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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a blood circu-
lation state evaluation method, a blood flow measure-
ment device, and a blood flow measurement system.

DESCRIPTION OF THE RELATED ART

[0002] A disease such as diabetes induces a blood cir-
culatory disorder such as ischemia or the like of a lower
extremity. For this reason, it is of quite importance to
accurately evaluate the presence or absence of such
blood circulatory disorder and the degree thereof in order
to perceive a medical condition or the like. Thus, an eval-
uation of the blood circulation state has been performed
using a blood flow measurement device that measures
a blood flow rate of a biological body.
[0003] For example, the evaluation of the blood circu-
lation state by use of the skin perfusion pressure (SPP)
is performed by wrapping a cuff for pressurization around
a lower extremity, measuring the blood flow rate while
reducing the pressure from the state in which the blood
vessel is avascularized by pressurizing, obtaining a cuff
pressure (i.e., the SPP) when the blood flow is re-per-
fused, and evaluating the blood circulation state with the
SPP being used as an index value.
[0004] As another example, the evaluation of the blood
flow state by use of the transcutaneous partial pressure
of oxygen (TcPO2) is performed by measuring the partial
pressure of oxygen of a biological tissue while warming
the biological tissue, and evaluating the blood circulation
state with the partial pressure of oxygen being used as
an index value.
[0005] Those conventional index values obtained by
the above mentioned conventional methods have been
appreciated in the medical community as appropriately
evaluating the blood circulation state. In particular, those
index values have been considered to be useful for eval-
uating the blood circulation state in a mass of tissue within
a certain range including a muscle tissue or a thick blood
vessel, such as an upper extremity or a lower extremity
or the like, instead of the blood circulation in a mere skin
surface.

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0006] However, when using the above mentioned
conventional index values, in some cases, it has been
difficult to obtain the index value, for example, the SPP
imposes a heavy burden on a patient in the ischemic
state as it is required to wrap a cuff around a lower ex-
tremity of the patient to pressurize the wrapped lower
extremity. Therefore, it has been desired to pursue a new
index value that is easily obtainable.

[0007] Also, the conventional index values are not nec-
essarily capable of clearly distinguishing patient groups
having different symptomatic states such as the blood
circulatory disorder. For this reason, it has been desired
to pursue a new index value that is capable of clearly
distinguish a patient group having a bad blood circulation
state from a patient group having a relatively good blood
circulation state.
[0008] The present invention has been made in view
of the above mentioned circumstances and object thereof
is to obtain a new index value that is capable of clearly
indicating a blood circulation state.

