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Description
BACKGROUND

[0001] The presently disclosed subject matter relates to a measuring apparatus, and more particularly to a measuring
apparatus which measures the blood pressure of a subject.

[0002] In a method of measuring the blood pressure of a subject, an oscillometric blood pressure monitor is widely
used. When an oscillometric blood pressure monitor is to be used, the subject attaches a cuff to a predetermined position
(preferably, the upper arm). In an oscillometric blood pressure monitor, the cuff pressure is changed between a pressure
which is equal to or higher than the systolic blood pressure, and that which is equal to or lower than the diastolic blood
pressure, and the systolic blood pressure, the mean blood pressure, and the diastolic blood pressure are calculated
from the amplitude change of the pulse wave which is superimposed on the cuff pressure during the change.

[Patent Literature 1] JP-A-2014-230671

[Patent Literature 2] JP-A-10-276994

[Non-patent Patent Literature 1] SHIMAZU Hideaki, Kenko o Sasaeru Iryokiki Kantan de Oku no Fukai Ketsuatsu
Sokutei, Clin Eng Vol. 9 No. 1, P26-33

[Non-patent Patent Literature 2] YOSHIKAWA Kimihiko, Heisokusei Domyaku Kokasho Shindan ni Okeru ABI
Sokutei to Myakuhakei no Juyosei, DAI 8 KAl RINSHO KETSUATSU MYAKUHA KENKYUKAI SHOREI KENTOKAI
3, P58-P60

[Non-patent Patent Literature 3] Colin Information Service, [online], [Searched on February 23, 2015], Internet <URL:
http://www.colin.omron.co.jp/colininfo/pdf/11.pdf>

[Non-patent Patent Literature 4] Denis Chemla et al., "aortic pressure is the geometric mean of systolic and diastolic
aortic pressure in resting humans" aortAppl Phusiol 99:2278-2284, 2005

[0003] In an oscillometric blood pressure monitor, as described above, a pressure which is equal to or higher than the
systolic blood pressure must be applied to the subject. Therefore, there are problems in that a large burden is imposed
on the patient, and that the measurement time period is long. In the case where the measurement is performed on a
subject with advanced arteriosclerosis, an oscillometric blood pressure monitor cannot clearly determine the maximum
amplitude of the pulse wave which is superimposed on the cuff pressure. This causes another problem in that, in an
oscillometric blood pressure monitor, the accuracy of calculation of the mean blood pressure is low. For example, the
blood pressure estimating apparatus disclosed in Patent Literature 1 teaches a technique for reducing a burden on a
subject. However, the technique requires a microwave sensor and the like. In the configuration disclosed in Patent
Literature 1, therefore, the above-discussed problems cannot be sufficiently solved by an economical configuration.
[0004] Patent Literature 2 discloses a measuring apparatus having a configuration in which, in order to enhance the
measurement speed, a provisional blood pressure value is displayed. In the technique, the history of the systolic and
mean blood pressures is used, and the mean blood pressure is estimated at the timing when the current systolic blood
pressure is calculated (Columns 0033 and 0034 of Patent Literature 2). In the technique, however, the diastolic blood
pressure is not considered, and therefore there is a possibility that the blood pressure cannot be correctly estimated.

SUMMARY

[0005] The presently disclosed subject matter may provide a measuring apparatus which can solve the various prob-
lems caused in the case where an oscillometric blood pressure monitor is used.

[0006] The measuring apparatus may comprise: a blood pressure calculator which is configured to measure first and
second blood pressure values of a subject; and a blood pressure estimating section which is configured to estimate a
third blood pressure value based on ratio information indicative of relationships of difference levels of blood pressure
values, and the first and second blood pressure values.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007]

Fig. 1 is a block diagram showing the configuration of a measuring apparatus 1 of Embodiment 1.

Fig. 2is a conceptual view showing the concept of calculation of the diastolic and mean blood pressures by increasing
a cuff pressure.

Fig. 3 is a view schematically showing relationships between the pressure and volume of an arterial blood vessel.
Fig. 4 is a conceptual view showing the waveform of a pulse wave.
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Fig. 5 is a conceptual view showing the blood pressure waveform.

Figs. 6(A) and 6(B) are conceptual views showing the waveform of a pulse wave.

Fig. 7 is a block diagram showing the configuration of a measuring apparatus 1 of Embodiment 2.

Fig. 8 is a block diagram showing the configuration of a measuring apparatus 1 of Embodiment 4.

Fig. 9 is a view showing the concept of the %MAP.

Fig. 10 is view showing relationships between a cuff pressure and the %MAP.

Fig. 11 is a conceptual view showing pulse waves of cuff pressures which were measured from a subject with
advanced arteriosclerosis.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS
<Embodiment 1>

[0008] Hereinafter, an embodiment of the presently disclosed subject matter which will be described with reference
to the drawings. The embodiment will be described is aimed to reduce the burden on the subject, and to shorten the
measurement time period, and has a configuration which estimates the systolic blood pressure.

[0009] Fig. 1 is a block diagram showing the configuration of a measuring apparatus 1 of the embodiment. The
measuring apparatus 1 includes a pulse wave measuring section 11, ablood pressure calculator 12, a pressure controller
13, a blood pressure estimating section 14, a displaying section 15, and a notifying section 16. Although not illustrated,
the measuring apparatus 1 adequately includes a storage device (for example, a hard disk drive) and the like. For
example, the measuring apparatus 1 may be a patient monitor, a medical telemeter, a blood pressure monitor, or the
like. The measuring apparatus 1 is connected to a cuff 21.

[0010] The cuff 21 is an air bag which is used in a related-art non-invasive blood pressure measurement. The cuff 21
is attached to a predetermined portion (preferably, the upper arm) of the subject. The pressure controller 13 performs
a control of pressurizing and depressurizing the cuff 21. The pressure controller 13 gradually increases the cuff pressure
(the pressure which is applied by the cuff 21 to a predetermined position of the subject) from a state where the cuff
pressure is 0, and ends the pressurization (starts the depressurization) after the blood pressure calculator 12 calculates
the diastolic and mean blood pressures. The pressure control performed by the pressure controller 13 will be described
later in detail with reference to Fig. 2.

