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(57) A measuring system includes a first sensor, a
second sensor, afirstmeasurement value calculator that,
based on a change of an amount of received light that is
measured by the first sensor, calculates a first measure-
ment value indicating an index related to a blood oxygen
saturation or a blood refill time, a second measurement
value calculator that, based on a change of an amount
of received light that is measured by the second sensor,

calculates a second measurement value indicating an
index related to a blood oxygen saturation or a blood refill
time, and a pressure controller that controls the first sen-
sor and the second sensor so that a time difference be-
tween a start of compression release by the first sensor
and a start of compression release by the second sensor
is within a predetermined time period.
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Description
BACKGROUND

[0001] The present invention relates to a measuring
system and a method for evaluating the condition of a
patient.

[0002] The blood refill time is one of indexes for know-
ing the tissue perfusion of the subject. The blood refill
time is handled as a simple index for evaluating whether
shock occurs or not. The blood refill time is widely used
in the field of emergency medicine in order to determine
necessity/unnecessity of transfusion, triage category
(evaluation ofthe priority in the case where many persons
are injured or sickened), or the like. Also with respect to
the degree of oxygenation of blood (arterial oxygen sat-
uration), the blood refill time is important to determine
whether blood is sufficiently supplied to the living tissue
or not.

[0003] In usual measurement of the blood refill time, a
medical person compresses the living tissue of the sub-
ject, such as a finger nail, and, after the compression is
released, visually checks the color change of the nail or
the skin. When the color returns to the original one within
approximately two seconds, it is determined that the sub-
jectis in the normal condition. In the technique, however,
the living tissue is manually compressed, and the change
of the skin color is visually checked. Therefore, the tech-
nique has poor quantitative performance, and a meas-
urement error easily occurs.

[0004] Therefore, a technique in which the blood refill
time is measured by using a mechanism similar to a pulse
oximeter has been proposed (JP-A-2012-115640). Inthe
technique, light of a wavelength which can be absorbed
by blood enters living tissue (mainly, the fingertip), and
the intensity of light which transmits through the living
tissue is measured by an optical sensor. In this case,
when the living tissue is compressed by using an actua-
tor, blood is evacuated from the living tissue of the com-
pressed portion, and hence the intensity of the transmit-
ted light is increased.

[0005] When the compression is released, the living
tissue of the portion is filled with blood, and therefore the
intensity of the transmitted light is decreased. The blood
refill time is identified based on the time period which
elapses after the release of the compression until the
transmitted light intensity returns to the original level.
[0006] It is known that the blood flow in the vicinity of
the fingertip is largely affected by the temperature and
the activity of the nervous system. By contrast, the blood
flow in the vicinity of the forehead is less affected by the
temperature and the activity of the nervous system. Also
with respect to a measurement of the percutaneous ar-
terial oxygen saturation (SpO2) using a pulse oximeter,
it is known that it cannot be measured in the fingertip
because the peripheral circulation is poor, but, in the fore-
head, the measurement is highly possible.

[0007] Also in a measurement of the blood refill time,
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a waveform which is measured in the vicinity of the fin-
gertip is affected by both the peripheral circulation and
the central circulation. Even in the above-described tech-
nique in which the measurement is performed based on
the detection of transmitted light, therefore, the value of
the blood refill time which is measured in the vicinity of
the fingertip is sometimes different from that which is
measured in the vicinity of the forehead.

[0008] In the case where the subject suffers arterio-
sclerosis obliterans (ASO), moreover, the value of the
blood refill time which is measured in the fingertip of one
of the hands is sometimes different from that which is
measured in the fingertip of the other hand. That is, the
blood refill time that is measured in the hand in which the
obstruction in a blood vessel progresses has a larger
value.

[0009] As described above, a measurement value of
the blood refill time is affected by various factors. There-
fore, there arises a problem in that, when the blood refill
time is measured in one body portion of the subject, it is
impossible to correctly determine the condition of the car-
diovascular system of the subject.

[0010] A similar problem arises in a measurement of
an index related to the blood oxygen saturation. That is,
also ameasurementvalue of an index related to the blood
oxygen saturation may be varied depending onthe meas-
urement location. Therefore, there is a possibility that,
when the blood oxygen saturation is measured in on one
body portion of the subject, it is impossible to correctly
determine the condition of the cardiovascular system of
the subject.

[0011] In a measurement of the blood refill time or an
index related to the blood oxygen saturation which is per-
formed only in a certain body portion of the subject, name-
ly, there is a problem in that the condition of the cardio-
vascular system of the subject cannot be correctly deter-
mined.

[0012] The invention has been conducted in view of
the above-discussed problem. It is a main object of the
invention to provide a measuring system, measuring ap-
paratus, and method for evaluating the condition of a
patient in which the condition of the cardiovascular sys-
tem of the subject can be correctly determined.

