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(54) MEDICAL APPARATUS, PHYSIOLOGICAL PARAMETER ANALYZING METHOD AND 
PHYSIOLOGICAL PARAMETER ANALYZING PROGRAM

(57) A medical apparatus includes a light emitter con-
figured to emit light beams of different wavelengths to
living tissue, a light detector configured to detect the light
beams of different wavelengths emitted from the light
emitter, an acquiring section that calculates absorbances
of arterial blood for the respective light beams of different
wavelengths based on the light beams detected by the
light detector, that acquires a pulse waveform based on
the absorbances, and that acquires a parameter corre-
sponding to an oxygen saturation from a ratio of the ab-
sorbances, a detecting section that detects variation of
the parameter corresponding to the oxygen saturation
acquired by the acquiring section, and an evaluating sec-
tion that evaluates the pulse waveform acquired for a
purpose of pulse wave analysis by the acquiring section
based on a result of the detection by the detecting sec-
tion.
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Description

BACKGROUND

[0001] The present invention relates to a medical ap-
paratus, a method for analyzing a physiological param-
eter, and a program for analyzing a physiological param-
eter.
[0002] A pulse oximeter is used as an apparatus which
may measure in real time the arterial oxygen saturation
and the arterial pulse wave without collecting blood. A
pulse oximeter is attached to the fingertip or the like of
the subject, illuminates living tissue including arterial
blood with light beams of different wavelengths, and
measures the oxygen saturation SpO2 of arterial blood,
and the pulse wave (photoelectric capacity pulse wave)
based on transmitted or reflected light beams which are
received through the living tissue.
[0003] The journal, Ukawa Teiji, "Hemodynamic Mon-
itoring and Pulse Oximeter", Japanese journal of inten-
sive care medicine, 2014, vol. 38(3), 167-175, discloses
an attempt to analyze the waveform of a pulse wave
(hereinafter, such a waveform is often referred to merely
as "pulse waveform") detected by a pulse oximeter,
thereby acquiring physiological parameters such as the
pulse wave amplitude, and pulse interval which are im-
portant information in monitoring of respiratory circula-
tion.
[0004] However, noise due to a body motion such as
motion of the hand or finger of the subject, external light
which enters from the outside, or the like may be often
mixed in a pulse wave detected by a pulse oximeter.
When such an artifact is mixed in a detected pulse wave,
the resulting pulse waveform is not the original waveform
which correctly indicates the condition of the subject. Also
in physiological parameters such as the pulse interval,
and pulse wave amplitude which are obtained by ana-
lyzing the pulse waveform, therefore, the accuracy and
the correctness are lowered. In the case where treatment
is performed based on physiological parameters which
are measured in a state where a pulse wave is mixed
with noise and the pulse waveform is disturbed, and
which is therefore low in accuracy and correctness, there
is a possibility that an adequate determination of condi-
tion of the subject for treatment cannot be performed.
[0005] The present invention has been conducted in
view of the above circumstances. It is an object of the
present invention to provide a medical apparatus, and
method and program for analyzing a physiological pa-
rameter which may evaluate the waveform of a pulse
wave with consideration of noise mixture in the pulse
wave.

SUMMARY

[0006]