Solution to the Problem

[0009] In order to solve the above mentioned prob-
lems, according to one aspect of the present embodi-
ments of the present invention, there is provided a meth-
od of evaluating a blood circulation state. The method
comprises: a measuring step of measuring a blood flow
rate of a biological tissue more than once over time; a
slope calculating step of calculating a slope of a change
over time in the blood flow rate measured in the meas-
urement step; and an evaluating step for evaluating a
blood circulation state in the biological tissue by compar-
ing a value of the slope to a predetermined reference
value.
[0010] According to the method of evaluating a blood
circulation state of the present embodiments, a slope of
the change over time in a blood flow rate is used as an
index value for evaluating the blood circulation state. It
is a newly found fact through a clinical trial performed by
the inventors of the present invention that the slope
serves as an index value that is capable of clearly indi-
cating a blood circulation state.
[0011] Also, through the clinical trial, it has been con-
firmed that the value of the slope is capable of clearly
indicating a blood circulation state within a mass of tissue
including an underlying portion beneath a superficial lay-
er (such as a muscle or the like), even if the measurement
object of the blood flow rate is the superficial layer of a
biological tissue (such as a surface skin).
[0012] Yet furthermore, through the clinical trial, it has
been newly found out that, when using the slope as the
index value, the distribution of the index values signifi-
cantly differs between a subject group having a consid-
erably deteriorated blood circulation state, such as the
ischemia or the like, and a subject group having a blood
circulation state that has not reached to the deteriorated
extent.
[0013] The method of evaluating the blood circulation
state according to the present invention is an invention
that has been conceived based on the above mentioned
heuristic fact. According to the method of evaluating the
blood circulation state of the present invention, it makes
it possible to obtain a new index value that is capable of
clearly indicating the blood circulation state so that it is
achievable to evaluate the blood circulation state in an
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accurate manner based on such index value.
[0014] In order to solve the above mentioned prob-
lems, according to another aspect of the present embod-
iments of the present invention, there is provided a blood
flow measurement device. The blood flow measurement
device comprises: a measurement unit configured to
measure a blood flow rate of a biological tissue more
than once over time; a slope calculation unit configured
to calculate a slope of a change over time in the blood
flow rate measured by the measurement unit; and a dis-
play unit configured to display a value of the slope cal-
culated by the slope calculation unit.
[0015] According to the blood flow measurement de-
vice of the present embodiments, it makes it possible to
obtain a slope of the change over time in the blood flow
rate so that the slope is capable of being used for eval-
uating a blood circulation state as an index value that is
capable of clearly indicating the blood circulation state.
[0016] As mathematical methods for analyzing the
amount that changes over time, various methods have
been known such as, even limited to, for example, an
analysis in connection with the decrease in the amount,
a first order differentiation (slope or inclination), a second
order differentiation, a decreasing rate (a ratio of the de-
cline to an original amount), an attenuation rate (a ratio
of an amount after attenuation to an original amount), a
decay constant, a half-life period (half width at half max-
imum), a time constant or the like. This is why, it is never
easy to find out an appropriate analytical method that
can obtain an index value that is capable of clearly indi-
cating the blood circulation state out of numerous ana-
lytical methods even considering the time and effort only
for confirming whether the index value is appropriate or
not through the clinical trial.
[0017] In particular, it is even more burdensome when
trying to find out a particular index value that has the
reliability comparable to the conventional SPP or TcPO2.
[0018] In addition, although a measurement object for
measuring the blood flow rate is a superficial layer (for
example, a skin) of a biological tissue, it is required for
evaluating the blood circulation state to find out an index
value that is capable of accurately evaluating the blood
circulation state within a mass of tissue having a certain
size (that is, a mass of tissue including an underlying
portion beneath the superficial layer as well), such as an
upper extremity, a lower extremity, a forearm (antebra-
chium) or a lower leg, or a buttock or the like. Requiring
such analytical method for such index value differs in
meaning from the analysis of the measured value itself.
[0019] On the other hand, from the perspective of med-
ical technology, it is never useful to mount onto a blood
flow measurement device the function to calculate a
mathematical analytic value to display without confirming
the medical reliability as the index value through the clin-
ical trial or the like. To the contrary, it increases a certain
"noise" so that the usefulness will be deteriorated.
[0020] The inventors of the present invention have
newly found out the fact that, through the clinical trial

