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(7) ABSTRACT

A biological signal measuring system includes: first and sec-
ond optical sensors attached to first and second body portions
of a subject; a first average oxygen saturation acquiring sec-
tion acquiring a first average value corresponding to an aver-
age value of the first oxygen saturation corresponding to an
arterial oxygen saturation in the first body portion in a prede-
termined time period starting at a first time; a second average
oXygen saturation acquiring section acquiring a second aver-
age value corresponding to an average value of the second
oxygen saturation corresponding to an arterial oxygen satu-
ration in the second body portion in the predetermined time
period starting at a second time that is different from the first
time; and a difference value acquiring section acquiring a
difference value, to be displayed, between the first average
value and the second average value.
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BIOLOGICAL SIGNAL MEASURING
SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application is based upon and claims the ben-
efit of priority from prior Japanese patent application No.
2013-251445, filed on Dec. 12, 2013, the entire contents of
which are incorporated herein by reference.

BACKGROUND

[0002] The presently disclosed subject matter relates to a
biological signal measuring system which is used in congeni-
tal heart disease screening in neonates.
[0003] Inorder to perform congenital heart disease screen-
ing, a probe of a first pulse oximeter is attached to a first body
portion (for example, the fingertip of the hand) of the subject,
and that of a second pulse oximeter is attached to a second
body portion (for example, the fingertip of the foot) of the
subject (for example, see Patent Literature 1). In the case
where the subject has congenital heart disease, a difference
occurs between the values of arterial oxygen saturations
(Sp02) which are detected in the first and second body por-
tions. When the values of arterial oxygen saturations which
are detected by the two pulse oximeters are compared to each
other, therefore, presence or absence of congenital heart dis-
ease can be determined (for example, see Non-Patent Litera-
tures 1 and 2).
[0004] (Patent Literature 1) Japanese Patent No. 4,704,037
[0005] (Non-patent Literature 1) P D Mcdonald, VY Yu
(1992), Simultaneous measurement of preductal and post-
ductal oxygen saturation by pulse oximetry in hyaline
membrane disease, Arch Dis Child 67: 1166-1168
[0006] (Non-patent Literature 2) P. Meier-Stauss, H. U.
Bucher, R. Hurlimann, V. Konig, and R. Huch (1989),
Pulse oximetry used for documenting oxygen saturation
and right-to-left shunting immediately after birth, Eur J
Pediatr 149: 851-855
[0007] The value of arterial oxygen saturation varies every
moment. It is difficult for the medical person to visually
compare numerical values displayed on two pulse oximeters
at certain timing, and correctly identify the difference
between the numerical values.

SUMMARY

[0008] The presently disclosed subject matter may provide
atechnique for reducing the burden of a medical person in, for
example, congenital heart disease screening, and supporting
correct determination.

[0009] According to the presently disclosed subject matter,
there may be provided a biological signal measuring system
comprising: a first optical sensor which is to be attached to a
first body portion of a subject; a first attenuation ratio acquit-
ing section which is configured to acquire a temporal change
of a first attenuation ratio corresponding to an attenuation
ratio of a plurality of wavelengths in the first body portion,
based on a first signal output from the first optical sensor; a
first oxygen saturation acquiring section which is configured
to acquire a temporal change of a first oxygen saturation
corresponding to an arterial oxygen saturation in the first
body portion, based on the temporal change of the first attenu-
ation ratio; a second optical sensor which is to be attached to
a second body portion of the subject; a second attenuation
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ratio acquiring section which is configured to acquire a tem-
poral change of a second attenuation ratio corresponding to
an attenuation ratio of a plurality of wavelengths in the second
body portion, based on a second signal output from the sec-
ond optical sensor; a second oxygen saturation acquiring
section which is configured to acquire a temporal change ofa
second oxygen saturation corresponding to an arterial oxygen
saturation in the second body portion, based on the temporal
change of the second attenuation ratio; a first average oxygen
saturation acquiring section which is configured to acquire a
first average value corresponding to an average value of the
first oxygen saturation in a predetermined time period starting
at a first time; a second average oxygen saturation acquiring
section which is configured to acquire a second average value
corresponding to an average value of the second oxygen
saturation in the predetermined time period starting at a sec-
ond time that is different from the first time; a difference value
acquiring section which is configured to acquire a difference
value between the first average value and the second average
value; and a difference value displaying section which is
configured to display the difference value.

[0010] Thebiological signal measuring system may further
comprise: a cross-correlation function acquiring section
which is configured to acquire a cross-correlation function of
the temporal change of the first attenuation ratio and the
temporal change of the second attenuation ratio, or a cross-
correlation function of the temporal change of the first oxy-
gen saturation and the temporal change of the second oxygen
saturation, and the first time and the second time may be
determined based on the cross-correlation function.

