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LIVING-SUBJECT MONITORING APPARATUS

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to a living-subject
monitoring apparatus for monitoring the circulatory organ of
a living subject under load.

[0003] 2. Related Art Statement

[0004] There is known a living-subject monitoring appa-
ratus that monitors the circulatory organ of a living subject
under load, by displaying a timewise trend of at least one of
blood pressure, heart rate, and product of blood pressure and
heart rate of the subject each of which changes in relation
with the load exerted to the subject, or producing an alarm
when said at least one parameter does not fall in a normal
range. The living-subject monitoring apparatus can advan-
tageously monitor a living subject under load, such as a
subject who is undergoing physical exercise or has under-
gone a surgical operation.

[0005] However, for example, in the case where a living
subject who is undergoing an exercise test has an abnormal-
ity with the respiratory organ and accordingly cannot suffi-
ciently exchange gases, the subject must stop the exercise
test immediately. However, the above-indicated conven-
tional apparatus that monitors the subject with respect to the
blood pressure, the heart rate, or the product of blood
pressure and heart rate, has a problem that it may not quickly
recognize that the subject must stop the exercise test.

SUMMARY OF THE INVENTION

[0006] It is therefore an object of the present invention to
provide a living-subject monitoring apparatus that can
quickly find that the ventilating ability of lungs of a living
subject is abnormally or insufficiently low.

[0007] The above object has been achieved by the present
invention. According to a first aspect of the present inven-
tion, there is provided a living-subject monitoring apparatus
for monitoring a load exerted to a living subject, comprising
a circulatory-organ-related-parameter measuring device
which iteratively measures at least one circulatory-organ-
related parameter of the subject that changes in relation with
the load exerted to the subject; a blood-oxygen-saturation
measuring device which iteratively measures a blood oxy-
gen saturation of the subject; and a display device which
simultaneously displays the circulatory-organ-related
parameter measured by the circulatory-organ-related-param-
eter measuring device and the blood oxygen saturation
measured by the blood-oxygen-saturation measuring device,
so that the circulatory-organ-related parameter and the blood
oxygen saturation are comparable with each other.

[0008] According to this aspect, the display device dis-
plays the circulatory-organ-related parameter that changes in
relation with the load exerted to the subject, and the blood
oxygen saturation that represents a degree of saturation of
oxygen in blood of the subject, such that the circulatory-
organ-related parameter and the blood oxygen saturation are
comparable with each other by a living person such as a
medical person or the subject. Therefore, based on an
increasing tendency of the circulatory-organ-related param-
eter and a decreasing tendency of the blood oxygen satura-
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tion, the person can quickly recognize that the ventilating
ability of the lungs of the subject whose circulatory organ is
undergoing the load is abnormally or insufficiently low.

[0009] Preferably, the at least one circulatory-organ-re-
lated parameter measured by the circulatory-organ-related-
parameter measuring device comprises at least one of a
blood pressure, a heart rate, and a product of a blood
pressure and a heart rate, of the subject. According to this
feature, the display device displays at least one of the blood
pressure, the heart rate, and the product of blood pressure
and heart rate, and the blood oxygen saturation, such that the
one parameter and the blood oxygen saturation are compa-
rable with each other by a living person. Therefore, based on
an increasing tendency of the one parameter and a decreas-
ing tendency of the blood oxygen saturation, the person can
quickly recognize that the ventilating ability of the lungs of
the subject whose circulatory organ is undergoing the load
is abnormally or insufficiently low.

[0010] Also, preferably, the display device simultaneously
displays respective values of the circulatory-organ-related
parameter that are iteratively measured by the circulatory-
organ-related-parameter measuring device, and respective
values of the blood oxygen saturation that are iteratively
measured by the blood-oxygen-saturation measuring device,
so that the respective values of the circulatory-organ-related
parameter and the respective values of the blood oxygen
saturation are comparable with each other. According to this
feature, an increasing tendency of the circulatory-organ-
related parameter, such as the blood pressure, the heart rate,
and the product of blood pressure and heart rate, and a
decreasing tendency of the blood oxygen saturation, can be
easily recognized.

[0011] According to a second aspect of the present inven-
tion, there is provided a living-subject monitoring apparatus
for monitoring a load exerted to a living subject, comprising
a blood-oxygen-saturation measuring device which itera-
tively measure a blood oxygen saturation of the subject; a
volumetric-pulse-wave detecting device which iteratively
detects a volumetric pulse wave from the subject; and a
supplied-oxygen-amount-index calculating device which
iteratively calculates, based on a product of the blood
oxygen saturation measured by the blood-oxygen-saturation
measuring device and a volumetric-pulse-wave-related
parameter related to the volumetric pulse wave detected by
the volumetric-pulse-wave detecting device, a supplied-
oxygen-amount index indicative of an amount of oxygen
supplied to the subject.

[0012] According to this aspect, the supplied-oxygen-
amount-index calculating device iteratively calculates,
based on the product of the blood oxygen saturation and the
volumetric-pulse-wave-related parameter (e.g., amplitude or
area) related to the volumetric pulse wave detected by the
volumetric-pulse-wave detecting device, the supplied-oxy-
gen-amount index indicative of the amount of oxygen sup-
plied to the subject. Based on the supplied-oxygen-amount
index, it is possible to quickly recognize or detect that the
ventilating ability of the lungs of the subject whose circu-
latory organ is undergoing the load is abnormally or insuf-
ficiently low.

