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POSTOPERATIVE-CONDITION EVALUATING
APPARATUS

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to an apparatus for
evaluating a degree of recovery of a living subject from a
surgical operation.

[0003]

[0004] A living subject who has undergone a surgical
operation is monitored, in, e.g., a recovery room, with
respect to blood pressure, heart rate, blood oxygen satura-
tion, etc. Based on the blood pressure, heart rate, and/or
blood oxygen saturation being monitored, a doctor judges,
from his or her experience, whether the subject has recov-
ered from the surgical operation and, if it is judged that the
subject has recovered, then the subject is moved to a general
ward. The judgment made in this manner about the degree
of recovery of the subject from the operation is more or less
unclear, but it is not problematic so long as the subject is
kept in hospital.

[0005] Meanwhile, recently, a day operation has become
popular. The day operation means that in a single day a
patient undergoes a surgical operation and goes home. If a
judgment made by a doctor about a postoperative condition
of a patient who has undergone a day operation is unclear,
then the condition of the patient may become worse after the
patient goes home. After the patient goes home, the doctor
cannot do a quick treatment on the patient. Thus, it has been
needed to objectively or quantitatively evaluate a postop-
erative condition of a living subject.

1. Field of the Invention

2. Related Art Statement

SUMMARY OF THE INVENTION

[0006] Tt is therefore an object of the present invention to
provide an apparatus which can objectively and accurately
evaluate a degree of recovery of a living subject from a
surgical operation.

[0007] To this end, the Inventors have carried out an
extensive study and have found that information relating to
the circulatory organ of a living subject who has undergone
a surgical operation largely and randomly changes from its
values before the operation, because of anesthesia or physi-
cal stimuli administered or applied to the subject during the
operation. However, after the operation, the circulatory-
organ-relating information will change toward its values
before the operation. The Inventors have found such a
phenomenon that the circulatory-organ-relating information
obtained after the operation will become stable around a
certain saturation value, and such a fact that the change of
circulatory-organ-relating information obtained after the
operation is closely related to the degree of recovery of the
subject from the operation. The present invention has been
developed based on those findings.

[0008] The above object has been achieved by the present
invention. According to the present invention, there is pro-
vided an apparatus for evaluating a degree of recovery of a
living subject from a surgical operation which the subject
has undergone, the apparatus comprising a circulatory-
organ-relating-information obtaining means for iteratively
obtaining, after the operation, a piece of circulatory-organ-
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relating information relating to a circulatory organ of the
subject; and a recovery-degree evaluating means for evalu-
ating the degree of recovery of the subject, based on at least
one piece of circulatory-organ-relating information obtained
by the circulatory-organ-relating-information obtaining
means.

[0009] In the present apparatus, the circulatory-organ-
relating-information obtaining means iteratively obtains,
after the surgical operation, a piece of circulatory-organ-
relating information relating to the circulatory organ of the
living subject, and the recovery-degree evaluating means
evaluates the degree of recovery of the subject, based on one
or more pieces of circulatory-organ-relating information
obtained by the circulatory-organ-relating-information
obtaining means. Thus, present apparatus can objectively
and accurately evaluate the degree of recovery of the subject
from the operation which the subject has undergone.

[0010] Preferably, the recovery-degree evaluating means
comprises means for evaluating the degree of recovery of
the subject, by judging whether a change of a plurality of
pieces of circulatory-organ-relating information iteratively
obtained by the circulatory-organ-relating-information
obtaining means is smaller than a reference value and
accordingly is stable. There is a phenomenon that the pieces
of circulatory-organ-relating  information iteratively
obtained from the postoperative subject by the circulatory-
organ-relating-information obtaining means change toward
a saturation value and become stable around the same. Since
the recovery-degree evaluating means evaluates the degree
of recovery of the subject, by judging whether a change of
the pieces of circulatory-organ-relating information is
smaller than a reference value and accordingly is stable, the
present apparatus can objectively and accurately evaluate
the degree of recovery of the subject from the operation.

[0011] Preferably, the circulatory-organ-relating-informa-
tion obtaining means comprises means for iteratively obtain-
ing, as a piece of circulatory-organ-relating information, one
selected from the group consisting of a blood pressure value,
a heart rate value, a magnitude of a fluctuation of blood
pressure values, and a magnitude of a fluctuation of heart
rate values. There is a phenomenon that the blood pressure
values, heart rate values, magnitudes of fluctuation of blood
pressure values, or magnitudes of fluctuation of heart rate
values, iteratively obtained from the postoperative subject
by the circulatory-organ-relating-information obtaining
means change toward a saturation value and become stable
around the same. Thus, the present apparatus can evaluate,
based on a change of those values, the degree of recovery of
the subject from the operation.

[0012] Preferably, the recovery-degree evaluating means
comprises means for determining a saturation value based
on a time-wise change of a plurality of pieces of circulatory-
organ-relating information iteratively obtained by the circu-
latory-organ-relating-information obtaining means, means
for determining, based on the saturation value, a reference
value smaller than the saturation value, and means for
evaluating the degree of recovery of the subject, by judging
whether a piece of circulatory-organ-relating information
obtained by the circulatory-organ-relating-information
obtaining means is greater than the reference value. The
pieces of circulatory-organ-relating information iteratively
obtained from the postoperative subject by the circulatory-
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organ-relating-information obtaining means have a nature to
change along a logarithmic curve, and accordingly can be
expressed by a logarithmic function. Therefore, a saturation
value of the information can be determined, for each living
subject, based on a time-wise change of the information.
Since the recovery-degree evaluating means evaluates the
degree of recovery of the subject, by judging whether an
actual piece of circulatory-organ-relating information is
greater than the reference value lower than the saturation
value, the present apparatus can accurately evaluate the
degree of recovery of the subject, independent of individual
differences of living subjects.

[0013] Preferably, the circulatory-organ-relating-informa-
tion obtaining means comprises means for iteratively obtain-
ing, as a piece of circulatory-organ-relating information, one
selected from the group consisting of a magnitude of a
low-frequency fluctuation of blood pressure values, and a
ratio of one of a magnitude of a low-frequency fluctuation of
heart rate values and a magnitude of a high-frequency
fluctuation of the heart rate values to the other of the
magnitude of low-frequency fluctuation of heart rate values
and the magnitude of high-frequency fluctuation of heart
rate values, and the recovery-degree evaluating means com-
prises means for evaluating the degree of recovery of the
subject, by judging whether the one selected from the group
is greater than a reference value. It is speculated that the
magnitude of low-frequency fluctuation of blood pressure
values of the subject, or the ratio of one of the magnitude of
low-frequency fluctuation of heart rate values and the mag-
nitude of high-frequency fluctuation of the heart rate values
to the other of the magnitude of low-frequency fluctuation of
heart rate values and the magnitude of high-frequency
fluctuation of heart rate values faithfully reflects the activity
of the sympathetic nerve system of the subject. Since the
recovery-degree evaluating means evaluates the degree of
recovery of the subject, by judging whether a blood pressure
value or the ratio is greater than a reference value, the
present apparatus can objectively and accurately evaluate
the degree of recovery of the subject from the operation.

[0014] Preferably, the circulatory-organ-relating-informa-
tion obtaining means comprises means for iteratively obtain-
ing, as a piece of circulatory-organ-relating information, one
selected from the group consisting of a frequency distribu-
tion of fluctuations of blood pressure values, and a frequency
distribution of fluctuations of heart rate values, and means
for determining a degree of sharpness of the one selected
from the group, and the recovery-degree evaluating means
comprises means for evaluating the degree of recovery of
the subject, by judging whether the determined degree of
sharpness is greater than a reference value. The sharpness-
degree values of the frequency distribution of fluctuations of
blood pressure values or the frequency distribution of fluc-
tuations of heart rate values, iteratively obtained from the
postoperative subject change toward a value before the
operation. Since the recovery-degree evaluating means
evaluates the degree of recovery of the subject, by judging
whether a sharpness degree of the frequency distribution is
greater than a reference value, the present apparatus can
objectively and accurately evaluate the degree of recovery of
the subject.