[0011] Thebiological signal measuring system may further
comprise: a notifying section which, when the difference
value is equal to or larger than a threshold, is configured to
take a given notifying state.

[0012] Whenthe firstaverage value is smaller than a thresh-
old, or when the second average value is smaller than the
threshold, the notifying section may be configured to take the
given notifying state irrespective of the difference value.

[0013] Thebiological signal measuring system may further
comprise: a first average value displaying section which is
configured to display the first average value; and a second
average value displaying section which is configured to dis-
play the second average value.

[0014] Thebiological signal measuring system may further
comprise: a first notifying section which, when the first aver-
age value is smaller than a threshold, is configured to take a
given notifying state; a second notifying section which, when
the second average value is smaller than a threshold, is con-
figured to take a given notifying state; and a third notifying
section which, when the difference value is equal to or larger
than a threshold, is configured to take a given notifying state.

[0015] Thebiological signal measuring system may further
comprise: a heart rate acquiring section which is configured
to acquire a heart rate of the subject based on at least one of the
first signal and the second signal, and a single heart rate
displaying section which is configured to display the heart
rate.

[0016] The heart rate acquiring section may be configured
to select one of the first signal and the second signal which
contains a smaller amount of noises, and acquire the heart rate
based on the selected one of the first signal and the second
signal.
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[0017] The heart rate acquiring section may be configured
to acquire, as the heart rate, an average value of: the heart rate
based on the first signal; and the heart rate based on the second
signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 is a view showing a biological signal mea-
suring system of a first embodiment of the presently disclosed
subject matter.

[0019] FIG. 2 is a functional block diagram showing the
configuration of a biological signal measuring apparatus of
the biological signal measuring system of FIG. 1.

[0020] FIGS.3A and 3B are views illustrating the operation
of biological signal measuring apparatus of FIG. 2.

[0021] FIG. 4 is a view showing a biological signal mea-
suring system of a second embodiment of the presently dis-
closed subject matter.

[0022] FIG. 5 is a functional block diagram showing the
configuration of a biological signal measuring apparatus of
the biological signal measuring system of FIG. 4.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0023] Embodiments of the presently disclosed subject
matter will be described in detail with reference to the accom-
panying drawings. In the drawings which will be used in the
following description, the scale is adequately changed in
order to draw components in a recognizable size.

[0024] FIG. 1 shows a biological signal measuring system
1 of a first embodiment of the presently disclosed subject
matter. The biological signal measuring system 1 includes a
biological signal measuring apparatus 2, a first optical sensor
3, and a second optical sensor 4. The biological signal mea-
suring apparatus 2 is a so-called pulse oximeter, and the first
optical sensor 3 and the second optical sensor 4 function as
probes of the pulse oximeter.

[0025] The first optical sensor 3 includes a fastening por-
tion 3a and a cable 3b. The fastening portion 3a is to be
attached to a first body portion (for example, the fingertip of
the hand) of the subject. The fastening portion 3a includes a
light emitter and a light receiver. The light emitter emits a red
light beam and an infrared light beam. The light receiver
outputs a first signal corresponding to the intensities of the red
and infrared light beams which are transmitted through or
reflected from the first body portion. The first signal is input
to the biological signal measuring apparatus 2 through the
cable 3b.

[0026] The second optical sensor 4 includes a fastening
portion 4a and a cable 45. The fastening portion 4a is to be
attached to a second body portion (for example, the fingertip
of the foot) of the subject. The fastening portion 4a includes
a light emitter and a light receiver. The light emitter emits a
red light beam and an infrared light beam. The light receiver
outputs a second signal corresponding to the intensities of the
red and infrared light beams which are transmitted through or
reflected from the second body portion. The second signal is
input to the biological signal measuring apparatus 2 through
the cable 4b.

[0027] FIG. 2 is a functional block diagram showing the
configuration of the biological signal measuring apparatus 2.
The biological signal measuring apparatus 2 includes a first
attenuation ratio acquiring section 21, a second attenuation
ratio acquiring section 22, a first oxygen saturation acquiring
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section 23, a second oxygen saturation acquiring section 24,
a first average oxygen saturation acquiring section 25, a sec-
ond average oxygen saturation acquiring section 26, a differ-
ence value acquiring section 27, and a difference value out-
putting section 28.

[0028] The first attenuation ratio acquiring section 21
acquires a temporal change of a first attenuation ratio ¢1
corresponding to an attenuation ratio in the first body portion,
based on the first signal G1 output from the first optical sensor
3. Specifically, attenuations of the red and infrared light
beams due to transmission or reflection in the first body
portion are acquired, and the ratio of the attenuations is set as
the first attenuation ratio ¢1. The first attenuation ratio ¢1 is
temporally changed in accordance with the blood pulsation in
the first body portion.

