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Patient: A

Systolic Pressure; 161

Diastolic Pressure: 97

Pulse Period Change: 0.104 sec

Condition: Unrest

FIG. 5A

Patient: B

Systolic Pressure: 134 mm Hg
Diastolic Pressure: 92 mm Hg
Pulse Rate: 98

Condition: Rest

FIG. 5B
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BLOOD PRESSURE MEASUREMENT
DEVICE HAVING FUNCTION OF
DETERMINING REST CONDITION OF

PATIENT
BACKGROUND
[0001] (1) Field of the Invention
[0002] The present invention relates to a blood pressure

measurement device and methods for measuring blood pres-
sure. More specifically, the present invention relates to appa-
ratus and methods for determining whether a patient was in a
rest condition during blood pressure measurement.

[0003] (2) Description of Related Art

[0004] A restcondition of a patient is important when mea-
suring blood pressure. If the patient is not in a rest condition,
the measured blood pressure may differ from the value mea-
sured in the rest condition. Thus, it is necessary to know
whether the patient was in the rest condition when the blood
pressure was being measured.

[0005] As a measure to determine whether a patient was in
a rest condition, measuring pulse rate and pulse wave period
is known. Generally, the patient’s pulse wave period becomes
short or unstable after hard exercise or mental distress. There-
fore, it is possible to determine whether the patient was in the
rest condition by examining whether the patient’s pulse wave
period was stable during a certain period of time.

[0006] Rossmax Hemodynamic Stability Determination
(HSD) determines a rest condition of a patient by measuring
the patient’s pulse period. However, because each individual
has a significantly different pulse period in connection with
both pulse rate and pulse period change, it is difficult to
determine whether the patient was in a rest condition or an
unrest condition at the time of measurement of blood pressure
by comparing the measured pulse period with a general or
standard value of the pulse period.

[0007] JPH2012-120206 discloses a relationship between
the pulse rate and the pulse period change. As shown in FIG.
9 of JPH2012-120206, when a patient receives a stress, the
pulse rate and the pulse period change of a patient are influ-
enced differently by the stress. Therefore, it is possible that
when the pulse period change of the patient is significantly
increased over a certain period of time by receiving a stress,
the pulse rate over the same period of time remains
unchanged. Therefore, when the pulse period is measured in
order to determine the rest/unrest condition of the patient,
examining the pulse period change (variability) in addition to
the pulse rate is useful and desirous.

[0008] In addition, the pulse wave period of a patient is
significantly influenced by the time zone (time of day), day of
the week, season, environmental temperature, etc. Thus,
these conditions at the time of measurement should also be
taken into account.

[0009] Because prior art blood pressure measurement
devices do not adequately consider that the rest or unrest
condition significantly differs from patient to patient, these
devices may provide inaccurate blood pressure value mea-
surements.

SUMMARY OF INVENTION

[0010] According to one or more embodiments of the
present invention, the pulse period of the patient is measured
and compared with a pulse period of the same patient

Feb. 5, 2015

obtained in his/her past measurement(s) and stored in a
memory of a blood pressure measurement device.

[0011] According to one or more embodiments of the
present invention, the comparison of the “pulse period” may
be made in connection with: a time period between pulse
waves (pulse rate) or a change of time period between the
pulse waves (pulse rate variability), or both.

[0012] According to one or more embodiments of the
present invention, if the measured pulse period is different
from the pulse period of past measurement by more than a
threshold value, the patient is determined to have been in an
unrest condition at the time of measurement.

[0013] According to one or more embodiments of the
present invention, the threshold value, which is used to deter-
mine the rest/unrest condition of the patient, may be calcu-
lated based on the data of the pulse period of the patient in
his/her past measurement.

[0014] According to one or more embodiments of the
present invention, in setting the threshold value, a condition at
the time of measurement, such as the time zone (time of day),
day of the week, season, or environmental temperature may
be taken into account.