performed this time, a slope of a change over time in the
blood flow rate serves as an index value that is capable
of clearly indicating the blood circulation state (in partic-
ular, the blood circulation state within the above men-
tioned mass of tissue) . This kind of slope had been con-
sidered to be neither a common sense nor conventional
as an index value of the blood circulation state before
the inventors of the present invention confirmed the re-
liability thereof. For this reason, a method of evaluating
a blood circulation state and a blood flow measurement
device according to the present embodiments suffice to
draw a line from the common sense or the conventional
technique in the conventional medical technology.
[0021] According to the blood flow measurement de-
vice of the present embodiments, preferably, the above
described measurement unit may be configured to irra-
diate the biological tissue with light, receive return light,
and measure the blood flow rate based on a photo-de-
tective signal received. According to this preferable blood
flow measurement device, it makes it possible to meas-
ure the blood flow rate by a non-invasive process so as
to reduce the burden on the biological tissue. Also, as
the blood flow rate is measured from the blood flow itself
by use of light, it makes it possible to accomplish the
measurement with higher accuracy on the change par-
ticularly in the blood flow rate.
[0022] Yet furthermore, according to the blood flow
measurement device of the present embodiments, more
preferably, the above described measurement unit may
be configured to transmit and receive light to and from
the biological tissue by using a probe affixed to the bio-
logical tissue. According to this more preferable blood
flow measurement device, it makes it possible to sup-
press the entire movement of the biological tissues, such
as a body motion of a patient or the like, from affecting
the measurement of the blood flow rate. As a result, it
makes it possible to measure the blood flow rate with
higher accuracy.
[0023] In order to solve the above mentioned prob-
lems, according to another aspect of the present embod-
iments of the present invention, there is provided a blood
flow measurement system. The blood flow measurement
system comprises: a stimulus applying device configured
to apply a stimulus that causes a blood flow rate to change
with respect to a biological tissue; and a blood flow meas-
urement device configured to measure the blood flow
rate in the biological tissue while the stimulus applying
device is applying the stimulus to the biological tissue or
thereafter. The blood flow measurement device compris-
es: a measurement unit configured to measure a blood
flow rate of the biological tissue more than once over
time; a slope calculation unit configured to calculate a
slope of a change over time in the blood flow rate meas-
ured by the measurement unit; and a display unit config-
ured to display a value of the slope calculated by the
slope calculation unit.
[0024] According to the blood flow measurement sys-
tem of the present embodiments, it makes it possible to
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obtain a slope of the change over time in the blood flow
rate by the blood flow measurement device. Thus, it
makes it possible to use the slope of the change over
time in the blood flow rate as an index value that is ca-
pable of clearly indicating the blood circulation state. In
addition, as the stimulus applying device applies the stim-
ulus to the biological tissue, it accelerates the change in
the blood flow rate so as to obtain the index value easily.
[0025] Yet furthermore, according to the blood flow
measurement system of the present embodiments, pref-
erably, the stimulus applying device may be configured
to warm the biological tissue; and the blood flow meas-
urement device may be configured to measure the blood
flow rate after the biological tissue being warmed.
[0026] According to this preferable blood flow meas-
urement system, it makes it possible to obtain an appro-
priate index value while assuring the safety by using the
warming, which is relatively less stimulating and puts less
burden on the biological tissue, out of variously conceiv-
able stimuli such as a warming, a cooling, a friction, an
oscillation, a chemical stimulus or the like.

ADVANTAGEOUS EFFECT OF THE INVENTION

[0027] According to the present invention, it makes it
possible to obtain an index value that is capable of clearly
indicating the blood circulation state.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028]

Fig. 1 is an appearance view schematically illustrat-
ing an exemplary blood flow measurement device
according to a present embodiment of the present
invention;
Fig. 2 is a functional block diagram illustrating an
exemplary functional configuration of the blood flow
measurement device;
Fig. 3 is a view illustrating an exemplary display
screen by a GUI unit;
Fig. 4 is a view illustrating a measurement example
of the blood flow rate of a healthy subject;
Fig. 5 is a view illustrating a measurement example
of the blood flow rate of a patient with ischemia in a
lower extremity;
Fig. 6 is a graph exemplarily illustrating a correlativity
between the slope of the blood flow rate and TcPO2;
and
Fig. 7 is a graph exemplarily illustrating a separation
action obtainable when using the slope of the blood
flow rate as the index value.

DETAILED DESCRIPTION OF THE INVENTION

[0029] Hereinafter, embodiments of the present inven-
tion will be explained in detail with reference to accom-
panying drawings.