(1) According to an aspect of the present invention,

a medical apparatus includes a light emitter that is
configured to emit light beams of different wave-
lengths to living tissue, a light detector that is con-
figured to detect the light beams of different wave-
lengths emitted from the light emitter, through the
living tissue, an acquiring section that calculates ab-
sorbances of arterial blood for the respective light
beams of different wavelengths, based on the light
beams detected by the light detector, that acquires
a pulse waveform based on the absorbances, and
that acquires a parameter corresponding to an oxy-
gen saturation from a ratio of the absorbances, a
detecting section that detects variation of the param-
eter corresponding to the oxygen saturation ac-
quired by the acquiring section, and an evaluating
section that evaluates the pulse waveform that is ac-
quired for a purpose of pulse wave analysis by the
acquiring section, based on a result of the detection
by the detecting section.
(2) According to another aspect of the present inven-
tion, a method for analyzing a physiological param-
eter, the method being used in a medical apparatus
having a light emitter that is configured to emit light
beams of different wavelengths to living tissue in-
cluding arterial blood, and a light detector that is con-
figured to detect the light beams of different wave-
lengths emitted from the light emitter, through the
living tissue, includes calculating absorbances of the
arterial blood for the respective light beams of differ-
ent wavelengths, based on the light beams detected
by the light detector, acquiring a pulse waveform
based on the absorbances and a parameter corre-
sponding to an oxygen saturation from a ratio of the
absorbances, detecting variation of the parameter
corresponding to the oxygen saturation acquired in
the acquiring, and evaluating the pulse waveform
which is acquired for a purpose of pulse wave anal-
ysis in the acquiring, based on a result of the detec-
tion in the detecting.
(3) According to another aspect of the present inven-
tion, a program executed in an apparatus for
processing a physiological parameter obtained from
a light emitter that is configured to emit light beams
of different wavelengths to living tissue, and a light
detector that is configured to detect the light beams
of different wavelengths emitted from the light emit-
ter, through the living tissue, causes the apparatus
to execute calculating absorbances of the arterial
blood for the respective light beams of different
wavelengths, based on the light beams detected by
the light detector, acquiring a pulse waveform based
on the absorbances and a parameter corresponding
to an oxygen saturation from a ratio of the absorb-
ances, detecting variation of the parameter corre-
sponding to the oxygen saturation acquired in the
acquiring, and evaluating the pulse waveform which
is acquired for a purpose of pulse wave analysis in
the acquiring, based on a result of the detection in
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the detecting.

[0007] According to the medical apparatus of the
present invention, variation of the oxygen saturation is
detected, and a pulse waveform which is acquired for the
purpose of pulse wave analysis is evaluated based on
the detected variation of the oxygen saturation. There-
fore, a physiological parameter is output with consider-
ation of effects of noise. Consequently, the user may ad-
equately determine the condition of the subject based on
the output physiological parameter.

BRIEF DESCRIPTION OF DRAWINGS

[0008]

Fig. 1 is a view diagrammatically illustrating the con-
figuration of a medical apparatus of an embodiment
of the present invention.
Fig. 2 is a block diagram illustrating the function of
the medical apparatus illustrated in Fig. 1.
Figs. 3A to 3C illustrate examples of results of meas-
urements of the pulse waveform and the oxygen sat-
uration.
Fig. 4 is a flowchart illustrating the procedure of a
physiological parameter analyzing process execut-
ed in the medical apparatus.
Fig. 5 illustrates an example of table information in-
dicating relationships between the reliability of the
pulse waveform and the reliabilities of physiological
parameters.
Fig. 6 illustrates a process of selecting a physiolog-
ical parameter(s) which is to be output, based on the
reliability of the physiological parameter.

DETAILED DESCRIPTION OF EMBODIMENTS

[0009] Hereinafter, embodiments of the present inven-
tion will be described with reference to the accompanying
drawings. In the description of the drawings, the identical
components are denoted by the same reference numer-
als, and duplicated description is omitted. In the draw-
ings, the dimension ratios may be sometimes different
from the actual ratios.
[0010] Fig. 1 is a view diagrammatically illustrating the
configuration of a medical apparatus of an embodiment
of the present invention.
[0011] The medical apparatus 100 of the embodiment
is a pulse oximeter which is to be attached to the finger
tip or the like of the subject to measure the arterial pulse
wave and the arterial oxygen saturation.
[0012] As illustrated in Fig. 1, the medical apparatus
100 may include a CPU 110, a ROM 120, a RAM 130, a
storage device 140, a displaying section 150, an operat-
ing section 160, a light emitter 170, and a light detector
180. These components are connected to one another
through a bus 190 for exchanging signals.
[0013] The CPU 110 controls the above-described