SUMMARY

[0013] Accordingtoan aspectofthe invention, a meas-
uring system includes a first sensor that emits light to a
first portion of a subject, compresses the first portion, and
measures reflected light or transmitted light from the first
portion, a second sensor that emits light to a second por-
tion of the subject, compresses the second portion, and
measures reflected light or transmitted light from the sec-
ond portion, a first measurement value calculator that,
based on a change of an amount of received light that is
measured by the first sensor, calculates a first measure-
ment value indicating an index related to a blood oxygen
saturation or a blood refill time, a second measurement
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value calculator that, based on a change of an amount
of received light that is measured by the second sensor,
calculates a second measurement value indicating an
index related to a blood oxygen saturation or a blood refill
time, and a pressure controller that controls the first sen-
sor and the second sensor so that a time difference be-
tween a start of compression release by the first sensor
and a start of compression release by the second sensor
is within a predetermined time period.

BRIEF DESCRIPTION OF DRAWINGS
[0014]

Fig. 1 is a block diagram showing the configuration
of a measuring system 1 of Embodiment 1.

Fig. 2 is a flowchart showing the flow of a process
of calculating the blood refill time in Embodiment 1.
Fig. 3 is a conceptual view showing an example of
an output screen which is produced by an outputting
section 23 in Embodiment 1.

Fig. 4 is a block diagram showing a measuring sys-
tem 1 of Embodiment 2.

Fig. 5 is a view showing an evaluation method per-
formed by an evaluator 214 in Embodiment 2.

Fig. 6 is a view showing the evaluation method per-
formed by the evaluator 214 in Embodiment 2.

Fig. 7 is a view showing an evaluation method per-
formed by the evaluator 214 in Embodiment 2.

Fig. 8 is a view showing an evaluation method per-
formed by the evaluator 214 in Embodiment 2.

Fig. 9 is a view showing an evaluation method per-
formed by the evaluator 214 in Embodiment 2.

Fig. 10 is a view showing an evaluation method per-
formed by the evaluator 214 in Embodiment 2.

Fig. 11 is a conceptual view showing an example of
an output screen which is produced by an outputting
section 23 in Embodiment 2.

Fig. 12 is a block diagram showing the configuration
of the measuring system 1 of Embodiment 1.

DETAILED DESCRIPTION OF EMBODIMENTS
<Embodiment 1>

[0015] Hereinafter, an embodiment of the invention will
be described with reference to the drawings. Fig. 1 is a
block diagram showing the configuration of a measuring
system 1 of the embodiment. The measuring system 1
includes a first sensor 10, a second sensor 11, and a
measuring apparatus 20.

[0016] The first sensor 10 is used for measuring the
blood refill time or index related to the blood oxygen sat-
uration of the subject. In any one of the measurements,
the first sensor 10 compresses the living tissue in accord-
ance with the control of the measuring apparatus 20,
emits light to the living tissue, and measures reflected
light or transmitted light (hereinafter, referred to as "re-
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flected/transmitted light") from the living tissue. In the
case where an index related to the blood oxygen satu-
ration is to be measured, the first sensor 10 emits light
of a plurality of wavelengths (first light having a first wave-
length 1.1, and second light having a second wavelength
A2) to the living tissue. The first sensor 10 internally has
a device such as a photodiode to perform the above-
described light emission process. For example, the first
sensor 10 has a bag body, and, when air is introduced
into the bag body, the living tissue of the subject is com-
pressed.

[0017] Similarly with the first sensor 10, the second
sensor 11 is used for measuring the blood refill time or
index related to the blood oxygen saturation of the sub-
ject. The second sensor 11 may be configured equiva-
lently to the first sensor 10. The first sensor 10 and the
second sensor 11 are attached to different places (for
example, the finger of the left hand and that of the right
hand) of the subject, respectively. Hereinafter, the place
where the first sensor 10 is attached is referred to as the
first portion, and the place where the second sensor 11
is attached is referred to as the second portion.

[0018] The first sensor 10 and the second sensor 11
may have an adequate shape according to the place
where the sensor is to be attached. In the case where
the first and second sensors 10, 11 are to be attached
tothefingertips, the sensors may have a probe-like shape
similarly with the case of a usual SpO2 measurement. In
the case where the first and second sensors 10, 11 are
to be attached to the forehead or the like, the sensors
may be of the type in which each of the sensors is bonded
to the subject through a seal-like adhesive member.
[0019] Each of the first and second sensors 10, 11
measures the amount of the reflected/transmitted light
received from theliving tissue, and notifies the measuring
apparatus 20 of the measured amount of received light.
[0020] The measuring apparatus 20 includes a con-
troller 21, an inputting section 22, and an outputting sec-
tion 23. The controller 21 controls the measuring appa-
ratus 20 and various sensors (the first sensor 10 and the
second sensor 11), and includes a pressure controller
211, afirstmeasurement value calculator 212, and a sec-
ond measurement value calculator 213.

[0021] The pressure controller 211 controls the
strengths of compressions which are applied by the first
and second sensors 10, 11 to the living tissue of the sub-
ject. Specifically, the pressure controller 211 controls the
amounts of the air inflows into the air bags to control the
strengths of compressions which are applied by the first
and second sensors 10, 11 to the living tissue of the sub-
ject.

