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ABSTRACT

Blood information such as hemolysis {(a plasma-free
hemoglobin concentration) and a blood coagulation level
(thrombus) can be obtained by extracting only reflected light
in a plasma layer, and non-invasively and continuously
obtaining information only on a plasma component independently
of a hematocrit without separating blood components by a
mechanical or chemical process.

First measurement light 30 is caused to be incident on a
boundary surface between blood 10 flowing through a flow cell
40 formed of a transparent material having a different
refractive index from plasma {(layer) 12 in the blood 10 and
the flow cell 40, from an obligque direction at an angle
smaller than 90 degrees. Reflected light 32 regularly
reflected at the boundary surface between the flow cell 40 and
the blocod 10 is subjected to spectrometry. Information on a
plasma component (a refractive index Np of plasma) is obtained

from an absorption spectrum measured.
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CLATMS

1. A method for measuring blood information, comprising:

causing first measurement light to be incident on a
boundary surface between blood fliowing through a flow cell
formed of a transparent material having a different refractive
index from plasma and the flow cell, from an oblique direction
at an angle smaller than 90 degrees; and

performing spectrometry of light regularly reflected at
the boundary surface between the flow cell and the blood, to
obtain information on a plasma component from an absorption

spectrum measured.

2. The method for measuring blood information according to
c¢laim 1, wherein the information on a plasma component is a

refractive index of the plasma.

3. The method for measuring biocd information according to
claim 1 or 2, wherein the reflected light is totally reflected

light from the boundary surface.

4. The method for wmeasuring blood information according to
any of claims 1 to 3, wherein a Reynolds number or a flow rate
of the blood flowing through the flow cell is set to fall

within a predetermined range.
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5. The method for measuring blood information according to
any of claims 1 to 4, wherein a wavelength of the first
measurement light to be incident on the boundary surface is

600 nm or shorter.

6. The method for measuring blood information according to
any of claims 1 to 5, wherein an incident angle of the first
measurement light with respect to the boundary surface is 45

degrees or smaller.

7. A method for measuring blood information, comprising:
performing spectrometry of transmitted light that passes
through a blood flow path of a flow cell formed of a
transparent material when second measurément light is caused
to be incident perpendicularly to a side wall parallel to the
blood flow path of the flow cell and that exits from the
opposite side to obtain information on blood cells and a
plasma component from an absorption spectrum thereof; and
comparing the obtained information with the information on the
plasma component obtained in the method of any of claims 1 to

6 to obtain information on blood cells.

8. The method for measuring blood information according to

claim 7, wherein the first measurement light is causged to be
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incident on one slope of the side walls of the flow cell
having a trapezoid shape including a bottom on a blood flow
path side to measure the plasma component according to any of
claims 1 to 6, and the second meésurement light is caused to
be incident perpendicularly to the side wall parallel to the
blood flow path of the same flow cell to measure the blood

cells and the plasma component according to claim 7.

9. The method for measuring blood information according to
claim 8, comprising alternately performing measuring the
plasma component according to any of claims 1 to 6 and
measuring the blood cells and the plasma component according

to claim 7.

10. A device for measuring of blood information, comprising:

a flow cell formed of a transparent material having a
different refractive index from plasma and including side
walls of a blcod flow path, one of the side walls having a
pair of slopes outside;

a first light source for causing first measurement light
to be incident on one slope of the flow cell; and

first spectrometry means for performing spectrometry of
reflected light that is reflected at a boundary surface
between the blcocod flow path of the flow cell and blood and

that exits from the other slope of the flow cell to obtain
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information on a plasma component from an absorption spectrum

measured.

11. The device for measuring blood information according to
claim 10, wherein the transparent material is glass, plastics

and/or paraffin.

12. The device for measuring blood information according to
claim 10 or 11, further comprising:

a second light source for causing second measurement
light to be incident perpendicularly to a side wall parallel
to the blood flow path of the flow cell;

second spectrometry means for performing spectrometry of
transmitted light that passes through the blood flow path of
the flow cell and that exits from the opposite side to obtain
information on blood cells and a plasma component from an
absorption spectrum measured; and

calculation means for comparing the information on blood
cells and a plasma component obtained in the second
spectrometry means with the information on a plasma component
obtained in the first spectrometry means to obtain information

on blood cells.

13. The device for measuring blood information according to
any of claims 10 to 12, wherein the first and/or second light
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sources are a white light source.

