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7) ABSTRACT

A blood pressure pulse wave measurement apparatus
includes: first and second cuffs for pressing upper and lower
limbs of a measurement subject; first and second detection
units configured to detect first and second pulse waves
transmitted from the cuffs through first and second tubes;
and a control unit configured to calculate an ankle-brachial
blood pressure ratio and a pulse wave velocity using the
pulse waves. First and second delay elements are provided
at specific positions in the lengthwise directions of the tubes.
The first delay element delays a transfer characteristic of the
first tube so the transfer characteristic of the first tube
matches a transfer characteristic of a tube having a prede-
termined first reference length, and the second delay element
delays a transfer characteristic of the second tube so the
transfer characteristic of the second tube matches a transfer
characteristic of a tube having a predetermined second
reference length.
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FIG. 3A
( smRT )
S1 START CUFF PRESSURE INCREASE
S2 COMPLETE CUFF PRESSURE INCREASE
S3 START CUFF PRESSURE REDUCTION
S4 MEASURE BLOOD PRESSURE
S5 | HOLD CUFF PRESSURE AT PRESCRIBED PRESSURE
S6 MEASURE PULSE WAVE
S7 RELEASE CUFF PRESSURE
S8 DISPLAY RESULT (ABI/PWV)

( m=o )
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PULSE WAVE DIAGRAM

FIG. 3B
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FIG. 4A
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FIG. 5
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FIG. 6A

FIRST REFERENCE LENGTH
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BLOOD PRESSURE PULSE WAVE
MEASUREMENT APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to a blood pressure
pulse wave measurement apparatus.

BACKGROUND ART

[0002] Conventionally, the ankle brachial index (ABI) has
been widely used in diagnosis of arteriosclerosis as an index
indicating clogging of blood vessels, and the pulse wave
velocity (PWV) has been widely used in diagnosis of
arteriosclerosis as an index indicating hardness of blood
vessels.

[0003] Although the ABI and PWV are indices that are
used individually, if arteriosclerosis has spread over the
entire body, for example, values in a normal range are
sometimes obtained through measurement of only the ABI,
and if the value of the ABI is normal, it is understood that
keeping track of the progress of arteriosclerosis in the entire
body using the PWV will aid more accurate diagnosis.
[0004] For this reason, in order to facilitate this kind of
multifaceted diagnosis, a measurement apparatus obtained
by integrating in an ABI measurement apparatus and a PWV
measurement apparatus, which are conventionally separate
apparatuses, has appeared on the market in recent years.
[0005] Conventionally, as disclosed in Patent Document 1
(JP 2000-316821A) for example, a device in which four
cuffs for the upper arms and ankles are connected to a main
body and the cuffs are connected to the arms and legs of a
measurement subject to perform measurement has been
known as this kind of blood pressure pulse wave measure-
ment apparatus. A detection means for detecting pulse waves
from the cuffs for the upper arms and the ankles is included
in the main body. Here, in order to attach the cuffs for the
upper arms and the ankles to the upper arms and ankles of
the measurement subject, tubes extending from the main
body need to be extended and attached to the upper arms and
ankles of the measurement subject, and the multiple tubes
get tangled with each other, requiring a large amount of
labor and time.

CITATION LIST

Patent Literature

[0006] Patent Document 1: JP 2000-316821A
SUMMARY OF INVENTION
Technical Problem
[0007] Under this circumstance, the applicants of the

present invention previously proposed a blood pressure
pulse wave measurement apparatus constituted by a first
housing that is connected to an upper arm cuff and includes
a detection means for detecting a pulse wave from the upper
arm cuff, and a second housing that is connected to an ankle
cuff and includes a detection means for detecting a pulse
wave from the ankle cuff (JP 2016-052605A). With this
blood pressure pulse wave measurement apparatus, the
inconvenience of the tubes becoming tangled can be
avoided. For example, the length of the tube connecting the
upper arm cuff and the first housing is set to 2 meters, and
the length of the tube connecting the ankle cuff and the
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second housing is set to 50 centimeters. A measurement
algorithm for the ABI and PWV is defined with the lengths
of these tubes as reference lengths.

[0008] Here, if the length of the tube connecting the upper
arm cuff and the first housing and the length of the tube
connecting the ankle cuff and the second housing are
changed, the time needed for the pulse wave to be trans-
mitted through the tube changes, and therefore the above-
described measurement algorithm for the ABI and PWV also
needs to be changed. For this reason, a change in design
requires a large amount of labor and time.

[0009] In view of this, the present invention aims to
provide a blood pressure pulse wave measurement apparatus
in which the length of the tube connecting the upper arm cuff
and the first housing and the length of the tube connecting
the lower limb cuff and the second housing can be changed
without changing the measurement algorithm for the ABI
and PWV.

