US 20160089036A1

12) Patent Application Publication (o) Pub. No.: US 2016/0089036 A1

a9y United States

Kobayashi et al. 43) Pub. Date: Mar. 31, 2016
(54) SENSOR AND BIOLOGICAL SIGNAL (32) US.CL
MEASURING SYSTEM CPC . AG1B 5/02028 (2013.01); AGIB 5/0059

(71)  Applicant: NIHON KOHDEN CORPORATION,
Tokyo (IP)

(72) Inventors: Naoki Kobayashi, Tokyo (JP); Hideaki
Hirabara, Tokyo (JP); Katsuyuki
Horie, Tokyo (JP); Tsuyoshi Shimizu,
Tokyo (IP); Kota Saeki, Tokyo (IP)

(21) Appl. No.: 14/852,587

(2013.01); A61B 5/02233 (2013.01); A61B
5/6832 (2013.01), A61B 5/6831 (2013.01)

(57) ABSTRACT

A biological signal measuring system includes a sensor and a
biological signal measuring apparatus configured to calculate
a blood refill time of a living tissue of a subject. The sensor
includes a pressure applying portion configured to apply pres-
sure on the living tissue, a light emitter configured to emit
light toward the living tissue, a light receiver configured to
receive reflected light or transmitted light from the living
tissue, a first light transmitting member made of a light trans-
mitting material and having one side contacting the light
emitter and the other side arranged to contact the subject, a
second light transmitting member made of a light transmit-
ting material and having one side contacting the light receiver
and the other side arranged to contact the subject, and a light
blocking member configured to block light between the light
emitter and the light receiver.

BIOLOGICAL SIGNAL MEASURING APPARATUS

CONTROLLER

211

(22) Filed: Sep. 13, 2015
(30) Foreign Application Priority Data
Sep. 29,2014 (JP) weorvvvecvrcccrnceeene 2014-198149
Sep.7,2015  (JP) cooveveriveccncerecnn 2015-175300
Publication Classification
(51) Inmt.Cl
A6IB 5/02 (2006.01)
A6IB 5/022 (2006.01)
A6IB 5/00 (2006.01)
10 20
SENSOR

PRESSURE |/
ADJUSTING SECTION

BLOOD REFILLTIME A/
MEASURING SECTION

212

22
,

INPUT
SECTION

/\/23

OUTPUT
SECTION




US 2016/0089036 A1

Mar. 31,2016 Sheet 1 of 11

Patent Application Publication

NOILD3S
INd1no

mw\,\

NOILO3S
1NdNI

Y
22

¥4

VY

NOILJ3S ONIINSY3IN
JNIL TTI43d 0014

-—

A Y4

N

NOILOFS ONLLSNrady
FHNSSFHd

Lig

d3T10d1NOD

SNLVEVAdY ONIFINSYIAN TYNDIS TYI1907019

0¢

} Ol

dOSN4S

N
0l




Patent Application Publication =~ Mar. 31,2016 Sheet 2 of 11 US 2016/0089036 A1

FIG. 2

( START )

Y

START LIGHT EMISSION AND 511
LIGHT RECEPTION

L
MEASURE AMOUNT OF RECEIVED

LIGHT BEFORE APPLICATION OF |~ 512
PRESSURE ON TISSUE

Y

APPLY s
PRESSURE ON LIVING TISSUE

Y

MEASURE AMOUNT OF RECEIVED
LIGHT DURING APPLICATION OF |~ 514
PRESSURE ON TISSUE

1]

END APPLICATION OF PRESSURE | _ o455
ON LIVING TISSUE

Y

COMPUTE OR CALCULATE BLOOD

REFILL TIME BY USING CHANGE OF | 316
AMOUNT OF RECEIVED LIGHT

AFTER APPLICATION OF PRESSURE

Y

( END )




Patent Application Publication =~ Mar. 31,2016 Sheet 3 of 11 US 2016/0089036 A1

14

\!\
)
PR AR AR el n .-:l;v‘.".".?:’:"l. ":l.':'.‘;"-‘.V';\'.l‘O‘l.-.l.'."’:‘;‘;';'.'.'.""l.'.'g-'_'.',“.'.1.-.‘.','.',‘,'.'%‘.','.',',’,'_‘.'.‘.'."'.'.‘.'.'.'.'.'.'.’.'.':.'k' MRS AARBASARN RO ANARRARRAIR LN AAAA]

t LIVING TISSUE SIDE

oLy
Ao




US 2016/0089036 A1

Mar. 31,2016 Sheet 4 of 11

Patent Application Publication

NOILO3S T
1NdLno
7 ~ HOLYINOTIVO - 0z
A 3UNSSIHd 40019
o A A
NOILO3S
LnaNI
4
YA/
NOILO3S ONIMNSYAN | ~N
M 3wl Tidad aocog | )
712
Ll
| oanwn |
~1 394VHOSIa
M M\
1z 9¢
\,\ NOILO3S ONILSNray | HOSN3S | (0} MOSN3S)
IHNSSINd - J4NSS3Yd m? 44nD
11z
Ge 4 /../
| dnnd o
~1 NOI
SNLYHYddY ONIYNSYAN H3TI04LNOD OLLVIANI KA
TYNSIS T¥2I1901019 : ve



