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SPHYGMOMANOMETER

CROSS REFERENCE TO RELATED
APPLICATION

[0001] The present application is based on and claims the
benefit of priority of Japanese Patent Application No. 2013-
215648, filed on Oct. 16, 2013, the disclosure of which is
incorporated herein by reference.

TECHNICAL FIELD
[0002] The present disclosure generally relates to a sphyg-
momanometer.
BACKGROUND INFORMATION
[0003] Conventionally, a sphygmomanometer is a known

measurement method for measuring blood pressure based on
apulse wave signal of a patient that is detected by a pulsewave
sensor (hereafter referred to as a “cuff-less measurement”).
[0004] This sphygmomanometer also has a function which
measures a blood pressure by using a cuff (hereafter referred
to as a “cuff measurement”). The cuff-less measurement and
the cuff measurement may be performed simultaneously on
the same patient, and the difference between the measured
values in both measurement methods may be computed.
Then, by using the computed difference, the measured value
of the cuff-less measurement performed thereafter may be
corrected according to a patent document 1 (i.e., Japanese
Patent No. 3422128).

[0005] The sphygmomanometer is provided with two sepa-
rate operation switches, that is, an operation switch for per-
forming the cuff-less measurement and an operation switch
for performing the cuff measurement, respectively. There-
fore, in order to perform the cuff-less measurement and the
cuff measurement simultaneously, two operation switches are
required to be operated.

SUMMARY

[0006] Itisan object of the present disclosure to provide a
sphygmomanometer that is easily operable.

[0007] Inan aspect of the present disclosure, the sphygmo-
manometer includes an operation part that is operated by a
part of a patient body, a pulse wave sensor detecting a pulse
wave signal indicative of a pulse wave in the part of the patient
body that is operating the operation part, a first manometer
measuring a blood pressure based on the pulse wave signal
detected by the pulse wave sensor, a second manometer mea-
suring the blood pressure with a cuff that is worn by the
patient, and a cuff wearing detector detecting a wearing of the
cuff by the patient. The sphygmomanometer also includes a
controller measuring the blood pressure with the first manom-
eter when the operation part is being operated and a duration
of the detection of the pulse wave signal by the pulse wave
sensor is equal to or greater than a preset time, and measuring
the blood pressure with the second manometer when the
operation part is being operated and the cuff wearing detector
detects the wearing of the cuff.

[0008] Further, according to the sphygmomanometer of the
present disclosure, a difference calculator calculating and
memorizing a difference between a measurement value of the
first manometer and a measurement value of the second
manometer, and a correction part correcting the measurement
value according to the difference.
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[0009] Additionally, according to the sphygmomanometer
of the present disclosure, the operation part is operated by a
first step and a second step, and a direction to operate the first
step and a direction to operate the second step is a same
direction, when the first step is operated, the controller per-
forms a measurement by using one or both of the first manom-
eter and the second manometer, and when the second step is
operated, the difference calculator performs a calculation and
memorizes the difference.

[0010] Even further, according to the sphygmomanometer
ofthe present disclosure, the cuff wearing detector detects the
wearing of the cuff based on a circumferential stretch amount
of the cuff.

[0011] Moreover, according to the sphygmomanometer of
the present disclosure, the part of the patient body is a part of
an arm that is opposite to a cuff-wearing arm.

[0012] In another aspect of the present disclosure, the
sphygmomanometer includes an operation part that is oper-
ated by a part of a patient body, a pulse wave sensor detecting
apulse wave signal indicative of a pulse wave in the part of the
patient body that is operating the operation part, a first
manometer measuring a blood pressure based on the pulse
wave signal detected by the pulse wave sensor, a second
manometer measuring the blood pressure with a cuff that is
worn by the patient, and a cuff wearing detector detecting a
wearing of the cuff by the patient. The sphygmomanometer
also includes a controller measuring the blood pressure with
the first manometer when the operation part is being operated
and a duration of the detection ofthe pulse wave signal by the
pulse wave sensor is equal to or greater than a preset time,
measuring the blood pressure with the second manometer
when the operation part is being operated, a duration of the
detection of the pulse wave signal by the pulse wave sensor is
shorter than the preset time, and the cuff wearing detector
detects the wearing of the cuff, or measuring the blood pres-
sure with the first manometer and the second manometer
when the operation part is being operated, a duration of the
detection of the pulse wave signal by the pulse wave sensor is
equal to or greater than a preset time, and the cuff wearing
detector detects the wearing of the cuff.