14 . The device for measuring blcod information according to
any of claims 10 to 13, wherein one of the side walls of the
flow cell has a trapezoid shape with a bottom on the blood
flow path side, and the flow cell for obtaining information on
a plasma component and the flow cell for obtaining information

on blood cells and a plasma component are made common.

15. The device for measuring blood information according to
any of claims 10 to 13, wherein the flow cell for obtaining
information on a plasma component and the flow cell for
obtaining information on blood cells and a plasma component - -

are independently provided.

Dated this @8 Mday of Tuty, 2014

- (Regn No.: IN/PA-1064)
of D.P. AHUJA & CO.
APPLICANT'S AGENT
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DESCRIPTION
METHOD AND DEVICE FOR MEASURING BLOOD INFORMATION
TECHNICAL FIELD
fo001]

The present invention relates to a method and a device
for measuring blood information. In particular, the present
invention relates to a method and a device for measuring blood
information such as hemolysis (a plasma-free hemoglobin
concentration) and a blood coagulation level {(thrombus)
wherein the method and the device can non-invasively and
continuously obtain information on only a plasma component
without relying on a hematocrit.

BACKGROUND ART -
[0002]

It is desired to non-invasively and continuously measure
hemolysis and a blood coagulation level of the blood which is
guided outside the living body through an artificial
girculation circuit. Especially, although hemoglobin
monitoring in dialysis is important as an index for observing
water removal efficiency, currently used continuous hemoglobin
monitors are not reliable.

[0003]

Also, there is a risk of blcocod cecagulation in all blood
circulation system devices. Under such circumstances,

extraction of information on a plasma component by light to
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continuously monitor anticoagulant agent effects and plasma-
tree hemoglobin is an essential technigue to achieve a low-
invasive treatment that does not require frequent blood
collection, and to further achieve a treatment that requires
less work burden for both patients and medical professionals.
[0004]

As a known technique of measuring blood information,
Patent Literature 1 discloses a particle analysis device that
obtains characteristic parameters such as form information and
light absorption information of particles (blood cells, cells
and the like) contained in a sample liguid such as blood and
urine from the light having passed through a flow cell.

[0005]

Patent Literature 2 discloses a technique of measuring a
concentration of total hemoglobin or red blood cells in a
bloodstream by disposing a transmitted light sensor and a
scattered light sensor to be orthogonal to each other so that
the transmitted light sensor receives light along a
transmission path running through a cuvette while the
scattered light sensor receives light having scattered at an
angle of 90 degrees with respect to the transmission path, and
obtaining a ratio between scattered signals and transmitted
signals.

[0006]

Patent Literature 3 discloses a spectrophotometric
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analysis technique of blood in which a transmitted light
sensor and a scattered light sensor are disposed in parallel
to each other.

[0007]

Patent Literature 4 discloses a blood coagulation
analysis device that obtains, at a predetermined time interval,
a scattered light amount value from a specimen to which a
predetermined reagent is added, and that detects a coagulation
endpoint on the basis of a time-dependent change in the
scattered light amount wvalue.

[0008]

Patent Literature 5 discloses a blood coagulation
measuring device that receives scattered light from a blood
sample, and that measures saturation in a time-dependent
change of a scattered light amount after addition of a
ccagulation reagent to the blood sample, to calculate a
coagulation time.

{0009]

The inventors have proposed a Monte Carlo simulation
method for light propagation in klood in ﬁon-Patent
Literatures 1 and 2.

PRIOR ART DOCUMENT
PATENT LITERATURE
(0010]

Patent Literature 1: Japanese Patent Application Laid-
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Open No. Hel. 6-186156

Patent Literature 2: Japanese Translation of PCT
International Application Publication No. 2002-531824

Patent Literature 3: Japanese Patent Application Laid-
Open No. Hei. 6€-38947

Patent Literature 4: Japanese Patent Application Laid-
Open No. 2010-210759

Patent Litérature 5: Japanese Patent Application Laid-
Opent No. Hei. 10-123140
NON-PATENT LITERATURE
f0011]

Non-Patent Literature 1: D. Sakota et al., Journal of
Biomedical Optics, vol. 15(6)}, 065001(14 pp), 2010

Non-Patent Literature 2: D. Sakota, S. Takatani, "Newly
developed photon-cell interactive Monte Carlo (pciMC}
simulation for non-invasive and continuous diagnosis of blood
during extracorporeal circulation support," Proc. SPIE 8092,
80920Y, 1-8 (2011)
SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0012]

The optical properties of blood depend on a volume of red
blood cells MCV (a particle volume), a hemoglcobin
concentration in red blood cells MCHC (a particle refractive

index), a hematocrit HCT (a particle density), and a plasma
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refractive index Np (a refractive index of solvents other than
particles). Therefore, light propagation in blood can be
considered as a function of these variables. However, it has
been conventionally impossible to non-invasively and
continuously measure information Np on a plasma component in
blood.

