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(57) ABSTRACT

A CPU detects pulse waves in a pressure signal of a cuff
detected during a period of reducing pressure applied by the
cuff to a measurement site and acquires blood flow sound
signals corresponding to blood flow sounds occurring in the
pressure reduction period. Then, data for a pulse wave enve-
lope that associates the amplitude values ofthe detected pulse
waves with the pressurizing pressures at the pulse wave gen-
eration times, and data for a blood flow sound envelope that
associates the amplitude values of the blood flow sound sig-
nals with the pressurizing pressures at the blood flow sound
generation times are generated, and the data for the pulse
wave envelope and the data for the blood flow sound envelope
are used to determine whether or not there is periodic varia-
tion in the blood pressure during the pressure reduction
period.
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FIG.6 — Cuff Pressure
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BLOOD PRESSURE MEASUREMENT
APPARATUS, BLOOD PRESSURE
MEASUREMENT METHOD, AND BLOOD
PRESSURE MEASUREMENT PROGRAM

TECHNICAL FIELD

[0001] The present invention relates to a blood pressure
measurement apparatus, a blood pressure measurement
method, and a blood pressure measurement program.

BACKGROUND ART

[0002] An oscillometric (OSC) method and a K sound
method are known as methods for measuring a body’s blood
pressure value.

[0003] The oscillometric method is a method of pressuriz-
ing an artery with a cuff, converting changes in the volume of
the artery accompanying a heartbeat during a process of
reducing the pressurizing pressure of the cuff (cuff pressure)
into variations in pressure in the cuff (pulse wave amplitude),
and calculating the blood pressure value by analyzing the
variations.

[0004] Specifically, the pressure in the cuff is detected in
the process of reducing the cuff pressure after the cuff pres-
sure is increased to a value that is sufficiently greater than a
systolic blood pressure value. Then, the cuff pressures and
pulse waves superimposed thereon are extracted from the
detected pressure in the cuff, and an envelope that stores the
amplitudes of the pulse waves in a time series in pairs with the
cuff pressures is created.

[0005] Based on the envelope, the cuff pressure at the time
of generation of the pulse wave with the greatest amplitude is
set as the average blood pressure value. Then, among the cuff
pressures that are greater than the average blood pressure
value, a cuff pressure at the time of generation of a pulse wave
with an amplitude that is the closest in value to a predeter-
mined percentage (e.g., about 50%) of the maximum value is
set as the systolic blood pressure value. Also, among cuff
pressures that are lower than the average blood pressure
value, a cuff pressure at the time of generation of a pulse wave
with an amplitude that is closest in value to a predetermined
percentage (e.g., 60%) of the maximum value is set as the
diastolic blood pressure value.

[0006] The K sound method is a method of detecting blood
flow sounds (Korotkoff sounds=K sounds) of a measurement
subject and determining the cuff pressure at the time when the
K sounds start to occur as the “systolic blood pressure” and
the cuff pressure at the time when the K sounds disappear as
the “diastolic blood pressure”.

[0007] In the past, blood pressure measurement appara-
tuses that use both an OSC method and a K sound method
have been proposed, and for example, Patent Document 1
discloses a blood pressure measurement apparatus that dis-
plays a blood pressure value measured using an OSC method
and a K sound method.

[0008] Also, Patent Document 2 discloses a method of
using a K sound method to measure a blood pressure value
and using an OSC method to evaluate a blood pressure value
obtained using the K sound method in order to determine
whether or not the blood pressure value is correct.

[0009] Also, Patent Document 3 discloses a system in
which an envelope of pulse wave amplitudes and an envelope
of K sound amplitudes are created, overlaid on one another,
and output by printing.
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CITATION LIST
Patent Literature
[0010] Patent Document 1: JP H11-206724A
[0011] Patent Document 2: JP H5-329112A
[0012] Patent Document 3: JP H3-49731A
SUMMARY OF INVENTION
[0013] It is known that the envelope of the pulse wave

amplitudes used in blood pressure measurement according to
the OSC method varies due to slight variations (e.g., respira-
tory variations) in blood pressure in periods that are longer
than the pulse cycle of the heart. If the envelope deforms, an
error will appear in the measured blood pressure value deter-
mined using the OSC method.

[0014] In Patent Documents 1 to 3, no consideration is
given to measurement error caused by slight variations in the
blood pressure, and the measurement error cannot be
reduced.

[0015] The influence that this type of slight variation in
blood pressure has on blood pressure measurement can be
reduced by raising the accuracy of measuring the pressure in
the cuff. However, raising the accuracy of measuring the
pressure in the cuff increases the cost of the apparatus and
increases the amount of time needed for blood pressure mea-
surement.

[0016] Therefore, one or more embodiments of the claimed
invention provide a blood pressure measurement apparatus, a
blood pressure measurement method, and a blood pressure
measurement program, according to which it is possible to
prevent a decrease in the blood pressure measurement accu-
racy caused by slight variations in the blood pressure, without
increasing the accuracy of measuring the pressure in the cuff.
[0017] Ablood pressure measurement apparatus according
to one or more embodiments of the claimed invention
includes: a cuff configured to be attached at a measurement
site of a body; a pressurizing pressure adjustment unit con-
figured to change a pressurizing pressure applied by the cuff
to the measurement site; a pressure detection unit configured
to detect pressure in the cuff during a period of changing the
pressurizing pressure; a pulse wave detection unit configured
to detect pulse waves in a cuff pressure signal that is a signal
output from the pressure detection unit, the pulse waves being
pressure components superimposed on the pressurizing pres-
sure in synchronization with the body’s pulse; a blood flow
sound detection unit configured to detect blood flow sounds
that occur during a period of changing the pressurizing pres-
sure; a pulse wave envelope data generation unit configured to
generate data for a pulse wave envelope that associates ampli-
tude values of the pulse waves detected by the pulse wave
detection unit with pressurizing pressures at times when the
pulse waves were generated; a blood pressure determination
unit configured to determine a measured blood pressure value
using the data for the pulse wave envelope; a blood flow sound
envelope data generation unit configured to generate data for
ablood flow sound envelope that associates amplitude values
of blood flow sound signals, which are signals output from the
blood flow sound detection unit, with the pressurizing pres-
sures at times when the blood flow sound signals were gen-
erated; a blood pressure variation determination unit config-
ured to use the data for the pulse wave envelope and the data
for the blood flow sound envelope to determine whether or not
there is periodic variation in the blood pressure during the
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period of changing the pressurizing pressure; and a control
unit configured to perform control according to the determi-
nation result of the blood pressure variation determination
unit.