[0015] Preferably, the circulatory-organ-relating-informa-
tion obtaining means comprises means for iteratively obtain-
ing, as a piece of circulatory-organ-relating information, one
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selected from the group consisting of a frequency spectrum
of fluctuations of blood pressure values, and a frequency
spectrum of fluctuations of heart rate values, and means for
determining a proportion of an interval fluctuation magni-
tude of the one selected from the group in a prescribed
frequency interval, with respect to a whole fluctuation
magnitude of the one selected from the group in a whole
frequency range, and the recovery-degree evaluating means
comprises means for evaluating the degree of recovery of
the subject, by judging whether the determined proportion is
greater than a reference value. The proportion of interval
fluctuation magnitude of the frequency spectrum of fluctua-
tions of blood pressure values or the frequency spectrum of
fluctuations of heart rate values, iteratively obtained from
the postoperative subject, change toward a value before the
operation. Since the recovery-degree evaluating means
evaluates the degree of recovery of the subject, by judging
whether a proportion of interval fluctuation magnitude of the
frequency spectrum is greater than a reference value, the
present apparatus can objectively and accurately evaluate
the degree of recovery of the subject.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] 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:

[0017] FIG. 1 is a diagrammatic view for explaining a
construction of a living-subject monitoring apparatus func-
tioning as a recovery-degree evaluating apparatus, to which
the present invention is applied,

[0018] FIG. 2 is a block diagram for explaining essential
functions of an electronic control device of the apparatus of
FIG. 1;

[0019] FIG. 3 is a graph showing a frequency spectrum
which is obtained by a frequency-analysis means, shown in
FIG. 2, from frequency analysis of heart-rate values mea-
sured from a living subject in a normal state;

[0020] FIG. 4 is a graph showing a frequency spectrum
which is obtained by the frequency-analysis means of FIG.
2 from the frequency analysis of heart-rate values measured
from a living subject during a surgical operation or imme-
diately after the same;

[0021] FIG. 5 is a graph showing a time-wise change of
a waveform of a peak occurring to the frequency spectrum
of FIG. 3;

[0022] FIG. 6 is a view for explaining a screen image
which is displayed by a display device of the apparatus of
FIG. 1 when a stability judging means, shown in FIG. 2,
judges that a degree of recovery of a living subject from a
surgical operation has entered a stable range;

[0023] FIG. 7 is a flow chart representing a fluctuation-
magnitude determining routine according to which the con-
trol device of FIG. 2 determines a magnitude of a fluctuation
of heart-rate values measured from a living subject;

[0024] FIG. 8 is a flow chart representing a recovery-
degree evaluating routine according to which the control
device of FIG. 2 evaluates a degree of recovery of a living
subject;
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[0025] FIG. 9 is ablock diagram corresponding to FIG. 2,
for explaining essential functions of an electronic control
device of another living-subject monitoring apparatus as a
second embodiment of the present invention;

[0026] FIG. 10 is a flow chart representing a fluctuation-
magnitude-ratio determining routine according to which the
control device of FIG. 9 determines a fluctuation-magnitude
ratio;

[0027] FIG. 11 is a flow chart representing a recovery-
degree evaluating routine according to which the control
device of FIG. 9 evaluates a degree of recovery of a living
subject;

[0028] FIG. 12 is a block diagram corresponding to FIG.
2, for explaining essential functions of an electronic control
device of another living-subject monitoring apparatus as a
third embodiment of the present invention;

[0029] FIG. 13 is a graph for explaining a degree of
sharpness which is determined by a sharpness-degree deter-
mining means, shown in FIG. 12;

[0030] FIG. 14 is a flow chart representing a sharpness-
degree determining routine according to which the control
device of FIG. 12 determines a degree of sharpness;

[0031] FIG. 15 is a flow chart representing a recovery-
degree evaluating routine according to which the control
device of FIG. 12 evaluates a degree of recovery of a living
subject;

[0032] FIG. 16 is a block diagram corresponding to FIG.
2, for explaining essential functions of an electronic control
device of another living-subject monitoring apparatus as a
fourth embodiment of the present invention,

[0033] FIG. 17 is a graph for explaining an interval-
fluctuation-magnitude proportion which is determined by an
interval-fluctuation-magnitude-proportion determining
means, shown in FIG. 16;

[0034] FIG. 18 is a flow chart representing an interval-
fluctuation-magnitude-proportion ~ determining  routine
according to which the control device of FIG. 16 determines
an interval-fluctuation-magnitude proportion;

[0035] FIG. 19 is a flow chart representing a recovery-
degree evaluating routine according to which the control
device of FIG. 16 evaluates a degree of recovery of a living
subject; and

[0036] FIG. 20 is a diagrammatic view for explaining an
apparatus which iteratively measures a blood pressure value
as a sort of circulatory-organ-relating information, and to
which the present invention is applied.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0037] Hereinafter, there will be described an embodiment
of the present invention in detail by reference to the accom-
panying drawings. FIG. 1 shows a diagrammatic view for
explaining a construction of a living-subject monitoring
apparatus 8 having the function of evaluating a postopera-
tive condition of a living subject, to which the present
invention is applied.

[0038] In FIG. 1, the living-subject monitoring apparatus
8 includes a cuff 10 which has a belt-like cloth bag and a
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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
selector valve 16, and an air pump 18 each of which is
connected to the cuff 10 via a piping 20. The selector valve
16 is selectively placed in an inflation position in which the
selector 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 selector valve 16 permits the pressurized air to
be slowly discharged from the cuff 10, and a quick-deflation
position in which the selector valve 16 permits the pressur-
ized air to be quickly discharged from the cuff 10.

[0039] 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 analog-to-digital (A/D) 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.c., 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.

[0040] The electronic control device 28 is provided by a
so-called microcomputer including a central processing unit
(CPU) 29, a read only memory (ROM) 31, a random access
memory (RAM) 33 and an input-and-output (I/O) 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 selector 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 have a cathode ray tube (CRT).

[0041] The monitoring apparatus 8 further includes an
electrocardiograph (ECG) device or ECG waveform detect-
ing device 34 which continuously detects an electrocardio-
graphic (ECG) waveform, i.e., an electrocardiogram (ECG)
representing an action potential of cardiac muscle of the
living subject, through a plurality of electrodes 36 which are
adapted to be adhered to respective prescribed locations of
the subject, and supplies an ECG signal SM, representing
the detected ECG, to the control device 28. The control
device 28 operates the display device 32 to continuously
display the obtained ECG. The R-waves of the ECG are used
to iteratively and accurately determine a heart rate HR of the
subject, i.¢., a number of heartbeats per unit time (minute).

[0042] The monitoring apparatus 8 still 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 peripheral-
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pulse-wave detecting device for detecting a peripheral pulse
wave propagated to a peripheral artery including capillaries.
The probe 38 is adapted 1o 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 a certain direction,
a first and a second group of light emitting elements 444,
44b, such as LEDs (light emitting diodes), which are dis-
posed 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 dis-
posed in the housing 42 to 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 prevent-
ing the lights emitted toward the body surface 40 by the light
emitting elements 44 and directly reflected from the body
surface 40, from being received by the light receiving
element 46.

[0043] The first and second groups of light emitting ele-
ments 44a, 44b emit, ¢.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, 44D 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, i.e., has a wavelength which is
well reflected by both of the two sorts of hemoglobin.

[0044] 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. That is, the photoelectric pulse wave is a
pulse-synchronous wave.

[0045] 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/0 port, not shown,
of the control device 28, an electric signal SMR representing
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the red light through a first sample-and-hold circuit 56 and
an A/D converter 58, and an electric signal SMIR represent-
ing the infrared light through a second sample-and-hold
circuit 60 and an A/D converter 62. The first and second
sample-and-hold circuits 56, 60 hold the electric signals
SMy, SM; input thereto, respectively, and do not output
those electric signals to the A/D converters 58, 62, before the
prior signals SMy, SMI; are completely converted by the
two A/D converters 58, 62, respectively.

