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MEDICAL PHOTOMETER AND MEDICAL
PHOTOMETRY SYSTEM

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is based on Japanese Patent Appli-
cations No. 2017-180016 filed on Sep. 20, 2017, the con-
tents of which are incorporated herein by reference.

BACKGROUND

[0002] The presently disclosed subject matter relates to a
medical photometer, and a medical photometry system
including the medical photometer.

[0003] Japanese Patent No. 4,196,209 discloses a pulse
photometer which is an example of a medical photometer. A
pulse photometer is a device for calculating the arterial
oxygen saturation of a subject as an example of the pho-
tometry. Specifically, the tissue of the subject is irradiated
with light beams respectively having a plurality of wave-
lengths at which ratios of the extinction coeflicients of the
blood are different from each other. The quantities of the
light beams of the respective wavelengths which are trans-
mitted through or reflected from are detected. The quantities
of the light beams of the respective wavelengths are changed
in accordance with the pulsation of the blood of the subject.
[0004] Therefore, temporal changes of the quantities of
the light beams of the respective wavelengths are acquired
as pulse wave signals. The amplitude of the pulse wave
signal relating to each of the wavelengths corresponds to the
light attenuation variation at the wavelength. The arterial
oxygen saturation is calculated based on a ratio of the light
aftenuation variations at the wavelengths.

[0005] Recently, it has been known that excessive admin-
istration of oxygen to a subject imposes a burden on the
subject. In accordance with administration of oxygen, the
arterial oxygen saturation in the blood of the subject is
increased. Namely, the arterial oxygen saturation can be
used as an index of knowing the level of administration of
oxygen to the subject. When the arterial oxygen saturation
reaches 100%, however, it is difficult to determine whether
administration of oxygen is excessive.

[0006] A novel index which, when the arterial oxygen
saturation of a subject is 100%, enables to determine
whether the amount of administration of oxygen to the
subject is adequate is provided.

SUMMARY

[0007] According to an aspect of the presently disclosed
subject matter, a medical photometer includes:
[0008] a signal producing section that produces:

[0009] a first control signal that causes a first light
emitter to emit a first light beam having a first wave-
length;

[0010] asecond control signal that causes a second light
emitter to emit a second light beam having a second
wavelength;

[0011] a third control signal that causes a third light
emitter to emit a third light beam having a third
wavelength; and

[0012] a fourth control signal that causes a fourth light
emitter to emit a fourth light beam having a fourth
wavelength;
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[0013] a signal acquiring section that acquires:

[0014] afirst intensity signal corresponding to an inten-
sity of the first light beam which is transmitted through
or reflected from tissue of a subject;

[0015] a second intensity signal corresponding to an
intensity of the second light beam which is transmitted
through or reflected from the tissue;

[0016] athird intensity signal corresponding to an inten-
sity of the third light beam which is transmitted through
or reflected from the tissue; and

[0017] a fourth intensity signal corresponding to an
intensity of the fourth light beam which is transmitted
through or reflected from the tissue;

[0018] a processor; and

[0019] a memory that stores instructions executable by the
processot,

[0020] wherein the first wavelength and the second wave-

length are selected as two wavelengths at each of which an
extinction coefficient of blood in a state where an oxygen
saturation is 100% is a first value,

[0021] the third wavelength and the fourth wavelength are
selected as two wavelengths at each of which the extinction
coeflicient of the blood in a state where the oxygen satura-
tion is 100% has a second value which is different from the
first value, and,

[0022] when the instructions are executed by the proces-
sOr, a venous oxygen saturation in a state where an arterial
oxygen saturation of the subject is 100% is calculated based
on the first control signal, the second control signal, the third
control signal, the fourth control signal, the first intensity
signal, the second intensity signal, the third intensity signal,
and the fourth intensity signal.

[0023] According to another aspect of the presently dis-
closed subject matter, a medical photometry system
includes:

[0024] a first light emitter that emits a first light beam
having a first wavelength;

[0025] a second light emitter that emits a second light
beam having a second wavelength;

[0026] a third light emitter that emits a third light beam
having a third wavelength;

[0027] a fourth light emitter that emits a fourth light beam
having a fourth wavelength;

[0028] a light detector that outputs a first intensity signal
corresponding to an intensity of the first light beam that is
transmitted through or reflected from tissue of a subject, a
second intensity signal corresponding to an intensity of the
second light beam that is transmitted through or reflected
from the tissue, a third intensity signal corresponding to an
intensity of the third light beam that is transmitted through
or reflected from the tissue, and a fourth intensity signal
corresponding to an intensity of the fourth light beam that is
transmitted through or reflected from the tissue; and
[0029] a medical photometer to which the first light emit-
ter, the second light emitter, the third light emitter, the fourth
light emitter, and the light detector are connected with wire
or wireless connection,

[0030] wherein the medical photometer includes:

[0031] a signal producing section that produces a first
control signal that causes the first light emitter to emit
the first light beam, a second control signal that causes
the second light emitter to emit the second light beam,
a third control signal that causes the third light emitter
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to emit the third light beam, and a fourth control signal
that causes the fourth light emitter to emit the fourth
light beam;

[0032] a signal acquiring section that acquires the first
intensity signal, the second intensity signal, the third
intensity signal, and the fourth intensity signal;

[0033] a processor; and

[0034] a memory that stores instructions executable by
the processor,

[0035] the first wavelength and the second wavelength are
selected as two wavelengths at each of which an extinction
coeflicient of blood in a state where an oxygen saturation is
100% has a first value,

[0036] the third wavelength and the fourth wavelength are
selected as two wavelengths at each of which the extinction
coeflicient of the blood in a state where the oxygen satura-
tion is 100% has a second value that is different from the first
value, and,

[0037] when the instructions are executed by the proces-
sor, a venous oxygen saturation in a state where an arterial
oxygen saturation of the subject is 100% is calculated based
on the first control signal, the second control signal, the third
control signal, the fourth control signal, the first intensity
signal, the second intensity signal, the third intensity signal,
and the fourth intensity signal.

