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BLOOD PRESSURE MEASURING
APPARATUS AND BLOOD PRESSURE
MEASURING METHOD

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is based on Japanese Patent Appli-
cations No. 2014-038510 filed on Feb. 28, 2014, the contents
of which are incorporated herein by reference.

BACKGROUND

[0002] The presently disclosed subject matter relates to a
blood pressure measuring apparatus and a blood pressure
measuring method for measuring a blood pressure by using
an oscillometric method.

[0003] When assessing hemodynamics, a respiratory varia-
tion on the waveform of artery and a central venous pressure
are important indexes. In the related art, in order to obtain the
central venous pressure, for example, a catheter inserted to
measure a correct central venous pressure. However, since the
measuring method is invasive, an excessive burden may be
applied to a subject being tested. Also, a measuring apparatus
is enlarged and a measurement time is prolonged. For this
reason, a method for measuring the central venous pressure
by a non-invasive and simple method has been suggested.
[0004] For example, JP-A-2012-205822 discloses measur-
ing an mean venous pressure by using an oscillometric prin-
ciple. Also, JP-A-2011-511686 discloses measuring an arte-
rial pressure and a pulse pressure variation to respiratory
variation on the waveform of artery) within a respiratory
period by an oscillometric blood pressure measurement.
[0005] However, since the mean venous pressure measured
by the method disclosed in JP-A-2012-205822 and the respi-
ratory variation on the waveform of artery measured by the
method disclosed in JP-A-2011-511686 are respectively
measured by the separate methods, it is thought that a rela-
tivity therebetween is not necessarily high. For this reason, it
is thought that the hemodynamics assessed based on the mea-
sured parameters does not necessarily have the sufficient
reliability. Also, since the respective parameters are sepa-
rately measured, it takes time to measure the parameters and
a rapid diagnosis may be disturbed.

[0006] It is therefore an object of the presently disclosed
subject matter to provide a blood pressure measuring appa-
ratus and a blood pressure measuring method capable of
simply and correctly assessing hemodynamics of a living
body.

SUMMARY

[0007] (1) Ablood pressure measuring apparatus includes a
pressure control unit that controls an applied pressure applied
to aregion of a living body in which a vein and artery exist by
a cuff mountable to the region, a detection unit that detects
pressure waveforms in which pulse wave components from
the region overlap with the applied pressure, and an analysis
unit that obtains a respiratory variation on the waveform of
artery and a venous pressure based on the pressure waveforms
detected by the detection unit through one-time blood pres-
sure measurement. The analysis unit obtains the respiratory
variation on the waveform of artery based on data of a first
pressure waveform of the pressure waveforms in a first pro-
cess, in which the applied pressure is kept at a constant
pressure by the pressure control unit, and the venous pressure
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based on data of a second pressure waveform of the pressure
waveforms in a second process in which the applied pressure
is decreased or increased by the pressure control unit, and the
data of the first pressure waveform in the first process.
[0008] According to the configuration (1), it is possible to
obtain the parameters of the respiratory variation on the wave-
form of artery and the venous pressure at once based on the
applied pressure and the pulse wave components overlapping
with the applied pressure in one-time blood pressure mea-
surement. For this reason, it is possible to obtain the respec-
tive parameters in a non-invasive and simple manner in a
series of measuring processes. Also, since the two parameters
are obtained based on the applied pressure and the pulse wave
components obtained in one-time blood pressure measure-
ment, it is possible to obtain the parameters having higher
relativity, as compared to a configuration where the param-
eters are obtained based on the applied pressure and the pulse
wave components obtained by measurement of a separate
measuring process or by mounting the cuff to a separate
region. Therefore, it is possible to correctly assess the hemo-
dynamics based on the parameters having high relativity.
Also, since the respiratory variation on the waveform of
artery is obtained during a time period for which the applied
pressure is controlled at a constant pressure, it is possible to
correctly obtain variation components based on the respira-
tion, which are included in the pressure waveform. Also, since
the venous pressure is obtained during a time period for which
the applied pressure is decreased or increased, it is possible to
gradually change (decrease or increase) the pulse wave com-
ponents of the arterial pressure included in the pressure wave-
form, thereby correctly obtaining the venous pressure.
[0009] (2) Intheblood pressure measuring apparatus of (1),
the applied pressure in the first process is equal to or lower
than a diastolic blood pressure and within a range which does
not include a pulse wave component of the vein in the pulse
wave components.

[0010] According to the configuration (2), since the applied
pressure is kept at a pressure equal to or lower than the
diastolic blood pressure and not including the pulse wave
components of the vein, it is possible to obtain the respiratory
variation on the waveform of artery more correctly.

[0011] (3) Inthe blood pressure measuring apparatus of (1)
or (2), the analysis unit is configured to obtain the venous
pressure based on the data of the pressure waveform in the
second process when correlativity between the data of the
pressure waveform in the second process and the data of the
pressure waveform in the first process is low.

[0012] According to the configuration (3), since the venous
pressure is obtained based on the data of the pressure wave-
form in the second process having low correlativity with
respect to the data of the pressure waveform in the first pro-
cess, it is possible to suppress an influence of the arterial
pressure, thereby obtaining the venous pressure more cor-
rectly.

