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(7) ABSTRACT

A blood pressure measurement device includes a finger cuff
for measuring a blood oxygen saturation level of a subject as
physiological information excluding a blood pressure, a pulse
wave detecting portion, and an oxygen saturation level cal-
culating portion, wherea start of blood pressure measurement
in a sphygmomanometer is determined by a comparing and
determining portion when a value becomes greater than or
equal to a reference value. After the end of the measurement,
a time limit for limiting the start of the blood pressure mea-
surement is set. The comparing and determining portion
determines not to start the blood pressure measurement
within the time limit even if the blood oxygen saturation level
becomes greater than or equal to the reference value.

7 Claims, 19 Drawing Sheets
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Fig. 2
;Ih
Operation Display ,,2
1 7 i
i L« I
i i
[ CPU 1
! I
i ' 8 ,
; I
Upper Arm| Sphygmo I
Cuff ' 1 -manometer I
! e p e gy o ey g t
by “ I s
| .

1o 1 ,ﬂ\, Pressure : Timing :
i Storage Unit !
i i Portion ; T G {
ﬁ\ I i 13 * - WSS WE R W OF AR WEENRSRRE WY O Y c L] -’ ‘
| B i i

; i Pulse Wave Oxygen Saturation Comparing !
Finger 11 l Detecting = Level Calculating Det(f;pncilning 1 E
Cuff Portion Portion Portion Ty
! C14A G5 1
L 'S EN N NE BE EE B CEE BN NN R _EE IR S W e l E
i
i
4

i
i
i
1
1
i

AW WNE W WY WEE SR W YRR NN TES R W TR W SUR WG W WD WE W Tl M OWW W W W A W T e



U.S. Patent Jun. 23,2015 Sheet 3 of 19 US 9,060,694 B2
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1
BLOOD PRESSURE MEASUREMENT
DEVICE FOR MEASURING AT
APPROPRIATE TIMING

TECHNICAL FIELD

The present invention relates to blood pressure measure-
ment devices, in particular, to a blood pressure measurement
device for determining a timing of blood pressure measure-
ment.

BACKGROUND ART

For early detection and blood pressure management of
lifestyle related diseases caused by hypertension, a sphygmo-
manometer is being widely used. In recent years, new clinical
states of the hypertension have become apparent with the
wide spread use of the sphygmomanometer.

For example, a clinical state of morning hypertension
shows a daily fluctuation pattern where a blood pressure is
usually normal but is specifically high for one to two hours
after waking up, and is known to become a strong risk factor
of brain and cardiac disease through research. A clinical state
of nocturnal hypertension shows a pattern where the blood
pressure does not lower or the blood pressure rises during
sleep compared to the daytime, and is known to become a
strong risk factor of brain and cardiac disease and is deeply
related to a sudden death.

Furthermore, the nocturnal hypertension is known to be
strongly associated with a sleep apnea syndrome in which
breathing stops during sleep. When breathing stops during
sleep, a sympathetic nerve activity is increased by hypoxemia
or an arousal reaction, and the blood pressure becomes high at
night. Thus, measuring the blood pressure during sleep is
effective in diagnosis and treatment of hypertension.

As a method of measuring the blood pressure during sleep,
there is adopted a method of monitoring a value of an oxygen
saturation level, and selectively activating the blood pressure
measurement when the value satisfies a predetermined con-
dition, and a method of selectively activating the blood pres-
sure measurement when satisfying a predetermined lowering
condition by apnea disclosed in, for example, Japanese Unex-
amined Patent Publication No. 62-155829 (hereinafter
referred to as Patent Document 1). The blood pressure at the
time of a physiologic change such as hypoxia can thus be
grasped and comparison can be made with the blood pressure
at normal time.

[Patent Document 1] Japanese Unexamined Patent Publica-

tion No. 62-155829

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

However, the following problems arise when the method
disclosed in Patent Document 1 is adopted.

The first problem is that when measurement is carried out
for a few hours during sleep, the blood pressure measurement
is repeated endlessly if a temporary physiologic change is
repeated a number of times, which may give a physical pain
and a psychological pain caused by the blood pressure mea-
surement to a subject. Furthermore, a problem in that the
measurement may inhibit the sleep of the subject arises.

With respect to the first problem, consideration is made in
prohibiting the blood pressure measurement from being
repeated endlessly even if a temporary physiologic change
satisfying a predetermined reference repeatedly occurs. How-
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2

ever, there arises a second problem in that the blood pressure
measurement upon indication of the important physiologic
change may be inhibited by such a prohibiting configuration.
Thus, the true blood pressure state of the subject cannot be
captured, which may lead to a false diagnosis, although cap-
turing the blood pressure that became the highest in one night
is medically important.

In view of the above problems, itis an object of the present
invention to provide a blood pressure measurement device
capable of measuring the blood pressure particularly when an
important physiologic change occurs without endlessly
repeating the blood pressure measurement based on the
physiologic change.

Means for Solving the Problems

In order to achieve the above-described object, in accor-
dance with one aspect of the present invention, a blood pres-
sure measurement device includes: a blood pressure measur-
ing portion for measuring a blood pressure of a subject; an
acquiring portion for obtaining physiological information on
a type excluding the blood pressure of the subject; and a
control portion for outputting a control signal for activating
the blood pressure measuring portion when the physiological
information satisfies a predetermined condition, and setting a
time limit for limiting the activation of the blood pressure
measuring portion for a predetermined time after the mea-
surement.

In accordance with another aspect of the present invention,
a blood pressure measurement includes: a blood pressure
measuring portion for measuring a blood pressure of a sub-
ject; an acquiring portion for obtaining physiological infor-
mation on a type excluding the blood pressure of the subject;
and a determining portion for determining a start of the mea-
surement in the blood pressure measuring portion and a start
of a time limit for limiting the start of the measurement based
on the physiological information, and outputting a control
signal for activating the blood pressure measuring portion;
wherein the determining portion determines to start the mea-
surement when a value obtained from the physiological infor-
mation satisfies a first condition outside the time limit, and to
start the time limit from an end of the measurement, and
determines not to start the measurement when the value
obtained from the physiological information satisfies the first
condition within the time limit.

Effects of the Invention

Through the use of the blood pressure measurement device
of the present invention, blood pressure measurement based
on a physiological change is not repeated endlessly. Further,
the blood pressure can be measured when a particularly
important physiological change occurs.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1 is a diagram showing a specific example of an outer
appearance of a blood pressure measurement device accord-
ing to a first embodiment.

FIG. 2 is a block diagram showing a specific example of a
configuration of the blood pressure measurement device
according to the first embodiment.

FIG. 3 isadiagram showing an outline ofa configuration of
a finger cuff.

FIG. 4 is a diagram showing a specific example of a pulse
wave signal.
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FIG. 5 is a block diagram showing a specific example of a
configuration of a comparing and determining portion.

FIG. 6 is a flowchart showing a specific example of a
process in the blood pressure measurement device according
to the first embodiment.

FIG. 7 is a flowchart showing a specific example of a
measurement start determination process.

FIG. 8 is a diagram describing a method of determining a
start of measurement in the blood pressure measurement
device according to the first embodiment.

