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(54) BLOOD FLOW IMAGE DIAGNOSING DEVICE

(57) The present invention provides a blood flow im-
age diagnosis device comprising:
a laser beam irradiation system that irradiates an obser-
vation region of a body tissue with a laser beam;
a light receiving system having a light receiver including
large number of pixels that detects reflected light from
the observation region of the body tissue;
an image capture section that continuously captures a
plurality of images for a specified time that is one or more
cardiac beats on the basis of a signal from the light re-
ceiver;
an image storage section that stores the plurality of im-
ages;
an arithmetic section that calculates a blood flow rate in
the body tissue from the time variation of the output signal
of each pixel corresponding to the plurality of the stored
images; and
a display section that displays the two-dimensional dis-
tribution of the calculation result as a blood flow map;
wherein
the blood flow image diagnosis device has a function for
analyzing the blood flow map,
the arithmetic section has a function that separates a
blood flow of a blood vessel observed in a surface layer
in the observation region of the body tissue from a pe-

ripheral background blood flow on the basis of a plurality
of blood flow map data for a time that is one or more
cardiac beats, and
the display section has a function that distinguishably
displays each blood flow on a blood flow map.
The blood flow image diagnosis device has an additional
function for diagnosing blood flow images as compared
to a conventional device.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a blood flow
rate imaging device for measuring and imaging a blood
flow rate on the basis of a speckle signal reflected from
a body tissue obtained by irradiating the body tissue hav-
ing blood cells with a laser beam wherein a new function
for analyzing a blood flow imaging is added thereto.

BACKGROUND ART

[0002] Conventionally, the present inventors have de-
veloped a blood flow rate measuring device that irradi-
ates with a laser beam a body tissue having blood cells
such as an eye ground and a skin, leads random speckled
patterns, i.e. speckle images, which are formed by inter-
ference of reflected light from the blood cells, unto an
image sensor such as a solid-state image sensor (CCD
or CMOS), sequentially captures and stores a large
number of these speckle images at predetermined time
intervals, selects a predetermined number of images
from the large number of the stored images, calculates
a value reflecting a time variation velocity of output in
each pixel of each image and then calculates the velocity
of blood cells (blood flow rate) from the value.
In this kind of blood flow rate measuring device, the output
variation velocity of each pixel corresponds to a move-
ment velocity of blood cells. Accordingly, a blood flow
distribution in a body tissue can also be color-displayed
on a monitor screen as a two-dimensional image (blood
flow map) based on the value of the output variation cal-
culated in each pixel. A blood flow map observed actually
is composed of sequential blood flow maps calculated
so as to become about 30 scenes per second. Hereinaf-
ter, the sequential blood flow maps are sometimes called
as an original map. The blood flow map can be displayed
as an animation. Therefore, this device has been put to
practical use as a device for inspecting hemodynamics
of an eye ground or skin (refer to Patent documents 1-6).
[0003] In addition, the present inventors proposed a
blood flow rate imaging device that analyzes a blood flow
variation appearing at regular intervals synchronously
with cardiac beats in each site within an observation field
on the basis of sequential blood flow maps obtained be-
tween a few seconds in blood flow measurement, intro-
duces a numerical value capable of distinguishing an ar-
terial site with a steep rise waveform and a venous site
with a waveform gradually going up and down, i.e., skew-
ness, and displays an arterial pulse part and a venous
pulse part on a blood flow map (refer to Patent document
7).
[0004] However, when the blood flow rate imaging de-
vice proposed by the present inventors is used to detect,
for example, a blood flow of an eye ground, sequential
original maps obtained by calculating a blood flow distri-
bution actually are generally grainy as shown in Fig. 1

and outlines of blood vessels are composed of grains.
These grains arise from facts that a speckle image for
calculating a blood flow value has intrinsically much noise
and a statistical error occurs since samples for measuring
blood flow of each pixel are limited in number. There are
essentially differences on location and size of grains be-
tween a series of original maps. In other words, numerical
values representing a blood flow rate in each pixel vary
considerably in respective maps. It is known that a blood
flow in an arterial blood vessel on a retina changes pe-
riodically by cardinal beats. A numerical value or a wave-
form thereof includes important information on a periph-
eral circulatory function. However, in order to detect the
value or the waveform accurately, it is necessary to dis-
tinguish accurately whether each pixel of an original map
obtained at a certain time is positioned in the retina vessel
part in the surface layer or is positioned in the blood flow
of the peripheral choroid and other tissues (background
blood flow). Such distinction is difficult to perform on the
basis of the original map with rough grains as shown in
Fig. 1. Therefore, it has been a big problem to develop
a method for distinguishing surely a region of blood ves-
sel running on a surface, i.e., the retina vessel region,
from a region of background blood flow.
[0005] Further, when distribution of skewness charac-
terizing a blood flow waveform of an eye ground is re-
quired using the conventional blood flow rate imaging
device as proposed in Patent document 7, blood flow
values in numerous pixels adjacent to a target pixel are
taken into calculation so as to increase samples in
number and reduce a statistical error. However, since
the blood flow values are calculated based on pixels ex-
tracted from a region containing both a blood vessel part
and a background tissue part that have a different wave-
form from each other, information on the blood flow wave-
forms are confused mutually. Consequently, when the
distribution of skewness is displayed as an image, there
is a problem that a waveform of a thin arterial blood vessel
is difficult to distinguish, since it is buried in a waveform
of tissue blood flow existing in the background. A wave-
form of a target blood vessel can be obtained by extract-
ing a blood flow value along a course of a blood vessel
and specifying skewness. As stated above, however,
there has been a problem that it is difficult to find a method
for extracting only blood vessels.
[0006] Further, using the conventional blood flow im-
aging device, a region called a rectangular rubber band
such as a rectangular portion illustrated at the upper part
of the center in Fig. 1 is set up manually along a course
of a predetermined blood vessel in a blood flow map as
shown in Fig. 1, and then, a blood flow waveform in the
rubber band (refer to Fig.2) or a distribution of blood flow
rate in cross-section of blood vessel (refer to Fig. 3) is
examined. The horizontal axis of Figure 3 shows pixels.
In such a method, it is necessary to select a straight blood
vessel and, for examining a blood flow waveform, it is
also necessary to set up the rubber band in an elongated
form and exactly so as to match to the width of the blood
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vessel. For examining a cross-section of blood vessel, a
straight blood vessel is also selected and a bit broader
region in parallel to the blood vessel is set up, then, blood
flow values are averaged in a direction of the blood vessel
running to obtain a cross-sectional view of velocity dis-
tribution as shown in Fig. 3.
However, since most retina vessels are not straight as
shown in Fig. 1, only limited blood vessels can be meas-
ured by the method setting up the rectangular region. In
addition, very complicated work is required to set accu-
rately a rectangular region on a blood vessel every time
blood flow analysis is performed.
It has been considered that a relation between a diameter
of arterial blood vessel and a blood flow waveform in-
cludes very important information for understanding not
only an ocular disease but also systemic hemodynamics.
Therefore, if a retina vessel can be selected freely to
measure a blood flow waveform and an effective diam-
eter thereof, it is of great significance. Accordingly, it has
been a great problem to develop a method in which a
meandering blood vessel can be analyzed as well as a
straight blood vessel.
[0007] On the other hand, when a blood flow waveform
in each site of an eye ground (observation region) is con-
verted to a numerical value using skewness, the skew-
ness is affected with a secondary peak and fluctuation
of peak position in the waveform if they exist. Further,
arterial blood flow waveforms upon rising and going down
may relate to different factors regarding a peripheral cir-
culatory function, respectively. Therefore, it is insufficient
to characterize a blood flow waveform by only skewness,
and thus it is also necessary to introduce other indices
so as to judge holistically.