[0038] According to another aspect of the presently dis-
closed subject matter, a medical photometer includes:
[0039] a signal acquiring section that acquires:

[0040] a first intensity signal corresponding to an inten-
sity of a first light beam which is transmitted through or
reflected from tissue of a subject, and which has a first
wavelength;

[0041] a second intensity signal corresponding to an
intensity of a second light beam which is transmitted
through or reflected from the tissue, and which has a
second wavelength;

[0042] athird intensity signal corresponding to an inten-
sity of a third light beam which is transmitted through
or reflected from the tissue, and which has a third
wavelength; and

[0043] a fourth intensity signal corresponding to an
intensity of a fourth light beam which is transmitted
through or reflected from the tissue, and which has a
fourth wavelength;

[0044] a processor; and

[0045] a memory that stores instructions executable by the
processor,

[0046] wherein the first wavelength and the second wave-

length are selected as two wavelengths at each of which an
extinction coeflicient of blood in a state where an oxygen
saturation is 100% has a first value,
[0047] the third wavelength and the fourth wavelength are
selected as two wavelengths at each of which the extinction
coeflicient of the blood in a state where the oxygen satura-
tion is 100% has a second value that is different from the first
value, and,
[0048] when the instructions are executed by the proces-
sor, the medical photometer
[0049] acquires a first signal set including the first
intensity signal, second intensity signal, third intensity
signal, and fourth intensity signal in a state where the
tissue is not pressurized,
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[0050] acquires a second signal set including the first
intensity signal, second intensity signal, third intensity
signal, and fourth intensity signal in a state where the
tissue is pressurized, and

[0051] calculates a venous oxygen saturation in a state
where an arterial oxygen saturation of the subject is
100%, based on the first signal set and the second signal
set.

[0052] According to another aspect of the presently dis-
closed subject matter, a medical photometry system
includes:

[0053] a first light emitter that emits a first light beam
having a first wavelength;

[0054] a second light emitter that emits a second light
beam having a second wavelength;

[0055] a third light emitter that emits a third light beam
having a third wavelength;

[0056] a fourth light emitter that emits a fourth light beam
having a fourth wavelength;

[0057] a light detector that outputs a first intensity signal
corresponding to an intensity of the first light beam that is
transmitted through or reflected from tissue of a subject, a
second intensity signal corresponding to an intensity of the
second light beam that is transmitted through or reflected
from the tissue, a third intensity signal corresponding to an
intensity of the third light beam that is transmitted through
or reflected from the tissue, and a fourth intensity signal
corresponding to an intensity of the fourth light beam that is
transmitted through or reflected from the tissue; and
[0058] a medical photometer to which the first light emit-
ter, the second light emitter, the third light emitter, the fourth
light emitter, and the light detector are connected with wire
or wireless connection,

[0059] wherein the medical photometer includes:

[0060] a signal acquiring section that acquires the first
intensity signal, the second intensity signal, the third
intensity signal, and the fourth intensity signal;

[0061] a processor; and

[0062] a memory that stores instructions executable by
the processor,

[0063] the first wavelength and the second wavelength are
selected as two wavelengths at each of which an extinction
coefficient of blood in a state where an oxygen saturation is
100% has a first value.

[0064] the third wavelength and the fourth wavelength are
selected as two wavelengths at each of which the extinction
coeflicient of the blood in a state where the oxygen satura-
tion is 100% has a second value that is different from the first
value, and,

[0065] when the instructions are executed by the proces-
sor, the medical photometer

[0066] acquires a first signal set including the first
intensity signal, second intensity signal, third intensity
signal, and fourth intensity signal in a state where the
tissue is not pressurized,

[0067] acquires a second signal set including the first
intensity signal, second intensity signal, third intensity
signal, and fourth intensity signal in a state where the
tissue is pressurized, and

[0068] calculates a venous oxygen saturation in a state
where an arterial oxygen saturation of the subject is
100%, based on the first signal set and the second signal
set.
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[0069] According to the above-described modes, even
when the arterial oxygen saturation of a subject is 100%, it
is possible to determine whether the amount of administra-
tion of oxygen to the subject is adequate, based on the
calculated venous oxygen saturation. In other words, a novel
index is provided which, when the arterial oxygen saturation
of a subject is 100%, enables to determine whether the
amount of administration of oxygen to the subject is
adequate.

BRIEF DESCRIPTION OF DRAWINGS

[0070] FIG. 1 is a functional diagram illustrating a func-
tional configuration of a medical photometry system of an
embodiment.

[0071] FIG. 2 is a graph for explaining a principle of
calculating a venous oxygen saturation.