Solution to the Problem

[0010] In order to solve the above-described problem, a
blood pressure pulse wave measurement apparatus of the
present invention is

[0011] a blood pressure pulse wave measurement appara-
tus for measuring an ankle brachial index and a pulse wave
velocity, including:

[0012] a first cuff for pressing an upper limb of a mea-
surement subject;

[0013] a second cuff for pressing a lower limb of the
measurement subject;

[0014] a first detection unit that is connected to the first
cuff via a first tube and is configured to detect a first pulse
wave transmitted from the first cuff through the first tube in
a lengthwise direction of the tube;

[0015] a second detection unit that is connected to the
second cuff via a second tube and is configured to detect a
second pulse wave transmitted from the second cuff through
the second tube in a lengthwise direction of the tube; and
[0016] a control unit configured to respectively calculate
an ankle-brachial blood pressure ratio and a pulse wave
velocity using the first and second pulse waves,

[0017] wherein first and second delay elements are respec-
tively provided at specific positions in the lengthwise direc-
tions of the first tube and the second tube,

[0018] the first delay element delays a transfer character-
istic of the first tube such that the transfer characteristic of
the first tube matches a transfer characteristic of a tube
having a predetermined first reference length, and

[0019] the second delay element delays a transfer charac-
teristic of the second tube such that the transfer character-
istic of the second tube matches a transfer characteristic of
a tube having a predetermined second reference length.
[0020] Inthe present specification, the pulse wave velocity
typically indicates the brachial-ankle pulse wave velocity
(baPWV) and the heart-ankle pulse wave velocity (haPWV).
Note that the cardio-ankle vascular index (CAVI), which is
an index reflecting the hardness of the arteries from the heart
to the arkle, can be calculated by correcting the heart-ankle
pulse wave velocity haPWV using a logarithmic pulse wave.
Also, the ankle brachial index typically indicates the ankle
brachial pressure index ABI.

[0021] With the blood pressure pulse wave measurement
apparatus of the present invention, a first delay element is
provided at a specific position in the lengthwise direction of
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the first tube connecting the first cuff and the first detection
unit. Also, a second delay element is provided at a specific
position in the lengthwise direction of the second tube
connecting the second cuff and the second detection unit.
Here, the first delay element delays the transfer character-
istic of the first tube such that the transfer characteristic of
the first tube matches a transfer characteristic of a tube
having a predetermined first reference length, and the second
delay element delays the transfer characteristic of the second
tube such that the transfer characteristic of the second tube
matches a transfer characteristic of a tube having a prede-
termined second reference length. With this configuration,
the length of the tube connecting the upper limb cuff and the
first housing and the length of the tube connecting the lower
limb cuff and the second housing can be changed without
needing to change the measurement algorithm for the ABI
and PWV, which were defined for tubes having the first
reference length and the second reference length.

[0022] With a blood pressure pulse wave measurement
apparatus of an embodiment,

[0023] the first detection unit is arranged in a first housing
and the second detection unit is arranged in a second
housing,

[0024] the first delay element is provided on an end
portion of the first tube in the first housing, and

[0025] the second delay element is provided on an end
portion of the second tube in the second housing.

[0026] With the blood pressure pulse wave measurement
apparatus of this embodiment, the first delay element is
provided in the first housing and the second delay element
is provided in the second housing, and therefore they do not
become hindrances when the measurement subject attaches
the upper arm and ankle cuffs to the upper arm and ankle of
the measurement subject.

[0027] With a blood pressure pulse wave measurement
apparatus of an embodiment,

[0028] the first delay element and the second delay ele-
ment are air tanks storing air of a predetermined capacity.

[0029] With the blood pressure pulse wave measurement
apparatus of this embodiment, the blood pressure pulse
wave measurement apparatus can be attached easily to an
existing product and can easily be made smaller.

Advantageous Effects of the Invention

[0030] As is clear from the description above, with the
blood pressure pulse wave measurement apparatus of the
present invention, the lengths of the tubes connected to the
upper limb cuff and the lower limb cuff can be changed
easily without needing to change the measurement algorithm
for the ABI and PWV, which are defined for tubes having a
first reference length and a second reference length.

BRIEF DESCRIPTION OF DRAWINGS

[0031] FIG. 1 is a perspective view showing a state in
which a blood pressure pulse wave measurement apparatus
100 according to an embodiment of the present invention is
used.

[0032] FIG. 2 is a block diagram schematically showing a
configuration of a control system inside of the blood pres-
sure pulse wave measurement apparatus 100 shown in FIG.
1.
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[0033] FIG. 3A is a flowchart showing ankle brachial
index and pulse wave velocity measurement processing
executed by the blood pressure pulse wave measurement
apparatus shown in FIG. 1.

[0034] FIG. 3B is a diagram showing pulse wave wave-
forms detected by a pressure sensor of the blood pressure
pulse wave measurement apparatus 100 shown in FIG. 1.
[0035] FIG. 4A is a graph relating to a fluid transfer
characteristic, indicating a change in gain with respect to a
frequency of a tube 2257 shown in FIG. 1, when a capacity
of an air tank 5057 shown in FIG. 1 is set to O cc.