[0030] Fig. 1 is an appearance view illustrating a cer-
tain embodiment of a blood flow measurement system
of the present invention.
[0031] The blood flow measurement system 10 ac-
cording to the present embodiment has a configuration
in which a light emitting and light receiving unit 200 that
emits and receives laser light and a warming sheet 400
are connected to a personal computer 100, respectively.
[0032] The warming sheet 400 is to be affixed to a bi-
ological tissue (for example, an arm or a leg or the like
of a subject) and heats the biological tissue.
[0033] The laser light emitted from the light emitting
and light receiving unit 200 is guided to a probe 300
through an optical fiber 310.
[0034] The probe 300 is also to be affixed to the bio-
logical tissue (for example, an arm or a leg or the like of
a subject) and irradiates the biological tissue with the
light. Also, the probe 300 receives return light returned
from the biological tissue and transmits the return light
to the optical fiber 310.
[0035] The light transmitted from the probe 300
through the optical fiber 310 is received by the light emit-
ting and light receiving unit 200 and then transformed
into an electric photo-detective signal that represents a
light intensity of reception. The photo-detective signal is
transmitted from the light emitting and light receiving unit
200 to the personal computer 100.
[0036] Next, a function of the above mentioned blood
flow measurement system 10 will be described.
[0037] Fig. 2 is a functional block diagram illustrating
a functional configuration of the blood flow measurement
device.
[0038] As described above, the warming sheet 400 of
the blood flow measurement system 10 is affixed to, for
example, a lower extremity 20 of a subject and warms a
portion thereof to which the warm sheet is affixed.
[0039] On the other hand, the probe 300 is affixed to
the portion warmed by the warming sheet 400 in ex-
change for the warming sheet 400. It should be noted
that, as the warming sheet 400 is a transparent sheet, it
is possible to further affix the probe 300 onto the warming
sheet 400 so as to perform the measurement while being
warmed.
[0040] The personal computer 100 is provided with, as
functional components, a signal acquisition unit 110, a
flow rate calculation unit 120, a slope calculation unit 130,
a warming controller 140, and a GUI unit 150. The warm-
ing sheet 400 is supplied with power from the personal
computer 100 to perform warming, and the temperature
thereof or the like is controlled by the warming controller
140.
[0041] The combination of the warming sheet 400 and
the warming controller 140 corresponds to an illustrative
embodiment of a stimulus applying device according to
the present invention. Also, out of the blood flow meas-
urement system 10, remaining portions except for the
warming sheet 400 and the warming controller 140 cor-
responds to an illustrative embodiment of a blood flow
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measurement device.
[0042] The light emitted from the probe 300, which is
affixed to the lower extremity 20 or the like of the subject
and then returned therefrom, is received by the light emit-
ting and light receiving unit 200 and then transformed
into the photo-detective signal, as described above.
[0043] As the probe 300 is affixed to the biological tis-
sue, it is possible to suppress the motion other than the
blood flow, such as a body motion, from affecting the
measurement. Also, the light emitted from the probe 300
and then scattered within the biological tissue contains
a high proportion of the scattering component derived
from the blood flow itself. By calculating the blood flow
rate from the scattering component, it is possible to meas-
ure the blood flow rate in a direct and non-invasive man-
ner. It should be noted that the blood flow rate measured
in this phase is a blood flow rate in a capillary vessel of
a skin of a subject. On the other hand, a blood flow rate
in an underlying muscle or a thick blood vessel beneath
the skin is not directly measured.
[0044] The photo-detective signals, which are ob-
tained by the light emitting and light receiving unit 200,
are then acquired over time by the signal acquisition unit
110 of the personal computer 100 and transmitted to the
flow rate calculation unit 120, respectively.
[0045] The flow rate calculation unit 120 applies the
Fast Fourier Transformation (FFT) to the photo-detective
signals and calculates the frequency components there-
of. The flow rate calculation unit 120 then calculates (i.e.,
measures) the blood flow rates from the signal intensity
in the frequency range corresponding to the flow rate
range of the blood flow multiple times, respectively. The
calculation of the blood flow rate is continuously per-
formed in parallel to the acquisition of the photo-detective
signal over time by the signal acquisition unit 110. As a
result, the blood flow rates for respective times are cal-
culated over time.
[0046] A portion reaching to the flow rate calculation
unit 120 from the probe 300 corresponds to an illustrative
embodiment of the measurement unit according to the
present invention.
[0047] The slope calculation unit 130 calculates the
slope of change over time (temporal change) of the blood
flow rate from the blood flow rate calculated by the flow
rate calculation unit 120. The slope calculation unit 130
corresponds to an illustrative embodiment of the slope
calculation unit according to the present invention. The
time interval (calculation interval) may be manually set
by a user, or alternatively set automatically. It is prefer-
able in any event that the above time interval is a time
interval that is after the transient increase, which will be
described later.
[0048] The calculation result by the flow rate calcula-
tion unit 120 and the slope calculation unit 130 is dis-
played by the GUI unit 150 on a display device of the
personal computer 100. Also, upon manipulation by a
user through the GUI unit 150, various settings are in-
structed to the signal acquisition unit 110, the flow rate