[0013] According to the sphygmomanometer of the present
disclosure, a controller in the sphygmomanometer controls
the first and second manometers in the following manner.
That s, when the operation of the operation part is determined
as a longer-than-preset-time detection of the pulse wave sig-
nal with the pulse wave sensor, the blood pressure is measured
by the first manometer, and when (a) the cuff wearing detector
detects awearing of the cuffand (b) the operation part is being
operated, the blood pressure is measured by the second
manometer.

[0014] According to the sphygmomanometer of the present
disclosure, based on an operation of the operation part pet-
formed by a patient, the first manometer is used to measure
the blood pressure (i.e., the cuff-less measurement), and,
simultaneously, the second manometer is used to measure the
blood pressure (i.e., the cuff measurement), which provides
an ease of use for a patient using the sphygmomanometer.

[0015] Further, according to the sphygmomanometer of the
present disclosure, when the duration of the detection of the
pulse wave signal by the pulse wave sensor is controlled to be
shorter than the preset time (e.g., when the operation part is
operated only for a short time), the cuff-less measurement
will not be performed. Further, according to the sphygmoma-
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nometer of the present disclosure, when the cuff is not worn,
the cuff measurement will not be performed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Objects, features, and advantages of the present dis-
closure will become more apparent from the following
detailed description made with reference to the accompany-
ing drawings, in which:

[0017] FIG. 1 is a block diagram of a configuration of a
sphygmomanometer;

[0018] FIG.2A s a perspective view of the configuration of
the sphygmomanometer in a non-wearing state, in which a
cuff of the sphygmomanometer is not worn by a patient;
[0019] FIG.2Bis aperspective view of the configuration of
a wear state of the cuff which is worn by the patient;

[0020] FIG. 3 is a plan view of a configuration of a mea-
surement switch;

[0021] FIG.41isaside section view ofa configuration of the
measurement switch;

[0022] FIG. 51is a side section view of a configuration of a
pulse wave sensor;

[0023] FIG. 6isa flowchart of a main process performed by
the sphygmomanometer;

[0024] FIG.7is aflowchart of acuff/cuff-less measurement
process performed by the sphygmomanometer;

[0025] FIG. 8 is a flowchart of a cuff-less measurement
process performed by the sphygmomanometer;

[0026] FIG.9 is a side section view of the configuration of
the measurement switch in a second embodiment;

[0027] FIG.10A is a perspective view of the configuration
of the sphygmomanometer in a non-wearing state, in which
the cuff of the sphygmomanometer is not worn by the patient;
and

[0028] FIG. 10B is a perspective view of the configuration
of a wear state of the cuff which is worn by the patient.

DETAILED DESCRIPTION

[0029] Embodiments of the present disclosure are
described based on the drawings.

First Embodiment

[0030] 1. Configuration of Sphygmomanometer 1

[0031] The configuration of the sphygmomanometer 1 is
described based on FIGS. 1-5. The sphygmomanometer 1 is
provided with a measurement switch 3, a pulse wave sensor 5,
acuff7, apump 9, a switch valve 11, a pressure sensor 13, a
cuff tube connection sensor 15, a cuff wear sensor 17, a
display 19, an indicator 21, and a controller 23 as shown in
FIG. 1.

[0032] Further, the sphygmomanometer 1 is provided hav-
ing a box shape case 25 as shown in FIG. 2, and the measure-
ment switch 3, the display 19, and the indicator 21 are
arranged on a surface of the case 25. A tube 27 which supplies
air to the cuff 7 via the switch valve 11 from the pump 9
extends from the case 25. Further, the cuff wear sensor 17 is
attached onto an outer circumference side of the cuff 7.
[0033] Themeasurement switch 3 is a press switch which is
operated by a patient in a press-down mannet, i.e., the patient
operates the switch 3 with his/her finger. The measurement
switch 3 is provided with an operation piece 29, a spring 31,
astopper 33, a pedestal section 35, a spring 37, a first contact
sensor 39, a second contact sensor 41, and a switch housing
43 as shown in FIG. 3 and FIG. 4.
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[0034] The operation piece 29 is attached to the pedestal
section 35 via the spring 31, and is operable, i.e., is pressed by
a patient finger to move in a downward direction (i.e., down-
ward in FIG. 2 and FIG. 4) that allows an approach and
contact of the operation piece 29 with the pedestal section 35.
When the patient finger is lifted from a pressing state of
pressing the operation piece 29, the operation piece 29 returns
to an original position according to the elastic force of the
spring 31.

[0035] A stopper 33 is a tabular member disposed at a
position between the pedestal section 35 and the operation
piece 29. On the stopper 33, the first contact sensor 39 is
disposed at a position that faces the operation piece 29. The
first contact sensor 39 is away and separate from the operation
piece 29 when the operation piece 29 is not pressed, and,
when the operation piece 29 is pressed by a preset amount or
more, the first contact sensor 39 contacts the operation piece
29 for outputting a signal that indicates a contact therebe-
tween (i.e., designated as a first contact signal hereafter).