US 2016/0089036 A1

Rt uhai il R el ittt oA el dE I et =
E/\Jm/ m
1 T
\("\ ~e 1118
.m. gl | "
0¢ N L A A oS- TTTT '
m\

Mar. 31,2016 Sheet5of 11
4
™
N\
™
}
o

Ve "Old

Patent Application Publication
o
™
™
\5 ™



Patent Application Publication =~ Mar. 31,2016 Sheet 6 of 11 US 2016/0089036 A1

FIG. 6A 2

LIVING TISSUE
OF SUBJECT

FIG. 6B "

LIVING TISSUE
OF SUBJECT

34 13



Patent Application Publication =~ Mar. 31,2016 Sheet 7 of 11 US 2016/0089036 A1

TIME

FIG. 7

OSCILLATION SIGNAL

3aN1LNdWY NOILYTTIOSO JFHNSSTYd 44N9



Patent Application Publication =~ Mar. 31,2016 Sheet 8 of 11 US 2016/0089036 A1

FIG. 8
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SENSOR AND BIOLOGICAL SIGNAL
MEASURING SYSTEM

[0001] CROSS-REFERENCE TO RELATED APPLICA-
TION(S)
[0002] The present application claims priority from Japa-

nese Patent Application No. 2014-198149 filed on Sep. 29,
2014 and Japanese Patent Application No. 2015-175300 filed
on Sep. 7, 2015, the entire content of which is incorporated
herein by reference.

BACKGROUND

[0003] The presently disclosed subject matter relates to a
sensor and a biological signal measuring system.

[0004] A blood refill time is one of indexes for observing a
tissue perfusion of a subject. The blood refill time is used as a
simple index for evaluating whether shock has occurred. The
blood refill time is widely used in the field of emergency
medicine for the purpose of determining necessity of trans-
fusion, triage (evaluation of priority in a case where many
persons are injured or sickened) or the like.

[0005] Generally, when measuring a blood refill time, a
medical person applies pressure on a living tissue of a subject,
such as a finger nail, and after the pressure is released, visu-
ally checks the color change of the nail or the skin. When the
color returns to an original color within approximately two
seconds, it is determined that the subject is in a normal con-
dition. In this technique, however, because the living tissue is
manually pressed and the change of the skin color is visually
checked, it cannot provide quantitative results and an error
easily occurs.

[0006] A related art blood refill time measurement uses a
pulse oximeter (see, e.g., US2007/0282182A1). More spe-
cifically, light of a wavelength which can be absorbed by
blood enters living tissue, 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 pressed by using
an actuator, blood is evacuated from the living tissue of the
pressed portion, and hence the intensity of the transmitted
light is increased. When the pressure 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 elapsed from the release of
the pressure until the transmitted light intensity returns to the
original level.

[0007] In order to perform a reproducible and quantitative
measurement of the blood refill time, it is necessary to pro-
vide the same condition of applying pressure on living tissue.
In the configuration where the living tissue is directly pressed
by an actuator, however, it is difficult to always bring the
actuator to contact the same portion of the living tissue. When
the contacting position changes, the condition of applying
pressure also changes, and therefore the reproducibility of
measurement results is lowered.

[0008] The living tissue may compressed by using an air
bag or the like. Depending on the material of the air bag,
however, the light entering the living tissue, and the transmit-
ted light (or reflected light) from the living tissue are affected,
and the accuracy of measurement results may be lowered.

SUMMARY

[0009] Illustrative aspects of the present invention provide
asensor and a biological signal measuring system configured
to perform an accurate measurement of blood refill time.
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[0010] According to an illustrative aspect of the present
invention, a sensor is configured to measure a blood refill time
of aliving tissue of a subject. The sensor includes a pressure
applying portion configured to apply pressure on the living
tissue of the subject, a light emitter configured to emit light
toward the living tissue of the subject, a light receiver config-
ured to receive reflected light or transmitted light from the
living tissue of the subject, a first light transmitting member
made of a light transmitting material and having one end
configured as a contact surface contacting the light emitter
and another end forming a contact surface to contact the
subject, a second light transmitting member made of a light
transmitting material and having one end configured as a
contact surface contacting the light receiver and another end
forming the contact surface to contact the subject, and a light
blocking member configured to block light between the light
emitter and the light receiver.

