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FIG. 2 (A)
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1
PULSE PHOTOMETER AND METHOD FOR
CALCULATING CONCENTRATION OF
LIGHT ABSORBER IN BLOOD

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application is based upon and claims the benefit of
priority from prior Japanese patent applications No. 2015-
042600, filed on Mar. 4, 2015, and No. 2016-008856, filed
on Jan. 20, 2016, the entire contents of which are incorpo-
rated herein by reference.

BACKGROUND

The presently disclosed subject matter relates to a pulse
photometer for calculating the concentration of a light
absorption material in blood of a subject (hereinafter, the
concentration is often referred to as “blood light absorber
concentration”), and a method for calculating the blood light
absorber concentration by using the pulse photometer.

A pulse photometer is an apparatus which measures the
blood light absorber concentration of the subject. Specifi-
cally, the living tissue of the subject is irradiated with light
beams at a plurality of wavelengths which have different
ratios of the blood light absorbances depending on the blood
light absorber concentration. The intensities of the light
beams at the wavelengths transmitted through or reflected
from the living tissue are detected. The intensities at the
wavelengths are changed in accordance with the pulsation of
the blood in the subject. Therefore, temporal changes of the
intensities at the wavelengths due to the pulsation are
acquired in the form of a pulse wave signal. The amplitudes
of pulse wave signals with respect to waveforms correspond
to light attenuation variations with respect to the waveforms,
respectively. The blood light absorber concentration calcu-
lated based on a ratio of light attenuation variations with
respect to waveforms (for example, see Japanese Patent No.
4,196,209).

As an example of the blood light absorber concentration,
known is the arterial oxygen saturation (hereinafter, referred
to as the Sa02) which is used as an index of oxygenation of
blood. In order to obtain the value of the Sa02, an invasive
measurement must be performed. Therefore, the transcuta-
neous arterial oxygen saturation (hereinafter, referred to as
the SpO2) which can be non-invasively calculated is widely
used as the index. The SpO2 is measured by a pulse oximeter
which is an example of a pulse photometer.

Ideally, the value of the calculated SpO?2 is equal to that
of the actual SaO2. However, it is known that the values are
different from each other under certain conditions. In the
case where the pulse wave signal has a low amplitude,
particularly, the value of the SpO2 tends to be calculated to
be higher than that of the actual SaO2. In this case, a
situation where, even when the value of the SpO?2 indicates
the normal condition of the subject, the subject actually
suffers hypoxemia is possibly caused.

SUMMARY

The presently disclosed subject matter may provide an
apparatus and a method to improve the accuracy of a blood
light absorber concentration which is non-invasively calcu-
lated.

There may be provided a pulse photometer comprising: a
first variation acquirer which is configured to acquire a first
variation corresponding to a light attenuation variation of a
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first light beam due to pulsation of blood in a subject, based
on a first intensity signal corresponding to an intensity of the
first light beam that is transmitted through or reflected from
a body of the subject, and that has a first wavelength; a
second variation acquirer which is configured to acquire a
second variation corresponding to a light attenuation varia-
tion of a second light beam due to the pulsation of the blood
in the subject, based on a second intensity signal corre-
sponding to an intensity of the second light beam that is
transmitted through or reflected from the body of the subject,
and that has a second wavelength; and a concentration
calculator which is configured to calculate a blood light
absorber concentration, based on the first variation and the
second variation, the second variation containing a first
offset which is based on an inverse of the light attenuation
variation of the first light beam.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating the functional
configuration of a pulse oximeter of a first embodiment.

FIGS. 2(A) and 2(B) are views illustrating the operation
of the pulse oximeter of FIG. 1.

FIG. 3 is a block diagram illustrating the functional
configuration of a pulse oximeter of a second embodiment.

