the cuff pressure, then a differential pulse wave can be
obtained as shown in FIG. 4. In FIG. 4, the positive am-
plitude peak value Vf1 that occurs first is the value of the
peak out of the differential waveform within one pulse
wave and out of the amplitude values in the positive di-
rection relative to zero. Also, in FIG. 4, the negative am-
plitude peak value Vr2 that occurs second is the value
of the peak that occurs second out of this differential
waveform within one pulse wave and out of the amplitude
values in the negative direction relative to zero.

[0028] A temporal differential pulse wave is a value
indicative of the rate at which the volume of ablood vessel
changes. A positive amplitude value indicates the dilation
rate of the blood vessel, and a negative amplitude value
indicates the contraction rate of the blood vessel.
[0029] FIG. 6 is a detailed view of one pulse of a dif-
ferential pulse waveform.

[0030] The detailed view of the one-pulse differential
waveform of FIG. 6 is a further enlargement of FIG. 5,
focusing on the temporal differential pulse wave within
one pulse. The differential pulse wave within one pulse
includes the positive amplitude peak value Vf1 that oc-
curs first, the positive amplitude peak value V{2 that oc-
curs second, the negative amplitude peak value Vr1 that
occurs first, and the negative amplitude peak value Vr2
that occurs second.

[0031] FIG. 7 shows one pulse of a differential pulse
waveform from a young person.

[0032] FIG. 8 shows a differential pulse waveform from
an elderly person and a patient with arterial sclerosis.
[0033] As is clear from FIGS. 7 and 8, the negative
amplitude peak value Vr2 that occurs second is relatively
greater than the other peak values, depending on age
and vascular viscoelasticity. Therefore, vascular viscoe-
lasticity can be evaluated on the basis of the ratio RT of
the positive amplitude peak value V{1 that occurs first to
the negative amplitude peak value Vr2 that occurs sec-
ond. In other words, vascular viscoelasticity can be prop-
erly evaluated by using the ratio RT between the positive
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amplitude peak value Vf1 that occurs first and the neg-
ative amplitude peak value Vr2 that occurs second.

[0034] Next, the operation in Example 1 will be de-
scribed.
[0035] FIG.9isa flowchartof the operationin Example

1.

[0036] First, in S1, the cuff 11 is wrapped around the
arm, wrist, finger, thigh, ankle, etc., of a measurement
subject to obtain a pulse wave. In S2, the specific pres-
sure required for blood pressure measurement is applied
to the cuff 11 via the pressure application means 12. In
S3, the pressure inside the cuff 11 applied by the pres-
sure application means 12 is gradually released by the
low-speed exhaust means 13.

[0037] In S4, the pressure detecting means 14 con-
verts the pressure of the cuff 11 into an electrical signal
(pulse) and outputs the result. In S5, the sampling means
15 counts the number of electrical signals (pulses) from
the pressure detecting means 14 within a specific length
of time, repeats this count periodically in response to a
sampling signal, and subjects the sampled value to A/D
conversion.

[0038] In S6, the pulse wave component extraction
means 21 extracts the pulse wave component of the cuff
pressure. In S7, the differential waveform formation
means 22 subjects the extracted pulse wave component
to temporal differentiation to calculate a primary differ-
ential value and form a differential waveform.

[0039] In S8, the positive first amplitude peak value
detecting means 23 detects the positive amplitude peak
value Vf1 that occurs first within one pulse wave of the
differential waveformin a state that an external force sub-
stantially the same as or greater than the systolic blood
pressure has been exerted on a blood vessel. In S9, the
negative second amplitude peak value detecting means
24 detects the negative amplitude peak value Vr2 that
occurs second in the pulse wave in which the positive
amplitude peak value Vf1 that occurs first has been de-
tected.

[0040] In S10, the ratio calculation means 25 calcu-
lates the ratio RT of the positive amplitude peak value
Vf1 that occurs first with reference to the negative am-
plitude peak value Vr2 that occurs second. In S11, the
vascular viscoelasticity evaluation means 26 evaluates
vascular viscoelasticity on the basis of the ratio RT cal-
culated by the ratio calculation means 25.

[0041] InExample 1, reliability in the evaluation of vas-
cular viscoelasticity is high when a pulse wave is meas-
ured with a single cuff and a determination index for vas-
cular viscoelasticity is calculated on the basis of this
measured pulse wave, and when the determination index
for vascular viscoelasticity is calculated for a measure-
ment subject that is a relatively young person.