calculation unit 120, the slope calculation unit 130, and
the warming controller 140. The GUI unit 150 corre-
sponds to an illustrative embodiment of the display unit
according to the present invention.
[0049] Fig. 3 is a view illustrating an exemplary display
screen by the GUI unit.
[0050] The display screen 400 displayed by the GUI
unit 150 on the display device is provided with functional
buttons and display fields. By selecting the functional but-
tons through a pointing device or the like, it is possible
to instruct various functions to the personal computer
100, and various calculation results are displayed on the
display fields.
[0051] Likewise, by selecting each functional button
410 of the setting unit by a user, a display screen for each
setting opens. Through the opened display screen for a
particular setting, setting is made on a measurement con-
dition such as a sampling frequency or measuring time
or the like, a display condition of a measurement result,
a calculation condition such as a calculation interval or
the like of the slope, and a temperature condition for
warming or the like. The measurement condition is set
to the signal acquisition unit 110 in Fig. 2, the display
condition is set to the GUI unit 150 itself, the calculation
condition is set to the flow rate calculation unit 120 or the
slope calculation unit 130 in Fig. 2, and the temperature
condition is set to the warming controller 140 in Fig. 2,
respectively.
[0052] Yet likewise, by selecting each functional button
430 of the measurement unit by a user, an instruction is
made to start or stop of the measurement. A current value
of the measured blood flow rate is displayed on the meas-
urement value display field 450.
[0053] A graph display field 440 displays a graph that
shows the blood flow rates over time, which are meas-
ured over time by the flow rate calculation unit 120.
[0054] Yet likewise, by selecting each functional button
420 of the graph manipulation unit by a user, it is instruct-
ed to save, read or print the displayed graph.
[0055] The slope display field 460 displays a value of
the slope, which is calculated by the slope calculation
unit 130 from the measured value of the blood flow rate,
as the degree of the ischemic severity of the extremity
(lower extremity).
[0056] Fig. 4 is a graph illustrating an exemplary meas-
urement result of the blood flow rate in a healthy subject,
while Fig. 5 is a graph illustrating an exemplary meas-
urement result of the blood flow rate in a patient with the
ischemia in the lower extremity.
[0057] In Figs. 4 and 5, the horizontal axis denotes an
elapsed time (second) and the vertical axis denotes the
blood flow rate.
[0058] In the case of the healthy subject, as shown in
Fig. 4, the blood flow rate increases for a while after stop-
ping the warming, and then the blood flow rate gradually
decreases. On the other hand, in the case of the patient
with the ischemia in the lower extremity, as shown in Fig.
5, the blood flow rate less decreases, and in some cases,
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the blood flow rate hardly decreases.
[0059] Both in the case of the healthy subject and the
case of the patient with the ischemia in the lower extrem-
ity, as shown by arrows in the figures, a temporal increase
in the blood flow rate (hereinafter referred to as "transient
increase") after stopping the warming is observed. How-
ever, a change in the blood flow rate after the transient
increase significantly differs between the healthy subject
and the patient with the ischemia in the lower extremity.
[0060] It is considered that the decrease in the blood
flow rate after the warming (that is, the decrease after
the transient increase) occurs by a mechanism in which
the blood flow, which has been enhanced by warming,
is reallocated from the warmed portion therearound. For
this reason, when the blood circulatory state is deterio-
rated so as to cause the ischemic state, the blood flow
is inhibited from being reallocated, and as shown in Fig.
5, a certain tendency is observed in which the decrease
in the blood flow rate slows down.
[0061] The inventors of the present invention gave
thought to a possibility that the slope of the blood flow
rate might be appropriate as an index value of the blood
circulatory state, and then verified an accuracy (i.e., re-
liability) of the slope of the blood flow rate as the index
value through a clinical trial. It should be noted that, al-
though values of a slope in a change that is temporally
decreasing as shown in Figs. 4 and 5 are expressed as
negative mathematically, it is assumed that a slope in a
direction in which the blood flow rate is decreasing is
expressed as positive according to the present embodi-
ment.
[0062] Fig. 6 is a graph illustrating the correlativity be-
tween the slope of the blood flow rate and the TcPO2.
[0063] In Fig. 6, the horizontal axis denotes a value of
TcPO2 (mmHg) and the vertical axis denotes a slope of
the blood flow rate (Flow/min).
[0064] As shown in Fig. 6, the graph plots the results
in which the TcPO2 and the slopes of the blood flow rates
are measured for numerous subjects.
[0065] The distribution of the plotted points on the
graph is concentrated mainly on a first cluster G1 and a
second cluster G2. The first cluster G1 is a group of sub-
jects each having a slope of the blood flow rate equal to
or greater than 0.20 and the TcPO2 value equal to or
greater than 30 mmHg. The second cluster G2 is a group
of subjects each having a slope of the blood flow rate
less than 0.20 and the TcPO2 less than 30 mmHg.
[0066] The TcPO2 value less than 30 mmHg has been
conventionally used in the medical community as a di-
agnostic criteria to make a diagnosis that the blood flow
state in the lower extremity is a morbidity or a severe
ischemia in the lower extremity. By applying this diag-
nostic criteria, the second cluster G2 is to be diagnosed
as a morbidity or a severe ischemia in the lower extremity,
while the first cluster G1 is to be diagnosed as having a
relatively good blood circulatory state.
[0067] The fact that the plotted points are concentrated
mainly in the first group G1 and the second group G2