[0013] (4) In the blood pressure measuring apparatus of (1)
or (2), the analysis unit is configured to obtain an arterial
pressure by one-time blood pressure measurement and based
on data of a third pressure waveform of the pressure wave-
forms in a third process, in which the applied pressure is
increased or decreased by the pressure control unit.

[0014] According to the configuration (4), it is possible to
obtain the three parameters of the arterial pressure, the respi-
ratory variation on the waveform of artery and the venous
pressure at once in one-time blood pressure measurement.
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For this reason, it is possible to obtain the respective param-
eters in a non-invasive and simple manner in a series of
measuring processes. Also, when obtaining the arterial pres-
sure during a time period for which the applied pressure is
increased, it is possible to complete the measurement of the
arterial pressure in a short time. Therefore, since it is possible
to secure the longer time necessary for obtaining the respira-
tory variation on the waveform of artery and the venous
pressure in the series of measuring processes, it is possible to
obtain the three parameters securely and correctly.

[0015] (5) Intheblood pressure measuring apparatus of (4),
the analysis unit is configured to obtain the venous pressure
based on the data of the second pressure waveform in the
second process and the data of the third pressure waveform in
the third process or the data of the first pressure waveform in
the first process.

[0016] According to the configuration (5), since the venous
pressure is obtained based on any one of the data of the
pressure waveform in the first process and the data of the
pressure waveform in the third process, a choice of calcula-
tion is increased. Thereby, it is possible to sufficiently check
the relativity with the pulse wave components of the arterial
pressure, thereby obtaining the venous pressure more cor-
rectly.

[0017] (6) Intheblood pressure measuring apparatus of (5),
the analysis unit is configured to obtain the venous pressure
based on the data of the second pressure waveform in the
second process when a correlativity between the data of the
second pressure waveform in the second process and the data
of the third pressure waveform in the third process or the data
of the first pressure waveform in the first process is low.

[0018] According to the configuration (6), since the venous
pressure is obtained based on the data of the pressure wave-
form in the second process having low correlativity with
respect to one of the data of the waveforms in the first and
third processes, it is possible to suppress the influence of the
arterial pressure, thereby obtaining the venous pressure more
correctly.

[0019] (7) Intheblood pressure measuring apparatus of any
one of (1) to (6), the blood pressure measuring apparatus
further includes a display unit, and a display control unit that
controls the display unit. The display control unit is config-
ured to display a value of the obtained respiratory variation on
the waveform of artery and a value of the obtained venous
pressure with a two-dimensional graph on the display unit.

[0020] According to the configuration (7), since a relativity
between the obtained value of the respiratory variation on the
waveform of artery and the obtained value of the venous
pressure is displayed as the two-dimensional graph on the
display unit, a medical staff who is monitoring the biological
information can comprehensively determine the two param-
eters of the respiratory variation on the waveform of artery
and the venous pressure by seeing the display unit, thereby
correctly assessing the hemodynamics.

[0021] (8) In theblood pressure measuring apparatus of (7),
a determination criterion for determining the displayed value
of the respiratory variation on the waveform of artery and the
displayed value of the venous pressure is displayed on the
two-dimensional graph.

[0022] According to the configuration (8), since it is pos-
sible to determine the respiratory variation on the waveform
of artery and the venous pressure based on the determination
criterion displayed on the two-dimensional graph, the medi-
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cal staff who is monitoring the biological information can
easily assess the hemodynamics.

[0023] (9) A blood pressure measuring method for control-
ling an applied pressure applied to aregion ofa living body in
which a vein and an artery exist by a cuff mountable to the
region, detecting pressure waveforms in which pulse wave
components are overlapped with the applied pressure, and
obtaining a on the waveform of artery of an arterial pressure
and a venous pressure based on the detected pressure wave-
forms, includes obtaining the respiratory variation on the
waveform of artery based on data of a first pressure waveform
of the pressure waveforms in a first process, in which the
applied pressure is kept at a constant pressure, and obtaining
the venous pressure based on data of a second pressure wave-
form of the pressure waveforms in a second process, in which
the applied pressure is decreased or increased, and the data of
the first pressure waveform. The first process and the second
process are performed by one-time blood pressure measure-
ment.

[0024] According to the configuration (9), it is possible to
obtain the parameters of the respiratory variation on the wave-
form of artery and the venous pressure at once based on the
applied pressure and the pulse wave components overlapping
with the applied pressure in one-time blood pressure mea-
surement. For this reason, it is possible to obtain the respec-
tive parameters in a non-invasive and simple manner in a
series of measuring processes. Also, since the two parameters
are obtained based on the applied pressure and the pulse wave
components obtained in one-time blood pressure measure-
ment, it is possible to obtain the parameters having higher
relativity, as compared to a configuration where the param-
eters are obtained based on the applied pressure and the pulse
wave components obtained by measurement of a separate
measuring process or by mounting the cuff to a separate
region. Therefore, it is possible to correctly assess the hemo-
dynamics based on the parameters having high relativity.
Also, since the respiratory variation on the waveform of
artery is obtained during a time period for which the applied
pressure is controlled at a constant pressure, it is possible to
correctly obtain variation components based on the respira-
tion, which are included in the pressure waveform. Also, since
the venous pressure is obtained during a time period for which
the applied pressure is decreased or increased, it is possible to
gradually change (decrease or increase) the pulse wave com-
ponents of the arterial pressure included in the pressure wave-
form, thereby correctly obtaining the venous pressure.
[0025] According to the blood pressure measuring appara-
tus of the presently disclosed subject matter, it is possible to
assess the hemodynamics of the living body simply and cor-
rectly.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 is a functional block diagram showing a
configuration of a blood pressure measuring apparatus
according to an illustrative embodiment of the presently dis-
closed subject matter.

