United States Patent [
Hayashi

US006151518A

(111 Patent Number:
(451 Date of Patent:

6,151,518
Nov. 21, 2000

[54] INSTRUMENT FOR MEASURING
CONCENTRATIONS OF CONSTITUENT
PARTS OF BLOOD

[75] Inventor: Katsumi Hayashi, Kanagawa-ken,

Japan

[73] Assignee: Fuji Photo Film Co., Ltd.,
Kanagawa-Ken, Japan

[21] Appl. No.: 09/261,214

[22] Filed: Mar. 3, 1999
[30] Foreign Application Priority Data

Mar. 3, 1998 [JP]  Japan ........ccommeereonee 10-050494
[51] Int. CL7 oo A61B 5/00

FOREIGN PATENT DOCUMENTS

53-26437  8/1978 Japan .

Primary Examiner—Eric F. Winakur

Attorney, Agent, or Firm—Sughrue, Mion, Zinn, Macpeak
& Seas, PLLC

[57] ABSTRACT

A blood-constituent concentration measuring instrument
capable of accurately measuring concentrations of the con-
stituent parts of blood without invading tissue. Light source
means (1) emits measuring light (S) to a living organism (2).
The measuring light (S) consists of a plurality of wavelength
components different from one another. Straight-advance
light discrimination means (3) extracts a straight-advance
light component or a scattered light component close thereto

[52] US.CL .. 600/322: 600/330 from light scattered at the living organism (2). Then,
[58] Field of Search 600 /’310 30 extinction-index change detection means (4) detects an
""""""""""""""""" 6 00 /323 326, 330’ extinction index change in straight-advance light component
i ’ or the scattered light component extracted by the straight-
[56] References Cited advance light discrimination means (4). Calculation means
(5) calculates concentrations of the constituent parts of the
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INSTRUMENT FOR MEASURING
CONCENTRATIONS OF CONSTITUENT
PARTS OF BLOOD

FIELD OF THE INVENTION

The present invention relates generally to a method and an
instrument for optically measuring the concentration of the
constituent parts of the blood of a living organism without
invasion, and more particularly to a method and an instru-
ment suitable for measuring the concentration of the hemo-
globin (oxyhemoglobin, deoxyhemoglobin,
carboxyhemoglobin, methemoglobin, etc.) in blood and the
concentration of the bilirubin in blood.

DESCRIPTION OF THE RELATED ART

As is generally known, monitoring of the oxygen con-
centration of the tissue of a living organism has extremely
great significance in clinical medicine. The oxygen dynam-
ics evaluation method in the clinical medicine is roughly
classified into oxygenation, oxygen supply, oxygen
consumption, and oxygen supply-demand balance from the
aspect of the movement of oxygen within a living organism.

The parameters relating to oxygenation and oxygen
supply, among the above-mentioned classified items, are
considered important. The reason for this is that oxygen is
the most important substance for maintaining life activities
and therefore if oxygen supply is cut off even for a very short
time, the cellular tissue of a living organism will undergo a
great damage. For this reason, during anesthesia when there
is a possibility of the oxygen supply being unstable, or
during intensive care of a patient with breathing deficiency
or circulation deficiency, it becomes particularly important
to monitor whether or not oxygen is being supplied appro-
priately.

The supply of oxygen to the tissue of a living organism is
performed by arterial blood. Hence, it is conceivable to
monitor the oxygen concentration in blood by measuring the
concentrations of various kinds of hemoglobin in arterial
blood in order to ascertain whether or not oxygen is being
appropriately supplied to the tissue of a living organism.

On the other hand, it is known that if the bilirubin in blood
is cumulated in the body of a newborn baby, it will cause
jaundice. From this respect there is also a demand for
accurately measuring the bilirubin concentration in blood in
order to monitor for jaundice in newborn babies.

As an instrument for measuring the concentration of
hemoglobin, bilirubin or the like in blood described above,
the following instruments have hitherto been known.

Instrument for measuring hemoglobin concentrations in
blood:

(1) Pulse oximeter (optical blood measuring instrument)

This instrument extracts an extinction index, based on a
change in the extinction index caused by the pulsation of
arterial blood, and measures the degree of oxygen
saturation=oxyhemoglobin/(oxyhemoglobin+
deoxyhemoglobin) from the extracted extinction index.
Basically, the degree of oxygen saturation is calculated
based on the regression line between the ratio of the extinc-
tion index changes in light of two wavelengths emitted to a
living organism and the previously calculated degree of
oxygen saturation in blood. This instrument has a charac-
teristic in that it can easily make a measurement without
invasion and is relatively inexpensive. For a detailed dis-
cussion on this instrument, see, for example, Japanese Patent
Publication No. 53(1978)-26437.
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(2) CO-oximeter

This instrument dissolves gathered blood and measures
the absorption indices for a plurality of wavelengths within
a cuvette, thereby calculating the absolute concentrations of
various kinds of hemoglobin, such as oxyhemoglobin,
deoxyhemoglobin, carboxyhemoglobin, methemoglobin
and the like. This CO-oximeter has a characteristic in that it
can calculate the oxygen content of blood as well as the
degree of oxygenation of blood with a high degree of
accuracy.

