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MEASURING SYSTEM AND METHOD FOR
EVALUATING CONDITION OF PATIENT

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is based on Japanese Patent Appli-
cations No. 2014-228550filed on Nov. 11, 2014, the contents
of which are incorporated herein by reference.

BACKGROUND

[0002] The present invention relates to a measuring system
and a method for evaluating the condition of a patient.
[0003] The blood refill time is one of indexes for knowing
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/un-
necessity of transfusion, triage category (evaluation of the
priority in the case where many persons are injured or sick-
ened), or the like. Also with respect to the degree of oxygen-
ation of blood (arterial oxygen saturation), the blood refill
time is important to determine whether blood is sufficiently
supplied to the living tissue or not.

[0004] In usual measurement of the blood refill time, a
medical person compresses the living tissue of the subject,
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 subject is 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 technique has poor quanti-
tative performance, and a measurement error easily occurs.
[0005] 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). In the 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 com-
pressed by using an actuator, blood is evacuated from the
living tissue of the compressed portion, and hence the inten-
sity of the transmitted light is increased.

[0006] 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.

[0007] Ttis 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 arterial 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 forehead, the measurement is highly possible.
[0008] Also in a measurement of the blood refill time, a
waveform which is measured in the vicinity of the fingertip is
affected by both the peripheral circulation and the central
circulation. Even in the above-described technique in which
the measurement is performed based on the detection of

May 12,2016

transmitted light, therefore, the value of the blood refill time
whichis measured in the vicinity of the fingertip is sometimes
different from that which is measured in the vicinity of the
forehead.

[0009] Inthe case where the subject suffers arteriosclerosis
obliterans (ASQ), 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 fin-
gertip 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.

[0010] As described above, a measurement value of the
blood refill time is affected by various factors. Therefore,
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 cardiovascular
system of the subject.

[0011] A similar problem arises in a measurement of an
index related to the blood oxygen saturation. That is, also a
measurement value of an index related to the blood oxygen
saturation may be varied depending on the measurement loca-
tion. 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.

[0012] Inameasurement of the blood refill time or an index
related to the blood oxygen saturation which is performed
only in a certain body portion of the subject, namely, there is
a problem in that the condition of the cardiovascular system
of the subject cannot be correctly determined.

[0013] 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 apparatus, and
method for evaluating the condition of a patient in which the
condition of the cardiovascular system of the subject can be
correctly determined.

SUMMARY

[0014] According to anaspect of the invention, a measuring
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 portion of the
subject, compresses the second portion, and measures
reflected light or transmitted light from the second 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 measurement 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 indi-
cating an index related to a blood oxygen saturation or a blood
refill time, and a pressure controller that controls the first
sensor and the second sensor so that a time difference
between 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

[0015] FIG. 1is ablock diagram showing the configuration
of a measuring system 1 of Embodiment 1.
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[0016] FIG. 2 is a flowchart showing the flow of a process
of calculating the blood refill time in Embodiment 1.

[0017] FIG. 3 is a conceptual view showing an example of
an output screen which is produced by an outputting section
23 in Embodiment 1.

[0018] FIG. 4 is a block diagram showing a measuring
system 1 of Embodiment 2.

[0019] FIG. 5 is a view showing an evaluation method
performed by an evaluator 214 in Embodiment 2.

[0020] FIG. 6 is a view showing the evaluation method
performed by the evaluator 214 in Embodiment 2.

[0021] FIG. 7 is a view showing an evaluation method
performed by the evaluator 214 in Embodiment 2.

[0022] FIG. 8 is a view showing an evaluation method
performed by the evaluator 214 in Embodiment 2.

[0023] FIG. 9 is a view showing an evaluation method
performed by the evaluator 214 in Embodiment 2.

[0024] FIG. 10 is a view showing an evaluation method
performed by the evaluator 214 in Embodiment 2.

[0025] FIG. 11 is aconceptual view showing an example of
an output screen which is produced by an outputting section
23 in Embodiment 2.