[0036] FIG. 4B is a graph relating to a fluid transfer
characteristic, indicating a change in phase with respect to
the frequency of the tube 2267 shown in FIG. 1, when the
capacity of the air tank 505~ shown in FIG. 1 is set to O cc.
[0037] FIG. 5 is a graph showing a relationship between a
contraction length AL (cm) of the tube 2257 shown in FIG.
1 and an air tank capacity (cc) that is needed in order to
correct shifting (shifting described in FIGS. 4A and 4B)
caused by the contraction length AL (cm).

[0038] FIG. 6A is a graph relating to a fluid transfer
characteristic, indicating a change in gain with respect to the
frequency of the tube 22br shown in FIG. 1, when the
capacity of the air tank 5057 shown in FIG. 1 is set to 11.3
cc.

[0039] FIG. 6B is a graph relating to a fluid transfer
characteristic, indicating a change in phase with respect to
the frequency of the tube 2267 shown in FIG. 1, when the
capacity of the air tank 5067 shown in FIG. 1 is set to 11.3
cc.

[0040] FIG. 7 is a block diagram schematically showing a
configuration of a control system inside of a blood pressure
pulse wave measurement apparatus 100A according to a
modified example of the embodiment of the present inven-
tion.

DESCRIPTION OF EMBODIMENTS

[0041] Hereinafter, embodiments of the present invention
will be described with reference to the drawings. Note that
in the following embodiments, similar constituent elements
are denoted by the same reference numerals and redundant
description thereof is omitted.

EMBODIMENT

[0042] FIG. 1 is a perspective view showing a state in
which a blood pressure pulse wave measurement apparatus
of the present invention is used. The blood pressure pulse
wave measurement apparatus 100 includes a main unit 101,
which is a first housing, an ankle unit 102, which is a second
housing, and four cuffs 24ar, 24al, 24br, and 2451

[0043] As shown in FIG. 1, a storage wagon 300 includes
legs 301 with casters, a support column 302 provided in a
standing manner on the legs 301, a placement platform 303
attached to the leading end of the support column 302, and
a storage box 304 that is attached to the support column 302
and has an opening facing upward. The main unit 101 is
placed on the placement platform 303. The ankle unit 102,
right ankle (right lower limb) and left ankle (left lower limb)
cuffs 24ar and 244/ serving as second cuffs are stored in the
storage box 304. The right upper arm (right upper limb) and
left upper arm (left upper limb) cuffs 24br and 245/ serving
as first cuffs are held by being hung on hooks 101e and 101/
provided on the rear portion of the main unit 101.



US 2019/0104952 Al

[0044] The main unit 101 and the right upper arm (right
upper limb) and left upper arm (left upper limb) cuffs 245~
and 244l are connected by tubes 22br and 225/ serving as
first tubes through which air for increasing the cuff pressure
is to be passed. Furthermore, air tanks 5057 and 505/ serving
as first delay elements for storing air of a predetermined first
capacity are respectively connected via tubes 5157 and 515/
at specific positions in the lengthwise directions of the tubes
22br and 22b1. Here, the length of the tube 2257 and the
length of the tube 225/ are approximately the same, and the
length of the tube 5157 and the length of the tube 515/ are
approximately the same. Here, the air tanks 5067 and 505/
are respectively provided as delay elements at any position
of the tubes 22br and 224/ such that the fluid transfer
characteristics of the tubes 2267 and 225! connecting the
main unit 101 and the cuffs 245» and 245/ match the fluid
transfer characteristic of a tube having a predetermined first
reference length. In this example, the first reference length
is set to 2 meters.

[0045] Similarly, the ankle unit 102 and the right ankle
(right lower limb) and left ankle (left lower limb) cuffs 24ar
and 24al are connected by tubes 22ar and 22al serving as
second tubes through which air for increasing the cuff
pressure is to be passed. Furthermore, air tanks 50ar and
50a/ serving as second delay elements for storing air of a
predetermined second capacity are respectively connected
via tubes 51ar and 51a/ at specific positions in the length-
wise directions of the tubes 22ar and 22al. Here, the length
of the tube 22ar and the length of the tube 224l are
approximately the same, and the length of the tube 51ar and
the length of the tube 514l are approximately the same. Here,
the air tanks 50ar and 50al are respectively provided as
delay elements at any position of the tubes 22ar and 224/
such that the fluid transfer characteristics of the tubes 22ar
and 22al connecting the ankle unit 102 and the cuffs 24ar
and 24a/ match the fluid transfer characteristic of a tube
having a predetermined second reference length. In this
example, the second reference length is set to 50 centime-
ters.

[0046] Also, the main unit 101 is connected to the ankle
unit 102 by a connection cable 23 so as to be able to supply
power thereto and communicate therewith.