[0018] Theblood pressure measurement method according
to one or more embodiments of the claimed invention
includes: a pulse wave detection step of detecting pulse waves
in apressure signal of a cuffattached at a measurement site of
a body, the pressure signal being detected during a period of
reducing a pressurizing pressure applied by the cuff to the
measurement site, the pulse waves being pressure compo-
nents superimposed on the pressurizing pressure in synchro-
nization with the body’s pulse; a blood flow sound acquiring
step of acquiring blood flow sound signals corresponding to
blood flow sounds that occur during a period of changing the
pressurizing pressure; a pulse wave envelope data generation
step of generating data for a pulse wave envelope that asso-
ciates amplitude values of the pulse waves detected in the
pulse wave detection step with the pressurizing pressures at
times when the pulse waves were generated; a blood pressure
determination step of determining a measured blood pressure
value using the data for the pulse wave envelope; a blood flow
sound envelope data generation step of generating data for a
blood flow sound envelope that associates amplitude values
of the blood flow sound signals acquired in the blood flow
sound acquiring step with the pressurizing pressures at times
when the blood flow sound signals were generated; a blood
pressure variation determination step of using the data for the
pulse wave envelope and the data for the blood flow sound
envelope to determine whether or not there is periodic varia-
tion in the blood pressure during the period of changing the
pressurizing pressure; and a control step of performing con-
trol according to the determination result of the blood pres-
sure variation determination step.

[0019] A non-transitory computer readable medium having
stored thereon a blood pressure measurement program
according to one or more embodiments of the claimed inven-
tion, wherein the program causes a computer to execute the
steps of the blood pressure measurement method.

[0020] According to one or more embodiments of the
claimed invention, it is possible to provide a blood pressure
measurement apparatus, a blood pressure measurement
method, and a blood pressure measurement program, accord-
ing to which it is possible to prevent a decrease in the blood
pressure measurement accuracy caused by slight variations in
the blood pressure, without increasing the accuracy of mea-
suring the pressure in the cuff.

BRIEF DESCRIPTION OF DRAWINGS

[0021] FIG. 1is an external appearance diagram showing
an overall configuration of a blood pressure measurement
apparatus for describing an embodiment of the claimed
invention.

[0022] FIG. 2 is a diagram showing an internal configura-
tion of a main body portion 10 in a blood pressure measure-
ment apparatus 1 shown in FIG. 1.

[0023] FIG. 3 is a diagram of functional blocks realized by
a CPU 18 shown in FIG. 2 reading out a program stored in a
ROM and executing it.

[0024] FIG. 4 is a diagram showing a result of simulating
change in the shape of a pulse wave envelope in a case where
there is respiratory variation.
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[0025] FIG. 5 is a diagram showing a result of simulating
change in the shape of a pulse wave envelope in a case where
there is respiratory variation.

[0026] FIG. 6 is a diagram showing a result of simulating
change in the shape of a pulse wave envelope in a case where
there 1s respiratory variation.

[0027] FIG. 7 is a diagram showing a result of simulating
change in the shape of a pulse wave envelope in a case where
there 1s respiratory variation.

[0028] FIG. 8 is a diagram showing a result of simulating
change in the shape of a pulse wave envelope in a case where
there is respiratory variation.

[0029] FIG. 9 is a diagram showing a result of simulating
change in the shape of a pulse wave envelope in a case where
there is respiratory variation.

[0030] FIGS. 10A-10C show diagrams showing results of
inducing respiratory variation under controlled respiration
and verifying the change in the pulse wave amplitude anda K
sound amplitude on the basis of a fixed cuff pressure.

[0031] FIG. 11 is a diagram showing a result of obtaining
the pulse wave envelope and the K sound envelope in a case
where respiratory variation has occurred.

[0032] FIG. 12 is a diagram showing a result of obtaining
the pulse wave envelope and the K sound envelope in a case
where respiratory variation has not occurred.

[0033] FIGS. 13A-13B are diagrams for illustrating a
method of correcting a pulse wave envelope using a pulse
wave envelope correction unit 186.

[0034] FIGS. 14A-14B are diagrams for illustrating a
method of correcting a pulse wave envelope using the pulse
wave envelope correction unit 186.

[0035] FIG. 15 is a diagram for illustrating pulse wave
envelope correction processing for the data showninF1G. 11.
[0036] FIG. 16 is a diagram for illustrating pulse wave
envelope correction processing for the data shown in FIG. 5.
[0037] FIG. 17 is a flowchart for illustrating operations of
the blood pressure measurement apparatus 1 shown in FIG. 1.

DETAILED DESCRIPTION OF INVENTION

[0038] Hereinafter, an embodiment of the claimed inven-
tion will be described with reference to the drawings.

[0039] FIG. 1 is an external appearance diagram showing
an overall configuration of a blood pressure measurement
apparatus for describing an embodiment of the claimed
invention.

[0040] A blood pressure measurement apparatus 1 includes
amain body portion 10, a cuft 30 that can be wrapped around
anupper arm ofa measurement subject, and an air tube 40 that
connects the main body portion 10 and the cuff 30. The cuff
30 includes an air bladder 31 (see FIG. 2), and the air tube 40
is connected to the air bladder 31.