[0013] Also, preferably, the living-subject monitoring
apparatus further comprises a circulatory-organ-related-pa-
rameter measuring device which iteratively measures at least
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one circulatory-organ-related parameter of the subject that
changes in relation with the load exerted to the subject; and
a display device which simultaneously displays respective
values of the circulatory-organ-related parameter that are
iteratively measured by the circulatory-organ-related-pa-
rameter measuring device, and respective values of the
supplied-oxygen-amount index that are iteratively calcu-
lated by the supplied-oxygen-amount-index calculating
device, so that the respective values of the circulatory-organ-
related parameter and the respective values of the supplied-
oxygen-amount index are comparable with each other.
According to this feature, the display device displays the
respective values of the circulatory-organ-related parameter
and the respective values of the supplied-oxygen-amount
index, such that the respective values of the circulatory-
organ-related parameter and the respective values of the
supplied-oxygen-amount index are comparable with each
other by a living person. Based on an increasing tendency of
the circulatory-organ-related parameter and a decreasing
tendency of the supplied-oxygen-amount index, the person
can quickly recognize that the ventilating ability of the lungs
of the subject whose circulatory organ is undergoing the load
is abnormally or insufficiently low.

[0014] According to a third aspect of the present inven-
tion, there is provided a living-subject monitoring apparatus
for monitoring a load exerted to a living subject, comprising:
a circulatory-organ-related-parameter measuring device
which iteratively measures at least one circulatory-organ-
related parameter of the subject that changes in relation with
the load exerted to the subject; a blood-oxygen-saturation
measuring device which iteratively measures a blood oxy-
gen saturation of the subject; and a load-index calculating
device which iteratively calculates, based on a value
obtained by dividing the circulatory-organ-related parameter
measured by the blood-oxygen-saturation measuring device,
by the blood oxygen saturation measured by the blood-
oxygen-saturation measuring device, a load index indicative
of the load exerted to the subject.

[0015] According to this aspect, the load-index calculating
device iteratively calculates, based on the value obtained by
dividing the circulatory-organ-related parameter measured
by the blood-oxygen-saturation measuring device, by the
blood oxygen saturation measured by the blood-oxygen-
saturation measuring device, the load index indicative of the
load exerted to the subject. Based on the load index, it is
possible to quickly recognize or detect that the ventilating
ability of the lungs of the subject whose circulatory organ is
undergoing the load is abnormally or insufficiently low.

[0016] Also, preferably, the living-subject monitoring
apparatus further comprises a display device which simul-
taneously displays respective values of the circulatory-
organ-related parameter measured by the circulatory-organ-
related-parameter measuring device, and respective values
of the load index calculated by the load-index calculating
device, so that the respective values of the circulatory-organ-
related parameter and the respective values of the load index
are comparable with each other. According to this feature, a
time-wise relative change between an increasing tendency of
the circulatory-organ-related parameter, such as blood pres-
sure, heart rate, and product of blood pressure and heart rate,
and an increasing tendency of the load index, can be easily
recognized.
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[0017] Preferably, the at least one circulatory-organ-re-
lated parameter measured by the circulatory-organ-related-
parameter measuring device comprises a product of a blood
pressure and a heart rate of the subject, and the load-index
calculating device calculates, based on a value obtained by
dividing the product of blood pressure and heart rate by the
blood oxygen saturation measured by the blood-oxygen-
saturation measuring device, the load index indicative of the
load exerted to the subject. According to this feature, the
load-index calculating device calculates, based on the value
obtained by dividing the product of blood pressure and heart
rate by the blood oxygen saturation, the load index indica-
tive of the load exerted to the subject. Thus, based on the
load index that reflects the respective changes of the load
and the oxygen saturation, it is possible to quickly recognize
that the ventilating ability of the lungs of the subject whose
circulatory organ is undergoing the load is abnormally or
insufficiently low.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The above and optional objects, features, and
advantages of the present invention will be better understood
by reading the following detailed description of the pre-
ferred embodiments of the invention when considered in
conjunction with the accompanying drawings, in which:

[0019] FIG. 1 is a diagrammatic view for explaining a
construction of a living-subject monitoring apparatus to
which the present invention is applied,

[0020] FIG. 2 is a view for explaining a construction of a
pressure-pulse-wave sensor which is employed by the moni-
toring apparatus of FIG. 1 so as to detect a pressure pulse
wave from a living subject;

[0021] FIG. 3 is a block diagram for explaining essential
control functions of an electronic control device shown in
FIG. 1;

[0022] FIG. 4 is a flow chart for explaining the essential
control functions of the electronic control device shown in
FIG. 1;

[0023] FIG. 5 is a graph showing an example of physical
information displayed by a display device of the monitoring
apparatus of FIG. 1.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0024] Hereinafter, there will be described an embodiment
of the present invention in detail by reference to the accom-
panying drawings. FIG. 1 shows a view for explaining a
construction of a living-subject monitoring apparatus 8 to
which the present invention is applied. The present moni-
toring apparatus has a blood-pressure measuring function, a
heart-rate measuring function, an oxygen-saturation mea-
suring function, a blood-pressure-heart-rate-product mea-
suring function, a supplied-oxygen-amount measuring func-
tion, and a load-index measuring function.