[0022] The pressure controller 211 controls the timing
of starting the release of compression in the first sensor
10, and that of starting the release of compression in the
second sensor 11 so that the timings are substantially
simultaneous. When the compression releases ofthe first
and second portions are started substantially simultane-
ously, the blood refills in the both portions are started at
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the same timing.

[0023] Preferably, the pressure controller 211 controls
compressions so that the time period from the start of
the compression release by the first sensor 10 to the end
of the compression is substantially equal to that from the
start of the compression release by the second sensor
11 to the end of the compression. In this case, the con-
ditions of the compressions on the first and second por-
tions are substantially identical with each other, and
therefore more correct measurement values (first and
second measurement values which will be described lat-
er) can be obtained.

[0024] Thefirstmeasurement value calculator 212 cal-
culates to the blood refill time or index related to the blood
oxygen saturation based on the amount of received light
measured by the first sensor 10. An example of the meth-
od of calculating the blood refill time, and that of the meth-
od of measuring an index related to the blood oxygen
saturation are described in detail in JP-A-2014-147474
and JP-A-2014-147473 which are publications of the pat-
ent applications of the same inventors as those of the
present invention. Therefore, a detailed description of
the methods of calculating the blood refill time and an
index related to the blood oxygen saturation will be omit-
ted, and summaries of the calculation methods will be
briefly described.

[0025] First, a summary of the method of calculating
the blood refill time will be described with reference to
Fig. 2. The controller 21 starts light emission and light
reception of the first sensor 10 at a predetermined timing
(for example, every 30 minutes) (S 11). In this step, the
pressure controller 211 controls compression on the liv-
ing tissue so as not to compress the living tissue. The
first measurement value calculator 212 measures the
amount of received light before compression on the living
tissue, from the first sensor 10 (S12). After acquisition of
the amount of received light before compression, the
pressure controller 211 starts compression on the living
tissue (S 13). The first measurement value calculator 212
measures the amount of received light in the state of
compression on the living tissue, from the first sensor 10
(S 14). After compression is sufficiently performed, the
pressure controller 211 releases the compression on the
living tissue (S 15). The first measurement value calcu-
lator 212 computes or calculates the time period which
is elapsed from the timing when the compression on the
living tissue is released, to the timing when the amount
of received light attenuates to a value that is approxi-
mately equal to the amount of received light before the
compression, as the blood refill time (S16).

[0026] The above is a summary of the method of cal-
culating the blood refill time. Then, a summary of the
method of calculating an index related to the blood oxy-
gen saturation will be described.

[0027] The first measurement value calculator 212 ac-
quires, from the first sensor 10, a first signal S1 corre-
sponding to the received light intensity of first light (first
wavelength A1), and a second signal S2 corresponding
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to the received light intensity of second light (second
wavelength A2). The first measurement value calculator
212 acquires a first light attenuation A1 based on the first
signal S1, and a second light attenuation A2 based on
the second signal S2. Then, the first measurement value
calculator 212 acquires a blood-derived light attenuation
Ab based on the light attenuations A1 and A2. The first
measurement value calculator 212 acquires information
AAD related to the blood oxygen saturation based on the
change amount of the light attenuation Ab, or, in the case
where light of three or more wavelengths is used, ac-
quires the blood oxygen saturation S. In the specification,
itis assumed that "index related to the blood oxygen sat-
uration" is a concept including the above described in-
formation AADb or the blood oxygen saturation S. Moreo-
ver, "index related to the blood oxygen saturation" may
be another index other than the information AAb and the
blood oxygen saturation S, as far as the other index is
calculated from the amount of received light which is ob-
tained by compressing the living body and emitting light
of a plurality of wavelengths, and related to the blood
oxygen saturation.

[0028] The above is a summary of the method of cal-
culating an index related to the blood oxygen saturation.
In accordance with an operation (operation by the med-
ical person) through the inputting section 22, the first
measurement value calculator 212 can measure one of
the blood refill time and an index related to the blood
oxygen saturation.

[0029] Based on the amount of received light meas-
ured by the second sensor 11 attached to the second
portion, the second measurement value calculator 213
calculates the blood refill time or index related to the blood
oxygen saturation of the second portion. The measure-
ment technique is similar to that of the first measurement
value calculator 212.

[0030] Hereinafter, the blood refill time or index related
to the blood oxygen saturation measured by the first
measurement value calculator 212 is referred to also as
"firstmeasurement value," and that measured by the sec-
ond measurement value calculator 213 is referred to also
as "second measurement value."

[0031] The first measurementvalue calculator 212 and
the second measurement value calculator 213 may be
configured to be able to measure only one of the blood
refill time and the index related to the blood oxygen sat-
uration.

[0032] The first measurementvalue calculator 212 and
the second measurement value calculator 213 supply
the first measurement value and the second measure-
ment value to the outputting section 23.