[0041] With respect to one or more embodiments of the
claimed invention, “cuff” refers to a band-shaped or tube-
shaped structure that has an inner cavity and can be wrapped
around a measurement site (e.g., an upper arm, a wrist, etc.) of
a body. Also, “cuff” refers to an object that is used for blood
pressure measurement by pressurizing an artery of a measure-
ment subject with insertion of a fluid such as air or a liquid
into an inner cavity.

[0042] “Cuff” indicates a concept including a fluid bladder
and a wrapping means for wrapping the fluid bladder around
a body, and is called an armband in some cases. In the
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example shown in FIG. 1, the cuff 30 and the main body
portion 10 are separate, but the cuff 30 may be integrated with
the main body portion 10.

[0043] Themainbody portion 10 includes a display unit 19
that is constituted by, for example, liquid crystal, or the like
for displaying various types of information, such as a blood
pressure value and a pulse count, and an operation unit 21 that
includes multiple switches 214, 21B, 21C, and 21D for
receiving instructions from a user (measurement subject).
[0044] The operation unit 21 includes a measure/stop
switch 21A that receives input of instructions for switching
on or off a power supply and instructions to start and end
measurement, a memory switch 21B for receiving an instruc-
tion to read out information such as blood pressure data stored
in the main body portion 10 and display it on the display unit
19, and arrow switches 21C and 21D for receiving instruc-
tions to increment/decrement the memory number when call-
ing information.

[0045] FIG. 2 is a diagram showing an internal configura-
tion of a main body portion 10 in the blood pressure measure-
ment apparatus 1 shown in FIG. 1.

[0046] Themain body portion 10 includes a pressure sensor
11, a pump 12, and an exhaust valve (referred to below as
“valve”) 13, which are connected to the air tube 40, a micro-
phone 23, an A/D converter 14, a pump drive circuit 15, a
valve drive circuit 16, an A/D converter 24, a power supply 17
that supplies electrical power to the units of the main body 10,
the display unit 19, a control unit (CPU) 18 that performs
overall control of the main body portion 10 and performs
calculation processing, the operation unit 21, and the memory
22.

[0047] The pump 12 supplies air to the air bladder 31 in
order to increase the pressurizing pressure applied by the cuff
30 to the measurement area (referred to below as “cuff pres-
sure” as well).

[0048] The valve 13 is opened/closed in order to discharge
air from or seal air in the air bladder 31.

[0049] The pump drive circuit 15 controls the driving of the
pump 12 based on a control signal obtained from the CPU 18.
[0050] The valve drive circuit 16 controls the opening and
closing of the valve 13 based on a control signal obtained
from the CPU 18.

[0051] A pressurizing pressure adjustment unit that
changes the pressurizing pressure applied by the cuff 30 to the
measurement site (cuff pressure) is constituted by the pump
12, the valve 13, the pump drive circuit 15, and the valve drive
circuit 16.

[0052] The pressure sensor 11 is a sensor that detects the
pressure in the cuff 30 (air pressure in the air bladder 31) and
outputs an electrical signal (cuff pressure signal).

[0053] The A/D converter 14 converts the analog cuff pres-
sure signal output from the pressure sensor 11 into a digital
signal and outputs it to the CPU 18.

[0054] The microphone 23 detects Korotkoff sounds (here-
inafter to be referred to as “K sounds™), which are blood flow
sounds (vascular sounds) of a measurement subject and out-
puts electrical signals (K sound signals).

[0055] The A/D converter 24 converts the analog K sound
signals output from the microphone 23 into digital signals and
outputs them to the CPU 18.

[0056] The memory 22 includes a read-only memory
(ROM) that stores programs, data, and so on for causing the
CPU 18 to perform predetermined operations, a random

Jul. 16, 2015

access memory (RAM) used as a working memory, and a
flash memory that holds measured blood pressure data and
the like.

[0057] FIG. 3 is a diagram of functional blocks realized by
the CPU 18 shown in FIG. 2 reading out a blood pressure
measurement program stored in the ROM and executing it.
[0058] The CPU 18 includes a pulse wave detection unit
181, a K sound detection unit 182, a pulse wave envelope
generation unit 183, a K sound envelope generation unit 184,
a blood pressure variation determination unit 185, a pulse
wave envelope correction unit 186, a blood pressure determi-
nation unit 187, and a blood pressure output unit 188.
[0059] These are functions realized in the CPU 18 mainly
by the CPU 18 reading out programs stored in the memory 22
and executing them, but a portion or all of these functions may
be realized using a hardware configuration.

[0060] In the cuff pressure signal input from the A/D con-
verter 14, the pulse wave detection unit 181 detects the cuff
pressure and pulse waves, which are pressure components
that are superimposed on the cuff pressure, using filter pro-
cessing, for example.

[0061] The pulse wave envelope generation unit 183 calcu-
lates the amplitude values of the pulse waves detected by the
pulse wave detection unit 181 and stores the calculated ampli-
tude values and the cuff pressures at the times when the pulse
waves were generated in the memory 22 in association with
each other. A line connecting the amplitude values in the case
where the cuff pressures recorded in the memory 22 and the
amplitude values of the corresponding pulse waves are
expressed in a graph is referred to as a pulse wave envelope.
[0062] TheK sound detection unit 182 detects the K sound
signals and theirs levels (which correspond to the amplitudes)
by acquiring the K sound signals from the A/D converter 24.
[0063] TheK sound envelope generation unit 184 stores the
amplitudes ofthe K sound signals and the cuff pressures at the
times when the K sound signals were generated, in the
memory 22 in association with each other. The K sound
envelope generation unit 184 acquires information regarding
the cuff pressure from the pulse wave detection unit 181. A
line connecting amplitude values in the case where the cuff
pressures recorded in the memory 22 and the amplitude val-
ues of the corresponding K sound signals are expressed in a
graph is referred to as a K sound envelope.

[0064] Theblood pressure variation determination unit 185
uses the data included in the pulse wave envelope and the data
included in the K sound envelope to detect whether or not
there is variation (mainly respiratory variation) in the blood
pressure during blood pressure measurement, and the deter-
mination result is stored in the memory 22.