[0015] Inaccordance with one or more embodiments of the
present invention, a blood pressure measurement device
determines whether a patient was in a rest condition or an
unrest condition during blood pressure measurement, and the
device includes means for measuring a pulse period of the
patient; a memory that stores data of the measured pulse
period and data of a pulse period of a past measurement of the
patient; a threshold calculation section that calculates a
threshold value range based on the data of the pulse period of
the past measurement of the patient; a rest/unrest condition
determination section that determines whether the patient
was in the rest condition or the unrest condition during blood
pressure measurement by comparing the measured pulse
period with the threshold value range based on the data of the
pulse period of the past measurement of the patient; and a
display unit that displays the blood pressure measured and
whether the blood pressure was measured when the patient
was in the rest condition or the unrest condition.

[0016] Inaccordance with one or more embodiments of the
present invention, a blood pressure measurement device
determines whether a patient was in a rest condition or an
unrest condition during blood pressure measurement, and the
device includes a cuff having an air bladder, wherein the cuff
is configured to be wrapped around a measurement site of the
patient; a measurement air system including a pressure sen-
sor, a pump, and a valve; an air tube that connects the air
bladder of the cuff to the measurement air system; a blood
pressure calculation section that calculates a blood pressure
of the patient based on an internal pressure of the air bladder
as detected by the pressure sensor; a pulse rate/pulse period
change calculation section that calculates a pulse rate and a
pulse period change of the patient based on a measured pulse
period of the patient; a memory that stores the pulse rate and
the pulse period change of the patient and data of a pulse
period of a past measurement of the patient; a threshold
calculation section that calculates a threshold value range
based on the data of the pulse period of the past measurement
of the patient; a rest/unrest condition determination section
that determines whether the patient was in the rest condition
or the unrest condition during blood pressure measurement
by comparing the pulse rate or the pulse period change of the
patient with the threshold value range based on the data of the
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pulse period of the past measurement of the patient; and a
display unit that displays the blood pressure measured and
whether the blood pressure was measured when the patient
was in the rest condition or the unrest condition.

[0017] According to one or more embodiments of the
present invention, a method of determining whether a patient
was in a rest condition or an unrest condition during blood
pressure measurement includes measuring a blood pressure, a
pulse rate, and a pulse period change of the patient; storing
data of the pulse rate and the pulse period change obtained by
the measurement in a2 memory; calculating a threshold value
range based on data of a pulse rate and a pulse period change
of a past measurement of the patient; determining whether the
patient was in the rest condition or the unrest condition during
blood pressure measurement by comparing the measured
pulse rate and the measured pulse period change with the
threshold value range based on data of the pulse rate and the
pulse period change of the past measurement of the patient;
and displaying on a display unit the blood pressure measured
and whether the blood pressure was measured when the
patient was in the rest condition or the unrest condition.

BRIEF DESCRIPTION OF DRAWINGS

[0018] FIG. 1 is a functional block diagram showing a
configuration of a blood pressure measurement device
(sphygmomanometer) according to one or more embodi-
ments of the present invention.

[0019] FIG. 2 is a flow chart of processing related to the
determination of whether a patient was in a rest condition or
an unrest condition during blood pressure measurement
according to one or more embodiments of the present inven-
tion.

[0020] FIGS. 3A and 3B are examples of data tables that
show the blood pressure measurements, pulse rates, pulse
period changes, and time zones (times of day) of Patient A and
Patient B according to one or more embodiments of the
present invention.

[0021] FIG. 4 shows anexample of how blood pressure and
pulse rate fluctvate depending on the time zone of measure-
ment.

[0022] FIGS. 5(A) and 5(B) are example displays of the
data shown in FIGS. 3(A) and 3(B) according to one or more
embodiments of the present invention.

DETAILED DESCRIPTION OF INVENTION

[0023] Hereinafter, embodiments of a blood pressure mea-
surement device according to one or more embodiments of
the present invention will be described with reference to the
drawings. In the following description, the same reference
numerals are given to the same components and constituent
elements. The names and functions thereof are also the same.
[0024] FIG. 1 is a functional block diagram showing a
configuration of a blood pressure measurement device
(sphygmomanometer) according to one or more embodi-
ments of the present invention.