[0046] 1In 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 444, 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, SMI; are
separated from each other by the demultiplexer 54 such that
the signal SMy, is supplied to the first sample-and-hold
circuit 56 while the signal SMIR is supplied to the second
sample-and-hold circuit 60. Further, the CPU 29 periodi-
cally determines a degree of blood oxygen saturation of the
subject, based on respective amplitudes of the signals SMg,
SMI, 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.

[0047] FIG. 2 is a block diagram for explaining essential
functions of the electronic control device 28 of the living-
subject monitoring apparatus 8, for evaluating a degree of
recovery of a living subject from a surgical operation. In the
figure, a circulatory-organ-relating-information obtaining
means 70 iteratively obtains, as a sort of information relating
to the circulatory organ of the living subject, a fluctuation-
magnitude signal representing a magnitude of a fluctuation
of the heart rate HR whose values are iteratively determined
based the ECG signal SM, supplied from the ECG device
34. To this end, the information obtaining means 70 includes
a frequency-analysis means 72 and an interval-fluctuation-
magnitude determining means 74. The frequency-analysis
means 72 subjects the heart-rate values HR iteratively
determined based on successive heartbeat-synchronous
pulses of the ECG signal SM,, to a frequency analysis, e.g.,
FFT (fast Fourier transform). If the heart rate values HR of
the living subject are finely observed, then it can be found
that the heart rate values HR have small fluctuations. FIGS.
3 and 4 show results which are obtained by subjecting heart
rate values HR to the frequency analysis. FIG. 3 shows a
frequency distribution or spectrum which is obtained from a
living subject who is in a normal or resting state. The
frequency spectrum of FIG. 3 has a clear low-frequency
peak L and a clear high-frequency peak H both of which
relate to a degree of activity of the autonomic nerve system
of the living subject. FIG. 4 shows a frequency spectrum
which is obtained, e.g., immediately after a surgical opera-
tion, from a living subject whose autonomic nerve system is
paralyzed or embarrassed by, e.g., anesthesia or surgical
injury. The frequency spectrum of FIG. 4 does not have a
clear low-frequency peak L or a clear high-frequency peak
H. As time passes after the surgical operation, that is, as the
degree of recovery of the living subject increases and
accordingly the postoperative condition of the subject
becomes more stable, the high-frequency peak H or the
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low-frequency peak L changes from a first state indicated at
solid line in FIG. 5 (only the three states of peak H are
shown), to a second state indicated at one-dot chain line, and
then to a third state indicated at two-dot chain line, that is,
a fluctuation-magnitude signal (unit: power) increases,
simultaneously a degree of sharpness of each peak H, L
corresponding to a fluctuation frequency increases, and a
central frequency Fy, F; of each peak H, L changes from a
first value (e.g., Fyy; shown in FIG. 5), to a second value
(e.g., Fyy»), and then to a third value (e.g., Fy5). Since a rate
of change of each circulatory-organ-relating information
gradually decreases as time passes, a time-wise change of
each sort of circulatory-organ-relating information can be
expressed by a logarithmic function. It is known in the art
that the low-frequency peak L occurs to a frequency interval
from 0.04 to 0.15 Hz and the high-frequency peak H occurs
to a frequency interval from 0.15 to 0.4 Hz.

[0048] The interval-fluctuation-magnitude determining
means 74 determines, based on a frequency spectrum
obtained by the frequency-analysis means 72, a low-fre-
quency fluctuation magnitude P; of a low-frequency peak L,
ie., an area enveloped by a portion of the fluctuation-
magnitude signal (i.e., the frequency spectrum) in a pre-
scribed low-frequency interval of from 0.04 to 0.15 Hz, as
shown in FIG. 17, and a high-frequency fluctuation mag-
nitude Py of a high-frequency peak H, i.e., an area enveloped
by a portion of the fluctuation-magnitude signal in a pre-
scribed high-frequency interval of from 0.15 to 0.4 Hz.

[0049] A recovery-degree evaluating means 76 evaluates,
based on a time-wise change of the fluctuation magnitudes
P, , P, of the heart rate HR that are iteratively obtained by
the circulatory-organ-relating-information obtaining means
70, a degree of recovery of a living subject from a surgical
operation, 1.e., a postoperative condition of the same. To this
end, the evaluating means 76 includes a saturation-value
determining means 78, a reference-value determining means
80, a stability judging means 82, and a display-control
means 84. The saturation-value determining means 78 deter-
mines, based on the low-frequency and/or high-frequency
fluctuation magnitudes P;, Py of the heart rate HR, a
low-frequency saturation value P, ., and/or a high-frequency
saturation value PHE, using the following logarithmic func-
tions (1), (2) representing a time-wise change of the low-
frequency or high-frequency fluctuation magnitudes Py, Py

Py (D=P(1-¢7"%) oY)
Py(t)=Pyx(1-¢""%) ©)
[0050] For example, in the case where the high-frequency

saturation value Py is determined, at least two simultaneous
equations are obtained, according to the logarithmic func-
tion (2), from at least two high-frequency fluctuation mag-
nitudes Py; and respective times when those magnitudes Py
are iteratively obtained. If the simultaneous equations are
solved by eliminating a time constant RC as one of two
unknowns RC, P, of the function (2), then the saturation
value Py as the other unknown is determined.

[0051] The reference-value determining means 80 deter-
mines, based on the low-frequency and/or high-frequency
saturation value P; o, P determined by the saturation-value
determining means 78, a low-frequency and/or a high-
frequency reference value S;, Sy; which are smaller than the
low-frequency and/or high-frequency saturation value P; g,
Py, respectively. Each reference value S (S;, Syy) is used in
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judging whether the living subject has recovered from the
surgical operation. For example, the determining means 80
determines the low-frequency and high-frequency refer-
ence- values S;, S; by multiplying the low-frequency and
high-frequency saturation values P; g, Py, each by 0.7 that
is an empirically obtained coefficient. The stability judging
means 82 judges whether each of the actual low-frequency
or high-frequency fluctuation magnitudes P;, Py is greater
than the low-frequency or high-frequency reference values
S;, SH, and if a positive judgment is made, judges that the
degree of recovery of the living subject from the surgical
operation has entered a stable range (i.e., a stable state). The
display-control means 84 operates the display device 32 to
display a graph showing, in a two-dimensional coordinate
system having a time axis and a fluctuation-magnitude axis,
the low-frequency and/or high-frequency saturation value
Py, Prg, the low-frequency (“LE”) and/or high-frequency
(“HF”) reference value S;, Sy, and each of the actual
low-frequency and/or high-frequency fluctuation magni-
tudes P;, Py, as shown in FIG. 6 (only the high-frequency
saturation and reference values Py, Sy are shown in FIG.
6). In addition, the display-control means 84 operates the
display device 32 to display a message or a color, or light a
lamp, indicating the positive or negative judgment made by
the stability judging means 82.