Instrument for measuring bilirubin concentration in
blood:

(1) Instrument for measuring bilirubin concentration in

serum

In this instrument, the blood gathered from the heel of the
leg of a newborn baby with a surgical knife is put in a
centrifugal separator to obtain serum, and the bilirubin
concentration in the obtained serum is calculated. In the
measurement of the bilirubin concentration in serum, a
direct colorimetric method capable of making a measure-
ment with a small quantity of serum is often adopted.

(2) Minolta jaundice meter

This instrument takes advantage of the fact that the optical
concentration difference between light of wavelengths A1
and 22 different in the absorption coefficient of bilirubin has
a correlation with bilirubin concentration, thereby detecting
the degree of yellowish skin of a newborn baby as the optical
concentration difference between blue and green wavelength
regions without invasion. More specifically, blue light and
green light are incident upon on the skin and absorbed on the
side of a short wavelength by the bilirubin that has turned the
subcutaneous fat yellow. Thereafter, the blue light and the
green light are scattered and reflected and again emerge from
the skin surface. Part of the emergent blue light and part of
the emergent green light are detected to calculate the optical
concentration difference therebetween.

The aforementioned 4 conventional instruments are
admitted to have the following problems. First, the pulse
oximeter of the aforementioned hemoglobin-concentration
measuring instruments has the problem of measurement
accuracy being low. That is, as previously described, this
instrument measures the degree of oxygen saturation based
on the regression line between the ratio of the extinction
index changes in two wavelengths and the previously cal-
culated degree of oxygen saturation in blood. However, the
regression line and the degree of oxygen saturation do not
match with each other over a wide range, because blood is
a strong scattering medium. Hence, generally in the case
where the degree of oxygen saturation is less than 70%, a
measured value will depart considerably from the regression
line.

In addition, the degree of oxygen saturation means the
degree of oxygenation in blood=oxyhemoglobin/
(oxyhemoglobin+deoxyhemoglobin) and shows the relative
value of oxyhemoglobin. Therefore, the pulse oximeter
cannot calculate the supply amount of oxygen in blood
(oxygen content). Furthermore, this pulse oximeter is also
admitted to have the problem that a measured value varies
with a hematocrit value.

Next, the aforementioned CO-oximeter has the problem
that the measuring operation becomes complicated, because
it requires the dissolution of blood which is invasive.

On the other hand, as to the aforementioned instruments
for measuring the bilirubin concentration in blood, the
instrument for measuring the bilirubin concentration in
serum has the problem that it cannot be frequently used,
because it invades tissue.
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The aforementioned Minolta jaundice meter has difficulty
in that a measured value is not the concentration of bilirubin
but a relative value corresponding to the bilirubin concen-
tration. The correlation between the aforementioned optical
concentration difference (which is this relative value) and
the bilirubin concentration in serum varies considerably with
birth weight. As a result, even in the case of the same
bilirubin concentration in serum, sometimes a measured
value is varied considerably by birth weight.

Furthermore, for the above-mentioned optical concentra-
tion difference, the correlation with the bilirubin in serum
varies considerably with a portion to be measured, race, skin
color and the like. As a result, even in the case of the same
disease, there will arise a problem that a measured value will
vary depending upon a portion to be measured or each
individual and the like.

SUMMARY OF THE INVENTION

The present invention has been made in view of the
problems found in the conventional instruments.
Accordingly, it is an object of the present invention to
provide a blood-constituent concentration measuring instru-
ment that is capable of accurately measuring the concentra-
tions of various constituent parts of blood, particularly the
hemoglobin concentration in blood (e.g., oxyhemoglobin,
deoxyhemoglobin, carboxyhemoglobin, and methemoglo-
bin concentrations) or the absolute value of the bilirubin
concentration in blood, without invading tissue.

A blood-constituent concentration measuring instrument
according to the present invention is constructed so that
concentrations of the constituent parts of blood can be
optically measured without invasion. The blood-constituent
concentration measuring instrument comprises: light source
means for emitting measuring light to a portion of a living
organism including a blood vessel, the measuring light
having a plurality of wavelength components different from
one another; straight-advance light discrimination means for
extracting a straight-advance light component or a scattered
light component close thereto from the measuring light
passed through the living organism; extinction-index change
detection means for detecting an extinction index change in
the straight-advance light component or the scattered light
component extracted by the straight-advance light discrimi-
nation means; and calculation means for calculating con-
centrations of the constituent parts of blood, based on the
extinction index change for each wavelength component of
the measuring light.