FIG. 9 is a block diagram showing a specific example of a
configuration of the blood pressure measurement device
according to a second embodiment.

FIG. 10 is a diagram describing a method of determining a
start of measurement in the blood pressure measurement
device according to the second embodiment.

FIG. 11 is a diagram showing a specific example of an outer
appearance of a blood pressure measurement device accord-
ing to a third embodiment.

FIG. 12 is a block diagram showing a specific example of
a configuration of the blood pressure measurement device
according to the third embodiment.

FIG. 13 is a diagram describing a method of determining a
start of measurement in the blood pressure measurement
device according to the third embodiment.

FIG. 14 is a diagram showing a specific example of an outer
appearance of a blood pressure measurement device accord-
ing to a fourth embodiment.

FIG. 15 is a block diagram showing a specific example of
a configuration of the blood pressure measurement device
according to the fourth embodiment.

FIG. 16 is a diagram describing a method of determining a
start of measurement in the blood pressure measurement
device according to the fourth embodiment.

FIG. 17 is a block diagram showing a specific example of
a configuration of a comparing and determining portion of a
blood pressure measurement device according to a variant.

FIG. 18 is a flowchart showing a specific example of a
process of updating a reference value.

FIG. 19 is a diagram describing a method of updating the
reference value.

DESCRIPTION OF THE REFERENCE
NUMERALS

1A to 1D blood pressure measurement device
2 housing

3 display unit

4 operation unit

5 upper arm cuff

6 finger cuff

7CPU

8 sphygmomanometer

9 timing unit

10 processing unit

11 blood pressure storage portion

13 pulse wave detecting portion

14A oxygen saturation level calculating portion
14B heart rate calculating portion

15 comparing and determining portion

20 sensor

21 breathing waveform detecting portion
22 apnea time calculating portion

30 cardiograph sensor

31 cardiograph waveform detecting portion
32 heart rate calculating portion

41 power switch
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4
42 measurement start switch
67 cuff
65 light emitting element
66 light receiving element
151 reference value storage part
152 first comparing part
153 lowest value storage part
154 second comparing part
155 determining part
156 timer
161 calculating part
162 third comparing part
163 update part

BEST MODE FOR CARRYING OUT THE
INVENTION

The embodiments of the present invention will be
described with reference to the drawings. In the following
description, same reference numerals are denoted for the
same parts and components. Names and functions thereof are
also the same.

First Embodiment

A blood pressure measurement device 1A according to a
first embodiment determines a measurement start timing
based on a change in oxygen saturation level in blood, which
is one type of continuous physiological information exclud-
ing a blood pressure, and starts measurement.

Having the blood oxygen saturation level as an index for
timing the blood pressure measurement start timing has the
following significance. That is, lowering of the oxygen satu-
ration level occurs by respiratory arrest or infrequent respi-
ration during sleep apnea and the like. As the blood pressure
level rapidly rises after the apnea attack, a new blood pressure
index leading to a prediction of a cardiovascular risk can be
obtained by specifying and measuring the blood pressure
level at the relevant point.

With reference to FIG. 1, the blood pressure measurement
device 1A includes a housing 2, and an upper arm cuff 5 to be
wrapped around an upper arm of a subject at the time of blood
pressure measurement and a finger cuff 6, which are con-
nected to the housing 2, where a display unit 3 for displaying
various types of information including measurement results
and an operation unit 4 operated to give various instructions to
the blood pressure measurement device 1A are arranged at the
front of the housing 2. The operation unit 4 includes a power
switch 41 operated to turn ON/OFF a power supply with
respect to the blood pressure measurement device 1A, and a
measurement start switch 42 operated to give an instruction to
start the measurement.

With reference to FIG. 2, a CPU (Central Processing Unit)
7, asphygmomanometer 8, a timing unit9 for timing time and
outputting time information such as date and time, and time of
day, and a processing unit 10 are arranged in the housing 2 of
the blood pressure measurement device 1A.

The processing unit 10 includes a blood pressure storage
portion 11, a pulse wave detecting portion 13, an oxygen
saturation level calculating portion 14A, and a comparing and
determining portion 15. The blood pressure storage portion
11 is configured by a memory (not shown), and the pulse wave
detecting portion 13, the oxygen saturation level calculating
portion 14A and the comparing and determining portion 15
are provided as a program. The program is stored in a memory
(not shown). The CPU 7 controls the access with respect to
the blood pressure storage portion 11, and controls the execu-
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tion of the program of the pulse wave detecting portion 13 and
the oxygen saturation level calculating portion 14A.

The sphygmomanometer 8 is connected with the upper arm
cuff5 with an air tube to measure the blood pressure based on
a pressure signal detected from the upper arm cuff 5 and
output a blood pressure value, according to an activation
signal from the comparing and determining portion 15
described below. The sphygmomanometer 8 and the upper
arm cuff'’5 have the well-known configuration. Every time the
blood pressure value is inputted from the sphygmomanom-
eter 8, the blood pressure storage portion 11 stores the same in
association with the time information outputted from the
timing unit 9. The upper arm cuff 5, the sphygmomanometer
8, the timing unit 9, and the blood pressure storage portion 11
configure ablood pressure measurement system. The content
of the blood pressure storage portion 11 is read out according
to the operation signal corresponding to the operation of the
operation unit 4 by a user, and displayed on the display unit 3.

Various configurations and structures can be applied to the
sensor for detecting the oxygen saturation level in the blood,
which is one type of continuous physiological information
excluding the blood pressure, in the blood pressure measure-
ment device 1A, but in this case, the finger cuff 6 shown in
FIG. 3 is used. The finger cuff 6 is configured to include a
cylindrical cuff 67, as well as a light emitting element 65 and
a light receiving element 66 incorporated in the cuff 67. In a
state where the finger cuff 5 is attached to the finger of the
subject, when the light emitting element 65 irradiates the
finger with a light ray such as a near-infrared ray, the light ray
that transmitted through the finger of the subject is detected
by the light receiving element 66. The arterial capacity of the
finger portion repeatedly increases or decreases according to
the pulsation of the blood pressure, where an amount (inten-
sity) that transmits through the finger of the near-infrared ray
that can be easily absorbed to the hemoglobin in the blood
changes according to the change in the arterial capacity. The
light receiving element 66 outputs the change in the light
receiving amount of the near-infrared ray that transmitted
through the finger to the pulse wave detecting portion 13 as a
signal of a voltage change, or the like. This signal is referred
to as a pulse wave signal, and is as shown in FIG. 4. The pulse
wave detecting portion 13 detects, as a pulse wave signal, the
change in the amount of light transmitted through the finger
and received by the light receiving element 66 by clipping a
fingertip with the finger cuff 6, and irradiating the finger with
two types of light rays having different wavelengths from the
light emitting element 65.

The oxygen saturation level calculating portion 14A cal-
culates the oxygen saturation level BI in the blood based on
the pulse wave signal detected by the pulse wave detecting
portion 13. The calculation method is not limited to a specific
method in the present invention, and a method of calculating
according to the known procedures is adopted. The calculated
oxygen saturation level BI is sequentially inputted to the
comparing and determining portion 15. The finger cuff 6, the
pulse wave detecting portion 13, and the oxygen saturation
level calculating portion 14A configure a detection system of
continuous physiological information.