[0011] The pulse wave measuring section 11 non-invasively measures the pulse wave of the subject. Specifically, the
pulse wave measuring section 11 detects the cuff pressure. The pulse wave of the subject is superimposed on the cuff
pressure. The pulse wave measuring section 11 performs a signal process on the detected cuff pressure to acquire the
pulse wave superimposed on the cuff pressure. Here, the pulse wave measuring section 11 measures the pulse wave
during a period when the pressure applied to the cuff 21 has a value which is within a range where the pulse wave
component of the vein is not contained. For example, it is considered that a pressure which does not contain the pulse
wave component of the vein (a pressure which is higher than the venous pressure) is a pressure that is equal to or
higher than 20 mmHg. According to the configuration, influence of the venous pressure can be canceled from the cuff
pressure pulse wave, only the pulse wave component related to the arterial pressure can be extracted, and the pulse
wave can be accurately measured. Preferably, the pulse wave measuring section 11 measures the pulse wave during
pressurization (from 40 mmHg to 50 mmHg) under a pressure which is supposed to be equal to or lower than the diastolic
blood pressure. According to the configuration, the artery can be prevented from being excessively closed, and the pulse
wave can be accurately measured. The pulse wave measuring section 11 supplies the measured pulse wave to the
blood pressure calculator 12 and the blood pressure estimating section 14.

[0012] The blood pressure calculator 12 calculates the diastolic and mean blood pressures based on the pulse pressure
and the cuff pressure. The method of calculating the diastolic and mean blood pressures will be described with reference
to Fig. 2. Fig. 2 is a conceptual view showing the concept of calculation of the diastolic and mean blood pressures by
performing pressurization by using the cuff 21.

[0013] The blood pressure calculator 12 detects the amplitude (the portion of the bar graph in Fig. 2) of the pulse wave
which is superimposed on the cuff pressure in the pressurization process using the cuff 21. The blood pressure calculator
12 detects the cuff pressure corresponding to the maximum amplitude of the pulse wave, as the mean blood pressure
(MEAN). Moreover, the blood pressure calculator 12 calculates the diastolic blood pressure (DIA) based on the maximum
amplitude. Although there are various methods of calculating the blood pressure, the blood pressure calculator 12
calculates the diastolic blood pressure (DIA) based on the cuff pressure at a point where the amplitude of the pulse
wave is sharply increased. After the diastolic and mean blood pressures are successfully calculated (or after a state
where the blood pressures can be calculated is attained), the pressure controller 13 starts depressurization of the cuff
21. That is, the diastolic and mean blood pressures are calculated from the pulse wave which is measured during a
period of pressurization at a pressure which is equal to or lower than a pressure that is estimated to be equal to or lower
than the systolic blood pressure. Since the pressurization is performed at a pressure which is equal to or lower than the
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systolic blood pressure, the burden on the subject can be reduced. The blood pressure calculator 12 supplies the
calculated diastolic and mean blood pressures to the blood pressure estimating section 14.

[0014] Referring againto Fig. 1, the pulse wave, the diastolic blood pressure, and the mean blood pressure are supplied
to the blood pressure estimating section 14. The blood pressure estimating section 14 calculates the systolic blood
pressure (third blood pressure value) by using the pulse wave, the diastolic blood pressure (first blood pressure value),
and the mean blood pressure (second blood pressure value). The blood pressure calculator 12 calculates the systolic
blood pressure by using relationships between the pulse wave, the volume of an arterial blood vessel (hereinafter, often
referred to as the arterial blood vessel volume), and the blood pressure. Therefore, the relationships between the pulse
wave, the arterial blood vessel volume, and the blood pressure will be first described.

[0015] Fig. 3 (cited from Non-patent Literature 1) is a view schematically showing relationships between the pressure
and volume of an arterial blood vessel. The ordinate of the figure indicates the blood vessel internal pressure, and the
abscissa indicates the arterial blood vessel volume. In the case where the pressure applied to the cuff 21 is higher than
the diastolic blood pressure, a blood vessel in which the internal pressure is equal to or lower than the applied pressure
is closed. Therefore, a change of the arterial blood vessel volume shows a discontinuous waveform. Therefore, the
relationship between (the value which is obtained by subtracting the cuff pressure from the blood pressure) and (the
arterial blood vessel volume) is a nonlinear relationship as shown in Fig. 3.

[0016] In the case where the applied pressure of the cuff 21 is lower than the diastolic blood pressure, however, a
change of the arterial blood vessel volume shows a shape which is similar to the blood pressure waveform. In the range
where the applied pressure of the cuff 21 is lower than the diastolic blood pressure (D or E of Fig. 3), therefore, a change
of the arterial blood vessel volume and a blood pressure change have an approximately linear relationship. The rela-
tionships between the arterial blood vessel volume and a change of the blood pressure have been described above.
[0017] Next, relationships between the pulse wave and the arterial blood vessel volume will be described. A variation
of the pulse wave is caused by a change of the cuff volume due to a change of the arterial blood vessel volume. When
the cuff pressure is indicated by P, the cuff volume is indicated by V, a change of the cuff volume due to a change of
the arterial blood vessel volume is indicated by AV, and the amplitude of the pulse wave is indicated by AP, the following
Exp. (1) holds in accordance with Boyle-Charles’s Law.

P x V= (P + AP) x (V - AV)
=P xV+ AP X V- P x AV - AP x AV Exp. (1)

[0018] The values of AP and AV are smaller than those of P and V. Even when the term of AP X AV in Exp. (1) above
is neglected, therefore, little influence is exerted. Consequently, the following Exp. (2) and Exp. (3) approximately hold.

AP x V = AV x P Exp. (2)

AP = AV x P/V Exp. (3)

[0019] When it is assumed that P and V are constant in Exp. (2) and Exp. (3), AP is proportional to AV. That is, it is
possible to consider that the amplitude AP of the pulse wave has a similarity relationship to a change of the arterial blood
vessel volume.

[0020] Summarizing the above description, the followings are obtained:

(Characteristic 1) a change of the arterial blood vessel volume is in approximately linear relationship with that of the
blood pressure (in the range where the cuff pressure is equal to or lower than the diastolic blood pressure); and
(Characteristic 2) the amplitude of the pulse wave has a similarity relationship to a change of the arterial blood vessel
volume.

[0021] When the above two characteristics are considered, the amplitude of the pulse wave is relevant to a change
of the blood pressure. Therefore, the blood pressure estimating section 14 focuses attention on the relationships between
the amplitude of the pulse wave and the blood pressure, and estimates the systolic blood pressure by using the above-
described inputs (the diastolic blood pressure, the mean blood pressure, and the pulse wave). Hereinafter, this will be
described in detail.

[0022] As described above, the pulse wave is relevant to a change of the blood pressure (i.e., the blood pressure
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waveform). Namely, it is possible to assume that the waveform of the pulse wave is similar to that of the blood pressure.
Therefore, the blood pressure estimating section 14 performs the process while assuming that the waveform of the pulse
wave is identical with (or similar to) that of the blood pressure. Fig. 4 is a conceptual view showing the waveform of the
pulse wave.

[0023] In one amplitude of the waveform of the pulse wave shown in Fig. 4, the blood pressure estimating section 14
calculates a pressure value Y1 (mmHg) by which the area of the one amplitude waveform is divided so that the two
divided waveform sections have the same area. Then, the blood pressure estimating section 14 calculates the ratio of
a: b in the figure (Y1 - minimum pressure value Y3 in the one amplitude : maximum pressure value Y2 in the one
amplitude - Y1). The following description is made assuming that the ratioof a: bis 1 : 2.