[0029] The second attenuation ratio acquiring section 22
acquires a temporal change of a second attenuation ratio ¢2
corresponding to an attenuation ratio in the second body
portion, based on the second signal G2 output from the sec-
ond optical sensor 4. Specifically, attenuations of the red and
infrared light beams due to transmission or reflection in the
second body portion are acquired, and the ratio of the attenu-
ations is set as the second attenuation ratio ¢2. The second
attenuation ratio ¢2 is temporally changed in accordance with
blood pulsation in the second body portion.

[0030] The first oxygen saturation acquiring section 23
acquires a first oxygen saturation S1 corresponding to the
arterial oxygen saturation in the first body portion, based on
the first attenuation ratio ¢1 acquired by the first attenuation
ratio acquiring section 21. The method of calculating an arte-
rial oxygen saturation from an attenuation ratio may be a
related-art method. Therefore, description of the method is
omitted. In accordance with the temporal change of the first
attenuation ratio ¢1, also the first oxygen saturation S1 is
temporally changed.

[0031] The second oxygen saturation acquiring section 24
acquires a second oxygen saturation S2 corresponding to the
arterial oxygen saturation in the second body portion, based
on the second attenuation ratio ¢2 acquired by the second
attenuation ratio acquiring section 22. The method of calcu-
lating an arterial oxygen saturation from an attenuation ratio
may be a related-art method. Therefore, description of the
method is omitted. In accordance with the temporal change of
the second attenuation ratio ¢2, also the second oxygen satu-
ration S2 is temporally changed.

[0032] The first average oxygen saturation acquiring sec-
tion 25 acquires a first average value A1 corresponding to an
average value of the first oxygen saturation S1 in a predeter-
mined time period starting at a first time. The second average
oxXygen saturation acquiring section 26 acquires a second
average value A2 corresponding to an average value of the
second oxygen saturation S2 in a predetermined time period
starting at a second time that is different from the first time.
The difference value acquiring section 27 acquires the differ-
ence value [A1-A2]| between the first average value Al and
the second average value A2. The reason for the processes of
the first average oxygen saturation acquiring section 25, the
second average oxygen saturation acquiring section 26, and
the difference value acquiring section 27 will be described
with reference to FIGS. 3A and 3B.

[0033] FIG. 3A shows the temporal changes of the first
oxygen saturation S1 acquired by the first oxygen saturation
acquiring section 23, and the second oxygen saturation S2
acquired by the second oxygen saturation acquiring section
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24. As described above, the difference value |S1-S2| between
the first oxygen saturation S1 and the second oxygen satura-
tion S2 at certain timing can be used in determination of
presence or absence of congenital heart disease in a neonate.
When the values of S1 and S2 are changed every moment as
shown in, for example, the middle portion of the graph, how-
ever, also the difference value IS1-S2| is changed every
moment. Therefore, the medical person is puzzled to deter-
mine which value is employed.

[0034] Consequently, the first average oxygen saturation
acquiring section 25 and the second average oxygen satura-
tion acquiring section 26 average the values of the first oxy-
gen saturation S1 and the second oxygen saturation S2 over a
predetermined time period T to acquire the first average value
A1 and the second average value A2. The temporal changes of
the first average value A1 and the second average value A2 are
moderate as compared to those of the first oxygen saturation
S1 and the second oxygen saturation S2. Therefore, also the
temporal change of the difference value |A1-A2| acquired by
the difference value acquiring section 27 is moderate, and the
medical person easily knows the value. The predetermined
time period T is adequately determined so as to contain a
plurality of periods when the first oxygen saturation S1 and
the second oxygen saturation S2 are updated.

[0035] In aconfiguration where the first oxygen saturation
S1 and the second oxygen saturation S2 are simply averaged
and the difference value of the average values is acquired,
however, another cause of a measurement error is produced.
FIG. 3B shows the temporal changes of the first attenuation
ratio ¢1 acquired by the first attenuation ratio acquiring sec-
tion 21, and the second attenuation ratio ¢2 acquired by the
second attenuation ratio acquiring section 22. The time period
of arrival of blood from the heart to the first body portion is
not equal to that of arrival of blood from the heart to the
second body portion. Therefore, a time difference D is pro-
duced in the temporal changes of the first attenuation ratio ¢1
and the second attenuation ratio 2. In a significant compari-
son between the first oxygen saturation S1 and the second
oxygen saturation S2, namely, it is required to consider the
time difference.