As shown in FIG. 5, the comparing and determining por-
tion 15 includes a reference value storage part 151 for storing
areference value Th in advance, a first comparing part 152 for
performing a first comparison using the reference value Th, a
lowest value storage part 153 for storing a lowest value BIw
of the oxygen saturation level, a second comparing part 154
for performing a second comparison using the lowest value
Blw, a determining part 155 for determining whether ornot to
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6

start the blood pressure measurement, and a timer 156 for
timing a time limit that limits the start of the blood pressure
measurement.

The reference value storage part 151 stores the reference
value Th for determining whether or not to activate in
advance. The reference value Th is not limited to a specific
value, but is preferably about 90%. The first comparing part
152 sequentially compares the calculated oxygen saturation
level BI and the reference value Th, and outputs the compari-
son result to the determining part 155.

The lowest value storage part 153 stores the lowest value
Blw of the oxygen saturation level. The second comparing
part 154 sequentially compares the calculated oxygen satu-
ration level BI and the lowest value Blw, and outputs the
comparison result to the determining part 155. If the calcu-
lated oxygen saturation level Bl is smaller than the lowest
value Blw stored in the lowest value storage part 153 as a
result of comparison, the lowest value Blw stored in the
lowest value storage part 153 is updated to the oxygen satu-
ration level BI.

The determining part 155 performs the next determination
based on the comparison result from the first comparing part
152 and the second comparing part 154. When the compari-
son result, where the calculated oxygen saturation level Bl is
smaller than the reference value Th, is inputted from the first
comparing part 152, the determining part 155 determines
whether or not the timer 156 is in timing operation and within
the time limit. As a result, if detected that the first condition in
which the oxygen saturation level BI is smaller than the
reference value Th is satisfied when not within the time limit,
the determining part 155 determines the start of the blood
pressure measurement, and outputs an activation signal
instructing the start of the blood pressure measurement with
respect to the sphygmomanometer 8. A timing start signal for
timing a predetermined time set in advance as a time limit
from the end of the blood pressure measurement is outputted
to the timer 156. Accordingly, the period ofthe predetermined
time from the end of the blood pressure measurement
becomes the time limit in which the start of the blood pressure
measurement is limited. Note that the predetermined time is
not particularly limited to a specific time in the present inven-
tion, and may be 10 minutes or the like.

Ifthe timer 156 is in timing operation when the comparison
result that the calculated oxygen saturation level Bl is smaller
than the reference value Th is inputted from the first compar-
ing part 152, the determining part 155 determines not to
activate the blood pressure measurement since it is within the
time limit, and does not output the activation signal to the
sphygmomanometer 8 at this time. That is, determination is
made to not activate the blood pressure measurement even if
it is detected that the first condition is satisfied within the time
limit.

When the comparison result that the calculated oxygen
saturation level BI is greater than the reference value Th is
inputted from the first comparing part 152, the determining
part 155 determines not to activate the blood pressure mea-
surement since the first condition is not satisfied, and does not
output the activation signal to the sphygmomanometer 8.

When the comparison result that the calculated oxygen
saturation level Blis smaller than the lowest value BIw stored
in the lowest value storage part 153 is inputted from the
second comparing part 154, the determining part 155 deter-
mines whether or not the timer 156 is in timing operation and
is within the time limit. As a result, if the timer 156 is in timing
operation, and if the second condition in which the oxygen
saturation level BI is smaller than the lowest value Blw is
satisfied within the timing limit, the start of the blood pressure
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measurement is determined, and an activation signal instruct-
ing the start of the blood pressure measurement is outputted to
the sphygmomanometer 8.

If the timer 156 is not in timing operation when the com-
parison result that the calculated oxygen saturation level Bl is
smaller than the lowest value Blw stored in the lowest value
storage part 153 is inputted from the second comparing part
154, the determining part 155 determines not to activate the
blood pressure measurement, and does not output the activa-
tion signal to the sphygmomanometer 8. That is, determina-
tion is made not to activate the blood pressure measurement
even if detected that the second condition is satisfied when not
within the time limit.

When the comparison result that the calculated oxygen
saturation level Bl is greater than the lowest value Blw stored
in the lowest value storage part 153 is inputted from the
second comparing part 154, the determining part 155 deter-
mines not to activate the blood pressure measurement since
the second condition is not satisfied, and does not output the
activation signal to the sphygmomanometer 8.

FIG. 6 is a flowchart showing a specific example of the
process for starting the blood pressure measurement in the
blood pressure measurement device 1A. The process shown
in the flowchart of FIG. 6 is a process started by pushing the
power switch 41 to turn ON the power of the blood pressure
measurement device 1A, and pushing the measurement start
switch 42, and is realized by having the CPU 7 execute the
program stored in the memory (not shown) and control each
part shown in FIGS. 2 and 5.

With reference to FIG. 6, an initial value 0 of a variable i is
first set, and a predetermined initial value BIw(0) is set as the
lowest value BIw that is a variable to be stored in the lowest
value storage part 153 (step ST1). The initial value BIw(0) is
not limited to a specific value and may be an optimum value
of the oxygen saturation level or a value same as the reference
value Th stored in the reference value storage part 151 as long
as it is a known value.

After the variable i is incremented in step ST3, the pulse
wave is detected in the pulse wave detecting portion (step
ST5), and the oxygen saturation level BI(i) in the blood is
calculated based on the pulse wave signal detected in step ST5
in the oxygen saturation level calculating portion 14A (step
ST7). The process of determining whether or not to start the
blood pressure measurement is performed in the comparing
and determining portion 15 using the oxygen saturation level
BI(i) calculated in step ST7, the reference value Th, and the
lowest value BIw stored in the lowest value storage part 153
(step ST9). If the determination result of step ST9 is “start
blood pressure measurement” (YES in step ST11, the blood
pressure measurement is executed in step ST13 and the pro-
cess of obtaining the measurement value is performed, and if
the determination result in step ST9 is not “start blood pres-
sure measurement” (NO in step ST11), the process of step
ST13 is skipped and the process retums to step ST3.

After returning to step ST3, the above-described processes
are repeated until detecting that the power switch 41 is pushed
again to turn OFF the power of the blood pressure measure-
ment device 1A, the measurement stop button (not shown) is
pushed, or the like.

Ifthe blood pressure measurement device 1A is conducting
the blood pressure measurement, even if determined to start
the measurement in the determination of step ST9 (YES in
step ST11), such determination to start the measurement is
canceled, and the determination is not started in step ST13
according to the determination of step ST9.

A specific example of the measurement start determination
process in step ST9 is shown in FIG. 7.
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With reference to FIG. 7, the oxygen saturation level BI(i)
calculated in step ST7 corresponding to the set variable i is
first read (step ST101) in the first comparing part 152 and the
second comparing part 154, and compared with the reference
value Th in the first comparing part 152 (step ST103). If the
oxygen saturation level BI(i) is smaller than or equal to the
reference value Th (YES in step ST103) as a result, the
determining part 155 checks whether or not the timer 156 is in
timing operation to determine whether or not within the time
limit (step ST105). If determined as not within the time limit
when the oxygen saturation level BI(i) is smaller than or equal
to the reference value Th (YES in step ST103, NO in ST105),
the determining part 155 determines to start the measurement
(step ST107), and returns the determination result thereof.
Furthermore, the process of outputting a control signal for
starting the timing in the timer 156 to the timer 156 is per-
formed after the end of measurement (step ST109). If deter-
mined as within the time limit (YES in step ST105), steps
ST107 and ST109 are skipped, and the determining part 155
does not determine to start the measurement.