FIGS. 4(A) and 4(B) are views illustrating the operation
of the pulse oximeter of FIG. 3.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Hereinafter, embodiments will be described in detail with
reference to the accompanying drawings. FIG. 1 is a block
diagram illustrating the functional configuration of a pulse
oximeter 1 (an example of the pulse photometer) of a first
embodiment. The pulse oximeter 1 is an apparatus which
measures the SpO2 of a subject 2. The SpO2 indicates a ratio
(an example of the blood light absorber concentration) of
oxyhemoglobin (an example of the blood light absorber) to
the amount of hemoglobin capable of carrying oxygen.

The pulse oximeter 1 can include a first light emitter 11.
The first light emitter 11 is configured so as to emit a first
light beam having a first wavelength 21. Examples of the
first wavelength A1 are 880 nm and 940 nm (examples of the
infrared light beam). For example, the first light emitter 11
is a semiconductor light emitting device which can emit the
first light beam. Examples of the semiconductor light emit-
ting device are a light emitting diode (LED), a laser diode,
and an organic electroluminescence.

The pulse oximeter 1 can include a second light emitter
12. The second light emitter 12 is configured so as to emit
a second light beam having a second wavelength A2.
Examples of the second wavelength A2 are 630 nm and 660
nm (examples of the red light beam). For example, the
second light emitter 12 is a semiconductor light emitting
device which can emit the second light beam. Examples of
the semiconductor light emitting device are a light emitting
diode (LED), a laser diode, and an organic electrolumines-
cence.

The pulse oximeter 1 can include a light detector 20. The
light detector 20 is configured so as to output a first intensity
signal 11 in accordance with the intensity of the first light
beam transmitted through or reflected from the body of the
subject 2. Moreover, the light detector 20 is configured so as
to output a second intensity signal 12 in accordance with the
intensity of the second light beam transmitted through or
reflected from the body of the subject 2. For example, the
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light detector 20 is an optical sensor having a sensitivity to,
for example, the first wavelength A1 and the second wave-
length A2. Examples of the optical sensor are a photodiode,
a phototransistor, and a photoresistor.

The pulse oximeter 1 can include a first variation acquirer
31. The first variation acquirer 31 is configured so as to
acquire a light attenuation variation AA1 of the first light
beam due to the blood pulsation of the subject 2 based on a
temporal change of the first intensity signal I1 output from
the light detector 20. The light attenuation variation AA1 of
the first light beam is expressed by the following expression:

Ad1=In [T1/(T1-AID)]~ATL/TL )

where All indicates the variation of the first intensity
signal I1 due to the blood pulsation of the subject 2.

The pulse oximeter 1 can include a second variation
acquirer 32. The second variation acquirer 32 is configured
so as to acquire a light attenuation variation AA2 of the
second light beam due to the blood pulsation of the subject
2 based on a temporal change of the second intensity signal
12 output from the light detector 20. The light attenuation
variation AA2 of the second light beam is expressed by the
following expression:

Ad2=In [I2/(I2-AI2)]~AI/D @

where AI2 indicates the variation of the second intensity
signal 12 due to the blood pulsation of the subject 2.

As described above, in the case where the pulse wave
signal has a low amplitude, particularly, the value of the
SpO2 acquired by the pulse oximeter tends to be higher than
that of the arterial oxygen saturation (hereinafter, referred to
as the Sa02) which is invasively acquired. The inventors
have focused on the light attenuation variation AA1 of the
first light beam corresponding to the amplitude of the pulse
wave signal, and investigated a relationship between the
variation and the difference between the value of the SpO2
and that of the Sa02.

FIG. 2(A) illustrates results of the investigation. The
abscissa represents the inverse of the light attenuation varia-
tion AALl of the first light beam. Therefore, the figure
illustrates a situation where the larger the value, the lower
the amplitude of the pulse wave signal. The ordinate repre-
sents the difference between the value of the SpO2 and that
of the Sa02. Namely, the ordinate indicates the bias con-
tained in the value of the acquired SpO2. The inventors have
found that the inverse of the light attenuation variation AA1
of the first light beam and the bias contained in the value of
the acquired SpO2 are in proportional relationships. That is,
the following expression is obtained:

Sp02-Sa02=-k1/Ad1 (3)
where k1 is a proportional constant.