[0025] Referring to FIG. 1, the blood pressure measure-
ment device (sphygmomanometer) 100 is provided with a
device main body 102 and a cuff 104. When blood pressure
measurement is performed by the sphygmomanometer 100,
the cuff 104, which has a belt-like outer shape, is wrapped
around a measurement site of the patient. The cuff 104 houses
an air bladder 106 serving as a fluid bag for compressing the
measurement site.
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[0026] The cuff 104 and the device main body 102 are
connected by an air tube 108 serving as a connecting tube.
According to one or more embodiments of the present inven-
tion, the air tube 108 consists of a flexible tube. One end ofthe
air tube 108 is connected to a measurement air system 110
that is provided in the device main body 102. The other end of
the air tube 108 is connected to the air bladder 106 of the cuff
104.

[0027] The measurement air system 110 supplies air to or
discharges air from the air bladder 106 contained in the cuff
104 via air tube 108. The measurement air system 110
includes a pressure sensor 112 that detects the pressure inside
the air bladder 106, and a pump 114 and a valve 116 for
expanding and contracting the air bladder 106. Supplying air
to the air bladder 106 pressurizes the cuff 104, while discharg-
ing air from the air bladder 106 depressurizes the cuff 104.
The blood pressure measurement device (sphygmomanom-
eter) 100 also includes a central processing unit (CPU) 118,
an A/D converter 120, a pump drive circuit 122, and a valve
drive circuit 124. The CPU 118 controls the entirety of the
blood pressure measurement device (sphygmomanometer)
100. The A/D converter 120, the pump drive circuit 122, and
the valve drive circuit 124 are connected to the measurement
air system 110.

[0028] The pressure sensor 112 detects the internal pres-
sure of the air bladder 106 and inputs a detection signal to the
A/D converter 120. The input detection signal is converted to
adigital signal by the A/D converter 120, and input to the CPU
118. The CPU 118 executes predetermined processing based
on the internal pressure of the air bladder 106 obtained from
the pressure sensor 112 and outputs control signals to the
pump drive circuit 122 and the valve drive circuit 124 in
accordance with the result of the predetermined processing.

[0029] The device main body 102 of the blood pressure
measurement device (sphygmomanometer) includes a
memory unit 126, which stores programs executed by the
CPU 118 and results of measurement. That is, the memory
unit 126 is constituted by a storage medium. Memory unit 126
may be realized by a single storage medium or more than one
storage media. Exemplary storage media include media for
storing progranis in a non-volatile manner such as CD-ROM
(Compact Disc-Read Only Memory), DVD-ROM (Digital
Versatile Disk-Read Only Memory), USB (Universal Serial
Bus) memory, memory card FD (Flexible Disk), hard disk,
magnetic tape, cassette tape, MO (Magnetic Optical Disc),
MD (MiniDisc), IC (Integrated Circuit) card (excluding
memory card), optical card, mask ROM, EPROM, and
EEPROM (Electronically Erasable Programmable Read-
Only Memory).

[0030] The device main body 102 of the blood pressure
measurement device (sphygmomanometer) 100 also includes
a display unit 128 and an operation unit 130. The display umt
128 displays the results of measuring blood pressure values,
pulse rates, states of rest or unrest, etc. using numerical val-
ues, labels, indicia, graphs, and the like in a manner that
allows visible confirmation. A liquid crystal panel or the like,
for example, may be used as the display unit 128. According
to one or more embodiments of the present invention, the
operation unit 130 includes a power switch 130a, a measure-
ment switch 130, a stop switch 130¢, and a memory switch
130d.

[0031] The device main body 102 of the blood pressure
measurement device (sphygmomanometer) 100 also includes
atimer 132 and a power supply 134. The timer 132 has a clock
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function, and the power supply 134 supplies power to the
CPU 118. According to one or more embodiments of the
present invention, the power supply 134 supplies power to the
CPU 118 from an external power supply. According to other
embodiments of the present invention, the power supply 134
may be a battery or similar element that supplies power to the
CPU 118 without receiving power from an external power
supply.