[0042] More specifically, when the hardness of a cen-
tral artery in a human body is simulated on a computer
and the parameters for hardening the central artery are
controlled, thisis reflected in the negative amplitude peak
value Vr2 that occurs second. Therefore, by way of cal-
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culating the ratio RT of the positive amplitude peak value
Vf1 that occurs first to the negative amplitude peak value
Vr2 that occurs second and then evaluating vascular vis-
coelasticity on the basis of the ratio RT, it is possible to
improve the reliability in the evaluation of vascular vis-
coelasticity for relatively young subjects.

[0043] Also, in the above Example, a difference can
be used instead of using a ratio. In other words, the vas-
cular viscoelasticity can be evaluated on the basis of the
difference between the positive amplitude peak value Vf1
that occurs first and the negative amplitude peak value
Vr2 that occurs second.

[Example 2]

[0044] FIG. 10 is a block diagram of a vascular viscoe-
lasticity evaluation device 200 in Example 2 of the present
invention.

[0045] The vascular viscoelasticity evaluation device
200 is an example of detecting the positive amplitude
peak value Vf1 that occurs first and the negative ampli-
tude peak value Vr2 that occurs second in a state in which
a negative amplitude peak has been substantially
reached.

[0046] More specifically, when the positive amplitude
peak value Vf1 that occurs first and the negative ampli-
tude peak value Vr2 that occurs second are detected,
while in the vascular viscoelasticity evaluation device 100
they are detected in a state that an external force sub-
stantially the same as or greater than the systolic blood
pressure has been exerted on the blood vessel, in the
vascular viscoelasticity evaluation device 200, such val-
ues are detected in a state in which a negative amplitude
peak has been substantially reached.

[0047] The vascular viscoelasticity evaluation device
200 is the same as the vascular viscoelasticity evaluation
device 100, except that a CPU 20a is provided in place
of the CPU 20.

[0048] FIG. 11 is a diagram illustrating the configura-
tion of the CPU 20a of Example 2.

[0049] Inthe CPU 20a, a positive first amplitude peak
value detecting means 73 is provided in place of the pos-
itive first amplitude peak value detecting means 23 of
CPU20, and a negative second amplitude peak value
detecting means 74 is provided in place of the negative
second amplitude peak value detecting means 24 of CPU
20.

[0050] The positive first amplitude peak value detect-
ing means 73 detects the positive amplitude peak value
Vf1 that occurs first within one pulse wave of the differ-
ential waveform described above in a state in which a
negative amplitude peak has been substantially reached.
[0051] The negative second amplitude peak value de-
tecting means 74 detects the negative amplitude peak
value Vr2 that occurs second within one pulse wave of
the above-described differential waveform in a state in
which the negative amplitude peak has been substan-
tially reached. In other words, the negative second am-
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plitude peak value detecting means 74 detects the neg-
ative amplitude peak value Vr2 that occurs second in the
pulse wave in which the above-described positive ampli-
tude peak value Vf1 that occurs first has been detected.
[0052] In Example 2, reliability in the evaluation of vas-
cular viscoelasticity is high when a pulse wave is meas-
ured with a single cuff and a determination index for vas-
cular viscoelasticity is calculated on the basis of this
measured pulse wave, and when the determination index
for vascular viscoelasticity is calculated for a measure-
ment subject that is a relatively young person.

[0053] FIG. 12is a graph illustrating characteristics of
the ratio RT (Vr2/Vf1), Vr1/Vf1 with reference to age in
Example 2.

[0054] It has been corroborated in a computer simula-
tion performed by the Riken Institute of Physical and
Chemical Research thatthe above-described Vr2/Vr1 re-
flects the viscoelasticity of a central artery and is an index
that is not greatly affected by the hardness of brachial
blood vessels.

[0055] The vascular viscoelasticity evaluation means
26 evaluates vascular viscoelasticity on the basis of the
ratio RT (Vr2/Vf1) calculated by the ratio calculation
means 25. In this case, for example, average values for
the ratio RT (Vr2/Vr1) with respect to age, sex, etc. are
entered in a table in advance, and the risk of arterioscle-
rosis is determined by comparing these averages.
[0056] FIG. 13 is a graph illustrating characteristics of
the ratio RT, Vr1/Vf1 of the hardness of brachial blood
vessels at age 25.

[0057] FIG. 14 is a graph illustrating characteristics of
the ratio RT, Vr1/Vf1 of the hardness of brachial blood
vessels at age 55.

[0058] FIG. 15is a graph illustrating characteristics of
the ratio RT, Vr1/Vf1 of the hardness of brachial blood
vessels at age 85.