suggests that a threshold value of "the slope of the blood
flow rate of 0.20" substantially corresponds to the diag-
nostic criteria of "the TcPO2 value of 30 mmHg". For this
reason, it is assumed that the slope of the blood flow rate
has the reliability equivalent to the TcPO2 value as the
index value indicating the blood circulatory state.
[0068] By performing the above described trial, it was
confirmed that the slope of the blood flow rate serves as
the index value having the reliability equivalent to the
TcPO2. It should be noted that, although a diagrammat-
ical illustration or the like is omitted, the inventors of the
present invention have also verified the correlativity be-
tween the SPP and the slope of the blood flow rate.
Through this verification, it was also confirmed that the
slope of the blood flow rate serves as the index value
having the reliability equivalent to the SPP.
[0069] In the meantime, as described above, while the
measurement of the blood flow rate measures the blood
flow rate in the capillary vessel of the skin, the blood
circulation state evaluated by the index of the TcPO2 or
SPP is a blood circulation state in a mass of tissue in-
cluding the underlying muscles or the like beneath the
skin. In other words, it is assumed that the quantity of
state representing the blood circulation state of the mass
of tissue is latent in the value of the blood flow rate of the
skin. For this reason, it can be assumed that the quantity
of state becomes actualized by using the slope of the
blood flow rate.
[0070] More particularly, it can be considered that the
slope of the blood flow rate of the skin represents the
degree of the above described reallocation of the blood
flow. Also, it can be considered that this reallocation of
the blood flow occurs as a result that the blood vessel
vasodilates and vasoconstricts in response to the stim-
ulus in a vascular plexus residing in the mass of tissue
including the portion beneath the skin as well.
[0071] In terms of those vasodilation and vasoconstric-
tion of the blood vessel, it has been known that the blood
vessel becomes scantily responsive when the ischemic
state or the like occurs. Through the clinical trial this time,
a certain result has been obtained that the second cluster
G2, which has a bad blood circulation state, is proved to
indicate the slope of change over time in the blood flow
rate that is significantly smaller than that of the first cluster
G1, which has a relatively good blood circulation state.
It can be considered that this is because the above de-
scribed exiguity in the responsiveness within the mass
of tissue becomes actualized by way of the index value
of "slope of the blood flow rate".
[0072] For this reason, it is assumed that the slope of
change over time in the blood flow rate is highly probable
to clearly indicate the blood circulation state in the mass
of tissue regardless of a type of stimulus causing the
change over time in the blood flow rate. In other words,
it is also highly probable that a slope when the blood flow
is increasing by being warmed from a normal state, a
slope when the blood flow is decreasing by being cooled
from the normal state, and a slope when the blood flow
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rate, which has once decreased by being cooled, is again
increasing to the normal amount all clearly indicate the
blood circulation state.
[0073] Yet also, in terms of the change over time in the
blood flow associated with a stimulus other than the
change in temperature (for example, a friction, an oscil-
lation, or a chemical stimulus or the like), it is also as-
sumed that the slope of change over time in the blood
flow is sufficiently probable to clearly indicate the blood
circulation state.
[0074] Inter alia, it is considered that the slope of the
blood flow rate that is measured after the stimulus of
warming is applied, the stimulus (warming) is stopped,
and then the blood flow undergoes the transient increase
particularly well indicates the reallocation of the blood
flow increased by the warming. Thus, it is particularly
preferable as the index value of the blood circulation
state.
[0075] It is a newly found fact observed through the
above described trial by the inventors of the present in-
vention that the slope of the blood flow rate has the reli-
ability equivalent to the TcPO2 or SPP. Nevertheless,
further through the trial by the inventors of the present
invention, it is also newly found that a useful action that
is not obtainable by the TcPO2 or SPP can be obtained
when the slope of the blood flow rate is used as the index
value. This useful action is an action to separate a cluster
having a worsened blood circulation state, such as the
ischemic state, from a cluster not having the worsened
blood circulation state.
[0076] Fig. 7 is a graph illustrating a separation action
obtained when the slope of the blood flow rate is used
as the index value.
[0077] In Fig. 7, the horizontal axis denotes the slope
of the blood flow rate and the vertical axis denotes the
number of subjects.
[0078] When using the slope as the index value, a val-
ley is observed in the distribution of the subjects in the
vicinity of the slope of 0.20. It can be observed in the
graph that the distribution is separated into two peaks,
P1 and P2. The reason why the distribution of the sub-
jects are separated in this way is assumed that it means
the phase of the blood circulation state changes with the
valley of the distribution serving as a boundary. In order
to verify the above assumption, a blood circulation re-
constructive operation, of which concrete content differs
depending on subjects, was performed with respect to a
part of the subjects belonging to the peak P1, which has
a slope smaller than 0.20, out of two peaks P1 and P2
(that is, the subjects belonging to the second cluster G2
shown in Fig. 5). As a result, it was confirmed that TcPO2
and SPP significantly increases after the reconstructive
operation as compared to before the reconstructive op-
eration. Also, it was confirmed that the slopes of the blood
flow rate exceed 0.20 in all cases.
[0079] As described above, it was confirmed that the
slope of the blood flow rate clearly differs depending on
whether the blood circulation state is pathologic or not