[0047] As shown in FIG. 1, a measurement subject 200
lies facing upward on a bed 310. The ankle unit 102 is taken
out of the storage box 304 and is placed on the bed 310
between the right ankle and left ankle of the measurement
subject 200.

[0048] The cuffs 24ar, 24al, 24br, and 245! are attached to
the respective limbs of the measurement subject. Specifi-
cally, they are respectively attached to the right ankle (right
lower limb), left ankle (left lower limb), right upper arm
(right upper limb), and left upper arm (left upper limb).
[0049] Note that in the following description, only an
example in which the cuffs are attached to the right ankle,
left ankle, right upper arm, and left upper arm will be
described. However, “limb” indicates a part included in the
arms and legs, and thus may be a hand, a fingertip, or the
like. The cuffs 24ar, 24al. 24br, and 245 will be collectively
referred to as “cuffs 24” unless it is necessary to make a
distinction therebetween.

[0050] FIG. 2 is a block diagram schematically showing a
control system inside of the blood pressure pulse wave
measurement apparatus 100 shown in FIG. 1. As shown in
FIG. 2, the ankle unit 102 includes two detection units 20ar
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and 20a/ serving as second detection units. The main unit
101 includes an information processing unit 101 and two
detection units 2057 and 204! serving as first detection units.
[0051] The detection units 20ar, 20al, 20br, and 205/
include hardware that is needed to detect pulse waves of the
limbs of the measurement subject 200. The configurations of
the detection units 20ar, 20a/, 2057, and 205/ may all be
similar, and therefore the detection units 20ar, 20a/, 205r,
and 2057 will be collectively referred to as “detection units
20” unless it is necessary to make a distinction therebe-
tween.

[0052] The information processing unit 1 includes a con-
trol unit 2, an output unit 4, an operation unit 6, and a storage
apparatus 8.

[0053] The control unit 2 is an apparatus that performs
overall control of the blood pressure pulse wave measure-
ment apparatus 100, and is representationally constituted by
a computer including a CPU (Central Processing Unit) 10,
a ROM (Read Only Memory) 12, and a RAM (Random
Access Memory) 14.

[0054] The CPU 10 corresponds to an arithmetic process-
ing unit, reads out programs stored in advance in the ROM
12, and executes the programs while using the RAM 14 as
a work memory.

[0055]  Also, the output unit 4, the operation unit 6, and the
storage apparatus 8 are connected to the control unit 2. The
output unit 4 outputs the measured pulse wave, pulse wave
analysis results, and the like. The output unit 4 may be a
display device constituted by an LED (Light Emitting
Diode) or an LCD (Liquid Crystal Display), or the like, or
may be a printer (driver). In this example, as shown in FIG.
1, a display screen 40 of an LCD is provided as the output
unit 4.

[0056] The operation unit 6 shown in FIG. 2 receives an
instruction from the user. In this example, as shown in FIG.
1, an operation switch 60 is provided as the operation unit
6 on the upper surface of the main unit 101. The user can
input an instruction such as turning on or off the power, or
starting blood pressure measurement using the operation
switch 60.

[0057] The storage apparatus 8 shown in FIG. 2 stores
various types of data and programs. The CPU 10 of the
control unit 2 performs reading out and writing of data and
programs stored in the storage apparatus 8. The storage
apparatus 8 may be constituted by a hard disk, a non-volatile
memory (e.g., a flash memory), a detachable external stor-
age medium, or the like, for example.

[0058] Next, the configuration of the detection units 20
will be described specifically.

[0059] The detection unit 20br is a detection unit that is
connected to the cuff 24br via the tube 22br and detects a
pulse wave transmitted through the tube 22br. Specifically,
the detection unit 2057 detects the pulse wave of the right
upper arm by performing adjustment and detection of the
internal pressure of the cuff 24 (hereinafter referred to as
“cuff pressure”) attached to the right upper arm of the
measurement subject 200. The cuff 24br contains a fluid
bladder (not shown) (in this example, an air bladder).
[0060] The detection unit 205r includes a pressure sensor
28br, a cuff drive unit 3157, and an A/D (Analog to Digital)
conversion unit 296r. The cuff drive unit 3157 sends air into
the cuff 24br via the tube 2267 and increases the pressure of
the cuff 24br. Also, the cuff drive unit 3157 includes an
adjustment valve 26br, a pressure pump 25br, and a tube
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27br that connects the adjustment valve 26br and the
pressure pump 25br. The cuff 24br, the pressure sensor
28br, and the adjustment valve 26br are connected by the
tube 225br. Here, the air tank 5057 is connected to the end
portion of the tube 22br on the cuff 24br side via the tube
51br

[0061] The pressure sensor 28br is a detection part for
detecting pressure fluctuations transmitted via the tube 22br,
and for example, includes multiple sensor elements aligned
at a predetermined interval in a semiconductor chip com-
posed of single-crystal silicon or the like. The pressure
fluctuation signal detected by the pressure sensor 285r is
converted into a digital signal by the A/D conversion unit
29br and is input to the control unit 2 as a pulse wave signal
pbr(t).