[0052] Next, there will be described a recovery-degree
evaluating operation of the electronic control device 28 of
the living-subject monitoring apparatus 8, by reference to
the flow charts of FIGS. 7 and 8. FIG. 7 shows a fluctua-
tion-magnitude determining routine, and FIG. 8 shows a
recovery-degree evaluating routine. At Step SA1 (hereinaf-
ter, “Step”is omitted) of FIG. 7, the control device 28
iteratively determines a heart rate value HR based on each
of heartbeat-synchronous pulses of the ECG signal SM,
supplied from the ECG device 24, and reads in the heart rate
values HR determined in a prescribed time period. This time
period is so prescribed that the control device 28 can read in
a sufficient number of heart rate values HR for carrying out
a frequency analysis of the same. In the present embodi-
ment, the time period is so prescribed as to be able to read
in at least six heart rate values HR. Next, at SA2 corre-
sponding to the frequency-analysis means 72, the control
device 28 carries out a frequency analysis on the heart rate
values HR read in at SA1. Then, at SA3 corresponding to the
interval-fluctuation-magnitude determining means 74, the
control device 28 determines, based on a frequency spec-
trum obtained at SA2, a low-frequency fluctuation magni-
tude P; of a low-frequency peak L in a prescribed low-
frequency interval from 0.04 to 0.15 Hz, and a high-
frequency fluctuation magnitude Py; of a high-frequency
peak H in a prescribed high-frequency interval from 0.15 to
0.4 Hz. The routine of FIG. 7 corresponds to the circulatory-
organ-relating-information obtaining means 70, and the con-
trol device 28 executes this routine at a prescribed period.
Thus, the control device 28 iteratively determines the low-
frequency fluctuation magnitude P; and the high-frequency
fluctuation magnitude P; of the living subject.

[0053] At SA4 of FIG. 8, the control device 28 reads in
the low-frequency fluctuation magnitude P; and the high-
frequency fluctuation magnitude Py of the living subject,
determined at SA3. Next, at SA5 corresponding to the
saturation-value determining means 78, the control device
28 determines, based on the low-frequency fluctuation mag-
nitude P; and the high-frequency fluctuation magnitude Py,
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a low-frequency saturation value PLE and a high-frequency
saturation value Py, using the functions (1), (2) represent-
ing respective time-wise changes of low-frequency fluctua-
tion magnitudes P; and high-frequency fluctuation magni-
tudes Py. Then, at SA6, the control device 28 judges
whether the low-frequency saturation value P;p and the
high-frequency saturation value Py, have been determined
at SAS. Each saturation value P;p, Py, cannot be deter-
mined without solving at least two simultaneous equations.
Accordingly, in the first control cycle according to the
routine of FIG. 8, a negative judgment is made at SA6, and
the control device 28 repeats SA4 and the following steps.
Meanwhile, if a positive judgment is made at SA6, the
control of the control device 28 proceeds with SA7 corre-
sponding to the reference-value determining means 80,
where the control device 28 determines, based on the
low-frequency and high-frequency saturation values P; g,
P_ determined at SAS, a low-frequency reference value Sy
and a high-frequency reference value S;; which are smaller
than the low-frequency and high-frequency saturation val-
ues Py g, Pyg, respectively, by multiplying the saturation
values P o, Py, each by a prescribed coefficient, ¢.g., 0.7.

[0054] Next, at SAS8, the control device 28 reads in the
low-frequency fluctuation magnitude Py and the high-fre-
quency fluctuation magnitude Py of the living subject,
determined at SA3. Then, at Step SA9 corresponding to the
stability judging means 82, the control device 28 judges
whether the low-frequency fluctuation magnitude Py is
greater than the low-frequency reference value S;, and/or
whether the high-frequency fluctuation magnitude Py is
greater than the high-frequency reference value Sy. If the
fluctuation magnitude P; is greater than the reference value
S;, or if the fluctuation magnitude Py is greater than the
reference value Sy, the control device 28 judges that the
degree of recovery of the living subject from the surgical
operation has entered a stable range (i.e., a stable state).
Then, at SA10 corresponding to the display-control means
84, the control device 28 operates the display device 32 to
display a graph showing, in a two-dimensional coordinate
system having a time axis and a fluctuation-magnitude axis,
the low-frequency or high-frequency saturation value Py,
P, the low-frequency (“LF”) or high-frequency (“HF”)
reference value S, , Sy, and each of the actual low-frequency
or high-frequency fluctuation magnitudes P; , Py, as shown
in FIG. 6. In addition, the control device 28 operates the
display device 32 to display a message or a color, or light a
lamp, indicating the positive or negative judgment made at
SA9.

[0055] Tt emerges from the foregoing description of the
present embodiment that the circulatory-organ-relating-in-
formation obtaining means 70 (SA1 to SA3) iteratively
obtains, from a living subject who has undergone a surgical
operation, pieces of circulatory-organ-relating information,
i.e., low-frequency fluctuation magnitudes P, corresponding
to the low-frequency peak L, or high-frequency fluctuation
magnitudes Py; corresponding to the high-frequency peak H;
and the recovery-degree evaluating means 76 (SA1 to SA10)
evaluates a degree of recovery of the living subject from the
surgical operation, based on a change of the pieces of
circulatory-organ-relating information. Thus, the present
apparatus 8 can objectively and accurately evaluate the
degree of recovery of the subject.
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[0056] In addition, in the present embodiment, the recov-
ery-degree evaluating means 76 (SA1 to SA10) evaluates
the degree of recovery of the subject from the operation, by
judging whether the rate of change of the pieces of circu-
latory-organ-relating information, i.c., the fluctuation mag-
nitudes P corresponding to the peak L, or the fluctuation
magnitudes Py corresponding to the peak H has decreased
and become stable. The pieces of circulatory-organ-relating
information iteratively obtained by the circulatory-organ-
relating-information obtaining means 70 from the subject
after the operation will change toward a saturation value and
will be stable around the same value. Since the present
apparatus 8 evaluates the degree of recovery of the subject
by judging whether the change of the pieces of circulatory-
organ-relating information has decreased to not greater than
a certain amount and has become stable, it can objectively
and accurately evaluate the degree of recovery of the sub-
ject.

[0057] In addition, in the present embodiment, the recov-
ery-degree evaluating means 76 (SAL to SA10) determines,
based on the time-wise change of the pieces of circulatory-
organ-relating information, i.e., the fluctuation magnitudes
P corresponding to the peak L, or the fluctuation magnitudes
P corresponding to the peak H, a saturation value P; i, Py
for the pieces of circulatory-organ-relating information,
determines a reference value S;, Sy; which is smaller than
the saturation value P; o, Py, and evaluates the degree of
recovery of the subject by judging whether each of the actual
fluctuation magnitudes P; corresponding to the peak L is
greater than the reference value S;, or whether each of the
actual fluctuation magnitudes Py corresponding to the peak
H is greater than the reference value SH. Since the pieces of
circulatory-organ-relating information iteratively obtained
from the subject after the operation change substantially
faithfully along a logarithmic curve, the change of the
information can be represented by a logarithmic function.
Thus, the present apparatus 8 can determine, based on a
time-wise change of the fluctuation magnitudes P; corre-
sponding to the peak L, or the fluctuation magnitudes Py
corresponding to the peak H, a saturation value P; or a
saturation value Py for each of individual living subjects.
Therefore, the present apparatus 8 can accurately evaluate
the degree of recovery of each living subject, irrespective of
individual differences, by judging whether each of the
fluctuation magnitudes P corresponding to the peak L is
greater than a reference value S; smaller than the saturation
value P; o, or whether each of the fluctuation magnitudes Py
corresponding to the peak H is greater than a reference value
Sy smaller than the saturation value Pyp.

[0058] Next, there will be described a second embodiment
of the present invention that also relates to a living-subject
monitoring apparatus having the same hardware construc-
tion as that of the monitoring apparatus 8, shown in FIG. 1,
as the first embodiment. In the following description, the
same reference numerals as used in the first embodiment are
used to designate the corresponding elements of the second
embodiment, and the description thereof is omitted.