[0065] Specifically, the blood pressure variation determi-
nation unit 185 determines the shapes of the pulse wave
envelope and of the K sound envelope and determines based
on the determination result whether or not there was variation
in the blood pressure during blood pressure measurement.
Hereinafter, the reason why it is possible to determine
whether or not there was blood pressure variation based on
the shapes of the pulse wave envelope and of the K sound
envelope will be described.

[0066] FIGS. 4 to 9 show results of simulating change in the
shape of the pulse wave envelope in cases where there is
respiratory variation.

[0067] FIGS. 4, 6, and 8 show waveforms of the cuff pres-
sure and the blood pressure variation (period: 10 seconds,
variation width: 10 mmHg) on which the simulations are



US 2015/0196206 A1

premised. Also, FIGS. 4, 6, and 8 also show the waveforms of
the pulse wave amplitudes detected in the process of reducing
the cuff pressure.

[0068] FIGS. 5,7, and 9 show the waveforms of the pulse
wave amplitudes shown in FIGS. 4, 6, and 8, with the cuff
pressure indicated on the horizontal axis.

[0069] As shown in FIGS. 5, 7, and 9, if there is blood
pressure variation, the shape of the pulse wave envelope will
be a shape with multiple peak portions as in FIGS. 5 and 7, or
atrapezoidal shape as in FIG. 9, which rises accompanying an
increase in the cuff pressure, subsequently becomes flat, and
falls thereafter.

[0070] In the present specification, a peak portion of an
envelope refers to an amplitude value corresponding to the
cuff pressure at a timing at which the amplitude value changes
from increasing to decreasing. Also, if there are multiple peak
portions in the envelope, the amplitude value with the small-
est value among the amplitude values between adjacent peak
portions, and the amplitude values of the two ends of the
envelope are referred to as “trough portions”. Note that
among peak portions that correspond to the foregoing defini-
tion, a peak portion whose amplitude value differs from the
amplitude values of both adjacent trough portions by less than
a threshold value is not treated as a peak portion.

[0071] Theblood pressure variation determination unit 185
detects peak portions in the pulse wave envelope so as to
determine whether or not the envelope has a shape with mul-
tiple peak portions.

[0072] As described above, among the detected peak por-
tions, the blood pressure variation determination unit 185
does not count a peak portion whose amplitude value differs
from the amplitude values of both adjacent trough portions by
less than a threshold value as peak portions included in the
pulse wave envelope.

[0073] Also, the blood pressure variation determination
unit 185 calculates the displacement amounts of amplitude
values of two pulse waves whose detection times are adjacent,
and if the cuff pressure at which the displacement amounts
thereof are less than a threshold value TH2 is continued for a
predetermined amount of time or more, it is determined that
the shape of the pulse wave envelope is a trapezoidal shape.

[0074] For the threshold value TH1, the threshold value
TH2, and the predetermined number, it is sufficient that the
data for many pulse wave envelopes when blood pressure
variation has occurred and when blood pressure variation has
notoccurred is analyzed so as to determine a value according
to which erroneous determination does not occur in the sub-
sequent blood pressure variation determination.

[0075] Even if there is no blood pressure variation, there is
a possibility that the pulse wave envelope will have a shape
such as those shown in FIGS. 5,7, and 9, and therefore it isnot
possible to determine whether or not there is blood pressure
variation using only the shape of the pulse wave envelope.

[0076] FIG. 10 shows diagrams showing results of induc-
ing respiratory variation under controlled respiration and
verifying the change in the pulse wave amplitude and the K
sound amplitude at a fixed cuff pressure. Since the cuff pres-
sure is constant, the variation in the pulse wave amplitude in
the verification result largely matches the respiratory varia-
tion in the blood pressure.

[0077] FIG. 10A shows the results of verification when the
respiration period is 6 seconds, FIG. 10B shows the results of
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verification when the respiration period is 10 seconds, and
FIG. 10C shows the results of verification when the respira-
tion period is 20 seconds.

[0078] Based on the results shown in FIG. 10, it can be
understood that the K sound amplitude and the pulse wave
amplitude are positively correlated. Accordingly, if there is
blood pressure variation, it is thought that some kind of
change will appear in the shape of the K sound envelope as
well.

[0079] FIG. 11 is a diagram showing a result of obtaining
the pulse wave envelope and the K sound envelope in the case
where respiratory variation has occurred. F1G. 12 is a diagram
showing a result of obtaining the pulse wave envelope and the
K sound envelope in the case where respiratory variation has
not occurred. In FIGS. 11 and 12, the vertical axis indicates
amplitude values obtained by normalizing the maximum
value at 1.

[0080] The K sound envelope shown in FIG. 11 has peak
portions Y1 and Y2, and the pulse wave envelope has peak
portions Y3 and Y4. On the other hand, the K sound envelope
shown in FIG. 12 has a peak portion Y5, and the pulse wave
envelope has a peak portion Y 6. Other than what is shown in
FIGS. 11 and 12, many measurement subjects are subjected to
verification, and as a result, it is understood that when blood
pressure variation has occurred, the K sound envelope also
has a shape with multiple peak portions.

[0081] In view of this, the blood pressure variation deter-
mination unit 185 detects peak portions in the K sound enve-
lope so as to determine whether or not the K sound envelope
has a shape with multiple peak portions.

[0082] As described above, among the detected peak por-
tions, the blood pressure variation determination unit 185
does not count a peak portion whose amplitude value differs
from the amplitude values of both adjacent trough portions by
less than a threshold value TH3 as peak portions included in
the K sound envelope.

[0083] For the threshold value TH3, it is sufficient that data
for many K sound envelopes in the case where blood pressure
variation has occurred and in the case where blood pressure
variation has not occurred are analyzed so as to determine a
value according to which erroneous determination does not
occur in the blood pressure variation determination.

[0084] Also, if it is determined according to the foregoing
method that the pulse wave envelope has a shape with mul-
tiple peak portions or has a trapezoidal shape and the K sound
envelope has a shape with multiple peak portions, the blood
pressure variation determination unit 185 determines that
there is blood pressure variation.