components and performs various calculation processes
in accordance with programs which are recorded in the
ROM 120 and the storage device 140. The CPU 110
executes the programs to function as an acquiring sec-
tion, a detecting section, an evaluating section, an ana-
lyzing section, a determining section, and an outputting
section. The ROM 120 stores various programs and data.
The RAM 130 functions as a working area to temporarily
store programs and data.
[0014] The storage device 140 stores various pro-
grams including an operating system, and various data.
Information for evaluating the reliability of a a pulse wave-
form based on variation of the oxygen saturation, that for
evaluating the reliabilities of various physiological param-
eters based on the reliability of the pulse waveform, and
the like are stored in the storage device 140.
[0015] The displaying section 150 is, for example, a
liquid crystal display, and displays various kinds of infor-
mation such as a measured pulse waveform and the ox-
ygen saturation.
[0016] The operating section 160 is used for perform-
ing various inputs. The operating section 160 may include
operation keys which are realized by software with a
touch panel in the displaying section 150, operation but-
tons which are disposed as hardware, and the like.
[0017] The light emitter 170 illuminates living tissue in-
cluding arterial blood with light beams of different wave-
lengths. Examples of the light beams of different wave-
lengths are light beams of two wavelengths, i.e., a red
light beam of a wavelength of 660 nm and an infrared
light beam of a a wavelength of 940 nm. For example,
the light emitter 170 is configured by two light emitting
diodes. The light emitter 170 emits the light beams of two
wavelengths toward the arterial blood flow in the fingertip
or the like of the subject.
[0018] The light detector 180 receives the light beams
of two wavelengths which are emitted from the light emit-
ter 170 to the living tissue, through the living tissue. The
light detector 180 may receive transmitted light beams
which are transmitted through the living tissue, or reflect-
ed light beams which are reflected from the living tissue.
[0019] The medical apparatus 100 may include com-
ponents other than the above-described components, or
may not include a part of the above-described compo-
nents.
[0020] Next, the function of the medical apparatus 100
will be described.
[0021] Fig. 2 is a block diagram illustrating the function
of the medical apparatus illustrated in Fig. 1.
[0022] As illustrated in Fig. 2, the medical apparatus
100 may include an acquiring section 111, a detecting
section 112, an evaluating section 113, an analyzing sec-
tion 114, a determining section 115, and an outputting
section 116.
[0023] The acquiring section 111 calculates absorb-
ances of the arterial blood, from the light beams of two
wavelengths detected by the light detector 180, and ac-
quires the arterial pulse waveform based on the calcu-
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lated absorbances. The pulse waveforms acquired from
the light beams of two wavelengths are similar to each
other. Therefore, the acquiring section 111 may employ
one of the pulse waveforms as the arterial pulse wave-
form. The acquiring section 111 further acquires the ar-
terial oxygen saturation from a ratio of absorbances for
the light beams of two wavelengths. The acquiring sec-
tion 111 may acquire a ratio of absorbances based on
absorbances at an arbitrary timing. For example, the ac-
quiring section 111 may acquire a ratio of absorbances
at a timing when the absorbances are maximum for each
pulse, or that at a specific timing.
[0024] The detecting section 112 detects variation of
the parameter corresponding to the oxygen saturation
acquired by the acquiring section 111. Although, here,
the oxygen saturation itself is described as the parameter
corresponding to the arterial oxygen saturation, the pa-
rameter corresponding to the oxygen saturation may be
the absorbance ratio itself, or a function of the absorb-
ance ratio which corresponds one-to-one to the oxygen
saturation. The function of the absorbance ratio is the
square, square root, or linear function of the absorbance
ratio. For example, the variation may be detected by eval-
uating dispersion of the values of the oxygen saturations
at measurement timings. For example, the evaluation of
dispersion is performed by evaluating the magnitude of
the secondary difference of oxygen saturations. The sec-
ondary difference of oxygen saturations is calculated in
the following manner. The oxygen saturation which is
calculated at the n-th measurement timing is indicated
by S(n). The primary difference ΔS(n) of oxygen satura-
tions is calculated by ΔS(n) = S(n) - S(n - 1). The sec-
ondary difference Δ2S(n) of oxygen saturations is calcu-
lated as the difference of primary differences ΔS(n), by
Δ2S(n) = ΔS(n) - ΔS(n - 1) = {S(n) - S(n - 1)} - {S(n - 1) -
S(n-2)} = S(n) - 2 3 S(n - 1) + S(n - 2). The detecting
section 112 may evaluate dispersion of the values of the
oxygen saturations by, for example, comparing the sum
of absolute values of the secondary differences Δ2S(n)
at measurement timings with a predetermined threshold.
As an index for evaluating dispersion of the values of
oxygen saturations, the detecting section 112 may cal-
culate the dispersion, standard deviation, or the like of
the values of the oxygen saturations. In the case where
the absolute value of the primary difference ΔS(n) of ox-
ygen saturations at a certain measurement timing is larg-
er than a predetermined threshold, the detecting section
112 may detect variation. Alternatively, the detecting sec-
tion 112 may detect variation by evaluating the sum of
absolute values of the primary differences ΔS(n) of oxy-
gen saturations at measurement timings. Alternatively,
the detecting section 112 may detect variation in multiple
levels by using values, various indexes, or the like indi-
cating the degree of variation, or detect variation in a
binary manner such as "Variation exist" or "No variation."
[0025] The evaluating section 113 evaluates influenc-
es of body motion noises, external light noises, and the
like contained in the pulse waveform acquired by the ac-