[0024] Next, the blood pressure estimating section 14 estimates the systolic blood pressure by using the ratio, the
diastolic blood pressure, and the mean blood pressure. Fig. 5 is a conceptual view showing the blood pressure waveform.
As described above, it is possible to assume that the waveform of the blood pressure is similar to that of the pulse wave
(Fig. 4). The blood pressure calculator 12 calculates the diastolic blood pressure and the mean blood pressure as
described above. In the following description, it is assumed that the diastolic blood pressure is 70 mmHg and the mean
blood pressure is 90 mmHg. Here, the mean blood pressure is a value by which, in the case where one amplitude of
the waveform of the blood pressure is considered as an area, the area is divided into halves. The ratio (a : b) which is
calculated in Fig. 4 is 1 : 2. As described above, it is possible to assume that the waveform of the blood pressure is
similar to that of the pulse wave (Fig. 4).

[0025] Therefore, the blood pressure estimating section 14 assumes that (diastolic blood pressure - mean blood
pressure) : (systolic blood pressure - mean blood pressure) = 1 : 2. Based on the ratio (a : b = 1 : 2), the diastolic blood
pressure (70 mmHg), and the mean blood pressure (90 mmHg), the blood pressure estimating section 14 estimates
that the systolic blood pressure is 130 mmHg (90 mmHg + (90 mmHg - 70 mmHg) x (2/1)).

[0026] The method ofestimating the systolic blood pressure in the blood pressure estimating section 14 will be described
in more detail. The above-described blood pressure estimating section 14 estimates the systolic blood pressure based
on the shape of the waveform of the pulse wave. Various examples of the shape of the pulse wave, and the method of
estimating the systolic blood pressure based thereon will be described with reference to Figs. 6(A) and 6(B).

[0027] Fig. 6(A) shows a first example of the waveform of the pulse wave. In Fig. 6 (A), the ratio of a : b which divides
the area of the waveform into halves is 1 : 2. Fig. 6(B) shows a second example of the waveform of the pulse wave. In
Fig. 6 (B), the ratio of a : b which divides the area of the waveform into halves is 2 : 3. In cases having different waveform
shapes of the pulse wave, namely, the ratio of a : b which divides the area of the waveform into halves is varied. As
described above, it is possible to assume that the waveform of the blood pressure is similar to that of the pulse wave
(Fig. 4). Therefore, the blood pressure estimating section 14 performs estimation while assuming that, depending on
the waveform of the pulse wave, also relationships of blood pressures (the diastolic blood pressure, the mean blood
pressure, and the systolic blood pressure) are changed. In other words, the blood pressure estimating section 14 estimates
the systolic blood pressure while treating the shape of the pulse wave as a ratio indicating the relationships of the blood
pressure values (the diastolic blood pressure, the mean blood pressure, and the systolic blood pressure).

[0028] Referring again to Fig. 1, the displaying section 15 displays the diastolic and mean blood pressures which are
calculated by the blood pressure calculator 12, and the systolic blood pressure which is estimated by the blood pressure
estimating section 14, on a display device or the like disposed in the measuring apparatus 1. In the case where the
blood pressure value (the diastolic blood pressure, the mean blood pressure, or the systolic blood pressure) is abnormal,
the notifying section 16 outputs an alarm sound.

[0029] Then, effects of the measuring apparatus 1 of the embodiment will be described. As described above, the
measuring apparatus 1 has the configuration in which the systolic blood pressure (third blood pressure value) is calculated
based on two blood pressure values (the diastolic blood pressure (first blood pressure value) and the mean blood
pressure (second blood pressure value)). During the calculation of the diastolic and mean blood pressures, the pressure
controller 13 pressurizes the cuff 21. In the pressurization process, the blood pressure calculator 12 calculates the
diastolic and mean blood pressures. After the two blood pressure values are calculated, the pressurization is ended
(Fig. 2). In other words, the pressurization is not performed at a pressure which is estimated to be equal to or higher
than the systolic blood pressure. According to the configuration, as compared with a blood pressure measurement by
a related-art oscillometric method, the measurement time period is shortened, and the burden on the subject (i.e., the
cuff pressure applied to the predetermined portion) can be reduced.

<Embodiment 2>

[0030] The measuring apparatus 1 of the embodiment is characterized in that the systolic blood pressure is estimated
by using blood pressure values which are measured in the past. With respect to the embodiment, points which are
different from Embodiment 1 will be described.

[0031] First, an example of a use case where the measuring apparatus 1 of the embodiment is required will be
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described. In the case where anesthesia is applied in an operating room, the anesthetist frequently measures the blood
pressure of the subject in order to determine the onset of anesthesia. In this case, the anesthetist often emphasizes the
recognition of transition of the blood pressure from the previous measurement (i.e., whether the blood pressure is in a
rising trend or a falling trend), than a correct measurement value. The measuring apparatus 1 which is effective in the
case where the previous result of the blood pressure measurement remains as described above, and transition of the
blood pressure is to be immediately known will be described.

[0032] Fig. 7 is a block diagram showing the configuration of a measuring apparatus 1 of the embodiment. The
measuring apparatus 1 shown in Fig. 7 is configured so as to further have a history storing section 17 in addition to the
configuration of Fig. 1. The processes of the processing sections are different from those of Embodiment 1 in the following
points.

[0033] The blood pressure calculator 12 and the pressure controller 13 perform a related-art blood pressure meas-
urement using the oscillometric method, at least one time on the subject. The blood pressure calculator 12 and the
pressure controller 13 store blood pressure values (the diastolic blood pressure, the mean blood pressure, and the
systolic blood pressure) which are calculated by using the oscillometric method, in the history storing section 17. That
is, the pressure controller 13 pressurizes the cuff 21 to a pressure which is estimated to be equal to or higher than the
systolic blood pressure, and thereafter depressurizes the cuff 21. In the depressurization process, the blood pressure
calculator 12 calculates the diastolic, mean, and systolic blood pressures based on the amplitude of the pulse wave.
The blood pressure calculator 12 stores the calculated blood pressure values (the diastolic blood pressure, the mean
blood pressure, and the systolic blood pressure) as reference values in the history storing section 17.

[0034] Hereinafter, a blood pressure value stored in the history storing section 17 is generally referred to as a reference
blood pressure value. The diastolic blood pressure, mean blood pressure, and systolic blood pressure which are stored
in the history storing section 17 are referred to as the reference diastolic blood pressure, the reference mean blood
pressure, and the reference systolic blood pressure, respectively. The history storing section 17 may be realized by, for
example, a hard disk drive which is disposed in the measuring apparatus 1.