[0026] FIG. 12 is a block diagram showing the configura-
tion of the measuring system 1 of Embodiment 1.

DETAILED DESCRIPTION OF EMBODIMENTS

Embodiment 1

[0027] 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.
[0028] The first sensor 10 is used for measuring the blood
refill time or index related to the blood oxygen saturation of
the subject. In any one of the measurements, the first sensor
10 compresses the living tissue in accordance 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 “reflected/transmitted light”) from the living
tissue. In the case where an index related to the blood oxygen
saturation is to be measured, the first sensor 10 emits light of
aplurality of wavelengths (first light having a first wavelength
A1, 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 emis-
sion 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 compressed.

[0029] 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 subject. The second
sensor 11 may be configured equivalently 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.

[0030] 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 to the fingertips, the sensors
may have a probe-like shape similarly with the case of a usual

May 12,2016

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.
[0031] Each of'the first and second sensors 10, 11 measures
the amount of the reflected/transmitted light received from
the living tissue, and notifies the measuring apparatus 20 of
the measured amount of received light.

[0032] The measuring apparatus 20 includes a controller
21, an inputting section 22, and an outputting section 23. The
controller 21 controls the measuring apparatus 20 and various
sensors (the first sensor 10 and the second sensor 11), and
includes a pressure controller 211, a first measurement value
calculator 212, and a second measurement value calculator
213.

[0033] The pressure controller 211 controls the strengths of
compressions which are applied by the first and second sen-
sors 10, 11 to the living tissue of the subject. 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 subject.

[0034] 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 of the first and second por-
tions are started substantially simultaneously, the blood refills
in the both portions are started at the same timing.

[0035] 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 conditions of the compressions
on the first and second portions are substantially identical
with each other, and therefore more correct measurement
values (first and second measurement values which will be
described later) can be obtained.

[0036] The first measurement value calculator 212 calcu-
lates to the blood refill time or index related to the blood
oxygen saturation based on the amount of received light mea-
sured by the first sensor 10. An example of the method of
calculating the blood refill time, and that of the method 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 patent applications of
the same inventors as those of the present invention. There-
fore, a detailed description of the methods of calculating the
blood refill time and an index related to the blood oxygen
saturation will be omitted, and summaries of the calculation
methods will be briefly described.

[0037] 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) (S11). In this step, the pressure controller
211 controls compression on the living tissue so as not to
compress the living tissue. The first measurement value cal-
culator 212 measures the amount of received light before
compression on the living tissue, from the first sensor 10
(512). After acquisition of the amount of received light before
compression, the pressure controller 211 starts compression
on the living tissue (S13). The first measurement value cal-
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culator 212 measures the amount of received light in the state
of compression on the living tissue, from the first sensor 10
(S14). After compression is sufficiently performed, the pres-
sure controller 211 releases the compression on the living
tissue (S15). The first measurement value calculator 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 approximately equal to the amount
of received light before the compression, as the blood refill
time (S16).

[0038] The above is a summary of the method of calculat-
ing the blood refill time. Then, a summary of the method of
calculating an index related to the blood oxygen saturation
will be described.

[0039] The first measurement value calculator 212
acquires, from the first sensor 10, a first signal S1 correspond-
ing to the received light intensity of first light (first wave-
length A1), and a second signal S2 corresponding to the
received light intensity of second light (second wavelength
2.2). The first measurement value calculator 212 acquires a
first light attenuation Al 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 attenu-
ations Al and A2. The first measurement value calculator 212
acquires information AAb related to the blood oxygen satu-
ration based on the change amount of the light attenuation Ab,
or, in the case where light of three or more wavelengths is
used, acquires the blood oxygen saturation S. In the specifi-
cation, it is assumed that “index related to the blood oxygen
saturation” is a concept including the above described infor-
mation AAb or the blood oxygen saturation S. Moreover,
“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 obtained by compressing
the living body and emitting light of a plurality of wave-
lengths, and related to the blood oxygen saturation.

[0040] The above is a summary of the method of calculat-
ing an index related to the blood oxygen saturation. In accor-
dance with an operation (operation by the medical 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.