[0027] FIG. 2is aflowchart forillustrating operations of the
blood pressure measuring apparatus.

[0028] FIG. 3A illustrates a change in a cuff pressure dur-
ing measurement of the blood measuring apparatus.

[0029] FIG. 3B illustrates pulse wave components overlap-
ping with the cuff pressure of FIG. 3A.

[0030] FIG. 4 illustrates the overlapping pulse wave com-
ponents during an arterial pressure measurement time period.
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[0031] FIG. 5 illustrates the overlapping pulse wave com-
ponents during a respiratory variation measurement time
period.

[0032] FIG. 6 illustrates the overlapping pulse wave com-

ponents during a venous pressure measurement time period.
[0033] FIG. 7 is a graph showing a relativity between the
respiratory variation and the venous pressure.

DETAILED DESCRIPTION OF EMBODIMENTS

[0034] Hereinafter, an illustrative embodiment of a blood
pressure measuring apparatus of the presently disclosed sub-
ject matter will be described in detail with reference to the
drawings.

[0035] FIG. 1 is a functional block diagram showing a
configuration of a blood pressure measuring apparatus 1
according to an illustrative embodiment of the presently dis-
closed subject matter.

[0036] As shown in FIG. 1, the blood pressure measuring
apparatus 1 has a cuff 2, a pressure control unit 3, a pressure
sensor (an example of a detection unit) 4, a pressure wave-
form analysis unit (an example of an analysis unit) 5, a deter-
mination unit 6, a display control unit 7 and a display unit 8.
[0037] Thecuff?2 is wound and mounted to a part of a living
body at which the vein and artery of a subject being tested (an
example of a living body) can be detected, for example, to a
brachial region (an example of a region) in the vicinity of an
axillary region. The cuff 2 has a pressure pouch (not shown),
and a cuff pressure (an example of an applied pressure) is
applied from the cuff 2 to the brachial region by an air pres-
sure of the pressure pouch.

[0038] The pressure control unit 3 is configured to control
the air pressure of the pressure pouch of the cuff 2. The air
pressure of the pressure pouch is controlled by a pressuriza-
tion pump, an electromagnetic valve, a control circuit and the
like included in the pressure control unit 3. All of them are not
shown in the drawings.

[0039] The pressure sensor 4 is configured to detect a pres-
sure waveform in which pulse wave components overlap with
the cuff pressure. When the cuff pressure is applied to the
brachial region, a pulse wave, which is a vibration of a blood
vessel wall, overlaps with the cuff pressure in synchroniza-
tion with the pulse of the subject being tested H. The pressure
sensor 4 is configured to detect the pressure waveform in
which the pulse wave components from the brachial region
overlap, and to transmit the detected pressure waveform to the
pressure waveform analysis unit 5.

[0040] The pressure waveform analysis unit 5 is configured
to obtain a diastolic blood pressure, an mean blood pressure
and a systolic blood pressure (an example of an arterial pres-
sure), a respiratory variation on the waveform of artery, and
an mean venous pressure (an example of a venous pressure)
measured at the vein of the brachial region in the vicinity of
the axillary region, based on the cuff pressures and pulse wave
components included in the pressure waveform. The pressure
waveform analysis unit 5 is configured to obtain the respira-
tory variation on the waveform of artery and the mean venous
pressure together with the blood pressure in one-time mea-
suring process of measuring the blood pressure. In the mean-
time, it is said that the mean venous pressure measured at the
vein of the brachial region is substantially equivalent to a
central venous pressure measured by an invasive method.
[0041] The determination unit 6 is configured to determine
the reliability of the respiratory variation on the waveform of
artery and mean venous pressure obtained by the pressure
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waveform analysis unit 5. The determination unit is config-
ured to determine the reliability by taking correlations
between a representative pulse wave and the pulse waves
overlapping with the respective cuff pressures during a time
period for which the respiratory variation on the waveform of
artery is obtained and during a time period for which the mean
venous pressure is obtained.

[0042] Thedisplay control unit7 is configured to display on
the display unit 8 the information of the diastolic blood pres-
sure, the systolic blood pressure, the mean blood pressure, the
respiratory variation on the waveform of artery, the mean
venous pressure and the like. The display unit 8 is configured
by a touch panel-type liquid crystal screen, for example.
[0043] Subsequently. operations of the blood pressure mea-
suring apparatus 1 are described based on a flowchart shown
in FIG. 2, with reference to FIGS. 3 to 6. In below descrip-
tions, the measurement of the pulse wave component and the
determination of the arterial pressure, the respiratory varia-
tion on the waveform of artery and the mean venous pressure
are made substantially at the same time. However, only the
measurement of the cuff pressure and the pulse wave compo-
nent may be first made and the determination of the arterial
pressure, the respiratory variation on the waveform of artery
and the mean venous pressure may be separately made using
the data of the measured cuff pressure and the like.