[0025] In FIG. 1, the living-subject monitoring apparatus
8 includes a cuff 10 which has a belt-like cloth bag and a
rubber bag accommodated in the cloth bag and which is
adapted to be wound around, e.g., an upper arm 12 of a
patient as a living subject, and a pressure sensor 14, a switch
valve 16, and an air pump 18 each of which is connected to
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the cuff 10 via a piping 20. The switch valve 16 is selectively
placed in an inflation position in which the switch valve 16
permits a pressurized air to be supplied from the air pump 18
to the cuff 10, a slow-deflation position in which the switch
valve 16 permits the pressurized air to be slowly discharged
from the cuff 10, and a quick-deflation position in which the
switch valve 16 permits the pressurized air to be quickly
discharged from the cuff 10.

[0026] The pressure sensor 14 detects an air pressure in
the cuff 10, and supplies a pressure signal SP representing
the detected pressure, to each of a static-pressure filter
circuit 22 and a pulse-wave filter circuit 24. The static-
pressure filter circuit 22 includes a low-pass filter and
extracts, from the pressure signal SP, a static-pressure com-
ponent contained in the signal SP, i.e., a cuff-pressure signal
SK representing the static pressure in the cuff 10. The
cuff-pressure signal SK is supplied to an electronic control
device 28 via an A/D (analog-to-digital) converter 26. The
pulse-wave filter circuit 24 includes a band-pass filter and
extracts, from the pressure signal SP, an oscillating compo-
nent having predetermined frequencies, i.e., a pulse-wave
signal SM,. The pulse-wave signal SM, is supplied to the
control device 28 via an A/D converter 30. The pulse-wave
signal SM; represents a cuff pulse wave, i.e., a pressure
wave which is produced from a brachial artery, not shown,
of the patient in synchronism with the heartbeat of the
patient and is propagated to the cuff 10.

[0027] The electronic control device 28 is provided by a
so-called microcomputer including a CPU (central process-
ing unit) 29, a ROM (read only memory) 31, a RAM
(random access memory) 33 and an I/O (input-and-output)
port, not shown. The CPU 29 processes signals according to
the control programs pre-stored in the ROM 31 by utilizing
the temporary-storage function of the RAM 33, and supplies
drive signals to the switch valve 16 and the air pump 18
through the I/O port so as to perform a sequence of mea-
suring actions in an oscillometric blood-pressure measuring
operation and thereby measure a blood-pressure value of the
patient. In addition, the CPU 29 operates a display device 32
to display the obtained blood-pressure value of the patient.
The display device 32 may include a cathode ray tube
(CRT).

[0028] The monitoring apparatus 8 further includes a
photoelectric-pulse-wave detecting probe 38 (hereinafter,
referred to as the “probe”) which is employed as part of a
pulse oximeter. The probe 38 functions as a pulse-wave
detecting device for detecting a pulse wave that is propa-
gated to a peripheral artery including capillaries. The probe
38 is adapted to be set on a body surface 40 of the subject,
e.g., an end portion of a finger of the subject, with the help
of a band, not shown, such that the probe 38 closely contacts
the body surface 40. The probe 38 includes a container-like
housing 42 which opens in one direction, a first and a second
group of light emitting elements 444, 44b, such as LEDs
(light emitting diodes), which are disposed on an outer
peripheral portion of an inner bottom surface of the housing
42 (hereinafter, referred to as the light emitting elements 44
in the case where the first and second group of light emitting
elements 44a, 44b need not be discriminated from each
other), a light receiving element 46, such as a photodiode or
a phototransistor, which is disposed on a central portion of
the inner bottom surface of the housing 42, a transparent
resin 48 which is integrally disposed in the housing 42 to
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cover the light emitting elements 44 and the light receiving
element 46, and an annular shade member 50 which is
disposed between the light emitting elements 44 and the
light receiving element 46, for preventing the lights emitted
toward the body surface 40 by the light emitting elements 44
and then directly reflected from the body surface 40, from
being received by the light receiving element 46.

[0029] The first and second groups of light emitting ele-
ments 44a, 44b emit, e.g., a red light having about 660 nm
wavelength and an infrared light having about 800 nm
wavelength, respectively. The first and second light emitting
elements 44a, 44b alternately emit the red and infrared lights
at a predetermined frequency. The lights emitted toward the
body surface 40 by the light emitting elements 44 are
reflected from a body tissue of the subject where a dense
capillaries occur, and the reflected lights are received by the
common light receiving element 46. In place of the 660 nm
and 800 nm wavelengths lights, the first and second light
emitting elements 44a, 44b may emit various pairs of lights
each pair of which have different wavelengths, so long as
one light of the each pair exhibits significantly different
absorption factors with respect to oxygenated hemoglobin
and reduced hemoglobin, respectively, and the other light
exhibits substantially same absorption factors with respect to
the two sorts of hemoglobin.