[0059] As seenfrom FIGS. 13 to 15, in a conventional
method involving Vr1/Vf1 (the curve plotted with black
circles), when there is a change in the hardness of bra-
chial blood vessels, Vr1/Vf1 changes; in other words,
Vr1/Vf1is affected by the hardness of brachial blood ves-
sels. However, in the ratio RT (Vr2/Vf1; the curve plotted
with white circles), when the hardness of brachial blood
vessels changes, there is almost no change in the ratio
RT (Vr2/Vf1); in other words, the ratio RT (Vr2/Vf1) is
able to evaluate the hardness of a central artery without
being affected by the hardness of brachial blood vessels.
[0060] Inthe Examples described above, the cuff pres-
sure is gradually reduced; however, the Examples are
applicable also to a case in which the cuff pressure is
gradually raised.

[0061] In addition, in the vascular viscoelasticity eval-
uation device 200, a difference can be used instead of
using a ratio. In other words, itis possible that the positive
amplitude peak value Vf1 that occurs first and the neg-
ative amplitude peak value Vr2 that occurs second are
detected in a state in which a negative amplitude peak
has been substantially reached, and then the vascular
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viscoelasticity is evaluated on the basis of the difference
between the positive amplitude peak value Vf1 that oc-
curs first and the negative amplitude peak value V{2 that
occurs second.

[Example 3]

[0062] FIG. 16 is a block diagram of a vascular viscoe-
lasticity evaluation device 300 of Example 3 of the
present invention.

[0063] The vascular viscoelasticity evaluation device
300 is an Example, in which a pressure that is 40 mm
Hg higher than the cuff pressure during measurement of
the systolic blood pressure which is obtained by the vas-
cular viscoelasticity evaluation device 100 is maintained
for about 22 seconds, and the positive amplitude peak
value Vf1 that occurs first and the negative amplitude
peak value Vr2 that occurs second are detected within
one pulse wave of a differential waveform obtained by
the temporal differentiation of the pulse wave component
extracted while this cuff pressure was being maintained.
[0064] The vascular viscoelasticity evaluation device
300 comprises the cuff 11, the pressure application
means 12, the low-speed exhaust means 13, the pres-
sure detecting means 14, the sampling means 15, a CPU
20b, the ROM 30, the RAM 40, the interface 50, the dis-
play device 61, the printer 62, and the external terminal
63.

[0065] FIG. 17 is a block diagram showing the function
of the CPU 20b.

[0066] The CPU 20b controls the entire vascular vis-
coelasticity evaluation device 300, and functionally, it
works in conjunction with programs stored in the ROM
30 (FIG. 18 shows a corresponding flowchart) to form
implementation of the pulse wave component extraction
means 21, the differential waveform formation means 22,
a positive first amplitude peak value detecting means 83,
a negative second amplitude peak value detecting
means 84, the ratio calculation means 25, and the vas-
cular viscoelasticity evaluation means 26.

[0067] The pulse wave component extraction means
21 extracts the pulse wave component of the cuff pres-
sure. The differential waveform formation means 22 sub-
jects the pulse wave component extracted by the pulse
wave component extraction means 21 to temporal differ-
entiation to calculate a primary differential value and form
a differential waveform.

[0068] The positive first amplitude peak value detect-
ing means 83 maintains the pressure 40 mm Hg higher
than the cuff pressure which is at the time of measure-
ment of the systolic blood pressure for 22 seconds, and
it detects the positive amplitude peak value V{1 that oc-
curs first within one pulse wave of a differential waveform
obtained by the temporal differentiation of a pulse wave
component extracted while the cuff pressure is being
maintained. The negative second amplitude peak value
detecting means 84 detects the negative amplitude peak
value Vr2 that occurs second in the pulse wave in which
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the positive amplitude peak value V{1 that occurs first
was detected. The ratio calculation means 25 calculates
theratio RT (Vr2/Vf1) of the positive amplitude peak value
Vf1 that occurs first and the negative amplitude peak val-
ue Vf2 that occurs second. The vascular viscoelasticity
evaluation means 26 evaluates vascular viscoelasticity
on the basis of the ratio RT calculated by the ratio calcu-
lation means 25.

[0069] Next, the operation of Example 3 will be de-
scribed.

[0070] FIG. 18 is a flowchart of the operation in Exam-
ple 3.