The value of the SaO2 can be regarded as a reference
value for the SpO2 acquired by the pulse oximeter. From
Expression (3), the reference value can be expressed by the
following expression:

5a02=SpO2+(k1/A41) (©)

Namely, the right side of Expression (3) can be regarded
as an offset necessary for obtaining the accurate value of the
SpO2. According to Expression (4), it is seen that the
reference value is obtained by adding the offset to the value
of the SpO2 acquired by the pulse oximeter.

On the other hand, the SpO2 is a function of a light
attenuation variation ratio ®21 (=AA2/AA1) which is a ratio
of the light attenuation variation AA2 of the second light
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beam to the light attenuation variation AA1 of the first light
beam. From Expression (4), therefore, the following expres-
sion is obtained:

5a02 oc D21 + (k1/AAL) ®

« (AA2/AAD + (k1/AAL)

oc (A2 + k1) /AAL

Namely, it is seen that the value of the SpO2 acquired by
the pulse oximeter can approach that of the Sa02 by adding
an offset corresponding to the proportional constant k1l
which is obtained from the relationships shown in FIG.
2(A), to the light attenuation variation AA2 of the second
light beam.

The first variation acquirer 31 is configured so as to
acquire a first variation Al corresponding to the light attenu-
ation variation AA1 of'the first light beam. The first variation
Al is substantially identical to the light attenuation variation
AA1 of the first light beam.

The second variation acquirer 32 is configured so as to
acquire a second variation A2 corresponding to the light
attenuation variation AA2 of the second light beam. The
second variation A2 is set as the following expression based
on the above-described finding:

A2=A42+k1 (6)

In the expression, k1 is regarded as the first offset based
on the inverse of the light attenuation variation AA1 of the
first light beam. That is, the second variation A2 contains the
first offset k1.

The pulse oximeter 1 can include a concentration calcu-
lator 40. The concentration calculator 40 is configured so as
to calculate the SpO2 of the subject 2 based on the first
variation Al acquired by the first variation acquirer 31, and
the second variation A2 acquired by the second variation
acquirer 32. Specifically, the concentration calculator is
configured so as to calculate the SpO2 based on Expression
).

Similarly with FIG. 2(A), FIG. 2(B) illustrates the differ-
ence between the value of the SpO2 which is calculated by
the pulse oximeter 1 including the concentration calculator
40, and that of the SaO2. It is seen that, although the
difference between the values is not eliminated, the bias in
a region where the pulse wave amplitude is low (region
where the inverse of the light attenuation variation AA1 of
the first light beam is large) is reduced as compared with the
example in which the first offset k1 is not used. According
to the configuration, therefore, it is possible to improve the
accuracy of the SpO2 which is non-invasively calculated.

The value of the first offset k1 may be adequately deter-
mined. In the embodiment, the value of the first offset k1 is
previously statistically determined based on a plurality of
difference values between the SpO2 and the Sa0O2 which are
acquired from a plurality of subjects. Specifically, a statis-
tical process such as the least squares method is applied to
a plurality of measurement results such as shown in FIG.
2(A), and the first offset k1 by which the difference between
the SpO2 and the SaO2 can be reduced is determined.

According to the configuration, the second variation
acquirer 32 operates based on the first offset k1 which is a
constant that is statistically determined. Therefore, the reli-
ability of the first offset k1 can be improved, and further-
more the processing load of the second variation acquirer 32
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can be reduced. Consequently, the accuracy of the SpO2
which is non-invasively calculated can be easily improved.

In the embodiment, an infrared light beam is used as the
first light beam, and a red light beam is used as the second
light beam. Alternatively, a red light beam may be used as
the first light beam, and an infrared light beam may be used
as the second light beam.