[0036] Therefore, the first average oxygen saturation
acquiring section 25 and the second average oxygen satura-
tion acquiring section 26 acquire the first average value Al
and the second average value A2 of predetermined time peri-
ods T starting at different times t1 and t2, respectively. For
example, the time t1 and the time t2 are determined so that the
difference between the times corresponds to the time differ-
ence D. Therefore, the difference value |1A1-A2| can be
acquired based on the first oxygen saturation S1 and second
oxygen saturation S2 of blood having the same meaning.
[0037] Thedifference value outputting section 28 outputs a
signal indicating the difference value |A1-A2| acquired by
the difference value acquiring section 27. As shown in FIG. 1,
the biological signal measuring apparatus 2 includes a differ-
ence value displaying section 31. The a difference value dis-
playing section 31 displays the difference value IA1-A2| (in
the illustrated example, 7%) indicated by the signal which is
output from the difference value outputting section 28.
[0038] According to the thus configured biological signal
measuring system 1, the difference value between the arterial
oxygen saturation in the first body portion of the subject, and
that in the second body portion is displayed, and hence the
medical person is not required to determine the difference
value while visually comparing a plurality of arterial oxygen
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saturations with each other. The difference value is acquired
based on the values of the arterial oxygen saturations which
are averaged over the predetermined time periods T, respec-
tively. Therefore, the temporal change can be moderated.
Since the predetermined time periods start at the different
times, it is possible to suppress a measurement error of the
arterial oxygen saturation due to a difference between the
time periods of arrival of blood from the heart to the first and
second body portions. In congenital heart disease screening
or the like, consequently, the burden of the medical person
can be reduced, and correct determination can be supported.

[0039] AsshowninFIG. 2, the biological signal measuring
apparatus 2 may further include a cross-correlation function
acquiring section 41. The cross-correlation function acquir-
ing section 41 acquires a cross-correlation function of the
temporal change of the first attenuation ratio ¢p1 acquired by
the first attenuation ratio acquiring section 21, and that of the
second attenuation ratio ¢2 acquired by the second attenua-
tion ratio acquiring section 22. The time t1 when the prede-
termined time period T for acquiring the first average value
Al by the first average oxygen saturation acquiring section 25
is started, and the time t2 when the predetermined time period
T for acquiring the second average value A2 by the second
average oxygen saturation acquiring section 26 is started are
determined based on the cross-correlation function acquired
by the cross-correlation function acquiring section 41. Spe-
cifically, when the times t1 and t2 are determined so that the
cross-correlation function has the maximum value, the intet-
val between the times t1 and t2 shown in FIG. 3B canbe made
coincident with the difference D between the time periods of
arrival of blood from the heart to the first and second body
portions.

[0040] The cross-correlation function acquiring section 41
may be configured so as to acquire a cross-correlation func-
tion of the temporal change of the first oxygen saturation S1
acquired by the first oxygen saturation acquiring section 23,
and that of the second oxygen saturation S2 acquired by the
second oxygen saturation acquiring section 24. Also in this
case, when the times t1 and t2 are determined so that the
cross-correlation function has the maximum value, the inter-
val between the times t1 and t2 shown in FIG. 3B can be made
coincident with the difference D between the time periods of
arrival of blood from the heart to the first and second body
portions.

[0041] According to the configuration, the predetermined
time periods can be set in a portion in which the values related
to the first and second body portions are similarly changed.
Therefore, a measurement error of the arterial oxygen satu-
rationdue to a difference between the times of arrival of blood
from the heart to the first and second body portions can be
minimized. In congenital heart disease screening or the like,
consequently, the burden of the medical person can be
reduced, and correct determination can be supported.

[0042] As shown in FIGS. 1 and 2, the biological signal
measuring apparatus 2 may further include a notifying sec-
tion 42. The notifying section 42 is configured so as to, when
the difference value |A1-A2l acquired by the difference value
acquiring section 27 is equal to or larger than a predetermined
threshold, take a given notifying state. For example, the
threshold is set to 3% that is a value at which there is suspicion
of congenital heart disease. In the case where the difference
value |A1-A2| is equal to or larger than 3%, the notifying
section 42 emits, for example, red light. In the case where the
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difference value is smaller than 3%, the notifying section 42
may emit light of a color other than red, or may be set to a
non-light-emission state.

[0043] According to the configuration, the medical person
can easily determine the condition of the subject by referring
the state of the notifying section 42. In congenital heart dis-
ease screening or the like, consequently, the burden of the
medical person can be reduced, and correct determination can
be supported.

[0044] The notifying section 42 may be configured in the
following manner. When the first average value Al acquired
by the first average oxygen saturation acquiring section 25 is
smaller than a predetermined threshold, or when the second
average value A2 acquired by the second average oxygen
saturation acquiring section 26 is smaller than the threshold,
the notifying section takes the given notifying state irrespec-
tive of the difference value |A1-A2| acquired by the differ-
ence value acquiring section 27. In this case, although not
illustrated, the first average value Al acquired by the first
average oxygen saturation acquiring section 25, and the sec-
ond average value A2 acquired by the second average oxygen
saturation acquiring section 26 are directly input to the noti-
fying section 42. For example, the threshold is set to 95% that
is a value at which the condition of the subject is suspicious of
not being normal. In the case where at least one of the first
average value Al and the second average value A2 is smaller
than 95%, even when the difference value IA1-A2l is smaller
than 3%, the notifying section 42 emits, for example, red
light. In the case where both the first average value Al and the
second average value A2 are equal to or larger than 95%, and
the difference value |A1-A2| is smaller than 3%, the notify-
ing section 42 may emit light of a color other than red, or may
be set to a non-light-emission state.