[0071] First, in S1, the cuff 11 is wrapped around the

arm, wrist, finger, thigh, ankle, etc., of a measurement
subject to obtain a pulse wave. In S20, ordinary blood
pressure measurement is performed to measure the
systolic blood pressure. Then, in S21, a pressure that is
40 mm Hg higher than the cuff pressure when the systolic
blood pressure was measured is maintained for 22 sec-
onds, and in S4 the pressure detecting means 14 con-
verts the pressure of the cuff 11 into an electrical signal
(pulse) and outputs the result. In S5, the sampling means
15 counts the number of electrical signals (pulses) from
the pressure detecting means 14 within a specific length
of time, repeats this count periodically in response to a
sampling signal and subjects the sampled value to A/D
conversion. In S6, the pulse wave component extraction
means 21 extracts the pulse wave component of the cuff
pressure. In S7, the differential waveform formation
means 22 subjects the extracted pulse wave component
to temporal differentiation to calculate a primary differ-
ential value and form a differential waveform.

[0072] In S28, the positive first amplitude peak value
detecting means 83 detects the positive amplitude peak
value Vf1 that occurs first within one pulse wave of the
differential waveform described above. In S29, the neg-
ative second amplitude peak value detecting means 84
detects the negative amplitude peak value Vr2 that oc-
curs second. In S10, the ratio calculation means 25 cal-
culates the ratio RT of the positive amplitude peak value
Vf1 that occurs first to the negative amplitude peak value
V{2 that occurs second. In S11, the vascular viscoelas-
ticity evaluation means 26 evaluates vascular viscoelas-
ticity on the basis of the ratio RT calculated by the ratio
calculation means 25. Then, in S12, the pressure inside
the cuff 11 applied by the pressure application means 12
is gradually released by the low-speed exhaust means
13.

[0073] FIG. 19 is a graph of the relation between the
pressure applied to the cuff and the cuff oscillation pres-
sure measured at the cuff in Example 3.

[0074] As seen from FIG. 19, the pressure applied to
the cuff, which is indicated by a solid line (the oscillation
pressure measured at the cuff), rises sharply to 160 mm
Hg six (6) to eight (8) seconds after the start of measure-
ment. This value 0of160 mm Hg is a pressure obtained by
adding 40 mm Hg to the systolic blood pressure. Once
the cuff pressure reaches 160 mm Hag, it is maintained
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there for 22 seconds. Consequently, the transient pres-
sure fluctuation component gradually disappears 14 sec-
onds after the start of measurement, and the oscillation
pressure measured at the cuff (the pressure indicated by
the solid line) stabilizes in a state of equilibrium 20 sec-
onds after the start of measurement. By way of maintain-
ing this state for a specific length of time, it is possible
that a plurality of pulse waves are extracted stably. Ac-
cordingly, it becomes easier to detect and eliminate body
motion noise and the like that occur during measurement,
and the peak value of a differential pulse wave can be
detected more accurately.

[0075] InFIG. 19, the broken line indicates blood pres-
sure directly under the cuff, and the one-dot chain line
indicates the pressure applied to the cuff.

[0076] More specifically, in Example 3, a pressure that
is 40 mm Hg higher than the cuff pressure during meas-
urement of the systolic blood pressure is maintained for
22 seconds, and the positive amplitude peak value that
occurs first and the negative amplitude peak value that
occurs second within one pulse wave of a differential
waveform obtained by the temporal differentiation of an
extracted pulse wave component are repeatedly detect-
ed while this cuff pressure 160 mm Hg is being main-
tained; accordingly, abnormal values can be detected
and eliminated. In addition, inthe above Example, a pres-
sure that is 40 mm Hg higher than the cuff pressure at
which the systolic blood pressure occurred is set, and
this cuff pressure is maintained for 22 seconds. However,
a pressure obtained by adding 30 to 50 mm Hg to the
cuff pressure at which the systolic blood pressure oc-
curred can be used instead as the cuff pressure. In other
words, if measurement is performed by applying a pres-
sure that is lower than 30 mm Hg to the cuff pressure at
which the systolic blood pressure occurred, blood will
start to flow to the blood vessel, and it will become difficult
to eliminate body motion noise and the like that occur
during measurement. On the other hand, if measurement
is performed by applying a pressure that is higher than
50 mm Hg to the cuff pressure at which the systolic blood
pressure occurred, the measurement subject may expe-
rience pain caused by this pressure. Therefore, itis pref-
erable to set the cuff pressure to be a pressure obtained
by adding 30 to 50 mm Hg to the cuff pressure at which
the systolic blood pressure occurred.

[0077] Furthermore, the state in which the pressure is
set higher than the systolic blood pressure may be main-
tained for some length of time other than 22 seconds,
such as 5 to 30 seconds. More specifically, if measure-
ment is obtained while a state in which the pressure is
set higher than the systolic blood pressure is sustained
for a length of time shorter than 5 seconds, stability of
the measured values is unable to obtain; and on the other
hand, if measurement is obtained while the state in which
the pressure s set higher than the systolic blood pressure
is sustained for a length of time longer than 30 seconds,
then blood congestion oscillation pressure occur, the
characteristics of the blood vessel will change, and the
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reliability of the measured values will suffer. Accordingly,
it is preferable that the state in which the pressure is set
higher than the systolic blood pressure be sustained for
a period of time between 5 and 30 seconds.