[0013]

The present invention has been made for solving the
above-mentioned conventional problems. An object of the
present invention is to enable non-invasive and continuous
measurement of information on a plasma component in blood
without separating blood components by -a mechanical or
chemical process.

MEANS FOR SOLVING THE PROBLEMS
[0014]

The inventors have found that, as schematically shown in
FIG. 1, information on a plasma layer (also merely referred to
as plasma) 12\in blood 10 can be obtained when first
measurement light (also referred to as incident light) 30 is
caused to be incident from the inside of paraffin 22 having
approximately the same refractive index as glass 20 on a
boundary surface between the glass 20 and the blood 10 flowing
through a flow cell formed of the giass 20 that is a
transparent material having a different refractive index from
the plasma layer 12 in an oblique direction at 45 degrees, and

5

2 8 JUL 2014



10

15

20

25

light {also referred to as reflected light) 32 regularly
reflected (here, totally reflected) at the boundary surface
between the glass 20 and the blood 10 is subjected to
spectrometry. That is, the refractive index Np of the plasma
1s a complex number represented by Np = Np-r + i*Np-i (i is an
imaginary unit) wherein substantially constantly Np-r = 1.35
in general, and the refractive index Ng of the glass 20 is 1.5.
Accordingly, the condition for total reflection is satisfied.
Here, Np-i is related to light absorption, which can be
obtained by determining an absorption spectrum. Np-i varies
depending on protein contained in the plasma and the blood
coagulation state. That is, NP-1 varies depending on the
chemical composition of the plasma. The principle of the
spectrum measurement is that when reflection cccurs at the
boundary between the glass and the plasma layer, the boundary
causes evanescent light to be generated. The interaction
between the evanescent light and the substance (the plasma
layer) reduces light intensity. The information on a plasma
component can be obtained by measuring the reduction level for
each wavelength thereof using a spectrophotometer. In the
above measuring method, the light does not pass through the
blood 10 that is an object. Therefore, Np can be measured
without basically relying on blood cells.

[0015]

However, when blood cells suspended in the plasma collide
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with the boundary between the glass and the plasma layer,
spectral information on the blood cells is also contained.
This becomes noise in measuring Np. To address this concern,
measurement is performed in a state where blood is flowing
through the flow cell. Hydrodynamically, microparticles in a
solvent have a nature of gathering in the center of the flow
cell where the flow rate is high. Accordingly, an increase of
a flow rate in the flow cell significantly reduces blood cells
moving toward the wall boundary, enabling elimination of noise.
However, in order tc inhibit the flow from becoming turbulent,
the flow rate is desirably set at a Reynolds number Re of not
higher than 2000 (for example, 5.28 L/min or less).

[0Cle]

FIG. 2 shows a spectral change for each flow rate as the
flow rate of a circulation circuit is changed. It can be seen
that an increase of the flow rate increases received light
intensity that is reflected light intensity.

[0017]

The waveform of FIG. 2 is integrated, and FIG. 3 shows a
spectral change rate with respect to the flow rate of 0 L/min.
This indicates that the change decreases and becomes
substantially constant at the flow rate of 1.35 L/min or more.
Strictly speaking, the change is caused, but the deviation
thereof is as small as 1.47%. Therefore, there is wvirtually no

problem in the measurement.
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[o018]

Therefore, at the flow rate of 1.35%5 L/min or more, the
orientation of the distribution of red blood cells in blood
becomes stable. Accordingly, a spectrum becomes stable without
depending on the flow rate, thereby facilitating the
measurement. Alternatively, once the relationship between the
flow rate and the spectral change rate is previously checked,
correction can be performed, and measurement can be performed
at any flow rate.

[0019]

The horizontal axis of FIG. 3 is presently the flow rate,
which c¢an be divided by the cross-sectional area of the flow
cell so as to be converted into an average flow velocity.
[0020]

Furthermore, when the viscosity and the density of blood
are taken into account, the Reynolds number Re defined by the
following formula can be calculated:

Re = UD/(u/p) - (1}.