[0085] Returning to the description of FIG. 3, if it is deter-
mined by the blood pressure variation determination unit 185
that there is blood pressure variation, the pulse wave envelope
correction unit 186 corrects the shape of the pulse wave
envelope.

[0086] FIGS. 13 and 14 are diagrams for describing a
method for correcting a pulse wave envelope according to the
pulse wave envelope correction unit 186.

[0087] Whena K sound envelope having two peak portions
is obtained as shown in FIG. 13B and a pulse wave envelope
having two peak portions is obtained as shown in FIG. 13A, it
is determined that there was blood pressure variation.

[0088] Inthis case, the pulse wave envelope correction unit
186 selects the higher of the two peak portions (the peak
portion with the greater amplitude) in the pulse wave enve-
lope. Then, the selected peak portion and the envelope
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extending to the cuff pressure corresponding to the adjacent
trough portion (reference numeral A in FIG. 13A) are
retained, and a new envelope is interpolated by deleting the
envelope corresponding to the cuff pressures that exceed cuff
pressure A.

[0089] For example, among amplitude values correspond-
ing to cuff pressures greater than cuff pressure A, the pulse
wave envelope correction unit 186 selects those with the same
amplitude value as the amplitude value corresponding to cuff
pressure A. Then, the portion of the envelope that is greater
than or equal to the cuff pressure corresponding to the
selected amplitude value (reference numeral B in FIG. 13A)
is shifted to the low-pressure side by a pressure determined
using (cuff pressure B—cuff pressure A). The thus-interpo-
lated envelope is indicated in FIG. 13A by a one-dot chain
line.

[0090] Also, if there is blood pressure variation and the
pulse wave envelope has a trapezoidal shape as shown in FIG.
14, the pulse wave envelope correction unit 186 deletes the
flat portion of the pulse wave envelope and interpolates the
amplitude values for the cuff pressures corresponding to the
flat portion.

[0091] For example, the pulse wave envelope correction
unit 186 determines the cuff pressure in the case where the
change in the size of the amplitude value is less than a thresh-
old value TH2 (reference numeral C in FIG. 14A) and the cuff
pressure in the case where the change in the size of the
amplitude value returns to being greater than or equal to the
threshold value TH2 (reference numeral D in FIG. 14A).
[0092] Then, the pulse wave envelope correction unit 186
sets a line L1 that passes through the amplitude value corre-
sponding to the cuff pressure C and does not intersect the
pulse wave amplitude envelope, and a line L2 that passes
through the amplitude value corresponding to the cuff pres-
sure D and does not intersect the pulse wave amplitude enve-
lope.

[0093] The pulse wave envelope correction unit 186 inter-
polates a curved line that connects the point at which the line
L1 and the line .2 intersect, the amplitude value correspond-
ing to the cuff pressure C, and the amplitude value corre-
sponding to the cuff pressure D (single-dot chain line in FIG.
14A).

[0094] Itissufficient that the curvedline is generated so that
the envelope corresponding to the cuff pressures that are less
than or equal to the cuff pressure C and the slope of the
envelope corresponding to the cuff pressures that are less than
or equal to the cuff pressure D connect smoothly.

[0095] FIG. 15 is a diagram for describing pulse wave
envelope correction processing performed with respect to the
data shown in FIG. 11. As shown in FIG. 15, the pulse wave
envelope correction unit 186 deletes the portions of the pulse
wave envelope that exceed the cuff pressure E and generates
the broken line portion by interpolation.

[0096] FIG. 16 is a diagram for describing pulse wave
envelope correction processing performed with respect to the
data shown in FIG. 5. As shown in FIG. 16, the pulse wave
envelope correction unit 186 deletes the portions of the pulse
wave envelope that are less than or equal to the cuff pressure
F and portions that are greater than or equal to the cuff
pressure G and generates the broken line portions by interpo-
lation.

[0097] Returning to the description of FIG. 3, the blood
pressure determination unit 187 uses the data for the pulse
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wave envelope stored in the memory 22 to determine the
measured blood pressure value.

[0098] The blood pressure output unit 188 outputs the
information regarding the measured blood pressure value
determined by the blood pressure determination unit 187 to
the display unit 19 and causes the display unit 19 to display it.
The blood pressure output unit 188 may output the informa-
tion regarding the measured blood pressure value using a
speaker or the like.

[0099] FIG. 17 is a flowchart for describing operations of
the blood pressure measurement apparatus 1 shown in FIG. 1.
[0100] When the measure/stop switch 21A is pressed so as
to instruct the start of blood pressure measurement, the CPU
18 closes the valve 13 and starts to increase the pressurizing
pressure applied by the cuff 30 to the arm (application of
pressure to the arm) by inserting air into the cuff 30 using the
pump 12.

[0101] When the cuff pressure reaches a target value that is
sufficiently greater than the systolic blood pressure value, the
CPU 18 stops the pump 12 and controls the valve 13 so as to
start reduction of the cuff pressure.

[0102] During the period of reducing the cuff pressure, the
CPU 18 detects the pulse waves and the cuff pressure in the
cuff pressure signal, which is the output of the pressure sensor
11, and acquires K sound signals, which are the output of the
microphone 23 (step S1).

[0103] The CPU 18 calculates the amplitude values of the
detected pulse waves and stores the calculated amplitude
values and the cuff pressures at the times when the pulse
waves were generated in the memory 22 in association with
each other (step S2).

[0104] Also, the CPU 18 stores the amplitude values of the
K sound signals acquired from the microphone 23 in the
memory 22 in association with the cuff pressures at the times
when the K sound signals were generated (step S3).

[0105] If a number of pulse wave amplitudes that is suffi-
cient to determine the measured blood pressure value have
been stored in the memory 22 (step S4: YES), the CPU 18
performs the processing of step S5, and if a number of pulse
wave amplitudes that is sufficient to determine the measured
blood pressure value have not been stored in the memory 22
(step S4: NO), the CPU 18 returns to the processing of step
S1.