[0078] Inother word, what should be done is to extract
the above-described differential waveform obtained by
the temporal differentiation of a pulse wave component
while a cuff pressure that is higher by a specific amount
than the cuff pressure at which the systolic blood pres-
sure occurred is being maintained for a specific length
of time by a cuff pressure maintenance means, and then
to detect the positive amplitude peak value Vf1 that oc-
curs first within one pulse wave of the above-described
differential pulse wave obtained by the temporal differ-
entiation of the extracted pulse wave component.
[0079] Furthermore, in the vascular viscoelasticity
evaluation device 300, a difference can be used instead
of using a ratio. In other words, the vascular viscoelas-
ticity can be evaluated on the basis of the difference be-
tween the positive amplitude peak value Vf1 that occurs
first and the negative amplitude peak value Vr2 that oc-
curs second, which are both detected within one pulse
wave of the above-described differential pulse wave ob-
tained by the temporal differentiation of a pulse wave
component extracted while a cuff pressure that is higher
by a specific amount than the cuff pressure at which the
systolic blood pressure occurred is being maintained for
a specific length of time by the cuff pressure maintenance
means.

[0080] In addition, if the various means described in
the Examples above are substituted for steps, then the
above Examples become examples of the vascular vis-
coelasticity evaluation method of the present invention.
Furthermore, in the above Examples, hardware such as
a circuit for implementing the functions of programs ex-
ecuted by a CPU can be provided instead of a CPU. Also,
it is possible that part of the program is implemented with
hardware, and the remaining portion is executed by a
computer.

INDUSTRIAL APPLICABILITY

[0081] The present invention can be used in applica-
tions that require high reliability in the evaluation of arte-
rial sclerosis when a pulse wave is measured with asingle
cuff and a determination index for arterial sclerosis is
calculated on the basis of this measured pulse wave and
when arterial sclerosis is evaluated for a measurement
subject that is a relatively young person.

[0082] The present invention can be used in applica-
tions that require high reliability in the evaluation ofarterial
sclerosis when a pulse wave is measured with a single
cuff and a determination index for arterial sclerosis is
calculated on the basis of this measured pulse wave and
when evaluating arterial sclerosis wherein the measure-
ment subject is a relatively young person.
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[Description of the Reference Numerals]

[0083]

100, 200, 300  Vascular viscoelasticity evaluation de-
vice

11 Cuff

20,20a CPU

21 Pulse wave component extraction
means

22 Differential waveform formation means

23,73, 83 Positive first amplitude peak value de-
tecting means

24,74, 84 Negative second amplitude peak value
detecting means

25 Ratio calculation means

26 Vascular viscoelasticity evaluation
means

Claims

1. Avascular viscoelasticity evaluation device charac-
terized in that the device comprises:

a pulse wave component extraction means for
extracting a pulse wave component of cuff pres-
sure;

adifferential waveform formation means for sub-
jecting the extracted pulse wave component to
temporal differentiation to calculate a primary
differential value and form a differential wave-
form;

a positive first amplitude peak value detecting
means for detecting a positive amplitude peak
value that occurs first within one pulse wave of
a differential waveform obtained by the temporal
differentiation of a pulse wave component ex-
tracted in a state in which external force sub-
stantially the same as or greater than systolic
blood pressure has been exerted on ablood ves-
sel;

anegative second amplitude peak value detect-
ing means for detecting a negative amplitude
peak value that occurs second in the pulse wave
in which the positive amplitude peak value that
occurs first was detected;

a ratio calculation means for calculating a ratio
of the positive amplitude peak value that occurs
first to the negative amplitude peak value that
occurs second; and

a vascular viscoelasticity evaluation means for
evaluating vascular viscoelasticity on a basis of
the ratio calculated by the ratio calculation
means.

2. Avascular viscoelasticity evaluation device charac-
terized in that the device comprises:
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14

a pulse wave component extraction means for
extracting a pulse wave component of cuff pres-
sure;

a differential waveform formation means for sub-
jecting the extracted pulse wave component to
temporal differentiation to calculate a primary
differential value and form a differential wave-
form;

a positive first amplitude peak value detecting
means for detecting a positive amplitude peak
value that occurs first within one pulse wave of
a differential waveform obtained by the temporal
differentiation of a pulse wave component ex-
tracted in a state in which external force sub-
stantially the same as or greater than systolic
blood pressure has been exerted on ablood ves-
sel;

a negative second amplitude peak value detect-
ing means for detecting a negative amplitude
peak value that occurs second in the pulse wave
in which the positive amplitude peak value that
occurs first was detected;

a difference calculation means for calculating a
difference between the positive amplitude peak
value that occurs first and the negative ampli-
tude peak value that occurs second; and

a vascular viscoelasticity evaluation means for
evaluating vascular viscoelasticity on a basis of
the difference calculated by the difference cal-
culation means.