[0030] The light receiving element 46 outputs, through a
low-pass filter 52, a photoelectric-pulse-wave signal SM,
representing the received or detected amount of light. The
light receiving element 46 is connected to the low-pass filter
52 via an amplifier or the like. The low-pass filter 52
removes, from the photoelectric pulse-wave signal SM,
input thereto, noise having frequencies higher than that of
the pulse wave, and outputs the noise-free signal SM;, to a
demultiplexer 54. The photoelectric pulse wave represented
by the photoelectric-pulse-wave signal SM; is a volumetric
pulse wave which is produced in synchronism with the pulse
of the patient.

[0031] The demultiplexer 54 is alternately switched
according to signals supplied thereto from the control device
28 in synchronism with the light emissions of the first and
second light emitting elements 44a, 44b. Thus, the demul-
tiplexer 54 successively supplies, to the I/O port, not shown,
of the control device 28, an electric signal SMy representing
the red light through a sample-and-hold circuit 56 and an
A/D converter 58, and an electric signal SMy representing
the infrared light through a sample-and-hold circuit 60 and
an A/D converter 62. The sample-and-hold circuits 56, 60
hold the electric signals SMy, SM; input thereto, respec-
tively, and do not output those electric signals to the A/D
converters 58, 62, before the prior signals SMg, SMy are
completely converted by the two A/D converters 58, 62,
respectively.

[0032] In the control device 28, the CPU 29 generates a
light emit signal SLV to a drive circuit 64 so that the first and
second light emitting elements 44a, 44b alternately emit the
red and infrared lights at a predetermined frequency, respec-
tively, such that each light emission lasts for a predetermined
duration. In synchronism with the alternate light emissions
by the first and second light emitting elements 44a, 44b, the
CPU 29 generates a switch signal SC to the demultiplexer 54
so as to correspondingly place the demultiplexer 54 in a first
or a second position. Thus, the signals SMy, SM;; are
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separated from each other by the demultiplexer 54 such that
the signal SMy, is supplied to the sample-and-hold circuit 56
while the signal SM,y is supplied to the sample-and-hold
circuit 60. Further, the CPU 29 periodically determines a
degree of saturation of oxygen in blood of the subject, Sy,
(%) based on respective amplitudes of the signals SMg,
SMg, according to a predetermined expression pre-stored in
the ROM 31, and operates the display device 32 to display
each of the determined degrees of blood oxygen saturation.

[0033] As shown in detail in FIG. 2, the pressure-pulse-
wave sensor 68 includes a container-like housing 74 which
is detachably attached, with fastening bands 72, to a body
surface 70 of a body portion, such as a wrist, located on a
downstream side of the artery of the upper arm 12 of the
patient, such that an opening end of the housing 74 is
opposed to the body surface 70. In addition, the sensor 68
includes a press member 80 which is secured via a dia-
phragm 76 to an inner wall of the housing 74, such that the
press member 80 is movable relative to the housing 74 and
is advanceable out of the opening of the same. The housing
74, the diaphragm 76, etc. cooperate with one another to
define a pressure chamber 75, which is supplied with a
pressurized air from an air pump 86 via a pressure control
valve 88 so that the press member 80 is pressed against a
radial artery 78 right below the body surface 70 with a
pressing force Py, corresponding to the air pressure in the
pressure chamber 75.

[0034] The press member 80 includes a semiconductor
chip that is provided by, e.g., a monocrystalline silicon and
has a flat press surface 81, and a number of semiconductor
pressure-sensing elements (not shown) that are arranged on
the press surface 81 at regular intervals of, e.g., 0.2 mm in
a direction perpendicular to the radial artery 78. The press
member 80 is pressed against the radial artery 78 right below
the body surface 70 of the wrist, to detect a pressure pulse
wave, i.e., a pressure oscillation which is produced from the
radial artery 78 and is transmitted to the body surface 70, and
supplies a pressure-pulse-wave signal SM,, representing the
pressure pulse wave, to the electronic control device 28 via
an A/D converter 82.

[0035] The CPU 29 of the control device 28 outputs drive
signals to the air pump 86 and the pressure control valve 88
of a pressing-force changing device 84, and thereby controls
the air pressure in the pressure chamber 175, i.e., the
pressing force applied by the press member 80 to the skin,
according to the control programs pre-stored in the ROM 31.
In a continuous blood-pressure measuring operation, the
control device 28 determines, based on the pressure pulse
wave signal SM,, continuously detected while the pressure in
the pressure chamber 75 is changed, an optimum pressing
pressure Pynp at which the press member 80 is pressed
against the radial artery 78 such that a portion of the wall of
the artery 78 is flattened. The control device 28 controls the
pressure control valve 88 so as to maintain the pressure of
the pressure chamber 75 at the thus determined optimum
pressing pressure Pyyp.

[0036] FIG. 3 is a diagrammatic view for explaining
essential control functions of the electronic control device
28 of the living-subject monitoring apparatus. In the figure,
a volumetric-pulse-wave detecting device or means 100
continuously obtains, from the low-pass filter 52, the pho-
toelectric-pulse-wave signal SM; having a magnitude cor-
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responding an amount of the light received by the light
receiving element 46, and thereby detects a plurality of
successive heartbeat-synchronous pulses of the volumetric
pulse wave that are produced in synchronism with respective
heartbeats of the subject. A blood-oxygen-saturation mea-
suring device or means 102 iteratively determines, at a
predetermined period, a blood oxygen saturation Spq, (%)
of the subject based on respective amplitudes of the electric
signals SMy, SM; obtained from the light receiving ele-
ment 46 by producing the switch signals SC in synchronism
with the respective light emissions of the light emitters 44aq,
44b caused by the drive circuits 64 and thereby switching the
demultiplexer 54, according to the expression pre-stored in
the ROM 31 for determination of blood-oxygen saturation.