[0059] FIG. 9 is a block diagram for explaining essential
functions of the electronic control device 28 of the present
living-subject monitoring apparatus as the second embodi-
ment, including a recovery-degree evaluating function. In
the figure, a circulatory-organ-relating-information obtain-
ing means 70 iteratively obtains, as a sort of information
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relating to circulatory organ of a living subject, an interval-
fluctuation-magnitude ratio P; /Py, that is, a ratio of (a) a
low-frequency fluctuation magnitude P; of the heart rate
values HR determined based the ECG signal SM, supplied
from the ECG device 34, to (b) a high-frequency fluctuation
magnitude Py of the heart rate values HR. To this end, the
information obtaining means 70 includes a frequency-analy-
sis means 72, an interval-fluctuation-magnitude determining
means 74, and an interval-fluctuation-magnitude-ratio deter-
mining means 90. The interval-fluctuation-magnitude deter-
mining means 74 iteratively determines, based on a fre-
quency spectrum, shown in FIG. 3 or 4, obtained from the
heart rate values HR, a low-frequency fluctuation magnitude
P, of a low-frequency peak L in a prescribed low-frequency
interval, and a high-frequency fluctuation magnitude Py of
a high-frequency peak H in a prescribed high-frequency
interval. The interval-fluctuation-magnitude-ratio determin-
ing means 90 iteratively determines an interval-fluctuation-
magnitude ratio P; /Py, that is, a ratio of (a) a low-frequency
fluctuation magnitude P, to (b) a high-frequency fluctuation
magnitude Py.

[0060] A recovery-degree evaluating means 76 evaluates,
based on each of the interval-fluctuation-magnitude ratios
P /Py iteratively determined by the circulatory-organ-relat-
ing-information obtaining means 70, a degree of recovery of
a living subject from a surgical operation. To this end, the
evaluating means 76 includes an interval-fluctuation-mag-
nitude judging means 92, and a display-control means 94.
The interval-fluctuation-magnitude judging means 92 judges
whether each of the interval-fluctuation-magnitude ratios
P /Py, is greater than a prescribed reference value R, and, if
a positive judgment is made, judges that the living subject
has recovered from the surgical operation. It is speculated
that the interval-fluctuation-magnitude ratio P; /Py obtained
from the heart rate values HR is an amount which closely
reflects the activity of the sympathetic nerve system of the
subject. Thus, the present monitoring apparatus evaluates
the degree of recovery of the living subject from the opera-
tion, by judging whether the activity of the sympathetic
nerve system of the subject has become stable. The display-
control means 94 operates the display device 32 to display
a message or a color, or light a lamp, indicating the positive
or negative judgment made by the interval-fluctuation-
magnitude judging means 92.

[0061] Next, there will be described a recovery-degree
evaluating operation of the electronic control device 28 of
the second monitoring apparatus, by reference to the flow
charts of FIGS. 10 and 11. FIG. 10 shows an interval-
fluctuation-magnitude-ratio determining routine, and FIG.
11 shows a recovery-degree evaluating routine. At Step SB1
(hereinafter, “Step” is omitted), SB2 corresponding to the
frequency-analysis means 72, and SB3 corresponding to the
interval-fluctuation-magnitude determining means 74, the
control device 28 operates like at SAl, SA2, and SA3 of
FIG. 7, that is, reads in the heart rate values HR, subjects the
heart rate values HR to the frequency analysis, and itera-
tively determines, based on the obtained frequency spec-
trum, a low-frequency fluctuation magnitude P; correspond-
ing to a flow-frequency peak L in a prescribed low-
frequency interval, and a high-frequency fluctuation
magnitude Py corresponding to a flow-frequency peak H in
a prescribed high-frequency interval. Then, at SB4 corre-
sponding to the interval-fluctuation-magnitude-ratio deter-
mining means 90, the control device 28 iteratively deter-
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mines a ratio P;/Py of the low-frequency fluctuation
magnitude P, determined at SB3, to the high-frequency
fluctuation magnitude Py, determined at SB3.

[0062] At SB5 of FIG. 11, the control device 28 reads in
the interval-fluctuation-magnitude ratio P; /Py determined at
SB4. Next, at SB6 corresponding to the interval-fluctuation-
magnitude-ratio judging means 92, the control device 28
judges whether the interval-fluctuation-magnitude ratio
P /Py read in at SBS is greater than a prescribed reference
value R;. The reference value R, is experimentally obtained
as a value indicating that the activity of the sympathetic
nerve system of the living subject after the surgical operation
has increased to not smaller than a certain value and accord-
ingly the subject has recovered from the operation. If a
negative judgment is made at SB6, the control device 28
repeats SB5 and SB6. Meanwhile, if a positive judgment is
made at SB6, the control goes to SB7 corresponding to the
display-control means 94, where the control device 28
operates the display device 32 to indicate that the subject has
recovered from the operation.

[0063] Tt is speculated that the interval-fluctuation-mag-
nitude ratio P; /P; as the ratio of one of the low-frequency
fluctuation-magnitude P; and the high-frequency fluctua-
tion-magnitude Py; of the heart rate values HR of the living
subject to the other of the fluctuation magnitudes P;, Py
faithfully reflects the activity of the sympathetic nerve
system of the subject. The present monitoring apparatus
evaluates the degree of recovery of the subject, by judging
whether the interval-fluctuation-magnitude ratio Py /Py is
greater than the prescribed reference value R,. Thus, the
present monitoring apparatus can objectively and accurately
evaluate the degree of recovery of the subject.

[0064] Next, there will be described a third embodiment of
the present invention that also relates to a living-subject
monitoring apparatus having the same hardware construc-
tion as that of the monitoring apparatus 8, shown in FIG. 1,
as the first embodiment. In the following description, the
same reference numerals as used in the first embodiment are
used to designate the corresponding elements of the third
embodiment, and the description thereof is omitted.

[0065] FIG. 12 is a block diagram for explaining essential
functions of the electronic control device 28 of the present
living-subject monitoring apparatus as the third embodi-
ment, including a recovery-degree evaluating function. In
the figure, a circulatory-organ-relating-information obtain-
ing means 70 iteratively obtains, as a sort of information
relating to circulatory organ of a living subject, a degree of
sharpness K; of a low-frequency peak L of a frequency
spectrum obtained from the heart rate values HR determined
based the ECG signal SM, supplied from the ECG device
34, and/or a degree of sharpness K;; of a high-frequency
peak H of the frequency spectrum. To this end, the infor-
mation obtaining means 70 includes a frequency-analysis
means 72, and a sharpness-degree determining means 100.
The sharpness-degree determining means 100 iteratively
determines, based on a frequency spectrum, shown in FIG.
3 or 4, obtained by the frequency analysis of the frequency-
analysis means 72 from the heart rate values HR, a degree
of sharpness K; of a waveform of a low-frequency peak L
occurring to a prescribed low-frequency interval, and/or a
degree of sharpness Ky of a waveform of a high-frequency
peak H occurring to a prescribed high-frequency interval. In
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the present embodiment, the sharpness degree K;, Ky is
defined, as illustrated in FIG. 13, as a ratio H/W of a height
H of a waveform of a peak L, H to a width W of the peak
L, H at half the height H. However, the sharpness degree K, ,
K; may be defined in a different manner.

[0066] A recovery-degree evaluating means 76 evaluates,
based on each of the low-frequency and/or high-frequency
sharpness degrees K, Kj; iteratively determined by the
circulatory-organ-relating-information obtaining means 70,
a degree of recovery of a living subject from a surgical
operation. To this end, the evaluating means 76 includes a
sharpness-degree judging means 102 and a display-control
means 104. The sharpness-degree judging means 102 judges
whether each of the low-frequency sharpness-degree values
K, is greater than a prescribed reference value K, ; and/or
whether each of the high-frequency sharpness-degree values
K, is greater than a prescribed reference value Kyy;. And, if
a positive judgment is made, the judging means 102 judges
that the living subject has recovered from the surgical
operation. It is speculated that the sharpness degree K, , Ki;
obtained from the heart rate values HR is, as illustrated in
FIG. 5, an amount which closely reflects the degree of
recovery of the autonomic nerve system of the subject. Thus,
the present monitoring apparatus evaluates the degree of
recovery of the living subject from the operation, by judging
whether the activity of the autonomic nerve system of the
subject has become stable. The display-control means 104
operates the display device 32 to display a message or a
color, or light a lamp, indicating the positive or negative
judgment made by the sharpness-degree judging means 102.