[0072] FIG. 3 is a flowchart illustrating an operation
example of a medical photometer in FIG. 1.

DETAILED DESCRIPTION OF EMBODIMENTS

[0073] Hereinafter, an embodiment will be described in
detail with reference to the accompanying drawings. FIG. 1
illustrates the functional configuration of a medical photom-
etry system 1 of the embodiment.

[0074] The medical photometry system 1 includes a first
light emitter 11, a second light emitter 12, a third light
emitter 13, a fourth light emitter 14, a light detector 20, and
a medical photometer 30.

[0075] The first light emitter 11 is configured so as to emit
a first light beam having a first wavelength A,. An example
of the first wavelength A, is 660 nm. The first light emitter
11 is a semiconductor light emitting element which emits the
first light beam. Examples of the semiconductor light emit-
ting element are a light emitting diode (LED), a laser diode,
and an organic electroluminescence (EL) element.

[0076] The second light emitter 12 is configured so as to
emit a second light beam having a second wavelength A,. An
example of the second wavelength A, is 700 nm. The second
light emitter 12 is a semiconductor light emitting element
which emits the second light beam. Examples of the semi-
conductor light emitting element are a light emitting diode
(LED), a laser diode, and an organic electroluminescence
(EL) element.

[0077] The third light emitter 13 is configured so as to emit
a third light beam having a third wavelength A;. An example
of the third wavelength A, is 645 nm. The third light emitter
13 is a semiconductor light emitting element which emits the
third light beam. Examples of the semiconductor light
emitting element are a light emitting diode (LED), a laser
diode, and an organic electroluminescence (EL) element.
[0078] The fourth light emitter 14 is configured so as to
emit a fourth light beam having a fourth wavelength 2. An
example of the fourth wavelength A, is 730 nm. The fourth
light emitter 14 is a semiconductor light emitting element
which emits the fourth light beam. Examples of the semi-
conductor light emitting element are a light emitting diode
(LED), a laser diode, and an organic electroluminescence
(EL) element.

[0079] The light detector 20 is an optical sensor having
sensitivities to the first wavelength A, the second wave-
length A, the third wavelength A, and the fourth wave-
length A,. The light detector may be configured so as to
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further have sensitivities to other wavelengths. Examples of
the optical sensor are a photodiode, a phototransistor, and a
photoresistor.

[0080] The light detector 20 is configured so as to output
a first intensity signal S, corresponding to the intensity I; of
the first light beam which is transmitted through or reflected
from tissue of a subject. The fingertip or earlobe of the
subject may be used as an example of the tissue. The light
detector 20 is configured so as to output a second intensity
signal S_, corresponding to the intensity I, of the second
light beam which is transmitted through or reflected from the
tissue. The light detector 20 is configured so as to output a
third intensity signal S _; corresponding to the intensity I; of
the third light beam which is transmitted through or reflected
from the tissue. The light detector 20 is configured so as to
output a fourth intensity signal S,, corresponding to the
intensity 1, of the fourth light beam which is transmitted
through or reflected from the tissue.

[0081] The medical photometer 30 has wired or wireless
connections to the first light emitter 11, the second light
emitter 12, the third light emitter 13, the fourth light emitter
14, and the light detector 20. The medical photometer 30
includes a signal producing section 31, a signal acquiring
section 32, and a controller 33.

[0082] The signal producing section 31 is configured so as
to produce a first control signal S;;, a second control signal
Sit, a third control signal S5, and a fourth control signal S,,.
The first control signal S;; causes the first light emitter 11 to
emit the first light beam at a first intensity 1,,. The second
control signal Sit causes the second light emitter 12 to emit
the second light beam at a second intensity I,,. The third
control signal S,; causes the third light emitter 13 to emit the
third light beam at a third intensity Iy5. The fourth control
signal S, causes the fourth emitter 14 to emit the fourth light
beam at a fourth intensity 1,,. The signal producing section
31 includes a circuit which produces the first control signal
S,;, the second control signal S, the third control signal S5,
and the fourth control signal S, in accordance with instruc-
tions from the controller 33, and an interface for outputting
these signals.

[0083] The signal acquiring section 32 is configured so as
to acquire the first intensity signal S_,, the second intensity
signal S_,, the third intensity signal S_;, and the fourth
intensity signal S_, which are output from the light detector
20. The signal acquiring section 32 includes an interface
which receives inputs of the first intensity signal S,,, the
second intensity signal S_,, the third intensity signal S_,, and
the fourth intensity signal S_,, and a signal transmission
circuit which transmits the signals to the controller 33.

[0084] The controller 33 is communicable with the signal
producing section 31 and the signal acquiring section 32.
The controller 33 can include one or more processor 331 and
one or more memory 332.

[0085] Examples of the processor 331 include a CPU and
an MPU. The memory 332 is configured so as to store
instructions which may be executed by the processor 331.
Bxamples of the memory 332 include a ROM which stores
various instructions, and a RAM having a work area in
which various instructions to be executed by the processor
331 are stored.