The oxygen saturation level BI(1) and the lowest value Blw
stored in the lowest value storage part 153 at the time are
compared in the second comparing part 154 (step ST111). If
the oxygen saturation level BI(i) is smaller than or equal to the
lowest value BIw stored in the lowest value storage part 153
at the time as a result (YES in step ST111), the second
comparing part 154 updates the lowest value Blw stored in the
lowest value storage part 153 to the oxygen saturation level
BI(3) at the time (step ST113). The determining part 155 also
determines whether or not within the time limit by checking
whether or not the timer 156 is in timing operation (step
ST115), where the determining part 155 determines to start
the measurement (step ST117) and returns the determination
result thereof if determined as within the time limit (YES in
step ST115) when the oxygen saturation level BI(1) is smaller
than or equal to the lowest value Blw. If determined as not
within the time limit (NO in step ST115), step ST117 is
skipped, and the determining part 155 does not determine to
start the measurement.

The above measurement start determination will be
described using transition of a specific oxygen saturation
level of FIG. 8. FIG. 8 is a diagram showing a specific
example of a temporal change in the blood oxygen saturation
level (SpO2) from when the process for starting the measure-
ment in the blood pressure measurement device 1A is started,
where the temporal change in the blood oxygen saturation
level (SpO2) during sleep is shown. The reference value Th
herein is indicated as 90%.

With reference to FIG. 8, detection is made that the oxygen
saturation level BI is smaller than or equal to the reference
value Th for the first time at time t1 since the process started.
The start of blood pressure measurement is then determined
in step ST107, and the blood pressure measurement process is
started. The count of a predetermined time T set in advance is
started from time t2 at when the blood pressure measurement
ends by step ST109, where the time limit T1 from time (2 to
4 starts.

The lowest value Blw stored in the lowest value storage
part 153 is sequentially updated by executing the processes of
steps ST111 to ST117, and the oxygen saturation level
obtained at time t1' is stored as the lowest value Blw at the
time point of time t2 at when the time limit T1 starts.

When the time limit T1 starts, detection is made that the
oxygen saturation level BI is smaller than or equal to the
lowest value BIw stored in the lowest value storage part 153
at time t3. The start of blood pressure measurement is then
determined in step ST117, and the blood pressure measure-
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ment process is started. After the blood pressure measurement
ends, the start of measurement is not determined even if
detected that the oxygen saturation level Bl is smaller than or
equal to the reference value Th.

When the time limit T1 ends at time t4, detection is made
that the oxygen saturation level BI is smaller than or equal to
the reference value Th for the first time at time t5 after time t4.
The start of blood pressure measurement is then determined
in step ST107, and the blood pressure measurement process is
started. The count of a predetermined time T set in advance is
started from time t6 at when the blood pressure measurement
ends by step ST109, where the time limit T2 from time t6 to
17 starts.

As such a determination process is executed in the blood
pressure measurement device 1A, the start of measurement is
not determined even if detected that the oxygen saturation
level BI is smaller than or equal to the reference value Th
within the time limit which is a predetermined time after the
end of measurement, and the start of the blood pressure mea-
surement process of when the first condition is satisfied is
limited. Thus, even when the oxygen saturation level Bl of the
subject transitions up and down little by little with the refer-
ence value Th in between, as shown in FIG. 8, the blood
pressure measurement is not frequently performed according
to such a transition, and the start of the next blood pressure
measurement is limited until a predetermined time has
elapsed after the first blood pressure measurement is per-
formed. The physical pain and the psychological pain of the
subject thus canbe alleviated. Further, the sleep of the subject
is suppressed from being inhibited.

With the execution of the above determination process, the
start of measurement is determined and the blood pressure
measurement is performed when the second condition, i.e.
condition by relationship with the lowest value Blw, is satis-
fied even if within the time limit. Specifically, when the oxy-
gen saturation level BI becomes the lowest from the start of
process, the blood pressure measurement is performed even if
within the time limit. Thus, the blood pressure measurement
can be performed without missing a case where a critical
physiologic change such as respiratory arrest including sleep
apnea or infrequent respiration occurs or a case where such a
physiologic change may occur.

Second Embodiment

A blood pressure measurement device 1B according to a
second embodiment determines a measurement start timing
based on a change in heart rate, which is one type of continu-
ous physiological information excluding a blood pressure,
and starts the measurement.

Having the heart rate as an index to look for the blood
pressure measurement start timing has the following signifi-
cance. That is, the heart rate is an index of sympathetic nerve
system activation level, which increase is related to cardio-
vascular event risk. As the sympathetic nerve system also
fluctuates when the heart rate fluctuates, a new blood pressure
index leading to the prediction of cardiovascular risk can be
obtained by specifying and measuring the blood pressure
level. The second embodiment is based on the heart rate, but
can be replaced with a pulse rate corresponding to similar
physiological phenomenon. In this case, the configuration of
the device is similar to the device configuration of the blood
pressure measurement device 1A.

The blood pressure measurement device 1B can detect the
heart rate using the finger cuff 6 arranged in the blood pres-
sure measurement device 1A, and the outer appearance of the
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blood pressure measurement device 1B is similar to the outer
appearance of the blood pressure measurement device 1A
shown in FIG. 1.

FIG.9isablock diagram showing a specific example of the
configuration of the blood pressure measurement device 1B.
With reference to FIG. 9, the processing unit 10 of the blood
pressure measurement device 1B includes a heart rate calcu-
lating portion 14B in place of the oxygen saturation level
calculating portion 14A, compared with the blood pressure
measurement device 1A shown in FIG. 2.

The light receiving element 66 (see FIG. 3) included in the
finger cuff 6 outputs the above-mentioned pulse wave signal
as shown in FIG. 4 to the pulse wave detecting portion 13. The
pulse wave detecting portion 13 receiving the pulse wave
signal recognizes the rising point (arrow portion of FIG. 4) of
the pulse wave indicated with the pulse wave signal for every
beat, and detects the pulse wave. Thereafter, the heart rate
calculating portion 14B measures the time interval AT of the
rising points of the adjacent pulse waves, and calculates the
number of pulses per unit time, that is, the heart rate repre-
sented with the pulse rate.

The comparing and determining portion 15 has a configu-
ration substantially the same as the configuration shown in
FIG. 5, and includes a storage part for storing a highest value
in place of the lowest value storage part 153 with respect to
the characteristics of using the heart rate as continuous physi-
ological information.

The process for starting the blood pressure measurement in
the blood pressure measurement device 2B and the measure-
ment start determination process are similar to the processes
shown in FIGS. 6 and 7. Due to the characteristics of using the
heart rate for the continuous physiological information in
place of the blood oxygen saturation concentration, the fact
that the calculated heart rate is greater than the reference
value is used as the first condition, and the fact that the
calculated heart rate is greater than the highest value up to the
relevant point is used as the second condition.