[0032] As previously described, the operation unit 130
includes the power switch 130a, the measurement switch
1300, the stop switch 130¢, and the memory switch 1304
according to one or more embodiments of the present inven-
tion. The power switch 130a receives input of an instruction
for turning the power supply on or off. The measurement
switch 1305 receives a measurement start instruction. The
stop switch 130c¢ receives a measurement stop instruction.
Finally, the memory switch 1304 receives an instruction to
read out information such as blood pressure recorded in
memory unit 126.

[0033] The CPU 118 includes a blood pressure calculation
section 136 that calculates blood pressure values (a systolic
blood pressure value, a diastolic blood pressure value, and/or
an average blood pressure value) based on the internal pres-
sure of the air bladder 106 obtained from the pressure sensor
112. The CPU 118 outputs the blood pressure values calcu-
lated by the blood pressure calculation section 136 to the
display unit 128 to display them as a result of measurement.
[0034] TheCPU 118 also includes a pulse rate/pulse period
change calculation section 138 that calculates the pulse rate
and pulse period change of a patient based on a measured
pulse period of the patient for a particular phase lasting for a
period of time. According to one or more embodiments of the
present invention, the measured pulse period may be based on
atime period of a detected pulse waveform and/or a change of
pulse period. According to one or more embodiments of the
present invention, the pulse rate/pulse period change calcu-
lation section 138 calculates the pulse rate of the patient
during a time period by dividing the length of the time period
by the average time period of pulse waves that occurred
during measurement. According to one or more embodiments
of the present invention, the pulse rate/pulse period change
calculation section 138 calculates the pulse period change of
the patient during a time period based on the difference
between the maximum time period of a pulse and the mini-
mum time period of a pulse that occurred during the measure-
ment. The CPU 118 outputs the pulse rate calculated by the
pulse rate/pulse period change calculation section 138 to the
display unit 128 to display it as a result of measurement.
[0035] The CPU 118 also includes a measurement condi-
tion determination section 140 that determines which of a
plurality of measurement conditions applies during blood
pressure measurement. According to one or more embodi-
ments of the present invention, the plurality of measurement
conditions may include the time zone (time of day), day of the
week, season, or environmental temperature.

[0036] The CPU 118 also includes a threshold calculation
section 142 that calculates a threshold range for the pulse rate
and pulse period change calculated by the pulse rate/pulse
period change calculation section 138, with respect to each of
the plurality of measurement conditions (i.e., each of the
plurality of phases) determined by the measurement condi-
tion determination section 140. The CPU 118 outputs the
threshold ranges calculated by the threshold calculation sec-
tion 142 to the memory unit 126 for storage.
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[0037] The CPU 144 also includes a rest/unrest condition
determination section 144 that determines whether the patient
is in a rest condition or an unrest condition during blood
pressure measurement by comparing present pulse rate and/
or pulse period change measurements with the threshold
range of past pulse rate and/or pulse period change measure-
ments. If it is determined that the present pulse rate and/or
pulse period changes are outside (that is, above or below) the
threshold range of past pulse rate and/or pulse period change
measurements, then the rest/unrest condition determination
section 144 determines that the patient was in an unrest con-
dition during blood pressure measurement. On the other
hand, if it is determined that the present pulse rate and/or
pulse period changes are within the threshold range of past
pulse rate and/or pulse period change measurements, then the
rest/unrest condition determination section 144 determines
that the patient was in a rest condition during blood pressure
measurement. The CPU 118 outputs the determination of
whether the patient was in an unrest or a rest condition during
blood pressure measurement as determined by the rest/unrest
condition determination section 144 to the display unit 128 to
display it as a result of measurement.

[0038] Displaying the blood pressure measurement of the
patient on the display unit 128 together with the determina-
tion of whether the patient was in an unrest or a rest condition
during the blood pressure measurement allows the patient to
decide whether the measured blood pressure is reliable.
[0039] FIG. 2 is a flow chart of processing related to the
determination of whether a patient was in a rest condition or
an unrest condition during blood pressure measurement
according to one or more embodiments of the present inven-
tion. In the blood pressure measurement device (sphygmo-
manometer) 100, this processing is realized by the CPU 118
executing a program stored in the memory unit 126 (or in a
recording medium detachable from the device main body
102).