[0036] Further, the stopper 33 is disposed on the pedestal
section 35 via the spring 37, and is operable, i.e., is pressed to
move toward the pedestal section 35 (i.e., moves in the same
direction as the operation piece 29 when being pressed).
When pressing of the stopper 33 is stopped in a situation in
which the stopper 33 is being pressed, the stopper 33 returns
to an original position according to the elastic force of the
spring 37.

[0037] The second contact sensor 41 is disposed at a posi-
tion underneath the stopper 33. The second contact sensor 41
is away and separate from the stopper 33 when the stopper 33
is not in a pressed state, and, when the stopper 33 is pressed by
a preset amount or more, the second contact sensor 41 con-
tacts the stopper 33 and outputs a signal (i.e., designated
hereafter as a second contact signal).

[0038] The switch housing 43 contains each of the compo-
nents of the measurement switch 3 in an inside thereof. How-
ever, a partofa center section in an upper surface of the switch
housing 43 is cut out, and the operation piece 29 is exposed
therefrom. The upper surface of the switch housing 43 is
configured to have a concave shape, i.e., a bowl shape, and the
operation piece 29 is located at the center and the bottom of
such concave shape.

[0039] The pulse wave sensor 5 is disposed on a surface
side (i.e., a surface for a contact with the patient finger) of the
operation piece 29. The patient finger operating the operation
piece 29 thus contacts the pulse wave sensor 5. That is, the
pulse wave sensor 5 is disposed at a position which enables a
detection of a pulse wave signal from the patient finger which
operates the measurement switch 3.

[0040] The pulse wave sensor 5 is provided with a lens 45,
a light-emitting part 47, and a light sensing part 49 as shown
in FIG. 5. The lens 45 is disposed to serve as an upper-most
surface of the operation piece 29, through which a light passes
in an up-down direction. The light-emitting part 47 and the
light sensing part 49 are located under the lens 45 (i.e., in an
inside of the operation piece 29). The light-emitting part 47
comprises a light emitting diode, and irradiates a green light
(i.e,, a light in the wavelength of 5000 A-8000 A [Ang-
stroms]) in an upward direction through the lens 45. The
irradiated light is then reflected in a capillary vessel of the
patient finger positioned on the lens 45. The reflected light
passes through thelens 45, and is received by the light sensing
part 49. The light sensing part 49 is a photo diode, and, when
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the above-mentioned light is received, it outputs an electric
signal (i.e.. a pulse wave signal).

[0041] The measurement switch 3 having the above-de-
scribed configuration operates in the following manner
according to an operation performed by the patient. That is, in
the measurement switch 3 in a non-operation state, i.e., when
the operation piece 29 is not being pressed by the patient
finger, both of the first contact sensor 39 and the second
contact sensor 41 do not output a contact signal.

[0042] When the operation piece 29 is gradually pressed
down by the patient finger, soon, the operation piece 29 will
contact the first contact sensor 39, and then the first contact
sensor 39 outputs the first contact signal. At such time of
contact of the operation piece 29 with the first contact sensor
39, the second contact sensor 41 does not yet output the
second contact signal. This step of operation to operate the
measurement switch 3 is designated as a first step operation
hereafter.

[0043] When the operation piece 29 is further pressed down
in the same direction, the stopper 33 being depressed by the
operation piece 29 contacts the second contact sensor 41, and
the second contact sensor 41 outputs the second contact sig-
nal. At such time of contact of the stopper 33 with the second
contact sensor 41, the first contact sensor 39 is also outputting
the first contact signal. This step of operation to operate the
measurement switch 3 is designated as a second step opera-
tion.

[0044] When an amount of pressing of the operation piece
29 is decreased from a second step operation state, the second
step operation state is changed back to (i.e., returns to) a first
step operation state, and returns further to the non-operation
state.

[0045] The cuff 7 is structured as a rubber bag contained in
a cloth-made band-shape outer bag, which may be wrapped
around an upper arm of the patient. The pump 9 supplies air
into an inside of the cuff 7 through the tube 27. The switch
valve 11 may be switchable among three states, i.e., (i) a state
ofallowing a supply of airinto the cuff 7, (ii) a state of gradual
release of air from the cuff 7, and (iii) a state of very quick
release of air from an inside of the cuff 7. The pressure sensor
13 detects the pressure in the cuff 7.