quiring section 111, based on the variation of the oxygen
saturation detected by the detecting section 112, and
evaluates the reliability of the pulse waveform. The eval-
uating section 113 evaluates that the larger the variation
of the oxygen saturation detected by the detecting sec-
tion 112, the larger the influences of noises contained in
the pulse waveform. Namely, it is evaluated that the re-
liability of the pulse waveform is low. Conversely, it is
evaluated that the smaller the variation of the oxygen
saturation, the smaller the influences of noises contained
in the pulse waveform. Namely, it is evaluated that the
reliability of the pulse waveform is high. The relationships
between variation of the oxygen saturation and the reli-
ability of the pulse waveform will be described in detail
later.
[0026] The evaluating section 113 further evaluates
the reliability of the physiological parameter (analysis
item of the pulse wave analysis) which is acquired by
performing the pulse wave analysis on the pulse wave-
form, in accordance with the reliability of the pulse wave-
form. This is realized by, for example, predetermining
relationships between the reliability of the pulse wave-
form and the reliabilities of physiological parameters by
experiments, simulation, or experience, and then previ-
ously storing table information indicating the relation-
ships in the storage device 140.
[0027] The analyzing section 114 performs various
pulse wave analyses on the pulse waveform detected by
the detecting section 112, to acquire various physiolog-
ical parameters. Examples of the physiological parame-
ters acquired by the pulse wave analyses are the pulse
wave amplitude, respiratory variation of the pulse wave
amplitude, the pulse interval and the regularity of the
pulse interval, the dicrotic wave, the rising angle of the
pulse wave, the HRV (Heart Rate Variability), the respi-
ratory rate, and the like. For example, the base line of
the pulse wave is synchronized with the respiration, and
therefore the respiratory rate may be acquired by ana-
lyzing variation of the base line from the pulse waveform.
[0028] The determining section 115 determines the
condition of the subject based on the various physiolog-
ical parameters acquired by the analyzing section 114.
The condition of the subject determined by the determin-
ing section 115 includes the heart beat condition such
as arrhythmia, various shock conditions such as blood
flow distributive shock and hypovolemic shock, and the
condition of drug administration. For example, the deter-
mining section 115 may determine whether arrhythmia
has occurred or not, based on the regularity of the pulse
interval. The determining section 115 may further deter-
mine the degree of expansion/contraction of peripheral
vessels, and condition of the systemic blood flow in the
living body, the blood pressure, and the like based on
the pulse wave amplitude. The determining section 115
may further determine the volume and the like of blood
circulating in the living body, based on the respiratory
variation of the pulse wave amplitude. The determining
section 115 may further determine the systemic vascular
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resistance and the like based on the condition of the di-
crotic wave. The determining section 115 may further
determine the heart contractility and the like based on
the rising angle of the pulse wave. The determining sec-
tion 115 may further determine the condition of autonom-
ic nerves based on the HRV.
[0029] The outputting section 116 outputs physiologi-
cal parameters acquired by the analyzing section 114,
to the displaying section 150 and the like. The outputting
section 116 may select a physiological parameter(s)
which is to be output, based on a result of the evaluation
of the pulse waveform by the evaluating section 113. For
example, the outputting section 116 outputs a physiolog-
ical parameter(s) which is determined by the evaluating
section 113 to be high in reliability, to the displaying sec-
tion 150.

(Relationships between variation of oxygen saturation 
and reliability of pulse waveform)