[0045] A reduction of the oxygen saturation indicates that
the condition of the subject is not normal, and a countermea-
sure is required to be taken in advance of the determination of
congenital heart disease in which the difference value is used.
According to the configuration, the medical person can com-
prehensively know the abnormality of the subject through the
notifying section 42, and take correctly and rapidly a coun-
termeasure. In congenital heart disease screening or the like,
consequently, the burden of the medical person can be
reduced, and correct determination can be supported. More-
over, the notifying section 42 is single, and therefore the
component cost can be suppressed.

[0046] As shown in FIG. 2, the biological signal measuring
apparatus 2 may further include a first average value output-
ting section 43 and a second average value outputting section
44. The first average value outputting section 43 outputs a
signal indicating the first average value Al acquired by the
first average oxygen saturation acquiring section 25. The
second average value outputting section 44 outputs a signal
indicating the second average value A2 acquired by the sec-
ond average oxygen saturation acquiring section 26.

[0047] Inthiscase,asshowninFIG. 1, the biological signal
measuring apparatus 2 further includes a first average value
displaying section 32 and a second average value displaying
section 33. The first average value displaying section 32 dis-
plays the first average value A1 (in the illustrated example,
97%) indicated by the signal which is output from the first
average value outputting section 43. The second average
value displaying section 33 displays the second average value
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A2 (in the illustrated example, 90%) indicated by the signal
which is output from the second average value outputting
section 44.

[0048] According to the configuration, the medical person
can check visually and individually the oxygen saturation in
the first body portion, and that in the second body portion. A
reduction of the oxygen saturation indicates that the condition
of the subject is not normal, and a countermeasure is required
to be taken in advance of the determination of congenital
heart disease in which the difference value is used. According
to the configuration, the medical person can comprehensively
know the abnormality of the subject through the difference
value displaying section 31, the first average value displaying
section 32, and the second average value displaying section
33, and take correctly and rapidly a countermeasure. In con-
genital heart disease screening or the like, consequently, the
burden of the medical person can be reduced, and correct
determination can be supported.

[0049] As showninFIG. 2, the biological signal measuring
apparatus 2 may further include a heart rate acquiring section
45. The heart rate acquiring section 45 acquires the heart rate
ofthe subject based on at least one of the first signal G1 which
is output from the first optical sensor 3, and the second signal
G2 which is output from the second optical sensor 4. Specifi-
cally, periodical changes of the first and second signals G1,
G2 due to the blood pulsation owing to the heartbeat are
detects, and determined as the heart rate of the subject.
[0050] Inthiscase,as showninFIG. 1, the biological signal
measuring apparatus 2 further includes a single heart rate
displaying section 34. The heart rate displaying section 34
displays the heart rate of the subject which is acquired by the
heart rate acquiring section 45.

[0051] Unlike of the arterial oxygen saturation which is
acquired in a plurality of body portions, the heart rate does not
have a plurality of values at the same time. Although the heart
rate can be acquired based on each of the first and second
signals G1, G2, heart rates which are to be simultaneously
displayed are unified into a single heart rate. Therefore, the
medical person can know the heart rate without feeling cum-
bersome. In congenital heart disease screening or the like,
consequently, the burden of the medical person can be
reduced, and correct determination can be supported. More-
over, the heart rate displaying section 34 is single, and there-
fore the component cost can be suppressed.

[0052] For example, the heart rate acquiring section 45
selects one of the first signal G1 and the second signal G2
which contains a smaller amount of noises, and acquires the
heart rate based on the selected one of the first signal G1 and
the second signal G1. In this case, a more correct value can be
provided as the heart rate of the subject.

[0053] Alternatively, the heart rate acquiring section 45
may be configured so as to acquire the average value of the
heart rate based on the first signal G1, and the heart rate based
on the second signal G2, as the heart rate. In this case, a more
stable value can be provided as the heart rate of the subject.
[0054] Next, a biological signal measuring system 1A of a
second embodiment of the presently disclosed subject matter
will be described with reference to FIGS. 4 and 5. The com-
ponents which are identical or similar to those of the biologi-
cal signal measuring system 1 of the first embodiment are
denoted by the same reference numerals, and repeated
description is omitted.

[0055] The biological signal measuring system 1A
includes a biological signal measuring apparatus 2A. The
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biological signal measuring apparatus 2A is different from
the biological signal measuring apparatus 2 of the first
embodiment in that the apparatus includes a first notifying
section 46, a second notifying section 47, and a third notifying
section 48, in place of the notifying section 42.