The measurement start determination in the blood pressure
measurement device 1B will be described using a specific
transition of the heart rate of FIG. 10. FIG. 10 is a diagram
showing a specific example of a temporal change in the heart
rate (HR) from when the process of starting the measurement
in the blood pressure measurement device 1B is started,
where the temporal change in the heart rate (HR) during sleep
is shown. The reference value Th herein is specifically indi-
cated as 90 bpm.

With reference to FIG. 10, detection is made that the heart
rate is greater than or equal to the reference value Th for the
firsttime at time t1 since the process started. The start of blood
pressure measurement is then determined in step ST107, and
the blood pressure measurement process is started. The count
of a predetermined time T set in advance is started from time
t2 at when the blood pressure measurement ends by step
ST109, where the time limit T1 from time t2 to t4 starts.

The highest value to be stored is sequentially updated by
executing the processes of steps ST111 to ST117, and the
heart rate obtained at time t1' is stored as the highest value at
the time point of time t2 at when the time limit T1 starts.

When the time limit T1 starts, detection is made that the
heart rate is greater than or equal to the highest value at time
3. The start of blood pressure measurement is then deter-
mined in step ST117, and the blood pressure measurement
process is started. After the blood pressure measurement
ends, the start of measurement is not determined even if
detected that the heart rate is greater than or equal to the
reference value Th. Similarly, detection is made that the heart
rate is greater than or equal to the highest value at time t3', and
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determination is made to start the blood pressure measure-
ment in step ST117, but such determination is canceled and
the blood pressure measurement is not started if the blood
pressure measurement is already being performed, and thus
the blood pressure measurement is not started at time t3' and
only the update of the highest value is performed.

When the time limit T1 ends at time t4, detection is made
that the heart rate is greater than or equal to the reference
value Th for the first time at time t5 after time t4. The start of
blood pressure measurement is then determined in step
ST107, and the blood pressure measurement process is
started. The count of a predetermined time T set in advance is
started from time t6 at when the blood pressure measurement
ends by step ST109, where the time limit T2 from time t6 to
17 starts.

When the time limit T2 starts, detection is made that the
heart rate is greater than or equal to the highest value at time
t7, and similarly, the blood pressure measurement process is
started.

As such a determination process is executed in the blood
pressure measurement device 1B, the start of measurement is
not determined even if detected that the heart rate is greater
than or equal to the reference value Th within the time limit
which is a predetermined time after the end of measurement,
and the start of the blood pressure measurement process of
when the first condition is satisfied is limited. Thus, even
when the heart rate of the subject transitions up and down
with the reference value Th in between, as shown in FIG. 10,
the blood pressure measurement is not frequently performed
according to such a transition, and the start of the next blood
pressure measurement is limited until a predetermined time
has elapsed after the first blood pressure measurement is
performed. The physical pain and the psychological pain of
the subject thus can be alleviated. Further, the sleep of the
subject is suppressed from being inhibited.

With the execution of the above determination process, the
start of measurement is determined and the blood pressure
measurement is performed when the second condition, i.e.
condition by relationship with the highest value, is satisfied
even if within the time limit. Specifically, when the heart rate
becomes the highest from the start of process, the blood
pressure measurement is performed even if within the time
limit. Thus, the blood pressure measurement can be per-
formed without missing a case where a critical physiologic
change such as respiratory arrest including sleep apnea or
infrequent respiration occurs or a case where such a physi-
ologic change may occur.

Third Embodiment

A blood pressure measurement device 1C according to a
third embodiment determines the measurement start timing
based on the change in the breathing waveform, which is one
type of continuous physiological information excluding a
blood pressure, and starts the measurement. Since the breath-
ing waveform is detected by detecting the movement of the
chest of the subject with a sensor, for example, the respiratory
arrest such as sleep apnea or the infrequent respiration of the
subject can be detected by detecting the features of the breath-
ing waveform. As the blood pressure level rapidly rises after
the apnea attack, the significance of determining the measure-
ment start timing based on the change in the breathing wave-
form is to obtain a new blood pressure index leading to the
prediction of the cardiovascular risk by specifying and mea-
suring the blood pressure level at the relevant point.

With reference to FIG. 11, the blood pressure measurement
device 1C includes a sensor 20 for detecting the breathing
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waveform in place of the finger cuff 6, compared to the blood
pressure measurement device 1A shown in FIG. 1. Other
configurations are substantially the same as the configuration
of the blood pressure measurement device 1A. The sensor 20
has a well-known configuration.

FIG. 12 is a block diagram showing a specific example of
aconfiguration of the blood pressure measurement device 1C.
With reference to F1G. 12, the processing unit 10 of the blood
pressure measurement device 1C includes a breathing wave-
form detecting portion 21 and an apnea time calculating por-
tion 22 in place of the pulse wave detecting portion 13 and the
oxygen saturation level calculating portion 14A, compared to
the blood pressure measurement device 1A shown in FIG. 2.

The sensor 20 monitors the movement of the chest or the
stomach of the subject, and outputs an electrical signal based
on such movement to the breathing waveform detecting por-
tion 21. The breathing waveform detecting portion 21 detects
the change in the electrical signal as a breathing waveform
signal. The apnea time calculating portion 22 calculates the
apnea time from the breathing waveform detected by the
breathing waveform detecting portion 21. Specifically, the
apnea time calculating portion 22 stores an upper limit refer-
ence value Tu, which is the upper limit of the amplitude of the
breathing waveform, and a lower limit reference value Tl,
which is the lower limit, starts counting assuming the apnea
state or the infrequent respiration state has started from the
time point the amplitude of the breathing waveform does not
exceed both the upper limit reference value Tu and the lower
limit reference value T1, and performs counting until the time
point the amplitude of the breathing waveform exceeds the
upper limit reference value Tu or the lower limit reference
value T1. The counted time is outputted to the comparing and
determining portion 15 as “apnea time”.

The comparing and determining portion 15 has a configu-
ration substantially the same as the configuration shown in
FIG. 5, where the reference value storage part 151 stores the
reference value Th of the apnea time, and includes a storage
part for storing a highest value (longest value) of the apnea
time in place of the lowest value storage part 153 due to the
characteristics of conditionally using the apnea time as the
continuous physiological information. Note that the refer-
ence value herein is not limited to a specific value, and five
seconds or the like may be used.

The process for starting the blood pressure measurement in
the blood pressure measurement device 1C and the measure-
ment start determination process are similar to the processes
shown in FIGS. 6 and 7. Due to the characteristics of using the
apnea time for the continuous physiological information in
place of the blood oxygen saturation concentration, the fact
that the calculated apnea time is greater than the reference
value is used as the first condition, and the fact that the
calculated apnea time is greater than the highest value up to
the relevant point is used as the second condition.

The measurement start determination in the blood pressure
measurement device 1C will be described using a specific
transition of the breathing waveform of FIG. 13. FIG. 13 isa
diagram showing a specific example of a temporal change in
the breathing waveform from when the process of starting the
measurement in the blood pressure measurement device 1C is
started, where the temporal change in the breathing waveform
during sleep is shown.