[0086] When instructions stored in the memory 332 are
executed by the processor 331, the medical photometer 30
executes the following process.
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[0087] The controller 33 causes the signal producing sec-
tion 31 to produce the first control signal S;,. Therefore, the
first light emitter 11 emits the first light beam having the first
wavelength A, at the first intensity ;. The light detector 20
receives the first light beam which is transmitted through or
reflected from the tissue of the subject, and outputs the first
intensity signal S_, corresponding to the intensity I, of the
first light beam. The controller 33 causes the signal acquit-
ing section 32 to acquire the first intensity signal S_,.
[0088] A light attenuation (first light attenuation) A, of the
first light beam by transmission through or reflection from
the tissue 1s acquired based on the first intensity signal S,,.
The first light attenuation A, is expressed by the following
expression. Namely, the first light attenuation A, may be
acquired based on the first control signal S,; and the first
intensity signal S,;.

4,=Inlo, 1)) M

[0089] The controller 33 causes the signal producing sec-
tion 31 to produce the second control signal S,,. Therefore,
the second light emitter 12 emits the second light beam
having the second wavelength A, at the second intensity I,.
The light detector 20 receives the second light beam which
is transmitted through or reflected from the tissue of the
subject, and outputs the second intensity signal S_, corre-
sponding to the intensity I, of the second light beam. The
controller 33 causes the signal acquiring section 32 to
acquire the second intensity signal S_,.

[0090] A light attenuation (second light attenuation) A, of
the second light beam due to transmission through or
reflection from the tissue is acquired based on the second
intensity signal S_,. The second light attenuation A, is
expressed by the following expression. Namely, the second
light attenuation A, may be acquired based on the second
control signal S,, and the second intensity signal S,,.

A>=Inlo/l2) @

[0091] The first light attenuation A; and the second light
attenuation A, may be expressed by the following expres-
sions, respectively:

A=(E,-Hb-D+E, -Hb-D A, D) )
Ay~(E o Hb-D+E - Hh-DA%,5°D)) )
[0092] In the above expressions, E, indicates the extinc-

tion coefficient (dl g™' em™) of the arterial blood, E,
indicates the extinction coefficient (dI g=' e¢m™) of the
venous blood, and Z, indicates the absorption coeflicient
(cm™") due to tissue other than the blood. The suffix “1”
indicates the first light beam, and the suffix “2” indicates the
second light beam. Hb indicates the hemoglobin concentra-
tion in blood (g dI™!), D, indicates the thickness (cm) of the
arterial blood, D, indicates the thickness (cm) of the venous
blood, and D, indicates the thickness (cm) of the tissue other
than the blood.

[0093] In Expressions (3)and (4), namely, the first term of
the right side corresponds to the extent of contribution of the
arterial blood of the subject to the light attenuation, the
second term of the right side corresponds to the extent of
contribution of the venous blood of the subject to the light
attenuation, and the third term of the right side corresponds
to the extent of contribution of the tissue of the subject other
than the blood to the light attenuation.

[0094] FIG. 2illustrates the wavelength dependency of the
extinction coefficient of the blood in a state where the
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oxygen saturation is 100%. In the embodiment, the first
wavelength A, (660 nm) and the second wavelength A, (700
nm) are selected as two wavelengths at which the extinction
coeflicients of the blood in a state where the oxygen satu-
ration is 100% have first values that are substantially equal
to each other.

[0095] Under conditions that the oxygen saturation of the
blood of the subject is 100%, namely, E,, and E_, in
Expressions (3) and (4) may be deemed to be approximately
equal to each other. When also 2, and %, are deemed to be
approximately equal to each other, the following expression
is obtained:

4\-dy=E, - Hb-D~E ,-Hb-D ==, |-E))Hb'D, G

[0096] From Expressions (1) and (2), the left side of
Expression (5) may be rewritten as follows:

In(5/0)~In{loy/ T ) =(E,, | -E.2)HDD, (6)

[0097] In Expression (6), the first term of the left side
corresponds to the ratio of the first intensity signal S,; and
second intensity signal S,, which are acquired by the signal
acquiring section 32. The values of I,, and I, are already
known, and therefore the second term of the lefi side is
constant. When first and second light beams are selected as
two beams for which the extinction coeflicients of the blood
in a state where the oxygen saturation is 100% are substan-
tially equal to each other, namely, it is possible to offset
influences on extinction due to the arterial blood and the
tissue relating to the first and second light beams.

[0098] The controller 33 causes the signal producing sec-
tion 31 to produce the third control signal S,;. Therefore, the
third light emitter 13 emits the third light beam having the
third wavelength A,, at the third intensity I,,. The light
detector 20 receives the third light beam which is transmit-
ted through or reflected from the tissue of the subject, and
outputs the third intensity signal S_; corresponding to the
intensity I, of the third light beam. The controller 33 causes
the signal acquiring section 32 to acquire the third intensity
signal S_;.

[0099] A light attenuation (third light attenuation) A, of
the third light beam due to transmission through or reflection
from the tissue is acquired based on the third intensity signal
S,;. The third light attenuation A, is expressed by the
following expression. Namely, the third light attenuation A,
may be acquired based on the third control signal S ; and the
third intensity signal S,5.

43=Inlo3/13) M

[0100] The controller 33 causes the signal producing sec-
tion 31 to produce the fourth control signal S,. Therefore,
the fourth light emitter 14 emits the fourth light beam having
the fourth wavelength A,, at the fourth intensity I,,. The
light detector 20 receives the fourth light beam which is
transmitted through or reflected from the tissue of the
subject, and outputs the fourth intensity signal S, corre-
sponding to the intensity 1, of the fourth light beam. The
controller 33 causes the signal acquiring section 32 to
acquire the fourth intensity signal S,_,.