[0046] The cuff 7 may preferably be wrapped around an
opposite arm that is opposite to an arm of the patient which
operates the operation piece 29. For example, when a patient
operates the operation piece 29 with a finger of the right hand,
the cuff 7 may preferably be wrapped around the left arm.
[0047] Thecufftube connection sensor 15 is asensor which
detects a connection state between the tube 27 and a main part
of the sphygmomanometer 1 (i.e., the sphygmomanometer 1
other than the cuff 7). That is, the sensor 15 detects/deter-
mines whether the tube 27 is connected to the sphygmoma-
nometer 1.

[0048] The cuff wear sensor 17 is a sensor which detects
whether the cuff 7 is wrapped around a patient’s upper arm
(i.e., for detecting a wear state). The cuff wear sensor 17 is
made of a conductive rubber in a thin plate shape (ie., a
rubber mixed with a conductive material), and as mentioned
above, disposed onto an outer circumference side of the cuff
7.

[0049] The cuff wear sensor 17 detects the wear state of the
cuff 7 based on the following principles. That is, as shown in
FIG. 2A, when the patient does not wear the cuff 7 on his/her
upper arm, a pulling force does not act on the cuff wear sensor
17, and does not stretch the cuff wear sensor 17.
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[0050] On the other hand, as shown in FIG. 2B, when the
patient wears the cuff 7 on his/her upper arm, the pulling force
acts on the cuff wear sensor 17, and the sensor 17 stretches
along a circumferential direction of the cuff 7.

[0051] Further, since an electrical resistance of the conduc-
tive rubber drastically changes according to an amount of
stretch of the rubber (i.e., according to an amount of displace-
ment), the electrical resistance of the rubber in FIG. 2A and
the electrical resistance of the rubber in FIG. 2B are different.
Therefore, the cuff wear sensor 17 is capable of detecting the
wear state of the cuff 7 (i.e., whether the patent wears the cuff
7 on his/her upper arm) based on the change of the electrical
resistance (i.e., based on the change of the amount of stretch).
[0052] The display 19 is a well-known liquid crystal dis-
play, and is capable of displaying various images. The indi-
cator 21 comprises two lamps 21A and 21B. The lamp 21A is
a blue light lamp which emits a blue light, and the lamp 21B
is a red light lamp which emits a red light. The indicator 21
indicates a state of the sphygmomanometer 1 by using various
lighting patterns of the lamp 21A and the lamp 21B, i.e.,
based on a light state, an extinguished state, and/or a blink
state of the lamps 21A/B. As for various states of the sphyg-
momanometer 1, the following states are at least indicated.
That is, by using the lamps 21A/B, the display 19 shows a
cuff-less measurement state, a cuff-less measurement NG
state, a measurement complete state, a difference A memory
calculate/memory complete state, a switch 3 non-operation
state, and the like.

[0053] The controller 23 is a well-known computer having
CPU, ROM, RAM, etc. The controller 23 performs various
processes which control the components of the sphygmoma-
nometer 1 to be mentioned later. Especially, the controller 23
detects a pulse wave signal from the patient finger by using
the pulse wave sensor 5 during an output period of the first
contact signal from the first contact sensor 39. That is, a time
duration in which the first contact signal is being outputted
and a time duration in which the pulse wave sensor 5 detects
a pulse wave signal match with each other.

[0054] In the description of the above embodiment, the
patient finger corresponds to a part of a patient body in the
claims, and the measurement switch 3 corresponds to an
operation part in the claims, and the controller 23 corresponds
to a first manometer, a second manometer, a controller, a
difference calculator, and a correction part in the claims. The
cuff wear sensor 17 corresponds to a cuff wearing detector in
the claims.

[0055] 2. Process Performed by Sphygmomanometer 1
[0056] The process performed by the sphygmomanometer
1 (especially, by the controller 23) is described based on the
flowchart of FIGS. 6-8. This process is repeated at predeter-
mined intervals during a power ON time of the sphygmoma-
nometer 1.

[0057] In Step 1 of FIG. 6, it is determined using the cuff
tube connection sensor 15 whether the tbe 27 is connected
with the main part of the sphygmomanometer 1. The process
proceeds to Step 2 when the tube 27 is connected, and the
process proceeds to Step 5 when the tube 27 is not connected.
[0058] InStep 2,itisdetermined using the cuff wear sensor
17 whether the patient wears the cuff 7. When patient wears
the cuff 7, the process proceeds to Step 3, and, when the
patient does not wears the cuff’7, the process proceeds to Step
5.

[0059] In Step 3, it is determined whether the first step
operation is performed on the measurement switch 3 (i.e.,
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whether the measurement switch 3 is outputting the first
contact signal or not). When the first step operation is pet-
formed, the process proceeds to Step 4, and, when the first
step operation is not performed, this process is ended.
[0060] In Step 4, the cuff/cuff-less measurement is per-
formed. The cuff/cuff-less measurement is mentioned in
detail later.