[0044] As shown in FIG. 2, when the measurement of the
blood pressure measuring apparatus 1 starts, a blood pressure
value is first measured (step S101). The blood pressure value
is non-invasively measured by the oscillometric method. The
cuff pressure of the cuff 2 wound on the brachial region is
gradually or stepwise increased by the pressure control unit 3.
A pressure waveform in the pressurization process (a third
process) is detected by the pressure sensor 4, and the cuff
pressures and pulse wave components (an example of data of
the pressure waveform) included in the pressure waveform
are measured and analyzed by the pressure waveform analy-
sis unit 5. The pressure waveform analysis unit 5 obtains the
diastolic blood pressure, the mean blood pressure and the
systolic blood pressure based on a change in the pulse wave
component.

[0045] Specifically, when the cuff pressure is increased, an
amplitude of the pulse wave component overlapping with the
cuff pressure is correspondingly increased. When the cuff
pressure becomes the same as a blood pressure applied to the
blood vessel wall, the amplitude of the pulse wave component
becomes largest. When the cuff pressure is further increased,
the amplitude of the pulse wave component decreases. The
pressure waveform analysis unit 5 determines, as the mean
blood pressure, the cuff pressure at the time that the amplitude
of the pulse wave component becomes largest. Also, the pres-
sure waveform analysis unit 5 obtains a pulse wave amplitude
at the diastolic blood pressure and a pulse wave amplitude at
the systolic blood pressure by a predetermined calculation
equation, based on the maximum amplitude of the pulse wave
component. At this time, the diastolic blood pressure is a cuff
pressure lower than the mean blood pressure and is a cuff
pressure at the time that the pulse wave amplitude being
measured coincides with the pulse wave amplitude at the
diastolic blood pressure obtained by the calculation equation.
Also, the systolic blood pressure is a cuff pressure higher than
the mean blood pressure and is a cuff pressure at the time that
the pulse wave amplitude being measured coincides with the
pulse wave amplitude at the systolic blood pressure obtained
by the calculation equation. In the meantime, it may be pos-
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sible to measure the mean blood pressure, the systolic blood
pressure and the diastolic blood pressure while the cuff pres-
sure is rapidly increased to a pressure higher than the systolic
blood pressure and is then gradually reduced.

[0046] FIG. 3 illustrates a change in the pressure detected
during one-time measurement of the blood pressure measure-
ment apparatus 1. FIG. 3A illustrates a change in the pressure
waveform (in which the pulse wave components overlap with
the cuff pressures) over elapsed measurement time of the
blood pressure measuring apparatus 1. Also, FIG. 3B illus-
trates the pulse wave components in the pressure waveform of
FIG. 3A.

[0047] The diastolic blood pressure, the mean blood pres-
sure and the systolic blood pressure are measured during the
pressurization process of the cuff pressure, which is a time
period A shown in FIG. 3A. The measurement of the above
blood pressures is completed at the time that the systolic
blood pressure is measured. The blood pressure measurement
during the time period A is completed at about 15 seconds
after the measurement starts.

[0048] Subsequently, the pressure waveform analysis unit 5
extracts the pulse wave component in the mean blood pres-
sure of the blood pressures obtained in step S101, as a repre-
sentative pulse wave component (step S102).

[0049] FIG. 4illustrates the pulse wave components during
the time period A in FIG. 3. The pulse wave component
having the largest amplitude of the pulse wave components
during the time period A is extracted as a representative pulse
wave component al, which is the pulse wave component of
the mean blood pressure.

[0050] Subsequently, in order to obtain the respiratory
variation on the waveform of artery, the cuff pressure is
reduced to a pressure within a range equal to or lower than the
diastolic blood pressure and not including the pulse wave
component of the vein, for example, 40 to 50 mmHg (step
S103). By reducing the cuff pressure to the pressure within
the range, when obtaining the respiratory variation on the
waveform of artery, the artery is not excessively occluded and
the pulse of the vein does not influence.

[0051] The respiratory variation on the waveform of artery
is obtained during a constant pressure (for example, about 50
mmHg) process (a first process) of the cuff pressure, which is
a time period B shown in FIG. 3A. During the time period B,
the multiple respiratory variations on the waveform of artery
are obtained. For this reason, the cuff pressure is kept at a
constant pressure equal to or lower than the diastolic blood
pressure continuously for a predetermined time period (for
example, 60 seconds). In the meantime, the pressure that is
kept constant is not limited to the pressure equal to or lower
than the diastolic blood pressure inasmuch as an influence of
the pulse of the venous pressure does not appear in the pres-
sure. For example, a pressure near the diastolic blood pressure
may also be used.

[0052] Subsequently, the determination unit 6 calculates
correlation coefficients R1 between the pulse wave compo-
nents overlapping with the cuff pressure kept at a constant
pressure and the representative pulse wave component al
extracted in step S102 (step S104).

[0053] FIG. 5 illustrates the extracted pulse wave compo-
nents during the time period B of FIG. 3. During the time
period B, individual pulse wave components b1, b2, b3, . ..
are extracted by the pressure waveform analysis unit 5. The
correlation coefficients R1 between the extracted individual
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pulse wave components b1, b2, b3, . .. and the representative
pulse wave component al are calculated.