Withreference to FIG. 13, the apnea state is detected for the
first time at time t1 since the process is started, and a time X1
up to time t2 is counted as the apnea time in the apnea time
calculating portion 22. At time t1', the apnea time is detected
as being greater than or equal to time X set as the reference
value Th. The start of blood pressure measurement is then
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determined in step ST107, and the blood pressure measure-
ment process 1s started. The count of a predetermined time T
set in advance is started from time t5 at when the blood
pressure measurement ends by step ST109, where the time
limit T1 from time t5 to 8 starts.

Similarly, the apnea state is detected at time t3 before time
15, and a time X2 until time t4 is counted as the apnea time in
the apnea time calculating portion 22. Similarly, the apnea
time is detected as being greater than or equal to time X at
time t3', and the start of blood pressure measurement is deter-
mined in step ST107, but such determination to start the
measurement is canceled as the blood pressure measurement
is being carried out.

The highest value of the apnea time to be stored is sequen-
tially updated by executing the processes of ST111 to ST117,
and the apnea time X2 counted in the second apnea state is
stored as a highest value at the time point of time t5 at when
the time limit T1 starts.

After the time limit T1 starts, the apnea state is detected at
time t6, and the counting of the apnea time starts. The start of
blood pressure measurement is not determined within the
time limit T1 even if the counted apnea time reaches the time
X. When detected that the counted apnea time is greater than
or equal to the time X2, which is the highest value, at time t6',
the start of blood pressure measurement is determined in step
ST117, and the blood pressure measurement process is
started.

As such a determination process is executed in the blood
pressure measurement device 1C, the start of measurement is
not determined even if detected that the apnea time is greater
than or equal to the reference value Th within the time limit
which is a predetermined time after the end of measurement,
and the start of the blood pressure measurement process of
when the first condition is satisfied is limited. Therefore, even
if the breathing waveform of the subject is a waveform in
which the apnea state is discontinuously repeated, as shown
in FIG. 13, the blood pressure measurement is not frequently
performed according to such a transition, and the start of the
next blood pressure measurement is limited until a predeter-
mined time has elapsed after the first blood pressure measure-
ment is performed. The physical pain and the psychological
pain of the subject thus can be alleviated. Further, the sleep of
the subject is suppressed from being inhibited.

With the execution of the above determination process, the
start of measurement is determined and the blood pressure
measurement is performed when the second condition, i.e.
condition by relationship with the highest value of the apnea
time, is satisfied even if within the time limit. Specifically,
when the apnea time becomes the longest from the start of
process, the blood pressure measurement is performed even if
within the time limit. Thus, the blood pressure measurement
can be performed without missing a case where a critical
physiologic change such as respiratory arrest including sleep
apnea or infrequent respiration occurs or a case where such a
physiologic change may occur.

Fourth Embodiment

A blood pressure measurement device 1D according to a
fourth embodiment determines a measurement start timing
based on a change in cardiograph waveform, which is one
type of continuous physiological information excluding a
blood pressure, and starts the measurement.

Having the cardiograph waveform as an index to look for
the blood pressure measurement start timing has the follow-
ing significance. That is, the respiratory arrest such as sleep
apnea or the infrequent respiration can be detected from the
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change in the cardiograph waveform. As the blood pressure
level rapidly rises after the apnea attack, a new blood pressure
index that leads to the prediction of the cardiovascular risk
can be obtained by specifying and measuring the blood pres-
sure level at the relevant point.

With reference to FIG. 14, the blood pressure measurement
device 1D includes a cardiograph sensor 30 in place of the
finger cuff 6, compared to the blood pressure measurement
device 1A shown in FIG. 1. Other configurations are substan-
tially the same as the configuration of the blood pressure
measurement device 1A. The cardiograph sensor 30 has a
well-known configuration.

FIG. 15 is a block diagram showing a specific example of
a configuration of the blood pressure measurement device
1D. With reference to FIG. 15, the processing unit 10 of the
blood pressure measurement device 1D includes a cardio-
graph waveform detecting portion 31 and a heart rate calcu-
lating portion 32 in place of the pulse wave detecting portion
13 and the oxygen saturation level calculating portion 14A,
compared to the blood pressure measurement device 1A
shown in FIG. 2.

The cardiograph sensor 30 includes a plurality of elec-
trodes, and outputs an electrical signal based on a potential
difference between at least two sites among the four limbs
over the heart to the cardiograph waveform detecting portion
31. The cardiograph waveform detecting portion 31 detects
the change inthe electrical signal as a cardiograph signal. The
heart rate calculating portion 32 calculates the heart rate from
the cardiograph waveform detected by the cardiograph wave-
form detecting portion 31. Specifically, the heart rate calcu-
lating portion 32 stores a threshold value Tu, counts a heart
beat interval (R-R interval) represented by the time from the
time point the amplitude at point R indicating the amplitude
of the R wave of the cardiograph waveform exceeds the
threshold value Tu to the time point the amplitude exceeds the
threshold value Tu the next time, and calculates the heart rate.
The calculated heart rate is outputted to the comparing and
determining portion 15.

The comparing and determining portion 15 has a configu-
ration substantially the same as the configuration shown in
FIG. 5, where the reference value storage part 151 stores the
reference value Th of the heart rate, and the lowest value
storage part 153 stores the threshold value T1 of the ampli-
tude at a characteristic point in the cardiograph waveform due
to the characteristics of conditionally using the cardiograph
waveform and the heart rate as the continuous physiological
information. The reference value herein is not limited to a
specific value, and 90 beats/min or the like may be used. The
characteristic point in the cardiograph waveform merely
needs to be a point on the cardiograph waveform that charac-
teristically shows a state in which the blood pressure mea-
surement is effective, and is point T corresponding to the T
wave in the specific example to obtain the change (so-called
ST change) between the S wave indicating the characteristics
of the ischemic illness and the T wave, and the change of the
T wave (so-called T change).

The process for starting the blood pressure measurement in
the blood pressure measurement device 1D and the measure-
ment start determination process are similar to the processes
shown in FIGS. 6 and 7. Due to the characteristics of using the
cardiograph waveform and the heart rate for the continuous
physiological information in place of the blood oxygen satu-
ration concentration, the fact that the calculated heart rate is
greater than the reference value Th, that is, the R-R interval is
shorter than the defined interval X is used as the first condi-
tion, and the fact that the amplitude at point T is smaller than
the threshold value T1 is used as the second condition. When
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determining the start of measurement using the cardiograph
waveform and the heart rate, the process of updating the
highest value is not performed in ST113, and the threshold
value Tu stored in the lowest value storage part 153 is used in
the comparison in the second comparing part 154.

The measurement start determination in the blood pressure
measurement device 1D will be described using a specific
transition of the breathing waveform of FIG. 16. A portion (A)
of FIG. 16 is a diagram showing a specific example of a
temporal change in the cardiograph waveform from when the
process of starting the measurement in the blood pressure
measurement device 1D is started, where the temporal change
in the cardiograph waveform during sleep is shown. A portion
(B) of FIG. 16 shows, in an enlarged manner, the waveform of
one part in the cardiograph waveform shown in the portion
(A) of FIG. 16.