The embodiment is configured so that the common light
detector 20 detects the first light beam emitted from the first
light emitter 11, and the second light beam emitted from the
second light emitter 12. Alternatively, a configuration may
be employed where a light detector for detecting the first
light beam, and that for detecting the second light beam are
arranged independently from each other.

FIG. 3 is a diagram illustrating the functional configura-
tion of a pulse oximeter 1A of a second embodiment.
Portions which are identical or substantially identical with
those of the pulse oximeter 1 of the first embodiment are
denoted by the same reference numerals, and duplicated
descriptions are omitted.

The pulse oximeter 1A can include a third light emitter 13.
The third light emitter 13 is configured so as to emit a third
light beam having a third wavelength A3. Examples of the
third wavelength 2.3 are 700 nm (an example of the red light
beam) 730 nm (an example of the red light beam), and 805
nm (an example of the infrared light beam). For example, the
third light emitter 13 is a semiconductor light emitting
device which can emit the third light beam. Examples of the
semiconductor light emitting device are a light emitting
diode (LED), a laser diode, and an organic electrolumines-
cence.

The light detector 20 is configured so as to output a third
intensity signal I3 in accordance with the intensity of the
third light beam transmitted through or reflected from the
body of the subject 2.

The pulse oximeter 1A can include a third variation
acquirer 33. The third variation acquirer 33 is configured so
as to acquire a light attenuation variation AA3 of the third
light beam due to the blood pulsation of the subject 2 based
on a temporal change of the third intensity signal I3 output
from the light detector 20. The light attenuation variation
AA3 of the third light beam is expressed by the following
expression:

Ad3=In [I3/(I3-AI3)]=AI3/D %)

where AI3 indicates the variation of the third intensity
signal I3 due to the blood pulsation of the subject 2.

FIG. 4(A) illustrates relationships of the inverse of the
light attenuation variation AA1 of the first light beam in the
case where the SpO2 is measured by using the three wave-
lengths, and the difference between the value of the SpO2
and that of the SaO2. The abscissa corresponds to the
former, and the ordinate corresponds to the latter. The
inventors have found that, also in the case where the three
wavelengths are used, the inverse of the light attenuation
variation AA1 of the first light beam and the bias contained
in the value of the acquired SpO2 are in proportional
relationships.

The SpO2 is also a function of a light attenuation variation
ratio ®31 (=AA3/AA1) which is a ratio of the light attenu-
ation variation AA3 of the third light beam to the light
attenuation variation AA1 of the first light beam. From
Expression (4), therefore, the following expression is
obtained:
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Sa02 o ®21 + (k1/AAL), ®31 + (k2/AAL) ®)

« (AA2/AAL) + (k1 /AAL), (AA3/AAL) +(k2/AAD

oc (AA2 + K1) /AAL, (AA3 +K2)/AAL

Namely, it is seen that the value of the SpO2 acquired by
the pulse oximeter can approach that of the Sa02 by adding
the first offset k1 which is obtained from the relationships
shown in FIG. 4(A), to the light attenuation variation AA2
of the second light beam, and further adding a second offset
k2 to the light attenuation variation AA3 of the third light
beam.

The third variation acquirer 33 is configured so as to
acquire a third variation A3 corresponding to the light
attenuation variation AA3 of the third light beam. The third
variation A3 is set as the following expression based on the
above-described finding:

A3=A43+12 ©)

In the expression, k2 is regarded as the second offset
based on the inverse of the light attenuation variation AA1
of the first light beam. That is, the third variation A3 contains
the second offset k2.

The pulse oximeter 1A can include a concentration cal-
culator 40A. The concentration calculator 40A is configured
so as to calculate the SpO2 of the subject 2 based on the first
variationAl acquired by the first variation acquirer 31, the
second variationA2 acquired by the second variation
acquirer 32, and the third variation A3 acquired by the third
variation acquirer 33. Specifically, the concentration calcu-
lator is configured so as to perform the process described
below.