[0062] The adjustment valve 26br is inserted between the
pressure pump 25b# and the cuff 2457 and keeps the pressure
used to increase the pressure of the cuff 2447 in a predeter-
mined range during measurement. The pressure pump 2557
operates according to a detection command from the control
unit 2 and supplies air to the fluid bladder (not shown) in the
cuff 2457 in order to increase the pressure of the cuff 245r.
[0063] Due to this pressure increase, the cuff 24br presses
a measurement site and the pressure changes corresponding
to the pulse wave of the right upper arm are transmitted to
the detection unit 2057 via the tube 22br. The detection unit
20br detects the pulse wave of the right upper arm by
detecting the transmitted pressure changes.

[0064] The detection unit 2056/ also similarly includes a
pressure sensor 285/, a cuff drive unit 315/, an adjustment
valve 26bl, a pressure pump 256/, and an A/D conversion
unit 294/. The cuff drive unit 315/ sends air into the cuff 2454/
via the tube 225/, and increases the pressure of the cufl 245/.
Also, the cuff drive unit 315/ includes the adjustment valve
265, the pressure pump 255/, and a tube 275! that connects
the adjustment valve 265/ and the pressure pump 255/. The
cuff 245, the pressure sensor 285/, and the adjustment valve
265/ are connected by the tube 22b/. Here, the air tank 505/
is connected to the end portion of the tube 226/ on the cuff
244/ side via the tube 515/. The pressure sensors 28br and
284/ respectively detect the pulse waves (first pulse waves)
transmitted through the tubes 22br and 2251.

[0065] Also, the detection unit 20ar includes a pressure
sensor 28ar, a cuff drive unit 31ar, an adjustment valve
26ar, a pressure pump 25ar, and an A/D conversion unit
29ar. The cuff drive unit 31ar sends air into the cuft 24ar via
the tube 22ar and increases the pressure of the cuff 24ar.
Also, the cuff drive unit 3147 includes the adjustment valve
26ar, the pressure pump 25ar, and a tube 27ar that connects
the adjustment valve 26ar and the pressure pump 25ar. The
cuff 24ar, the pressure sensor 28ar, and the adjustment valve
26ar are connected by the tube 22ar. Here, the air tank 50ar
is connected to the end portion of the tube 22ar on the cuff
24ar side via the tube 51ar

[0066] The detection unit 20a/ also similarly includes a
pressure sensor 28al, a cuff drive unit 31a/, an adjustment
valve 26al, a pressure pump 25a/, and an A/D conversion
unit 29a/. The cuff drive unit 31/ sends air into the cuff 24a/
via the tube 224/, and increases the pressure of the cuff 24al.
Also, the cuff drive unit 31/ includes the adjustment valve
26al, the pressure pump 254/, and a tube 274/ that connects
the adjustment valve 26a/ and the pressure pump 25a/. The
cuff 244/, the pressure sensor 284/, and the adjustment valve
26al are connected by the tube 22al. Here, the air tank 50a/
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is connected to the end portion of the tube 224/ on the cuff
24al side via the tube 51al. The pressure sensors 28ar and
28al respectively detect the pulse waves (second pulse
waves) transmitted through the tubes 22ar and 22q/.
[0067] Since the functions of the units in the detection
units 2056/, 20ar, and 20a/ are similar to those of the
detection unit 2057, detailed description will not be repeated
here. Also, the units in the detection units 20 will be
described with the signs “ar”, “br”, and the like omitted
unless it 1s necessary to make a distinction therebetween.
[0068] Through the control performed by the control unit
2 (in particular, the CPU 10), the blood pressure pulse wave
measurement apparatus 100 performs blood pressure mea-
surement using a known oscillometric method as shown in
the processing flow shown in FIG. 3A, which will be
described later. Also, the blood pressure pulse wave mea-
surement apparatus 100 performs pulse wave detection to
obtain the brachial-ankle pulse wave velocity baPWV and
the heart-ankle pulse wave velocity haPWV as the pulse
wave velocities, and to obtain the ankle brachial pressure
index ABI as the ankle brachial index. That is, the control
unit 2 calculates the ankle brachial pressure index (ABI) and
the pulse wave velocity (PWV) using the pulse waves
detected by the detection units 2057, 206/, 20a/, and 20ar. As
is known, the brachial-ankle pulse wave velocity baPWV is
an index indicating the hardness of blood vessels, and the
ankle brachial pressure index ABI is an index indicating
clogging of blood vessels.

[0069] Operations of the blood pressure pulse wave mea-
surement apparatus 100 configured as described above will
be described below.