[0035] Thereafter, the measuring apparatus 1 calculates the blood pressure of the subject periodically or in accordance
with manualinstructions. In this case, the measuring apparatus 1 estimates the systolic blood pressure without performing
pressurization at a pressure which is equal to or higher than the systolic blood pressure, similarly with Embodiment 1.
[0036] This will be described in detail. The pressure controller 13 gradually increases the cuff pressure (the pressure
which is applied by the cuff 21 to the predetermined portion of the subject) from a state where the cuff pressure is 0,
and ends the pressurization (starts the depressurization) after the blood pressure calculator 12 calculates the diastolic
and mean blood pressures. The blood pressure estimating section 14 estimates the systolic blood pressure based on
the calculated diastolic and mean blood pressures, and the reference blood pressure value values (the reference diastolic
blood pressure, the reference mean blood pressure, and the reference systolic blood pressure) read out from the history
storing section 17.

[0037] The estimation is performed by the below-described method. In the following description, it is assumed that
the reference blood pressure values have the following values, respectively:

* reference diastolic blood pressure = 70 mmHg
* reference mean blood pressure = 90 mmHg
* reference systolic blood pressure = 130 mmHg.

[0038] From the above reference blood pressure value values, the blood pressure estimating section 14 calculates a
ratio (reference mean blood pressure - reference diastolic blood pressure : reference systolic blood pressure - reference
mean blood pressure) as 1 : 2. The blood pressure estimating section 14 estimates the systolic blood pressure so as to
attain coincidence with the ratio. For example, it is assumed that the mean blood pressure calculated by the blood
pressure calculator 12 is 92 mmHg, and the diastolic blood pressure is 70 mmHg. In this case, the blood pressure
estimating section 14 estimates that the current systolic blood pressure is 136 mmHg (92 mmHg + (92 mmHg - 70
mmHg) X (2/1)).

[0039] The processes other than the above are similar to those of Embodiment 1. Then, effects of the measuring
apparatus 1 of the embodiment will be described. The measuring apparatus 1 estimates the systolic blood pressure by
using the reference blood pressure values, and the diastolic and mean blood pressures which are calculated by the
blood pressure calculator 12. The blood pressure calculator 12 previously calculates the reference blood pressure values
(the reference diastolic blood pressure, the reference mean blood pressure, and the reference systolic blood pressure)
by using a related-art oscillometric method. The calculation is performed by using the oscillometric method, and therefore
the reference blood pressure values are correct. The blood pressure estimating section 14 estimates the systolic blood
pressure by using the correct reference blood pressure values. Therefore, the systolic blood pressure can be accurately
estimated.

[0040] In the above-described blood pressure measurement in introduction of anesthesia, particularly, it is requested
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to rapidly perform the blood pressure measurement. Even in such a case, the measuring apparatus 1 can promptly
calculate the systolic blood pressure corresponding to the blood pressure trend of the subject.

<Embodiment 3>

[0041] The measuring apparatus 1 of the embodiment estimates the systolic blood pressure by using past blood
pressure values (reference blood pressure values) similarly with Embodiment 2. With respect to the measuring apparatus
1 of the embodiment, points which are different from Embodiment 2 will be described.

[0042] The configuration of the measuring apparatus 1 is similar to that of Embodiment 2 (Fig. 7). The blood pressure
calculator 12 and the pressure controller 13 perform a related-art blood pressure measurement using the oscillometric
method, at least one time on the subject. The calculated reference blood pressure values are stored in the history storing
section 17. At the timing (a substantially same timing) of the blood pressure measurement performed by the oscillometric
method, the pulse wave measuring section 11 measures the pulse wave which is superimposed on the cuff pressure,
and stores it in the history storing section 17.

[0043] In the following description, it is assumed that the reference blood pressure values have the following values,
and the ratio of a : b (Fig. 5) which divides the area of the pulse wave waveform in the measurement by the oscillometric
method into halves has the following value:

* reference diastolic blood pressure = 80 mmHg
* reference mean blood pressure = 98 mmHg

» reference systolic blood pressure = 125 mmHg
e ratioofa:b=1:2.

[0044] Here, the ratio based on the measured values (reference blood pressure values calculated by using the oscil-
lometric method) is (reference mean blood pressure - reference diastolic blood pressure : reference systolic blood
pressure - reference mean blood pressure) = 2 : 3. Therefore, the blood pressure estimating section 14 calculates a
correction value for correcting the ratio of a : b calculated from the pulse wave, as 6/5 (= (2/(2 + 3)/(1/(1 + 2)).

[0045] The preparatory process using the oscillometric method has been described. Similarly with Embodiments 1
and 2, then, the blood pressure measurement and the pulse wave measurement in the pressurization process are
performed at an arbitrary timing. Namely, the blood pressure calculator 12 calculates the diastolic blood pressure and
the mean blood pressure in the pressurization process. After the calculation of the mean blood pressure, the pressurization
is promptly ended. Moreover, the pulse wave measuring section 11 acquires the pulse wave superimposed on the cuff
pressure.

[0046] The blood pressure estimating section 14 estimates the systolic blood pressure by using the diastolic and mean
blood pressures calculated by the blood pressure calculator 12, the pulse wave measured by the pulse wave measuring
section 11, and the correction value (6/5). The diastolic and mean blood pressures calculated by the blood pressure
calculator 12 are assumed to have the following values., respectively Here, it is assumed that the shape of the pulse
wave is changed, and the ratio of a : b (Fig. 5) which divides the area of the pulse wave waveform into halves has the
following value:

* diastolic blood pressure = 80 mmHg
* mean blood pressure = 98 mmHg
e ratioofa:b=3:7.

[0047] First, the blood pressure estimating section 14 corrects the above-described ratio (3 : 7) by using the correction
value (6/5) in the following manner:

e correction ratioofa’ : b’=3 X (6/5): (3+7)-3 X (6/5) =3.6:6.4.

[0048] The blood pressure estimating section 14 estimates the systolic blood pressure by using the correction ratio
(3.6 : 6.4), the diastolic blood pressure (80 mmHg), and the mean blood pressure (98 mmHg) in the following manner:

* systolic blood pressure = 98 mmHg + (98 mmHg - 80 mmHg) X (6.4/3.6) = 130 mmHg.

[0049] The other processes may be similar to those of Embodiment 1. Then, effects of the measuring apparatus 1 of
the embodiment will be described. As described above, the measuring apparatus 1 obtains the correction value by using
the reference blood pressure values which are previously acquired by using the oscillometric method. From the pulse
wave and the correction value, then, the measuring apparatus 1 calculates the correction ratio, and estimates the systolic
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blood pressure by using the correction ratio. The reference blood pressure values are calculated by using the oscillometric
method which is used in a related-art blood pressure measurement, and therefore have an accurate value. Even in the
case where the shape of the pulse wave is changed by lapse of time, when the correction is performed by using the
reference blood pressure values, the blood pressure estimating section 14 can correctly estimate the systolic blood
pressure.