In a preferred form of the present invention, the light
source means emits measuring light which has a plurality of
wavelength components corresponding in number to vari-
ables to be measured, the variables including a constituent
part to be measured.

In another preferred form of the present invention, the
straight-advance light discrimination means is constructed
of an optical heterodyne interferometer that generates a beat
signal representing only the straight-advance light compo-
nent or the scattered light component. Also, the straight-
advance light discrimination means may be constructed of a
streak camera that detects the straight-advance light com-
ponent or the scattered light component in such a manner
that it is discriminated on a time axis from a scattered light
component incident at a later time than the straight-advance
light component or the scattered light component.

In still another preferred form of the present invention, the
extinction-index change detection means detects the extinc-
tion index change caused by pulsation of an artery of the
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living organism. Furthermore, the extinction-index change
detection means may calculate a difference between the
maximum and minimum values of a signal that detected the
straight-advance light component or the scattered light
component, thereby detecting the extinction index change
caused by pulsation of an artery of the living organism.

In a further preferred form of the present invention, when
the variables include n variables, the calculation means
solves n simultaneous Lambert-Beer equations to calculate
the concentrations of the constituent parts of blood.

It is another object of the present invention to provide a
method of measuring a blood-constituent concentration
comprising steps of irradiating measuring light onto a por-
tion of a living organism including a blood vessel, the
measuring light having a plurality of wavelength compo-
nents different from one another extracting a straight-
advance light component or a scattered light component
close thereto from said measuring light passed through said
living organism, detecting an extinction index change in said
straight-advance light component or the scattered light com-
ponent extracted by said straight-advance light discrimina-
tion means, and calculating concentration of the constituent
parts of blood, based on the extinction index change for each
wavelength component of the measuring light.

FIG. 1 shows the basic constitution of a blood-constituent
concentration measuring instrument in accordance with the
present invention. It will hereinafter be described, with
reference to FIG. 1, that the concentrations of the constituent
parts of blood can be measured with a high degree of
accuracy.

For instance, light source means 1, consisting of n light
sources Q1~Qn and dichroic mirrors M, emits measuring
light S to a living organism 2 with a blood vessel. The
measuring light S consists of wavelength components cor-
responding in number to variables to be measured. Let the
wavelengths of these components be A1, 2,23, ..., and hn,
respectively. Since the living organism 2 is a strong scat-
tering medium, the measuring light S incident upon the
living organism 2 is mostly scattered and the greater part
thereof behaves as multiple scattered light. However, the
straight-advance component still remains slightly and the
intensity I of the straight-advance light is expressed by the
following equation. Note that FIG. 2 schematically depicts
how the aforementioned straight-advance light and scattered
light occur.

I=I; exp(:CL)

where

I,=incident light intensity,

u=attenuation coefficient,

L=thickness of a sample,

C=concentration of the constituent part of blood which

causes extinction to occur.

Straight-advance light discrimination means 3 discrimi-
nates only a straight-advance light component or a scattered
light component close thereto (i.e., a scattered light compo-
nent traveling along nearly the same optical path as the
straight light component) from the light scattered by the
living organism 2.

The living organism 2, as schematically shown in FIG. 3,
can be roughly classified into tissue, a vein, and an artery. If
light is incident upon the living organism 2, then absorption
and scattering will take place in the tissue, the vein, and the
artery. As a result, the incident light will be attenuated. As
is generally known, the artery pulsates. Therefore, if the
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intensity of the emergent light is observed, a change in the
extinction index corresponding to the pulsation can be
monitored.

Extinction-index change detection means 4 detects an
extinction index change in the straight-advance light com-
ponent or a scattered light component close thereto,
extracted by the straight-advance light discrimination means
3. The extinction indices during expansion and contraction
of the artery are respectively expressed by the following
equations:

In(1/Ip);=pC-Ly
In(1/Ip)=pC-L,

in which
L,=optical path length during expansion of the artery,
L,=optical path length during contraction of the artery.
The extinction index change AA between during expan-
sion of the artery and during the contraction is expressed as

AA=irC-AL.

This means only a change in the extinction index caused by
arterial blood (i.e., the extinction index caused by tissue or
a vein is not included). AL represents a change in the optical
path length caused by pulsation of arterial blood.

For the wavelengths, n wavelengths A1~An were prepared
so as to correspond to the total number of the concentrations
C,~C,,_; of constituent parts to be measured and AL. Cal-
culation means 5 solves n simultaneous Lambert-Beer equa-
tions based on the extinction index changes AA in the n
wavelengths Al~An of the measuring light, thereby calcu-
lating the concentrations C;~C,,_; of a portion to be mea-
sured and AL.