[0021] |

Here, U is a characteristic flow velocity [m/sec]l, D is a
characteristic length [ml, p is a fluid viscosity [Pa's], and p
is a fluid density [kg/m3]. The Reynolds number Re indicates
the ratio between viscous forces and inertial forces, and a
larger Re means sFronger inertial forces. Viscous forces mean

frictional resistance caused by viscosity that fluid itself

2 8 JUL 20%4.



10

15

20

25

has when the fluid moves {flows). The viscous forces become
forces of being dragged by the neighbofing fluid elements to
move in a similar manner to the fluid elements. That is, in a
flow field with a certain flow distribution, the viscous
forces express forces permitting a fluid to move along the
flow line. Therefore, as the Reynolds number Re is lower
(vigscous forces are higher), the flow is inhibited from
becoming turbulent and becomes a laminar flow along the flow
line. On the other hand, inertial forces express the opposite.
The inertial forces mean inertia generated by a mass of a
moving fluid, and express forces to move against the
neighboring fluid elements. This means that as the inertial
forces are stronger, the fluid freely behaves without
following the viscous forces. Therefore, as the Reynolds
number Re is higher (the inertial forces are higher), the flow
is unlikely to become constant, and becomes a turbulent flow
that is in chaos. A rough standard of transition from a
laminar flow to a turbulent flow is said to be Re > 2000.
[(0022]

The Reynolds number Re, which is a dimensionless measure
to express how orderly a fluid behaves, is used as a
similarity rule of a flow. For example, when a flow inside a
tube is considered, the pattern of the flow is the same as
long as the Reynolds number Re is the same, even when the tube

diameter, or the wviscosity and the density of the fluid vary.
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Therefore, eveﬁ when the gsize of the flow cell varies (the
shape is similar), and even when the density and the viscosity
of blood vary, the measurement comes to be similarly performed
as long as the condition is satisfied in terms of the Reymolds
numbexr Re. Therefore, the measurement condition itself can be
exactly expressed by numerical values.
[0623]

Then, the Reynolds number Re at 1.35 L/min is calculated.
The characteristic length D of the formula (1) is a tube
diameter in the case of a tube. The present flow cell has a
cross section of a square. In this case, the characteristic
length D is the length of a side of the square, that is D = 10
x 10-3 m. The characteristic flow velocity U is, according to:

1.35 [L/min] = 1360 [em3/min]

22.67 [cm?/sec]

22.67 x 10® [mm3/sec],

U = {22.67 x 10® [mm3/sec]) /{100 [mm2])

226.7 [mm/sec]

0.2267 [m/sec].

(0024]

Viscosity M and density p vary depending on a hematocrit
and’ & hemoglcbin amount of blood. Therefore, a typical wvalue
ig employed here. Based on p = 1.06 x 10% [kg/m’] and p = 4.7 x
10-3 [Pasec] in blood of an adult male, the Reynolds number Re
is

10
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Re = UD/{u/p) = 511.2.

Thus, at Re = 511.2 or mcore, the spectrum becomes stable, and
measurement can be easily performed.
[0025]

When the measurement condition for spectrometry is
determined by the Reynolds number Re, the same conditiomn can
be set even when the fluid varies, as long as the Reynolds
number Re is the same. Therefore, the Reynolds number Re can
be considered as the most suitable parameter to determine the
condition in a fluid. However, since the viscosity and the
density of blood are not actually measured in each case, the
measurement condition may be defined by the flow velocity U
without problems.

[0026]

The wavelength of light colliding with the boundary
surface is desirably 600 nm or shorter, more preferably 500 to
600 nm. This is because while a varied hematocrit HCT hardly
causes the spectrum to be changed at a wavelength of 500 nm to
600 nm as indicated by a differential spectrum AHCT of HCT in
FIG. 4(a), hemolysis is characteristic as indicated by a
differential spectrum AfHb of a plasma-free hemoglokin fiHb in
FIG. 4(b). In.this case, a characteristic of the light
absorption property of hemoglobin Hb depending on a plasma-
free hemoglobin fHb is obtained, and reflection spectrometry
at the plasma layer boundary can be performed in this

11
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wavelength range. On the other hand, in the wavelength range
of 600 nm to 800 nm as shown in FIG. 5, absorption by the
hemoglecbin Hb is small. Accordingly, scattered light by red
blood cells is detected, and as shown in FIG. 4, the spectrum
changed in accordance with the change in the hematocrit and
the hemolysis.

(0027]

The incident angle is not limited to 45 degrees or
smaller in some material of the flow cell. Also, total
reflection is not mandatory. Furthermore, the light wavelength
may be 600 nm or longer.