[0056] The first notifying section 46 is configured so as to,
when the first average value Al acquired by the first average
oxygen saturation acquiring section 25 is smaller than a pre-
determined threshold, take a given notifying state. For
example, the threshold is set to 95% that is a value at which
the condition of the subject is suspicious of not being normal.
In the case where the first average value Al is smaller than
95%, the first notifying section 46 emits, for example, red
light. In the case where the first average value Al is equal to
or larger than 95%, the first notifying section 46 may emit
light of a color other than red, or may be set to a non-light-
emission state.

[0057] The second notifying section 47 is configured so as
to, when the second average value A2 acquired by the second
average oxygen saturation acquiring section 26 is smaller
than a predetermined threshold, take a given notifying state.
For example, the threshold is set to 95% that is a value at
which the condition of the subject is suspicious of not being
normal. In the case where the second average value A2 is
smaller than 95%, the second notifying section 47 emits, for
example, red light. In the case where the second average value
A2 isequal toorlarger than 95%, the second notifying section
47 may emit light ofa color other than red, or may be set to a
non-light-emission state.

[0058] The third notifying section 48 is configured so as to,
when the difference value IA1-A2| acquired by the differ-
ence value acquiring section 27 is equal to or larger than a
predetermined threshold, take a given notifying state. For
example, the threshold is set to 3% that is a value at which
there is suspicion of congenital heart disease. In the case
where the difference value [A1-A2] is equal to or larger than
3%, the third notifying section 48 emits, for example, red
light. In the case where the difference value is smaller than
3%, the third notifying section 48 may emit light of a color
other than red, or may be set to a non-light-emission state.

[0059] According to the configuration, it is possible to eas-
ily know whether each of the arterial oxygen saturation in the
first body portion, that in the second body portion, and the
difference value of the two arterial oxygen saturations is
within the normal range or not. In the case where an abnor-
mality occurs in the condition of the subject, furthermore, it is
possible to easily identify which one of the measurement
values causes the abnormality. In congenital heart disease
screening or the like, consequently, the burden of the medical
person can be reduced, and correct determination can be
supported.

[0060] The embodiments have been described in order to
facilitate understanding of the invention, and are not intended
to limit the invention. It is a matter of course that the invention
may be changed or improved without departing the spirit
thereof, and includes equivalent of the embodiments.

[0061] Inthe embodiments, the signal which is output from
the difference value outputting section 28, and which indi-
cates the difference value IA1-A2| is used for displaying the
difference value on the difference value displaying section
31. Alternatively, the signal output from the difference value
outputting section 28 may be used for indicating the differ-
ence value by means of sounds, symbols, characters, or col-
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ors. Thisis applicable also to the first average value outputting
section 43 and the second average value outputting section
44.

[0062] The difference value displaying section 31 is not
always required to be disposed integrally with the biological
signal measuring apparatus 2. The signal output from the
difference value outputting section 28 may be transmitted by
wired or wireless transmission, and the difference value may
be displayed on a displaying device which is separately dis-
posed. This is applicable also to the first average value dis-
playing section 32 and the second average value displaying
section 33.

[0063] In the embodiments, the difference value acquired
by the difference value acquiring section 27 is used in deter-
mination of presence or absence of congenital heart disease in
aneonate. The biological signal measuring system 1 (1A) of
the presently disclosed subject matter can be used in an appro-
priate object in which the difference value can be set as a
determination index. In this case, the threshold at which the
notifying section 42 (third notifying section 48) takes the
given notifying state can be adequately changed in accor-
dance with the object.

[0064] According to an aspect of the presently disclosed
subject matter, there is provided A biological signal measur-
ing system comprising: a first optical sensor which is to be
attached to a first body portion of a subject; a first attenuation
ratio acquiring section which is configured to acquire a tem-
poral change of a first attenuation ratio corresponding to an
attenuation ratio of a plurality of wavelengths in the first body
portion, based on a first signal output from the first optical
sensor; a first oxygen saturation acquiring section which is
configured to acquire a temporal change of a first oxygen
saturation corresponding to an arterial oxygen saturation in
the first body portion, based on the temporal change of the
first attenuation ratio; a second optical sensor which is to be
attached to a second body portion of the subject; a second
attenuation ratio acquiring section which is configured to
acquire a temporal change of a second attenuation ratio cor-
responding to an attenuation ratio of a plurality of wave-
lengths in the second body portion, based on a second signal
output from the second optical sensor; a second oxygen satu-
ration acquiring section which is configured to acquire a
temporal change of a second oxygen saturation correspond-
ing to an arterial oxygen saturation in the second body por-
tion, based on the temporal change of the second attenuation
ratio; a first average oxygen saturation acquiring section
which is configured to acquire a first average value corre-
sponding to an average value of the first oxygen saturation in
a predetermined time period starting at a first time; a second
average oxygen saturation acquiring section which is config-
ured to acquire a second average value corresponding to an
average value of the second oxygen saturation in the prede-
termined time period starting at a second time that is different
from the first time: a difference value acquiring section which
is configured to acquire a difference value between the first
average value and the second average value; and a difference
value displaying section which is configured to display the
difference value.