[0070] FIG. 3A is a flowchart showing ankle brachial
index and pulse wave velocity measurement processing
executed by the blood pressure pulse wave measurement
apparatus 100, and FIG. 3B is a diagram showing a pulse
wave waveform detected by the pressure sensor of the blood
pressure pulse wave measurement apparatus 100 shown in
FIG. 1. Specifically, when measurement is started, as shown
in step S1 in FIG. 3A, the pumps 25 in the detection units
20 are driven and the pressure increase of the cuffs 24 is
started.

[0071] Then, as shown in step S2, the cuff pressure is
increased to a predetermined pressure (a pressure higher
than the systolic blood pressure of the measurement subject
200) while the cuff pressure is monitored by the pressure
sensor 28, and the pumps 25 are stopped (complete cuff
pressure increase). Next, as shown in step S3, the adjustment
valve 26 is controlled, pressure reduction of the cuffs 24 is
started, and the cuff pressure is gradually reduced. In this
pressure reduction process, fluctuations in the artery volume
that occur in the arteries of the measurement sites are
detected as pulse wave signals by the pressure sensor 28 via
the cuffs 24.

[0072] Then, as shown in step S4, the systolic blood
pressure and diastolic blood pressure are calculated by
applying a predetermined algorithm for a known oscillo-
metric method, based on the amplitudes of the pulse wave
signals (measure blood pressure). Along with this, the CPU
10 functions as an ankle brachial index acquisition unit to
calculate the ankle brachial pressure indices ABI=(ankle
systolic blood pressure)/(brachial systolic blood pressure)
for the left half and right half of the body of the measurement
subject 200. Also, in this example, the pulse (units: beats per
minute) is also calculated. Note that calculation of the blood
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pressure is not limited to the pressure reduction process and
may be performed in the pressure increase process.

[0073] Next, as shown in step S5, the adjustment valve 26
is closed and the cuff pressure is held at a prescribed
pressure (e.g., about 50 mmHg). In this state, as shown in
step S6, the CPU 10 functions as the pulse wave transmis-
sion velocity acquisition unit and measures the pulse wave
using the pressure sensor 28. At this time, a pulse wave
waveform such as that shown in FIG. 3B is obtained, for
example. In this example, a delay in the rising edge of the
waveform for the left ankle with respect to the rising edge
of the waveform for the right upper arm of the measurement
subject 200 is ATI. Also, the delay in the rising edge of the
waveform for the right ankle with respect to the rising edge
of the waveform for the right upper arm of the measurement
subject 200 is ATr. The brachial-ankle pulse wave velocity
baPWV is calculated for the right upper arm-left upper arm
and the right upper arm-right ankle of the measurement
subject 200 according to the following equation based on the
delays ATl and ATr.

baPWV=(La-LbYAT

Here, La indicates the distance from the aortal root to the
ankle, and Lb indicates the distance from the aortal root to
the upper arm. AT indicates AT1 or ATr (for the sake of
simplicity, the signs “1” and “r”” are omitted). The brachial-
ankle pulse wave velocities baPWV calculated using ATI
and ATr are called the brachial-ankle pulse wave velocity
baPWV for the left half of the body and the brachial-ankle
pulse wave velocity baPWV for the right half of the body.

[0074] When the measurement is complete, as shown in
step S7 in FIG. 3A, the adjustment valve 26 is fully opened
and the cuff pressure is released. Then, as shown in step S8,
the CPU 10 functions as a display processing unit to display
the measurement results on the display screen 40 (see FIG.
1) provided on the upper surface of the main unit 101.

WORKING EXAMPLES

Working Example 1

[0075] First, changes in the fluid transfer characteristic of
the tube 2267 when the length of the tube 22br is 1.1 meters,
which is contracted compared to 2 meters, which is the first
reference length, will be described below.

[0076] FIG. 4A is a graph relating to the fluid transfer
characteristic, indicating the change in the gain with respect
to the frequency of the tube 22br shown in FIG. 1, when the
capacity of the air tank 5057 shown in FIG. 1 is set to 0 cc,
and FIG. 4B is a graph relating to the fluid transfer charac-
teristic, indicating the change in the phase with respect to the
frequency of the tube 22br shown in FIG. 1, when the
capacity of the air tank 5057 shown in FIG. 1 is set to O cc.
In FIGS. 4A and 4B, the fluid transfer characteristic of the
tube 2267 when the length of the tube 2257 1s set to 2 meters
(reference length) is indicated by a solid line, and the fluid
transfer characteristic of the tube 2257 when the length of the
tube 22br is set to 1.1 meters is indicated by a dotted line.
As shown in FIG. 4A, it is understood that the peak of the
gain that occurs when the frequency is 26 (Hz) is shifted to
a frequency of 40 (Hz). Also, as shown in FIG. 4B, it is
understood that shifting has occurred in the curve indicating
the change in the phase when the length of the tube 2267 is
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set to 2 meters (reference length) and the curve indicating
the change in the phase when the length of the tube 2257 is
set to 1.1 meters.