[0106] In step S5, the CPU 18 determines whether or not
the pulse wave envelope based on the data stored in the
memory 22 is a double-peak shape having multiple peaks or
a trapezoidal shape.

[0107] Ifthe pulse wave envelope is a double-peak shape or
a trapezoidal shape (step

[0108] S5:YES), the CPU 18 determines whether or notthe
K sound envelope based on the data stored in the memory 22
is a double-peak shape with multiple peak portions (step S6).
[0109] On the other hand, if the pulse wave envelope is not
adouble-peak shape or a trapezoidal shape (step S5: NO), the
CPU 18 determines that blood pressure variation has not
occurred, uses the data for the pulse wave envelope to deter-
mine the measured blood pressure value (step S11), and
causes the display unit 19 to display the measured blood
pressure value that was determined (step S12).

[0110] Ifthe result of the determination in step S6 is YES,
the CPU 18 determines that blood pressure variation has
occurred and performs the processing of step S7, and if the
result of the determination in step S6 is NO, the CPU 18
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determines that blood pressure variation has not occurred and
performs the processing of step S11.

[0111] In step S7, the CPU 18 corrects the pulse wave
envelope in accordance with the shape of the pulse wave
envelope.

[0112] Then, the CPU 18 uses the data for the corrected
pulse wave envelope to determine the measured blood pres-
sure value (step S8), and causes the display unit 19 to display
the measured blood pressure value that was determined (step
S9). Also, the

[0113] CPU 18 causes the display unit 19 to display infor-
mation indicating the fact that blood pressure variation
occurred in blood pressure measurement as well (step S10).
[0114] As described above, the blood pressure measure-
ment apparatus 1 of the present embodiment determines
whether or not there is blood pressure variation during mea-
surement according to the shapes of the pulse wave envelope
and the K sound envelope, and if it is determined that there is
blood pressure variation, the blood pressure measurement
apparatus 1 corrects the shape of the pulse wave envelope and
thereafter determines the measured blood pressure value. For
this reason, it is possible to accurately determine whether or
not there is blood pressure variation, and even if there is blood
pressure variation, it is possible to prevent the blood pressure
measurement accuracy from decreasing.

[0115] Also, according to the blood pressure measurement
apparatus 1, if there is blood pressure variation, it is possible
to perform notification of the measured blood pressure value
as well as the fact that there was blood pressure variation. For
this reason, upon viewing the information indicating the fact
that there was blood pressure variation, the measurement
subject can redo blood pressure measurement and user-
friendliness can be improved.

[0116] Note that here, it has been described that the mea-
sured blood pressure value is obtained by correcting the pulse
wave envelope if there is blood pressure variation, but if there
1s blood pressure variation, it is possible to cause the display
unit 19 to display only information indicating that there was
blood pressure variation and stop blood pressure measure-
ment.

[0117] The functions realized by the CPU 18 of the blood
pressure measurement apparatus 1 can also be realized by a
general-use computer.

[0118] For example, a configuration is possible in which a
unit including a configuration not including the CPU 18, the
display unit 19, the operation unit 21, and the memory 22
shown in FIG. 2 is used by being externally connected to a
computer in which a display unit, an operation unit, and a
memory are connected.

[0119] Inthis configuration, the unitcan be controlled from
the computer, and using a signal sent from the unit, the com-
puter performs the processing of steps S1 to S12 shown in
FIG. 16, and it is thereby possible to realize functions similar
to those of the blood pressure measurement apparatus 1 of the
present embodiment.

[0120] Also, the blood pressure measurement method per-
formed by the CPU 18 of the present embodiment can be
provided as a program. This kind of program is stored in a
computer-readable non-transitory storage medium.

[0121] Examples of this kind of “computer-readable stor-
age medium” include optical mediums such as CD-ROMs
(Compact Disc-ROM), magnetic storage mediums such as
memory cards, and the like. Also, this kind of program can be
provided by downloading via a network.
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[0122] InFIG.17,amethod was described in which data for
apulse wave envelope is generated from a cuff pressure signal
detected in the process of reducing the pressurizing pressure
applied by the cuff 30, but one or more embodiments of the
claimed invention can be similarly applied also with a method
of generating data for the pulse wave envelope from a cuff
pressure signal detected in the process of increasing the pres-
surizing pressure applied by the cuff 30.

[0123] Also, theabove described a blood pressure measure-
ment apparatus that outputs (displays on the display unit 19)
a measured blood pressure value determined using the OSC
method, but one or more embodiments of the claimed inven-
tion can be applied to a blood pressure measurement appara-
tus that outputs a measured blood pressure value determined
using the K sound method as well.

[0124] Forexample, as in Patent Document 2, with an appa-
ratus that calculates a measured blood pressure value using
the OSC method in order to evaluate the measured blood
pressure value determined using the K sound method, it is
possible to determine whether or not there is blood pressure
variation using the above-described method and correct the
pulse wave envelope according to the determination result,
and thereby determine the measured blood pressure value.

[0125] Also, in FIG. 2, the microphone 23 was described as
being in the main body portion 10, but a configuration is
possible in which the microphone 23 is provided in the cuff
30.

[0126] As described above, the present specification dis-
closes the following items.