[0011] According to another illustrative aspect of the
present invention, a biological signal measuring system
includes the sensor described above, and a biological signal
measuring apparatus configured to calculate the blood refill
time of the subject based on an amount of light received by the
Sensor.

BRIEF DESCRIPTION OF DRAWINGS

[0012] FIG. 1isablock diagram illustrating a configuration
of a biological signal measuring system according to an
exemplary embodiment of the present invention;

[0013] FIG. 2is a flowchart illustrating steps for measuring
blood refill time according to an exemplary embodiment of
the present invention;

[0014] FIG. 3isasectional view of a sensor according to an
exemplary embodiment of the present invention;

[0015] FIG. 4isablock diagram illustrating a configuration
of a biological signal measuring system according to another
exemplary embodiment of the present invention;

[0016] FIGS. 5A and 5B are external views of a cuff as an
example of the sensor;

[0017] FIGS. 6A and 6B are diagrams illustrating examples
of the cuff;
[0018] FIG. 7 is a chart showing a relationship between an

inflation of the cuff and an oscillation signal,

[0019] FIG. 8 is a diagram illustrating an example of an
attachment of a band sensor as another example of the sensor;
[0020] FIG. 9isablock diagram illustrating a configuration
of a biological signal measuring system according to another
exemplary embodiment of the present invention;

[0021] FIG. 10 is a diagram illustrating an example of an
attachment of another type of band sensor; and

[0022] FIGS. 11A and 11B are external views of a patch
sensor as another example of the sensor.

DETAILED DESCRIPTION

[0023] Hereinafter, exemplary embodiments of the present
invention will be described in detail with reference to the
drawings. FIG. 1 is a block diagram illustrating a configura-
tion of a biological signal measuring system. The biological
signal measuring system 1 includes a sensor 10 and a biologi-
cal signal measuring apparatus 20.

[0024] The sensor 10 is used for measuring a blood refill
time of a subject. The sensor 10 is configured to apply pres-
sure on a living tissue (for example, an arm or a forehead) of
the subject, emit light toward the living tissue, and receive
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reflected light or transmitted light from the living tissue. The
sensor 10 sends a detection signal indicating the amount of
light received from the living tissue to the biological signal
measuring apparatus 20. The configuration of the sensor 10
will be described later with reference to FIG. 3.

[0025] The biological signal measuring apparatus 20
includes a controller 21, an input section 22, and an output
section 23. The controller 21 includes a pressure adjusting
section 211 and a blood refill time measuring section 212.

[0026] The pressure adjusting section 211 adjusts the
strength of pressure applied by the sensor 10 to the living
tissue of the subject. Specifically, the pressure adjusting sec-
tion 211 sends a control signal (hereinafter, a pressure control
signal) to the sensor 10 to control the strength of pressure
applied to the subject by the sensor 10. Generally, it is con-
sidered that the normal blood refill time is two seconds or less.
Therefore, the pressure adjusting section 211 reduces the
pressure so that the time period from the start of reduction of
the pressure to the end of the application of pressure is shorter
than two seconds (i.e., the time constant of the pressure reduc-
tion is equal to or less than two seconds).

[0027] The controller 21 controls the amount of light to be
emitted from the sensor 10 and the timing of the light emis-
sion by using a control signal. The blood refill time measuring
section 212 acquires the amount of light received by the
sensor 10 in each of time periods (for example, before the start
of the application of pressure, during the application of pres-
sure, and after the end of the application of pressure). Then,
the blood refill time measuring section 212 measures the
blood refill time in accordance with a change in the amount of
received light. The process of measuring the blood refill time
will be described in detail with reference to the flowchart of
FIG. 2.

[0028] Firstly, the controller 21 starts emission and recep-
tion of light at a predetermined timing (for example, every 30
minutes) (S11). In this step, the pressure adjusting section
211 performs a control so as not to apply pressure on the
living tissue. The blood refill time measuring section 212
measures the amount of received light before an application
of pressure on the living tissue, from the sensor 10 (S12).
After acquisition of the amount of received light before the
application of pressure, the pressure adjusting section 211
starts to apply pressure on the living tissue (S13). The blood
refill time measuring section 212 measures the amount of
received light in the state of pressure being applied on the
living tissue, from the sensor 10 (S14). After the application
of pressure is sufficiently performed, the pressure adjusting
section 211 releases the pressure on the living tissue (S15).