3. Avascular viscoelasticity evaluation device charac-
terized in that the device comprises:

a pulse wave component extraction means for
extracting a pulse wave component of cuff pres-
sure;

a differential waveform formation means for sub-
jecting the extracted pulse wave component to
temporal differentiation to calculate a primary
differential value and form a differential wave-
form;

a positive first amplitude peak value detecting
means for detecting a positive amplitude peak
value that occurs first within one pulse wave of
a differential waveform obtained by the temporal
differentiation of a pulse wave component ex-
tracted in a state in which a negative amplitude
peak has been substantially reached;

a negative second amplitude peak value detect-
ing means for detecting a negative amplitude
peak value that occurs second in the pulse wave
in which the positive amplitude peak value that
occurs first was detected;

a ratio calculation means for calculating a ratio
of the positive amplitude peak value that occurs
first to the negative amplitude peak value that
occurs second; and
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a vascular viscoelasticity evaluation means for
evaluating vascular viscoelasticity on a basis of
the ratio calculated by the ratio calculation
means.

means for detecting a positive amplitude peak

16

tracted while the cuff pressure maintenance
means is maintaining the cuff pressure for a spe-
cific length of time;

a negative second amplitude peak value detect-

5 ing means for detecting a negative amplitude
4. Avascular viscoelasticity evaluation device charac- peak value that occurs second in the pulse wave
terized in that the device comprises: in which the positive amplitude peak value that
occurs first was detected;
a pulse wave component extraction means for a ratio calculation means for calculating a ratio
extracting a pulse wave component of cuff pres- 70 of the positive amplitude peak value that occurs
sure; first to the negative amplitude peak value that
adifferential waveform formation means for sub- occurs second; and
jecting the extracted pulse wave component to a vascular viscoelasticity evaluation means for
temporal differentiation to calculate a primary evaluating vascular viscoelasticity on a basis of
differential value and form a differential wave- 15 the ratio calculated by the ratio calculation
form; means.
a positive first amplitude peak value detecting
means for detecting a positive amplitude peak 6. A vascular viscoelasticity evaluation device charac-
value that occurs first within one pulse wave of terized in that the device comprises:
a differential waveform obtained by the temporal 20
differentiation of a pulse wave component ex- a pulse wave component extraction means for
tracted in a state in which a negative amplitude extracting a pulse wave component of cuff pres-
peak has been substantially reached; sure;
anegative second amplitude peak value detect- a differential waveform formation means for sub-
ing means for detecting a negative amplitude 25 jecting the extracted pulse wave component to
peak value that occurs second in the pulse wave temporal differentiation to calculate a primary
in which the positive amplitude peak value that differential value and form a differential wave-
occurs first was detected; form;
a difference calculation means for calculating a a cuff pressure maintenance means for main-
difference between the positive amplitude peak 30 taining a cuff pressure for a specific length of
value that occurs first and the negative ampli- time at a pressure that is higher by a specific
tude peak value that occurs second; and amount than the cuff pressure when a systolic
a vascular viscoelasticity evaluation means for blood pressure is measured;
evaluating vascular viscoelasticity on a basis of a positive first amplitude peak value detecting
the difference calculated by the difference cal- 35 means for detecting a positive amplitude peak
culation means. value that occurs first within one pulse wave of
a differential waveform obtained by the temporal
5. Avascular viscoelasticity evaluation device charac- differentiation of a pulse wave component ex-
terized in that the device comprises: tracted while the cuff pressure maintenance
40 means is maintaining the cuff pressure for a spe-
a pulse wave component extraction means for cific length of time;
extracting a pulse wave component of cuff pres- a negative second amplitude peak value detect-
sure; ing means for detecting a negative amplitude
adifferential waveform formation means for sub- peak value that occurs second in the pulse wave
jecting the extracted pulse wave componentto 45 in which the positive amplitude peak value that
temporal differentiation to calculate a primary occurs first was detected;
differential value and form a differential wave- a difference calculation means for calculating a
form; difference between the positive amplitude peak
a cuff pressure maintenance means for main- value that occurs first and the negative ampli-
taining a cuff pressure for a specific length of 50 tude peak value that occurs second; and
time at a pressure that is higher by a specific a vascular viscoelasticity evaluation means for
amount than the cuff pressure when a systolic evaluating vascular viscoelasticity on a basis of
blood pressure is measured; the difference calculated by the difference cal-
a positive first amplitude peak value detecting culation means.
55

value that occurs first within one pulse wave of
a differential waveform obtained by the temporal
differentiation of a pulse wave component ex-