The light attenuation variations AA1, AA2, and AA3 of
the first, second, and third light beams are expressed by the
following expressions:

AA1=AAb1+AAt1=Eb1HbPADb+Z11ADt (10)

AAI=AAP2+AAL=EBIHBADD+Z2ADE 11)

AA3=AAB3+AAB=Eb3HbADD+Z3ADE (12)

where E is the extinction coefficient (dI g™* em™), Hb is
the hemoglobin concentration of blood (g dI™!), X indicates
the light attenuation rate (cm™), and AD indicates the
thickness change (cm) due to the blood pulsation. The suffix
“b” means blood, the suffix “t” means the tissue except
blood, the suffix “1”” means the first light beam, the suffix “2”
means the second light beam, and the suffix “3” means the
third light beam.

Expressions (10) to (12) can be deformed in the following
manner:

AA1 = EbLhbADb + S11ADt
= [Eb] + (S11ADD [ (HPADS)|(HPADD)
= (Ebl + Ex1)(HbADD)

AA2 = EB2HPADb + S0AD:
= [EB2 + (S12AD1) / (HbADS)(HbA D)
= (Eb2 + Ex2)(HbADD)

14

AA3 = Fb3HPADD + EBADI
= [EB3 + (Z3AD1)/ (HbADB)(HADD)
(EB3 + EX3)(HbADD)

15
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where Bx indicates a variable which is replaced with
[(ZtADt)/(HbADD)], the suffix “1” means the first light
beam, the suffix “2”” means the second light beam, and the
suffix “3” means the third light beam.
Expressions (13) to (15) can be deformed in the following
manner:

Eb1+Ex1-A41/(HbADD)=0 (16)

Eb2+Ex2-AA2/(HbADE)=0 amn

Eb3+Ex3-A43/(HbADb)=0 {18)

With respect to Expressions (16) to (18), the blood
extinction coeflicient Eb2 of the second light beam, and the
blood extinction coeflicient Eb3 of the third light beam can
be approximated by the blood extinction coefficient Eb1 of
the first light beam in the following manner:

Eb2=a2Eb1+b2 (19)

Eb3=a3Eb1+b3 (20)

where a and b are constants, the suffix “1”* means the first
light beam, the suffix “2” means the second light beam, and
the suffix “3” means the third light beam.

With respect to Expressions (16) to (18), Ex2 of the
second light beam and Ex3 of the third light beam can be
approximated to by Ex1 of the first light beam in the
following manner:

Ex2=02Ex1+f2 @1

Ex3=a3Ex1+B3 2

where o and f} are constants, the suffix “1” means the first
light beam, the suffix “2” means the second light beam, and
the suffix “3” means the third light beam.

Expressions (16) to (18) are rewritten by using Expres-
sions (19) to (22), and the following expressions are
obtained:

Eb1+Ex1-A41/(HbADD)=0

(a2Eb1+2)+(02Ex1+p2)-A42/(HBADE)=0 a2Eh1+
O2Ex1-AA2/(HAD y=—b2-p2

{a3Eb1+b3)+(03Ex1+B3)-A43/(HbAD)=0 a3Eb1+

O3 Ex1-A43/(HbADb)=-b3-P3 (25)

When the following matrix expression is calculated,
therefore, the blood extinction coefficient Eb1 of the first
light beam is obtained:

UL aanf EPL 0 26)
@ a2 —an | B2 —bZ—ﬁzy
B a3 a3 L | \cesop,

When the SpO2 which is expressed in a percentage
notification is expressed as S which is expressed in a decimal
notification, the blood extinction coefficient Ebl is
expressed by the following expression:

Eb1=EolS+Er1(1-5) @7

where Eo is the extinction coefficient of oxyhemoglobin,
Er is the extinction coeflicient of deoxyhemoglobin, and the
suffix “1” means the first light beam.

Here, it is seen that the value of SpO2 acquired by the
pulse oximeter can approach that of the SaO2 by adding the
first offset k1 to the light attenuation variation AA2 of the
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second light beam, and adding the second offset k2 to the
light attenuation variation AA3 of the third light beam.