[0028]

The present invention has been made on the basis of the
knowledge as described above, the above-described problems can
be solved by causing first measurement light to be incident on
a boundary surface between blood flowing through a flow cell
formed of a transparent material having a different refractive
index from plasma and the flow cell, from an oblique direction
at an angle smaller than 390 degrees; and performing
spectrometry of light regularly reflected at the boundary
surface between the flow cell and the blood, to obtain
information on a plasma component from an absorption spectrum
measured.

[0029]

Here, the information on a plasma component can be a
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refractive index of the plasma.
[0030]

Also, the reflected 1igh£ can be totally reflected light-
from the boundary surface.
[0031]

Also, the Reynolds number or the flow rate of the blood
flowing through the flow cell can be set to fall within a
predetermined range (for example, 511 or more and 2000 or less
in terms of the Reynolds number Re, 1.35 L/min or more and
5.28 L/min or less in terms of the flow rate}).

[0032]

Also, the wavelength of the first measurement light to be
incident on the boundary surface can be 600 nm or shorter.
[0033]

Also, an incident angle of the first measurement light
with respect to the boundary surface can be 45 degrees or
smaller.

[0034]

Information on blood cells can be obtained by: performing
spectrometry of transmitted 1light that passes through a blood
flow path of a flow cell formed of a traﬁsparent material when
second measurement light is caused to be incident
perpendicularly to a side wall parallel to the blood flow path
of the flow cell and that exits from the opposite side to

obtain information on blood cells and a plasma component from
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an absorption spectrum thereof; and comparing the obtained
information with the information on the plasma component
obtained in the above-described method.

[0035]

Also, the first measurement light may be caused to be
incident on one slope of the side walls of the flow cell
having a trapezoid shape including a bottom on the blood flow
path side to measure the plasma component, and at the same
time the second measurement light may be caused to be incident
perpendicularly to the side wall parallel to the blood flow
path of the same flow cell to measure the blood cells and the
plasma component described above.

[00361

Also, the measurement of a plasma component and the
measurement of blood cells and a plasma component can be
alternately performed.

[0037]

The present invention has also solved the above-described
problems with a device for measuring blood information. The
measuring device includes: a flow cell formed of a transparent
material having a different refractive index from plasma and
including side walls of a blood flow path, one of the side
walls having a palir of slopes outside; a first 1ight source
for causing first measurement light to be incident on one

slope of the flow cell; and first spectrometry means for
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performing spectrometry of reflected light that is reflected
at a boundary surface between the blood flow path of the flow
cell and blood and that exits from the other slope of the flow
cell to obtain information on a plasma component from an
absorption spectrum measured.

[0038]

Here, the transparent material can be glass, plastics
and/or paraffin.
[0039]

The measuring device may further include: a second light
source for causing second measurement light to be incident
perpendicularly to a side wall parallel to the blood flow path
of the flow cell; second spectrometry means for performing
spectrometry of transmitted light that passes through the
blood flow path of the flow cell and that exits from the
opposite side to obtain information on blood cells and a
plasma component from an absorption spectrum measured; and
calculation means for comparing the information on blood cells
and a plasma component obtained in the second spectrometry
means with the information on a plasma component obtained in
the first spectrometry means to obtain information on blood
cells.

[0040]

The first and/or second light sources can be a white

light source.

15
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[0041]

Also, one of the side walls of the flow cell may have a
trapezoid shape with a bottom on the blood flow path side, and
the flow cell for obtaining information on a plasma component
and the flow cell for obtaining information on blood cells and
a plasma component may be made common.

[0042]

Alternatively, the flow cell for obtaining information on
a plasma component and the flow cell for obtaining information
on blood cells and a plasma component may be independently
provided.

ADVANTAGEOUS EFFECTS OF THE INVENTION
{0043]

According to the present invenfion, blocd information
such as hemolysis and a blood coagulation level can be
obtained by non-invasively and continuously measuring
information on only a plasma component independently of a
hematocrit without separating blood components by a mechanical
or chemical process. Therefore, hemolysis and thrombus can bhe
non-invasively and continuously measured, and the
pharmaceutical effect of anticoagulant agents and the damage
level of blood cells can be grasped.