AA=(tc1 71 CrtttcrpCot + o« Hcn1217Croy )AL

AA=(ttc1 2 CrttterpCort - -+ ez 31°Casy )AL

AAy=(ttc1 n CrtttcranCot - - - Hcn-1an"Caor )AL

As described above, the present invention can accurately
measure the absolute values (contents) of the concentrations
C,~C,,_; of (n-1) constituent parts of blood without invad-
ing tissue. Even in the case where a measurement of an
absolute value is not made, it becomes possible to measure
constituent concentrations over a wide range with a high
degree of accuracy.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects and advantages will become
apparent from the following detailed description when read
in conjunction with the accompanying drawings wherein:

FIG. 1 is a block diagram showing the basic constitution
of a blood-constituent concentration measuring instrument
in accordance with the present invention;

FIG. 2 is a schematic diagram used to explain the straight
advance and scattering of light in a living organism,;

FIG. 3 is a schematic diagram used for explaining a
change in the optical path length of straight-advance light
traveling through a living organism, caused by pulsation of
the artery;

FIG. 4 is a block diagram showing a blood-constituent
concentration measuring instrument in accordance with a
first embodiment of the present invention;

FIG. 5 is a graph showing the relationship between the
wavelength and absorption index of emitted light for each of
the constituent parts of blood;
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FIG. 6 is a graph used to explain the relationship between
the degree of scattering and the extinction index of light
transmitted through a living organism,

FIG. 7 is a graph used for explaining an extinction index
change represented by the detection signal of the straight-
advance light transmitted through the living organism;

FIG. 8 is a block diagram showing a blood-constituent
concentration measuring instrument in accordance with a
second embodiment of the present invention;

FIG. 9 is a graph showing the absorption index charac-
teristic of bilirubin;

FIG. 10 is a block diagram showing a blood-constituent
concentration measuring instrument in accordance with a
third embodiment of the present invention; and

FIGS. 11 (A)-(B) are schematic diagrams used for
explaining the discrimination of straight-advance light in the
instrument shown in FIG. 10

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring to FIG. 4, there is shown a blood-constituent
concentration measuring instrument in accordance with a
first embodiment of the present invention. This concentra-
tion measuring instrument is constructed to measure various
hemoglobin concentrations (contents) in arterial blood. In
FIG. 4, the concentration measuring instrument has light
source means 100, a sample 200 to be measured (which is
part of a human body and referred to as simply a sample
200), straight-advance light discrimination means 300,
extinction-index change detection means 400, and calcula-
tion means 500.

Note that the variables to be measured in this embodiment
include a hematocrit value, oxyhemoglobin concentration,
deoxyhemoglobin concentration, carboxyhemoglobin
concentration, methemoglobin concentration, and an optical
path length change AL.

The light source means 100 consists, for example, of 6
light sources 101~106, drivers 107~112, are reflecting mir-
ror 113, and dichroic mirrors 114~118 corresponding to the
light sources. As shown in FIG. 5, oxyhemoglobin,
deoxyhemoglobin, carboxyhemoglobin, and methemoglo-
bin vary in absorption index, depending upon measured
wavelengths. Hence, as the light sources 101~106, light
sources that emit light of wavelengths 660 nm, 790 nm, 805
nm, 830 nm, 850 nm, and 890 nm are respectively
employed.

As the sample 200, part of a human body through which
light is easily transmitted, for example, a thin portion such
as an earlobe is selected.

The straight-advance discrimination means 300 employs
an optical heterodyne interferometer. This optical hetero-
dyne interferometer 300 consists of half mirrors 301 and
304, mirrors 302 and 303, and frequency shifters 305 and
306. As the frequency shifters 305 and 306, AOMs are
employed. The frequency shifters 305 and 306 impart fre-
quency shifts of 90 MHz and 89.9 MHz to measuring light
S incident upon the shifters.

If the signal light S1 being transmitted through the sample
200 via the first frequency shifter 305 and the locally emitted
light S2 via the second frequency shifter 306 are superposed
by the half mirror 304, light S3 carrying a beat signal (the
difference between the above-mentioned frequencies) will
be obtained. If this beat signal is detected, only the straight-
advance light component emitted from the sample 200 will
be extracted. Thus, the straight-advance light discrimination
means 300 discriminates straight-advance light.



6,151,518

7

If the aforementioned straight-advance light is detected,
the optical path length will become constant regardless of
the wavelength of the measuring light. Note that in the case
where scattering on the sample 200 is significantly great,
straight-advance light will be buried in multiple scattered
light. However, even in this case, the optical path length can
be considered approximately constant independent of the
wavelength of the measuring light, by extracting apparent
straight-advance light (i.e., scattered light that travels along
a very similar optical path as a straight-advance light
component). FIG. 6 shows the rough relationship between
the thickness or concentration of a sample to be measured
and an extinction index. In the figure, reference characters a
and b represent straight-advance light and apparent straight-
advance light, respectively. Since the extinction index of this
apparent straight-advance light is linear in the same way as
true straight-advance light, it can be handled in the same
way as straight-advance light.