[0054] Subsequently. the determination unit 6 extracts the
pulse wave component having low correlativity based on the
correlation coefficients R1, and excludes the extracted pulse
wave component so that it is not used as a pulse wave com-
ponent for obtaining the respiratory variation on the wave-
form of artery (step S105). In order to obtain the respiratory
variation on the waveform of artery having the higher reli-
ability, it is preferable that the pulse wave component of the
vein does not influence the pulse wave components b1, b2, b3,
... during the time period B. The pulse wave components b1,
b2, b3, . . ., which are not influenced by the pulse wave
component of the vein, have the high correlativity with the
representative pulse wave component al, which is a typical
pulse wave of the artery. For this reason, the pulse wave
component having the low correlativity is excluded and the
pulse wave component having the high correlativity is used as
the pulse wave component for obtaining the respiratory varia-
tion on the waveform of artery. Thereby, it is possible to
improve the reliability of the obtained respiratory variation on
the waveform of artery.

[0055] Subsequently. the pressure waveform analysis unit 5
calculates amplitudes of the extracted pulse wave compo-
nents bl,b2,b3, ..., and calculates arespiratory period of the
subject being tested H from a change in the amplitude (step
S106). Then, it is determined whether 60 seconds have
elapsed after the measurement of the respiratory variation on
the waveform of artery has started (step S107). When 60
seconds have not elapsed, each step from step S104 is
repeated. On the other hand, when 60 seconds have elapsed,
the pressure waveform analysis unit 5 obtains the respiratory
variation on the waveform of artery of the subject being tested
H based on the amplitude variation of the pulse wave com-
ponents during the plurality of calculated respiratory periods
(step S108).

[0056] Solid lines p shown in FIG. 5 indicate envelope
curves connecting peaks of the pulse wave components, and
a time period T1 indicates the respiratory period. Also, an
amplitude Hmax indicates a maximum amplitude of the pulse
wave component, and an amplitude Hmin indicates a mini-
mum amplitude of the pulse wave component. The respira-
tory variation on the waveform of artery is calculated by an
equation of (Hmax-Hmin)/((Hmax+Hmin)/2))*100[%]. By
the calculation equation, the respiratory variation on the
waveform of artery is calculated during the multiple respira-
tory periods.

[0057] As shown in FIG. 3A, the measurement of the res-
piratory variation on the waveform of artery is completed at
about 75 seconds after the measurement starts.

[0058] Subsequently. in order to obtain the mean venous
pressure, the pressure control unit 3 stepwise (for example, by
5 mmHg) lowers the cuff pressure (step S109).

[0059] The mean venous pressure is obtained in a depres-
surization process of the cuff pressure (a second process),
whichis a time period C shown in FIG. 3A. The mean venous
pressure is measured continuously to the measurement of the
respiratory variation on the waveform of artery, and the cuff
pressure is stepwise reduced over time from the constant
pressure (for example, about 50 mmHg) at which the respi-
ratory variation on the waveform of artery is measured.
[0060] Subsequently. the pressure waveform analysis unit 5
calculates the amplitudes ofthe pulse wave components over-
lapping with the cuff pressure reduced by 5 mmHg (step
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S110). Then, the determination unit 6 calculates correlation
coefficients R2 between the pulse wave components overlap-
ping with the cuff pressure reduced by 5 mmHg and the
representative pulse wave component al extracted in step
S102 (step S111).

[0061] FIG. 6 illustrates the extracted pulse wave compo-
nents during the time period C of FIG. 3. During the time
period C, individual pulse wave components c1,¢2,¢3, ... are
extracted and amplitudes thereof are calculated. The correla-
tion coefficients R2 between the extracted individual pulse
wave components cl, ¢2, and the representative pulse wave
component al are calculated.

[0062] Subsequently, it is determined whether 6 seconds
have elapsed after the cuff pressure is reduced by 5 mmHg
(step S112). When 6 seconds have not elapsed, each step from
step S110 is repeated. On the other hand, when 6 seconds have
elapsed, it is determined whether 140 seconds have elapsed
after the measurement of the blood pressure has started (step
S113). When 140 seconds have not elapsed, the processing is
returned to step S109, the cuff pressure is further reduced by
5 mmHg and each step from step S110 is then repeated. On
the other hand, when 140 seconds have elapsed, the pressure
waveform analysis unit 5 obtains the mean venous pressure
based on the amplitudes of the pulse wave components cal-
culated in step S110 and the correlation coefficients R2 cal-
culated in step S111 (step S114).