[0037] A blood-pressure measuring device or means 104
successively determines an estimated blood pressure EBP of
the subject based on a magnitude of each of successive
heartbeat synchronous pulses of the pressure-pulse-wave
signal SM, obtained from the pressure-pulse-wave sensor
68, according to a relationship that is determined, at a
prescribed calibration period, based on blood pressure val-
ues measured using the cuff 10 and magnitudes of the
pressure-pulse-wave signal SM,. A heart-rate measuring
device or means 106 determines a heart rate HR (=number
of heartbeats/unit time) of the subject based on the pressure-
pulse-wave signal SM,, or the photoelectric-pulse-wave sig-
nal SM;.

[0038] A blood-pressure-heart-rate-product calculating
device or means 108 iteratively calculates a product PRP of
a blood pressure BP iteratively measured by the blood-
pressure measuring means 104 and a heart rate HR itera-
tively measured by the heart-rate measuring means 106.
Each of the blood pressure BP, the heart rate HR, and the
blood pressure-heart rate product PRP is a circulatory-organ-
related parameter that changes in relation with a load exerted
to the subject; and each of the blood-pressure measuring
means 104, the heart-rate measuring means 106, and the
blood-pressure-heart-rate-product calculating means 108 is
a circulatory-organ-related parameter measuring device or
means.

[0039] A supplied-oxygen-amount-index  calculating
device or means 110 first calculates an area S defined by
each of heartbeat-synchronous pulses of the photoelectric-
pulse-wave signal SM;, ie., the volumetric pulse wave
detected by the volumetric-pulse-wave detecting means 100,
and then calculates a product of the thus calculated area S
and an oxygen saturation Sp, iteratively measured by the
blood-oxygen-saturation measuring means 102, thereby cal-
culating a supplied-oxygen-amount index Igpo, indicating
an amount of oxygen supplied to the subject. The area S of
each of heartbeat-synchronous pulses of the photoelectric-
pulse-wave signal SM; may be replaced with an amplitude
of the each heartbeat-synchronous pulse of the signal SM,
that can be regarded as substantially corresponding to the
area.

[0040] A load-index calculating device or means 112
calculates a load index I; indicating a load exerted to the
subject, such that the load index is equal to a value (=PRP/
Spos) obtained by dividing the circulatory-organ-related
parameter, such as the blood pressure BP, the heart rate HR,
or the blood pressure-heart rate product PRP, by an oxygen
saturation Sp, iteratively measured by the blood-oxygen-
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saturation measuring means 102. Thus, the magnitude of the
load exerted to the subject can be easily recognized.

[0041] A monitored-information displaying device or
means 114 operates the display device 32 to display, in a
screen image thercof shown in FIG. 5, respective time-wise
trends of the estimated blood pressure EBP, the heart rate
HR, the blood pressure-heart rate product PRP, the oxygen
saturation Spq,, the supplied-oxygen-amount index Igpas,
and the load index I;, in a two-dimensional graph having a
common time axis 90.

[0042] FIG. 4 is a flow chart for explaining the essential
control functions of the electronic control device 28. At Step
S1 (hereinafter, “Step” is omitted) of FIG. 4, the control
device reads in living-subject signals including the photo-
electric-pulse-wave signal SM,, the electric signals SMg,
SMg, and the pressure-pulse-wave signal SM,,. In addition,
the control device reads in living-subject information includ-
ing a blood pressure BP, a heart rate HR, and an oxygen
saturation Spq, that are calculated from those signals. Sub-
sequently, the control proceeds with S2 corresponding to the
supplied-oxygen-amount-index calculating means 110. At
S2, the control device calculates an area S defined by a
heartbeat-synchronous pulse of the volumetric pulse wave
represented by the photoelectric-pulse-wave signal SM;,
and calculates, as a supplied-oxygen-amount index Igpg,
indicating an amount of oxygen supplied to the subject, the
product of the area S and an oxygen saturation Sy, that is
iteratively measured. Next, the control goes to S3 corre-
sponding to the blood-pressure-heart-rate-product calculat-
ing means 108, the control device calculates a product PRP
of an estimated blood pressure EBP and a heart rate HR that
are iteratively measured. Subsequently, the control goes to
S4 corresponding to the load-index calculating means 112.
At 84, the control device calculates a load index I; indicat-
ing a load exerted to the subject, such that the load index is
equal to a value (=EBP/Spq,, HR/Spq,, PRP/Sp,) obtained
by dividing a circulatory-organ-related parameter, such as a
blood pressure BP, a heart rate HR, or a blood pressure-heart
rate product PRP, by an oxygen saturation Sp, iteratively
measured by the blood-oxygen-saturation measuring means
102. Thus, a change of the magnitude of the load exerted to
the subject can be easily recognized. Then, the control goes
to S5 corresponding to the monitored-information display-
ing means 114. At S§, the control device operates the display
device 32 to display, in the screen image thereof shown in
FIG. 5, respective time-wise trends of the estimated blood
pressure EBP, the heart rate HR, the blood pressure-heart
rate product PRP, the oxygen saturation Sgp,, the supplied-
oxygen-amount index Igpy,, and the load index I;, in the
two-dimensional graph having the common time axis 90.