The extinction-index change detection means 400 con-
sists of an optical detector 401, an amplifier 402, and an AD
converter 403 that is serially driven. The optical detector 401
detects the light of respective wavelengths emitted by the
light sources 101~106, and the aforementioned beat signal
contained in the output is amplified by the amplifier 402 and
is obtained as an extinction-index signal D. As shown in
FIG. 7, the maximum and minimum values of each pulsating
extinction-index signal D are sampled by the AD converter
403, and the difference therebetween, i.e., extinction index
change A A is calculated for each above-mentioned wave-
length.

The calculation means 500 uses oxyhemoglobin concen-
tration (content) Coxy, deoxyhemoglobin concentration
(content) Cdeoxy, carboxyhemoglobin concentration
(content) Cco, methemoglobin concentration (content)
Cmet, an optical path length change AL, and a hematocrit
value hem as variables to be measured, and solves the
following 6 simultaneous Lambert-Beer equations corre-
sponding to 6 wavelengths, thereby calculating Coxy,
Cdeoxy, Cco, and Cmet.

AAA1=hem-(uoxy-Al-Coxy+udeoxy-Al-Cdeoxy+uco-Al-Cco+
pmet-Al-Cmet)-AL

AAA2=hem-(uoxy-A2-Coxy+udeoxy-A2-Cdeoxy+uco—A2-Cco+
pmet-A2-Cmet)-AL

AAA3=hem- (uoxy-A3-Coxy+udeoxy-A3-Cdeoxy+uco-A3-Cco+
pmet-A3-Cmet)-AL

AAA=hem- (uoxy-A4-Coxy+udeoxy-Ad-Cdeoxy+uco-A4-Cco+
pmet-A4-Cmet)-AL

AAAS=hem- (uoxy-AS5-Coxy+udeoxy-AS5-Cdeoxy+uco-AS-Cco+
pumet-A5-Cmet)-AL

AAA6=hem-(uoxy-A6-Coxy+udeoxy-A6-Cdeoxy+uco-A6-Cco+
pmet-A6-Cmet)-AL

where
AA)1=extinction index change
length of A1=660 nm,
AA)2=extinction index change
length of 2A2=790 nm,
AA)3=extinction index change
length of A3=805 nm,
AA)A4=extinction index change
length of A4=830 nm,
AAMLS=extinction index change
length of A5=850 nm,

in a light source wave-

in a light source wave-

in a light

source wave-

in a light

source wave-

in a light source wave-
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8
AAl6=extinction index change in a light source wave-
length of 16=890 nm,
and these values are calculated as described above, and
where
uoxy—hl=attenuation coefficient of oxyhemoglobin in a
light source wavelength of A1=660 nm,
uoxy—h2=attenuation coefficient of oxyhemoglobin in a
light source wavelength of £2=790 nm,
uoxy-A3=attenuation coefficient of oxyhemoglobin in a
light source wavelength of 2.3=805 nm,
uoxy—h4=attenuation coefficient of oxyhemoglobin in a
light source wavelength of 24=830 nm,
uoxy—hS=attenuation coefficient of oxyhemoglobin in a
light source wavelength of 2.5=850 nm,
uoxy—ho6=attenuation coefficient of oxyhemoglobin in a
light source wavelength of 1.6=890 nm,
udeoxy—h1=attenuation coefficient of deoxyhemoglobin
in a light source wavelength of A1=660 nm,
udeoxy—h2=attenuation coefficient of deoxyhemoglobin
in a light source wavelength of .2=790 nm,
udeoxy—h3=attenuation coefficient of deoxyhemoglobin
in a light source wavelength of A3=805nm,
udeoxy-h4=attenuation coefficient of deoxyhemoglobin
in a light source wavelength of 2.4=830 nm,
udeoxy—hS=attenuation coefficient of deoxyhemoglobin
in a light source wavelength of 2.5=850 nm,
udeoxy—h6=attenuation coefficient of deoxyhemoglobin
in a light source wavelength of 16=890 nm,
uco—pl=attenuation coefficient of carboxyhemoglobin in
a light source wavelength of A1=660 nm,
uco—u2=attenuation coefficient of carboxyhemoglobin in
a light source wavelength of 22=790 nm,
uco—u3=attenuation coefficient of carboxyhemoglobin in
a light source wavelength of 2.3=805 nm,
uco—ud=attenuation coefficient of carboxyhemoglobin in
a light source wavelength of 24=830 nm,
uco—hS=attenuation coefficient of carboxyhemoglobin in
a light source wavelength of A5=850 nm,
uco—h6=attenuation coefficient of carboxyhemoglobin in
a light source wavelength of L6=890 nm,
umet—hl=attenuation coefficient of methemoglobin in a
light source wavelength of A1=660 nm,
umet—A2=attenuation coefficient of methemoglobin in a
light source wavelength of A.2=790 nm,
umet-h3=attenuation coefficient of methemoglobin in a
light source wavelength of 2.3=805 nm,
umet-h4=attenuation coefficient of methemoglobin in a
light source wavelength of 74=830 nm,
umet-AS=attenuation coefficient of methemoglobin in a
light source wavelength of 2.5=850 nm,
umet—h6=attenuation coefficient of methemoglobin in a
light source wavelength of 1.6=890 nm,
and these values have previously been prepared.
Note that the degree of oxygen saturation, SpO,, can be
calculated by the following equation:

SpO,=[ Coxy/(Coxy+Cdeoxy+Cco+Cmet)].