[0061] In Step 5, it is determined whether the first step
operation is performed on the measurement switch 3 (i.e.,
whether the measurement switch 3 is outputting the first
contact signal or not). When the first step operation is per-
formed, the process proceeds to Step 6, and, when the first
step operation is not performed, this process is ended.
[0062] In Step 6, the cuff-less measurement is performed.
The cuff-less measurement is mentioned in detail later.
[0063] Next, based on the flowchart of FIG. 7, the cuff/cuff-
less measurement in Step 4 is described in detail. In Step 11,
the cuff measurement and the cuff-less measurement are
started, respectively. The cuff measurement is a blood pres-
sure measurement in a well-known method, using the cuff 7.
For example, the cuff measurement may be performed in the
following manner. When a compression pressure of the cuff 7
which is wrapped around the patient’s upper arm is changed,
a magnitude of the pulse wave during such change of the
compression force is also changed, based on which the blood
pressure of the patient is automatically measured. That is,
after quickly raising the compression pressure of the cuff 7
(e.g., up to 180 mmHg), the compression pressure of the cuff
7 is gradually decreased by about 3 mmHg/sec, which may be
designated as a gradual pressure decrease period, and during
such a gradual pressure decrease period, an oscillometric
method utilizing an amplitude change of the pulse wave that
1s represented by the pulse wave signal taken from the cuft 7
is used to determine the minimum and maximum blood pres-
sures, for example.

[0064] The cuff-less measurement is a measurement of a
blood pressure value based on the pulse wave signal of the
patient which is detected by the pulse wave sensor 5. Specifi-
cally, a characteristic quantity is computed from the pulse
wave signal, the characteristic quantity is applied to a blood-
pressure inference model, and a measurement value of the
blood pressure is determined. In such a case, the pulse wave
signal is obtained from the finger of the patient which is
operating the operation piece 29 (i.e., which abuts on the
operation piece 29).

[0065] In Step 12, it is determined whether a first step
operation time during which the first step operation of the
measurement switch 3 is performed by the patient (i.e., a
duration of time during which the pulse wave sensor 5 detects
the patient’s pulse wave signal in an operation piece operated
state where the patient’s finger is pressing the operation piece
29) is equal to or greater than a predetermined threshold.
When the first step operation time is longer than the prede-
termined threshold (i.e., S12: YES=LONG PRESS), the pro-
cess proceeds to Step 13, and, when the first step operation
time is shorter than the predetermined threshold, the process
proceeds to Step 19.

[0066] In Step 13, it is determined whether a pulse wave
measurement is complete (i.e., whether a duration of detec-
tion of the pulse wave signal is long enough for the cuff-less
measurement). When the pulse wave measurement is com-
plete, the process proceeds to Step 14, and, when the pulse
wave measurement is not complete, the process proceeds to
Step 19.
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[0067] In Step 14, a measurement value of the cuff-less
measurement (i.e., designated hereafter as a cuff-less mea-
surement value) started in Step 11 is computed first. Then, the
cuff-less measurement value is corrected by adding a differ-
ence A to the measurement value of the cuff-less measure-
ment value.

[0068] Here, the difference A is more specifically defined in
the following manner. That is, when the cuff-less measure-
ment and the cuff measurement are performed for the same
patient substantially at the same time, designating (1) M1 as a
cuff-less measurement value and (i) M2 as a measurement
value of the cuff measurement (i.e., designated hereafter as a
cuff measurement value), the difference A is a value derived
by subtracting the value M1 from the value M2. The differ-
ence A is computed at Step 18 mentioned later, and is memo-
rized in advance by a not-illustrated memory of the controller
23.

[0069] InStep 15, the display 19 displays the cuff measure-
ment value and the cuff-less measurement value. The cuff-
less measurement value to be displayed is a corrected value
after correction in Step 14. However, when no difference A is
memorized in the memory, the cuff-less measurement value
without correction is displayed.

[0070] In Step 16, an inquiry inquiring the patient about
whether to compute the difference A is displayed on the
display 19.

[0071] InStep 17, it is determined whether the second step
operation is performed on the measurement switch 3 within a
predetermined time from the display in Step 16.

[0072] When the second step operation is performed, the
process proceeds to Step 18, and, when the second step opera-
tion is not performed, this process is ended.

[0073] In Step 18, the difference A is computed by subtract-
ing the cuff-less measurement value M1 from the cuff mea-
surement value M2 which is most recently measured, and
memorizes the difference A in the not-illustrated memory of
the controller 23. When a difference A is already memorized
in the memory, a new value overwrites the old one. This
difference A is used for the correction in Step 14 performed
thereafter.