With reference to the portion (A) of FIG. 16, when the
process is started, the time from point R within the waveform
of one beat to point R of the next beat is counted, and the heart
rate obtained from such an interval is detected as being
greater than the reference value Th, that is the R-R interval is
shorter than the defined interval X at time t1. The start of
blood pressure measurement is then determined in step
ST107, and the blood pressure measurement process is
started. The count of a predetermined time T set in advance is
started from time t2 at when the blood pressure measurement
ends by step ST109, where the time limit T1 from time 2 to
4 starts. One portion of the cardiograph waveform within the
time limit T1 is shown in the portion (B) of FIG. 16.

With reference to the portion (B) of FIG. 16, after the time
limit T1 starts, whether or not the waveform drops again
crossing the threshold value Tu while changing from point S
to point T crossing the threshold value Tu within the wave-
form of one beat is monitored in place of the first condition.
When the waveform drops again crossing the threshold value
Tu while changing from point S to point T at time t3, and the
T wave is detected as being smaller than or equal to the
threshold value Tu, the start of blood pressure measurement is
determined in step ST117, and the blood pressure measure-
ment process is started.

As such a determination process is executed in the blood
pressure measurement device 1D, the start of measurement is
not determined even if detected that the heart rate is greater
than or equal to the reference value Th within the time limit
which is a predetermined time after the end of measurement,
and the start of the blood pressure measurement process of
when the first condition is satisfied is limited. Therefore, even
if the cardiograph waveform of the subject is a waveform in
which the increase in heart rate is discontinuously repeated,
as shown in FIG. 16, the blood pressure measurement is not
frequently performed according to such a transition, and the
start of the next blood pressure measurement is limited until
apredetermined time has elapsed after the first blood pressure
measurement is performed. The physical pain and the psy-
chological pain of the subject thus can be alleviated. Further,
the sleep of the subject is suppressed from being inhibited.

Through the above-described determination process, the
start of measurement is determined, and the blood pressure
measurement is performed even within the time limit if the
second condition, i.e. the condition that depends on the rela-
tionship between the amplitude at a predetermined character-
istic point on the cardiograph waveform and the threshold
value, is satisfied. Specifically, the blood pressure measure-
ment is performed if the amplitude at point T becomes smaller
than or equal to the threshold value even if within the time
limit. Thus, the blood pressure measurement can be per-
formed without missing a case where a critical physiologic
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change such as an ischemia state occurs or a case where such
a physiologic change may occur.
[Variant]

In the above-described embodiments, a value defined in
advance is stored in the reference value storage part 151 as the
reference value Th used in the first comparing part 152, but
may be updated for every predetermined interval during the
process based on the obtained continuous physiological
information. A specific example of this case will be described
in the case of determining the measurement start timing using
the blood oxygen saturation level, which is one type of con-
tinuous physiological information excluding a blood pressure
in the blood pressure measurement device 1A. Needless to
say, this is the same in all blood pressure measurement
devices 1B to 1D described above.

FIG. 17 is a block diagram showing a specific example of
a configuration of a comparing and determining portion 15 of
ablood pressure measurement device 1A according to a vari-
ant. The comparing and determining portion 15 according to
the variant shown in FIG. 17 further includes a calculating
part 161, a third comparing part 162, and an update part 163
as a configuration for updating the reference value, in addi-
tion to the configuration shown in FIG. 5.

The calculating part 161 calculates a characteristic value
using the calculated oxygen saturation level for every prede-
termined interval during the process of continuously calcu-
lating the oxygen saturation level in the blood pressure mea-
surement device 1A, and outputs the characteristic value to
the third comparing part 162. The characteristic value is not
limited to a specific value, and merely needs to be a value
obtained by calculating from the value obtained in the rel-
evant interval. Specifically, the average value, the standard
deviation value, and the like of the oxygen saturation levels
within the interval may be used.

The third comparing part 162 compares the inputted char-
acteristic value and the reference value Th stored in the ref-
erence value storage part 151, and outputs the comparison
result to the update part 163. The update part 163 does not
update the reference value Th stored in the reference value
storage part 151 when the relationship of such values is a
predefined relationship, that is, when the inputted character-
istic value is within a predetermined range from the reference
value Th, and rewrites the reference value Th stored in the
reference value storage part 151 to the characteristic value
when the relationship is not the predefined relationship, that
is, when the inputted characteristic value is outside the pre-
determined range from the reference value Th.

FIG. 18 is a flowchart showing a specific example of a
process of updating the reference value Th performed while
the process for starting the blood pressure measurement is
being executed in the blood pressure measurement device 1A.
The process shown in the flowchart of FIG. 18 is also a
process that starts when the power switch 41 is pushed to turn
ON the blood pressure measurement device 1A, and the mea-
surement start switch 42 is pushed, and can be implemented
when the CPU 7 executes the program stored in the memory
(not shown) and controls each part shown in FIGS. 2 and 17.

With reference to FIG. 18, a predetermined initial value
Th(0) is first set as the reference value Th stored in the
reference value storage part 151 (step ST21).

Then, the calculated oxygen saturation level Bl in the pre-
defined interval X is read (steps ST23, ST25), and a charac-
teristic value CH for such an interval is calculated by the
calculating part 161 (step ST27). The characteristic value CH
of the relevant interval calculated in step ST27 is compared
with the reference value Th stored in the reference value
storage part 151 by the third comparing part 162 (step ST29),
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and if the characteristic value CH is not within the predeter-
mined range from the reference value Th (NO in step ST29),
the reference value Th is updated by being rewritten to the
characteristic value CH of the interval calculated in step ST27
in the update part 163 (step ST31). If not (YES in step ST29),
step ST31 is skipped and the reference value Th is not
updated.

The processes of the above steps ST23 to ST31 are
repeated until the process of starting the blood pressure mea-
surement in the blood pressure measurement device 1A ends,
and the reference value Th is updated for every interval.

The above method of updating the reference value will be
described using a specific transition of the oxygen saturation
level of FIG. 19. FIG. 19 is a diagram showing a specific
example of a temporal change of the blood oxygen saturation
level (SpO2) from the start of the process for starting the
measurement in the blood pressure measurement device 1A.

With reference to FIG. 19, assuming that 90% is set as the
initial value of the reference value Th, 90%, which is the
initial value, is stored in the reference value storage part 151
as a reference value Th(I) to be used in an interval I, which is
a first interval, for continuously calculating the oxygen satu-
ration level.

After the calculation of the oxygen saturation level in the
interval I is completed, the characteristic value CH of the
interval I is calculated in step ST27, which is then compared
with the reference value Th(I) in step ST29. If the character-
istic value CH is not within a predetermined range from the
reference value Th(I) as a result, the reference value Th(I)
stored in the reference value storage part 151 is updated to the
characteristic value CH as a reference value Th(II) to be used
in an interval II, which is the next interval. As a result, the
reference value Th(II) that takes into consideration the char-
acteristics of the oxygen saturation level in the interval I is
used for the comparison in the first comparing part 152 in the
interval II.

Similarly, in the following intervals I1I, IV as well, the
reference value is updated to the reference value Th that takes
into consideration the characteristic of the oxygen saturation
level in the previous interval if the characteristic value CH
obtained from the oxygen saturation level in the previous
interval is not within the predetermined range from the refer-
ence value Th used in the previous interval.