[0033] Theoutputting section 23 outputs the first meas-
urement value and the second measurement value. The
output includes processes such as a display process in
which the firstmeasurementvalue and the second meas-
urement value are displayed on a screen of a display
disposed on the housing of the measuring apparatus 20,
a print process in which the first measurement value and
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the second measurement value are printed on a print
sheet, and atransmission process in which the firstmeas-
urement value and the second measurement value are
transmitted to another apparatus having a display.
[0034] Fig. 3is a conceptual view showing an example
of an output screen which is produced by the outputting
section 23. In the example of Fig. 3, a configuration is
shown in which the first sensor 10 and the second sensor
11 are attached to the fingertips, respectively, and the
housing has a display. A display screen 30 shows that
the first measurement value (Blood refill time (1)) is 3.9
seconds, and the second measurement value (Blood re-
fill time (2)) is 2.3 seconds. When referring to the display
screen 30, the medical person can know that the periph-
eral circulation on the side of the first sensor 10 is poor.
[0035] The inputting section 22 is an input interface
through which an input from the medical person is re-
ceived. For example, the inputting section 22 is config-
ured by buttons, knobs, and touch panel disposed on the
measuring apparatus 20. The medical person inputs op-
erations such as an operation of starting the measure-
ment though the inputting section 22.

[0036] Then, effects of the measuring system 1 of the
embodiment will be described. As described above, the
pressure controller 211 starts the releases of the com-
pressions applied to the first and second sensors 10, 11
at a substantially same timing. Therefore, the blood re-
fillings in the first and second portions are started sub-
stantially at the same timing. Since the timings are the
same, the difference in condition of the blood circulation
between a plurality of portions is correctly reflected in the
first and second measurement values. When referring to
the first and second measurement values, the medical
person can correctly determine the condition of the car-
diovascular system of the subject.

[0037] In the case where (the first portion = the finger
of the right hand, the second portion = the finger of the
left hand), and the difference between the blood refill
times is large, for example, the medical person can know
that there is a possibility that arteriosclerosis obliterans
(ASO) may occur in the hand in which the measurement
value is larger. Similarly, in the case where (the first por-
tion = the finger of the right hand, the second portion =
the finger of the left hand), and the difference between
the indexes related to the blood oxygen saturation after
an elapse of a predetermined time period from the com-
pression release is large, the medical person can know
that there is a possibility that arteriosclerosis obliterans
(ASO) may occur in the hand in which the measurement
value is smaller.

[0038] In the case of (the first portion = the forehead,
the second portion = the finger of the left hand (or the
finger of the right hand)), the medical person can know
also the conditions of the central and peripheral circula-
tions of the subject.

[0039] Even in the case where the timings of starting
the compression release in the first and second sensors
10, 11 are slightly different from each other (for example,
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about 0.1 second), when the difference between the tim-
ings is within a predetermined time period (for example,
0.3 seconds or shorter), the blood refilling in the both
portions (first and second portions) are started at a sub-
stantially same timing. Therefore, the pressure controller
211 is required only to control the timing of starting the
compression release in the first sensor 10, and that of
starting the compression release in the second sensor
11 so that the difference between them is within the pre-
determined time period (preferably, started at a substan-
tially same timing). Although the accuracy is lower, even
when the compression release of the second sensor is
performed within a short time period after ending of the
measurement using the first sensor 10, it is possible to
measure a desired value. Therefore, the above-de-
scribed predetermined time period is about 0 to 0.3 sec-
onds (preferably, 0 second), but has a concept including
a value range of about 0 to 10 seconds.

<Embodiment 2>

[0040] Then, a measuring system | of Embodiment 2
of the invention will be described. The measuring system
1 of the embodiment is characterized in that the cardio-
vascular system of the subject is evaluated by using the
first and second measurement values in the measuring
apparatus 20. The configuration of the measuring system
1 of the embodiment which is different from that of Em-
bodiment 1 will be described. In the following description,
itis assumed that the processing sections which are iden-
tified by the same names and reference numerals as
those of Embodiment 1 perform the processes identical
with those of Embodiment 1 unless otherwise indicated.
[0041] Fig. 4 is a block diagram showing the configu-
ration of the measuring system 1 of the embodiment. The
measuring apparatus 20 in the measuring system 1 has
an evaluator 214 in the controller 21 in addition to the
configuration (Fig. 1) of Embodiment 1.

[0042] The evaluator 214 receives the first measure-
ment value (the blood refill time or the index related to
the blood oxygen saturation) from the first measurement
value calculator 212, and the second measurement value
(the blood refill time or the index related to the blood
oxygen saturation) from the second measurement value
calculator 213.

[0043] Theevaluator214 evaluates the cardiovascular
system of the subject by using the first and second meas-
urement values. Both the blood refill time and the index
related to the blood oxygen saturation are indexes indi-
cating whether the blood circulation to a body portion is
good or not. As thefirstand second measurementvalues,
therefore, the blood refill time can be used, or the index
related to the blood oxygen saturation can be used. In
the following description, it is assumed that the blood
refill time is used as the first and second measurement
values. The evaluation in the evaluator 214 will be de-
scribed in detail.
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(Evaluation method 1)

[0044] InEvaluation method 1, evaluation is performed
by using s comparison between the first measurement
value and a threshold, and that between the second
measurement value and the threshold. Fig. 5 shows an
evaluation method performed by the evaluator 214 in the
case of (the first portion = the fingertip, the second portion
= the forehead).