[0077] That is, as shown in FIGS. 4A and 4B, it is
understood that shifting occurs in the fluid transfer charac-
teristic of the tube 2267 due to the length of the tube 224
being changed from the reference length. Note that the same
applies to the tubes 225/, 22ar, and 22al.

[0078] Here, in the present invention, the above-described
shifting is corrected by providing the air tanks having the
predetermined capacity in the tubes 22br, 226/, 22ar, and
22al. With this configuration, no error occurs in the data
measured using the tube 2257 with the changed length, even
if the ABI and PWV are measured using a measurement
algorithm defined for the tube 2267 having the reference
length. Note that the same applies to the tubes 225/, 22ar,
and 22al.

[0079] Next, a method for setting the capacity of the air
tank 5057 provided in the tube 2257 will be described below.
[0080] FIG. 5 is a graph showing a relationship between a
contraction length AL (cm) of the tube 2257 shown in FIG.
1 and the air tank capacity (cc) that is needed to correct the
shifting (the shifting illustrated in FIGS. 4A and 4B) occur-
ring due to the contraction length AL (cm). Here, the
contraction length AL refers to the length by which the
length of the tube 2257 is reduced from the reference length.
FIG. 5 shows the capacity of the air tank that is needed to
correct the shifting illustrated in FIGS. 4A and 4B. In the
present embodiment, the contraction length AL of the tube
22br is 90 (centimeters) (=2 (meters)-1.1 (meters)). Accord-
ingly, with reference to FIG. 5, the capacity of the air tank
5047 1s set to 11.3 (cc). Hereinafter, the effect in the case of
setting the capacity of the air tank 5057 to 11.3 (cc) will be
described. Note that the same applies to the air tank 505/ as
well.

[0081] FIG. 6A is a graph relating to a fluid transfer
characteristic, indicating a change in gain with respect to the
frequency of the tube 22» shown in FIG. 1, when the
capacity of the air tank 50b# shown in FIG. 1 is set to 11.3
cc, and FIG. 6B is a graph relating to a fluid transfer
characteristic, indicating a change in phase with respect to
the frequency of the tube 2267 shown in FIG. 1, when the
capacity of the air tank 50b# shown in FIG. 1 is set to 11.3
cc. In FIGS. 6A and 6B, the fluid transfer characteristic of
the tube 22br when the length of the tube 22br is set to 2
meters (reference length) is indicated by a solid line, and the
fluid transfer characteristic of the tube 225» when the length
of the tube 225~ is set to 1.1 meters (reference length) is
indicated by a dotted line. As shown in FIG. 64, it is
understood that no shifting has occurred in the peak of the
gain that occurs when the frequency is 26 (Hz). Also, as
shown in FIG. 6B, it is understood that the curve indicating
the change in the phase when the length of the tube 225r is
set to 2 meters (reference length) and the curve indicating
the change in the phase when the length of tube 22br is set
to 1.1 meters approximately match. That is, the air tank 505
functions as a delay element such that the fluid transfer
characteristic of the tube 2257 connecting the main unit 101
and the cuff 2457 matches the fluid transfer characteristic of
a tube having the reference length. Accordingly, it can be
understood that no error occurs in the data measured using
the tube 22br with the changed length, even if the ABI and
PWYV are measured using a measurement algorithm defined
for a tube with the reference length.
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[0082] Note that the same applies to the tubes 225/, 22ar,
and 22al as well.

[0083] As described above, the air tanks 50ar and 504/ are
respectively provided as delay elements at predetermined
positions in the lengthwise directions of the tubes 22ar and
224l such that the fluid transfer characteristics of the tubes
22ar and 22al connecting the ankle unit 102 and the cuffs
24ar and 24al match the fluid transfer characteristic of a tube
with the reference length. Also, the air tanks 5057 and 505/
are respectively provided as delay elements at specific
positions in the lengthwise directions of the tubes 2257 and
225/ such that the fluid transmission characteristics of the
tubes 22br and 225/ connecting the main unit 101 and the
cuffs 2457 and 245/ match the fluid transfer characteristic of
a tube with the reference length.

[0084] Next, the contraction length AL of the tubes 22ar
and 22al is 15 (centimeters) (=50 (centimeters)-35 (centi-
meters)). Accordingly, with reference to FIG. 5, the capaci-
ties of the air tanks 50ar and 50a/ are each set to 1.9 (cc).
The effect of this is similar to the effect of the air tank 50ar
described above. Note that in the present embodiment, the
capacities of the air tanks 50ar and 504/ are very small, and
therefore can also be omitted.