[0067] Next, there will be described a recovery-degree
evaluating operation of the electronic control device 28 of
the third monitoring apparatus, by reference to the flow
charts of FIGS. 14 and 15. FIG. 14 shows a sharpness-
degree determining routine, and FIG. 15 shows a recovery-
degree evaluating routine. At Step SC1 (hereinafter, “Step”
is omitted), and SC2 corresponding to the frequency-analy-
sis means 72, the control device 28 operates like at SA1 and
SA2 of FIG. 7, that is, reads in the heart rate values HR, and
subjects the heart rate values HR to the frequency analysis.
Then, at SC3 corresponding to the sharpness-degree deter-
mining means 100, the control device 28 iteratively deter-
mines, based on the frequency spectrum obtained at SC2, a
degree of sharpness K; of a waveform of a low-frequency
peak L of the frequency spectrum and/or a degree of
sharpness Ky of a waveform of a high-frequency peak H of
the same frequency spectrum.

[0068] Next, at SC4 of FIG. 15, the control device 28
reads in the low-frequency-peak sharpness degree K; and/or
the high-frequency-peak sharpness degree K; determined at
SC3. Then, at SCS corresponding to the sharpness-degree
judging means 102, the control device 28 judges whether the
low-frequency-peak sharpness degree K, is greater than a
prescribed reference value K; ;, and/or whether the high-
frequency-peak sharpness degree Ky; is greater than a pre-
scribed reference value K. Each of the reference values
K; ;, Ky, is experimentally obtained as a value indicating
that the activity of the autonomic nerve system of the living
subject after the surgical operation has increased to not
smaller than a certain value and accordingly the subject has
recovered from the operation. If a negative judgment is
made at SC5, the control device 28 repeats SC4 and SC5.
Meanwhile, if a positive judgment is made at SCS, the
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control goes to SC6 corresponding to the display-control
means 104, where the control device 28 operates the display
device 32 to indicate that the subject has recovered from the
operation.

[0069] Tt is speculated that the sharpness degree K; of
waveform of the low-frequency peak L, and/or the sharpness
degree Ky of waveform of the high-frequency peak H, of the
frequency spectrum of the heart rate values HR of the living
subject reflects the activity of the sympathetic and parasym-
pathetic nerve systems of the subject. The present monitor-
ing apparatus evaluates the degree of recovery of the subject,
by judging whether the low-frequency-peak sharpness
degree K; is greater than the prescribed reference value K ;,
and/or judging whether the high-frequency-peak sharpness
degree Kj; is greater than the prescribed reference value
K4, Thus, the present monitoring apparatus can objectively
and accurately evaluate the degree of recovery of the sub-
ject.

[0070] Next, there will be described a fourth embodiment
of the present invention that also relates to a living-subject
monitoring apparatus having the same hardware construc-
tion as that of the monitoring apparatus 8, shown in FIG. 1,
as the first embodiment. In the following description, the
same reference numerals as used in the first embodiment are
used to designate the corresponding elements of the fourth
embodiment, and the description thereof is omitted.

[0071] FIG. 16 is a block diagram for explaining essential
functions of the electronic control device 28 of the present
living-subject monitoring apparatus as the fourth embodi-
ment, including a recovery-degree evaluating function. In
the figure, a circulatory-organ-relating-information obtain-
ing means 70 iteratively obtains, as a sort of information
relating to circulatory organ of a living subject, a low-
frequency interval-fluctuation-magnitude proportion Ry,
ie., a proportion, P; /P, of a low-frequency interval fluc-
tuation magnitude P, shown in FIG. 17, with respect to a
whole-frequency fluctuation magnitude P, of a frequency
spectrum obtained from the heart rate values HR determined
based the ECG signal SM, supplied from the ECG device
34, and/or a high-frequency interval-fluctuation-magnitude
proportion R, i.e., a proportion, Py/Pr, of a high-frequency
interval fluctuation magnitude Py; with respect to the whole-
frequency fluctuation magnitude Py of the frequency spec-
trum. To this end, the information obtaining means 70
includes a frequency-analysis means 72, an interval-fluctua-
tion-magnitude determining means 74, and an interval-
fluctuation-magnitude-proportion determining means 110.
The interval-fluctuation-magnitude-proportion determining
means 110 iteratively determines a low-frequency interval-
fluctuation-magnitude proportion R, (=P, /P) as the propor-
tion of a low-frequency interval fluctuation magnitude P;,
determined by the interval-fluctuation-magnitude determin-
ing means 74, with respect to a whole-frequency fluctuation
magnitude P, of a frequency spectrum, obtained by the
frequency-analysis means 72, from the heart rate values HR,
and/or a high-frequency interval-fluctuation-magnitude pro-
portion Ry (=Py/Pp) as the proportion of a high-frequency
interval fluctuation magnitude Py;, determined by the means
74, with respect to the whole-frequency fluctuation magni-
tude P of the frequency spectrum.

[0072] A recovery-degree evaluating means 76 evaluates,
based on each of the low-frequency and/or high-frequency
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interval-fluctuation-magnitude proportions P; /Py, Py/Pr
iteratively determined by the circulatory-organ-relating-in-
formation obtaining means 70, a degree of recovery of a
living subject from a surgical operation. To this end, the
evaluating means 76 includes an interval-fluctuation-mag-
nitude-proportion judging means 112 and a display-control
means 114. The interval-fluctuation-magnitude-proportion
judging means 102 judges whether each of the low-fre-
quency interval-fluctuation-magnitude-proportion values
P /Pris greater than a prescribed reference value Y ; and/or
judges whether the high-frequency interval-fluctuation-
magnitude-proportion values P/P. is greater than a pre-
scribed reference value Yi;. And, if a positive judgment is
made, the judging means 112 judges that the living subject
has recovered from the surgical operation. It is speculated
that the interval-fluctuation-magnitude proportion P; /P,
P /Py is an amount which closely reflects the degree of
activity of the sympathetic nerve system of the subject.
Thus, the present monitoring apparatus evaluates the degree
of recovery of the living subject from the surgical operation,
by judging whether the activity of the sympathetic nerve
system of the subject has become stable. FIG. 17 is a graph
for explaining the interval-fluctuation-magnitude proportion
P, /Py, Pu/Py, for example, the low-frequency interval-
fluctuation-magnitude proportion P; /P as the proportion of
a low-frequency fluctuation magnitude P, ie., an area
hatched by solid lines, enveloped by a portion of the
frequency spectrum in a prescribed low-frequency interval
corresponding to a low-frequency peak L, with respect to a
whole-frequency fluctuation magnitude P, iec., an area
hatched by broken lines, enveloped by the whole frequency
spectrum in the whole frequency range. The display-control
means 114 operates the display device 32 to display a
message or a color, or light a lamp, indicating the positive
or negative judgment made by- the interval-fluctuation-
magnitude-proportion judging means 112.

[0073] Next, there will be described a recovery-degree
evaluating operation of the electronic control device 28 of
the fourth monitoring apparatus, by reference to the flow
charts of FIGS. 18 and 19. FIG. 18 shows an interval-
fluctuation-magnitude-proportion determining routine, and
FIG. 19 shows a recovery-degree evaluating routine. At
Step SD1 (hereinafter, “Step” is omitted), SD2 correspond-
ing to the frequency-analysis means 72, and SD3 corre-
sponding to the interval-fluctuation-magnitude determining
means 74, the control device 28 operates like at SA1, SA2,
and SA3J of FIG. 7, that is, reads in the heart rate values HR,
subjects the heart rate values HR to the frequency analysis,
and iteratively determines, based on the obtained frequency
spectrum, a low-frequency fluctuation magnitude P; corre-
sponding to a flow-frequency peak L in a prescribed low-
frequency interval, and a high-frequency fluctuation mag-
nitude Py, corresponding to a flow-frequency peak H in a
prescribed high-frequency interval. Then, at SD4 corre-
sponding to the interval-fluctuation-magnitude-proportion
determining means 110, the control device 28 iteratively
determines a proportion P; /Py of the low-frequency fluc-
tuation magnitude P;, determined at SD3, ie., an area
enveloped by a portion of the frequency distribution in a
prescribed low-frequency interval, hatched by solid lines in
FIG. 17, with respect to a whole fluctuation magnitude Pr,
ie., an area enveloped by the whole frequency distribution
in the whole frequency band, hatched by broken lines in
FIG. 17, and/or a proportion Py/Pr of the high-frequency
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fluctuation magnitude Py, determined at SD3, i.e., an area
enveloped by a portion of the frequency distribution in a
prescribed high-frequency interval, with respect to the
whole fluctuation magnitude P.