[0127] According to one or more embodiments of the
claimed invention, the disclosed blood pressure measurement
apparatus includes: a cuff configured to be attached at a
measurement site of a body; a pressurizing pressure adjust-
ment unit configured to change a pressurizing pressure
applied by the cuff to the measurement site; a pressure detec-
tion unit configured to detect pressure in the cuff during a
period of changing the pressurizing pressure; a pulse wave
detection unit configured to detect pulse waves in a cuff
pressure signal that is a signal output from the pressure detec-
tion unit, the pulse waves being pressure components super-
imposed on the pressurizing pressure in synchronization with
the body’s pulse; a blood flow sound detection unit config-
ured to detect blood flow sounds that occur during a period of
changing the pressurizing pressure; a pulse wave envelope
data generation unit configured to generate data for a pulse
wave envelope that associates amplitude values of the pulse
waves detected by the pulse wave detection unit with the
pressurizing pressures at times when the pulse waves were
generated; a blood pressure determination unit configured to
determine a measured blood pressure value using the data for
the pulse wave envelope; a blood flow sound envelope data
generation unit configured to generate data for a blood flow
sound envelope that associates amplitude values of blood
flow sound signals, which are signals output from the blood
flow sound detection unit, with the pressurizing pressures at
times when the blood flow sound signals were generated; a
blood pressure variation determination unit configured to use
the data for the pulse wave envelope and the data for the blood
flow sound envelope to determine whether or not there is
periodic variation in the blood pressure during the period of
changing the pressurizing pressure; and a control unit config-
ured to perform control according to the determination result
of the blood pressure variation determination unit.
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[0128] According to one or more embodiments of the
claimed invention, the disclosed blood pressure measurement
apparatus is such that if it is determined by the blood pressure
variation determination unit that there is periodic variation in
the blood pressure, the control unit corrects the data for the
pulse wave envelope in accordance with the shape of the pulse
wave envelope, and if it is determined by the blood pressure
variation determination unit that there is periodic variation in
the blood pressure, the blood pressure determination unit uses
the data for the pulse wave envelope, which was corrected by
the control unit, to determine the measured blood pressure
value.

[0129] According to one or more embodiments of the
claimed invention, the disclosed blood pressure measurement
apparatus is such that if the pulse wave envelope has a shape
with a plurality of peak portions or a trapezoidal shape that
rises accompanying an increase in the pressurizing pressure,
subsequently flattens, and falls thereafter, and the blood flow
sound envelope has a shape with a plurality of peak portions,
the blood pressure variation determination unit determines
that there is periodic variation in the blood pressure.

[0130] According to one or more embodiments of the
claimed invention, the disclosed blood pressure measurement
apparatus is such that if it is determined by the blood pressure
variation determination unit that there is periodic variation in
the blood pressure and the pulse wave envelope has a shape
with a plurality of peak portions, the control unit deletes
amplitude values other than those of a portion of a pulse wave
envelope extending from the highest peak portion of the plu-
rality of peak portions to an adjacent trough portion, and in
place of the deleted amplitude values, interpolates new ampli-
tude values according to the shape of the pulse wave envelope
that was deleted.

[0131] According to one or more embodiments of the
claimed invention, the disclosed blood pressure measurement
apparatus is such that if it is determined by the blood pressure
variation determination unit that there is periodic variation in
the blood pressure and the pulse wave envelope has the trap-
ezoidal shape, the control unit deletes amplitude values of the
flat portion of the pulse wave envelope, and in place of the
deleted amplitude values, interpolates new amplitude values
according to the shape of the pulse wave amplitude envelope
outside of the flat portion.

[0132] According to one or more embodiments of the
claimed invention, the disclosed blood pressure measurement
apparatus is such that the control unit outputs information
indicating the determination result of the blood pressure
variation determination unit.

[0133] According to one or more embodiments of the
claimed invention, the disclosed blood pressure measurement
method includes: a pulse wave detection step of detecting
pulse waves in a pressure signal of a cuff attached at a mea-
surement site of a body, the pressure signal being detected
during aperiod of reducing a pressurizing pressure applied by
the cuff to the measurement site, the pulse waves being pres-
sure components superimposed on the pressurizing pressure
in synchronization with the body’s pulse; a blood flow sound
acquiring step of acquiring blood flow sound signals corre-
sponding to blood flow sounds that occur during a period of
changing the pressurizing pressure; a pulse wave envelope
data generation step of generating data for a pulse wave
envelope that associates amplitude values of the pulse waves
detected in the pulse wave detection step with the pressuriz-
ing pressures at times when the pulse waves were generated,
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a blood pressure determination step of determining a mea-
sured blood pressure value using the data for the pulse wave
envelope; a blood flow sound envelope data generation step of
generating data for a blood flow sound envelope that associ-
ates amplitude values of the blood flow sound signals
acquired in the blood flow sound acquiring step with the
pressurizing pressures at times when the blood flow sound
signals were generated; a blood pressure variation determi-
nation step of using the data for the pulse wave envelope and
the data for the blood flow sound envelope to determine
whether or not there is periodic variation in the blood pressure
during the period of changing the pressurizing pressure; and
a control step of performing control according to the deter-
mination result of the blood pressure variation determination
step.

[0134] According to one or more embodiments of the
claimed invention, the disclosed blood pressure measurement
program is a program configured to cause a computer to
execute the steps of the blood pressure measurement method.
[0135] One or more embodiments of the claimed invention
can be applied to a blood pressure meter for home use, for
example, and is useful for managing the health of a user.
[0136] Although one or more embodiments of the claimed
invention have been described in detail and with reference to
specific embodiments, it is apparent to a person skilled in the
art that various modifications and amendments can be added
without straying from the spirit and scope of the present
invention. This application claims the benefit of Japanese
Patent Application No. 2012-217408, filed Sep. 28, 2012,
which is hereby incorporated by reference herein in its
entirety.