[0040] Referring to FIG. 2, in the blood pressure measure-
ment processing, first at step S10, the CPU 118 stands by until
the power switch 130a is operated, and advances the process-
ing to step S20 when it is judged that the power switch 130a
has been operated.

[0041] At step S20, the CPU 118 initializes the blood pres-
sure measurement device (sphygmomanometer) 100. The
internal pressure of the air bladder 106 of the cuff 104 is
thereby initialized.

[0042] At step S30, the CPU 118 stands by until the mea-
surement switch 1305 is operated. When it is judged that the
measurement switch 1306 has been operated, the CPU 118
advances the processing to step S40.

[0043] Atstep S40, the CPU 118 performs the processing to
measure the blood pressure (e.g., a systolic blood pressure
value, a diastolic blood pressure value, and/or an average
blood pressure value) and the pulse wave period of the
patient. The CPU 118 then advances the processing to step
S50.

[0044] Atstep S50, the CPU 118 performs the processing to
calculate a “pulse rate” and a “pulse period change” of the
patient based on the data obtained during measurement of the
blood pressure and the pulse wave period during step S40.
According to one or more embodiments of the present inven-
tion, the CPU 118 calculates the pulse rate of the patient by
dividing the length of the time period by the average time
period of pulse waves that occurred during the measurement.
According to one or more embodiments of the present inven-
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tion, the CPU 118 calculates the pulse period change of the
patient for a particular time period based on a difference
between a maximum pulse period and a minimum pulse
period that occurred during the measurement. After calculat-
ing the pulse rate and the pulse period change of the patient,
the CPU 118 then advances the processing to S60.

[0045] Atstep S60, the CPU 118 performs the processing to
calculate a threshold value of the pulse rate and/or the pulse
period change of the patient. According to one or more
embodiments of the present invention, the pulse wave period
may be measured a plurality of times at step S40, and at step
S50, an average of a plurality of pulse rates and pulse period
changes may be calculated so that, at step S60, an average of
the plurality of pulse rates and pulse period changes may be
used to calculate the threshold value ranges. Using an average
of the plurality of the pulse rates and pulse period changes in
accordance with one or more embodiments of the present
invention may result in more reliable threshold value ranges.
[0046] According to one or more embodiments of the
present invention, the upper end threshold value and the lower
end threshold value for the average value of the pulse rate or
the pulse period change threshold range may be calculated
using Equation 1 and Equation 2, as shown below.

Upper end of threshold value=Average value of pulse

rate or pulse period changex(1+a) Equation 1.
Lower end of threshold value=Average value of pulse
rate or pulse period changex(1-a) Equation 2.

[0047] Asshown, “o.” of Equation 1 and Equation 2 may be
set discretionarily to account for the tendency of the blood
pressure value and the pulse rate of the patient. Referring now
to FIG. 4, an example of how blood pressure and pulse rate
fluctuate depending on the time zone of measurement is
shown for a particular patient. As shown in FIG. 4, the
patient’s fluctuation of pulse rate tends be larger during the
daytime zone, as compared with the nighttime zone. There-
fore, if the blood pressure measurement was conducted dur-
ing the daytime time zone, o of Equation 1 and Equation 2
may be set to be 0.15. If the blood pressure measurement was
conducted during the nighttime zone, o of Equation 1 and
Equation 2 may be set to be 0.10.

[0048] After the CPU 118 performs the processing to cal-
culate the pulse rate and/or pulse period change threshold
value ranges, the CPU 118 advances the processing to step
S70 to determine whether the measured pulse rate or pulse
period change is within or beyond the calculated threshold
value range. If the measured pulse rate or pulse period change
is within the threshold value range, then the CPU 118
advances the processing to step S80 and determines that the
patient was in a rest condition during blood pressure mea-
surement. After step S80, the CPU 118 advances the process-
ing to step S90 to display on the display unit 128 the detet-
mination that the patient was in a rest condition during blood
pressure measurement. On the other hand, if the measured
pulse rate or pulse period change is beyond the threshold
value range, then the CPU 118 advances the processing to
step S100 and determines that the patient was in an unrest
condition during blood pressure measurement. After step
S100, the CPU advances the processing to step S110 to dis-
play on the display unit 129 the determination that the patient
was in an unrest condition during blood pressure measure-
ment.