Modified Example

[0085] FIG. 7 is a block diagram schematically showing a
configuration of a control system inside of a blood pressure
pulse wave measurement apparatus 100A of the present
invention. The blood pressure pulse wave measurement
apparatus 100A according to the present modified example
differs from the blood pressure pulse wave measurement
apparatus 100 shown in FIG. 2 in that it includes air tanks
50Abr and 50Ab] provided on the end portions of the tubes
22br and 2254/ in the main unit 101, and air tanks 50Aar and
50Aal included on the end portions of the tubes 22ar and
224l in the ankle unit 102, instead of the air tanks 50ar, 50al,
504, and 505/ and the tubes 51ar, 51al, 51br, and 5151
[0086] With the blood pressure pulse wave measurement
apparatus 100A according to the modified example above,
operations and effects similar to those of the above-de-
scribed embodiment can be obtained. Furthermore, com-
pared to the above-described embodiment, the air tanks are
provided inside of the main unit 101 or the ankle unit 102,
and therefore do not become hindrances when the measure-
ment subject attaches the upper arm and ankle cuffs to the
upper arms and ankles of the measurement subject.

[0087] Note that in the above-described embodiment, the
control unit 2 may calculate an index such as the CAVI
(Cardio Ankle Vascular Index) based on the heart-ankle
pulse wave velocity haPWV. Also, in the above-described
embodiment described an example in which the cuffs 24ar,
24al, 24br, and 24b/ are attached only to the right ankle, left
ankle, right upper arm, and left upper arm. However, there
is no limitation to this. The measurement part to which the
cuffs 24ar, 24al, 24br, and 245 are to be attached may be
a wrist, a fingertip, or the like.

[0088] The above-described embodiments are exemplary,
and various modifications are possible without departing
from the scope of the invention. The above-described mul-
tiple embodiments can be achieved independently, and the
embodiments can also be combined. Also, the various fea-
tures of the different embodiments can also be achieved
independently, and the features of the different embodiments
can also be combined.
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REFERENCE SIGNS LIST

[0089] 1 Information processing unit

[0090] 2 Control unit

[0091] 4 Output unit

[0092] 6 Operation unit

[0093] 8 Storage apparatus

[0094] 10 CPU

[0095] 12 ROM

[0096] 14 RAM

[0097] 20ar, 20al, 20br, 205/ Detection unit

[0098] 22ar, 22al, 22br, 2251, 27ar, 27al, 27br, 275,

5l1ar, 51al, 51br, 515! Tube

[0099] 23 Connection cable

[0100] 24ar, 24al, 24br, 24b] Cuft

[0101] 25ar, 25al, 25br, 25b] Pressure pump

[0102] 26ar, 26al, 26br, 26b Adjustment valve
[0103] 28ar, 28al, 28br, 28b! Pressure sensor

[0104] 29ar, 29al, 29br, 295/ A/D conversion unit
[0105] 40 Display screen

[0106] 5S0ar, 50al, 50br, 505/, S0Aar, 50Aal, 50Abr,

50Abl Air tank

[0107] 60 Operation switch

[0108] 100, 100A Blood pressure pulse wave measure-
ment apparatus

[0109] 101 Main unit

[0110] 101e,101f Hook

[0111] 102 Ankle unit

[0112] 200 Measurement subject
[0113] 300 Storage wagon
[0114] 301 Leg

[0115] 302 Support column
[0116] 303 Placement platform
[0117] 304 Storage box

1. A blood pressure pulse wave measurement apparatus
for measuring an ankle brachial index and a pulse wave
velocity, comprising:

a first cuff for pressing an upper limb of a measurement

subject;

a second cuff for pressing a lower limb of the measure-
ment subject;

a first detection unit that is connected to the first cuff via
a first tube and is configured to detect a first pulse wave
transmitted from the first cuff through the first tube in
a lengthwise direction of the tube;

a second detection unit that is connected to the second cuff
via a second tube and is configured to detect a second
pulse wave transmitted from the second cuff through
the second tube in a lengthwise direction of the tube;
and

a control unit configured to respectively calculate an
ankle-brachial blood pressure ratio and a pulse wave
velocity using the first and second pulse waves,

wherein first and second delay elements are respectively
provided at specific positions in the lengthwise direc-
tions of the first tube and the second tube,

the first delay element delays a transfer characteristic of
the first tube such that the transfer characteristic of the
first tube matches a transfer characteristic of a tube
having a predetermined first reference length, and

the second delay element delays a transfer characteristic
of the second tube such that the transfer characteristic
of the second tube matches a transfer characteristic of
a tube having a predetermined second reference length.
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2. The blood pressure pulse wave measurement apparatus
according to claim 1, wherein
the first detection unit is arranged in a first housing and the
second detection unit is arranged in a second housing,
the first delay element is provided on an end portion of the
first tube in the first housing, and
the second delay element is provided on an end portion of
the second tube in the second housing.
3. The blood pressure pulse wave measurement apparatus
according to claim 1, wherein
the first delay element and the second delay element are
air tanks storing air of a predetermined capacity.
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