[0030] Next, the relationships between variation of the
oxygen saturation and the reliability of the pulse wave-
form will be described.
[0031] Figs. 3A to 3C illustrate examples of results of
measurements of the pulse waveform and the oxygen
saturation.
[0032] Fig. 3A illustrates results of measurements of
the pulse waveform and the oxygen saturation which
were performed on a subject having a normal pulse, Fig.
3B illustrates results of measurements of the pulse wave-
form and the oxygen saturation which were performed
on a subject having an arrhythmia, and Fig. 3C illustrates
results of measurements of the pulse waveform and the
oxygen saturation which were performed on a subject in
whom body motion noises occurred. In Figs. 3A to 3C,
the curve graphs indicate the pulse wave, and the trian-
gular symbols indicate the value of the oxygen saturation.
[0033] In the case of a a subject having a normal pulse,
as illustrated in Fig. 3A, the results of measurements of
the oxygen saturation show small variation and are sta-
ble. Also in the case of a subject having an arrhythmia,
as illustrated in Fig. 3B, the results of measurements of
the oxygen saturation show small variation and are stable
in a similar manner as the case of the normal subject,
although the pulse waveform and the pulse interval large-
ly vary and are unstable in each pulse.
[0034] By contrast, in the case where body motion
noises occurred, as illustrated in Fig. 3C, the results of
measurements of the oxygen saturation largely vary and
are unstable. The arterial oxygen saturation gradually
changes, and its value does not sharply increase or de-
crease, nor unstably change. In the case where the ox-
ygen saturation largely varies and is unstable, therefore,
it is possible to determine that body motion noises, ex-
ternal light noises, and the like are contained in the pulse
waveform, and the reliability of the pulse waveform is low.

(Summary of process in medical apparatus 100)

[0035] Next, the procedure of processes which are ex-
ecuted in the medical apparatus 100 will be described.
[0036] Fig. 4 is a flowchart illustrating the procedure of
a a physiological parameter analyzing process executed
in the medical apparatus, Fig. 5 illustrates an example
of table information indicating relationships between the
reliability of the pulse waveform and the reliabilities of
physiological parameters, and Fig. 6 illustrates a process
of selecting a physiological parameter which is to be out-
put, based on the reliability of the physiological parame-
ter. The processes of the medical apparatus 100 illus-
trated in the flowchart of Fig. 4 are stored as programs
in the storage device 140 of the medical apparatus 100,
and executed when the CPU 110 controls the sections.
[0037] Firstly, the medical apparatus 100 acquires the
pulse waveform and the oxygen saturation from the sub-
ject (step S101). Specifcally, the CPU 110 of the medical
apparatus 100 calculates the absorbances of the arterial
blood based on the light beams of two wavelengths de-
tected by the light detector 180, and acquires the arterial
pulse waveform based on the calculated absorbances.
The CPU 110 calculates and acquires the oxygen satu-
ration of the arterial blood from a ratio of the absorbances
with respect to the light beams of two wavelengths. The
CPU 110 continuously acquires the pulse waveform and
the oxygen saturation. The CPU 110 stores the acquired
pulse waveform and oxygen saturation in the storage de-
vice 140.
[0038] Then, the medical apparatus 100 detects vari-
ation of the oxygen saturation (step S102). Specifically,
the CPU 110 of the medical apparatus 100 evaluates
dispersion of the values of oxygen saturations which are
continuously acquired in step S101, thereby detecting
variation of the oxygen saturation. For example, the eval-
uation of dispersion is performed by calculating and eval-
uating the secondary difference of the oxygen satura-
tions. The CPU 110 determines that the larger the dis-
persion of the values of oxygen saturations, the larger
the variation of the oxygen saturation, and also that the
smaller the dispersion of the values of oxygen satura-
tions, the smaller the variation of the oxygen saturation.
The CPU 110 stores the detection result of the variation
of the oxygen saturation in the storage device 140.
[0039] Then, the medical apparatus 100 evaluates the
reliability of the pulse waveform (step S103). Specifically,
the CPU 110 of the medical apparatus 100 evaluates
influences of noises such as body motion noises and
external light noises contained in the pulse waveform,
based on the variation of the oxygen saturation detected
in step S102, and evaluates the reliability of the pulse
waveform. The CPU 110 evaluates that the larger the
variation of the oxygen saturation, the larger the influenc-
es of noises contained in the pulse waveform, and the
lower the reliability of the pulse waveform. Conversely,
the CPU 110 evaluates that the smaller the variation of
the oxygen saturation, the smaller the influences of nois-
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es contained in the pulse waveform, and the higher the
reliability of the pulse waveform. The CPU 110 stores the
evaluation result of the reliability of the pulse waveform
in the storage device 140.
[0040] Then, the medical apparatus 100 evaluates the
reliabilities of physiological parameters (step S104). Spe-
cifically, the CPU 110 of the medical apparatus 100 eval-
uates the reliabilities of the physiological parameters
which are acquired by performing the pulse wave anal-
ysis on the pulse waveform, in accordance with the reli-
ability of the pulse waveform which is evaluated in step
S103. In the embodiment, as illustrated in Fig. 5, the stor-
age device 140 of the medical apparatus 100 stores the
table information indicating relationships between the re-
liability of the pulse waveform and the reliabilities of the
physiological parameters. In the example of Fig. 5, in the
case where the reliability of the pulse waveform is "Low,"
the reliabilities of all the physiological parameters are
evaluated as "Low." In the case where the reliability of
the pulse waveform is "Medium," the reliabilities of the
pulse wave amplitude and the respiratory variation of the
pulse wave amplitude are evaluated as "High," and the
reliabilities of the other physiological parameters are
evaluated as "Medium." In the case where the reliability
of the pulse waveform is "High," the reliabilities of all the
physiological parameters are evaluated as "High."
[0041] Then, the medical apparatus 100 analyzes the
pulse waveform to acquire physiological parameters
(step S105). Specifically, the CPU 110 of the medical
apparatus 100 analyzes the pulse waveform acquired in
step S101, to acquire physiological parameters such as
the pulse wave amplitude, respiratory variation of the
pulse wave amplitude, the pulse interval and the regu-
larity of the pulse interval, the dicrotic wave, the rising
angle of the pulse wave, the HRV (Heart Rate Variability),
and the respiratory rate.
[0042] Then, the medical apparatus 100 determines
the condition of the subject based on the physiological
parameters (step S106). Specifically, the CPU 110 of the
medical apparatus 100 determines the condition of the
subject based on the various physiological parameters
which are acquired in step S105. For example, the CPU
110 determines whether arrhythmia has occurred or not,
based on the regularity of the pulse interval. The CPU
110 further determines the degree of expansion/contrac-
tion of peripheral vessels, and condition of the systemic
blood flow in the living body, the blood pressure, and the
like based on the pulse wave amplitude. The CPU 110
further determines the volume and the like of blood cir-
culating in the living body, based on the respiratory var-
iation of the pulse wave amplitude. The CPU 110 further
determines the systemic vascular resistance and the like
based on the condition of the dicrotic wave. The CPU
110 further determines the heart contractility and the like
based on the rising angle of the pulse wave. The CPU
110 further determines the condition of autonomic nerves
based on the HRV.
[0043] Then, the medical apparatus 100 outputs, to-