<Embodiment 4>

[0050] The embodiment is characterized in that the systolic blood pressure is estimated by referring the %MAP (Mean
Artery Pressure). With respect to the measuring apparatus 1 of the embodiment, points which are different from the
other embodiments will be described.

[0051] Fig. 8 shows the configuration of the measuring apparatus 1 of the embodiment. As shown in Fig. 8, the
measuring apparatus 1 of the embodiment further includes a MAP calculator 18 in addition to the configuration of Fig.
1. In advance to the description of the MAP calculator 18, the %MAP will be described. As shown in Fig. 9, the %MAP
is a value which is obtained by dividing the average of the area of the waveform, and expressing the quotient in percentage
(Fig. 1 of Non-patent Literature 2) . In the case where a blood vessel is narrowed or closed, the value of the %MAP is
increased (see Fig. 9). When the %MAP is smaller than 45%, it is usually determined that the state is normal.

[0052] Next, relationships between the cuff pressure (the pressurizing force of the pressure controller 13) and the
%MAP will be described with reference to Fig. 10. In Fig. 10, the abscissa indicates the cuff pressure (the pressure
which is applied to the predetermined portion of the subject by the cuff 21), and the ordinate indicates the %MAP.
[0053] In the case where the cuff pressure is high (for example, 40 mmHg or higher), it is considered that a blood
vessel collapses, and therefore the %MAP is large. By contrast, the lower the cuff pressure, the higher the intravascular
pressure. That is, a state where little external pressure is applied to a blood vessel is obtained. Therefore, the lower the
cuff pressure, the more the relationships between the intravascular pressure and the sectional area of a blood vessel
become linear.

[0054] Based on the relationships shown in Fig. 10 and between the cuff pressure and the %MAP, the MAP calculator
18 calculates (estimates) the %MAP in the case where the cuff pressure is 0 (the pressurization by the pressure controller
13 is canceled) An example of the estimation technique will be described.

[0055] First, the pulse wave measuring section 11 supplies the pulse wave superimposed on the cuff pressure, to the
MAP calculator 18. Based on the pulse wave, the MAP calculator 18 calculates relationships corresponding to Fig. 10
and between the cuff pressure and the %MAP. Then, the MAP calculator 18 calculates an estimated value of the %MAP
in the case where the cuff pressure is 0. For example, the MAP calculator 18 calculates an approximate expression of
the %MAP such as shown in Fig. 10, and, from the approximate expression, calculates the %MAP in the case where
the cuff pressure is 0. The lower the cuff pressure, the more the relationships of the approximate expression become
linear. Therefore, the MAP calculator 18 may produce an approximate expression with setting the range where the cuff
pressure is equal to or less than a predetermined value, as the object. The MAP calculator 18 supplies the calculated
%MAP to the blood pressure estimating section 14.

[0056] The blood pressure estimating section 14 estimates the systolic blood pressure by using the diastolic and mean
blood pressures calculated by the blood pressure calculator 12, and the %MAP. An example in which the diastolic and
mean blood pressures, and the estimated value of the %MAP in the case where the cuff pressure is 0 have the following
values, respectively will be described:

* diastolic blood pressure = 70 mmHg
* mean blood pressure = 100 mmHg
e %MAP =40%.

[0057] Inthe case of the above values, the blood pressure estimating section 14 estimates the systolic blood pressure
in the following manner:

* systolic blood pressure = 70 mmHg + (100 mmHg - 70 mmHg)/0.4 = 145 mmHg.

[0058] Then, effects of the measuring apparatus 1 of the embodiment will be described. The measuring apparatus 1
of the embodiment estimates the systolic blood pressure by using the relationships between the cuff pressure and the
%MAP. As described above, the measuring apparatus 1 calculates the %MAP in the case where the cuff pressure is 0,
from the relationships between the cuff pressure and transition of the %MAP. Then, the measuring apparatus 1 estimates
the systolic blood pressure by using the %MAP. The %MAP is an index related to the average of the area of the pulse
wave. Even in the case where the shape of the pulse wave is changed by lapse of time, when the %MAP is used,
therefore, the blood pressure estimating section 14 can accurately estimate the systolic blood pressure.
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<Embodiment 5>

[0059] Although Embodiments 5 to 8 which will be described are the measuring apparatus 1 which estimates the mean
blood pressure, the processes of the embodiments correspond to those of Embodiment 1 to 4, respectively. The meas-
uring apparatus 1 of Embodiment 5 has a configuration in which the mean blood pressure is estimated based on the
diastolic blood pressure, the systolic blood pressure, and the pulse wave. The estimation technique basically corresponds
to Embodiment 1. Therefore, points which are different from Embodiment 1 will be described.

[0060] First, an example of a use case where the measuring apparatus 1 of the embodiment is assumed to be used
will be described. The subject is assumed to be a patient with advanced arteriosclerosis. With respect to such a subject,
a related-art oscillometric blood pressure monitor cannot sometimes clearly determine the maximum amplitude of the
pulse wave which is superimposed on the cuff pressure. Fig. 11 (cited from Non-patent Literature 3) is a conceptual
view showing pulse waves which were measured from a subject with advanced arteriosclerosis. As illustrated, the point
where the amplitude is maximum is not clear. Therefore, a related-art oscillometric blood pressure monitor cannot
correctly calculate the mean blood pressure which is a blood pressure corresponding to the point where the amplitude
is maximum. It is a main object of the measuring apparatus 1 of the embodiment to correctly calculate the mean blood
pressure even from such a subject.

[0061] The configuration of the measuring apparatus 1 of the embodiment is similar to that shown in Fig. 1, but the
operation is different in the following points. The blood pressure calculator 12 calculates the diastolic and systolic blood
pressures. Therefore, the pressure controller 13 applies a pressure which is equal to or higher than the systolic blood
pressure, to a predetermined position (preferably, the upper arm) of the subject. The method of calculating the diastolic
and systolic blood pressures by the blood pressure calculator 12 may be similar to the calculation method in a related-
art oscillometric method.

[0062] In the following description, it is assumed that the systolic blood pressure is 130 mmHg, the diastolic blood
pressure is 70 mmHg, and the above-described ratio of a : b (similar to Fig. 4, a ratio in one amplitude of the pulse wave)
is 1: 2. From these values, the blood pressure estimating section 14 estimates that the mean blood pressure is 90
mmHg (70 mmHg + (130 mmHg - 70 mmHg) X (1/3)).