Conventional technical document

[0008]

[Patent Document 1]: Japanese Examined Patent
Publication No. Hei 5-28133
[Patent Document 2]: Japanese Examined Patent
Publication No. Hei 5-28134
[Patent Document 3]: Japanese Unexamined Patent
Publication No. Hei 4-242628
[Patent Document 4]: Japanese Unexamined Patent
Publication No. Hei 8-112262
[Patent Document 5]: Japanese Unexamined Patent
Publication No. 2003-164431
[Patent Document 6]: Japanese Unexamined Patent
Publication No. 2003-180641
[Patent Document 7]: WO2008/69062 Pamphlet

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0009] An object of the present invention is to provide
a blood flow image diagnosis device which is obtained

by applying and developing a conventional blood flow
rate imaging device, comprising a means that improve
convergence of each value of blood flow in a surface
layer of a body tissue (surface layer blood flow) and blood
flow in a background (background blood flow) when a
secondary peak of blood flow waveform appears or blood
flow values vary a great decal and
a means that distinguishes automatically a blood vessel
region such as a meandering blood vessel for which it is
difficult to measure a blood vessel diameter, and calcu-
lates and displays an average blond vessel diameter.

MEANS FOR SOLVING THE PROBLEMS

[0010] The problems mentioned above can be solved
by the present Invention described in following embodi-
ments 1 to 18.
[0011] The invention described in embodiment 1 is a
blood flow image diagnoses device comprising:

a laser beam irradiation system that irradiates an
observation region of a body tissue having a blood
cell with a laser beam;
a light receiving system having a light receiver in-
cluding a large number of pixels that detects reflect-
ed light from the observation region of the body tis-
sue;
an image capture section that continuously captures
a plurality of images for a specified time that is one
or more cardiac beats on the basis of a signal from
the light receiver;
an image storage section that stores the plurality of
images;
an arithmetic section that calculates a blood flow rate
within the body tissue from the time variation of the
output signal of each pixel corresponding to the plu-
rality of the stored images; and
a display section that displays the two-dimensional
distribution of the calculation result as a blood flow
map;
wherein
the blood flow image diagnosis device has a function
for diagnosing the blood flow map,
the arithmetic section has a function that separates
a blood flow of a blood vessel observed in a surface
layer in the observation region of the body tissue
(surface layer blood vessel) from a blood flow of a
peripheral background region (background blood
flow) on the basis of the plurality of blood flow map
data covering the time that is one or more cardiac
beats,
the display section has a function that distinguishably
displays blood flow maps of respective portions,
the arithmetic section has a function that calculates
and compares information on a blood flow including
blood flow value, blood flow waveform or blood ves-
sel diameter in said respective portions, and the dis-
play section has a function that displays the calcu-
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lation result obtained in the arithmetic section.

[0012] In the present invention, taking characteristics
of a blood flow map mentioned below into account, the
passage "a blood flow of a blood vessel observed in a
surface layer of a body tissue (surface layer blood ves-
sel)" represents not only a blood flow but also a blood
vessel itself located in a surface layer site such as a ret-
ina. But, the passage "a blood flow in a peripheral back-
ground region (background blood flow)" represents liter-
ally a blood flow of a choroid or other tissues surrounding
the blood vessel in the surface layer site (background
blood flow). That is, when the device of the present in-
vention is used, blood vessels in the surface layer site of
the body tissue such as a retina vessel can be clearly
recognized. However, blood vessels in the background
site such as a choroid vessel are difficult to recognize
clearly and can be recognized only as a blood flow in the
background site. Accordingly, in the present specifica-
tion, the former is used as a term having the same mean-
ing as "blood vessel" and the latter is used as a term
meaning only "blood flow"
[0013] In the invention, needless to say, known fea-
tures or means can be added to or incorporated into the
blood flow image diagnosis device if necessary.
[0014] The invention described in embodiment 2 is a
blood flow image diagnosis device according to embod-
iment 1, wherein the arithmetic section has a function that
calculates an amount of position-disparity between each
map generated by movement of a measuring object re-
garding said plural blood flow map data,
obtains an average blood flow map by compensating the
amount of position-disparity and superimposing,
distinguishes a range with higher blood flow from a range
with lower blood flow than a predetermined threshold lev-
el,
excludes isolated points,
separates a series of high value points regarded as a
blood flow of blood vessel in a surface layer from the
others regarded as a background blood flow,
reflects thus-obtained information in each map,
extracts independently a blood flow of a surface layer
blood vessel appeared on the surface layer site and a
background blood flow of a background site in a prede-
termined region of a map, and obtains information on the
above blood flows in each site
[0015] The invention described in embodiment 3 is a
blood flow image diagnosis device according to embod-
iment 1, wherein the arithmetic section has a function that
obtains each waveform for a blood flow of a surface layer
blood vessel and a background blood flow separated by
the above function in one or more predetermined regions
of a blood flow map,
quantifies a feature of a blood flow waveform which ap-
peared upon either an increase or decrease of blood flow
variation by heart beat or features of both blood flow
waveforms and
displays and compares thus-obtained values with re-