[0101] A light attenuation (fourth light attenuation) A, of
the fourth light beam due to transmission through or reflec-
tion from the tissue is acquired based on the fourth intensity
signal S,,. The fourth light attenuation A, is expressed by
the following expression. Namely, the fourth light attenua-
tion A, may be acquired based on the fourth control signal
S, and the forth intensity signal S,,.

A4=Inloy/1y) ®)
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[0102] The third light attenuation A; and the fourth light
attenuation A, may be expressed by the following expres-
sions, respectively:

A3=(E " Hb-D +E 5 Hb-D 45,5°D)) ©)
A4~(E g Hb-D +E, s HbD 4Z4°D) 10)
[0103] In the above expressions, F indicates the extinc-

tion coefficient (dl g™' em™) of the arterial blood, E,
indicates the extinction coefficient (dI g™' e¢m™) of the
venous blood, and X, indicates the absorption coefficient
(em™) due to tissue other than the blood. The suffix “3”
indicates the third light beam, and the suffix “4” indicates the
fourth light beam. Hb indicates the hemoglobin concentra-
tion in blood (g dI™"), D, indicates the thickness (cm) of the
arterial blood, D, indicates the thickness (cm) of the venous
blood. and D, indicates the thickness (cm) of the tissue other
than the blood.

[0104] In Expressions (9) and (10), namely, the first term
of the right side corresponds to the extent of contribution of
the arterial blood of the subject to the light attenuation, the
second term of the right side corresponds to the extent of
contribution of the venous blood of the subject to the light
attenuation, and the third term of the right side corresponds
to the extent of contribution of the tissue of the subject other
than the blood to the light attenuation.

[0105] As illustrated in FIG. 2, the third wavelength A,
(645 nm) and the fourth wavelength A, (730 nm) are selected
as two wavelengths at which the extinction coefficients of
the blood in a state where the oxygen saturation is 100%
have second values that are substantially equal to each other.
The second values are different from the above-described
first values.

[0106] Under the conditions that the oxygen saturation of
the blood of the subject is 100%, namely, E_; and E_, in
Expressions (9) and (10) may be deemed to be approxi-
mately equal to each other. When also 2 ; and 2, are deemed
to be approximately equal to each other, the following
expression is obtained:

A3-Ay~E,"Hb D ~E, Hb-D,~(E,5~E,)HbD, an

[0107] From Expressions (7) and (8), the left side of
Expression (11) may be rewritten as follows:

In(Zy/L3)-In(loa/Tos}=(E,3~E,)Hb D, 12)

[0108] In Expression (12), the first term of the left side
corresponds to the ratio of the third intensity signal S_; and
fourth intensity signal S, which are acquired by the signal
acquiring section 32. The values of 1, and I, are already
known, and therefore the second term of the left side is
constant. When first and second light beams are selected as
two beams for which the extinction coefficients of the blood
in a state where the oxygen saturation is 100% are substan-
tially equal to each other, namely, it is possible to offset
influences on extinction due to the arterial blood and the
tissue relating to the third and fourth light beams.

[0109] From Expressions (6) and (12), moreover, the
following expression is obtained:

(In{Za/I3)-Inllo/To3) ) [In{o/ )~ Inlox 1o ) [=(E\3-E,4)/
E.) (13)

[0110] When two sets of two light beams for which the
extinction coefficients of the blood in a state where the
oxygen saturation is 100% are substantially equal to each

vl
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other are used, namely, it is possible to offset influences on
extinction due to at least one of the thickness variation of the
venous blood and the variation of the hemoglobin concen-
tration in blood. The venous oxygen saturation of the subject
may be expressed as the function of the right side of
Expression (13).

[0111] When instructions stored in the memory 332 are
executed by the processor 331, the medical photometer 30
calculates the venous oxygen saturation in a state where the
arterial oxygen saturation of the subject is 100%, based on
the first control signal S,,, the second control signal S,,, the
third control signal S;5. the fourth control signal S, ,, the first
intensity signal S,,, the second intensity signal S_,, the third
intensity signal S5, and the fourth intensity signal S,,.
[0112] According to the configuration, even when the
arterial oxygen saturation of a subject is 100%, it is possible
to determine whether the amount of administration of oxy-
gen to the subject is adequate, based on the calculated
venous oxygen saturation. In other words, a novel index is
provided which, when the arterial oxygen saturation of a
subject is 100%, enables to determine whether the amount of
administration of oxygen to the subject is adequate.

[0113] Although not illustrated, the medical photometer
30 includes a notifying section. The notifying section noti-
fies the user of the calculated venous oxygen saturation by
using at least one of visual notification, audible notification,
and haptic notification. The notifying section may be con-
figured so as to perform the notification only in the case
where the calculated venous oxygen saturation suggests
excessive administration of oxygen to the subject.

[0114] As illustrated by the broken line in FIG. 1, the
medical photometer 30 may be connected to an oxygen
administration apparatus 40 with wire or wireless connec-
tion. The oxygen administration apparatus 40 is an apparatus
for administrating oxygen to the subject. In this case, the
medical photometer 30 may cause the signal producing
section 31 to produce a control signal S which controls the
operation of the oxygen administration apparatus 40, based
on the calculated venous oxygen saturation.