[0063] Specifically, when the cuff pressure stepwise
reduced, the pulse wave components of the artery overlapping
with the cuff pressure are correspondingly reduced and the
pulse wave components of the vein are gradually increased.
For this reason, the correlation coefficient R2 with the repre-
sentative pulse wave component al, which is the typical pulse
ofthe artery, is gradually decreased. When the cuff pressure is
further reduced, the pulse wave components of the vein are
further increased. When the cuff pressure becomes equal to
the blood pressure applied to the blood vessel wall, the ampli-
tudes of the pulse wave components of the vein show peaks.
Based on this, the mean venous pressure is obtained by the
pulse wave components of the second process and the cor-
relativity between the pulse wave components of the second
process and the pulse wave components of the first process. In
the meantime, since the pulse wave components of the vein
are smaller, as compared to the pulse wave components of the
artery, even though the cuff pressure is reduced and the pulse
wave components of the artery are thus decreased, the pulse
wave components of the artery may influence the observation
of the pulse wave components of the vein. In this case, it may
not possible to clearly detect the peaks of the amplitudes of
the pulse wave components of the vein. For this reason, the
pressure waveform analysis unit 5 performs the overall analy-
sis on condition that the correlativity is low and the amplitude
of the pulse wave component shows a peak, and determines
the cuff pressure at that time, as the mean venous pressure.
Then, the pressure waveform analysis unit estimates the
determined mean venous pressure as a central venous pres-
sure.

[0064] In this way, the measurement of each parameter is
completed.

[0065] Subsequently, data that is displayed on the display
unit 8 of the blood pressure measuring apparatus 1 is
described with reference to FIG. 7.

[0066] As shown in FIG. 7. the values of the respiratory
variation on the waveform of artery and the values of the mean
venous pressure obtained as described above are displayed as
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atwo-dimensional graph on the display unit 8. Also, a deter-
mination criterion for determining the value of the respiratory
variation on the waveform of artery and the value of the mean
venous pressure is displayed as threshold lines m, n, for
example.

[0067] Based on the display of the two-dimensional graph,
the hemodynamics of the subject being tested is determined
as follows. For example, when the obtained value of the
respiratory variation on the waveform of artery and the
obtained value of the mean venous pressure are a point q on
the graph, the value of the respiratory variation on the wave-
form of artery isbelow the threshold line n and the value of the
mean venous pressure is above the threshold line m, it is
determined that circulating blood volume is excessive. Also,
for example, when the obtained values are a point r, the value
of the respiratory variation on the waveform of artery is above
the threshold line n and the value of the mean venous pressure
is below the threshold line m, it is determined that circulating
blood volume is insufficient.

[0068] Also, althoughnot shown in FIG. 7, the values of the
diastolic blood pressure, systolic blood pressure and mean
blood pressure obtained as described above are also displayed
simultaneously with the display of the two-dimensional
graph on the display unit 8.

[0069] According to the blood pressure measuring appara-
tus of the illustrative embodiment, during one-time blood
pressure measurement by the oscillometric method, the
parameters of the diastolic blood pressure, mean blood pres-
sure, systolic blood pressure, respiratory variation on the
waveform of artery and mean venous pressure can be
obtained at once based on the cuff pressure applied from the
cuff 2 to the brachial region and the pulse wave components
overlapping with the cuff pressure. For this reason, it is pos-
sible to obtain the respective parameters in a non-invasive and
simple manner in a series of measuring processes. Also, since
all the parameters are obtained based on the cuff pressure and
the pulse wave components overlapping with the cuff pres-
sure obtained in one-time blood pressure measurement, the
relativity of the parameters is very high, as compared to a
configuration where the parameters are obtained based on the
cuff pressure and the pulse wave components overlapping
with the cuff pressure obtained by measurement of a separate
measuring process or by mounting the cuff 2 to a separate
region. That is, while the respiratory variation on the wave-
form of artery and the mean venous pressure obtained by the
method of the related art are the indexes having low reliabil-
ity, it is possible to correctly assess the hemodynamics of the
subject being tested H based on the parameters having high
relativity, in accordance with the illustrative embodiment of
the presently disclosed subject matter.

[0070] Also, since the diastolic blood pressure, mean blood
pressure, systolic blood pressure are measured during the
pressurization process of the cuff pressure, it is possible to
shorten the time necessary to complete the measurement of
the above blood pressures, as compared to a configuration
where the cuff pressure is increased above the systolic blood
pressure and the diastolic blood pressure, mean blood pres-
sure, systolic blood pressure are measured during the depres-
surization process of the cuff pressure. Thereby, since it is
possible to secure the longer time necessary for obtaining the
respiratory variation on the waveform of artery and the mean
venous pressure in the series of measuring processes, it is
possible to obtain the parameters securely and correctly.
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[0071] Also, since the respiratory variation on the wave-
form of artery is obtained during the time period for which the
cuff pressure is kept at a constant pressure, it is possible to
clearly plot the envelope curves p connecting the peaks of the
pulse wave components, so that it is possible to correctly
obtain the variation components based on the respiration of
the subject being tested, which are included in the pressure
waveform. Also, since about 60 seconds are secured with
respect to the time period for which the cuff pressure is kept
ataconstant pressure, it is possible to calculate the respiratory
variation on the waveform of artery during the multiple res-
piratory periods, so that it is possible to obtain the more
correct measurement result. Also, the cuff pressure is kept at
the constant pressure within a range close to the diastolic
blood pressure and not including the pulse wave components
of the vein. Therefore, when obtaining the respiratory varia-
tion on the waveform of artery, the pulse of the vein little
influences, so that it is possible to correctly extract the respi-
ratory variation on the waveform of artery.