[0063] Then, effects of the measuring apparatus 1 of the embodiment will be described. In the blood pressure meas-
urementusing arelated-art oscillometric method, as described above, the mean blood pressure of a subject with advanced
arteriosclerosis cannot be sometimes correctly measured. By contrast, as described above, the measuring apparatus
1 of the embodiment estimates the mean blood pressure by using the systolic and diastolic blood pressures and the
ratio which is calculated from the pulse wave. That is, the measuring apparatus 1 estimates the mean blood pressure
without using the oscillation amplitude. Even in the case where the maximum value of the oscillation amplitude cannot
be clearly identified, therefore, the correct mean blood pressure can be calculated.

<Embodiment 6>

[0064] The measuringapparatus 1ofthe embodiment has a configuration in which the mean blood pressure is estimated
based on the diastolic and systolic blood pressures and reference blood pressure values. The estimation technique
basically corresponds to Embodiment 2. Therefore, points which are different from Embodiment 2 will be described.
[0065] The configuration of the measuring apparatus 1 is similar to that shown in Fig. 7. An example of a use case
where the measuring apparatus 1 of the embodiment is assumed to be used is identical with Embodiment 5 (a subject
with advanced arteriosclerosis). Hereinafter, processes which are different from those of Embodiment 2 will be described
with reference to Fig. 7.

[0066] The blood pressure calculator 12 and the pressure controller 13 perform a related-art blood pressure meas-
urement using the oscillometric method, at least one time on the subject. The blood pressure calculator 12 and the
pressure controller 13 store the reference blood pressure values (the reference diastolic blood pressure, the reference
mean blood pressure, and the reference systolic blood pressure) which are calculated by using the oscillometric method,
in the history storing section 17.

[0067] Thereafter, the measuring apparatus 1 calculates the blood pressure of the subject periodically or in accordance
with manual instructions. The blood pressure calculator 12 calculates the diastolic and systolic blood pressures based
on the pulse pressure and the cuff pressure. The blood pressure estimating section 14 estimates the mean blood pressure
based on the calculated diastolic and systolic blood pressures, and the reference blood pressure values (the reference
diastolic blood pressure, the reference mean blood pressure, and the reference systolic blood pressure) read out from
the history storing section 17.

[0068] The estimation is performed by the below-described method. In the following description, it is assumed that
the reference blood pressure values are as follows:

* reference diastolic blood pressure = 70 mmHg
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* reference mean blood pressure = 90 mmHg
* reference systolic blood pressure = 130 mmHg.

[0069] From the above reference blood pressure values, the blood pressure estimating section 14 calculates a ratio
(reference mean blood pressure - reference diastolic blood pressure : reference systolic blood pressure - reference
mean blood pressure) as 1 : 2. The blood pressure estimating section 14 estimates the mean blood pressure so as to
attain coincidence with the ratio. For example, it is assumed that the diastolic blood pressure calculated by the blood
pressure calculator 12 is 70 mmHg, and the systolic blood pressure is 133 mmHg. In this case, the blood pressure
estimating section 14 estimates that the current mean blood pressure is 91 mmHg (70 mmHg + (133 mmHg - 70 mmHg)
X (1/3)).

[0070] The other processes are similar to those of Embodiment 2. Then, effects of the measuring apparatus 1 of the
embodiment will be described. The measuring apparatus 1 estimates the mean blood pressure by using the reference
blood pressure values, the diastolic blood pressure, and the systolic blood pressure. The blood pressure estimating
section 14 estimates the mean blood pressure by using the correct reference blood pressure values which are acquired
by the oscillometric method. Therefore, the mean blood pressure can be accurately estimated.

<Embodiment 7>

[0071] The measuring apparatus 1 of the embodiment estimates the mean blood pressure by using past blood pressure
values (reference blood pressure values) similarly with Embodiment 6. The processes of the measuring apparatus 1 of
Embodiment 7 correspond to those of the measuring apparatus 1 of Embodiment 3. Therefore, points which are different
from Embodiment 3 will be described.

[0072] The configuration of the measuring apparatus 1 is similar to that of Embodiment 2 (Fig. 7). The blood pressure
calculator 12 and the pressure controller 13 perform a related-art blood pressure measurement using the oscillometric
method, at least one time on the subject. The calculated reference blood pressure values are stored in the history storing
section 17. At the timing (a substantially same timing) of the blood pressure measurement performed by the oscillometric
method, the pulse wave measuring section 11 measures the pulse wave which is superimposed on the cuff pressure,
and stores it in the history storing section 17.

[0073] In the following description, it is assumed that the reference blood pressure values have the following values,
respectively, and the ratio of a : b (Fig. 5) which divides the area of the pulse wave waveform in the measurement by
the oscillometric method into halves has the following value:

* reference diastolic blood pressure = 80 mmHg
* reference mean blood pressure = 98 mmHg

* reference systolic blood pressure = 125 mmHg
e ratioofa:b=1:2.

[0074] Here, the ratio based on the measured values (reference blood pressure values calculated by using the oscil-
lometric method) is (reference mean blood pressure - reference diastolic blood pressure : reference systolic blood
pressure - reference mean blood pressure) = 2 : 3. Therefore, the blood pressure estimating section 14 calculates a
correction value for correcting the ratio of a : b calculated from the pulse wave, as 6/5 (= (2/ (2 + 3) / (1/ (1 + 2)).
[0075] The preparatory process using the oscillometric method has been described. Then, the blood pressure calculator
12 measures the blood pressures (the diastolic blood pressure and the systolic blood pressure) at an arbitrary timing.
Moreover, the pulse wave measuring section 11 acquires the pulse wave superimposed on the cuff pressure.

[0076] The blood pressure estimating section 14 estimates the mean blood pressure by using the diastolic and systolic
blood pressures calculated by the blood pressure calculator 12, the pulse wave measured by the pulse wave measuring
section 11, and the correction value (6/5). The diastolic and systolic blood pressures calculated by the blood pressure
calculator 12 are assumed to have the following values, respectively. Here, it is assumed that the shape of the pulse
wave is changed, and the ratio of a : b (Fig. 5) which divides the area of the pulse wave waveform into halves has the
following value:

* diastolic blood pressure = 80 mmHg
* systolic blood pressure = 130 mmHg

e ratioofa:b=3:7.

[0077] First, the blood pressure estimating section 14 corrects the above-described ratio (3 : 7) by using the correction
value (6/5) in the following manner:
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e correctionratioofa’ :b’=3 X (6/5): (3+7)-3 X (6/5)=3.6:6.4.

[0078] The blood pressure estimating section 14 estimates the mean blood pressure by using the correction ratio (3.6 :
6.4), the diastolic blood pressure (80 mmHg), and the systolic blood pressure (130 mmHg) in the following manner:

* mean blood pressure = 80 mmHg + (130 mmHg - 80 mmHg) X (3.6/ (6.4 + 3.6) = 98 mmHg.