According to the first embodiment, as described above,
the contents of oxyhemoglobin deoxyhemoglobin,
carboxyhemoglobin, and methemoglobin, and the degree of
oxygen saturation can be calculated. Since the hematocrit
value is also contained in the variables to be measured, there
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is no possibility of the measurement accuracy in the degree
of oxygen saturation being degraded by different hemotocrit
values.

FIG. 8 illustrates a blood-constituent concentration mea-
suring instrument in accordance with a second embodiment
of the present invention. This concentration measuring
instrument is intended for newborn babies and constructed
to measure the bilirubin concentration (content) in arterial
blood. The same reference numerals will be applied to the
same parts as the first embodiment for omitting a detailed
description thereof. In FIG. 8, the concentration measuring
instrument has light source means 100, a sample 200 (which
is part of a human body), straight-advance light discrimina-
tion means 300, extinction-index change detection means
400, and calculation means 500.

Note that the variables to be measured in the second
embodiment include the bilirubin concentration, oxyhemo-
globin concentration, and deoxyhemoglobin concentration
in the arterial blood of a newborn baby, and an optical path
length change AL.

The light source means 100 consists, for example, of 4
light sources 101~104, drivers 107~110, a reflecting mirror
113, and dichroic mirrors 114~116 corresponding to the light
sources. As illustrated in FIG. 9, the bilirubin has a large
absorption band between a wavelength of 450 nm and a
wavelength of 470 nm. Hence, as the light source 101, one
that emits light of wavelength 473 nm is employed. As the
light sources 102~104, those that emit light of wavelengths
660 nm, 790 nm, and 830 nm are respectively employed.

As the sample 200, part of a human body through which
light is easily transmitted, for example, a thin portion such
as an earlobe is selected.

As the straight-advance discrimination means 300, an
optical heterodyne interferometer is employed. This optical
heterodyne interferometer 300 consists of half mirrors 301
and 304, mirrors 302 and 303, and frequency shifters 305
and 306. As the frequency shifters 305 and 306, AOMs are
employed. The frequency shifters 305 and 306 impart fre-
quency shifts of 90 MHz and 89.9 MHz to measuring light
S incident upon the shifters.

If the signal light S1 being transmitted through the sample
200 via the first frequency shifter 305 and the locally emitted
light S2 via the second frequency shifter 306 are superposed
by the half mirror 304, light S3 carrying a beat signal (the
difference between the above-mentioned frequencies) will
be obtained.

The extinction-index change detection means 400 con-
sists of an optical detector 401, an amplifier 402, and an AD
converter 403 that is serially driven. The optical detector 401
detects the light of respective wavelengths emitted by the
light sources 101~104, and the aforementioned beat signal
contained in the output is amplified by the amplifier 402 and
is obtained as an extinction-index signal D. As illustrated in
FIG. 7, the maximum and minimum values of each pulsating
extinction-index signal D are sampled by the AD converter
403, and the difference therebetween, i.e., extinction index
change AA, is calculated for each above-mentioned wave-
length.

The calculation means 500 uses bilirubin concentration
(content) Cbil, oxyhemoglobin concentration (content)
Coxy, and deoxyhemoglobin concentration (content)
Cdeoxy, and an optical path length change AL as variables
to be measured, and solves the following 4 simultaneous
Lambert-Beer equations corresponding to 4 wavelengths,
thereby calculating Cbil, Coxy, and Cdeoxy.

AAAl=hem-(uoxy-Al-Coxy +udeoxy-Al-Cdeoxy) AL+ubil-
A1-Cbil-AL
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AAA2=hem-(uoxy-A2-Coxy +udeoxy—-A2-Cdeoxy) AL+ubil-
A2-Cbil-AL

AAA3=hem-(uoxy-A3-Coxy +udeoxy-A3-Cdeoxy) AL+ubil-
A3-Cbil-AL

AAA=hem-(uoxy-A4-Coxy +udeoxy-A4-Cdeoxy) AL+ubil-
A4-Cbil-AL

in which
AAl1=extinction index change in a light source wave-
length of A1=473 nm,