[0074] On the other hand, when a negative determination
has been made in Step 12 or Step 13, the process proceeds to
Step 19 and the cuff measurement value regarding the cuff
measurement started in Step 11 is displayed on the display 19.
[0075] Next, based on the flowchart of FIG. 8, the cuff-less
measurement of Step 6 is described in detail.

[0076] The cuff-less measurement is started in Step 21.
[0077] This cuff-less measurement is the same as the one
that is performed in Step 11.

[0078] In Step 22, it is determined whether the first step
operation time during which the first step operation of the
measurement switch 3 is performed by the patient (i.e., a
duration of time during which the pulse wave sensor 5 detects
the patient’s pulse wave signal in an operation piece operated
state where the patient’s finger is pressing the operation piece
29) is equal to or greater than a predetermined threshold.
When the first step operation time is longer than the prede-
termined threshold (i.e., S22: YES=LONG PRESS), the pro-
cess proceeds to Step 23, and, when the first step operation
time is shorter than the predetermined threshold, the process
proceeds to Step 26.

[0079] In Step 23, it is determined whether the pulse wave
measurement is complete (i.e., whether a duration of detec-
tion of the pulse wave signal is long enough for the cuff-less
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measurement). When the pulse wave measurement is com-
plete, the process proceeds to Step 24, and, when the pulse
wave measurement is not complete, the process proceeds to
Step 27.

[0080] In Step 24, a measurement value of the cuff-less
measurement (i.e., the cuff-less measurement value) started
in Step 21 is computed first. Then, the cuff-less measurement
value is corrected by adding the difference A to the measure-
ment value of the cuff-less measurement value.

[0081] In Step 25, the display 19 displays the cuff-less
measurement value computed in Step 24. The cuff-less mea-
surement value to be displayed is a corrected value after
correction in Step 24. However, when no difference A is
memorized in the memory, the cuff-less measurement value
without correction is displayed.

[0082] On the other hand, when a negative determination is
made in Step 22, the process proceeds to Step 26, and displays
on the display 19 a notice A “For performing the cuff-less
measurement, hold down (i.e., long-press) the button.”
[0083] When a negative determination is made in Step 23,
the process proceeds to Step 27, and displays on the display
19 a notice B “Measurement time is not long enough.”
[0084] 3. Effects of Sphygmomanometer 1

[0085] (1) According to the sphygmomanometer 1 of the
present disclosure, the cuff-less measurement and the cuff
measurement are performed (simultaneously) when the
patient operates the measurement switch 3. Therefore, the
operation of the sphygmomanometer 1 is easy for the patient.
[0086] (2) According to the sphygmomanometer 1 of the
present disclosure, when the first step operation is performed
on the measurement switch 3 only for a short time (i.e., the
first step operation time in Step 12 shorter than the threshold,
leading to the negative determination), the cuff measurement
is performed while not performing the cuff-less measure-
ment.

[0087] (3) According to the sphygmomanometer 1 of the
present disclosure, when the measurement switch 3 is oper-
ated in a non-wearing state where the patient does not wear
the cuff 7, the negative determination follows in Step 2, and
the cuff-less measurement is performed while not performing
the cuff measurement.

[0088] (4) The sphygmomanometer 1 of the present disclo-
sure corrects the cuff-less measurement value by using the
difference A. Therefore, a cuff-less measurement value hav-
ing an improved accuracy is obtained.

[0089] (5) According to the sphygmomanometer 1 of the
present disclosure, after performing one or both of the cuff
measurement and the cuff-less measurement by performing
the first step operation on the measurement switch 3, the
operation piece 29 is further pressed down in the same direc-
tion (i.e., by performing the second step operation) for the
computation and memory of the difference A.

[0090] (6) The sphygmomanometer 1 of the present disclo-
sure has the cuff wear sensor 17, which enables the detection
of the wear state of the cuff 7 on the patient by a simple
detector configuration.

[0091] (7) As shown in FIG. 4, the upper surface of the
switch housing 43 is configured to have a concave shape, i.e.,
a bowl shape, and the operation piece 29 is located at the
center and the bottom of such concave shape. Therefore, an
input of an external light which may interfere with the pulse
wave detection into the pulse wave sensor 5 is prevented.
Further, the above shape of the upper surface of the switch
housing 43 as well as the position of the pulse wave sensor 5
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naturally guide the patient finger to a right position (i.e., a
position facing the sensor 5) for the pulse wave sensing.
[0092] (8) The patient can operate the operation piece 29
with the finger of an arm that is opposite to the arm wearing
the cuff 7. Therefore, the influence of the cuff 7 on the pulse
wave signal is minimized/reduced. Further, according to the
blood pressure correctly estimated in such manner based on
the pulse wave signal, an accuracy of computation of the
difference A is further improved.