[0029] The blood refill time measuring section 212 com-
putes or calculates the time elapsed from the timing when the
pressure on the living tissue is released, until when the
amount of received light attenuates to a value that is approxi-
mately equal to that before the application of pressure, as the
bloodrefill time (S16). An example of a method of calculating
the blood refill time is disclosed in JP2012-115640A.

[0030] The blood refill time may be calculated by using a
change of the amount of received light after the application of
pressure, without using the amount of received light before
the application of pressure. That is, the blood refill time
measuring section 212 may use any kind ofalgorithm in so far
as the blood refill time can be identified by using a change of
the amount of received light after the application of pressure
on the living tissue.
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[0031] Referring again to FIG. 1, the input section 22 is
configured by input interfaces such as buttons and knobs
disposed on the biological signal measuring apparatus 20, a
control circuit for the interfaces, and the like.

[0032] The output section 23 outputs the blood refill time
which is measured by the controller 21. For example, the
output section 23 displays the blood refill time on a liquid
crystal display disposed on the housing of the biological
signal measuring apparatus 20. The outputting process by the
output section 23 includes not only the display on the screen,
but also a print output, writing into an electronic file, and the
like.

[0033] The input section 22 and the output section 23 may
be configured such that the display of information and the
operation input can be simultaneously performed as in a
touch panel.

[0034] Next, the configuration of the sensor 10 will be
described with reference to FIG. 3. FIG. 3 is a sectional view
of the sensor 10. The sensor 10 is attached to a head, an arm
or the like of the subject. The sensor 10 emits light of a
predetermined wavelength toward the living tissue, and
receives reflected light or transmitted light from the living
tissue. Specific examples of the sensor 10 will be later
described.

[0035] Thesensor 10 includes a light emitter 11, a first light
transmitting member 12, a light receiver 13, a second light
transmitting member 14, and a light blocking member 15. A
contact surface 16 contacts a surface of a living tissue of a
subject.

[0036] The light emitter 11 emits light of a predetermined
wavelength toward the living tissue of the subject (downward
in FIG. 3). The light emitted from the light emitter 11 passes
through the first light transmitting member 12 and enters the
living tissue of the subject. The light emitter 11 has a light
emitting device that emits light. The light emitting device s,
for example, a laser diode, a light emitting diode (LED) or the
like. The light emitter 11 may include a plurality of light
emitting devices, and the light emitting devices may respec-
tively emit light of different wavelengths (for example, 660
nm and 940 nm) at timings in accordance with the control by
the controller 21.

[0037] Thefirst light transmitting member 12 is configured
to guide the light emitted from the light emitter 11 toward the
living tissue of the subject. That is, the first light transmitting
member 12 is arranged such that one side (one end) of the first
light transmitting member 12 provides a contact surface con-
tacting the light emitter 11, and the other side (other end) of
the first light transmitting member 12 provides a contact
surface to contact the subject. The first light transmitting
member 12 is made of a material having a high light trans-
mission rate (light transmitting material), such as silicon rub-
ber, elastomer, polyvinyl chloride, polycarbonate, ABS, poly-
urethane, plant fibers, or nylon. The light transmission rate of
the first light transmitting member 12 is preferably about 30%
to 100%.

[0038] The second light transmitting member 14 is config-
ured to guide reflected light or transmitted light from the
living tissue of the subject toward the light receiver 13. That
is, the second light transmitting member 14 is arranged such
that one side (one end) of the second light transmitting mem-
ber 14 provides a contact surface contacting the light receiver
13, and the other side (other end) the second light transmitting
member 14 provides a contact surface to contact the subject.
The second light transmitting member 14 is made of a mate-
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rial having a high light transmission rate (light transmitting
material), such as silicon rubber, elastomer, polyvinyl chlo-
ride, polycarbonate, ABS, polyurethane, plant fibers, or
nylon. The light transmission rate of the second light trans-
mitting member 14 is preferably about 30% to 100%.
[0039] The light receiver 13 receives reflected light or
transmitted light from the living tissue of the subject. The
light receiver 13 sends a light reception signal corresponding
to the amount of received light (intensity of the received
light), to the biological signal measuring apparatus 20. The
light receiver 13 produces the light reception signal by a light
receiving device provided therein. An example of the light
receiving device is a photodiode.