[0043] It emerges from the foregoing description of the
present embodiment that the monitored-information display-
ing means 114 (S5) operates the display device to display the
circulatory-organ-related parameter (i.e., the estimated
blood pressure EBP, the heart rate HR, and the blood
pressure-heart rate product PRP) that changes in relation
with the load exerted to the subject, and the blood oxygen
saturation Sp,, that represents the degree of saturation of
oxygen in blood of the subject, such that the circulatory-
organ-related parameter and the blood oxygen saturation are
comparable with each other by a living person such as a
medical person or the subject. Therefore, based on an
increasing tendency of the circulatory-organ-related param-
eter and a decreasing tendency of the blood oxygen satura-
tion, the person can quickly recognize that the ventilating
ability of lungs of the subject whose circulatory organ is
undergoing the load is abnormally or insufficiently low.
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[0044] Also, according to this embodiment, the circula-
tory-organ-related-parameter measuring means (i.c., the
blood-pressure measuring means 104, the heart-rate mea-
suring means 106, and the blood-pressure-heart-rate-product
calculating means 108) measures the circulatory-organ-re-
lated parameter, i.c., the estimated blood pressure EBP, the
heart rate HR, and the blood pressure-heart rate product
PRP. Therefore, based on respective increasing tendencies of
the estimated blood pressure EBP, the heart rate HR, and the
blood pressure-heart rate product PRP and a decreasing
tendency of the blood oxygen saturation Spg,, it is possible
to quickly recognize that the ventilating ability of lungs of
the subject whose circulatory organ is undergoing the load
is abnormally or insufficiently low.

[0045] Also, according to this embodiment, the moni-
tored-information displaying means 114 (S5) operates the
display device 32 to display the circulatory-organ-related
parameter (i.c., the estimated blood pressure EBP, the heart
rate HR, and the blood pressure-heart rate product PRP), and
the blood oxygen saturation Sy, that represents the degree
of saturation of oxygen in blood of the subject, such that
respective time-wise trends of the circulatory-organ-related
parameter and the blood oxygen saturation are comparable
with each other by a living person. Thus, an increasing
tendency of the circulatory-organ-related parameter (i.e., the
estimated blood pressure EBP, the heart rate HR, and the
blood pressure-heart rate product PRP), and a decreasing
tendency of the blood oxygen saturation Sp,, can be easily
recognized.

[0046] Also, according to the present embodiment, the
supplied-oxygen-amount-index calculating means 110 (S2)
iteratively calculates the area S of each heartbeat-synchro-
nous pulse of the volumetric pulse wave represented by the
photoelectric-pulse-wave signal SM,, and iteratively calcu-
lates, as the supplied-oxygen-amount index Igpq, indicating
the amount of oxygen supplied to the subject, the product of
the area S and the oxygen saturation Spq, that is iteratively
measured. Thus, based on the supplied-oxygen-amount
index Igpg,, it is possible to quickly recognize or detect that
the ventilating ability of lungs of the subject whose circu-
latory organ is undergoing the load is abnormally or insuf-
ficiently low.

[0047] Also, according to this embodiment, the circula-
tory-organ-related-parameter measuring means (i.c., the
blood-pressure measuring means 104, the heart-rate mea-
suring means 106, and the blood-pressure-heart-rate-product
calculating means 108) measures the circulatory-organ-re-
lated parameter (i.e., the estimated blood pressure EBP, the
heart rate HR, and the blood pressure-heart rate product
PRP) that changes in relation with the load exerted to the
subject, and the supplied-oxygen-amount-index calculating
means 110 calculates the supplied-oxygen-amount index
Ispos; and the monitored-information displaying means 114
(S5) operates the display device to display the circulatory-
organ-related parameter and the supplied-oxygen-amount
index Igpon, such that respective time-wise trends of the
circulatory-organ-related parameter and the supplied-oxy-
gen-amount index are comparable with each other by a
living person. Therefore, based on an increasing tendency of
the circulatory-organ-related parameter and a decreasing
tendency of the supplied-oxygen-amount index, it is pos-
sible to quickly recognize that the ventilating ability of lungs
of the subject whose circulatory organ is undergoing the load
is abnormally or insufficiently low.