[0072] In the meantime, some subjects being tested may
have the low diastolic blood pressure. Therefore, when
obtaining the respiratory variation on the waveform of artery,
the pulse wave components of the vein may overlap with the
pulse wave components of the artery and may influence the
same. Regarding this, according to the illustrative embodi-
ment, the correlation coefficients R1 between the extracted
pulse wave components bl, b2, b3, and the representative
pulse wave component al, which is the typical pulse wave of
the artery, are calculated and the pulse wave component hav-
ing low correlativity (aratio that the pulse wave component of
the vein overlaps is high) is excluded to improve the reliabil-
ity of the respiratory variation on the waveform of artery. In
this case, the pulse wave component having low correlativity
is excluded based on the correlation coefficients R1 between
the extracted pulse wave components b1, b2, b3, . . . obtained
by one-time blood pressure measurement and the representa-
tive pulse wave component al. Therefore, it is possible to
obtain the respiratory variation on the waveform of artery by
using the pulse wave components having higher relativity, as
compared to a configuration where the respective blood pres-
sures and the respiratory variation on the waveform of artery
are obtained by measurements of separate measuring pro-
cesses or by mounting the cuff 2 to separate regions, for
example. Thereby, it is possible to obtain the respiratory
variation on the waveform of artery having high reliability, so
that it is possible to assess the correct hemodynamics.

[0073] Also, since the mean venous pressure is obtained
during the depressurization process of the cuff pressure, it is
possible to observe the pulse wave components of the vein
while gradually decreasing the pulse wave components of the
arterial pressure. For this reason, it is possible to easily detect
an amplitude variation in the pulse wave components of the
vein, so that it is possible to correctly obtain the mean venous
pressure. Also, since the cuff pressure is stepwise decreased,
the electromagnetic valve less influences, as compared to a
configuration where the cuff pressure is continuously
decreased, so that it is possible to more correctly obtain the
mean venous pressure.

[0074] In the meantime, for some subjects being tested
having the low diastolic blood pressure, even though the cuff
pressure is reduced, the pulse wave components of the artery
may remain without being all eliminated and thus influence
the mean venous pressure. Therefore, according to the illus-
trative embodiment, the correlation coefficients R2 between
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the extracted pulse wave components c1, ¢2, 3, . . . and the
representative pulse wave component al, which is a typical
pulse wave of the artery, are calculated and the pulse wave
component having high correlativity to ratio that the pulse
wave component of the artery overlaps is high) is excluded
based on the correlation coefficients R2. In this case, the pulse
wave component having high correlativity is excluded based
on the correlation coefficients R2 between the pulse wave
components c1, ¢2, ¢3, obtained by one-time blood pressure
measurement and the representative pulse wave component
al. Therefore, it is possible to obtain the mean venous pres-
sure by using the pulse wave components having higher rela-
tivity, as compared to a configuration where the respective
blood pressures and the mean venous pressure are obtained by
measurements of separate measuring processes or by mount-
ing the cuff 2 to separate regions and the pulse wave compo-
nent having high correlativity is excluded based on the cor-
relation coefficients R2 of the pulse wave components
extracted therefrom, for example. Thereby, it is possible to
obtain the mean venous pressure less influenced by the arte-
rial pressure and having high reliability, so that it is possible
to assess the correct hemodynamics.

[0075] Also, since the respective parameters can be
obtained in the non-invasive manner and the series of mea-
suring processes are completed in a short time such as about
140 seconds, it is possible to considerably reduce the burden
of the subject being tested.

[0076] Also, since the relativity between the obtained val-
ues of the respiratory variation on the waveform of artery and
the obtained values of the venous pressure is displayed as the
two-dimensional graph on the display unit 8, a medical staff
who is monitoring the biological information can comprehen-
sively determine the two parameters of the respiratory varia-
tion on the waveform of artery and the venous pressure by
seeing the display unit 8, thereby correctly assessing the
hemodynamics of the subject being tested. Furthermore,
since the threshold lines m, n, which are the criteria for
determining the values of the respiratory variation on the
waveform of artery and the values of the mean venous pres-
sure, are displayed on the two-dimensional graph, the medi-
cal staff who is monitoring the biological information can
easily assess the hemodynamics.