gether with the pulse waveform and the oxygen satura-
tion, the physiological parameters and the condition of
the subject which is determined based on the physiolog-
ical parameters (step S107). In the embodiment, as illus-
trated in Fig. 6, the medical apparatus 100 selects a phys-
iological parameter(s) which is to be output, based on
the reliabilities of the physiological parameters which are
evaluated in step S104. In the example of Fig. 6, "Pulse
wave amplitude" the reliabilities of which is determined
to be high and "Respiratory variation of pulse wave am-
plitude" the reliabilities of which is determined to be high
are selected as the items to be output. The CPU 110
outputs the physiological parameters which are selected
as the items to be output, to the displaying section 150.
The CPU 110 further outputs the condition of the subject
which is determined by using these physiological param-
eters in step S105, to the displaying section 150.
[0044] According to the medical apparatus 100 of the
embodiment, as described above, the variation of the
oxygen saturation is detected, and the pulse waveform
which is acquired for the purpose of analysis of a pulse
wave is evaluated based on the detected variation of the
oxygen saturation. When the variation of the oxygen sat-
uration is detected, it is possible to evaluate noise mixture
in the pulse wave. Therefore, the medical apparatus 100
may output the physiological parameters with consider-
ation of noise mixture. Consequently, the user may ad-
equately determine the condition of the subject based on
the physiological parameters output from the medical ap-
paratus 100.
[0045] Moreover, the medical apparatus 100 evaluates
the reliability of the pulse waveform itself as evaluation
of the pulse waveform. As a result, the reliability of the
pulse waveform itself is evaluated, and therefore the sub-
sequent processes of analyzing the pulse wave, deter-
mining the condition of the subject, and selecting the item
to be output may be adequately performed in accordance
with the reliability of the pulse waveform.
[0046] Moreover, the medical apparatus 100 deter-
mines that the larger the variation of the values of oxygen
saturations, the smaller the reliabilities of the pulse wave-
form and the physiological parameters. Therefore, the
reliabilities of the pulse waveform and the physiological
parameters may be adequately determined with consid-
eration of influences of body motion noises, external light
noises, and the like.
[0047] Moreover, the medical apparatus 100 performs
the pulse wave analysis on the pulse waveform to acquire
the pulse interval, and determines whether arrhythmia
has occurred or not, based on the acquired pulse interval.
Therefore, it is possible to correctly sense arrhythmia
while eliminating influences of body motion noises, ex-
ternal light noises, and the like. Also in the case where
the pulse interval is unstable, and arrhythmia is suspect-
ed, when the variation of the oxygen saturation is large,
for example, it may be determined that arrhythmia has
not occurred, and there is a possibility that the phenom-
enon is affected by noises. By contrast, in the case where
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the pulse interval is unstable, and the variation of the
oxygen saturation is small, it may be determined that
noises exert less influence, and there is a high possibility
that arrhythmia has occurred.
[0048] Moreover, the medical apparatus 100 selects a
physiological parameter(s) of the pulse wave analysis
which is to be output, in accordance with the reliability.
According to the configuration, it is possible to output
only a physiological parameter(s) in which the reliability
is high. Therefore, a situation where the user erroneously
determines the condition of the subject based on a phys-
iological parameter(s) having a low reliability may be sup-
pressed from occurring.
[0049] The present invention is not limited to the
above-described embodiment, and may be variously
modified within the scope of the appended claims.
[0050] For example, the embodiment in which, after
the reliability of the pulse waveform is evaluated in step
S103 of Fig. 4, the reliability of each physiological pa-
rameter item is evaluated in step S104 has been de-
scribed. However, the method for evaluating the pulse
waveform is not limited to this. For example, the medical
apparatus 100 may not evaluate the reliability of the pulse
waveform itself, and may directly evaluate the reliabili-
ty(ies) of a physiological parameter(s) based on variation
of the oxygen saturation. This is realized by predetermin-
ing relationships between variation of the oxygen satu-
ration and the reliabilities of physiological parameters by
experiments, simulation, or experience, and then previ-
ously storing table information indicating the relation-
ships in the storage device 140. When the reliabilities of
physiological parameters are directly evaluated based
on variation of the oxygen saturation in this way, the proc-
ess may be simplified.
[0051] Although, in the embodiment, the example in
which, in step S105 of Fig. 4, the pulse wave analysis is
performed on all acquirable physiological parameters,
and all the physiological parameters are acquired has
been described, the present invention is not limited to
this. For example, the medical apparatus 100 may per-
form the pulse wave analysis on physiological parame-
ters which are evaluated to have a high reliability in step
S104, and acquire only physiological parameters having
a high reliability. Alternatively, the medical apparatus 100
may perform the pulse wave analysis on a physiological
parameter(s) which is evaluated to have a reliability high-
er than a predetermined reference level. According to
the alternative, a waste analyzing process of acquiring a
physiological parameter in which the reliability is low, and
which is not useful may be omitted, and the speed and
efficiency of the whole process may be improved.
[0052] Although, in the embodiment, the example in
which, in step S107 of Fig. 4, only a physiological param-
eter(s) having high reliability is selected as the item to be
output has been described, the method for outputting a
physiological parameter(s) is not limited to this. For ex-
ample, all physiological parameters may be output to-
gether with information indicating the reliabilities of the