Whether or not the first condition is satisfied is determined
according to the tendency of the physiological information of
the subject by updating the reference value based on the
obtained continuous physiological information, and thus the
physical pain and the psychological pain ofthe user caused by
the blood pressure measurement can be alleviated. The sleep
of the subject is further suppressed from being inhibited.

The physiological information used in the first to the fourth
embodiments is a specific example of the continuous physi-
ological information excluding a blood pressure, and thus is
not limited to such information, and other information may be
used. Other information may be arterial elasticity, pulse wave
propagation speed, blood vessel compliance, breathing cycle,
breathing frequency, and the like. At least two of such infor-
mation may be combined to determine the blood pressure
measurement start timing.

Further, the process of determining the blood pressure
measurement start timing and the process of updating the
reference value may be executed by a computer. The com-
puter may be a computer mounted with the blood pressure
measurement device 1A to 1D, or may be a computer con-
nected to a device for measuring and calculating the physi-
ological information, the computer determining the blood
pressure measurement start timing by executing the above
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processes based on the physiological information obtained
from the device. The latter computer may be connected to the
blood pressure measurement device, and output an activation
signal to the blood pressure measurement device at a deter-
mined timing.

The programs for executing the processes in the computer
may be provided as a program product by being recorded ina
computer readable recording medium such as a flexible disc,
a CD-ROM (Compact Disc-Read Only Memory), a ROM
(Read Only Memory), a RAM (Random Access Memory), a
memory card, or the like attached to the computer. Alterna-
tively, the program may be provided by being recorded in a
recording medium such as a hard disk built in the computer.
The program may also be provided by downloading through
the network. The present invention encompasses the program
itself, the recording medium recorded with the program, and
the like.

The program according to the present invention may cause
anecessary module of the program modules provided as one
part of the operating system (OS) of the computer to be called
out in a predetermined array and at a predetermined timing,
and execute the process. In this case, the program itself does
not include the module, and the process is executed in coop-
eration with the OS. The program according to the present
invention may also include such a program that does not
include the module.

The program according to the present invention may be
provided by being incorporated in one part of another pro-
gram. In this case as well, the program itself does not include
the module included in another program, and the process is
executed in cooperation with another program. The program
according to the present invention may also include such a
program incorporated in another program.

The provided program product is installed in a program
storage unit such as a hard disk, and then executed. The
program product includes the program itself and the record-
ing medium recorded with the program.

The embodiments disclosed herein are illustrative in all
aspects and should not be construed as being restrictive. The
scope of the invention is defined by the claims rather than by
the description of the embodiments made above, and all
modifications within the meaning and the scope equivalent to
the claims are intended to be encompassed.

The invention claimed is:

1. A blood pressure measurement device comprising:

a sphygmomanometer that measures a blood pressure of a

subject;

a sensor that detects physiological information on a type

excluding the blood pressure of the subject; and

a processor that determines a start of blood pressure mea-

surement in the sphygmomanometer that counts a pre-
determined time, based on an end of a blood pressure
measurement, that limits the start of the blood pressure
measurement based on the physiological information,
and that outputs a control signal for activating the sphyg-
momanometet,

wherein the processor determines a first condition, deter-

mines to start the blood pressure measurement when a
value obtained from the physiological information sat-
isfies the first condition during a period outside the pre-
determined time, and determines to start counting the
predetermined time from the end of the blood pressure
measurement,

wherein the processor determines not to start the blood

pressure measurement during the predetermined time, if
the value obtained from the physiological information
satisfies the first condition,
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wherein the processor determines a second condition,
determines to start the blood pressure measurement
when the value obtained from the physiological infor-
mation satisfies the second condition during the prede-
termined time,
wherein the second condition is more critically severe than
the first condition, and the physiological information of
the second condition is of a same type as that of the first
condition, and
wherein the processor determines not to start the blood
pressure measurement during the predetermined time
unless the second condition that is more critically severe
than the first condition is satisfied.
2. The blood pressure measurement device according to
claim 1,
wherein the physiological information is a blood oxygen
saturation level,
wherein the processor comprises:
a first memory that stores a reference value of the blood
saturation level; and
asecond memory that stores a lowest value of the blood
saturation level from the start of a determination pro-
cess in the processor,
wherein the first condition is when the blood saturation
level becomes smaller than the reference value, and
wherein the second condition is when the blood saturation
level becomes smaller than the lowest value.
3. The blood pressure measurement device according to
claim 1,
wherein the physiological information is a heart rate,
wherein the processor comprises:
a first memory that stores a reference value of the heart
rate; and
a second memory that stores a highest value of the heart
rate from the start of the determination process in the
processor,
wherein the first condition is when the heart rate becomes
greater than the reference value, and
wherein the second condition is when the heart rate
becomes greater than the highest value.
4. The blood pressure measurement device according to
claim 1,
wherein the physiological information is a breathing wave-
form,
wherein the processor detects an apnea or an infrequent
respiration state based on the breathing waveform,
wherein the processor further comprises:
a firstmemory that stores a reference value of a duration
of the apnea or the infrequent respiration state; and
a second memory that stores a longest value of the dura-
tion from the start of the determination process in the
processor,
wherein the first condition is when the duration becomes
longer than the reference value, and
wherein the second condition is when the duration
becomes longer than the longest value.
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5. The blood pressure measurement device according to
claim 1,

wherein the physiological information is a cardiograph

waveform,

wherein the processor detects a heart rate based on the

cardiograph waveform,

wherein the processor further comprises:

a first memory that stores a first reference value of the
heart rate; and

a second memory that stores a second reference value
having an amplitude of a T wave of a plurality of
waveforms forming the cardiograph waveform of one
beat,

wherein the first condition is when the heart rate becomes

greater than the first reference value, and

wherein the second condition is when the amplitude of the

T wave becomes smaller than the second reference
value.

6. The blood pressure measurement device according to
claim 1, wherein the physiological information is at least one
of a blood oxygen saturation level, a heart rate, a breathing
waveform, and a cardiograph waveform.

7. A blood pressure measurement device comprising:

a sphygmomanometer that measures a blood pressure of a

subject;

a sensor that detects physiological information on a type

excluding the blood pressure of the subject; and

a processor that determines a first condition when the

physiological information enters a first severe level, that

determines a start of blood pressure measurement in the

sphygmomanometer, and that starts a counting of a pre-

determined time, during which the start of the blood

pressure measurement is limited such that:

when the predetermined time counting has not started
and when the first condition is detected, the blood
pressure measurement starts and, after the blood pres-
sure measurement is completed, the counting of the
predetermined time starts; and

during the counting of the predetermined time, the blood
pressure measurement is limited from being started
when the first condition is detected,

wherein the processor further determines a second condi-

tion when the physiological information enters a second
severe level, and determines to start the blood pressure
measurement when the second condition is detected dur-
ing the predetermined time,

wherein the second severe level is at a different level than

the first severe level, and the physiological information
of the second severe level is of a same type as that of the
first severe level, and

wherein the processor determines to limit the start of the

blood pressure measurement during the predetermined
time unless the second condition, which is associated
with the second severe level at the different level than the
first severe level associated with the first condition, is
satisfied.
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