spect to each region.
[0016] The invention described in embodiment 4 is a
blood flow image diagnosis device according to embod-
iment 1, wherein the arithmetic section has a function that
obtains each skewness of blood flow waveform for a
blood flow of a surface layer blood vessel and a back-
ground blood flow separated by the above function in one
or more predetermined regions of a blood flow map, and
displays and compares thus-obtained values with re-
spect to each region.
[0017] The invention described in embodiment 5 is a
blood flow image diagnosis device according to embod-
iment 1, wherein the arithmetic section has a function
that obtains each blood flow waveform for a blood flow
of a surface layer blood vessel and a background blood
flow separated by the above function in one or more pre-
determined regions of a blood flow map,
integrates a blood flow value in a time in which a wave-
form goes to a bottom from a peak,
integrates a constant blood flow value indicated as (peak
value - minimum value) in the same time,
quantifies a feature of a blood flow waveform by obtaining
a ratio of both integrated blood flow values,
displays and compares values thus-obtained values with
respect to each region.
[0018] The invention described in embodiment 6 is a
blood flow image diagnosis device according to embod-
iment 1, wherein the arithmetic section has a function that
obtains each blood flow waveform for a blood flow of a
surface layer blood vessel and a background blood flow
separated by the above function in one or more prede-
termined regions of a blood flow map, obtains an ampli-
tude value of each blood flow waveform, quantifies a fea-
ture of a blood flow waveform by calculating a ratio of the
amplitude value to the average blood flow value, and
displays and compares thus-obtained values with re-
spect to each region.
[0019]  The invention described in embodiment 7 is a
blood flow image diagnosis device according to embod-
iment 1, wherein the arithmetic section has a function
that specifies one or more regions containing a surface
layer blood vessel in a blood flow map,
separates a blood flow of the surface layer blood vessel
from the background blood flow by the above function,
extracts a blood flow value in each region, and
calculates independently each average value on the sur-
face layer blood vessel and the background blood flow,
and
a function that displays and compares thus-obtained val-
ues with respect to each region.
For example, a rectangular region may be set as a region
containing a surface layer blood vessel in a blood flow
map.
[0020] The invention described in embodiment 8 is a
blood flow image diagnosis device according to embod-
iment 1, wherein the arithmetic section has a function
that separates the surface layer blood vessel from the
background blood flow according to the method de-
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scribed in the embodiment 7,
Calculates the total number of pixels in a region corre-
sponding to the surface layer blood vessel, thereby cal-
culates a numerical value proportional to a diameter of
the surface layer blood vessel, and displays and com-
pares the numerical value.
[0021] The invention described in embodiment 9 is a
blood flow image diagnosis device according to embod-
iment 1, wherein the arithmetic section has a function
that separates the surface layer blood vessel from the
background blood flow according to the method de-
scribed in the embodiment 7,
specifies borderlines between the surface layer blood
vessel and the background blood flow existing in both
sides thereof,
calculates a diameter of the surface layer blood vessel
on the basis of the interval of the borderlines, and
displays and compares the thus-obtained value.
[0022] The invention described in embodiment 10 is a
blood flow image diagnosis device according to any one
of embodiments 3-9, wherein the blood flow image diag-
nosis device has a function that compares results calcu-
lated according to any one of embodiments 1-9 with re-
sults calculated in the same manner based on other blood
flow image data with a different measurement date or
time,
calculates an increase-decrease rate of the former based
on the latter, and
displays and compares the thus-obtained value.
[0023] The invention described in embodiment 11 is a
blood flow image diagnosis device according to any one
of embodiments 1-10, wherein the device has a function
that,
when a mask is made to separate a surface layer blood
vessel from a background blood flow, makes the mask
by utilizing light and dark parts of a retina image which
is obtained by irradiating an eye ground with an incoher-
ent light,
applies the mask to each blood flow map, and
obtains information on said blood flow in each site.
[0024] The invention described in embodiment 12 is a
blood flow image diagnosis device according to embod-
iment 1,
wherein the arithmetic section has a function that spec-
ifies one or more rectangular regions containing a surface
layer blood vessel in a blood flow map so as to have a
longer direction along a course of the blood vessel,
separates a blood flow of a surface layer blood vessel
from a background blood flow by the function set forth
above,
totals a value that is obtained by subtracting a back-
ground blood flow value from a blood flow value in each
pixel in a region corresponding to the surface layer blood
vessel,
calculates a value proportional to a blood flow volume of
the surface layer blood vessel by dividing the sum by a
longitudinal pixel count of the rectangular region,
displays the thus-obtained value, and

compares the value in each region mutually or with a
value measured at a different time.
[0025] The invention described in embodiment 13 is a
blood flow image diagnosis device according to embod-
iment 12,
Wherein the device has a function that
analyzes an appearance that the value proportional to a
blood flow volume obtained by the arithmetic section
changes during the measurement,
displays analysis results as a waveform of blood flow
volume, and analyzes and quantifies a feature of the
waveform.
[0026] The invention described in embodiment 14 is a
blood flow image diagnosis device according to embod-
iment 1,
wherein the arithmetic section has a function that,
in a region containing a number of retina vessels extend-
ing from a papillary edge of an optic nerve to all sides,
distinguishes an artery and a vein by analyzing a blood
flow waveform in a blood vessel crossing a borderline of
the region,
analyzes a blood flow volume and/or a blood flow wave-
form, respectively, and
displays analysis results near each blood vessel, saves
them as data files or compares them with those measured
on a different date.
[0027] The present invention described in embodiment
15 is a blood flow image diagnosis device according to
embodiment 1,
wherein the arithmetic section has a function that,
in a region containing a number of retina vessels extend-
ing from a papillary edge of an optic nerve to all sides,
calculates each total blood flow volume of an artery and
a vein going in and out through a boundary of the region,
and
compares a value of a ratio of both total blood flow vol-
umes or compares the total blood flow volume with one
measured on a different date.
[0028] The invention described in embodiment 16 is a
blood flow image diagnosis device according to embod-
iment 1,
wherein the arithmetic section has a function that,
in a region containing a number of retina vessels extend-
ing from a papillary edge of an optic nerve to all sides,
calculates a ratio of a blood flow volume to a blood vessel
diameter regarding a blood vessel passing through the
region, and
displays results thus calculated using a figure or colour
[0029] The invention described in embodiment 17 is a
blood flow image diagnosis device according to embod-
iment 1,
wherein the arithmetic section has a function that,
in surface layer blood vessels crossing mutually or a
piece of a surface layer blood vessel with branched ves-
sels in a blood flow map, analyzes a blood flow volume
or a blood flow waveform of each blood vessel, and
displays analysis results near or in each blood vessel,
saves them as data files or compares them with those
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measured on a different date.
[0030] The invention described in embodiment 18 is a
blood flow image diagnosis device according to embod-
iment 1,
wherein the arithmetic section has a function that,
in a surface layer blood vessel in a blood flow map,
analyzes each time-dependent waveform regarding a
blood flow volume and a blood flow value of the surface
layer blood vessel, calculates a difference of a peak po-
sition between these waveforms, and
displays results thus calculated using a figure or color.
[0031] The invention described in the above embodi-
ment 1 relates to a device with an additional function that
separates a surface layer blood vessel from a back-
ground blood flow, displays respective blood flow maps
distinctively, calculates and compares information on a
blood flow such as a blood flow value, blood flow wave-
form and blood vessel diameter in the surface layer site
and the background site and displays calculation results
thus obtained.
The invention described in the embodiment 2 relates to
a technique that separates a surface layer blood vessel
from a background blood flow using specifically an aver-
age blood flow map.
The invention described in the embodiment 3 relates to
quantifying a wavy feature of each blood flow map sep-
arated according to the embodiment 1.
The inventions described in the embodiments 4, 5 and 6
relate to displaying a wavy feature as a ratio to an average
value with respect to skewness, an area ratio or an am-
plitude value, respectively. The invention described in
the embodiment 7 relates to displaying an average blood
flow of a surface layer blood vessel separated according
to the embodiment 1.
The invention described in the embodiment 8 relates to
evaluating and displaying an increase-decrease of blood
vessel diameter based on total pixels corresponding to
the surface layer blood vessel. The invention described
in the embodiment 9 is characterized in specifying bor-
derlines on both sides of a surface layer blood vessel
and reading a diameter of the surface layer blood vessel
on the basis of the interval of the borderlines.
Further, the invention described in the embodiment 10
is characterized in calculating a ratio of increase-de-
crease upon comparing calculation results obtained ac-
cording to any one of the embodiments 1-9 with those
on other blood flow image data measured on a different
date and displaying it.
The invention described in the embodiment 11 relates to
a technique for making a mask by using something other
than an average blood flow map.
[0032] The inventions described in the embodiments
12, 13, 17 and 18 are characterized in calculating a value
proportional to a blood flow volume of a surface layer
blood vessel (RFV) to display, compare or analyze.
The inventions described in the embodiments 14, 15 and
16 are characterized in applying the invention described
in the embodiment 1 to a region containing a number of

retina vessels extending from a papillary edge of an optic
nerve to all sides.