[0049] FIGS. 3A and 3B are examples of data tables that
show the blood pressure measurements, pulse rates, pulse
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period changes, and time zones (times of day) of Patient A and
Patient B according to one or more embodiments of the
presentinvention. As shown in FIG. 3 A, the pulse rate and the
pulse period change of Patient A was measured together with
the time zone (time of day) in which the measurement was
conducted. According to one or more embodiments of the
present invention, the time periods for the daytime and night-
time time zones may be set as follows:

Daytime=8:00 AM-10:00 PM.

Nighttime=10:00 PM-8:00 AM.

[0050] As previously described, according to one or more
embodiments of the present invention, the CPU 118 calcu-
lates the pulse rate of the patient by dividing the length of the
time period by the average time period of pulse waves (that is,
the average pulse period) that occurred during the measure-
ment. Moreover, according to one or more embodiments of
the present invention, the CPU 118 calculates the pulse period
change of the patient for a particular time period based on a
difference between a maximum pulse period and a minimum
pulse period that occurred during the measurement. Accord-
ingly, the pulse rate and the pulse period change of a patient
may be calculated using Equation 3 and Equation 4 as fol-
lows:

Pulse rate=60 sec+(average time period {sec) of pulse

waves in a measurement) Equation 3.
Pulse period change=maximum time period of a pulse

wave in a measurement—minimum time period of

a pulse wave In a measurement Equation 4.

[0051] The results of the calculations of the pulse rate and
the pulse period change of Patient A using Equation 3 and
Equation 4, according to one or more embodiments of the
present invention, are shown in FIG. 3(A).

[0052] According to one or more embodiments of the
present invention, the upper end of the pulse rate threshold
value range and the lower end of the pulse rate threshold value
range for Patient A may be calculated based on Equation 1
and Equation 2, as previously described, as shown below.

Upper end of pulse rate threshold value
range=Average value of pulse ratex(1+a)

Lower end of pulse rate threshold value
range=Average value of pulse ratex(1-a)

[0053] As previously described, “a” may be set discretion-
arily to account for the tendency of the blood pressure value
and the pulse rate of the patient. Therefore, if the blood
pressure measurement was conducted during the daytime
time zone, o may be set to be 0.15. If the blood pressure
measurement was conducted during the nighttime zone, o
may be set to be 0.10.

[0054] Still referring to FIG. 3(A), with respect to the aver-
age of the pulse rate measurements of 1)-3) for Patient A,
which pulse rate measurements were all conducted during the
daytime time zone, the upper end of the pulse rate threshold
value range is 81x(140.15)=93.15, and the lower end of the
pulse rate threshold value range is 81x(1-0.15)=68.85.
[0055]  As further shown in FIG. 3(A), for measurement 4),
the pulse rate of Patient A was measured to be 101, which is
beyond the upper end of the pulse rate threshold value range
0f 93.15. Therefore, it is determined that measurement 4) was
conducted when Patient A was in an unrest condition.
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[0056] According to one or more embodiments of the
present invention, the upper end of the pulse period change
threshold value range and the lower end of the pulse period
change threshold value range of Patient A may be calculated
based on Equation 1 and Equation 2, as previously described,
as shown below.

Upper end of pulse period change threshold
value=Average value of pulse period changex(1+
@)