physiological parameters. According to the configuration,
a larger number of sets of information indicating the con-
dition of the subject may be output together with the re-
liabilities of the information, and therefore the condition
of the subject may be determined more adequately. Al-
ternatively, a physiological parameter(s) which is evalu-
ated to have a reliability higher than a predetermined
reference level may be output as an item(s) to be output.
According to the configuration, for example, physiologi-
cal parameters in which a certain degree of reliability is
ensured may be output while excluding physiological pa-
rameters in which the reliability is very low. As described
above, the outputting conditions of a physiological pa-
rameter may be flexibly set in accordance with various
use conditions such as the condition of the subject and
requests of the user, and therefore the usability of the
user may be improved, and the condition of the subject
may be determined more adequately.
[0053] The means and methods for performing the var-
ious processes in the medical apparatus of the above-
described embodiments may be realized by either of a
dedicated hardware circuit and a programmed computer.
For example, the programs may be provided by a com-
puter readable recording medium such as a flexible disk
or a CD-ROM, or provided online through a network such
as the Internet. In this case, the programs which are re-
corded on a computer readable recording medium are
usually transferred and stored in a storage section such
as a hard disk drive. Alternatively, the programs may be
provided in the form of standalone application software,
or incorporated as one function of the medical apparatus
into software for the apparatus.