[0115] In the case where the calculated venous oxygen
saturation suggests insufficient administration of oxygen, for
example, the signal producing section 31 is caused to
produce a control signal which controls the oxygen admin-
istration apparatus 40 so as to increase the amount of
administration of oxygen. In the case where the calculated
venous oxygen saturation suggests excessive administration
of oxygen, the signal producing section 31 is caused to
produce a control signal which controls the oxygen admin-
istration apparatus 40 so as to decrease the amount of
administration of oxygen.

[0116] According to the configuration, adequate adminis-
tration of oxygen under a situation where the arterial oxygen
saturation of a subject is 100% can be automated.

[0117] JP-A-2014-147473 discloses a technique in which
an influence on extinction due to the tissue of the subject in
calculation of the arterial oxygen saturation is eliminated by
pressurizing the tissue to evacuate the blood. Specifically,
the tissue of the subject is irradiated by first and second light
beams of different wavelengths. In a first state where the
tissue is not pressurized, received light intensities of the first
and second light beams are acquired. In a second state where
the tissue is pressurized, then, received light intensities of
the first and second light beams are acquired. A first light
attenuation is acquired from the received light intensity of
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the first light beam which is acquired in the first state, and
that of the first light beam which is acquired in the second
state. A second light attenuation is acquired from the
received light intensity of the second light beam which is
acquired in the first state, and that of the second light beam
which is acquired in the second state. The arterial oxygen
saturation of the subject is calculated based on the difference
between the first light attenuation and the second light
attenuation.

[0118] Referring to the technique, Expressions (1), (2),

(7), and (8) may be rewritten respectively as follows:
4,=In(l,,/1,) (14)
Ay=In(l,,/15) (15)
Ay=In{T53/1,5) (16)
A, ~In(L 1) amn

In the above, 1,,, 1,,, 1,5, and I, , indicate the intensities of
the first, second, third, and fourth light beams which are
acquired by the light detector 20 in a first state, respectively,
and I,,, I5,, 1,5, and 1,, indicate the intensities of the first,
second, third, and fourth light beams which are acquired by
the light detector 20 in a second state, respectively. The first
state corresponds to a state where the tissue of the subject is
not pressurized. The second state corresponds to a state
where the tissue of the subject is pressurized.

[0119] Expression (18) is obtained based on the descrip-
tion referring to Expressions (3) to (6). Similarly, Expression

(19) is obtained based on the description referring to Expres-
sions (9) to (12).

Il /1, )~ Inl5o/s )=(E,, | -E,2)Hb'D, (18)
Il /1y3)-In(loa/D3)=(E,1~E ) Hb D, 19
[0120] Then, the following expression is obtained based

on the description referring to Expression (13):

(Intyo713)-In(Gu/Da)V (N 1o/ )= In(h/ 1o )]=(E, 3~
E)(E,1-E) 20

[0121] The intensity I, ofthe first light beam, intensity I,
of the second light beam, intensity 1, ; of the third light beam,
and intensity I, , of the fourth light beam which are acquired
by the light detector 20 in the first state correspond to the
first intensity signal S_,, the second intensity signal S, ,, the
third intensity signal S_;, and the fourth intensity signal S_,
which are acquired from the light detector 20 in the first
state, respectively. The intensity I,, of the first light beam,
intensity I,, of the second light beam, intensity 1,5 of the
third light beam, and intensity I,, of the fourth light beam
which are acquired by the light detector 20 in the second
state correspond to the first intensity signal S,,, the second
intensity signal S_,, the third intensity signal S_;, and the
fourth intensity signal S_, which are acquired from the light
detector 20 in the second state, respectively.

[0122] Therefore, the venous oxygen saturation in a state
where the arterial oxygen saturation of the subject is 100%
may be calculated based on: a first signal set including the
first intensity signal S, the second intensity signal S, the
third intensity signal S_,, and the fourth intensity signal S_,
which are acquired in the first state; and a second signal set
including the first intensity signal S,;, the second intensity
signal S_,, the third intensity signal S_;, and the fourth
intensity signal S_, which are acquired in the second state.
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FIG. 3 illustrates an example of the operation of the medical
photometer 30 which is based on the technique.

[0123] In the state where the tissue is not pressurized,
firstly, the first signal set including the first intensity signal
S,,, the second intensity signal S_,, the third intensity signal
S,s, and the fourth intensity signal S, is acquired (STEP 1).
[0124] Then, the tissue is pressurized (STEP 2). The
pressurization may be performed by the hand of the user, or
by a cuff

[0125] In the case where the pressurization is performed
by the hand of the user, it is preferable to notify the user of
the timing of the pressurization by using at least one of
visual notification, audible notification, and haptic notifica-
tion. The notification may function as a trigger for the
medical photometer 30 to acquire the second signal set.
Alternatively, the user may input the timing of pressurization
to the medical photometer 30 by operating a button or the
like.

[0126] In the case where the pressurization is performed
by a cuff, the medical photometer 30 may include a pressure
controller which controls the internal pressure of the cuff.
The pressure controller may include a pump. The operation
of the pressure controller may be controlled by the controller
33. The pressurization by the cuff may be performed in
response to, for example, a button operation conducted by
the user, or automatically by the controller 33.