L1 —Aal bl 0 @8
[aZ @2 —@aa2+i || Pzl cn-p

3 a3 —aazei | L | lopae

@ a3 - N imap p

Expression (28) is rewritten by using Expressions (6) and
(9), and the following expression is obtained:

RNE ! . 29)
[az w2 -2 B o -
B a3 -3 | cw-pm

Therefore, it is seen that the concentration calculator 40A
is configured so as to calculate the SpO2 based on the first
variation Al acquired by the first variation acquirer 31, the
second variationA2 acquired by the second variation
acquirer 32, and the third variation A3 acquired by the third
variation acquirer 33.

Similarly with FIG. 4(A), FIG. 4(B) illustrates the differ-
ence between the value of the SpO2 which is calculated by
the pulse oximeter 1A including the concentration calculator
40A, and that of the Sa02. Tt is seen that the bias in a region
where the pulse wave amplitude is low (region where the
inverse of the light attenuation variation AA1 of the first
light beam is large) is greatly reduced as compared with the
example in which the first offset k1 and the second offset k2
are not used. According to the configuration, therefore, it is
possible to largely improve the accuracy of the SpO2 which
is non-invasively calculated.

The values of the first offset k1 and the second offset k2
may be adequately determined. In the embodiment, the
values of the first offset k1 and the second offset k2 are
previously statistically determined based on a plurality of
difference values between the SpO2 and the SaO2 which are
acquired from a plurality of subjects. Specifically, a statis-
tical process such as the least squares method is applied to
a plurality of measurement results such as shown in FIG.
4(A), and the first offset k1 and second offset k2 by which
the difference between the SpO2 and the SaO2 can be
reduced are determined.

According to the configuration, the second variation
acquirer 32 operates based on the first offset k1 which is a
constant that is statistically determined, and the third varia-
tion acquirer 33 operates based on the second offset k2
which is a constant that is statistically determined. There-
fore, the reliabilities of the first offset k1 and the second
offset k2 can be improved, and furthermore the processing
loads of the second variation acquirer 32 and the third
variation acquirer 33 can be reduced. Consequently, the
accuracy of the SpO2 which is non-invasively calculated can
be easily and remarkably improved.

In the embodiment, an infrared light beam is used as the
first light beam, and a red light beam is used as the second
and third light beams. Alternatively, a red light beam may be
used as the first light beam, a red light beam may be used as
one of the second and third light beams, and an infrared light
beam may be used as the other one of the second and third
light beams. Alternatively, an infrared light beam may be
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used as two of the first, second, and third light beams, and
a red light beam may be used as the remaining one of the
light beams.

The embodiment is configured so that the common light
detector 20 detects the first light beam emitted from the first
light emitter 11, the second light beam emitted from the
second light emitter 12, and the third light beam emitted
from the third light emitter 13. Alternatively, a configuration
may be employed where at least one of the light detector for
detecting the first light beam, that for detecting the second
light beam, and that for detecting the third light beam is
independently arranged.

The red light beam and the infrared light beam are a
combination in which ratios of the blood light absorbances
are varied depending on the oxygen saturation, and therefore
particularly the accuracy of the calculation of the SpO2 can
be improved.

The above-described embodiments are mere examples for
facilitating understanding of the invention. The configura-
tions of the embodiments may be adequately changed or
improved without departing from the spirit of the invention.
It is obvious that equivalents are included within the tech-
nical scope of the invention.

In the above-described embodiments, a pulse oximeter for
calculating the SpO2 has been exemplified. However, the
presently disclosed subject matter can be applied also to
other kinds of pulse photometers which measure the con-
centration of another blood light absorber. Examples of
another blood light abosrober are carboxyhemoglobin,
methhemoglobin, and a dye injected into blood vessels. In
this case, the wavelengths of the light beams are selected so
that combinations can be produced in which ratios of the
blood light absorbances are substantially different from each
other depending on the target blood light absorber concen-
tration.