[0074] At SD5 of FIG. 19, the control device 28 reads in
the low-frequency and/or high-frequency interval-fluctua-
tion-magnitude proportions P, /Py, Py/Py determined at
SD4. Next, at SD6 corresponding to the interval-fluctuation-
magnitude-proportion judging means 112, the control device
28 judges whether the low-frequency interval-fluctuation-
magnitude proportion P; /Py read in at SD5 is greater than a
prescribed reference value Y; ;, and/or judges whether the
high-frequency interval-fluctuation-magnitude proportion
P /P read in at SDS is greater than a prescribed reference
value Yy, Each of the reference values Y, , Yy, is experi-
mentally obtained as a value indicating that the activity of
the sympathetic and parasympathetic nerve systems of the
living subject after the surgical operation has increased to
not smaller than a certain value and accordingly the subject
has recovered from the operation. If a negative judgment is
made at SD6, the control device 28 repeats SD5 and SD6.
Meanwhile, if a positive judgment is made at SD6, the
control goes to SD7 corresponding to the display-control
means 114, where the control device 28 operates the display
device 32 to indicate that the subject has recovered from the
operation.

[0075] Tt is speculated that the low-frequency or high-
frequency interval-fluctuation-magnitude proportion P; /Pr,
P./P faithfully reflects the activity of the autonomic nerve
system of the subject. The present monitoring apparatus
evaluates the degree of recovery of the subject, by judging
whether the low-frequency or high-frequency interval-fluc-
tuation-magnitude proportion P; /P, Pp/Py is greater than
the prescribed low-pressure or high-pressure reference value
Y11, Ygg;. Thus, the present monitoring apparatus can objec-
tively and accurately evaluate the degree of recovery of the
subject.

[0076] In the first to fourth embodiments, the interval
fluctuation magnitude Py, Py; of the heart rate values HR, the
interval-fluctuation-magnitude ratio P; /P of the heart rate
values HR, the sharpness degree K, K;; of waveform of
fluctuation peak of the frequency spectrum of the heart rate
values HR, or the interval-fluctuation-magnitude proportion
P, /Py, Py/Pr of the heart rate values HR is iteratively
obtained as a sort of circulatory-organ-relating information.
However, it is possible to replace one or more of those sorts
of circulatory-organ-relating information with one or more
of a heart rate value HR, a blood pressure value, an interval
fluctuation magnitude or magnitudes of iteratively obtained
blood pressure values, an interval-fluctuation-magnitude
ratio of the blood pressure values, a sharpness degree of a
waveform of a fluctuation peak or peaks of a frequency
spectrum of the blood pressure values, or an interval-
fluctuation-magnitude proportion or proportions of the
blood pressure values. The interval fluctuation magnitude or
magnitudes of the blood pressure values, the interval-fluc-
tuation-magnitude ratio of the blood pressure values, the
sharpness degree of waveform of fluctuation peak or peaks
of frequency spectrum of the blood pressure values, or the
interval-fluctuation-magnitude proportion or proportions of
the blood pressure values may be iteratively obtained by
replacing the ECG device 34 employed in the first to fourth
embodiments shown in FIGS. 2 to 19, with, e.g., a pressure-
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pulse-wave detecting probe 134, as shown in FIG. 20. It is
known that each of blood pressure values BP, heart rate
values HR, or fluctuation magnitude of blood pressure
values which are obtained from a living subject after a
surgical operation has such a tendency (or nature) to change
toward its value before the operation and become stable
around a saturation value.

[0077] FIG. 20 shows an apparatus which iteratively
obtains, from a living subject, a blood pressure value as a
sort of circulatory-organ-relating information, and to which
the present invention is applied. In FIG. 20, the pressure-
pulse-wave detecting probe 134 includes a container-like
housing 136 which is detachably attached, with fastening
bands 140, to a body surface 138 of a wrist 142 on an
artery-downstream side of an upper arm 12 of a patient
around which an inflatable cuff 10 is worn, such that an
opening end of the housing 136 is opposed to the body
surface 138. In addition, the probe 134 includes a pressure-
pulse-wave sensor 146 which is secured via a diaphragm
144 to an inner wall of the housing 136, such that the sensor
146 is movable relative to the housing 136 and is advance-
able out of the opening of the same 136. The housing 136,
the diaphragm 144, etc. cooperate with one another to define
a pressure chamber 148, which is supplied with a pressur-
ized air from an air pump 150 via a pressure-control valve
152 so that an air pressure in the pressure chamber 148 is
held at an optimum pressing pressure PHDP. Thus, the
pressure-pulse-wave sensor 146 is pressed against the body
surface 138 with a pressing force PHD corresponding to the
air pressure in the pressure chamber 148.

[0078] The pressure-pulse-wave sensor 146 includes a
semiconductor chip provided by, e.g., a monocrystalline
silicon, and having a flat press surface 154, and a number of
semiconductor pressure sensing elements (not shown)
arranged on the press surface 154. The sensor 146 is pressed
against the body surface 138 right above a radial artery 156
of the wrist 142, to detect a pressure pulse wave, ie., a
pressure oscillation which is produced from the radial artery
156 and is transmitted to the body surface 138, and supplies
a pressure-pulse-wave signal SM,, to an electronic control
device 28 via an A/D converter 158.

[0079] A CPU 29 of the control device 28 outputs drive
signals to the air pump 150 and the pressure-control valve
152, and thereby controls the air pressure in the pressure
chamber 148, i.e., the pressing force applied by the sensor
146 to the skin 138, according to control programs pre-
stored in a ROM 31. In a continuous pressure-pulse-wave
measuring operation, the control device 28 determines,
based on the pressure pulse wave continuously detected by
the sensor 146 while the pressure in the pressure chamber
148 is changed, an optimum pressing pressure PHDP at
which the sensor 146 is pressed against the radial artery 156
such that a portion of the wall of the artery 156 is flattened.
The control device 28 controls the pressure-control valve
152 so as to maintain the pressure of the pressure chamber
148 at the thus determined optimum pressing pressure Pypp.
In addition, the control device 28 determines a relationship
between blood pressure and pressure-pulse-wave magnitude
Py, based on at least two of an upper-peak magnitude Py,
of the pressure pulse wave detected by the sensor 146, a
magnitude of a gravity center of an area enveloped by the
pressure pulse wave, and a lower-peak magnitude Py ;, of the
pressure pulse wave, and at least corresponding two of a
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systolic blood pressure value Pppgvs measured using the
cuff 10 according to an oscillometric method, a mean blood
pressure value Pyopypane measured using the cuff 10, and a
diastolic blood pressure value Pypp;, measured using the
cuff 10. Moreover, the control device 28 iteratively deter-
mines, according to the thus determined relationship, a
blood pressure value based on an upper peak and/or a lower
peak of each of heartbeat-synchronous pulses of the pressure
pulse wave detected by the sensor 146. That is, the magni-
tude of pressure pulse wave detected by the sensor 146 is
calibrated by the determination of relationship, and the thus
calibrated pressure pulse wave provides a continuous blood-
pressure waveform indicating instantaneous blood pressure
values in the artery. Thus, the magnitude of each upper peak
of the continuous blood-pressure waveform represents a
systolic blood pressure value, and the magnitude of each
lower peak of the continuous blood-pressure waveform
represents a diastolic blood pressure value. The above-
indicated relationship may be expressed by, ¢.g., PBP=Ax
PM+B, where A is a constant indicating a slope, and B is a
constant indicating an intercept.