so as to be a useful as the diagnostic criteria.
[0080] It should be noted that it has been convention-
ally known that this kind of separation never occurs in
the distribution of subject when the TcPO2 or SPP is
used. Although the diagrammatically illustration will be
omitted, it was also confirmed that the separation does
not occur in the distribution of the subjects when the
TcPO2 or SPP, which is obtained from the same subject
cluster through the trial this time, is used.
[0081] As described above, it was confirmed that the
slope of the blood flow rate is a new index value that is
capable of clearly indicating the blood circulation state.
According to a method of evaluating the blood circulation
state of the present invention using this kind of index
value, it makes it possible to accomplish the evaluation
in an accurate manner.
[0082] It should be noted that, although in the above
description the measurement unit, the slope calculation
unit and the display unit according to the present inven-
tion are exemplarily implemented into a software oper-
ating on the personal computer, alternatively the meas-
urement unit, the slope calculation unit or the display unit
may be implemented by way of a hardware.
[0083] Furthermore, although in the above description
a particular example is described in which a device for
warming the biological tissue is used as the stimulus ap-
plying device according to the invention, alternatively the
stimulus applying unit according to the present invention
may cool the biological tissue, friction the biological tis-
sue, or apply oscillation or chemical stimulus to the bio-
logical tissue.
[0084] Yet furthermore, although in the above descrip-
tion a particular example is described in which the blood
flow measurement device according to the present em-
bodiment of the present invention is incorporated into the
blood flow measurement system with the stimulus apply-
ing device, alternatively the blood flow measurement de-
vice of the present invention may be separated from the
stimulus applying device, or may be a device of another
embodiment without being accompanied with the stimu-
lus applying device (for example, an embodiment used
for the blood flow measurement of the biological tissue
that is, for example, warmed manually by a human hand).
[0085] Yet furthermore, although in the above descrip-
tion a particular example is described in which the meas-
urement unit according to the present invention transmits
and receives light through the probe affixed to the body
of the subject, alternatively the measurement unit accord-
ing to the present invention may irradiate the subject with
light from a position distant from the subject and receives
return light at a position distant from the subject.