[0045] Athreshold Tth1is determined based on ausual
reference value (for example, 3 seconds) of the blood
refill time. Alternatively, the medical person may set the
threshold Tth1 by considering the age, sex, previous dis-
eases, and the like of the subject. In the case where the
first measurement value (blood refill time of the fingertip)
is larger than the threshold Tth1, it is indicated that the
circulation (peripheral circulation) of the blood to the fin-
gertip is not good. In the case where the second meas-
urement value (blood refill time of the forehead) is larger
than the threshold Tth1, itis indicated that the circulation
of the blood to the forehead is not good. Therefore, the
evaluator 214 evaluates the cardiovascular system of the
subject in the following manner (Fig. 5).

Case 1: the central circulation and the peripheral cir-
culation are good,

Case 2: the central circulation is good, but the pe-
ripheral circulation is poor,

Case 3: the central circulation is good, but the blood
flow to the head is reduced, and

Case 4: the central circulation and the peripheral cir-
culation are poor (or the central circulation is very
poor).

[0046] The evaluator 214 notifies the medical person
of the evaluation result through the outputting section 23.
In accordance with the notification, therefore, the medical
person can perform an adequate procedure. In the case
where only the peripheral blood flow is poor (Case 2), for
example, it is considered that the skin temperature of the
fingertip is low, or administration of a vasoconstrictor af-
fects the blood flow. Therefore, the medical person can
perform a procedure for improving the peripheral circu-
lation.

[0047] Fig. 6 is a table showing the evaluation method
performed by the evaluator 214 in the case of (the first
portion = the fingertip of the left hand, the second portion
= the fingertip of the right hand).

[0048] In the case where the first measurement value
(blood refill time of the fingertip of the left hand) is larger
than the threshold Tth1, itis indicated that the circulation
(peripheral circulation) of the blood to the fingertip of the
lefthand is notgood. In the case where the second meas-
urement value (blood refill time of the fingertip of the right
hand) is larger than the threshold Tth1, it is indicated that
the circulation (peripheral circulation) of the blood to the
fingertip of the right hand is not good. Therefore, the eval-
uator 214 evaluates the cardiovascular system of the
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subject in the following manner (Fig. 6).

Case 5: the peripheral circulations in the right and
left hands are good,

Case 6: the peripheral circulation in the left hand is
poor (suspicion of ASO),

Case 7: the peripheral circulation in the right hand
is poor (suspicion of ASO), and

Case 8: the peripheral circulations in the right and
left hands (or the central circulation) are poor.

[0049] As described above, inthe case where both the
first and second measurement values are smaller than
the threshold, the evaluator 214 determines that the con-
dition is normal, and, in another case, determines that
any abnormality occurs. The evaluator 214 notifies the
medical person of the evaluation result through the out-
putting section 23. In accordance with the notification,
therefore, the medical person can perform an adequate
procedure. In the case where the peripheral circulation
of the fingertip of only one of the hands is poor, for ex-
ample, the medical person may perform diagnosis and
treatment while assuming that the subject has a suspi-
cion of arteriosclerosis obliterans (ASO).

[0050] The above is a summary of Evaluation method
1. Although, in the above description, it is assumed that
the first and second measurement values are blood refill
times, the evaluator 214 can perform evaluation by the
strictly identical technique while using an index relating
to the blood oxygen saturation. In the case where the
information AAb is used as an index relating to the blood
oxygen saturation, the threshold Tth1 may be determined
by using, for example, 0.1 as a reference. In the case
where the blood oxygen saturation S is used, the thresh-
old Tth1 may be determined, for example, to be about
10%.

(Evaluation method 2)

[0051] Then, a second evaluation method will be de-
scribed. In Evaluation method 2, evaluation is performed
based on a comparison between the difference of the
first and second measurement values, and a predeter-
mined threshold. Fig. 7 shows an evaluation method per-
formed by the evaluator 214 inthe case of (the first portion
= the fingertip, the second portion = the forehead).

[0052] In the case where the value (difference value)
which is obtained by subtracting the second measure-
ment value (the blood refill time in the forehead) from the
first measurement value (the blood refill time in the fin-
gertip) is larger than a threshold Tth2, it is indicated that
the blood flow (peripheral circulation) in the fingertip is
poorer than the blood flow (central circulation) to the fore-
head. In the case where the value (difference value)
which is obtained by subtracting the first measurement
value (the blood refill time in the fingertip) from the second
measurement value (the blood refill time in the forehead)
is larger than the threshold Tth2, it is indicated that no
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problem is detected in the peripheral circulation, but the
blood flow in the forehead is poor. Therefore, the evalu-
ator 214 evaluates the cardiovascular system of the sub-
ject in the following manner (Fig. 7).

Case 9: the peripheral circulation is poor,

Case 10: the blood flow to the forehead is poor, and
Case 11: there is no difference in blood circulation
between the fingertip and the forehead.

[0053] In accordance with the evaluation by the eval-
uator 214, the medical person may perform an adequate
procedure. Then, the evaluation method by the evaluator
214 in the case of (the first portion = the fingertip of the
left hand, the second portion = the fingertip of the right
hand) will be described (Fig. 8).