Lower end of pulse period change threshold

value=Average value of pulse period changex(1-

a)
[0057] As previously described, “o” may be set discretion-
arily to account for the tendency of the blood pressure value
and the pulse rate of the patient. Therefore, if the blood
pressure measurement was conducted during the daytime
time zone, c. may be set to be 0.15. If the blood pressure
measurement was conducted during the nighttime zone, o
may be set to be 0.10.
[0058] Still referring to FIG. 3(A) with respect to the pulse
period change measurements of 1)-3) for Patient A, which
pulse period change measurements were all conducted during
the daytime time zone, the upper end of the pulse period
change threshold value range is 0.033x(1+40.15)=0.03795,
and the lower end of the pulse rate threshold value range is
0.033x(1-0.15)=0.02805.
[0059] As further shown in FIG. 3(A), for measurement 4),
the pulse period change for Patient A was measured to be
0.104, which is beyond the upper end of the pulse period
change threshold value range of 0.03795. Therefore, it is
determined that measurement 4) was conducted when Patient
A was in the unrest condition.
[0060] Referring now to FIG. 3(B), the pulse rate and the
pulse period change of Patient B was measured together with
the time zone (time of day) in which the measurement was
conducted. According to one or more embodiments of the
present invention, the time periods for the daytime and night-
time time zones may be set as follows.

Daytime=8:00 AM-10:00 PM.

Nighttime=10:00 PM-8:00 AM.

[0061] The results of the calculations of the pulse rate and
the pulse period change of Patient B using Equation 3 and
Equation 4, according to one or more embodiments of the
present invention, are shown in FIG. 3(B).

[0062] According to one or more embodiments of the
present invention, the upper end of the pulse rate threshold
value range and the lower end of the pulse rate threshold value
range of Patient B may be calculated based on Equation 1 and
Fquation 2, as previously described, as shown below.

Upper end of pulse rate threshold value
range=Average value of pulse ratex(1+a)

Lower end of pulse rate threshold value
range=Average value of pulse ratex(1-a)

[0063] As previously described, “o” may be set discretion-
arily to account for the tendency of the blood pressure value
and the pulse rate of the patient. Therefore, if the blood
pressure measurement was conducted during the daytime
time zone, c. may be set to be 0.15. If the blood pressure
measurement was conducted during the nighttime zone, o
may be set to be 0.10.
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[0064] As shown in FIG. 3(B), measurement 8) was con-
ducted during the daytime zone. As such, only measurements
5)and 6), which were also conducted during the daytime time
zone, should be used to calculate the pulse rate threshold
value range for Patient B. Therefore, with respect to the
average of the pulse rate measurements of 5)-6) for Patient B,
the upper end of the pulse rate threshold value range is 88x
(140.15)=101.2, and the lower end of the pulse rate threshold
value range is 88x(1-0.15)=74.8.

[0065] As further shown in FIG. 3(B), for measurement 8),
which was conducted during the daytime, the pulse rate of
Patient B was measured to be 98, which is within the pulse
rate threshold value range of 74.8 to 101.2. Therefore, it is
determined that measurement 8) was conducted when the
patient was in a rest condition.

[0066] FIGS. 5(A) and 5(B) are example displays of the
data shown in FIGS. 3(A) and 3(B) according to one or more
embodiments of the present invention. Specifically, FIG.
5(A) shows an example display of measurement 4) of Patient
A as shown in FIG. 3. FIG. 5(B) shows an example display of
measurement 8) of Patient B as shown in FIG. 3.

[0067] Whilethe invention has been described with respect
to a limited number of embodiments, those skilled in the art,
having benefit of this disclosure, will appreciate that other
embodiments can be devised which do not depart from the
scope of the invention as disclosed herein. Accordingly, the
scope of the invention should be limited only by the attached
claims.

1. A blood pressure measurement device that determines
whether a patient was in a rest condition or an unrest condi-
tion during blood pressure measurement, the device compris-
ing:

means for measuring a pulse period of the patient;

amemory that stores data of the measured pulse period and
data of a pulse period of a past measurement of the
patient;

a threshold calculation section that calculates a threshold
value range based on the data of the pulse period of the
past measurement of the patient;

a rest/unrest condition determination section that deter-
mines whether the patient was in the rest condition or the
unrest condition during blood pressure measurement by
comparing the measured pulse period with the threshold
value range based on the data of the pulse period of the
past measurement of the patient; and

a display unit that displays the blood pressure measured
and whether the blood pressure was measured when the
patient was in the rest condition or the unrest condition.

2. The blood pressure measurement device according to
claim 1, wherein the data of the measured pulse period and the
data of the pulse period of past measurement of the patient
each comprise a pulse rate and a pulse period change.