[0079] Then, effects of the measuring apparatus 1 of the embodiment will be described. As described above, the
measuring apparatus 1 obtains the correction value by using the reference blood pressure values which are previously
acquired by using the oscillometric method. From the pulse wave and the correction value, then, the measuring apparatus
1 calculates the correction ratio, and estimates the mean blood pressure by using the correction ratio. Even in the case
where the shape of the pulse wave is changed by lapse of time, when the correction is performed by using the reference
blood pressure values, the blood pressure estimating section 14 can correctly estimate the mean blood pressure.

<Embodiment 8>

[0080] The embodiment is characterized in that the mean blood pressure is estimated by referring the %MAP (Mean
Artery Pressure). The processes of the measuring apparatus 1 of Embodiment 8 correspond to those of Embodiment
4. Therefore, points which are different from Embodiment 4 will be described.

[0081] The configuration of the measuring apparatus 1 is similar to that of Embodiment 4 (Fig. 8). Namely, the measuring
apparatus 1 has the MAP calculator 18. The MAP calculator 18 calculates the %MAP in a manner similar to Embodiment 4.
[0082] The blood pressure calculator 12 calculates the diastolic and systolic blood pressures by using a related-art
oscillometric method. The blood pressure estimating section 14 estimates the mean blood pressure by using the diastolic
and systolic blood pressures calculated by the blood pressure calculator 12, and the estimated value of the %MAP. An
example in which the diastolic and systolic blood pressures, and the estimated value of the %MAP in the case where
the cuff pressure is 0 (the pressurization by the pressure controller 13 is canceled) have the following values, respectively
will be described:

* diastolic blood pressure = 70 mmHg
* systolic blood pressure = 120 mmHg
e %MAP =40%.

[0083] In the case of the above values, the blood pressure estimating section 14 estimates the mean blood pressure
in the following manner:

* mean blood pressure = 70 mmHg + (120 mmHg - 70 mmHg) X (0.4) = 90 mmHg.

[0084] Then, effects of the measuring apparatus 1 of the embodiment will be described. The measuring apparatus 1
of the embodiment estimates the mean blood pressure by using the relationships between the cuff pressure and the
%MAP. As described above, the measuring apparatus 1 calculates the %MAP in the case where the cuff pressure is 0,
from the relationships between the cuff pressure and transition of the %MAP. Then, the measuring apparatus 1 estimates
the mean blood pressure by using the %MAP. The %MAP is an index related to the average of the area of the pulse
wave. When the %MAP is used, therefore, the blood pressure estimating section 14 can accurately estimate the mean
blood pressure.

(Summary of processes of measuring apparatus 1 of Embodiments 1 to 8)

[0085] The summary of processes common to the measuring apparatuses 1 of the above-described Embodiments 1
to 8 will be again described. The blood pressure calculator 12 calculates two blood pressure values (first and second
blood pressure values) by using the oscillometric method. The calculation method is not limited to the oscillometric
method. The blood pressure calculator 12 may use another technique as far as two blood pressure values are correctly
obtained. In Embodiment 1 to 4, the diastolic blood pressure value is calculated as the first blood pressure value, and
the mean blood pressure value is calculated as the second blood pressure value. In Embodiment 5 to 8, the diastolic
blood pressure value is calculated as the first blood pressure value, and the systolic blood pressure value is calculated
as the second blood pressure value.

[0086] The blood pressure estimating section 14 estimates the third blood pressure value based on the first and second
blood pressure values and the ratio information indicative of the relationships of the difference levels of the blood pressure
values. In Embodiment 1 to 4, the systolic blood pressure is estimated as the third blood pressure value, and, in Em-
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bodiment 5 to 8, the mean blood pressure is estimated as the third blood pressure value. Here, the ratio information is
indicated by the ratio of levels of (the mean blood pressure - the diastolic blood pressure) and (the systolic blood pressure
- the mean blood pressure). Of course, the ratio information may be regarded as the ratio of levels of (the systolic blood
pressure - the diastolic blood pressure) and (the mean blood pressure - the diastolic blood pressure).

[0087] In the embodiments, the ratio information is calculated in the different methods. In Embodiments 1 and 5, the
pulse wave measuring section 11 acquires the pulse wave. The blood pressure estimating section 14 focuses attention
on that there is relevance between the amplitude of the pulse wave and a change of the blood pressure, and calculates
the ratio information (a : b in Fig. 5) based on the shape of the pulse wave. The blood pressure estimating section 14
estimates the third blood pressure value by using the ratio information and the two blood pressure values (the first blood
pressure value and the second blood pressure value).

[0088] In Embodiments 2 and 6, the blood pressure estimating section 14 calculates the ratio information based on
the reference blood pressure values (the reference diastolic blood pressure, the reference mean blood pressure, and
the reference systolic blood pressure) which are previously acquired by a correct adequate technique (for example, the
oscillometric method). The blood pressure estimating section 14 performs the process of estimating the blood pressure
while using, for example, (reference mean blood pressure - reference diastolic blood pressure : reference systolic blood
pressure - reference mean blood pressure) as the ratio information.

[0089] In Embodiments 3 and 7, the blood pressure estimating section 14 calculates the ratio information from the
shape of the pulse wave similarly with Embodiments 1 and 5. The blood pressure estimating section 14 corrects the
ratio information by using the correction value which is calculated from the reference blood pressure values (the reference
diastolic blood pressure, the reference mean blood pressure, and the reference systolic blood pressure), and thereafter
estimates the blood pressure.

[0090] In Embodiments 4 and 8, the MAP calculator 18 calculates the %MAP in the case where the cuff pressure is
0, from the cuff pressure and transition of the %MAP. The %MAP is a value which is obtained by dividing the average
of the area of the waveform, and expressing the quotient in percentage, and may be regarded as a kind of the ratio
information. The blood pressure estimating section 14 estimates the third blood pressure value by using the %MAP and
the first and second blood pressure values.

[0091] Inthe embodiments, as described above, the measuring apparatus 1 calculates the third blood pressure value
by using the first and second blood pressure values which are acquired by using a related-art technique, and the ratio
information indicative of the relationships of the difference levels of the blood pressure values. As a blood pressure value
of a human being, there are three blood pressure values (the systolic blood pressure, the mean blood pressure, and the
diastolic blood pressure). The measuring apparatus 1 calculates the third blood pressure value by using two (first and
second blood pressure values) of the three blood pressure values, and the ratio information. Since all the three blood
pressure values are not calculated, the measurement time period can be shortened, and the burden imposed on the
subject can be reduced (Embodiments 1 to 4). In the other case, the measuring apparatus 1 estimates a blood pressure
value which seems to be incorrectly acquired by a related-art measurement method, by using the ratio information
(Embodiments 5 to 8). Therefore, itis possible to solve the various problems which are caused in arelated-art oscillometric
method.