Case 12: the peripheral circulation in the left hand is
poor (suspicion of ASO),

Case 13: the peripheral circulation in the right hand
is poor (suspicion of ASO), and

Case 14: there is no difference in blood circulation
between the right and left hands.

[0054] In the case where the difference between the
blood refill times is large as shown in Fig. 8, the evaluator
214 evaluates that the subject has a suspicion of arteri-
osclerosis obliterans (ASO) or the like. In accordance
with the evaluation by the evaluator 214, the medical per-
son may perform an adequate procedure.

[0055] In Figs. 7 and 8, the threshold Tth2 is used in
both the comparison with (the first measurement value -
the second measurement value), and that with (the sec-
ond measurement value - the first measurement value).
The comparison manner is not limited to this. A compar-
ison process may be performed in which two thresholds,
i.e., a threshold in the comparison with (the first meas-
urement value - the second measurement value), and
that in the comparison with (the second measurement
value - the first measurement value) are used.

(Evaluation method 3)

[0056] Then, a third evaluation method will be de-
scribed. In Evaluation method 3, both the technique in
Evaluation method 1 (the evaluation method in which the
difference between the first measurement value and the
threshold, and that between the second measurement
value and the threshold are used), and that in Evaluation
method 2 (the evaluation method in which the difference
between the first measurement value and the second
measurement value is used) are employed.

[0057] Hereinafter (Fig. 9), an evaluation method per-
formed by the evaluator 214 inthe case of (thefirst portion
= the fingertip, the second portion = the forehead) will be
described.

Case 15: approximately normal, but the fingertip (pe-
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ripheral circulation) is somewhat poor,

Case 16: approximately normal, but the blood flow
to the forehead is somewhat poor, Case 17: the cen-
tral circulation and the peripheral circulation are
good,

Case 18: the case does not occur,

Case 19: the blood flow to the forehead is poor,
Case 20: both the fingertip (peripheral circulation)
and the central circulation (forehead) are slightly
poor (the both have values which are close to the
threshold Tth1),

Case 21: the blood flow to the fingertip (peripheral
circulation) is poor (suspicion of ASO),

Case 22: the case does not occur,

Case 23: both the fingertip (peripheral circulation)
and the central circulation (forehead) are slightly
poor (the both have values which are close to the
threshold Tth1),

Case 24: both the central circulation and the periph-
eral circulation are poor, and particularly the blood
flow to the fingertip (peripheral circulation) is poor,
Case 25: both the central circulation and the periph-
eral circulation are poor, and particularly the blood
flow to the forehead is poor, and

Case 26: the central circulation is very poor.

[0058] As described above, the evaluator 214 evalu-
ates the cardiovascular system of the subject based on
the discrepancy between the blood refill times of the por-
tions and the normal value, and comparisons between
the blood refill times of the portions. When evaluation is
performed based on the plurality of subtraction process-
es as described above, the evaluator 214 can perform
evaluation which is more correct. In the above-described
evaluations using Tables 1, 3, and 5 above, itis assumed
that the second measurement value is acquired from the
vicinity of the forehead. Alternatively, the second meas-
urement value may be acquired from the nose or the
earlobe. Namely, the second measurement value is re-
quired to be acquired from the vicinity of the head of the
subject.

[0059] Then, the evaluation method performed by the
evaluator 214 in the case of (the first portion = the fingertip
of the left hand, the second portion = the fingertip of the
right hand) will be described (Fig. 10).

Case 27: approximately normal, but the fingertip of
the left hand (peripheral circulation of the left hand)
is somewhat poor,

Case 28: approximately normal, but the fingertip of
the right hand (peripheral circulation of the right
hand) is somewhat poor,

Case 29: there is no difference between the rightand
lefthands, and the peripheral circulation and the cen-
tral circulation are good,

Case 30: the case does not occur,

Case 31: peripheral circulation of the right hand is
poor (suspicion of ASO),
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Case 32: one or both of the peripheral circulation
and the central circulation are slightly poor (the both
have values which are close to the threshold Tth1),
Case 33: peripheral circulation of the left hand is poor
(suspicion of ASO),

Case 34: the case does not occur,

Case 35: one or both of the peripheral circulation
and the central circulation are slightly poor (the both
have values which are close to the threshold Tth1),
Case 36: one or both of the peripheral circulation
and the central circulation are slightly poor, and par-
ticularly the peripheral circulation of the left hand is
poor, Case 37: one or both of the peripheral circula-
tion and the central circulation are slightly poor, and
particularly the peripheral circulation of the right hand
is poor, and Case 38: one or both of the peripheral
circulation and the central circulation are poor.

[0060] The evaluator 214 evaluates the cardiovascular
system of the subject as described above. In the case
where both the first and second measurement values are
large (Case 38), the evaluator 214 cannot determine
whether the peripheral circulations of the both hands are
poor, or the central circulation is poor. In such a case,
evaluation in which a blood refill time that is measured
by a third sensor attached to the forehead or the like is
considered may be performed.