EFFECTS OF THE INVENTION

[0033] Using the device of the present invention, it be-
comes possible to separate a blood flow waveform of a
retina vessel from one of a background tissue so as to
analyze them, though it has not been possible to separate
them clearly until now. Further, it is possible to distinguish
an artery from a vein more accurately by grouping data
along a course of each blood vessel extending circum-
ferentially from an artery and a vein in the center. Also,
in the case that a blood flow waveform has a secondary
peak or in the case of a region having a highly-dispersive
and complicated blood flow waveform which generally
contains many points deviated greatly therefrom, it is
possible to obtain a map wherein a surface layer blood
flow or a retina vessel is distinguished from a background
blood flow or a blood vessel of background tissue.
[0034] Conventionally, it has not been possible to
measure a diameter of meandering retina vessels by set-
ting a rubber band thereto. However, by determining a
center line of blood vessel cut out using a specified mask
and, subsequently, measuring a distance to an edge of
the mask therefrom, it is possible to presume an inside
diameter of meandering blood vessels and thereby it is
also possible to evaluate a blood circulation effect. Fur-
ther, since it is possible to separate an intravascular por-
tion from a background tissue so as to evaluate each
blood flow waveform and blood flow volume, there can
be provided new information for evaluating functions of
the circulatory system. In particular, an accurate obser-
vation of a blood flow waveform of an artery is considered
extremely effective for diagnosing arteriosclerosis.

BRIEF DESCRIPTION OF DRAWINGS

[0035]

FIG. 1 is a diagram indicating one example of a series
of original maps obtained by observing a blood flow
of an eye ground and calculating a blood flow distri-
bution.
FIG. 2 is a diagram indicating a blood flow waveform
in the rectangular rubber band set up along a course
of a predetermined blood vessel in a blood flow map
shown in Fig. 1.
FIG. 3 is a diagram indicating a blood flow rate dis-
tribution in a cross-section of the blood vessel in the
rectangular rubber band shown in Fig. 1.
FIG. 4 is a diagram indicating one example of aver-
age blood flow maps obtained by calculating an
amount of disparity between each original map, com-
pensating an amount of movement and superimpos-
ing.
FIG. 5 is a diagram indicating one example of mask
images.
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FIG. 6 is a diagram indicating a rectangular region
set up a bit broadly in a curve part of a blood vessel.
FIG. 7 is a diagram explaining a method wherein a
blood vessel is converted to a straight line with regard
to the rectangular region shown in Fig. 6.
FIG. 8 is a diagram explaining a method for obtaining
a blood flow rate distribution in a cross-section of a
blood vessel and an average blood vessel diameter
by averaging a blood flow distribution converted to
a straight line as shown in Fig. 7.
FIG. 9 is a diagram indicating a state that rubber
bands RB0, RB1 and RB2 are set to a parent blood
vessel VT, branched vessels VB1 and VB2, respec-
tively, in a branched part of a blood vessel and blood
flow waveforms in the respective parts.
FIG. 10 is a diagram indicating a blood flow distribu-
tion in a cross-section of a blood vessel and explain-
ing how to convert to a blood flow volume.
FIG. 11 is a diagram plotting results of correlation
between RFV0 and RFV1+RFV2 examined about
eye ground blood flow maps of five healthy adults.
FIG. 12 is a diagram indicating a rubber band having
concentric circles drawn in a region containing an
entire papillary edge.
FIG. 13 is a diagram explaining a feature of a blood
flow waveform when a blood flow descends.
FIG. 14 is a diagram indicating a feature of a blood
flow waveform in subjects in their sixties.
FIG. 15 is a diagram indicating a feature of a blood
flow waveform in subjects in their twenties.
FIG. 16 is a diagram indicating a difference between
a blood flow waveform and a RFV waveform.

EMBODIMENT TO CARRY OUT OF THE INVENTION

[0036] A blood flow image diagnosis device of the
present invention comprises a laser beam irradiation sys-
tem that irradiates a body tissue having a blood cell with
a laser beam;
a light receiving system having a light receiver including
a large number of pixels that detects reflected light from
the body tissue; an image capture section that continu-
ously captures a plurality of images for a specified time
that is one or more cardiac beats on the basis of a signal
from the light receiver;
an image storage section that stores the plurality of im-
ages;
an arithmetic section that calculates a blood flow rate
within the body tissue from the time variation of the output
signal of each pixel corresponding to the plurality of the
stored images; and a display section that displays the
two-dimensional distribution of the calculation result as
a blood flow map.
Further, the arithmetic section of the blood flow image
diagnosis device contains an additional function that sep-
arates a blood flow of a blood vessel observed in a sur-
face layer of the body tissue (surface layer blood vessel)
from a blood flow of a background region surrounding