[0041] Based on the amount of received light measured 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 satura-
tion of the second portion. The measurement technique is
similar to that of the first measurement value calculator 212.

[0042] Hereinafter, the blood refill time or index related to
the blood oxygen saturation measured by the first measure-
ment value calculator 212 is referred to also as “first measure-
ment value,” and that measured by the second measurement
value calculator 213 is referred to also as “second measure-
ment value.”

[0043] The first measurement value 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 saturation.
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[0044] The first measurement value calculator 212 and the
second measurement value calculator 213 supply the first
measurement value and the second measurement value to the
outputting section 23.

[0045] The outputting section 23 outputs the first measure-
ment value and the second measurement value. The output
includes processes such as a display process in which the first
measurement value and the second measurement 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 the second measurement value are
printed on a print sheet, and a transmission process in which
the first measurement value and the second measurement
value are transmitted to another apparatus having a display.
[0046] FIG. 3 is 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 mea-
surement value (Blood refill time (2)) 1s 2.3 seconds. When
referring to the display screen 30, the medical person can
know that the peripheral circulation on the side of the first
sensor 10 is poor.

[0047] The inputting section 22 is an input interface
through which an input from the medical person is received.
For example, the inputting section 22 is configured by but-
tons, knobs, and touch panel disposed on the measuring appa-
ratus 20. The medical person inputs operations such as an
operation of starting the measurement though the inputting
section 22.

[0048] Then, effects of the measuring system 1 of the
embodiment will be described. As described above, the pres-
sure controller 211 starts the releases of the compressions
applied to the first and second sensors 10, 11 at a substantially
same timing. Therefore, the blood refillings in the first and
second portions are started substantially at the same timing.
Since the timings are the same, the difference in condition of
the blood circulation between a plurality of portions is cor-
rectly 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 cardiovascular system of the subject.

[0049] Inthe case where (the first portion=the finger of the
right hand, the second portion=the finger of the lefthand), and
the difference between the blood refill times is large, for
example, the medical person can know that there is a possi-
bility that arteriosclerosis obliterans (ASQO) may occur in the
hand in which the measurement value is larger. Similarly, in
the case where (the first portion=the finger of the right hand,
the second portion=the finger of the left hand), and the dif-
ference between the indexes related to the blood oxygen
saturation after an elapse of a predetermined time period from
the compression 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.

[0050] 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 circulations of the subject.
[0051] Even in the case where the timings of starting the
compression release in the first and second sensors 10, 11 are
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slightly different from each other (for example, about 0.1
second), when the difference between the timings 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 substantially 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 predetermined time period (preferably, started at a
substantially 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 mea-
sure a desired value. Therefore, the above-described prede-
termined time period is about 0 to 0.3 seconds (preferably, 0
second), but has a concept including a value range of about 0
to 10 seconds.

Embodiment 2

[0052] Then, a measuring system 1 of Embodiment 2 of the
invention will be described. The measuring system 1 of the
embodiment is characterized in that the cardiovascular sys-
tem of the subject is evaluated by using the first and second
measurement values in the measuring apparatus 20. The con-
figuration of the measuring system 1 of the embodiment
which is different from that of Embodiment 1 will be
described. In the following description, it is assumed that the
processing sections which are identified by the same names
and reference numerals as those of Embodiment 1 perform
the processes identical with those of Embodiment 1 unless
otherwise indicated.

[0053] FIG. 4isablock diagram showing the configuration
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.

[0054] The evaluator 214 receives the first measurement
value (the blood refill time or the index related to the blood
oxygen saturation) from the first measurement value calcula-
tor 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.

[0055] The evaluator 214 evaluates the cardiovascular sys-
tem of the subject by using the first and second measurement
values. Both the blood refill time and the index related to the
blood oxygen saturation are indexes indicating whether the
blood circulation to a body portion is good or not. As the first
and second measurement values, 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 described in detail.