[0040] The light blocking member 15 is disposed between
the light emitter 11 and the light receiver 13, and has a low
light transmission rate. In other words, the light blocking
member 15 has a lower light transmission rate (second light
transmission rate) than the light transmission rate (first light
transmission rate) of the first light transmitting member 12
and the second light transmitting member 14. The light block-
ing member 15 is configured to block light so that the light
emitted from the light emitter 11 is not directly received by
the light receiver 13. The light blocking member 15 is made
of, for example, silicon rubber to which pigment is added,
elastomer, polyvinyl chloride, polycarbonate, ABS, polyure-
thane, plant fibers, or neoprene. The light transmission rate of
the light blocking member 15 is preferably about 0% to 30%.
[0041] Inthe example of FIG. 3, the light blocking member
15 is configured so as to cover the light emitter 11 and the light
receiver 13. However, the present invention is not limited to
this. The light blocking member 15 may be configured and
arranged in any other ways in so far as it prevents the light
from traveling directly to the light receiver 13 from the light
emitter 11. For example, the light blocking member 15 may
be a wire-like member configured to block the direct light
transmission between the light emitter 11 and the light
receiver 13.

[0042] The light blocking member 15 may also function as
a pressure applying portion configured to apply pressure on
the living tissue of the subject, as in the later described
examples. For example, the light blocking member 15 may be
abagofacuffor the like. Pressure may be applied to the living
tissue of the subject by a detachable belt or the like (pressure
applying portion) through the sensor 10, as will be described
later with reference to FIG. 10.

[0043] Advantages of the configuration described above
and shown in FIGS. 1 to 3 will be described. The light emitter
11 emits light toward the living tissue of the subject through
the first light transmitting member 12 made of a light trans-
mitting material. That is, the light from the light emitter 11
enters the living tissue of the subject without being attenu-
ated. Therefore, the light emitter 11 can provide sufficient
amount of light for measuring the blood refill time to enter the
living tissue of the subject.

[0044] The light receiver 13 directly receives light (re-
flected light or transmitted light) from the living tissue of the
subject, through the second light transmitting member 14
which is made a light transmitting material. Therefore, the
light receiver 13 can perform a light receiving process which
is affected by nothing other than the living tissue.

[0045] The light blocking member 15 is disposed between
the light emitter 11 and the light receiver 13. Therefore, the
light receiver 13 can avoid being directly affected by the light
emission of the light emitter 11.
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[0046] These functions (“a sufficient amount of light can
enter the living tissue,” “light from the living tissue can be
directly received,” and “the light receiver 13 is not directly
affected by the light emission of the light emitter 117’ allow
the sensor 10 to correctly acquire only a change in the amount
of light caused by the living tissue of the subject.

[0047] Hereinafter, specific examples of the above-de-
scribed configuration (FIGS. 1 to 3) will be described. In the
following description, the elements identified by the same
names and reference numerals as those of FIGS. 1 to 3 are
configured to perform the same functions as those described
above unless otherwise described.

[0048] According to an exemplary embodiment of the
present invention, the sensor 10 is provided in a form of a
so-called cuff. FIG. 4 illustrates a configuration of the bio-
logical signal measuring system 1 according to this exem-
plary embodiment. The biological signal measuring system 1
has the configuration in which a cuff 30 is used as an example
ofthe sensor 10 shown in FIGS. 1 and 3. The biological signal
measuring apparatus 20 includes an inflation pump 24, a
pressure sensor 25, and a discharge valve 26 as a specific
mode for controlling the pressure of the cuff 30. The control-
ler 21 has a blood pressure calculator 213 which noninva-
sively calculates the blood pressure of the subject, in addition
to the blood refill time measuring section 212.

[0049] A configuration of the cuff 30 will be described in
detail with reference to FIGS. 5A and 5B. FIG. 5A is an
external view of the cuff 30. As illustrated, the cuff 30 is
wrapped around the upper arm or the lower limb to be fixed
thereto, in a similar manner as typical cuffs for non-invasive
measurement. The cuff30 has a hook-and-loop fastener 31 on
the contact surface 16 that contacts the subject, and another
hook-and-loop fastener 32 on a surface oppositeto the contact
surface 16. In one of the hook-and-loop fasteners 31, 32,
fibers are raised in a hook manner, and, in the other fastener,
fibers are densely raised in a loop manner. When the hook-
and-loop fasteners 31, 32 are pressed against each other, the
cuff can be secured to the subject. The hook-and-loop fasten-
ers 31, 32 may be provided in another form such as a click
type fastener or a shark bite fastener as far as the cuff can be
secured to the subject. The cuff 30 is connected to the bio-
logical signal measuring apparatus 20 through a tube 33. In
place of the use of the hook-and-loop fasteners 31, 32, an
adhesive member such as an adhesive tape may be used in the
place where the hook-and-loop fastener 31 is disposed, and
the cuff 30 may be secured to the subject.