BRIEF DESCRIPTION CF THE DRAWINGS

(6044)

FIG. 1 is a schematic diagram for illustrating the

16
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principle of the present invention;

FIG. 2 1is similarly a diagram showing an example of the
relationship between the flow rate and the spectrum;

FIG. 3 1is similarly a diagram showing the change rate of
the spectrumAwith respect to the flow rate shown in FIG. 2;

FIG. 4 is similarly diagrams each showing a differential
spectrum of (a) a hematocrit HCT or (b} a plasma-free
hemoglobin fHb for comparison;

FIG. 5 is similarly a diagram showing the light
absorption property of hemoglobin Hb;

FIG. 6 is a cross-sectional diagram showing the
configuration of a first embodiment of the present invention;

FIG. 7 is a cross-sectional diagram showing the

configuration of a second embodiment of the present inventiorm;

and

FIG. 8 is a schematic diagram showing the configuration
of a third embodiment of the present invention.
MODE FOR CARRYING OUT THE INVENTICN
[0045]

Embodiments of the present invention are described in
detail below with reference to the drawings.

(00456]

As shown in FIG. 6, a first embodiment of the present
invention includes: a flow cell 40 constituted by a glass tube

42 that has a cross section of a square and is formed into a
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tube shape and that constitutes a blood flow path, a glass
container 44 that is fixed to one side wall (a lower side wall
in the diagram) of the glass tube 42 and that has a trapezoid
shape, and a liquid paraffin 46 filled in the glass container
44; a white light source 50; an incident light fiber 52 for
causing white light generated by the white light source 50 to
be incident on one slope {(a slope on the left side in the
diagram) 44A of the glass container 44 through a collimator
lens 54 as first measurement light (incident light) 30; a
receiving light fiber 58 for detecting reflected light 32 that
is regularly reflected at a boundary surface between the blood
10 and the glass tube 42 and exits from the other slope (a
slope on the right side in the diagram) 44B of the glass
container 44 through a cecllimator lens 56; and a first
spectrophotometer 60 for performing spectrometry of the
reflected light obtained by the receiving light fiber 58 to
obtain information Np on a plasma component from an absorption
spectrum measured.
[0047]

For example, the glass tube 42 has a glass wall thickness
of 1.25 mm, and includes a square tube portion 42A with a
cross section of a square of 10 mm x 10 mm and a length of 42.5
mm, and circular tube portions 42B on an inlet side and an
outlet side with a diameter of 4.5 mm and a length of 15 mm.

Also, a space in which the liquid paraffin 46 is filled is
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shaped into a cylinder with an inner diameter of 30 mm and a

depth of 15 mm.
[0048]

As the white light source 50, for example, a halogen
white light source having a wavelength of 300 nm to 1100 nm
can be used.

[0049]

An operation will be described below.
[0050]

White light guided through the incident l1ight fiber 52 is
caused to be incident on a side surface of the glass container
44 of the flow cell 40. The angle formed between the incident
axis and the glass- side- surface is determined as such an angle
that allows the light to pass through the glass and be totally
reflected at the boundary between the glass and the plasma
layer. The reflected light 32 is guided to the first
spectrophotometer 60 through the receiving light fiber 58.
Then, an absorption spectrum is determined, so as to determine
a refractive index Np-1 related to a light absorption rate.
[6051])

Next, a second embodiment of the present invention is

described.
{0052]

As shown in FIG. 7, the present embodiment further

includes: a second white light source 70; a second
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spectrophotometer 76 for causing white light to be incident
through an incident light fiber 72 on a side wall (a top
surface on the lower side in the diagram} 44C parallel to the
blood flow path (the glass tube 42} of the flow cell 40
similar to that in the first embodiment and receiving
transmitted light that passes through the blood flow path of
the flow c¢ell 40 and exits from an opposite side 42C thereto
through a receiving light fiber 74 to obtain information on
blood cells and a plasma component MCV, MCHC, HCT and Np; and
a computer 78 for comparing the information on blood cells and
a plasma component obtained by the second spectrophotometer 76
with the information Np on a plasma component obtained by the
first spectrophotometer 60 according to the first embodiment,
to obtain blood cell information MCV, MCHC and HCT.

f0053]

In the second embodiment, the white light guided through
the incident light fiber 72 is perpendicularly incident on the
top surface 44C of the trapezoid of the glass container 44.
The light passes through the glass, and further passes through
the blood. Then, the transmitted light is received by the
receiving light fiber 74 disposed on the opposite surface 42C
to the incident side of the flow cell, and guided to the
second spectrophotometer 76 to measure a light absorption
spectrum. Unlike the first embodiment, in the case of the
above measurement, light is propagated in blood. Accordingly,

20
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the light is absorbed and scattered mainly by red blood cells.
Since the representative absorber is hemoglobin, a spectrum
having a wavelength of 600 nm or longer, which is less
absorbed by hemoglobin, is used. Furthermore, to address the
varied absorption by hemoglobin depending on a blood oxygen
saturation, a received light intensity at an isosbestic
wavelength (a wavelength at which absorption does not depend
on an oxygen saturation) of 805 nm is set as a standard. That
ig, an absorption spectrum in the range of 430 nm of 805 nm
(775 nm to 835 nm) where there is next to no wavelength
dependence with respect to scattering is next used.