A configuration may be employed where four or more
light beams at four or more wavelengths are used for
identifying the blood light absorber concentration. For
example, four wavelengths Al, 22, A3, and A4 may be
selected as follows:

A1=630 nm, A2=660 nm, A3=700 nm, A4=880 nm; or

A1=660 nm, A2=700 nm, A3=880 nm, A4=940 nm.

In the above-described embodiments, the functions of the
first variation acquirer 31, the second variation acquirer 32,
the third variation acquirer 33, and the concentration calcu-
lator 40 (40A) are realized from software executed by a
cooperation of a processor and memory which are commu-
nicable connected to each other. Examples of the processor
are a CPU and an MPU. Examples of the memory are a
RAM and a ROM. However, at least one of the functions of
the first variation acquirer 31, the second variation acquirer
32, the third variation acquirer 33, and the concentration
calculator 40 (40A) may be realized by hardware such as
circuit devices, or a combination of hardware and software.

What is claimed is:

1. A pulse photometer comprising:

a first light emitter which is configured to emit a first light
beam having a first wavelength;

a second light emitter which is configured to emit a
second light beam having a second wavelength;

a light detector which is configured to output a first
intensity signal in accordance with an intensity of the
first light beam that is transmitted through or reflected
from a body of a subject, and a second intensity signal
in accordance with an intensity of the second light
beam that is transmitted through or reflected from the
body of the subject; and
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at least one processor and memory configured to:
acquire a first variation based on the first intensity
signal, wherein the first variation corresponds to a
light attenuation variation of the first light beam
resulting from pulsation of blood in the subject;
acquire a second variation based on the second inten-
sity signal, wherein the second variation corresponds
to a light attenuation variation of the second light
beam adjusted by a first offset, the light attenuation
variation of the second beam resulting from the
pulsation of the blood in the subject; and
calculate a blood light absorber concentration, based on
the first variation and the second variation,
wherein the first offset is based on an inverse of the light
attenuation variation of the first light beam.

2. The pulse photometer according to claim 1, wherein the
first offset is a constant that is previously statistically deter-
mined based on a plurality of blood light absorber concen-
trations acquired from a plurality of subjects.

3. The pulse photometer according to claim 1, wherein
one of the first light beam and the second light beam is a red
light beam, and the other of the first light beam and the
second light beam is an infrared light beam.

4. The pulse photometer according to claim 1, further
comprising:

a third light emitter,

wherein

the third light emitter is configured to emit a third light

beam having a third wavelength,

the light detector is configured to output a third intensity

signal in accordance with an intensity of the third light
beam that is transmitted through or reflected from the
body of the subject,

the at least one processor and memory are further con-

figured to:

acquire a third variation based on the third intensity
signal, wherein the third variation corresponds to a
light attenuation variation of the third light beam
adjusted by a second offset, the light attenuation
variation of the third beam resulting from the pul-
sation of the blood in the subject, and

calculate the blood light absorber concentration, based
on the first variation, the second variation, and the
third variation, and

the second offset is based on an inverse of the light

attenuation variation of the first light beam.
5. The pulse photometer according to claim 4, wherein the
second offset is a constant that is previously statistically
determined based on a plurality of blood light absorber
concentrations acquired from a plurality of subjects.
6. The pulse photometer according to claim 4, wherein the
first wavelength, the second wavelength, and the third
wavelength are selected from 630 nm, 660 nm, 700 nm, 730
nm, 805 nm, 880 nm, and 940 nm.
7. The pulse photometer according to claim 1, wherein the
second variation is identical to the light attenuation variation
of the second light beam plus or minus the first offset, and
wherein the first variation is identical to the light attenuation
variation of the first light beam.
8. The pulse photometer according to claim 1, wherein:
the first variation is substantially equal to A1=In[I1/(I1-
AI1)], where 11 is the first intensity signal,

the second variation is substantially equal to A2=In[I12/
(12-AI2)]+k1, where 12 is the second intensity signal
and k1 is the first offset, and
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k1 is based on the relationship 1/A1 and is statistically
determined based on a plurality of difference values
between transcutaneous arterial oxygen saturation and
arterial oxygen saturation,

such that the blood light absorber concentration corre-

sponds to A2/A1.