7. The device according to claim 5 or 6, wherein the
specific length of time is a time between 5 and 30
seconds.
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8. A vascular viscoelasticity evaluation method, com-
prising:

peak value that occurs first within one pulse
wave of a differential waveform obtained by the

a pulse wave component extraction step in

a positive first amplitude peak value detecting
step in which a positive first amplitude peak val-
ue detecting means detects a positive amplitude

10

temporal differentiation of a pulse wave compo-
nent extracted in a state in which a negative am-

which a pulse wave component extraction 5 plitude peak has been substantially reached;
means extracts a pulse wave component of cuff a negative second amplitude peak value detect-
pressure; ing step in which a negative second amplitude
a differential waveform formation step in which peak value detecting means detects a negative
a differential waveform formation means sub- amplitude peak value that occurs second in the
jects the extracted pulse wave component to 10 pulse wave in which the positive amplitude peak
temporal differentiation to calculate a primary value that occurs first was detected;
differential value and form a differential wave- a calculation step in which a calculation means
form; calculates a ratio of the positive amplitude peak
a positive first amplitude peak value detecting value that occurs first to the negative amplitude
step in which a positive first amplitude peak val- 75 peak value that occurs second, or calculates a
ue detecting means detects a positive amplitude difference between the positive amplitude peak
peak value that occurs first within one pulse value that occurs first and the negative ampli-
wave of a differential waveform obtained by the tude peak value that occurs second; and
temporal differentiation of a pulse wave compo- a vascular viscoelasticity evaluation step in
nent extracted in a state in which external force 20 which a vascular viscoelasticity evaluation
substantially the same as or greater than a means evaluates vascular viscoelasticity on a
systolic blood pressure has been exerted on a basis of the ratio or difference calculated in the
blood vessel; calculation step.
anegative second amplitude peak value detect-
ing step in which a negative second amplitude 25 10. A vascular viscoelasticity evaluation method char-
peak value detecting means detects a negative acterized in that the method comprises:
amplitude peak value that occurs second in the
pulse wave in which the positive amplitude peak a pulse wave component extraction step in
value that occurs first was detected; which a pulse wave component extraction
a calculation step in which a calculation means 30 means extracts a pulse wave component of cuff
calculates a ratio of the positive amplitude peak pressure;
value that occurs first to the negative amplitude a differential waveform formation step in which
peak value that occurs second, or calculates a a differential waveform formation means sub-
difference between the positive amplitude peak jects the extracted pulse wave component to
value that occurs first and the negative ampli- 35 temporal differentiation to calculate a primary
tude peak value that occurs second; and differential value and form a differential wave-
a vascular viscoelasticity evaluation step in form;
which a vascular viscoelasticity evaluation a cuff pressure maintenance step in which a cuff
means evaluates vascular viscoelasticity on a pressure maintenance means maintains the cuff
basis of the ratio or difference calculated in the 40 pressure for a specific length of time at a pres-
calculation step. sure that is higher by a specific amount than cuff
pressure when a systolic blood pressure is
9. A vascular viscoelasticity evaluation method char- measured;
acterized in that the method comprises: a positive first amplitude peak value detecting
45 step in which a positive first amplitude peak val-
a pulse wave component extraction step in ue detecting means detects a positive amplitude
which a pulse wave component extraction peak value that occurs first within one pulse
means extracts a pulse wave component of cuff wave of a differential waveform obtained by the
pressure; temporal differentiation of a pulse wave compo-
a differential waveform formation step in which 50 nent extracted while the cuff pressure mainte-
a differential waveform formation means sub- nance means is maintaining the cuff pressure
jects the extracted pulse wave component to for a specific length of time;
temporal differentiation to calculate a primary a negative second amplitude peak value detect-
differential value and form a differential wave- ing step in which a negative second amplitude
form; 55 peak value detecting means detects a negative

amplitude peak value that occurs second in the
pulse wave in which the positive amplitude peak
value that occurs first was detected;
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a calculation step in which a calculation means
calculates a ratio of the positive amplitude peak
value that occurs first to the negative amplitude
peak value that occurs second, or calculates a
difference between the positive amplitude peak
value that occurs first and the negative ampli-
tude peak value that occurs second; and

a vascular viscoelasticity evaluation step in
which a vascular viscoelasticity evaluation
means evaluates vascular viscoelasticity on a
basis of the ratio or difference calculated in the
calculation step.