AAMN2=extinction index change in a light source wave-
length of 122=660 nm,

AAl3=extinction index change in a light source wave-
length of A3=790 nm,

AAl4=extinction index change in a light source wave-
length of A4=830 nm,
and these values are calculated as described above, and in
which

uoxy-Al=attenuation coefficient of oxyhemoglobin in a

light source wavelength of A1=473 nm,

uoxy—h2=attenuation coefficient of oxyhemoglobin in a

light source wavelength of 22=660 nm,

uoxy—h3=attenuation coefficient of oxyhemoglobin in a

light source wavelength of 2.3=790 nm,

uoxy—h4=attenuation coefficient of oxyhemoglobin in a

light source wavelength of 24=830 nm,
udeoxy—hl1=attenuation coefficient of deoxyhemoglobin
in a light source wavelength of A1=473 nm,
udeoxy—h2=attenuation coefficient of deoxyhemoglobin
in a light source wavelength of A2=660 nm,
udeoxy-h3=attenuation coefficient of deoxyhemoglobin
in a light source wavelength of 2.3=790 nm,
udeoxy—h4=attenuation coefficient of deoxyhemoglobin
in a light source wavelength of 14=830 nm,
ubil-1=attenuation coefficient of bilirubin in a light
source wavelength of A1=473 nm,
ubil-2=attenuation coefficient of bilirubin
source wavelength of A2=660 nm,
ubil-3=attenuation coefficient of bilirubin
source wavelength of A3=790 nm,
ubil-4=attenuation coefficient of bilirubin
source wavelength of A4=830 nm,
hem=typical hemotocrit value in a person,
and these values have previously been prepared.

FIG. 10 shows a blood-constituent concentration measur-
ing instrument in accordance with a third embodiment of the
present invention. This concentration measuring instrument
is constructed to measure in a wide range the relative
concentrations of the oxyhemoglobin, deoxyhemoglobin,
carboxyhemoglobin, and methemoglobin in blood. The
same reference numerals will be applied to the same parts as
the first embodiment for omitting a detailed description
thereof. In FIG. 10, the concentration measuring instrument
has light source means 150, a sample 200 (which is part of
a human body), straight-advance light discrimination means
350, extinction-index change detection means 450, and
calculation means 500.

The light source means 150 consists of 4 picosecond light
sources 151~154 for emitting light in a very short time width
in the order of a picosecond, and light source drivers
161~164 corresponding to the light sources. Note that, as the
light sources 151~154, those that emit light of wavelengths
780 nm, 805 nm, 830, and 850 nm are respectively
employed.

in a light
in a light

in a light
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As the sample 200, part of a human body through which
light is easily transmitted, for example, a thin portion such
as an earlobe, is selected.

As the straight-advance discrimination means 350, a
streak camera capable of detecting with high time resolution
the intensity of incident light is employed. Since the pico-
second light sources 151~154 and this streak camera 350
form a time gate, the straight-advance light component or a
component close to the straight-advance light component,
emitted from the sample 200, can be extracted.

The above-mentioned extraction is depicted in FIG. 11.
That is, while the intensity I(t) of the light emitted from the
picosecond light sources 151~154 shows a sharp time
change such as that shown in FIG. 11A, the streak camera
350 detects straight-advance light and also scattered light
incident at a later time than that light. Therefore, the time
change in the intensity i' (t) of the light detected by the streak
camera 350 becomes one such as FIG. 11B. Hence, if the
streak camera 350 detects the detected light intensity I' (t) at
time T1' that has elapsed since the start time T1 of the
change by a short time, the intensity of straight-advance
light alone can be detected.

On the other hand, the extinction-index change detection
means 450 is constructed of an AD converter 403, which is
serially driven. The maximum and minimum values of each
pulsating extinction-index signal D are sampled by the AD
converter 403, and the difference therebetween, i.c., extinc-
tion index change AA is calculated for each of the above-
mentioned wavelengths emitted by the light sources
151~154.

The calculation means 500 solves the following 4 simul-
taneous Lambert-Beer equations corresponding to 4 wave-
lengths with oxyhemoglobin, deoxyhemoglobin,
carboxyhemoglobin, and methemoglobin concentrations as
variables to be measured.

AAA1=hem- (uoxy-Al-Coxy+udeoxy-il-Cdeoxy+uco-Al-Cco+
pumet-Al-Cmet)-AL

AAA2=hem- (uoxy-A2-Coxy+udeoxy-A2-Cdeoxy+uco-A2-Cco+
pmet-A2-Cmet)-AL

AAA3=hem-(uoxy-A3-Coxy+udeoxy-A3-Cdeoxy+uco-A3-Cco+
pmet-A3-Cmet)-AL

AAA4=hem- (uoxy-A4-Coxy+udeoxy-i4-Cdeoxy+uco-A4-Cco+
pmet-A4-Cmet)-AL

From the above-mentioned equations,

AAN2/AANT=(uoxy-A2-Coxy+udeoxy—A2-Cdeoxy+uco-A2-Cco+
pmet-A2-Cmet)/(uoxy—Al-Coxy+udeoxy-Al-Cdeoxy+uco—
Al-Cco+pumet-Al-Cmet)-AL