9. The pulse photometer according to claim 1, wherein the
first offset is statistically determined based on a plurality of
difference values between transcutaneous arterial oxygen
saturation and arterial oxygen saturation.

10. A pulse photometer comprising:

at least one processor and memory configured to:

acquire a first variation based on a first intensity signal,
wherein the first variation corresponds to a light
attenuation variation of a first light beam resulting
from pulsation of blood in a subject, the first inten-
sity signal corresponding to an intensity of the first
light beam that is transmitted through or reflected
from a body of the subject;

acquire a second variation based on a second intensity
signal, wherein the second variation corresponds to
a light attenuation variation of a second light beam
adjusted by a first offset, the light attenuation varia-
tion of the second beam resulting from the pulsation
of the blood in the subject, the second intensity
signal corresponding to an intensity of the second
light beam that is transmitted through or reflected
from the body of the subject; and
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calculate a blood light absorber concentration, based on
the first variation and the second variation,

wherein the first offset is based on an inverse of the light
attenuation variation of the first light beam.

11. A method for calculating a blood light absorber

concentration, the method comprising:

causing a pulse photometer to acquire a first variation
based on a first intensity signal, whetein the first
variation corresponds to a light attenuation variation of
a first light beam resulting from pulsation of blood in a
subject, the first intensity signal corresponding to an
intensity of the first light beam that is transmitted
through or reflected from a body of the subject;

causing the pulse photometer to acquire a second varia-
tion based on a second intensity signal, wherein the
second variation corresponds to a light attenuation
variation of a second light beam adjusted by a first
offset, the light attenuation variation of the second
beam resulting from the pulsation of the blood in the
subject, the second intensity signal corresponding to an
intensity of the second light beam that is transmitted
through or reflected from the body of the subject; and

causing the pulse photometer to calculate the blood light
absorber concentration, based on the first variation and
the second variation,

wherein the first offset is based on an inverse of the light
attenuation variation of the first light beam.

L S T T



patsnap

ERATROF) BRos S B 1 R i ik S IRURFR B i E 5 E
DF(RE)F US10524704 DF(E)A 2020-01-07
RiES US15/059564 RiEHR 2016-03-03

FRIRE(EFAB)AGE) ARKBIUHKNH
B (T AIAR) A (iB) RS
HEHFERIDAGE) AERXELNT

[FRIRBAA UEDA YOSHINORI
UKAWA TEUI
ITO KAZUMASA
FUJISAKI HIDEKI

KA UEDA, YOSHINORI
UKAWA, TEIJI
ITO, KAZUMASA
FUJISAKI, HIDEKI

IPCH %S A61B5/1455 A61B5/00
CPCH %S A61B5/14551 A61B5/72
LR 2015042600 2015-03-04 JP

2016008856 2016-01-20 JP

H AN FF 3Tk US20160256089A1
SAEBEE Espacenet
RE(R) i
Bob KB  E-TLBRRE  HET 58— X RNBEM A /
WE—REES  KRSHT SR EN NRNKE 3R E — KRN a \
EATANRNE T, BINRGSEEHRRS , HAEEE j ! i M;} !
—RK BEEERERRS-RL  RETRERFR-AS=E —o o
R RMERUIRE | B-fcazBFE—rmmane o0 | w1
BB — R aral | HORR
ol (REI
PO owe} o w | R
flpl J—
Bl el
| v



https://share-analytics.zhihuiya.com/view/155ad97c-de06-4a54-93c0-67e69bb63f8f
https://worldwide.espacenet.com/patent/search/family/055524142/publication/US10524704B2?q=US10524704B2