[0050] FIG. 5B is a front view of the contact surface 16 of
the cuft 30 (the side on which the cuft 30 contacts a surface of
abody of a subject). In the example, a bag 34 is placed so as
to cover the light emitter 11 and the light receiver 13. The bag
34 corresponds to the light blocking member 15 in FIG. 3.
That is, the bag 34 has also the function of blocking light
passing between the light emitter 11 and the light receiver 13.
Therefore, the bag 34 is a bag which is made of a material
such as colored polyviny! chloride or polyurethane, and into
which gas (mainly air) can be flown (charged). An air inflow
control is performed on the bag 34 by the biological signal
measuring apparatus 20. When gas is sent into the bag 34, the
bag isinflated, and compresses the living tissue of the subject.

[0051] FIGS. 6A and 6B are views showing the concept of
the attachment of the cuff 30. FIG. 6A is a conceptual view
showing the cuff 30 of the reflection type. In the configura-
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tion, the light receiver 13 receives light (reflected light) which
is emitted by the light emitter 11 and then reflected from the
living tissue.

[0052] FIG. 6B shows an example of attachment of the cuff
30 in which the light emitter 11 and the light receiver 13 are
substantially opposed to each other across the living tissue. In
the attachment example, the light receiver 13 receives light
(transmitted light) which is emitted by the light emitter 11 and
then transmitted through the living tissue.

[0053] Referring again to FIG. 4, under the control of the
pressure adjusting section 211, the inflation pump 24, the
pressure sensor 25, and the discharge valve 26 perform the
pressure rise/fall of the cuff 30 and detect the cuff pressure.
For example, the inflation pump 24 is a low-flow-rate air
pump such as a rolling pump having a plurality of cylinders.
The pressure sensor 25 detects the air pressure (cuff pressure)
in the cuff 30. An oscillation signal indicating the detected
cuff pressure is processed in an A/D converter (not shown)
and the like, and is then sent to the pressure adjusting section
211 and the blood pressure calculator 213. Under the control
of the pressure adjusting section 211, the discharge valve 26
is driven to discharge the gas (mainly air) in the cuff 30.
[0054] The blood pressure calculator 213 calculates the
blood pressure of the subject based on the displacement of the
oscillation signal. The blood pressure calculator 213 is con-
figured to performs a non-invasive blood pressure measure-
ment by linear inflation method. The non-invasive blood pres-
sure measurement by linear inflation method may be
implemented by, for example, a system similar to that dis-
closed in JP2012-40088A or Nihon Kohden’s website “Bed-
side Monitor BSM-1700 series—Life Scope PT”, accessible
as of Sep. 22,2014 at www.nihonkohden.co.jp/iryo/products/
monitor/01_bedside/bsm1700 html.

[0055] Following is a brief description of a linear inflation
non-invasive blood pressure measurement performed by the
blood pressure calculator 213. The pressure adjusting section
211 raises the cuff pressure to a first set value. The blood
pressure calculator 213 identifies the systolic blood pressure
and the diastolic blood pressure by using the oscillation signal
which is varied in accordance with the pressure rise. In the
case where both the identified systolic and diastolic blood
pressures are normal values, the pressure adjusting section
211 terminates the pressure rise of the cuff 30, and immedi-
ately releases the cuff pressure. In the case where at least one
of the systolic blood pressure and diastolic blood pressure
which are identified by the blood pressure calculator 213 is an
abnormal value, by contrast, the pressure adjusting section
211 raises the cuff pressure to a second set value, and then
lowers the pressure. The blood pressure calculator 213 iden-
tifies the blood pressure based on a change of the oscillation
signal during the falling. As for the details of the linear infla-
tion method, see, e.g., FIGS. 2 and 3 of JP2012-40088A.
[0056] FIG. 7 is a conceptual view showing relationships
between a rise of the cuff pressure and the oscillation signal
before the cuff pressure reaches the first set value. In accor-
dance with the pressure rise of the cuff 30, the amplitude of
the oscillation signal is increased. The blood pressure calcu-
lator 213 detects a change point TL where the oscillation
amplitude is rapidly increased, as the diastolic blood pressure
(minimal blood pressure). Moreover, the blood pressure cal-
culator 213 detects a change point TH where the oscillation
amplitude is gradually reduced after the amplitude becomes
maximum, and rapidly lowered, as the systolic blood pressure
(maximal blood pressure). In the case where the diastolic
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blood pressure (minimal blood pressure) and the systolic
blood pressure (maximal blood pressure) are normal values,
deflation of the cuff is started (TX).