[0065] According to the above configuration, a difference
value of the arterial oxygen saturation in the first body portion
of the subject, and that in the second body portion is dis-
played, and hence the medical person is not required to deter-
mine the difference value while visually comparing a plural-
ity of arterial oxygen saturations with each other. The
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difference value is acquired based on the values of the arterial
oxygen saturations which are averaged over the predetet-
mined time periods T, respectively. Therefore, the temporal
change can be moderated. Since the predetermined time peri-
ods start at the different times, it is possible to suppress a
measurement error of the arterial oxygen saturation due to a
difference between the time periods of arrival of blood from
the heart to the first and second body portions. In congenital
heart disease screening or the like, consequently, the burden
of the medical person can be reduced, and correct determina-
tion can be supported.

[0066] Thebiological signal measuring system may further
comprise: across-correlation function acquiring section
which is configured to acquire a cross-correlation function of
the temporal change of the first attenuation ratio and the
temporal change of the second attenuation ratio, or a cross-
correlation function of the temporal change of the first oxy-
gen saturation and the temporal change of the second oxygen
saturation, and the first time and the second time may be
determined based on the cross-correlation function.

[0067] According to the above configuration, the predeter-
mined time periods can be set in a portion in which the values
related to the first and second body portions are similarly
changed. Therefore, a measurement error of the arterial oxy-
gen saturation due to a difference between the times of arrival
of blood from the heart to the first and second body portions
can be minimized. In congenital heart disease screening or the
like, consequently, the burden of the medical person can be
reduced, and correct determination can be supported.

[0068] Thebiological signal measuring system may further
comprise: a notifying section which, when the difference
value is equal to or larger than a threshold, is configured to
take a given notifying state.

[0069] According to the above configuration, the medical
person can easily determine the condition of the subject by
referring the state of the notifying section. In congenital heart
disease screening or the like, consequently, the burden of the
medical person can be reduced, and correct determination can
be supported.

[0070] Whenthe firstaverage value is smaller than a thresh-
old, or when the second average value is smaller than the
threshold, the notifying section may be configured to take the
given notifying state irrespective of the difference value.
[0071] A reduction of the oxygen saturation indicates that
the condition of the subject is not normal, and a countermea-
sure is required to be taken in advance of the determination of
congenital heart disease in which the difference value is used.
According to the above configuration, the medical person can
comprehensively know the abnormality of the subject
through the notifying section, and take correctly and rapidly
acountermeasure. Incongenital heart disease screening or the
like, consequently, the burden of the medical person can be
reduced, and correct determination can be supported. More-
over, the notifying section is single, and therefore the com-
ponent cost can be suppressed.

[0072] Thebiological signal measuring system may further
comprise: a first average value displaying section which is
configured to display the first average value; and a second
average value displaying section which is configured to dis-
play the second average value.

[0073] According to the above configuration, the medical
person can check visually and individually the oxygen satu-
ration in the first body portion, and that in the second body
portion. A reduction of the oxygen saturation indicates that
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the condition of the subject is not normal, and a countermea-
sure is required to be taken in advance ofthe determination of
congenital heart disease in which the difference value is used.
According to the configuration, the medical person can com-
prehensively know the abnormality of the subject through the
difference value displaying section, the first average value
displaying section, and the second average value displaying
section, and take correctly and rapidly a countermeasure. In
congenital heart disease screening or the like, consequently,
the burden of the medical person can be reduced, and correct
determination can be supported.

[0074] Thebiological signal measuring system may further
comprise: a first notifying section which, when the first aver-
age value is smaller than a threshold, is configured to take a
given notifying state; a second notifying section which, when
the second average value is smaller than a threshold, is con-
figured to take a given notifying state; and a third notifying
section which, when the difference value is equal to or larger
than a threshold, is configured to take a given notifying state.

[0075] According to the above configuration, it is possible
to easily know whether the arterial oxygen saturation in the
first body portion, that in the second body portion, and the
difference value of the two arterial oxygen saturations are in
respective normal ranges or not. In the case where an abnor-
mality occurs in the condition of the subject, furthermore, it is
possible to easily identify which one of the measurement
values causes the abnormality. In congenital heart disease
screening or the like, consequently, the burden of the medical
person can be reduced, and correct determination can be
supported.