[0061] In the above description, the first and second
measurement values are compared with the threshold
Tth1. Alternatively, thresholds may be set respectively
for measurement values. The threshold which is to be
compared with (the first measurement value - the second
measurement value) may be different from that which is
to be compared with (the second measurement value -
the first measurement value) (two thresholds may be set
in place of the threshold Tth2).

[0062] Although the examples of the evaluation tech-
nique performed by the evaluator 214 have been de-
scribed, the evaluator 214 may evaluate the cardiovas-
cular system of the subject by using another technique
as far as, in the technique, evaluation using the first and
second measurement values is performed. The evalua-
tion performed by the evaluator 214 includes not only the
above-described determination of normal/abnormal, but
also asimple subtraction process in which the differences
between the first measurement value and the threshold,
and between the second measurement value and the
threshold are calculated. A configuration may be em-
ployed in which the difference values (differences be-
tween the first measurement value and the threshold,
and between the second measurement value and the
threshold) calculated by the evaluator 214 are output
through the outputting section 23 (a display, printing, writ-
ing into a file, or the like). Similarly, the evaluation per-
formed by the evaluator 214 includes also a simple sub-
traction process in which the difference between the first
measurement value and the second measurement value
is calculated. The difference value (difference value be-
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tween the first measurement and the second measure-
ment value) calculated by the evaluator 214 may be out-
put through the outputting section 23 (a display, printing,
writing into a file, or the like).

[0063] Next, an example of the display performed by
the outputting section 23 will be described. Fig. 11 is a
conceptual view showing adisplay screen which displays
a result of evaluation by the evaluator 214. The display
screen 30 shows that the first measurement value (Blood
refill time (1)) is 3.9 seconds, and the second measure-
ment value (Blood refill time (2)) is 2.3 seconds. The dis-
play screen 30 further shows a result of evaluation by
the evaluator 214. In the example of Fig. 11, it is shown
that the subject has a suspicion of arteriosclerosis oblit-
erans (ASO). When referring to the display screen 30,
the medical person can recognize the result of evaluation
of the cardiovascular system of the subject.

[0064] The outputting section 23 may be configured so
as to, in accordance with the result of the evaluation by
the evaluator 214, perform not only the production of the
display screen 30, but also an output of an alarm sound.
That is, the outputting section 23 may have a configura-
tion where, when the evaluator 214 determines that the
subject has an abnormality of the cardiovascular system,
and alarm sound is output.

[0065] Then, effects of the measuring system 1 of the
embodiment will be described. The measuring system 1
of the embodiment has the configuration where the car-
diovascular system of the subject is evaluated by using
measurement values (firstand second measurement val-
ues) related to the blood circulations in a plurality of por-
tions. Even if the medical person is inexperienced in di-
agnosing the cardiovascular system, when the measur-
ing system 1 evaluates the cardiovascular system, the
medical person can correctly know the condition of the
cardiovascular system of the subject.

[0066] In above-described Evaluation method 1, eval-
uation is performed based on the threshold which is de-
termined on the basis of the normal value of the blood
refill time (or an index related to the blood oxygen satu-
ration). Therefore, the medical person can know evalu-
ation based on whether the blood circulations of portions
are normal or not.

[0067] In above-described Evaluation method 2, eval-
uation is performed based on whether the difference be-
tween the first measurement value and the second meas-
urement value is equal to or larger than the predeter-
mined threshold of not. Therefore, the medical person
can know a result of evaluation in which partial impair-
ment of the blood circulation (for example, ASO) or the
like is correctly detected.

[0068] In above-described Evaluation method 3, both
the techniques of Evaluation method 1 (the evaluation
method using the differences between the first measure-
ment value and the threshold, and between the second
measurement value and the threshold) and Evaluation
method 2 (the evaluation method using the difference
between the first measurement value and the second
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measurement value) are used. That s, the evaluator 214
performs evaluation based on whether the first measure-
ment value and the second measurement value are nor-
mal values or not, and whether the difference between
the first measurement value and the second measure-
ment value is excessively large or not. Therefore, the
medical person can know more correctly the conditions
of the blood circulations of portions and the condition of
the difference between the right and left hands.

[0069] The outputting section 23 outputs (preferably,
displays) the evaluation result by the evaluator 214 in
addition to the first and second measurement values.
Evenifthe medical personis less experienced, therefore,
the medical person can adequately know the condition
of the cardiovascular system of the subject.

[0070] Although the invention conducted by the inven-
tors has been specifically described based on the em-
bodiments, the invention is not limited to the above-de-
scribed embodiments, and it is a matter of course that
various changes can be made without departing from the
spirit of the invention.

[0071] As described above, the measuring system 1
may be configured so that three or more sensors are
attached to the subject, and evaluation is performed by
using three or more measured blood refill times (or in-
dexes related to the blood oxygen saturation).

[0072] Alternatively, the measuring system 1 may have
only one sensor, and the first and second portions may
be sequentially measured by using the sensor (the con-
figuration of Fig. 12). Namely, the first measurement val-
ue (blood refill time or index related to the blood oxygen
saturation) is calculated from the first portion (the first
calculation step), and thereafter the second measure-
ment value (blood refill time or index related to the blood
oxygen saturation) is calculated from the second portion
(the second calculation step). While using the first and
second measurement values, thereafter, the cardiovas-
cular system of the subject may be evaluated by using
the above-described techniques (the evaluation step).
Also in the alternative, evaluation is performed by using
measurement values related to the blood circulations of
a plurality of portions, and therefore the cardiovascular
system of the subject can be adequately evaluated.