11. A program for making a computer function as a
means for constituting the vascular viscoelasticity
evaluation device according to any one of claims 1
to 7.
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FIG. 1
100: Vascular viscoelasticity evaluation device
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FIG.2
20: CPU
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FIG. 3

Cuff pressure during blood pressure measurement by oscillometric method
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FIG. 4

Differential pulse wave after exhaust rate correction

dap
ary

0.04

0.03

0

=0, 01

~0.02

Cuff pressure

Near systolic blood pressure

15



EP 2 979 628 A1

FIG.5

Detail view of differential pulse wave near systolic blood pressure

a9y
&;«T
0.04
0.03 {

0.02
.01
0
=01
e {3, {12

W wd G0 WD e 00 WS 00 0 0D WD N e Y e I

oo S e R B ot B o QR S G G B v T e SR e SRR o SUNIE. SRR SR

‘ b2 o S 6.

s I

Cuff pressure

Dilation rate .,

s Contraction rate

16



EP 2 979 628 A1

FIG. 6

Differential pulse waveform during one pulse
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FIG. 8

Differential pulse waveform from elderly person or patient with arterial sclerosis
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FIG.9
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( Start )
3

Wrap cuff 11 around arm, wrist, finger, thigh, ankle, etc., of subject,
obtain pulse wave

i

Pressure application means 12 pressurizes cuff 11 to the specific pressure
required for blood pressure measurement

Low-speed exhaust means 13 gradually releases pressure in cuff 11 pressurized
by pressure application means 12

st

Pressure detecting means 14 converts pressure of cuff 11 into electrical signal
(pulse), and outputs result

Sampling means 15 counts number of electrical signals (pulses) from pressure
detecting means 14 within specific length of time, repeats this count periodically
in response to sampling signal, and subjects sampled value to A/D conversion

Pulse wave component extraction means 21 extracts pulse wave component of
cuff pressure

Differential waveform formation means 22 subjects the extracted pulse wave component to temporal
differentiation to calculate a first derivation value and form a differential waveform

Positive first amplitude peak value detecting means 23 detects positive amplitude peak value that occurs
first (V1) during one pulse wave of differential waveform in a state in which an external force
substantially the same as or greater than the systolic blood pressure has been exerted on the blood vessel

i

Negative second amplitude peak value detecting means 24 detects the negative
amplitude peak value that occurs second (Vr2) in the pulse wave in which the
positive amplitude peak value was detected

Ratio calculation means 25 calculates the ratio of the positive amplitude peak
value that occurs first (Vf1) to the negative amplitude peak value that occurs
second (Vr2)

Vascular viscoelasticity evaluation means 26 evaluates the vascular
viscoelasticity on the basis of the ratio calculated by the ratio calculation means

( End )
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200: Vascular viscoelasticity evaluation device
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FIG. 11
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FIG. 12 FIG. 13
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Vascular viscoelasticity evaluation device
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FIG. 17
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FIG. 18
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( Start )
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Wrap cuff 11 around arm, wrist, finger, thigh, ankle, etc., of subject,
obtain pulse wave

Perform ordinary blood pressure measurement

Maintain pressure that is 40 mm Hg higher than cuff pressure at the time of
measurement of systolic blood pressure for 22 seconds

 Pressure deteéting means 14 converts pressure of cuff 11 into electrical signal
(pulse). and outputs result

Sampling means 15 counts number of electrical signals (pulses) from pressure
detecting means 14 within specific length of time, repeats this count
periodically in response to sampling signal, and subjects sampled value to
A/D conversion
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Pulse wave component extraction means 21 extracts pulse wave component
of cuff pressure

Differential waveform formation means 22 subjects the extracted pulse wave component to
temporal differentiation to calculate first derivation value and form differential waveform

Positive first amplitude peak value detecting means 83 detects positive amplitude
peak value that occurs first (V1) during one pulse wave of differential waveform

Negative second amplitude peak value detecting means 84 detects negative amplitude
peak value that occurs second (V12)

Ratio calculation means 25 calculates ratio of the positive amplitude peak
value that occurs first (V£1) to negative amplitude peak value that occurs
second (Vr2)

Vascular viscoelasticity evaluation means 26 evaluates vascular viscoelasticity
on basis of ratio calculated by ratio calculation means 25
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FIG. 19

Cuff oscillation pressure measured at cuff, and pressure applied to cuff
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