[0127] In the state where the tissue is pressurized, the
second signal set including the first intensity signal S, ,, the
second intensity signal S ,, the third intensity signal S, and
the fourth intensity signal S_, is acquired (STEP 3).
[0128] Then, the venous oxygen saturation in a state
where the arterial oxygen saturation of the subject is 100%
is calculated based on the acquired first and second signal
sets (STEP 4).

[0129] According to the configuration, simply by chang-
ing the pressurization state of the tissue, the venous oxygen
saturation in a state where the arterial oxygen saturation of
the subject is 100% may be calculated based on only the first
intensity signal S,,, the second intensity signal S, the third
intensity signal S_;, and the fourth intensity signal S, which
are acquired from the light detector 20. Even when the
arterial oxygen saturation of a subject is 100%, namely, it is
possible to determine whether the amount of administration
of oxygen to the subject is adequate, based on the calculated
venous oxygen saturation.

[0130] In the example, the state where the tissue is not
pressurized corresponds to the first signal set, and the state
where the tissue is pressurized corresponds to the second
signal set. Alternatively, the state where the tissue is pres-
surized may correspond to the first signal set, and the state
where the tissue 1s not pressurized may correspond to the
second signal set.

[0131] The above-described embodiment is a mere
example for facilitating understanding of the presently dis-
closed subject matter. The configuration of the embodiment
may be adequately changed or improved without departing
from the spirit of the presently disclosed subject matter. It is
obvious that equivalents are included within the technical
scope of the presently disclosed subject matter.

[0132] In the above-described embodiment, 660 nm and
700 nm are selected as the set of the first wavelength A, and
the second wavelength A, and 645 nm and 730 nm are
selected as the set of the third wavelength A, and the fourth
wavelength A,. However, at least one of the two sets may be
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changed to arbitrary two wavelengths at which the extinc-
tion coeflicients of the blood in a state where the oxygen
saturation is 100% are substantially equal to each other.
[0133] Only the configuration for calculating the venous
oxygen saturation of a subject is disposed in the above-
described embodiment. However, a configuration for calcu-
lating the arterial oxygen saturation of the subject may be
disposed. In this case, at least one of components (light
emitters, a light detector, a signal producing section, a signal
acquiring section, a controller, and the like) may be shared
with a corresponding component in the embodiment and for
calculating the venous oxygen saturation. The value of the
calculated arterial oxygen saturation may be used for deter-
mining insuflicient administration of oxygen to the subject.

What is claimed is:

1. A medical photometer comprising:

a signal producing section configured to produce:

a first control signal that causes a first light emitter to
emit a first light beam having a first wavelength;

a second control signal that causes a second light
emitter to emit a second light beam having a second
wavelength;

a third control signal that causes a third light emitter to
emit a third light beam having a third wavelength;
and

a fourth control signal that causes a fourth light emitter
to emit a fourth light beam having a fourth wave-
length;

a signal acquiring section configured to acquire:

a first intensity signal corresponding to an intensity of
the first light beam which is transmitted through or
reflected from tissue of a subject;

a second intensity signal corresponding to an intensity
of the second light beam which is transmitted
through or reflected from the tissue;

a third intensity signal corresponding to an intensity of
the third light beam which is transmitted through or
reflected from the tissue; and

a fourth intensity signal corresponding to an intensity
of the fourth light beam which is transmitted through
or reflected from the tissue;

a processor; and

a memory that stores instructions executable by the pro-
Cessor,

wherein the first wavelength and the second wavelength
are selected as two wavelengths at each of which an
extinction coefficient of blood in a state where an
oxygen saturation is 100% has a first value,

the third wavelength and the fourth wavelength are
selected as two wavelengths at each of which the
extinction coefficient of the blood in a state where the
oxygen saturation is 100% has a second value which is
different from the first value, and,

when the instructions are executed by the processor, a
venous oxygen saturation in a state where an arterial
oxygen saturation of the subject is 100% is calculated
based on the first control signal, the second control
signal, the third control signal, the fourth control signal,
the first intensity signal, the second intensity signal, the
third intensity signal, and the fourth intensity signal.

2. The medical photometer according to claim 1, wherein

the first wavelength is 660 nm,

the second wavelength is 700 nm,
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the third wavelength is 645 nm, and

the fourth wavelength is 730 nm.

3. The medical photometer according to claim 1, wherein,
when the instructions are executed by the processor, the
signal producing section is caused to produce a control
signal which controls an operation of an oxygen adminis-
tration apparatus for administrating oxygen to the subject,
based on the calculated venous oxygen saturation.

4. A medical photometry system comprising:

a first light emitter that emits a first light beam having a

first wavelength;

a second light emitter that emits a second light beam
having a second wavelength;

a third light emitter that emits a third light beam having
a third wavelength;

a fourth light emitter that emits a fourth light beam having
a fourth wavelength;

a light detector that outputs a first intensity signal corre-
sponding to an intensity of the first light beam that is
transmitted through or reflected from tissue of a sub-
ject, a second intensity signal corresponding to an
intensity of the second light beam that is transmitted
through or reflected from the tissue, a third intensity
signal corresponding to an intensity of the third light
beam that is transmitted through or reflected from the
tissue, and a fourth intensity signal corresponding to an
intensity of the fourth light beam that is transmitted
through or reflected from the tissue; and