AAA3/AANT=(uoxy-A3-Coxy+udeoxy—-A3-Cdeoxy+uco-A3-Cco+
pmet-A3-Cmet)/(uoxy—Al-Coxy+udeoxy-Al-Cdeoxy+uco—
A1-Cco+umet-Al-Cmet)- AL

AAN/AANM =(uoxy-A4-Coxy+udeoxy—-A4-Cdeoxy+uco-Ad-Cco+
pmet—-A4-Cmet)/(uoxy-Al-Coxy+udeoxy-Al-Cdeoxy-+uco—
Al-Ceo+pumet-Al-Cmet)-AL

From Coxy+Cdeoxy+Cmet=100,
SpO,=[ Coxy/(Coxy+Cdeoxy+Cco+Cmet)].

Furthermore, the relative concentrations of various kinds
of hemoglobin can be measured.

While the present invention has been described with
reference to the preferred embodiments thereof, the inven-
tion is not to be limited to the details given herein, but may
be modified within the scope of the appended claims.
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What is claimed is:
1. A blood-constituent concentration measuring instru-
ment comprising:
light source means for emitting measuring light to a
portion of a living organism including a blood vessel,
the measuring light having a plurality of wavelength
components different from one another;

straight-advance light discrimination means for extracting
a straight-advance light component or a scattered light
component traveling along nearly a same optical path
as said straight-advance light component from said
measuring light which has passed through said living
organism;

extinction-index change detection means for detecting an

extinction index change in said straight-advance light
component or said scattered light component extracted
by said straight-advance light discrimination means;
and

calculation means for calculating concentrations of the

constituent parts of the blood, based on said extinction
index change for each wavelength component of said
measuring light.

2. The blood-constituent concentration measuring instru-
ment as set forth in claim 1, wherein said light source means
emits measuring light which has a plurality of wavelength
components corresponding in number to variables to be
measured, the variables corresponding to the constituent
parts of blood to be measured.

3. The blood-constituent concentration measuring instru-
ment as set forth in claim 2, wherein said straight-advance
light discrimination means is constructed of an optical
heterodyne interferometer that generates a beat signal rep-
resenting only said straight-advance light component or said
scattered light component.

4. The blood-constituent concentration measuring instru-
ment as set forth in claim 2, wherein said straight-advance
light discrimination means is constructed of a streak camera
that detects said straight-advance light component or said
scattered light component in such a manner that it is dis-
criminated on a time axis from a scattered light component
incident at a later time than said straight-advance light
component or said scattered light component.

5. The blood-constituent concentration measuring instru-
ment as set forth in claim 2, wherein, when said variables
include n variables, said calculation means solves n simul-
taneous Lambert-Beer equations to calculate the concentra-
tions of said constituent parts of blood.

6. The blood-constituent concentration measuring instru-
ment as set forth in claim 2, wherein said variables include
a hematocrit value and said calculation means performs said
calculation.

7. The blood-constituent concentration measuring instru-
ment as set forth in claim 1, wherein said straight-advance
light discrimination means is constructed of an optical
heterodyne interferometer that generates a beat signal rep-
resenting only said straight-advance light component or said
scattered light component.

8. The blood-constituent concentration measuring instru-
ment as set forth in claim 1, wherein said straight-advance
light discrimination means is constructed of a streak camera
that detects said straight-advance light component or said
scattered light component in such a manner that it is dis-
criminated on a time axis from a scattered light component
incident at a later time than said straight-advance light
component or said scattered light component.

9. The blood-constituent concentration measuring instru-
ment as set forth in any one of claims 1 through 4, wherein
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said extinction-index change detection means detects said
extinction index change caused by pulsation of an artery of
said living organism.

10. The blood-constituent concentration measuring instru-
ment as set forth in claim 1, wherein said extinction-index
change detection means calculates a difference between the
maximum and minimum values of a signal that was obtained
by detecting said straight-advance light component or said
scattered light component, thereby detecting said extinction
index change caused by pulsation of an artery of said living
organism.

11. A method of measuring blood-constituent concentra-
tions comprising steps of:

irradiating measuring light onto a portion of a living

organism including a blood vessel, the measuring light
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having a plurality of wavelength components different
from one another;

extracting a straight-advance light component or a scat-
tered light component traveling along nearly a same
optical path as said straight-advance light component
from said measuring light which has passed through
said living organism;

detecting an extinction index change in said straight-
advance light component or said scattered light com-
ponent extracted in said extracting step; and

calculating the concentrations of the constituent parts of
the blood, based on said extinction index change for
each wavelength component of said measuring light.

* * &k %