[0054]

Meanwhile, this measurement state is input to the
computer 78 to perform the Monte Carlo simulation (photon-cell
interactive Monte Carlo simulation: pciMC) of light
propagation in blood which has been proposed by the inventors
in Non-Patent Literatures 1 and 2. In this simulation, input
parameters of blood are MCV, MCHC, HCT and Np. As Np, the
value obtained according to the first embodiment is input. As
each of other three wvariables, an appropriate wvalue is input
as an initial wvalue. As a range that sufficiently contains a
clinically possible rangé, for example, the range of MCV can
be 70 to 110 fL, the range of MCHC can be 25 to 40 g/dL, and
the range of HCT can be 20 to 60%. Also, the wavelength is set
in the range of 775 to 835 nm, and the pciMC simulation is
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performed to obtain an absorption spectrum. An inverse problem
is performed to explore MCV, MCHC and HCT that are input
values of the pciMC where the spectrum obtained in the
simulation coincides with the actually measured spectrum (the
inverse Monte Carlo method}. The actually performed method
includes previously simulating the whole range of the above-
described input parameters to build a database of the
simulation, and exploring MCV, MCHC and HCT that each coincide
with the measurement result in the database. Thus, the
calculation cost can be minimized.

[0055]

In the second embodiment, the side surface of the
trapezoid-type cell is irradiated with the light to allow the -
light to be totally reflected at the boundary. Therefore,
scattering by the red blood cells is theoretically 0. Thus,
compared to the first embodiment, noise is reduced, and pure
information on a refractiﬁe index of plasma can be extracted.
Therefore, the measurement can be performed with higher
accuracy than in the first_embodiment.

[0056]

In the second embodiment, two light incident locations
and two light receiving locations are provided to measure both
the plasma component and the blood cell component. To prevent
the two types of light from interfering with each other under

such circumstances, a switching device 80 may be provided so
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that the white light sources 50 and 70 are alternateiy
switched on/off to allow for alternate light illumination for
plasma measurement and for blood cell measurement. The
switching frequency may be set at approximately 1 Hz. Blood
cell output calculation may be performed during the plasma
measurement, and plasma cutput calculation is performed during
the blood cell measurement. Thus, both measurement values can
be output without intermittence at a switching frequency
interval.
[0057]

Alternatively, as in a third embodiment shown in FIG. 8,
a flow cell 40 for measuring plasma and a flow cell 41 for
measuring a blood cell may be separately and tandemly disposed,
so as to continuocusly perform the plasma measurement and the
blood cell measurement. In this case, a delay circuit 82 that
performs delaying in accordance with the flow rate of blood
may be provided to obtain information of the same blood part.
Here, a delay time can be changed in accordance with a
measured flow rate of blood, or can be constant while the flow
rate of blood is set constant. The flow cell 41 for measuring
a blood cell may not have a trapezoid shape, and may have a
simple cylinder shape.
[0058]

Although the cross section of the glass tube 42 is set at

1 cm? in the above-mentioned embodiment, it may be smaller than
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that when the flow rate of blood is low. The light source is
also not limited to the halogen white light source.
INDUSTRIAL APPLICABILITY

[0059]

The present invention can obtain information only on the
plasma component to be obtained noninvasively and continuocusly,
and can be used for measurement of blood information, such as
hemolysis (a concentration of plasma free hemoglobin) or
degree of blood coagulation {(a thrombus).

[0060]

The disclosure of the specification, drawings, and claims
of Japanese Patent Application No. 2012-028231 filed on
February 13, 2012 is incorporated herein-by reference in its
entirety.