Second Embodiment

[0093] 1. Configuration of Sphygmomanometer 1

[0094] The configuration of the sphygmomanometer 1 in
the second embodiment is the same as that of the first embodi-
ment fundamentally. However, in the present embodiment,
the configuration of the measurement switch 3 is shown in
FIG. 9. The measurement switch 3 of the present embodiment
is provided with the operation piece 29, the spring 31, the
stopper 33, the pedestal section 35, the first contact sensor 39,
and the switch housing 43.

[0095] The operation piece 29 is attached to the pedestal
section 35 via the spring 31, and is operable, i.e., is pressed in
by the patient finger to move in a downward direction that
allows an approach and contact of the operation piece 29 with
the pedestal section 35. When the patient finger is lifted from
apressing state of pressing the operation piece 29, the opera-
tion piece 29 returns to an original position according to the
elastic force of the spring 31.

[0096] The stopper 33 is a tabular member disposed at a
position between the pedestal section 35 and the operation
piece 29. On the stopper 33, the first contact sensor 39 is
disposed at a position that faces the operation piece 29. The
first contact sensor 39 is away and separate from the operation
piece 29 when the operation piece 29 is not pressed, and,
when the operation piece 29 is pressed by a preset amount or
more, the first contact sensor 39 contacts the operation piece
29 for outputting the first contact signal that indicates a con-
tact therebetween. The stopper 33 is immovably fixed onto
the switch housing 43.

[0097] The switch housing 43 contains each of the compo-
nents of the measurement switch 3 in an inside thereof. How-
ever, a partofa center section in an upper surface of the switch
housing 43 is cut out, and the operation piece 29 is exposed
therefrom. The upper surface of the switch housing 43 is
configured to have a concave shape, i.e., a bowl shape, and the
operation piece 29 is located at the center and the bottom of
such concave shape.

[0098] The pulse wave sensor 5 is disposed on a surface
side (i.e., a surface for a contact with the patient finger) of the
operation piece 29, which is the same sensor as the one in the
first embodiment.

[0099] The measurement switch 3 having the above-de-
scribed configuration operates in the following manner
according to an operation performed by the patient. That is, in
the measurement switch 3 in a non-operation state, i.e., when
the operation piece 29 is not being pressed by the patient
finger, the first contact sensor 39 does not output the first
contact signal.

[0100] When the operation piece 29 is gradually pressed
down by the patient finger, soon, the operation piece 29 will
contact the first contact sensor 39, and then the first contact
sensor 39 outputs the first contact signal. This step of opera-
tion to operate the measurement switch 3 is designated as the
first step operation.
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[0101] When an amount of pressing of the operation piece
29 is decreased from an amount of the first step operation, the
first step operation is changed back to (i.e., returns to) to the
non-operation state. In other words, the measurement switch
3is operable to perform the first step operation. The measure-
ment switch 3 in the present embodiment is not operable to
perform the second step operation.

[0102] The sphygmomanometer 1 in the present embodi-
ment has, as shown in FIG. 10, a difference A compu-mem
switch 51 separately from the measurement switch 3. This
difference A compu-mem switch 51 is a finger-press switch
which is pressed by the patient with his/her finger, for the
computation and memorization operation of the difference A.

[0103] 2. Process Performed by Sphygmomanometer 1

[0104] The process performed by the sphygmomanometer
1 is the same as the one in the first embodiment fundamen-
tally. However, in Step 17, it is determined whether an opera-
tion is performed on the difference A compu-mem switch 51
within a predetermined time from the display in Step 16.
When the operation is performed, the process proceeds to
Step 18, and, when the operation is not performed, this pro-
cess 1s ended.

[0105] In other words, in the present embodiment, the
operation on the difference A compu-mem switch 51 has the
same effect as the second step operation in the first embodi-
ment.

[0106] 3. Effects of Sphygmomanometer 1

[0107] (1) The sphygmomanometer 1 of the present
embodiment exerts substantially the same effect as the first
embodiment.

[0108] (2) The sphygmomanometer 1 of the present
embodiment has a simpler configuration of the measurement
switch 3 than the one in the first embodiment.

Other Embodiments

[0109] (1) In the first and second embodiments, a slide type
switch, a pressure-sensitive switch, a switch on a touch panel,
etc. may be used to replace the measurement switch 3.