the surface layer blood vessel (background blood flow)
and displays distinctly each blood flow on a blood flow
map in the display section. For example, each blood flow
map can be displayed side-by-side or sterically in the
direction of depth as a separate image in the display sec-
tion. When such a function that displays each map sep-
arately is provided to a display section, it makes possible
to overview at a glance a difference between an average
blood flow value in each site and one of a previous meas-
urement, thereby to utilize the difference for diagnosis.
[0037] As a method for separating a blood flow in a
surface layer of body tissue, e.g., a blood flow of a retina
vessel obtained therefrom, from a blood flow existing in
a background, i.e., background blood flow on the basis
of a plurality of images for a specified time that is one or
more cardiac beats, the following methods are specifi-
cally exemplified. An amount of disparity between each
original map containing visual fixation disparity or fixation
movement is calculated, and subsequently the original
maps are compensated by the amount of disparity, and
then superimposed. This operation is called as tracking.
A superimposed result is an average blood flow map as
shown in Fig. 4. The map contains extremely limited
rough grains compared with Fig. 1 since it is made by
superimposing a number of original maps to average.
Therefore, borderlines of the blood vessel can be distin-
guished clearly in the map.
[0038] For example, a binary image is made by spec-
ifying a pixel with a blood flow value more than a certain
threshold level as 1 and a pixel with a blood flow value
less than the threshold level as 0. Then, by excluding
isolated points as noise, a mask image as shown in Fig.
5 is obtained for cutting out a blood vessel part. In the
above tracking treatment, there are calculated and saved
data on an amount of disparity and a relative position of
an average blood flow map with respect to all original
maps from the first to the last. Therefore, a mask pattern
displayed on the average blood flow map enables one
to extract accurately a blood vessel part by superimpos-
ing it upon any original map with a known relative position
correlation.
[0039] When a blood flow waveform is measured re-
garding a specified blood vessel in a blood flow map, a
region containing an objective blood vessel for analysis
is set roughly. Thereby, according to the method set forth
above for extracting a blood vessel, it is possible to ex-
tract only a value in a blood vessel or only a waveform
of a background blood vessel layer. Further, both blood
flow distributions can be displayed sterically back and
forth. Accordingly, unlike the conventional method, the
present invention needs neither choosing a linear blood
vessel nor paying attention for fitting a position. Conse-
quently, objects for analysis can be enlarged and an ef-
ficiency of analysis operation can be improved.
[0040] Since the invention of the device proposed pre-
viously by the present inventors discloses only a rubber
band with a simple form such as a rectangular form, it is
difficult to draw a curve rubber band along a curve of a
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blood vessel for measuring a blood flow of retina vessels.
Therefore, it is necessary to find out a linear blood vessel
as much as possible so that a rectangular rubber band
can be set thereon so as to measure the blood flow value.
However, those problems can be solved by the method
or means set forth above of the present invention.
[0041] For example, when a map of skewness which
is one of indices characterizing a waveform is required
for a blood flow of an eye ground, statistical errors raise
a variation in value and an image quality of the map de-
teriorates unless, in calculating the skewness on a certain
pixel, the calculation includes data on a number of pe-
ripheral pixels as mentioned above. However, the incor-
poration of the data causes a decrease of spatial reso-
lution, and thereby information on a thin blood vessel
disappears. By contrast, use of the mask set forth above
enables a waveform of each site to be taken separately
by extracting only a value on a blood vessel within a spec-
ified range regarding every site from the upstream to the
downstream of a blood vessel extending gradually from
the center of a papillary edge to the periphery as shown
in Fig. 5. For example, regions are set at some points
around a blood vessel stricture part toward the down-
stream from the upstream and blood flow waveforms ob-
tained from respective regions are compared. The com-
parison can be utilized in various diagnoses such as un-
derstanding of disease condition and confirmation of
therapeutic gain.
[0042] An eye ground blood vessel flow imaging device
in practical use at present has a display function called
"cardinal beat map" that, taking visual fixation disparity
into account, superimposes original maps over a number
of cardinal beats so as to average them. By superimpos-
ing the mask set forth above upon the cardinal beat map,
it becomes possible to take accurately and directly a
waveform at one cardinal beat.
[0043]  Even though a blood vessel on a retina is me-
andering, it is possible to read a blood flow rate or to
specify a cross section of the blood vessel by using the
mask set forth above. For example, a rectangular region
is set a bit largely at a curve portion of a blood vessel as
shown in Fig. 6, and subsequently, a mask is made to
average a blood flow value in each pixel in the portion
corresponding to the blood vessel. Thereby, an average
blood flow rate in the blood vessel is determined. Since
a total of pixels in the portion corresponding to the blood
vessel is a value proportional to a diameter of the blood
vessel, an increase of the value compared with a previous
value can be diagnosed as a vascular dilation.
[0044] In order to obtain a blood flow rate distribution
in a cross section of a meandering blood vessel, the blood
vessel may be converted to a straight line as follows. Fig.
7 illustrates a blood vessel converted to a straight line,
taking out the rectangular portion shown in Fig. 6. First,
all data in the rectangular region shown in Fig. 6 are ex-
tracted and rearranged so that a long axis direction and
a short axis direction constitute a column and a row, re-
spectively. Considering a position with the highest value

as a center of a blood vessel, the rows are moved from
side to side so that the highest values align straight up
and down. Consequently, the blood vessel can be con-
verted to a straight image as shown in Fig. 7. It is under-
stood that, in Fig. 7, the peripheral portion of the blood
vessel in Fig. 6 is undulated in the reverse direction due
to linearizing the blood vessel. Two vertical lines drawn
along the blood vessel indicate edges of the blood vessel
read from Fig. 7 which correspond to borderlines of the
blood vessel and the background blood flow on both sides
of the blood vessel. These borderlines enable a diameter
of the blood vessel to be presumed. Further, Fig. 8 is a
diagram showing a mean value obtained by averaging a
value of each row in the direction of the column regarding
the matrix of data constituting the image shown in Fig.
7. It is possible to measure and compare an effective
diameter of a blood vessel on the basis of this cross sec-
tional diagram.
[0045] As set forth above, an average blood flow map
is improved in the decrease of rough grains or granular
structure compared with an original map. However, even
with the average blood flow map, a centerline of a blood
vessel does not correspond to the highest value of blood
flow in many cases. In such a case, a diameter of a blood
vessel can be determined by specifying borderlines on
both sides of a blood vessel represented in a mask so
as to measure an interval of both borderlines. Further, in
the case of equipping a function that calculates a diam-
eter of blood vessel along a course of a blood vessel
shown in Fig. 7 and evaluates uniformity thereof, it also
becomes possible to detect a vascular narrowing part
due to cholesterol or the like. Thus, the function that
measures a diameter of a blood vessel in the present
invention can be utilized not only for diagnosis in oph-
thalmology but also for diagnosis in internal therapy such
as hematogenous disorder caused by adult disease. In
the present invention, the simplest way is setting a rec-
tangular region along a course of a blood vessel. How-
ever, even when the region is set in other forms such as
oval, it is possible to analyze a blood vessel diameter by
specifying in advance a direction where the blood vessel
runs or equipping software for recognizing the direction.
[0046] As described above, it is understood that the
present invention enables information such as an aver-
age blood flow rate and a diameter of a retina vessel and
a waveform representing a time variation of a blood flow
rate to be taken out. However, in a clinical setting, it is
often desired to understand an increase-decrease of
blood flow volume of a blood vessel. In order to take out
information on a blood flow volume, focusing on a
branched portion of a blood vessel as shown in Fig. 9, a
condition that blood flow volume is preserved before and
after the branching of the blood vessel was examined in
detail based on actual blood flow map data.
Since a retina vessel can be separated from a region of
background blood vessels, taking into account that a nu-
meral value obtained in the retina vessel part is raised
by the effect of background blood flow, a blood flow vol-
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ume of the retina vessel can be estimated by deducting
the value of the background blood flow.
[0047] In a branched part of a blood vessel as shown
in Fig. 9, rubber bands RB0, RB1 and RB2 are set along
each course of a parent blood vessel VT and branched
vessels VB1, VB2, respectively. According to the method
set forth above, each blood vessel is converted to a
straight line, <MBR>, i.e., a mean value in the direction
of the blood flow is plotted to obtain a blood flow rate
distribution in the direction of the cross section of the
blood vessel as shown in Fig. 10. Further, as shown in
Fig. 10, a threshold level TL drawn in the dashed line
which separates a blood vessel site or region from a back-
ground site or region is set properly, and the total of bar
charts in the square frame S is considered as a value of
the retina vessel. Since the value is considered to be
raised by a value of background blood flow, a value of
the baseline BL, drawn in the short dashed line, indicating
the level thereof is deducted. Finally, a total of bar charts
over the baseline in the square frame S, that is, only the
value in the square frame S is considered as a blood flow
component of a retina vessel. The total of these values
is called Relative Flow Volume (RFV) in the present in-
vention.
[0048]  In each region of RB0 to RB2, respective RFV
values, i.e. RFV0, RFV1 and RFV2, were calculated, and
then a correlation between RFV0 and RFV1+RFV2 was
examined for eye ground blood flow maps of five healthy
adults. Results are shown in Fig. 11. The results indicate
a high enough correlation even when taking individual
specificity into account. Fig. 9 shows a branching portion
of an artery. But, taking into account a high correlation
in a vein as well as in the artery as shown in Fig. 11, it is
understood that the blood flow volume represented by
RFV value is also preserved at the confluence part of the
vein. Accordingly, there exists the law of conservation
that the RFV value obtained by the above calculation is
preserved before and after the branching of blood vessel
in both the artery and the vein, and therefore it is under-
stood that the value can be utilized as an index of blood
flow volume.
[0049] In the above calculation of RFV value, first a
blood flow rate distribution in a cross-section is calculated
by averaging values in the direction of the course of a
blood vessel, then, a baseline is specified on the basis
of the values in the surroundings of the blood vessel, the
value of the baseline is deducted and a sum total is cal-
culated in the direction of the cross-section. In place of
the calculation, values over a certain threshold level are
sampled, then, a background blood flow component is
deducted from each value, and subsequently, a sum total
is calculated to be divided by a pixel count corresponding
to the length of the centerline of the rubber band along
the course of the blood vessel. By using the value thus
obtained in this way, it is also possible to obtain similar
results.
[0050] RFV value, i.e. blood flow volume can be also
calculated for the original maps and the cardinal beat