[0048] Also, according to this embodiment, the load-index
calculating means 112 (S4) iteratively calculates, based on
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the value obtained by dividing the circulatory-organ-related
parameter (i.e., the estimated blood pressure EBP, the heart
rate HR, and the blood pressure-heart rate product PRP)
iteratively measured by the blood-oxygen-saturation mea-
suring means (i.¢., the blood-pressure measuring means 104,
the heart-rate measuring means 106, and the blood-pressure-
heart-rate-product calculating means 108), by the blood
oxygen saturation Sp,, measured by the blood-oxygen-
saturation measuring means 102, the load index I; indicative
of the load exerted to the subject. Based on the load index
I;, it is possible to quickly recognize or detect that the
ventilating ability of lungs of the subject whose circulatory
organ is undergoing the load is abnormally or insufficiently
low. Particularly, in the case where the load-index calculat-
ing means calculates, based on the value obtained by divid-
ing the blood pressure-heart rate product PRP by the blood
oxygen saturation ST©2 measured by the blood-oxygen-
saturation measuring means 102, the load index indicative of
the load exerted to the subject. Thus, based on the load index
I; that reflects the respective changes of the load and the
oxygen saturation, it is possible to more quickly recognize
that the ventilating ability of Iungs of the subject whose
circulatory organ is undergoing the load is abnormally or
insufficiently low.

[0049] Also, according to this embodiment, the moni-
tored-information displaying means 114 (S5) operates the
display device to display the load index I; calculated by the
load-index calculating means 112 (S4) and the circulatory-
organ-related parameter (i.c., the estimated blood pressure
EBP, the heart rate HR, and the blood pressure-heart rate
product PRP) measured by the blood-oxygen-saturation
measuring means (i.e., the blood-pressure measuring means
104, the heart-rate measuring means 106, and the blood-
pressure-heart-rate-product calculating means 108), such
that respective time-wise trends of the load index and the
circulatory-organ-related parameter are comparable with
each other by a living person. Thus, a time-wise relative
change between an increasing tendency of the circulatory-
organ-related parameter, such as the estimated blood pres-
sure EBP, the heart rate HR, and the blood pressure-heart
rate product PRP, and an increasing tendency of the load
index I, , can be easily recognized.

[0050] While the present invention has been described in
its preferred embodiment by reference to the drawings, it is
to be understood that the invention may otherwise be
embodied.

[0051] For example, in the illustrated embodiment, the
blood-pressure measuring means 104 successively deter-
mines an estimated blood pressure EBP of the subject based
on each of successive heartbeat-synchronous pulses of the
pressure pulse wave. However, the blood-pressure measur-
ing means 104 may be replaced with a blood-pressure
measuring device that measures, using the cuff 10, a blood
pressure of the subject at regular intervals of from several
minutes to several tens of minutes according to oscillometric
method or Korotkoff-sound method.

[0052] Also, in the illustrated embodiment, each of the
estimated blood pressure EBP, the pulse rate HR, and the
blood pressure-heart rate product PRP is measured as the
circulatory-organ-related parameter. However, appropriate
coefficient and/or constant may be added to the each param-
cter.

[0053] Also, in the illustrated embodiment, a supplied-
oxygen-amount index Iy, is iteratively calculated as the
product of area S or amplitude of each of successive
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heartbeat-synchronous pulses of the photoelectric-pulse-
wave signal SMj continuously obtained and an oxygen
saturation Spg, successively measured. However, appropri-
ate coefficient and/or constant may be added to the expres-
sion used for calculating index Igpqns, Or each index value
L, calculated. That is, the index Igpe, may be replaced with
any parameter which is obtained based on the product of
area S or amplitude of the photoelectric-pulse-wave signal
SM, reflecting an amount of blood supplied to the subject,
and the blood oxygen saturation Sp, reflecting an amount
of oxygen in blood of the subject, and which accordingly
reflects an amount of oxygen supplied to the subject.

[0054] Also, in the illustrated embodiment, the load index
I; is calculated as the value obtained by dividing the circu-
latory-organ-related parameter (i.e., the estimated blood
pressure EBP, the heart rate HR, or the blood pressure-heart
rate product PRP) by the oxygen saturation Sp,. However,
appropriate coefficient and/or constant may be added to the
expression used for calculating the index I;, or each index
value I; calculated. That is, the index I; may be replaced
with any parameter which is obtained by dividing the
circulatory-organ-related parameter that increases with the
load exerted to the subject, by the oxygen saturation Spo,
that decreases with the increasing of the load, and which
accordingly emphasizes the change (i.e., increase) of the
load exerted to the subject.

[0055] In addition, in the illustrated embodiment, each of
the volumetric-pulse-wave detecting means 100, the blood-
pressure measuring means 104, the pulse-rate measuring
means 106, the blood-oxygen-saturation measuring means
102, the supplied-oxygen-amount-index calculating means
110, the blood-pressure-heart-rate-product calculating
means 108, and the load-index calculating means 112 may
be provided outside the casing in which the display device
32 is provided, and may be connected to the display device
32 either on an on-line basis using a wire or a wireless line,
or on an off-line basis.

[0056] In addition, in the illustrated embodiment, the
photoelectric-pulse-wave detecting probe 38 is of reflection
type. However, the reflection-type probe 38 may be replaced
with a transmission-type probe that is adapted to be worn on,
€.g., an earlobe or a finger.

[0057] In addition, in the illustrated embodiment, the
display device 32 of the living-subject monitoring apparatus
8 displays not only the respective time-wise trends of the
estimated blood pressure EBP, the pulse rate HR, and the
blood pressure-heart rate product PRP each as the circula-
tory-organ-related parameter, but also the supplied-oxygen-
amount index Igpo, and the load index I;. However, the
display device 32 may be modified to display only a portion
of those parameters. In addition, the display device 32 may
be modified to display those parameters not in the form of
respective time-wise trends thereof shown in FIG. §, but in
the form of respective digits or graphs.