[0057] In parallel with the measurement of the blood pres-
sure, the biological signal measuring apparatus 20 measures
also the blood refill time. Firstly, the cuff 30 measures the
amount of light received from the living tissue before the rise
of the cuff pressure (corresponding to S12 of FIG. 2). Then,
the cuff 30 measures the amount of light received from the
living tissue during the pressure rise (corresponding to S14 of
FIG. 2). The blood refill time measuring section 212 com-
putes or calculates the time elapsed from the timing when the
living tissue is released from pressure (timing when the cuff
pressure is released, corresponding to TX of FIG. 7), until
when the amount of received light attenuates to a predeter-
mined ratio with respect to the increment of the amount of
received light due to the pressure on the living tissue, as the
blood refill time (corresponding to S16 of FIG. 2). This pro-
cessing is merely an example. For example, data for the blood
pressure measurement may be acquired after starting the
inflation, and the blood refill time may be measured after
acquiring the data for the blood pressure measurement. That
is, thebiological signal measuring apparatus 20 may calculate
the blood pressure and the blood refill time after the inflation
(i.e., after acquiring the necessary data), or may sequentially
calculate the blood pressure during the inflation.

[0058] As described above, the biological signal measuring
apparatus 20 is configured to calculate the blood refill time of
the subject based on the amount of received light acquired by
the cuff 30 (i.e., by the sensor 10), and to calculate the blood
pressure of the subject based on the pressure change acquired
by the cuff 30 (i.e., by the sensor 10). The biological signal
measuring apparatus 20 may be configured to always calcu-
late the blood refill time and the blood pressure, or may
perform calculation (measurement of only the blood refill
time, measurement of only the blood pressure, or measure-
ment of the blood refill time and the blood pressure) in accor-
dance with a mode setting by a user (e.g., setting by an
operation of a button). With the configuration that allows the
mode setting, a measurement that is required in accordance
with the condition of the subject can be performed, and the
measurement time can be shortened by not performing an
unnecessary measurement.

[0059] It is preferable that at least one of the timing of
measuring the blood pressure and the timing of measuring the
blood refill time be set optionally by the user. That is, only the
timing of measuring the blood pressure, only the timing of
measuring the blood refill time, or both of the timing of
measuring the blood pressure and the timing of measuring the
blood refill time may be set. For example, the user may
perform setting so that the blood pressure is measured every
30 minutes, and the blood refill time is measured every one
hour. The biological signal measuring system 1 automatically
controls measurements of parameters in accordance with the
setting.

[0060] Advantages of the cuff 30 and biological signal
measuring system 1 of the embodiment will be described. In
the fingertip to which a pulse oximeter or the like is to be
attached, sometimes, the blood flow is caused not to correctly
reflect the operation of the central circulation, by an influence
of the temperature of the nervous system. By contrast, the
blood flow ina portion such as the upper arm or the lower limb
is less affected by the temperature and the activity of the
nervous system, as compared to the fingertip. The cuff 30 has
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a usual cuff shape (FIGS. 5A and 5B) for the non-invasive
blood pressure measurement, and therefore can be rapidly
attached to the upper arm or lower limb of the subject. When
the measurement is performed on the upper arm or the lower
limb, it is possible to measure the blood refill time to which
the condition of the central circulation is reflected. Since the
measurement place can be set in the upper arm or the lower
limb, the blood refill time can be correctly measured even
when the body size of the subject is small (for example, when
the subject is a child).

[0061] Inorderto measure the blood refill time, gas (mainly
air) is sent into the cuff 30, the cuff 30 compresses the living
tissue, and then the pressure is released by discharging the
gas. This operation is substantially the same as that of the cuff
in non-invasive blood pressure measurement. Therefore, the
biological signal measuring apparatus 20 can perform the
non-invasive blood pressure measurement in addition to the
measurement of the blood refill time. With a single applica-
tion of pressure on the living tissue and a release of the
pressure, the two parameters can be measured, and therefore
the burden on the subject can be reduced. The single biologi-
cal signal measuring apparatus 20 can measure the two
parameters, and therefore cost reduction and miniaturization
of the apparatus can be realized.

[0062] The biological signal measuring apparatus 20 may
be configured to perform a linear inflation non-invasive blood
pressure measurement as disclosed in JP2012-40088 A (FIG.
7). In accordance with the setting by the user, the blood
pressure and the blood refill time may be measured at the
same timing. In this case, when the systolic blood pressure
and the diastolic blood pressure can be correctly measured
during the pressure rise to the first set value, the pressure rise
is immediately ended, and the pressure fall is started. Accord-
ing to the configuration, the biological signal measuring
apparatus 20 can measure the blood pressure in a time period
which is shorter than that in the case of the usual blood
pressure measuring system (the system in which the cuff
pressure is firstly raised to a sufficiently high pressure, and,
while then lowering the cuff pressure, the oscillation signal is
acquired). The biological signal measuring apparatus 20
starts the measurement of the blood refill time at the timing
when the pressure lowering is started. Since the pressure
raising time can be made short, the biological signal measur-
ing apparatus 20 can end also the measurement of the blood
refill time in a short time period.