maps set forth above besides the average blood flow
maps. In such a case, it is possible to observe a time
variation of RFV value. Needless to say, a wavy feature
of the time variation of RFV value can be quantified and
compared according to the methods disclosed in any one
of embodiments 4 to 6. In the case that blood flow volume
is not conserved at a branching portion of blood vessel
or respective vessels have different blood flow wave-
forms or different numerical values characterizing the
blood flow waveforms, there is a high possibility that
blood circulation is being impaired by some sort of cause.
[0051] For example, as shown in Fig. 9, when one of
the branched blood vessels is greatly different in blood
flow waveform or RFV waveform compared with those
of the parent blood vessel, there is a high possibility that
the branched blood vessel has an increased vascular
resistance in an anterior position compared with the oth-
er. Also, in a place where an artery intersects with a vein,
it is possible to diagnose whether or not blood circulation
is being impaired at the intersection part by comparing
blood flow waveforms of four sites in total located in an-
terior and posterior positions of the intersection. A func-
tion that compares an index representing a feature of
blood flow waveforms obtained in plural regions of a ret-
ina vessel, e.g., skewness value, can be effectively uti-
lized for diagnosing hemodynamics.
[0052] As shown in Fig. 12, a rubber band having con-
centric circles containing an entire papilla is drawn and
all blood vessels in the region with a doughnut shape
between both circles are extracted. Then, a peripheral
background blood flow component is deducted from a
value of each blood vessel region and a sum total is cal-
culated. Finally, the sum total is divided by L, i.e., a length
of blood vessel along a course thereof. The thus-obtained
value is the RFV value of each blood vessel. Since an
artery can be distinguished from a vein on the basis of a
blood flow waveform, it is possible to obtain distinctly
each blood flow volume of the artery extending from a
center of a papillary edge to an area surrounding a retina
and the vein returning from the surrounding area toward
the center of the papillary edge. Since a ratio of both
volumes has an individual specificity, the ratio can be
utilized as an index that represents circulatory dynamics
of a retina blood flow. However, the RFV value is abso-
lutely a relative value proportional to the blood flow vol-
ume. Therefore, it is affected by peripheral scattering tis-
sues such as thickness of arterial wall or the like. In other
words, it is understood that, by examining a difference
between respective RFV values in an artery and a vein
that have basically equal total blood flow volumes, the
difference can be utilized as an index representing cir-
culatory dynamics of a retina blood flow.
[0053] According to the methods set forth above, it be-
comes possible to take information such as a diameter,
an average blood flow rate (relative value) and a blood
flow volume (relative value) of a blood vessel like a retina
vessel. However, these values are slightly affected by
the thickness of the blood vessel wall. For example, al-
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though a blood flow volume of a piece of a blood vessel
is basically conserved unless the vessel branches, the
blood flow volume taken according to the above method
varies by location in some cases. The cause is consid-
ered to relate to non-uniformity of the thickness of a blood
vessel wall. On the contrary, the variation of the blood
flow volume can be utilized to find a vascular narrowing
part.
[0054] By drawing a rectangular and long rubber band
along a piece of a blood vessel, dividing it into some
segments, obtaining information in each segment such
as a blood vessel diameter, an average blood flow rate,
a blood flow waveform, an index representing a feature
thereof and a blood flow volume, and displaying them
along the course of the blood vessel, the above non-
uniformity can be evaluated easily so that abnormal sites
become easily specified.
[0055] Thus, by separating a surface layer blood ves-
sel such as a retina vessel in a body surface layer from
a background blood flow in background portions, meas-
uring a blood vessel diameter, an average blood flow
rate, a blood flow volume and a time variation thereof,
and comparing respective values in each site or calcu-
lating a ratio on the basis of each measured result such
as a ratio of blood vessel diameter to blood flow volume,
it becomes possible to analyze in detail the dynamic state
of a blood flow which has not yet been detected.
[0056] Recently, it has been found that a blood flow
waveform changes with aging and the cause has been
considered to be the influence of peripheral vascular re-
sistance. The present inventors achieved some results
by trying to quantify a blood flow waveform using skew-
ness as disclosed in Patent document 7. However, as
set forth below, it has been found that actual waveforms
have a secondary peak upon going down or a slight dif-
ference in the inclination upon rising. Skewness enables
a difference of blood flow rate variation to be grasped
roughly, but it is not necessarily sufficient to quantify a
detailed variation of waveform. According to the present
invention, some indices explained below are newly de-
signed to make up for the insufficiency.
[0057] It has been recently found that the blood flow
waveform upon going down tends to be convex upward
in youth and tends to become convex downward with
aging. In order to quantify this feature, a numerical value
is introduced wherein the value is obtained by integrating
a blood flow value from a peak to a bottom as shown in
Fig. 13, indicating the integrated value as A and dividing
A by area S of the part enclosed in the dashed line, that
is, (peak value - minimum value) x number of frames. If
the waveform is convex upward, this area ratio becomes
greater than 1/2, while if it is convex downward, this area
ratio becomes smaller than 1/2. In the same manner,
using the formula A/ (S-A) , if the waveform is convex
upward, the numerical value becomes greater than 1,
while if it is convex downward, it becomes smaller than
1. Regarding the blood flow waveform upon rising, it is
also possible to specify whether the waveform is convex

upward or downward using either of these area ratios in
a similar way.
[0058] As an example that blood flow waveform of eye
ground changes with aging, blood flow waveforms of six-
ty-something and twenty-something subjects indicated
in Fig. 14 and Fig. 15, respectively. These waveforms
are based on the above "cardinal beat maps" of papillary
edge tissue of an optic nerve representing a waveforms
at one cardinal beat. There can be recognized at a glance
the following differences between them.
[0059]