[0092] Although, in Embodiments 1 to 8 described above, the ratio information is calculated during measurement, the
invention is not limited to this. Usually, it is said that (diastolic blood pressure + pulse pressure X (1/3)) is equal to the
mean blood pressure. Therefore, a specified value, i.e., (mean blood pressure - diastolic blood pressure) : (systolic blood
pressure - mean blood pressure) = 1 : 2 may be used as the ratio information. Alternatively, the user of the measuring
apparatus 1 may arbitrarily set the specified value. As shown in Non-patent Literature 4, various methods may be
considered as the method of calculating the specified value. When the user sets a most adequate specified value in
consideration of the condition of the subject and the like, therefore, a desired blood pressure value related to the subject
can be appropriately measured.

[0093] Although the invention conducted by the inventor has been specifically described based on the embodiments,
the invention is not limited to the above-described embodiments, and it is a matter of course that various changes can
be made without departing from the spirit of the invention.

[0094] For example, a configuration where the systolic blood pressure is estimated in Embodiments 1 to 4, and
calculated by the oscillometric method may be employed. That is, the pressure controller 13 does not start the depres-
surization even after the mean blood pressure is successfully calculated, and continues the pressurization until the
systolic blood pressure can be calculated by the oscillometric method. The blood pressure estimating section 14 estimates
the systolic blood pressure based on the diastolic blood pressure and the mean blood pressure by the above-described
method. The displaying section 15 displays the diastolic and mean blood pressures and the estimated systolic blood
pressure. After the systolic blood pressure is successfully calculated by the oscillometric method, the displaying section
15 switches the display so that the estimated systolic blood pressure is overwritten by the systolic blood pressure which
is calculated by the oscillometric method.

[0095] According to the configuration, the doctor or the like who refers the measuring apparatus 1 can quickly know

12



10

15

20

25

30

35

40

45

50

55

EP 3 069 655 A1

the general situation of blood pressure values including the systolic blood pressure, and refer the correct systolic blood
pressure which is calculated by the oscillometric method.

[0096] A part or all of the above-described processes in the pulse wave measuring section 11, the blood pressure
calculator 12, the blood pressure estimating section 14, and the MAP calculator 18 may be realized as computer programs
which operate in the measuring apparatus 1. The programs may be stored in a non-transitory computer readable medium
of any one of various types, and then supplied to the computer. The non-transitory computer readable medium includes
tangible storage media of various types. Examples of the non-transitory computer readable medium are a magnetic
recording medium (for example, a flexible disk, a magnetic tape, and a hard disk drive), a magneto-optical recording
medium (for example, a magneto-optical disk), a CD-ROM (Read Only Memory), a CD-R, a CD-R/W, a semiconductor
memory (for example, a mask ROM, a PROM (Programmable ROM), an EPROM (Erasable PROM), a flash ROM, and
a RAM (Random Access Memory)). Alternatively, the programs may be supplied to the computer by means of a transitory
computer readable medium of any one of various types. Examples of the transitory computer readable medium are an
electrical signal, an optical signal, and an electromagnetic wave. The transitory computer readable medium can supply
the programs to the computer through a wired communication path such as a metal wire or an optical fiber, or a wireless
communication path.

Claims
1. A measuring apparatus comprising:

a blood pressure calculator which is configured to measure first and second blood pressure values of a subject;
and

a blood pressure estimating section which is configured to estimate a third blood pressure value based on ratio
information indicative of relationships of difference levels of blood pressure values, and the first and second
blood pressure values.

2. The measuring apparatus according to claim 1, further comprising:

a pulse wave measuring section which is configured to measure a pulse wave of the subject; and

a pressure controller which is configured to pressurize a predetermined portion of the subject during measure-
ment of the pulse wave, wherein

the blood pressure estimating section is configured to calculate the ratio information based on a shape of the
pulse wave which is measured by the pulse wave measuring section.

3. The measuring apparatus according to claim 2, wherein the pressure controller is configured to pressurize the
predetermined portion of the subject by a pressure which is equal to or higher than a predetermined pressure that
is equal to or higher than a venous pressure.

4. The measuring apparatus according to claim 2 or 3, wherein, when the first and second blood pressure values are
to be calculated, the pressure controller is configured to gradually pressurize the predetermined portion of the
subject, and, after the calculation is ended, is configured to depressurize.

5. The measuring apparatus according to any one of claims 2 to 4, wherein, during a period of pressurizing the
predetermined portion of the subject at a pressure which is equal to or lower than a predetermined pressure that is
equal to or lower than a diastolic blood pressure, the pulse wave measuring section is configured to measure the
pulse wave.

6. The measuring apparatus according to claim 1, wherein
the blood pressure calculator is configured to previously acquire a reference diastolic blood pressure, a reference
mean blood pressure, and a reference systolic blood pressure each of which is a reference value, and
the blood pressure estimating section is configured to calculate the ratio information based on the reference diastolic
blood pressure, the reference mean blood pressure, and the reference systolic blood pressure.

7. The measuring apparatus according to claim 2, wherein
the blood pressure calculator is configured to previously acquire a reference diastolic blood pressure, a reference
mean blood pressure, and a reference systolic blood pressure each of which is a reference value, and
the blood pressure estimating section is configured to calculate the ratio information based on a shape of the pulse
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wave measured by the pulse wave measuring section, to correct the calculated ratio information by using the
reference diastolic blood pressure, the reference mean blood pressure, and the reference systolic blood pressure,
and thereafter to calculate the third blood pressure value.

The measuring apparatus according to claim 1, further comprising:

a pulse wave measuring section which is configured to measure a pulse wave of the subject;

a pressure controller which is configured to pressurize a predetermined portion of the subject during measure-
ment of the pulse wave; and

a MAP calculator which is configured to calculate a change of a %MAP (Mean Artery Pressure) from a pressu-
rizing force of the pressure controller, and a waveform of the pulse wave, and to calculate an estimated value
of the %MAP in a case where the pressurization by the pressure controller is canceled, based on the change
of the %MAP as the ratio information.

The measuring apparatus according to claim 1, wherein the ratio information is a specified value.
The measuring apparatus according to claim 9, wherein the specified value is arbitrarily set by a user.
The measuring apparatus according to any one of claims 1 to 10, wherein the first blood pressure value is a diastolic
blood pressure, the second blood pressure value is a mean blood pressure, and the third blood pressure value is
a systolic blood pressure.
The measuring apparatus according to any one of claims 1 to 10, wherein the first blood pressure value is a diastolic
blood pressure, the second blood pressure value is a systolic blood pressure, and the third blood pressure value is
a mean blood pressure.
A measuring method comprising:
calculating first and second blood pressure values of a subject; and
estimating a third blood pressure value based on ratio information indicative of relationships of difference levels
of blood pressure values, and the first and second blood pressure values.

A program which causes a computer to execute the measuring method according to claim 13.

A non-transitory computer-readable recording medium storing the program according to claim 14.
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