Claims

1. A medical apparatus comprising:

a light emitter that is configured to emit light
beams of different wavelengths to living tissue;
a light detector that is configured to detect the
light beams of different wavelengths emitted
from the light emitter, through the living tissue;
an acquiring section that calculates absorbanc-
es of arterial blood for the respective light beams
of different wavelengths, based on the light
beams detected by the light detector, that ac-
quires a pulse waveform based on the absorb-
ances, and that acquires a parameter corre-
sponding to an oxygen saturation from a ratio of
the absorbances;
a detecting section that detects variation of the
parameter corresponding to the oxygen satura-
tion acquired by the acquiring section; and
an evaluating section that evaluates the pulse
waveform that is acquired for a purpose of pulse
wave analysis by the acquiring section, based
on a result of the detection by the detecting sec-
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tion.

2. The medical apparatus according to claim 1, wherein
the parameter corresponding to the oxygen satura-
tion is an arterial oxygen saturation.

3. The medical apparatus according to claim 1, wherein
the parameter corresponding to the oxygen satura-
tion is the ratio of the absorbances.

4. The medical apparatus according to claim I, wherein
the parameter corresponding to the oxygen satura-
tion is a function of the ratio of the absorbances which
corresponds one-to-one to an arterial oxygen satu-
ration.

5. The medical apparatus according to claim 1, wherein
the evaluation of the pulse waveform is preformed
by evaluating reliability of the pulse waveform itself.

6. The medical apparatus according to claim 1, wherein
the evaluation of the pulse waveform is preformed
by evaluating reliability of a physiological parameter
that is acquired by pulse wave analysis performed
on the pulse waveform.

7. The medical apparatus according to any one of
claims 1 to 6, wherein the evaluating section deter-
mines that the larger the variation, the lower the re-
liability.

8. The medical apparatus according to any one of
claims 1 to 7 further comprising:

an analyzing section that performs pulse wave
analysis on the pulse waveform to acquire a
pulse interval as a physiological parameter; and
a determining section that determines whether
arrhythmia has occurred or not, based on the
pulse interval acquired by the analyzing section.

9. The medical apparatus according to any one of
claims 1 to 8 further comprising an outputting section
that outputs a physiological parameter that is ac-
quired by performing pulse wave analysis on the
pulse waveform.

10. The medical apparatus according to claim 9, wherein
the outputting section selects a physiological param-
eter which is to be output, in accordance with the
reliability.

11. The medical apparatus according to claim 9 or 10,
wherein the outputting section outputs the physio-
logical parameter together with the reliability.

12. A method for analyzing a physiological parameter,
the method being used in a medical apparatus hav-

ing a light emitter that is configured to emit light
beams of different wavelengths to living tissue in-
cluding arterial blood, and a light detector that is con-
figured to detect the light beams of different wave-
lengths emitted from the light emitter, through the
living tissue, the method comprising:

calculating absorbances of the arterial blood for
the respective light beams of different wave-
lengths, based on the light beams detected by
the light detector;
acquiring a pulse waveform based on the ab-
sorbances and a parameter corresponding to an
oxygen saturation from a ratio of the absorbanc-
es;
detecting variation of the parameter correspond-
ing to the oxygen saturation acquired in the ac-
quiring; and
evaluating the pulse waveform which is acquired
for a purpose of pulse wave analysis in the ac-
quiring, based on a result of the detection in the
detecting.

13. A program executed in an apparatus for processing
a physiological parameter obtained from a light emit-
ter that is configured to emit light beams of different
wavelengths to living tissue and a light detector that
is configured to detect the light beams of different
wavelengths emitted from the light emitter, through
the living tissue, wherein the program cause the ap-
paratus to execute:

calculating absorbances of the arterial blood for
the respective light beams of different wave-
lengths, based on the light beams detected by
the light detector;
acquiring a pulse waveform based on the ab-
sorbances and a parameter corresponding to an
oxygen saturation from a ratio of the absorbanc-
es;
detecting variation of the parameter correspond-
ing to the oxygen saturation acquired in the ac-
quiring; and
evaluating the pulse waveform which is acquired
for a purpose of pulse wave analysis in the ac-
quiring, based on a result of the detection in the
detecting.
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