(Evaluation Method 1)

[0056] In Evaluation method 1, evaluation is performed by
using s comparison between the first measurement value and
athreshold, and that between the second measurement value
and the threshold. FIG. 5 shows an evaluation method per-
formed by the evaluator 214 in the case of (the first
portion=the fingertip, the second portion=the forchead).
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[0057] A threshold Tthl is determined based on a usual
reference value (for example, 3 seconds) of the blood refill
time. Alternatively, the medical person may set the threshold
Tthl by considering the age, sex, previous diseases, 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 Tthl, it is indicated that the circulation (peripheral
circulation) of the blood to the fingertip is not good. In the
case where the second measurement value (blood refill time
of the forehead) is larger than the threshold Tth1, it is indi-
cated that the circulation of the blood to the forehead is not
good. Therefore, the evaluator 214 evaluates the cardiovas-
cular system of the subject in the following manner (FIG. 5).
[0058] Case 1: the central circulation and the peripheral
circulation are good,
[0059] Case 2: the central circulation is good, but the
peripheral circulation is poor,
[0060] Case 3: the central circulation is good, but the blood
flow to the head is reduced, and
[0061] Case 4: the central circulation and the peripheral
circulationare poor (orthe central circulation is very poor).
[0062] The evaluator 214 notifies the medical person of the
evaluation result through the outputting section 23. In accor-
dance 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 affects the blood flow.
Therefore, the medical person can perform a procedure for
improving the peripheral circulation.
[0063] 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).
[0064] Inthe case where the first measurement value (blood
refill time of the fingertip of the left hand) is larger than the
threshold Tthl, it is indicated that the circulation (peripheral
circulation) of the blood to the fingertip of the left hand is not
good. Inthe case where the second measurement value (blood
refill time of the fingertip of the right hand) is larger than the
threshold Tthl, it is indicated that the circulation (peripheral
circulation) of the blood to the fingertip of the righthand is not
good. Therefore, the evaluator 214 evaluates the cardiovas-
cular system of the subject in the following manner (FIG. 6).
[0065] Case 5: the peripheral circulations in the right and
left hands are good,
[0066] Case 6: the peripheral circulation in the left hand is
poor (suspicion of ASO),
[0067] Case7: the peripheral circulation in the right hand is
poor (suspicion of ASO), and
[0068] Case 8: the peripheral circulations in the right and
left hands (or the central circulation) are poor.
[0069] As described above, in the case where both the first
and second measurement values are smaller than the thresh-
old, the evaluator 214 determines that the condition is normal,
and, in another case, determines that any abnormality occurs.
The evaluator 214 notifies the medical person of the evalua-
tion result through the outputting section 23. In accordance
with the notification, therefore, the medical person can per-
form an adequate procedure. In the case where the peripheral
circulation of the fingertip of only one of the hands is poor, for
example, the medical person may perform diagnosis and
treatment while assuming that the subject has a suspicion of
arteriosclerosis obliterans (ASO).
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[0070] 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
Tthl may be determined by using, for example, 0.1 as a
reference. In the case where the blood oxygen saturation S is
used, the threshold Tth1l may be determined, for example, to
be about 10%.

(Evaluation Method 2)

[0071] Then, a second evaluation method will be described.
In Evaluation method 2, evaluation is performed based on a
comparison between the difference of the first and second
measurement values, and a predetermined threshold. FIG. 7
shows an evaluation method performed by the evaluator 214
in the case of (the first portion=the fingertip, the second
portion=the forehead).

[0072] Inthe case where the value (difference value) which
is obtained by subtracting the second measurement value (the
blood refill time in the forehead) from the first measurement
value (the blood refill time in the fingertip) 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 forehead. 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 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 subject in
the following manner (FIG. 7).