[0080] While the present invention has been described in
its preferred embodiments by reference to the drawings, it is
to be understood that the invention may otherwise be
embodied.

[0081] For example, in the first embodiment shown in
FIGS. 2 to 8, the fluctuation magnitude of the heart rate
values HR 1s employed as the circulatory-organ-relating
information. However, it is possible to employ, in place of
the fluctuation magnitude of the heart rate values HR, a
blood pressure value BP, a heart rate value HR, a heart
period value TRy, or a central frequency of a fluctuation of
blood pressure values BP, heart rate values HR, or heart
period values TRR, as the circulatory-organ-relating infor-
mation. In the latter cases, the circulatory-organ-relating-
information obtaining means 70 may be provided by the
continuous blood-pressure measuring apparatus shown in
FIG. 20, or a means which determines a heart rate value HR
based on the ECG detected by the ECG device 34, the cuff
pulse wave detected from the cuff 10, or the photoelectric
pulse wave detected by the photoelectric-pulse-wave detect-
ing probe 38 for use with the pulse oximeter.

[0082] In addition, in each of the illustrated embodiments,
the recovery-degree evaluating means 76 displays the result
of judgment on the display device 32. However, it is possible
to display, in digits or in a graph, a value as the circulatory-
organ-relating information, together with a reference value
for the information, so that the degree of recovery of the
living subject can be evaluated by the subject or the doctor
based on the displayed digits or graph.

[0083] It 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. An apparatus for evaluating a degree of recovery of a
living subject from a surgical operation which the subject
has undergone, the apparatus comprising:

a circulatory-organ-relating-information obtaining means
for iteratively obtaining, after the operation, a piece of
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circulatory-organ-relating information relating to a cir-
culatory organ of the subject; and

a recovery-degree evaluating means for evaluating the
degree of recovery of the subject, based on at least one
piece of circulatory-organ-relating  information
obtained by the circulatory-organ-relating-information
obtaining means.

2. An apparatus according to claim 1, wherein the recov-
ery-degree evaluating means comprises means for evaluat-
ing the degree of recovery of the subject, by judging whether
a change of a plurality of pieces of circulatory-organ-
relating information iteratively obtained by the circulatory-
organ-relating-information obtaining means is smaller than
a reference value and accordingly is stable.

3. An apparatus according to claim 1, wherein the circu-
latory-organ-relating-information obtaining means com-
prises means for iteratively obtaining, as a piece of circu-
latory-organ-relating information, one selected from the
group consisting of a blood pressure value, a heart rate
value, a magnitude of a fluctuation of blood pressure values,
and a magnitude of a fluctuation of heart rate values.

4. An apparatus according to claim 1, wherein the recov-
ery-degree evaluating means comprises means for determin-
ing a saturation value based on a time-wise change of a
plurality of pieces of circulatory-organ-relating information
iteratively obtained by the circulatory-organ-relating-infor-
mation obtaining means, means for determining, based on
the saturation value, a reference value smaller than the
saturation value, and means for evaluating the degree of
recovery of the subject, by judging whether a piece of
circulatory-organ-relating information obtained by the cir-
culatory-organ-relating-information obtaining means is
greater than the reference value.

5. An apparatus according to claim 1, wherein the circu-
latory-organ-relating-information obtaining means com-
prises means for iteratively obtaining, as a piece of circu-
latory-organ-relating information, one selected from the
group consisting of a magnitude of a low-frequency fluc-
tuation of blood pressure values, and a ratio of one of a
magnitude of a low-frequency fluctuation of heart rate
values and a magnitude of a high-frequency fluctuation of
the heart rate values to the other of the magnitude of
low-frequency fluctuation of heart rate values and the mag-
nitude of high-frequency fluctuation of heart rate values, and
wherein the recovery-degree evaluating means comprises
means for evaluating the degree of recovery of the subject,
by judging whether said one selected from the group is
greater than a reference value.

6. An apparatus according to claim 1, wherein the circu-
latory-organ-relating-information obtaining means com-
prises means for iteratively obtaining, as a piece of circu-
latory-organ-relating information, one selected from the
group consisting of a frequency distribution of fluctuations
of blood pressure values, and a frequency distribution of
fluctuations of heart rate values, and means for determining
a degree of sharpness of said one selected from the group,
and wherein the recovery-degree evaluating means com-
prises means for evaluating the degree of recovery of the
subject, by judging whether the determined degree of sharp-
ness is greater than a reference value.

7. An apparatus according to claim 1, wherein the circu-
latory-organ-relating-information obtaining means com-
prises means for iteratively obtaining, as a piece of circu-
latory-organ-relating information, one selected from the
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group consisting of a frequency spectrum of fluctuations of
blood pressure values, and a frequency spectrum of fluctua-
tions of heart rate values, and means for determining a
proportion of an interval fluctuation magnitude of said one
selected from the group in a prescribed frequency interval,
with respect to a whole fluctuation magnitude of said one
selected from the group in a whole frequency range, and
wherein the recovery-degree evaluating means comprises
means for evaluating the degree of recovery of the subject,
by judging whether the determined proportion is greater than
a reference value.

8. An apparatus according to claim 1, wherein the recov-
ery-degree evaluating means comprises means for evaluat-
ing the degree of recovery of the subject, by judging whether
a piece of circulatory-organ-relating information obtained
by the circulatory-organ-relating-information obtaining
means falls within a reference range.

9. An apparatus according to claim 1, wherein the circu-
latory-organ-relating-information obtaining means com-
prises means for iteratively obtaining, as a piece of circu-
latory-organ-relating information, one selected from the
group consisting of a ratio of one of a magnitude of a
low-frequency fluctuation of blood pressure values and a
magnitude of a high-frequency fluctuation of the blood
pressure values to the other of the magnitude of low-
frequency fluctuation of blood pressure values and the
magnitude of high-frequency fluctuation of blood pressure
values, and a ratio of one of a magnitude of a low-frequency
fluctuation of heart rate values and a magnitude of a high-
frequency fluctuation of the heart rate values to the other of
the magnitude of low-frequency fluctuation of heart rate
values and the magnitude of high-frequency fluctuation of
heart rate values.

10. An apparatus according to claim 1, wherein the
circulatory-organ-relating-information ~ obtaining means
comprises means for iteratively obtaining, as a piece of
circulatory-organ-relating information, one selected from
the group consisting of a frequency of a peak of a frequency
distribution of fluctuations of blood pressure values, and a
frequency of a peak of a frequency distribution of fluctua-
tions of heart rate values.

11. An apparatus according to claim 1, wherein the
circulatory-organ-relating-information ~ obtaining means
comprises means for iteratively obtaining, as a piece of
circulatory-organ-relating information, one selected from
the group consisting of an area enveloped by a frequency
distribution of fluctuations of blood pressure values in a
prescribed frequency interval, and an area enveloped by a
frequency distribution of fluctuations of heart rate values in
a prescribed frequency interval.

12. An apparatus according to claim 1, wherein the
circulatory-organ-relating-information ~ obtaining means
comprises means for iteratively obtaining, as a piece of
circulatory-organ-relating information, one selected from
the group consisting of an area enveloped by a frequency
spectrum of fluctuations of blood pressure values in a
prescribed frequency interval, and an area enveloped by a
frequency spectrum of fluctuations of heart rate values in a
prescribed frequency interval, and means for determining a
proportion of said one selected from the group, with respect
to an area enveloped by the whole frequency spectrum in a
whole frequency range, and wherein the recovery-degree
evaluating means comprises means for evaluating the degree
of recovery of the subject, by judging whether the deter-
mined proportion is greater than a reference value.
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