[0110] (2) In the first and second embodiments, the sensor
of other types may be used in place of the cuff wear sensor17.
For example, the cuff wear sensor may detect the wearing of
the cuff based on the temperature (i.e., a patient’s body tem-
perature), or may detect the wearing of the cuff based on the
pressure on the inner circumference surface of the cuff.

[0111] (3) All or a part of the configuration in the first and
second embodiments may be combined.

[0112] (4) The measurement switch 3 may be operated by a
part of the patient body other than the finger. For example, a
palm, a leg, a back of the hand, a knee may be used to operate
the switch 3. In such case, the part used to operate the switch
3 is also used to detect the pulse wave signal by using the
pulse wave sensor 5.

Although the present disclosure has been fully described in
connection with preferred embodiment thereof with refer-
ence to the accompanying drawings, it is to be noted that
various changes and modifications will become apparent to
those skilled in the art, and such changes, modifications, and
summarized scheme are to be understood as being within the
scope of the present disclosure as defined by appended
claims.
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What is claimed is:

1. A sphygmomanometer comprising:

an operation part that is operated by a part of a patient body;

a pulse wave sensor detecting a pulse wave signal indica-
tive of a pulse wave in the part of the patient body that is
operating the operation part;

a first manometer measuring a blood pressure based on the
pulse wave signal detected by the pulse wave sensor;

a second manometer measuring the blood pressure with a
cuff that is worn by the patient;

a cuff wearing detector detecting a wearing of the cuff by
the patient; and

a controller (i) measuring the blood pressure with the first
manometer when the operation part is being operated
and a duration of the detection of the pulse wave signal
by the pulse wave sensor is equal to or greater than a
preset time, and (i) measuring the blood pressure with
the second manometer when the operation part is being
operated and the cuff wearing detector detects the wear-
ing of the cuff.

2. The sphygmomanometer of claim 1, further comprising:

a difference calculator calculating and memorizing a dif-
ference between a measurement value of the first
manometer and a measurement value of the second
manometer; and

acorrection part correcting the measurement value accord-
ing to the difference.

3. The sphygmomanometer of claim 2, wherein

the operation part is operated by a first step and a second
step, and a direction to operate the first step and a direc-
tion to operate the second step is a same direction,

when the first step is operated, the controller performs a
measurement by using one or both of the first manom-
eter and the second manometer, and

when the second step is operated, the difference calculator
performs a calculation and memorizes the difference.

4. The sphygmomanometer of claim 1, wherein

the cuff wearing detector detects the wearing of the cuff
based on a circumferential stretch amount of the cuff.

5. The sphygmomanometer of claim 1, wherein

the part of the patient body is a part of an arm that is
opposite to a cuff-wearing arm.

6. A sphygmomanometer comprising:

an operation part that is operated by a part of a patient body;

a pulse wave sensor detecting a pulse wave signal indica-
tive of a pulse wave in the part of the patient body that is
operating the operation part;

a first manometer measuring a blood pressure based on the
pulse wave signal detected by the pulse wave sensor;

a second manometer measuring the blood pressure with a
cuff that is worn by the patient;

a cuff wearing detector detecting a wearing of the cuff by
the patient; and

a controller (i) measuring the blood pressure with the first
manometer when the operation part is being operated
and a duration of the detection of the pulse wave signal
by the pulse wave sensor is equal to or greater than a
preset time, (i1) measuring the blood pressure with the
second manometer when the operation part is being
operated, a duration of the detection of the pulse wave
signal by the pulse wave sensor is shorter than the preset
time, and the cuff wearing detector detects the wearing
of the cuff, or (iii) measuring the blood pressure with the
first manometer and the second manometer when the
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operation part is being operated, a duration of the detec-
tion of the pulse wave signal by the pulse wave sensor is
equal to or greater than a preset time, and the cuff wear-
ing detector detects the wearing of the cuff.

7. The sphygmomanometer of claim 6, further comprising:

a difference calculator calculating and memorizing a dif-
ference between a measurement value of the first
manometer and a measurement value of the second
manometer; and

acorrection part correcting the measurement value accord-
ing to the difference.

8. The sphygmomanometer of claim 7, wherein

the operation part operated by a first step and a second step,
and a direction to operate the first step and a direction to
operate the second step is a same direction,

when the first step is operated, the controller performs a
measurement by using one or both of the first manom-
eter and the second manometer, and

when the second step is operated, the difference calculator
performs a calculation and memorizes the difference.

9. The sphygmomanometer of claim 6, wherein

the cuff wearing detector detects the wearing of the cuff
based on a circumferential stretch amount of the cuff.

10. The sphygmomanometer of claim 6, wherein

the part of the patient body is a part of an arm that is
opposite to a cuff-wearing arm.
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