[0073] Case 9: the peripheral circulation is poor,
[0074] Case 10: the blood flow to the forehead is poor, and
[0075] Case 11: there is no difference in blood circulation

between the fingertip and the forehead.
[0076] In accordance with the evaluation by the evaluator
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
(F1G. 8).
[0077] Case 12: the peripheral circulation in the left hand is
poor (suspicion of ASO),
[0078] Case 13: the peripheral circulation in the right hand
is poor (suspicion of ASO), and
[0079] Case 14: there is no difference in blood circulation
between the right and left hands.
[0080] 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 arteriosclerosis
obliterans (ASO) or the like. In accordance with the evalua-
tion by the evaluator 214, the medical person may perform an
adequate procedure.
[0081] InFIGS. 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 second measurement
value-the first measurement value). The comparison manner
is not limited to this. A comparison process may be performed
in which two thresholds, i.e., a threshold in the comparison
with (the first measurement value-the second measurement
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value), and that in the comparison with (the second measure-
ment value-the first measurement value) are used.

(Evaluation Method 3)

[0082] Then, a third evaluation method will be described.

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 measure-

ment value and the second measurement value is used) are

employed.

[0083] Hereinafter (FIG. 9), an evaluation method per-

formed by the evaluator 214 in the case of (the first

portion=the fingertip, the second portion=the forehead) will

be described.

[0084] Case 15: approximately normal, but the fingertip
(peripheral circulation) is somewhat poor,

[0085] Case 16: approximately normal, but the blood flow
to the forehead is somewhat poor,

[0086] Case 17: the central circulation and the peripheral
circulation are good,

[0087] Case 18: the case does not occur,
[0088] Case 19: the blood flow to the forehead is poor,
[0089] 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),

[0090] Case 21: the blood flow to the fingertip (peripheral
circulation) is poor (suspicion of ASO),

[0091] Case 22: the case does not occur,

[0092] 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),

[0093] 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,

[0094] Case 25: both the central circulation and the periph-
eral circulation are poor, and particularly the blood flow to
the forehead is poor, and

[0095] Case 26: the central circulation is very poor.

[0096] As described above, the evaluator 214 evaluates the

cardiovascular system of the subject based on the discrepancy

between the blood refill times of the portions and the normal
value, and comparisons between the blood refill times of the
portions. When evaluation is performed based on the plurality

of subtraction processes 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, it is
assumed that the second measurement value is acquired from
the vicinity of the forehead. Alternatively, the second mea-
surement value may be acquired from the nose or the earlobe.

Namely, the second measurement value is required to be

acquired from the vicinity of the head of the subject.

[0097] 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).

[0098] Case 27: approximately normal, but the fingertip of
the left hand (peripheral circulation of the left hand) is
somewhat poor,

[0099] Case 28: approximately normal, but the fingertip of
the right hand (peripheral circulation of the right hand) is
somewhat poor,
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[0100] Case29: there is no difference between the right and
left hands, and the petipheral circulation and the central
circulation are good,

[0101] Case 30: the case does not occur,

[0102] Case 31: peripheral circulation of the right hand is
poor (suspicion of ASO),

[0103] 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),

[0104] Case 33: peripheral circulation of the left hand is
poor (suspicion of ASO),

[0105] Case 34: the case does not occur,

[0106] 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),

[0107] Case 36: one or both of the peripheral circulation
and the central circulation are slightly poor, and particu-
larly the peripheral circulation of the left hand is poor,

[0108] Case 37: one or both of the peripheral circulation
and the central circulation are slightly poor, and particu-
larly the peripheral circulation of the right hand is poor, and

[0109] Case 38: one or both of the peripheral circulation
and the central circulation are poor.

[0110] The evaluator 214 evaluates the cardiovascular sys-
tem 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 circu-
lation is poor. In such a case, evaluation in which a blood refill
time that is measured by a third sensor attached to the fore-
head or the like is considered may be performed.
[0111] In the above description, the first and second mea-
surement values are compared with the threshold Tth1. Alter-
natively, 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).