[0076] Thebiological signal measuring system may further
comprise: a heart rate acquiring section which is configured
to acquire a heart rate of the subject based on at least one of the
first signal and the second signal; and a single heart rate
displaying section which is configured to display the heart
rate.

[0077] Unlike of the arterial oxygen saturation which is
acquired in a plurality of body portions, the heart rate does not
have a plurality of values at the same time. Although the heart
rate can be acquired based on each of the first and second
signals, heart rates which are to be simultaneously displayed
are unified into a single heart rate. Therefore, the medical
person can know the heart rate without feeling cumbersome.
In congenital heart disease screening or the like, conse-
quently, the burden of the medical person can be reduced, and
correct determination can be supported. Moreover, the heart
rate displaying section is single, and therefore the component
cost can be suppressed.

[0078] The heart rate acquiring section may be configured
to select one of the first signal and the second signal which
contains a smaller amount of noises, and acquire the heart rate
based on the selected one of the first signal and the second
signal.

[0079] Inthis case, a more correct value can be provided as
the heart rate of the subject.

[0080] The heart rate acquiring section may be configured
to acquire, as the heart rate, an average value of: the heart rate
based on the first signal; and the heart rate based on the second
signal.

[0081] In this case, a more stable value can be provided as
the heart rate of the subject.
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What is claimed is:

1. A biological signal measuring system comptising:

a first optical sensor which is to be attached to a first body
portion of a subject;

a first attenuation ratio acquiring section which is config-
ured to acquire a temporal change of a first attenuation
ratio corresponding to an attenuation ratio of a plurality
of wavelengths in the first body portion, based on a first
signal output from the first optical sensor;

a first oxygen saturation acquiring section which is config-
ured to acquire a temporal change of a first oxygen
saturation corresponding to an arterial oxygen saturation
in the first body portion, based on the temporal change of
the first attenuation ratio;

a second optical sensor which is to be attached to a second
body portion of the subject;

a second attenuation ratio acquiring section which is con-
figured to acquire a temporal change of a second attenu-
ation ratio corresponding to an attenuation ratio of a
plurality of wavelengths in the second body portion,
based on a second signal output from the second optical
sensor;

asecond oxygen saturation acquiring section which is con-
figured to acquire a temporal change of a second oxygen
saturation corresponding to an arterial oxygen saturation
in the second body portion, based on the temporal
change of the second attenuation ratio;

afirst average oxygen saturation acquiring section which is
configured to acquire a first average value corresponding
to an average value of the first oxygen saturation in a
predetermined time period starting at a first time;

a second average oxygen saturation acquiring section
which is configured to acquire a second average value
corresponding to an average value of the second oxygen
saturation in the predetermined time period starting at a
second time that is different from the first time;

a difference value acquiring section which is configured to
acquire a difference value between the first average
value and the second average value; and

adifference value displaying section which is configured to
display the difference value.

2. The biological signal measuring system according to
claim 1, further comprising: a cross-correlation function
acquiring section which is configured to acquire a cross-
correlation function of the temporal change of the first attenu-
ation ratio and the temporal change of the second attenuation
ratio, or a cross-correlation function of the temporal change
of the first oxygen saturation and the temporal change of the
second oxygen saturation, wherein
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the first time and the second time are determined based on
the cross-correlation function.

3. The biological signal measuring system according to
claim 1, further comprising: a notifying section which, when
the difference value is equal to or larger than a threshold, is
configured to take a given notifying state.

4. The biological signal measuring system according to
claim 3, wherein, when the first average value is smaller than
athreshold, or when the second average value is smaller than
the threshold, the notifying section is configured to take the
given notifying state irrespective of the difference value.

5. The biological signal measuring system according to
claim 1, further comprising:

a first average value displaying section which is configured

to display the first average value; and

a second average value displaying section which is config-
ured to display the second average value.

6. The biological signal measuring system according to

claim 5, further comprising;

a first notifying section which, when the first average value
1s smaller than a threshold, is configured to take a given
notifying state;

asecond notifying section which, when the second average
value is smaller than a threshold, is configured to take a
given notifying state; and

a third notifying section which, when the difference value
is equal to or larger than a threshold, is configured to take
a given notifying state.

7. The biological signal measuring system according to

claim 1, further comprising;

a heart rate acquiring section which is configured to
acquire a heart rate of the subject based on at least one of
the first signal and the second signal; and

asingle heart rate displaying section which is configured to
display the heart rate.

8. The biological signal measuring system according to
claim 7, wherein the heart rate acquiring section is configured
to select one of the first signal and the second signal which
contains a smaller amount of noises, and acquire the heart rate
based on the selected one of the first signal and the second
signal.

9. The biological signal measuring system according to
claim 7, wherein the heart rate acquiring section is configured
to acquire, as the heart rate, an average value of: the heart rate
based on the first signal; and the heart rate based on the second
signal.
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