Claims
1. A measuring system comprising:

a first sensor that emits light to a first portion of
a subject, compresses the first portion, and
measures reflected light or transmitted light from
the first portion;

a second sensor that emits light to a second por-
tion of the subject, compresses the second por-
tion, and measures reflected light or transmitted
light from the second portion;
afirstmeasurement value calculator that, based
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on a change of an amount of received light that
is measured by the first sensor, calculates a first
measurement value indicating an index related
toablood oxygen saturation or a blood refill time;
a second measurement value calculator that,
based on a change of an amount of received
light thatis measured by the second sensor, cal-
culates a second measurement value indicating
an index related to a blood oxygen saturation or
a blood refill time; and

a pressure controller that controls the first sen-
sor and the second sensor so that a time differ-
ence between a start of compression release by
the first sensor and a start of compression re-
lease by the second sensor is within a predeter-
mined time period.

The measuring system according to claim 1, wherein
the pressure controller controls a first time period
from the start of compression release by the first sen-
sor to an end of compression, and a second time
period from the start of compression release by the
second sensor to an end of compression so that the
first time period and the second time period are sub-
stantially equal to each other.

The measuring system according to claim 1 or 2 fur-
ther comprising an evaluator that evaluates a cardi-
ovascular system of the subject based on a compar-
ison process using the first measurement value and
the second measurement value.

The measuring system according to claim 3, wherein
the evaluator calculates:

a difference value between the first measure-
ment value and a threshold, and a difference
value between the second measurement value
and a threshold; or

a difference value between the first measure-
ment value and the second measurement value.

The measuring system according to claim 3, wherein
the evaluator calculates a first difference value be-
tween the first measurement value and a threshold,
calculates a second difference value between the
second measurement value and the threshold, and
evaluates the cardiovascular system of the subject
based on the first difference value and the second
difference value.

The measuring system according to claim 5, where-
in, in a case where both the first measurement value
and the second measurement are smaller than the
threshold, the evaluator determines that the cardio-
vascular system of the subject is normal, and,

in the other case, the evaluator determines that the
cardiovascular system of the subject is abnormal.
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The measuring system according to claim 3, wherein
the evaluator calculates a difference value between
the first measurement value and the second meas-
urement value, and, in a case where the difference
value is larger than a threshold, determines that the
cardiovascular system of the subject is abnormal.

The measuring system according to claim 3, wherein
the evaluator evaluates the cardiovascular system
of the subject based on a comparison between the
first measurement value and a predetermined
threshold, a comparison between the second meas-
urement value and a predetermined threshold, and
a difference between the first measurement value
and the second measurement value.

The measuring system according to any one of
claims 1 to 8 further comprising an outputting section
that outputs the first measurementvalue and the sec-
ond measurement value.

The measuring system according to any one of
claims 3 to 8 further comprising an outputting section
that displays the first measurement value, the sec-
ond measurement value, and a result of evaluation
by the evaluator on a same screen.

The measuring system according to any one of
claims 1 to 10, wherein

the first portion is a fingertip of one hand of the sub-
ject, and

the second portion is a fingertip of another hand of
the subject.

The measuring system according to any one of
claims 1 to 10, wherein

the first portion is a fingertip of one hand of the sub-
ject, and

the second portion is a vicinity of a head of the sub-
ject.

A measuring apparatus including:

afirst measurement value calculator that, based
on a change of an amount of received light that
is measured by a first sensor, calculates an in-
dex related to a blood oxygen saturation or a
blood refill time, the first sensor emitting light to,
receiving light from, and compressing a first por-
tion of a subject;

a second measurement value calculator that,
based on a change of an amount of received
light that is measured by a second sensor, cal-
culates an index related to a blood oxygen sat-
uration or a blood refill time, the second sensor
emitting light to, receiving light from, and com-
pressing a second portion of the subject; and
a pressure controller that controls the first sen-
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sor and the second sensor so that a time differ-
ence between a start of compression release by
the first sensor and a start of compression re-
lease by the second sensor is within a predeter-
mined time period.

14. A method for evaluating a condition of a patient com-

prising:

calculating afirstindexrelated to a blood oxygen
saturation or a first blood refill time by emitting
light to a first portion of a subject and based on
a change of an amount of reflected light or trans-
mitted light from the first portion after releasing
compression of the first portion;

calculating a second index related to a blood
oxygen saturation or a second blood refill time
by emitting light to a second portion of the sub-
ject and based on a change of an amount of
reflected light or transmitted light from the sec-
ond portion after releasing compression of the
second portion; and

evaluating a cardiovascular system of the sub-
ject based on a comparison process using the
firstindex and the second index, or the first blood
refill time and the second blood refill time.
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FIG. 2
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FIG. 3
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FIG. 11
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