(1) A time reaching a peak point becomes longer at
aging. That is, a mean gradient decreases.
(2) A waveform upon rising shows a shape like an S
character in the case of youth, while it goes up
straight in the case of elderly people.
(3) A secondary peak often appears upon going
down in the case of youth.
(4) Amplitude of variation is smaller in youth than in
elderly people. That is, the youth has a greater
amount of constant flow component that does not
vary with a heartbeat

[0060] The above feature described in (1) can be quan-
tified by measuring a time reaching the highest points.
The features described in (2) and (3) can be quantified
by examining a shape of a secondary differentiation
curve of a waveform. The feature described in (4) can be
quantified by dividing an amplitude of variation by a mean
value. These numerical values can be utilized to quantify
peripheral vascular resistance and elasticity of a blood
vessel, that is, degree of progress of arterioscleroses.
Therefore, they can be utilized for diagnosis.
[0061] The degree of progress of arterioscleroses can
also be examined using, regarding the same blood ves-
sel, a difference between a blood flow waveform of a
blood vessel part and a waveform of RFV proportional
to a blood flow volume of a surface layer blood vessel
set forth above as shown in Fig. 16. Numeral 1 indicates
a blood flow waveform and 2 indicates a waveform of
RFV in Fig. 16. The phenomenon that the peak of RFV
waveform appears later compared with the peak of blood
flow waveform is a feature due to elasticity of the blood
vessel. In the process in which a heart shrinks, first the
blood flow of the blood vessel quickens, the blood flow
volume increases, and blood is filled up to capacity by
the normal diameter of the blood vessel. Since the heart
shrinks further to push out blood, in the case of a flexible
blood vessel with elasticity, it is expanded from the inside
so that blood flow volume increases, while the blood flow
rate decreases because the blood flow receives pressure
in the counter direction with the vessel wall and the pres-
sure acts as a brake. Therefore, the peak of RFV is con-
sidered to appear later compared with the peak of blood
flow. The difference ∆t between both peak positions is
considered to vary depending on the degree of progress
of arteriosclerosis. This ∆t may be utilized for diagnosis
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as an index examining arteriosclerosis by quantifying it.
Further, by obtaining electrocardiogram data at the same
time as measuring a blood flow of an eye ground and
then providing a time axis of a blood flow or RFV wave-
form of an eye ground referring to a waveform of the
electrocardiogram, it is possible to analyze hemodynam-
ics in each part more accurately.
[0062] In the present invention, as a method to sepa-
rate a surface layer blood vessel from a background
blood flow, it is possible to use a mask obtained by irra-
diating an eye ground with an incoherent light such as a
light used generally for observing an eye ground, taking
an image of an eye ground blood vessel and thresholding
the image. The image of an eye ground blood vessel can
be obtained by using an incoherent light such as a green
LED capable of grasping easily outlines of a blood vessel,
separating the light from a laser optical path using an
optical filter and using an image sensor installed sepa-
rately. A treatment for analyzing a blood flow by applying
the mask to each map can be performed according to
the method set forth above.
[0063]  In the device of the present invention, since a
blood flow increases rabidly at the contraption stage of
the heart, a slight change of waveform may not be rec-
ognized due to insufficient time revolution of a series of
blood flow maps calculated. In such a case, it is possible
to improve time resolution in appearance by taking a
spline interpolation into a blood flow waveform. When a
small number of samples are provided for analysis, false
results may come out by contrast since original data are
insufficient in reliability. Wherefore, it is possible to im-
prove the accuracy of evaluating a blood flow waveform
by adding a function that gives a warning when the
number of samples does not reach a certain number.

Claims

1. A blood flow image diagnosis device comprising:

a laser beam irradiation system that irradiates
an observation region of a body tissue having a
blood cell with a laser beam;
a light receiving system having a light receiver
including a large number of pixels that detects
reflected light from the observation region of the
body tissue;
an image capture section that continuously cap-
tures a plurality of images for a specified time
that is one or more cardiac beats on the basis
of a signal from the light receiver;
an image storage section that stores the plurality
of images;
an arithmetic section that calculates a blood flow
rate within the body tissue from the time variation
of the output signal of each pixel corresponding
to the plurality of the stored images; and
a display section that displays the two-dimen-

sional distribution of the calculation result as a
blood flow map;
wherein
the blood flow image diagnosis device has a
function for diagnosing the blood flow map,
the arithmetic section has a function that sepa-
rates a blood flow of a blood vessel observed in
a surface layer in the observation region of the
body tissue (surface layer blood vessel) from a
blood flow of a peripheral background region
(background blood flow) on the basis of the plu-
rality of blood flow map data covering the time
that is one or more cardiac beats,
the display section has a function that distin-
guishably displays each blood flow map of both
portions,
the arithmetic section has a function that calcu-
lates and compares information on a blood flow
including blood flow value, blood flow waveform
or blood vessel diameter in said portions, and
the display section has a function that displays
the calculation result obtained in the arithmetic
section.

2. The blood flow image diagnosis device according to
claim 1, wherein the arithmetic section has a function
that
calculates an amount of position-disparity between
each map generated by movement of measuring ob-
ject regarding said plural blood flow map data,
obtains an average blood flow map by compensating
the amount of position-disparity and superimposing,
distinguishes a range with higher blood flow from a
range with lower blood flow than a predetermined
threshold level,
excludes isolated points,
separates a series of high value points regarded as
a blood flow of blood vessel in a surface layer from
the others regarded as a background blood flow,
reflects thus-obtained information in each map,
extracts independently a blood flow on a surface lay-
er blood vessel appeared on the surface layer site
and a background blood flow existing in a back-
ground site in a predetermined region of a map, and
obtains information on the above blood flow in each
site.

3. The blood flow image diagnosis device according to
claim 1, wherein the arithmetic section has a function
that
obtains each blood flow waveform for the blood ves-
sel in a surface layer and the background blood flow
separated by the above function in one or more pre-
determined regions of a blood flow map, quantifies
a feature of a blood flow waveform which appeared
upon either an increase or decrease of blood flow
variation by heart beat or features of both blood flow
waveforms and
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displays and compares thus-obtained values with re-
spect to each region.

4. The blood flow image diagnosis device according to
claim 1, wherein the arithmetic section has a function
that
obtains each skewness of blood flow waveform for
the blood vessel in a surface layer and the back-
ground blood flow separated by the above function
in one or more predetermined regions of a blood flow
map, and
displays and compares thus-obtained values with re-
spect to each region.