[0112] Although the examples of the evaluation technique

performed by the evaluator 214 have been described, the

evaluator 214 may evaluate the cardiovascular 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 evaluation performed by the evaluator 214

includes not only the above-described determination of nor-

mal/abnormal, but also a simple 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
employed in which the difference values (differences
between 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 out-
putting section 23 (a display, printing, writing into a file, or
the like). Similarly, the evaluation performed by the evaluator

214 includes also a simple subtraction process in which the

difference between the first measurement value and the sec-

ond measurement value is calculated. The difference value

(difference value between the first measurement and the sec-

ond measurement value) calculated by the evaluator 214 may

be output through the outputting section 23 (a display, print-
ing, writing into a file, or the like).
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[0113] Next, an example of the display performed by the
outputting section 23 will be described. FIG. 11 is a concep-
tual view showing a display 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 measurement value (Blood refill time
(2)) is 2.3 seconds. The display 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 arte-
riosclerosis obliterans (ASO). When referring to the display
screen 30, the medical person can recognize the result of
evaluation of the cardiovascular system of the subject.
[0114] 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 configuration where, when
the evaluator 214 determines that the subject has an abnor-
mality of the cardiovascular system, and alarm sound is out-
put.

[0115] Then, effects of the measuring system 1 of the
embodiment will be described. The measuring system 1 ofthe
embodiment has the configuration where the cardiovascular
system of the subject is evaluated by using measurement
values (first and second measurement values) related to the
blood circulations in a plurality of portions. Even if the medi-
cal person is inexperienced in diagnosing the cardiovascular
system, when the measuring system 1 evaluates the cardio-
vascular system, the medical person can correctly know the
condition of the cardiovascular system of the subject.

[0116] Inabove-described Evaluation method 1, evaluation
is performed based on the threshold which is determined on
the basis of the normal value of the blood refill time (or an
index related to the blood oxygen saturation). Therefore, the
medical person can know evaluation based on whether the
blood circulations of portions are normal or not.

[0117] Inabove-described Evaluation method 2, evaluation
is performed based on whether the difference between the
first measurement value and the second measurement value is
equal to or larger than the predetermined threshold of not.
Therefore, the medical person can know a result of evaluation
in which partial impairment of the blood circulation (for
example, ASO) or the like is correctly detected.

[0118] In above-described Evaluation method 3, both the
techniques of Evaluation method 1 (the evaluation method
using the differences between the first measurement value
and the threshold, and between the second measurement
value and the threshold) and Evaluation method 2 (the evalu-
ation method using the difference between the first measure-
ment value and the second measurement value) are used. That
is, the evaluator 214 performs evaluation based on whether
the first measurement value and the second measurement
value are normal 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.

[0119] The outputting section 23 outputs (preferably, dis-
plays) the evaluation result by the evaluator 214 in addition to
the first and second measurement values. Even if the medical
person is less experienced, therefore, the medical person can
adequately know the condition of the cardiovascular system
of the subject.
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[0120] Although the invention conducted by the inventors
has been specifically described based on the embodiments,
the invention is not limited to the above-described embodi-
ments, and it is a matter of course that various changes can be
made without departing from the spirit of the invention.
[0121] 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 indexes related to the blood
oxygen saturation).

[0122] 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 configuration
of FIG. 12). Namely, the first measurement value (blood refill
time or index related to the blood oxygen saturation) is cal-
culated from the first portion (the first calculation step), and
thereafter the second measurement 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
cardiovascular 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.

What is claimed is:

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 portion of the
subject, compresses the second portion, and measures
reflected light or transmitted light from the second por-
tion;

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 measurement 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 sensor and the
second sensor so that a time difference between 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.

2. 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 sensor to an end of compres-
sion, 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 substan-
tially equal to each other.

3. The measuring system according to claim 1 further com-
prising an evaluator that evaluates a cardiovascular system of
the subject based on a comparison process using the first
measurement value and the second measurement value.

4. The measuring system according to claim 3, wherein the
evaluator calculates:
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adifference value between the first measurement value and
a threshold, and a difference value between the second
measurement value and a threshold; or

adifference value between the first measurement value and
the second measurement value.

5. The measuring system according to claim 3, wherein the
evaluator calculates a first difference value between the first
measurement value and a threshold, calculates a second dif-
ference 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.