3. The blood pressure measurement device according to
claim 1, wherein the threshold calculation section adjusts the
threshold value range depending on a measurement condition
of the measurement.

4. The blood pressure measurement device according to
claim 1, wherein the rest/unrest condition determination sec-
tion determines whether the patient was in the rest condition
or the unrest condition during blood pressure measurement
by examining both a pulse rate and a pulse period change of
the patient, and if at least one of the pulse rate and the pulse
period change is found to be different from a pulse rate and a
pulse period change of past measurement by more than a
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corresponding threshold value, the patient is determined to
have been in the unrest condition during blood pressure mea-
surement,

wherein the pulse rate and the pulse period change of the
patient are based on the pulse period of the patient.

5. A blood pressure measurement device that determines
whether a patient was in a rest condition or an unrest condi-
tion during blood pressure measurement, the device compris-
ing:

a cuffhaving an air bladder, wherein the cuff'is configured

to be wrapped around a measurement site of the patient;

ameasurement air system comprising a pressure sensor, a
pump, and a valve;

an air tube that connects the air bladder of the cuff'to the
measurement air system;

ablood pressure calculation section that calculates a blood
pressure of the patient based on an internal pressure of
the air bladder as detected by the pressure sensor;

a pulse rate/pulse period change calculation section that
calculates a pulse rate and a pulse period change of the
patient based on a measured pulse period of the patient;

a memory that stores the pulse rate and the pulse period
change of the patient and data of'a pulse period of a past
measurement of the patient;

a threshold calculation section that calculates a threshold
value range based on the data of the pulse period of the
past measurement of the patient;

a rest/unrest condition determination section that deter-
mines whether the patient was in the rest condition or the
unrest condition during blood pressure measurement by
comparing the pulse rate or the pulse period change of
the patient with the threshold value range based on the
data of the pulse period of the past measurement of the
patient; and

a display unit that displays the blood pressure measured
and whether the blood pressure was measured when the
patient was in the rest condition or the unrest condition.

6. The blood pressure measurement device according to
claim 5, wherein the data of the pulse period of the past
measurement of the patient comprise a past measurement
pulse rate and a past measurement pulse period change.

7. The blood pressure measurement device according to
claim 5, wherein the threshold calculation section adjusts the
threshold value range depending on a measurement condition
of the measurement.
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8. The blood pressure measurement device according to
claim 5, wherein the rest/unrest condition determination sec-
tion determines whether the patient was in the rest condition
or the unrest condition during blood pressure measurement
by examining both the pulse rate and the pulse period change
of the patient, and if at least one of the pulse rate and the pulse
period change is found to be different from a pulse rate and a
pulse period change of past measurement by more than a
corresponding threshold value, the patient is determined to
have been in the unrest condition during blood pressure mea-
surement.

9. A method of determining whether a patient was in a rest
condition or an unrest condition during blood pressure mea-
surement, the method comprising:

measuring a blood pressure, a pulse rate, and a pulse period

change of the patient;

storing data of the pulse rate and the pulse period change

obtained by the measurement in a memory;

calculating a threshold value range based on data of a pulse

rate and a pulse period change of a past measurement of
the patient;

determining whether the patient was in the rest condition or

the unrest condition during blood pressure measurement
by comparing the measured pulse rate and the measured
pulse period change with the threshold value range
based on data of the pulse rate and the pulse period
change of the past measurement of the patient; and
displaying on a display unit the blood pressure measured
and whether the blood pressure was measured when the
patient was in the rest condition or the unrest condition.

10. The method according to claim 9, further comprising
adjusting the threshold value range depending on a condition
of the measurement.

11. The method according to claim 9, further comprising
determining whether the patient was in the rest condition or
the unrest condition during blood pressure measurement by
examining both the measured pulse rate and the measured
pulse period change, and if at least one of the measured pulse
rate and the measured pulse period change is found to be
outside the threshold value range based on the data of the
pulse rate and the pulse period change of the past measure-
ment of the patient, determining that the patient was in the
unrest condition during blood pressure measurement.
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