[0058] 1t is to be understood that the present invention
may be embodied with other changes, improvements, and
modifications that may occur to a person skilled in the art
without departing from the spirit and scope of the invention
defined in the appended claims.

What is claimed is:
1. A living-subject monitoring apparatus for monitoring a
load exerted to a living subject, comprising:

a circulatory-organ-related-parameter measuring device
which iteratively measures at least one circulatory-
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organ-related parameter of the subject that changes in
relation with the load exerted to the subject;

a blood-oxygen-saturation measuring device which itera-
tively measures a blood oxygen saturation of the sub-
ject; and

a display device which simultaneously displays the cir-
culatory-organ-related parameter measured by the cir-
culatory-organ-related-parameter measuring device
and the blood oxygen saturation measured by the
blood-oxygen-saturation measuring device, so that the
circulatory-organ-related parameter and the blood oxy-
gen saturation are comparable with each other.

2. A living-subject monitoring apparatus according to
claim 1, wherein said at least one circulatory-organ-related
parameter measured by the circulatory-organ-related-param-
eter measuring device comprises at least one of a blood
pressure, a heart rate, and a product of a blood pressure and
a heart rate, of the subject.

3. A living-subject monitoring apparatus according to
claim 1, wherein the display device simultaneously displays
respective values of the circulatory-organ-related parameter
that are iteratively measured by the circulatory-organ-re-
lated-parameter measuring device, and respective values of
the blood oxygen saturation that are iteratively measured by
the blood-oxygen-saturation measuring device, so that the
respective values of the circulatory-organ-related parameter
and the respective values of the blood oxygen saturation are
comparable with each other.

4. A living-subject monitoring apparatus for monitoring a
load exerted to a living subject, comprising:

a blood-oxygen-saturation measuring device which itera-
tively measures a blood oxygen saturation of the sub-
ject;

a volumetric-pulse-wave detecting device which itera-
tively detects a volumetric pulse wave from the subject;
and

a supplied-oxygen-amount-index calculating device
which iteratively calculates, based on a product of the
blood oxygen saturation measured by the blood-oxy-
gen-saturation measuring device and a volumetric-
pulse-wave-related parameter related to the volumetric
pulse wave detected by the volumetric-pulse-wave
detecting device, a supplied-oxygen-amount index
indicative of an amount of oxygen supplied to the
subject.

5. A living-subject monitoring apparatus according to

claim 4, further comprising:

a circulatory-organ-related-parameter measuring device
which iteratively measures at least one circulatory-
organ-related parameter of the subject that changes in
relation with the load exerted to the subject; and

a display device which simultaneously displays respective
values of the circulatory-organ-related parameter that
are iteratively measured by the circulatory-organ-re-
lated-parameter measuring device, and respective val-
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ues of the supplied-oxygen-amount index that are itera-
tively calculated by the supplied-oxygen-amount-index
calculating device, so that the respective values of the
circulatory-organ-related parameter and the respective
values of the supplied-oxygen-amount index are com-
parable with each other.

6. A living-subject monitoring apparatus for monitoring a

load exerted to a living subject, comprising:

a circulatory-organ-related-parameter measuring device
which iteratively measures at least one circulatory-
organ-related parameter of the subject that changes in
relation with the load exerted to the subject;

a blood-oxygen-saturation measuring device which itera-
tively measures a blood oxygen saturation of the sub-
ject; and

a load-index calculating device which iteratively calcu-
lates, based on a value obtained by dividing the circu-
latory-organ-related parameter measured by the blood-
oxygen-saturation measuring device, by the blood
oxygen saturation measured by the blood-oxygen-satu-
ration measuring device, a load index indicative of the
load exerted to the subject.

7. A living-subject monitoring apparatus according to
claim 6, further comprising a display device which simul-
taneously displays respective values of the circulatory-
organ-related parameter measured by the circulatory-organ-
related-parameter measuring device, and respective values
of the load index calculated by the load-index calculating
device, so that the respective values of the circulatory-organ-
related parameter and the respective values of the, load
index are comparable with each other.

8. A living-subject monitoring apparatus according to
claim 6, wherein said at least one circulatory-organ-related
parameter measured by the circulatory-organ-related-param-
eter measuring device comprises a product of a blood
pressure and a heart rate of the subject, and wherein the
load-index calculating device calculates, based on a value
obtained by dividing the product of blood pressure and heart
rate measured by the circulatory-organ-related-parameter
measuring device, by the blood oxygen saturation measured
by the blood-oxygen-saturation measuring device, the load
index indicative of the load exerted to the subject.

9. A living-subject monitoring apparatus according to
claim 4, wherein the volumetric-pulse-wave-related param-
eter comprises an area defined by a waveform of each of a
plurality of heartbeat-synchronous pulses of the volumetric
pulse wave detected by the volumetric-pulse-wave detecting
device.

10. A living-subject monitoring apparatus according to
claim 4, wherein the volumetric-pulse-wave-related param-
eter comprises an amplitude of a waveform of each of a
plurality of heartbeat-synchronous pulses of the volumetric
pulse wave detected by the volumetric-pulse-wave detecting
device.
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