REFERENCE SIGNS LIST

[0061]
10 Blood
12 Plasma {(layer)
14 Red blocod cell
30 Incident light (first measurement light)

32 Reflected light

40 Flow cell
42 Glass tube (blocd flow path)
44 (Trapezoid-shaped) glass container

44n, 44B Slope
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44C

46

50,

52,

58,

60,

78

80

82

Top surface
Ligquid paraffin -
70 White light source
72 Incident light fiber
74 Receiving Light fiber
76 Spectrophotometer
Computer
Switching device

Delay circuit
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CLATMS

1. A method for measuring blood information, comprising:

causing first measurement light to be incident on a
boundary surface between blood fliowing through a flow cell
formed of a transparent material having a different refractive
index from plasma and the flow cell, from an oblique direction
at an angle smaller than 90 degrees; and

performing spectrometry of light regularly reflected at
the boundary surface between the flow cell and the blood, to
obtain information on a plasma component from an absorption

spectrum measured.

2. The method for measuring blood information according to
c¢laim 1, wherein the information on a plasma component is a

refractive index of the plasma.

3. The method for measuring biocd information according to
claim 1 or 2, wherein the reflected light is totally reflected

light from the boundary surface.

4. The method for wmeasuring blood information according to
any of claims 1 to 3, wherein a Reynolds number or a flow rate
of the blood flowing through the flow cell is set to fall

within a predetermined range.
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5. The method for measuring blood information according to
any of claims 1 to 4, wherein a wavelength of the first
measurement light to be incident on the boundary surface is

600 nm or shorter.

6. The method for measuring blood information according to
any of claims 1 to 5, wherein an incident angle of the first
measurement light with respect to the boundary surface is 45

degrees or smaller.

7. A method for measuring blood information, comprising:
performing spectrometry of transmitted light that passes
through a blood flow path of a flow cell formed of a
transparent material when second measurément light is caused
to be incident perpendicularly to a side wall parallel to the
blood flow path of the flow cell and that exits from the
opposite side to obtain information on blood cells and a
plasma component from an absorption spectrum thereof; and
comparing the obtained information with the information on the
plasma component obtained in the method of any of claims 1 to

6 to obtain information on blood cells.

8. The method for measuring blood information according to

claim 7, wherein the first measurement light is causged to be
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incident on one slope of the side walls of the flow cell
having a trapezoid shape including a bottom on a blood flow
path side to measure the plasma component according to any of
claims 1 to 6, and the second meésurement light is caused to
be incident perpendicularly to the side wall parallel to the
blood flow path of the same flow cell to measure the blood

cells and the plasma component according to claim 7.

9. The method for measuring blood information according to
claim 8, comprising alternately performing measuring the
plasma component according to any of claims 1 to 6 and
measuring the blood cells and the plasma component according

to claim 7.

10. A device for measuring of blood information, comprising:

a flow cell formed of a transparent material having a
different refractive index from plasma and including side
walls of a blcod flow path, one of the side walls having a
pair of slopes outside;

a first light source for causing first measurement light
to be incident on one slope of the flow cell; and

first spectrometry means for performing spectrometry of
reflected light that is reflected at a boundary surface
between the blcocod flow path of the flow cell and blood and

that exits from the other slope of the flow cell to obtain
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information on a plasma component from an absorption spectrum

measured.

11. The device for measuring blood information according to
claim 10, wherein the transparent material is glass, plastics

and/or paraffin.

12. The device for measuring blood information according to
claim 10 or 11, further comprising:

a second light source for causing second measurement
light to be incident perpendicularly to a side wall parallel
to the blood flow path of the flow cell;

second spectrometry means for performing spectrometry of
transmitted light that passes through the blood flow path of
the flow cell and that exits from the opposite side to obtain
information on blood cells and a plasma component from an
absorption spectrum measured; and

calculation means for comparing the information on blood
cells and a plasma component obtained in the second
spectrometry means with the information on a plasma component
obtained in the first spectrometry means to obtain information

on blood cells.

13. The device for measuring blood information according to
any of claims 10 to 12, wherein the first and/or second light
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sources are a white light source.

14 . The device for measuring blcod information according to
any of claims 10 to 13, wherein one of the side walls of the
flow cell has a trapezoid shape with a bottom on the blood
flow path side, and the flow cell for obtaining information on
a plasma component and the flow cell for obtaining information

on blood cells and a plasma component are made common.

15. The device for measuring blood information according to
any of claims 10 to 13, wherein the flow cell for obtaining
information on a plasma component and the flow cell for
obtaining information on blood cells and a plasma component - -

are independently provided.

Dated this @8 Mday of Tuty, 2014

- (Regn No.: IN/PA-1064)
of D.P. AHUJA & CO.
APPLICANT'S AGENT
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