REFERENCE SIGNS LIST

[0086]

10: Blood Flow Measurement System
100: Personal Computer
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200: Light Emitting and Light Receiving Unit
300: Probe
400: Warming Sheet
110: Signal Acquisition Unit
120: Flow Rate Calculation Unit
130: Slope Calculation Unit
140: Warming Controller
150: GUI Unit

Claims

1. A method of measuring a blood circulation state, the
method comprising:

a measuring step of measuring a blood flow rate
of a biological tissue more than once over time;
a slope calculating step of calculating a slope of
change over time in the blood flow rate meas-
ured in the measuring step; and
an evaluating step of evaluating a blood circu-
lation state within the biological tissue by com-
paring a value of the slope to a predetermined
reference value.

2. A blood flow measurement device comprising:

a measurement unit configured to measure a
blood flow rate of a biological tissue more than
once over time;
a slope calculation unit configured to calculate
a slope of change over time in the blood flow
rate using the blood flow rate measured by the
measurement unit and measuring time; and
a display unit configured to display a value of
the slope calculated by the slope calculation
unit.

3. The blood flow measurement device according to
Claim 2, wherein the measurement unit irradiates
the biological tissue with light, receives return light
from the biological tissue, and measures the blood
flow rate based on a photo-detective signal.

4. The blood flow measurement device according to
Claim 3, wherein the measurement unit transmits
and receives light to and from the biological tissue
by a probe affixed to the biological tissue.

5. The blood flow measurement device according to
any one of Claims 2 to 4, wherein
the measurement unit measures the blood flow rate
in a superficial layer of the biological tissue, and
the display unit displays the value of the slope as an
index value indicating the blood circulation state
within a mass of tissue including an underlying por-
tion beneath the superficial layer of the biological
tissue.

6. The blood flow measurement device according to
any one of Claims 2 to 5, wherein
the slope calculation unit calculates the slope with
respect to the blood flow rate after the blood flow is
temporarily increased due to the biological tissue be-
ing warmed.

7. A blood flow measurement system comprising:

a stimulus applying device configured to apply
a stimulus causing a blood flow rate to change
with respect to a biological tissue; and
a blood flow measurement device configured to
measure the blood flow rate of the biological tis-
sue during the stimulus applying device being
applying the stimulus or thereafter,
the blood flow measurement device including:

a measurement unit configured to measure
the blood flow rate of the biological tissue
more than once over time;
a slope calculation unit configured to calcu-
late a slope of change over time in the blood
flow rate using the blood flow rate measured
by the measurement unit and measuring
time; and
a display unit configured to display a value
of the slope calculated by the slope calcu-
lation unit.

8. The blood flow measurement system according to
claim 7, wherein the stimulus applying device warms
the biological tissue, and
the blood flow measurement device measures the
blood flow rate after the biological tissue being
warmed.

9. The blood flow measurement system according to
claim 8, wherein the slope calculation unit calculates
the slope with respect to the blood flow rate after a
blood flow is temporarily increased due to the bio-
logical tissue being warmed.
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