REFERENCE NUMERALS LIST
[0137] 1 Blood pressure measurement apparatus
[0138] 10 Main body portion
[0139] 11 Pressure sensor
[0140] 18 CPU
[0141] 22 Memory
[0142] 23 Microphone
[0143] 30 Cuff
[0144] 181 Pulse wave detection unit
[0145] 182 K sound detection unit
[0146] 183 Pulse wave envelope generation unit
[0147] 184 K sound envelope generation unit
[0148] 185 Blood pressure variation determination unit
[0149] 186 Pulse wave envelope correction unit
[0150] 187 Blood pressure determination unit
[0151] 188 Blood pressure output unit

1. A blood pressure measurement apparatus comprising:

a cuff configured to be attached at a measurement site of a
body;

a pressurizing pressure adjustment unit configured to
change a pressurizing pressure applied by the cuff to the
measurement site;

a pressure detection unit that detects pressure in the cuff
during a period of changing the pressurizing pressure;

a pulse wave detection unit that detects pulse waves in a
cuff pressure signal that is a signal output from the
pressure detection unit, the pulse waves being pressure
components superimposed on the pressurizing pressure
in synchronization with the body’s pulse;

a blood flow sound detection unit that detects blood flow
sounds that occur during a period of changing the pres-
surizing pressure;
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a pulse wave envelope data generation unit that generates
data for a pulse wave envelope that associates amplitude
values of the pulse waves detected by the pulse wave
detection unit with the pressurizing pressures at times
when the pulse waves were generated,

ablood pressure determination unit that determines a mea-
sured blood pressure value using the data for the pulse
wave envelope;

ablood flow sound envelope data generation unit that gen-
erates data for a blood flow sound envelope that associ-
ates amplitude values of blood flow sound signals,
which are signals output from the blood flow sound
detection unit, with the pressurizing pressures at times
when the blood flow sounds were generated,

a blood pressure variation determination unit that uses the
data for the pulse wave envelope and the data for the
blood flow sound envelope to determine whether or not
there is periodic variation in the blood pressure during
the period of changing the pressurizing pressure; and

a control unit that performs control according to the deter-
mination result of the blood pressure variation determi-
nation unit.

2. The blood pressure measurement apparatus according to

claim 1,

wherein if it is determined by the blood pressure variation
determination unit that there is periodic variation in the
blood pressure, the control unit corrects the data for the
pulse wave envelope in accordance with the shape of the
pulse wave envelope, and

wherein if it is determined by the blood pressure variation
determination unit that there is periodic variation in the
blood pressure, the blood pressure determination unit
uses the data for the pulse wave envelope, which was
corrected by the control unit, to deter tine the measured
blood pressure value.

3. The blood pressure measurement apparatus according to

claim 1,

wherein if the pulse wave envelope has a shape with a
plurality of peak portions or a trapezoidal shape that
rises accompanying an increase in the pressurizing pres-
sure, subsequently flattens, and falls thereafter, and the
blood flow sound envelope has a shape with a plurality of
peak portions, the blood pressure variation determina-
tion unit determines that there is periodic variation in the
blood pressure.

4. The blood pressure measurement apparatus according to

claim 3,

wherein if it is determined by the blood pressure variation
determination unit that there is periodic variation in the
blood pressure and the pulse wave envelope has a shape
with a plurality of peak portions, the control unit deletes
amplitude values other than those of a portion of the
pulse wave envelope extending from the highest peak
portion of the plurality of peak portions to an adjacent
trough portion, and in place of the deleted amplitude
values, interpolates new amplitude values according to
the shape of the pulse wave envelope that was deleted.

5. The blood pressure measurement apparatus according to

claim 3,

wherein if it is determined by the blood pressure variation
determination unit that there is periodic variation in the
blood pressure and the pulse wave envelope has the
trapezoidal shape, the control unit deletes amplitude
values of the flat portion of the pulse wave envelope, and
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in place of the deleted amplitude values, interpolates
new amplitude values according to the shape of the pulse
wave amplitude envelope outside of the flat portion.

6. The blood pressure measurement apparatus according to
claim 1,

wherein the control unit outputs information indicating the
determination result of the blood pressure variation
determination unit.

7. A blood pressure measurement method comprising:

a pulse wave detection step of detecting pulse waves in a
pressure signal of a cuff configured to be attached at a
measurement site of a body, the pressure signal being
detected during a period of reducing a pressurizing pres-
sure applied by the cuff to the measurement site, the
pulse waves being pressure components superimposed
on the pressurizing pressure in synchronization with the
body’s pulse;

a blood flow sound acquiring step of acquiring blood flow
sound signals corresponding to blood flow sounds that
oceur during a period of changing the pressurizing pres-
sure;

a pulse wave envelope data generation step of generating
data for a pulse wave envelope that associates amplitude
values of the pulse waves detected in the pulse wave
detection step with the pressurizing pressures at times
when the pulse waves were generated,

a blood pressure determination step of determining a mea-
sured blood pressure value using the data for the pulse
wave envelope;

a blood flow sound envelope data generation step of gen-
erating data for a blood flow sound envelope that asso-
ciates amplitude values of the blood flow sound signals
acquired in the blood flow sound acquiring step with the
pressurizing pressures at times when the blood flow
sound signals were generated,

a blood pressure variation determination step of using the
data for the pulse wave envelope and the data for the
blood flow sound envelope to determine whether or not
there is periodic variation in the blood pressure during
the period of changing the pressurizing pressure; and

a control step of performing control according to the deter-
mination result of the blood pressure variation determi-
nation step.

8. A non-transitory computer readable medium having
stored thereon a blood pressure measurement program con-
figured to cause a computer to execute the steps of the blood
pressure measurement method according to claim 7.

9. The blood pressure measurement apparatus according to
claim 2,

wherein if the pulse wave envelope has a shape with a
plurality of peak portions or a trapezoidal shape that
rises accompanying an increase in the pressurizing pres-
sure, subsequently flattens, and falls thereafter, and the
blood flow sound envelope has a shape with a plurality of
peak portions, the blood pressure variation determina-
tion unit determines that there is periodic variation in the
blood pressure.

10. The blood pressure measurement apparatus according

to claim 2,

wherein the control unit outputs information indicating the
determination result of the blood pressure variation
determination vnit.

11. The blood pressure measurement apparatus according

to claim 3,
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wherein the control unit outputs information indicating the
determination result of the blood pressure variation
determination unit.
12. The blood pressure measurement apparatus according
to claim 4,
wherein the control unit outputs information indicating the
determination result of the blood pressure variation
determination unit.
13. The blood pressure measurement apparatus according
to claim 5,
wherein the control unit outputs information indicating the
determination result of the blood pressure variation
determination unit.
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