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

in the other case, the evaluator determines that the cardio-
vascular system of the subject is abnormal.

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

8. 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 measurement value and a predetermined threshold,
and a difference between the first measurement value and the
second measurement value.

9. The measuring system according to claim 1 further com-
prising an outputting section that outputs the first measure-
ment value and the second measurement value.

10. The measuring system according to claim 3 further
comprising an outputting section that displays the first mea-
surement value, the second measurement value, and a result
of evaluation by the evaluator on a same screen.

11. The measuring system according to claim 1, wherein

the first portion is a fingertip of one hand of the subject, and

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

12. The measuring system according to claim 1, wherein

the first portion is a fingertip of one hand of the subject, and

the second portion is a vicinity of a head of the subject.

13. The measuring system according to claim 1, wherein

the predetermined time period is a range from 0 to 10
seconds.

14. The measuring system according to claim 10, wherein

the outputting section further outputs alarm sound when
the evaluator determines that the cardiovascular system
of the subject is abnormal.

15. A measuring apparatus including:

a first measurement value calculator that, based on a
change of an amount of received light that is measured
by a first sensor, calculates an index related to a blood
oxygen saturation or a blood refill time, the first sensor
emitting light to, receiving light from, and compressing
a first portion 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, calculates an index related to a blood
oxygen saturation or a blood refill time, the second sen-
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sor emitting light to, receiving light from, and compress-
ing a second portion of the subject; and

a pressure controller that controls the first sensor and the
second sensor so that a time difference between 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.

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

prising:

calculating a first index related to a blood oxygen satura-
tion 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 transmitted light from the first por-
tion after releasing compression of the first portion;

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

evaluating a cardiovascular system of the subject based on
a comparison process using the first index and the sec-
ond index, or the first blood refill time and the second
blood refill time.

* % % k¥

May 12,2016



patsnap

TRAFROE) AFHEEERANNERSEM G E
NIF(2E)E US20160128634A1 K (2E)R 2016-05-12
HiES US14/928448 HiEA 2015-10-30

FRIRE(EFAB)AGE) ARKBIUHKNH
B (T AIAR) A (iB) RS
HEHFERIDAGE) AERXELNT

[FRIRBAA KOBAYASHI NAOKI
HIRABARA HIDEAKI
HORIE KATSUYUKI
TONE KATSUHIDE

KA KOBAYASHI, NAOKI
HIRABARA, HIDEAKI
HORIE, KATSUYUKI
TONE, KATSUHIDE

IPCH %S A61B5/00 A61B5/026 A61B5/1455

CPCH %S A61B5/6843 A61B5/14552 A61B5/6826 A61B5/7282 A61B5/0261 A61B5/7246 A61B5/6814 A61B5
/0053 A61B5/14551 A61B2505/01

R 54 2014228550 2014-11-11 JP

H 20 FF 30k US10561366

SAEBEE Espacenet USPTO

BE(R) - .

—MUERS , B FRR  FoARS  F-NEEES

HETHE - ARFNENRVAENTY  TEERENEHEXNIE
RN E-NEEENEIMRBERMNEEF-NEEITES  HETH
BEEBRRNENEVCLENTY  HTEERENEBNERNRBR
EARXNERNE ZNEBEREAREDEGER , HR6E—GRRN
EfhRER  ERAFE—LRSTRERRANBEE £ RBRTIBES
B2 1B B9 B B) = AETRUE B 1B BR Ko

BLOOD REFILL TIME (1) 30
3. 9s
[BLOOD REFILL TIME (2)

2. 2s N

20

BLOOD CIRCULATION
IN ONLY ONE HAND

1 .
THERE IS SUSPICIONMN
OF ASO.

\@ @/



https://share-analytics.zhihuiya.com/view/e15a8fe2-250c-4cfb-8512-8f86b0dd7992
https://worldwide.espacenet.com/patent/search/family/054477862/publication/US2016128634A1?q=US2016128634A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220160128634%22.PGNR.&OS=DN/20160128634&RS=DN/20160128634