a medical photometer to which the first light emitter, the
second light emitter, the third light emitter, the fourth
light emitter, and the light detector are connected with
wire or wireless connection,

wherein the medical photometer includes:

a signal producing section configured to produce a first
control signal that causes the first light emitter to
emit the first light beam, a second control signal that
causes the second light emitter to emit the second
light beam, a third control signal that causes the third
light emitter to emit the third light beam, and a fourth
control signal that causes the fourth light emitter to
emit the fourth light beam;

a signal acquiring section configured to acquire the first
intensity signal, the second intensity signal, the third
intensity signal, and the fourth intensity signal;

a processor; and

a memory that stores instructions executable by the
processor,

the first wavelength and the second wavelength are
selected as two wavelengths at each of which an
extinction coefficient of blood in a state where an
oxygen saturation is 100% has a first value,

the third wavelength and the fourth wavelength are
selected as two wavelengths at each of which the
extinction coefficient of the blood in a state where the
oxygen saturation is 100% has a second value that is
different from the first value, and,

when the instructions are executed by the processor, a
venous oxygen saturation in a state where an arterial
oxygen saturation of the subject is 100% is calculated
based on the first control signal, the second control
signal, the third control signal, the fourth control signal,
the first intensity signal, the second intensity signal, the
third intensity signal, and the fourth intensity signal.
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5. A medical photometer comprising:

a signal acquiring section configured to acquire:

a first intensity signal corresponding to an intensity of
a first light beam which is transmitted through or
reflected from tissue of a subject, and which has a
first wavelength;

a second intensity signal corresponding to an intensity
of a second light beam which is transmitted through
or reflected from the tissue, and which has a second
wavelength;

a third intensity signal corresponding to an intensity of
a third light beam which is transmitted through or
reflected from the tissue, and which has a third
wavelength; and

a fourth intensity signal corresponding to an intensity
of a fourth light beam which is transmitted through
or reflected from the tissue, and which has a fourth
wavelength;

a processor; and

a memory that stores instructions executable by the pro-

Cessor,

wherein the first wavelength and the second wavelength

are selected as two wavelengths at each of which an

extinction coeflicient of blood in a state where an
oxygen saturation is 100% has a first value,

the third wavelength and the fourth wavelength are

selected as two wavelengths at each of which the

extinction coeflicient of the blood in a state where the
oxygen saturation is 100% has a second value that is
different from the first value, and,

when the instructions are executed by the processor, the

medical photometer

acquires a first signal set including the first intensity
signal, second intensity signal, third intensity signal,
and fourth intensity signal in a state where the tissue
is not pressurized,

acquires a second signal set including the first intensity
signal, second intensity signal, third intensity signal,
and fourth intensity signal in a state where the tissue
is pressurized, and

calculates a venous oxygen saturation in a state where
an arterial oxygen saturation of the subject is 100%,
based on the first signal set and the second signal set.

6. The medical photometer according to claim 5, wherein

the first wavelength is 660 nm,

the second wavelength is 700 nm,

the third wavelength is 645 nm, and

the fourth wavelength is 730 nm.

7. The medical photometer according to claim 5 further
comprising a signal producing section that produces a con-
trol signal which controls an operation of an oxygen admin-
istration apparatus for administrating oxygen to the subject,
and,

when the instructions are executed by the processor, the

signal producing section is caused to produce the

control signal, based on the calculated venous oxygen
saturation.
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8. A medical photometry system comprising:

a first light emitter that emits a first light beam having a
first wavelength;

a second light emitter that emits a second light beam
having a second wavelength;

a third light emitter that emits a third light beam having
a third wavelength;

a fourth light emitter that emits a fourth light beam having
a fourth wavelength;

a light detector that outputs a first intensity signal corre-
sponding to an intensity of the first light beam that is
transmitted through or reflected from tissue of a sub-
ject, a second intensity signal corresponding to an
intensity of the second light beam that is transmitted
through or reflected from the tissue, a third intensity
signal corresponding to an intensity of the third light
beam that is transmitted through or reflected from the
tissue, and a fourth intensity signal corresponding to an
intensity of the fourth light beam that is transmitted
through or reflected from the tissue; and

a medical photometer to which the first light emitter, the
second light emitter, the third light emitter, the fourth
light emitter, and the light detector are connected with
wire or wireless connection,

wherein the medical photometer includes:

a signal acquiring section configure to acquire the first
intensity signal, the second intensity signal, the third
intensity signal, and the fourth intensity signal;

a processor; and

a memory that stores instructions executable by the
processor,

the first wavelength and the second wavelength are
selected as two wavelengths at each of which an
extinction coefficient of blood in a state where an
oxygen saturation is 100% has a first value,

the third wavelength and the fourth wavelength are
selected as two wavelengths at each of which the
extinction coefficient of the blood in a state where the
oxygen saturation is 100% has a second value that is
different from the first value, and,

when the instructions are executed by the processor, the
medical photometer
acquires a first signal set including the first intensity

signal, second intensity signal, third intensity signal,
and fourth intensity signal in a state where the tissue
1s not pressurized,

acquires a second signal set including the first intensity
signal, second intensity signal, third intensity signal,
and fourth intensity signal in a state where the tissue
is pressurized, and

calculates a venous oxygen saturation in a state where
an arterial oxygen saturation of the subject is 100%,
based on the first signal set and the second signal set.

* #* * #* #®
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