5. The blood flow image diagnosis device according to
claim 1, wherein the arithmetic section has a function
that
determines each blood flow waveform for the blood
vessel in a surface layer and the background blood
flow separated by the above function in one or more
predetermined regions of a blood flow map,
integrates a blood flow value in a time in which a
waveform goes to a bottom from a peak,
integrates a constant blood flow value indicated as
(peak value minimum value) in the same time,
quantifies a feature of a blood flow waveform by ob-
taining a ratio of both integrated blood flow values,
displays and compares thus-obtained values with re-
spect to each region.

6. The blood flow image diagnosis device according to
claim 1, wherein the arithmetic section has a function
that
obtains each blood flow waveform for the blood ves-
sel in a surface layer and the background blood flow
separated by the above function in one or more pre-
determined regions of a blood flow map, obtains an
amplitude value of each blood flow waveform, quan-
tifies a feature of a blood flow waveform by calculat-
ing a ratio of the amplitude to the average blood flow
value, and
displays and compares thus-obtained values with re-
spect to each region.

7. The blood flow image diagnosis device according to
claim 1, wherein the arithmetic section has a function
that specifies one or more regions containing a sur-
face layer blood vessel in a blood flow map,
separates a blood flow of the surface layer blood
vessel from a background blood flow by the above
function,
extracts a blood flow value in each region, and
calculates independently each average value for the
surface layer blood vessel and the background blood
flow, and
a function that displays and compares thus-obtained
values with respect to each region.

8. The blood flow image diagnosis device according to
claim 1, wherein the arithmetic section has a function
that
specifies one or more regions containing a surface
layer blood vessel in a blood flow map,
separates a blood flow of the surface layer blood
vessel from a background blood flow by the above
function,
calculates the total number of pixels in a region cor-
responding to the surface layer blood vessel, thereby
calculates a numerical value proportional to a diam-
eter of the surface layer blood vessel, and displays
and compares the numerical value.

9. The blood flow image diagnosis device according to
claim 1, wherein the arithmetic section has a function
that
specifies one or more regions containing a surface
layer blood vessel in a blood flow map,
separates a blood flow of the surface layer blood
vessel from a background blood flow by the above
function,
specifies borderlines between the surface layer
blood vessel and the background blood flow existing
in both sides thereof,
calculates a diameter of the surface layer blood ves-
sel on the basis of the interval of the borderlines, and
displays and compares the thus-obtained value.

10. The blood flow image diagnosis device according to
any one of claims 1-9,
wherein the blood flow image diagnosis device has
a function that compares results calculated accord-
ing to any one of claims 1-9 with results calculated
in the same manner based on other blood flow image
data with a different measurement date or time,
calculates an increase-decrease rate of the former
based on the latter, and
displays and compares the thus-obtained value.

11. The blood flow image diagnosis device according to
any one of claims 1-10,
wherein the device has a function that,
when a mask is made to separate a surface layer
blood vessel from a background blood flow, makes
the mask by utilizing light and dark parts of a retina
image which is obtained by irradiating an incoherent
light to an eye ground,
applies the mask to each blood flow map, and
obtains information on said blood flow in each site.

12. The blood flow image diagnosis device according to
claim 1, wherein the arithmetic section has a function
that
specifies one or more rectangular regions containing
a surface layer blood vessel in a blood flow map so
as to have a longer direction along a course of the
blood vessel,
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separates a blood flow of a surface layer blood vessel
from a background blood flow by the function set
forth above,
totals a value that is obtained by subtracting a back-
ground blood flow value from a blood flow value in
each pixel in a region corresponding to the surface
layer blood vessel,
obtains a value proportional to a blood flow volume
of the surface layer blood vessel by dividing the sum
by a longitudinal pixel count of the rectangular re-
gion,
displays the thus-obtained value, and
compares the value in each region mutually or with
a value measured at a different time.

13. The blood flow image diagnosis device according to
claim 12, wherein the device has a function that
analyzes an appearance that the value proportional
to a blood flow volume obtained by the arithmetic
section changes during the measurement,
displays analysis results as a waveform of blood flow
volume, and analyzes and quantifies a feature of the
waveform.

14. The blood flow image diagnosis device according to
claim 1, wherein the arithmetic section has a function
that,
in a region containing a number of retina vessels
extending from a papillary edge of an optic nerve to
all sides, distinguishes an artery and a vein by ana-
lyzing a blood flow waveform in a blood vessel cross-
ing a borderline of the region,
analyzes a blood flow volume and/or a blood flow
waveform, respectively, and
displays analysis results near each blood vessel,
saves them as data files or compares them with
those measured on a different date.

15. The blood flow image diagnosis device according to
claim 1, wherein the arithmetic section has a function
that,
in a region containing a number of retina vessels
extending from a papillary edge of an optic nerve to
all sides, calculates each total blood flow volume of
an artery and a vein going in and out through a
boundary of the region, and
compares a value of a ratio of both total blood flow
volumes or compares the total blood flow volume
with one measured on a different date.

16. The blood flow image diagnosis device according to
claim 1, wherein the arithmetic section has a function
that,
in a region containing a number of retina vessels
extending from a papillary edge of an optic nerve to
all sides, calculates a ratio of blood flow volume to
a blood vessel diameter with respect to blood vessels
passing through the region, and

displays results thus calculated using a figure or
color.

17. The blood flow image diagnosis device according to
claim 1, wherein the arithmetic section has a function
that,
in surface layer blood vessels crossing mutually or
a piece of a surface layer blood vessel with branched
vessels in a blood flow map, analyzes a blood flow
volume or a blood flow waveform of each blood ves-
sel, and
displays analysis results near each blood vessel,
saves them as data files or compares them with
those measured on a different date.

18. The blood flow image diagnosis device according to
claim 1,
wherein the arithmetic section has a function that,
in a surface layer blood vessel in a blood flow map,
analyzes each time variation of waveforms regarding
a blood flow volume and a blood flow value of the
surface layer blood vessels, calculates a difference
of a peak position between these waveforms, and
displays results thus calculated using a figure or col-
our.
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摘要(译)

本发明提供一种血流图像诊断装置，包括：激光束照射系统，其用激光
束照射身体组织的观察区域;一种光接收系统，具有光接收器，该光接收
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分，其基于来自光接收器的信号连续捕获指定时间的多个图像，所述指
定时间是一个或多个心跳;存储多个图像的图像存储部分;算术部分，其根
据与所述多个存储图像对应的每个像素的输出信号的时间变化来计算身
体组织中的血流速率;显示部分，显示计算结果的二维分布作为血流图;其
中，血流图像诊断装置具有分析血流图的功能，该运算部具有将在身体
组织的观察区域中的表层中观察到的血管的血流与外周背景血液分离的
功能。基于多个血流图数据流动一个或多个心跳的时间，并且显示部分
具有在血流图上可区别地显示每个血流的功能。与传统装置相比，血流
图像诊断装置具有用于诊断血流图像的附加功能。
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