[0077] In the meantime, the presently disclosed subject
matter is not limited to the above illustrative embodiment and
can be appropriately modified and improved. In addition, the
materials, shapes, sizes, numerical values, forms, the num-
bers, arrangement places and the like of the respective con-
stitutional elements in the above illustrative embodiment are
arbitrary and are not particularly limited inasmuch as the
presently disclosed subject matter can be implemented.
[0078] For example, when the pulse wave components of
the artery overlap with the pulse wave components of the vein
at the time that the value of the diastolic blood pressure is low
and the mean venous pressure is obtained, the pulse wave
components of the artery detected at the time that the respi-
ratory variation on the waveform of artery is obtained are
subtracted from the overlapping pulse wave components.
Thereby, it is possible to calculate the correct correlation
coefficients R2, thereby improving the reliability of the mean
venous pressure. Likewise, when the pulse wave components
of the vein overlap with the pulse wave components of the
artery at the time that the value of the diastolic blood pressure
is low and the respiratory variation on the waveform of artery
is obtained, the pulse wave components of the artery detected
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upon the calculation of the mean venous pressure are sub-
tracted after the calculation of the mean venous pressure is
completed. Thereby, it is possible to calculate the correct
correlation coefficients R2, thereby improving the reliability
of the respiratory variation on the waveform of artery.
[0079] Also, the reduction of the cuff pressure during the
time period C for which the mean venous pressure is obtained
is not limited to the stepwise reduction and the cuff pressure
may continuously reduced. Further, the cuff pressure may be
stepwise or continuously increased to obtain the mean venous
pressure during the pressurization process (the second pro-
cess). Also, when calculating the correlation coefficient R2 of
the pulse wave components at the time that the mean venous
pressure is obtained, the pulse wave component of the mean
blood pressure is used as the representative pulse wave com-
ponent al. However, for example, any one of the pulse wave
components bl, b2, b3, . . . having the highest correlativity
with the representative pulse wave component a may be used
as the representative pulse wave component when measuring
the respiratory variation on the waveform of artery. In this
case, since the pulse wave components b1, b2, b3 are closer
upon the measurement of the mean venous pressure in the
elapsed measuring time, it is possible to increase the correct-
ness of the correlation coefficient R2.
[0080] Also, when measuring the mean venous pressure, a
representative pulse may be determined from the pulse wave
components of the artery during the process of measuring the
respiratory variation on the waveform ofartery, a correlativity
between the representative pulse and a pulse wave component
for obtaining the mean venous pressure may be obtained to
determine the pulse wave component for obtaining the mean
venous pressure. Further, the sequence of measuring the pulse
wave components may not be the order of the arterial pres-
sure, the respiratory variation on the waveform of artery and
the mean venous pressure. For example, the pulse wave com-
ponents may be measured in order of the mean venous pres-
sure, the respiratory variation on the waveform of artery and
the arterial pressure. Also, only the respiratory variation on
the waveform of artery and mean venous pressure may be
measured.
What is claimed is:
1. A blood pressure measuring apparatus comprising:
a pressure control unit that controls an applied pressure
applied to a region of a living body in which a vein and
artery exist by a cuff mountable to the region;
a detection unit that detects pressure waveforms in which
pulse wave components from the region overlap with the
applied pressure; and
an analysis unit that obtains a respiratory variation on the
waveform of artery and a venous pressure based on the
pressure waveforms detected by the detection unit
through one-time blood pressure measurement,
wherein the analysis unit obtains:
therespiratory variation on the waveform of artery based
on data of a first pressure waveform of the pressure
waveforms in a first process, in which the applied
pressure is kept at a constant pressure by the pressure
control unit; and

the venous pressure based on data of a second pressure
waveform of the pressure waveforms in a second pro-
cess in which the applied pressure decreased or
increased by the pressure control unit, and the data of
the first pressure waveform in the first process.
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2. The blood pressure measuring apparatus according to
claim 1, wherein the applied pressure in the first process is
equal to or lower than a diastolic blood pressure and within a
range which does not include a pulse wave component of the
vein in the pulse wave components.

3. The blood pressure measuring apparatus according to
claim 1, wherein the analysis unit is configured to obtain the
venous pressure based on the data of the pressure waveform in
the second process when a correlativity between the data of
the second pressure waveform in the second process and the
data of the first pressure waveform in the first process is low.

4. The blood pressure measuring apparatus according to
claim 1, wherein the analysis unit is configured to obtain an
arterial pressure by one-time blood pressure measurement
and based on data of a third pressure waveform of the pressure
waveforms in a third process, in which the applied pressure is
increased or decreased by the pressure control unit.

5. The blood pressure measuring apparatus according to
claim 4, wherein the analysis unit is configured to obtain the
venous pressure based on the data of the second pressure
waveform in the second process and the data of the third
pressure waveform in the third process or the data of the first
pressure waveform in the first process.

6. The blood pressure measuring apparatus according to
claim 5, wherein the analysis unit is configured to obtain the
venous pressure based on the data of the second pressure
waveform in the second process when a correlativity between
the data of the second pressure waveform in the second pro-
cess and the data of the third pressure waveform in the third
process or the data of the first pressure waveform in the first
process is low.

7. The blood pressure measuring apparatus according to
claim 1, further comprising;

a display unit; and

a display control unit that controls the display unit,

wherein the display control unit is configured to display a

value of the obtained respiratory variation on the wave-
form of artery and a value of the obtained venous pres-
sure with a two-dimensional graph on the display unit.

8. The blood pressure measuring apparatus according to
claim 7, wherein a determination criterion for determining the
displayed value of the respiratory variation on the waveform
of artery and the displayed value of the venous pressure is
displayed on the two-dimensional graph.

9. A blood pressure measuring method for controlling an
applied pressure applied to a region of a living body in which
a vein and an artery exist by a cuff mountable to the region,
detecting pressure waveforms in which pulse wave compo-
nents are overlapped with the applied pressure, and obtaining
a on the waveform of artery of an arterial pressure and a
venous pressure based on the detected pressure waveforms,
the method comprising:

obtaining the respiratory variation on the waveform of

artery based on data of a first pressure waveform of the
pressure waveforms in a first process, in which the
applied pressure is kept at a constant pressure, and
obtaining the venous pressure based on data of a second
pressure waveform of the pressure waveforms in a sec-
ond process, in which the applied pressure is decreased
or increased, and the data of the first pressure waveform,
wherein the first process and the second process are per-
formed by one-time blood pressure measurement.
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