[0063] Itis a matter of course that a configuration may be
possible where, while measuring the blood refill time, the
blood pressure is calculated by using the usual blood pressure
measuring system (the system in which the cuff pressure is
firstly raised to a sufficiently high pressure, and, while then
lowering the cuff pressure, the oscillation signal is acquired).

[0064] By allowing the user to set the timing of measuring
the blood pressure and the timing of measuring the blood refill
time, the blood pressure and the blood refill time can be
automatically acquired without performing starting opera-
tions on buttons and the like each time. By associating the
timing of measuring the blood pressure with the timing of
measuring the blood refill time (e.g., when the blood pressure
is measured every 30 minutes, the blood refill time is mea-
sured every 30 minutes or every onehour), the two parameters
can be simultaneously measured in a single step of perform-
ing the pressure raising and falling on the living tissue, so that
the burden on the subject can be reduced.
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[0065] 1In the above-described configuration, both of the
blood pressure and the blood refill time are measured in
accordance with the pressure control performed on the cuff
30. However, the invention is not limited to this. Of course,
the cuff 30 and the biological signal measuring apparatus 20
may be configured as a single-function apparatus which is
used only for measuring the blood refill time.

[0066] Itis preferable that the energy for applying pressure
on the living tissue to measure the blood refill time be mini-
mized. Therefore, the biological signal measuring apparatus
20 detects the pulsation of the cuff pressure in the process of
pressurizing, and calculates the maximal blood pressure from
the pulsation in a technique similar to that disclosed in
JP2012-40088A. Preferably, then, the biological signal mea-
suring apparatus 20 may end the pressure rise at the timing
when the cuff pressure becomes higher than the maximal
blood pressure, immediately start the pressure fall, and begin
the measurement of the blood refill time. In this case, the time
period of the pressure rise and pressure required for measur-
ing the blood refill time can be reduced to the minimum
necessary level. Therefore, the blood refill time can be mea-
sured without imposing excessive pressure on a subject with
low blood pressure.

[0067] Next, another exemplary embodiment of the present
invention will be described. In this exemplary embodiment,
the sensor 10 (F1G. 3) is ina form of a band (a band sensor 40),
and is wrapped around a head or the like in use. FIG. 8
illustrates an example of an attachment of the band sensor 40,
and FIG. 9 illustrates another example of a configuration of
the biological signal measuring system 1.

[0068] AsshowninFIG. 8, the bandsensor 40 is configured
such that the band sensor 40 is attached to a head or the like of
a subject by being wrapped around the head or the like of the
subject. The surface of the band sensor 40 contacting the
subject corresponds to the contact surface 16 in FIG. 3.
[0069] The light emitter 11 in the embodiment emits light
of a plurality of wavelengths. For example, the light emitter
11 includes a light emitting device which emits red light
having a wavelength of about 660 nm, and another light
emitting device which emits infrared light having a wave-
length of about 940 nm. The light receiver 13 receives
reflected or transmitted light of the wavelengths (660 nm and
940 nm). The light receiver 13 sends information on amounts
of received light of the respective wavelengths to the biologi-
cal signal measuring apparatus 20.

[0070] Theband sensor 40 has inside a bag41. When gas is
sent into the bag 41, the bag is inflated, and, in the inflated
condition, applies pressure on the living tissue of the subject.
The air is sent into the bag 41 through a tube which is not
shown, from the biological signal measuring apparatus 20.
The band sensor 40 may be configured by, for example,
attaching the bag 41, the light emitter 11, the light receiver 13,
and the like to a member such as a band. The member func-
tions as the light blocking member 15 in FIG. 3. The user may
extend or contract the member in accordance with the attach-
ment place of the subject.

[0071] The band sensor 40 may operate as an SpO2 sensor
and also as a sensor for measuring the blood refill time. The
user operates the input section 22 to designate the measure-
ment mode (an SpO2 measurement mode, a blood refill time
measurement mode, or a mode of measurement of the both
parameters). When the SpO2 measurement mode is selected,
the light receiver 13 detects the amounts of received light of
the two wavelengths, and a pulse wave, and sends the result of
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the detection to the biological signal measuring apparatus 20.
When the blood refill time measurement mode is selected, the
band sensor 40 detects the amounts of received light before
and after the application of pressure in a manner similar to the
example of the cuff 30, and sends the result of the detection to
the biological signal measuring apparatus 20.

[0072] Next, the biological signal measuring apparatus 20
which is to be connected to the band sensor 40 will be
described with reference to FIG. 9. As compared to the con-
figuration of FIG. 4, the biological signal measuring appara-
tus 20 has an SpO2 calculator 214 in place of the blood
pressure calculator 213.

[0073] The SpO2 calculator 214 measures the arterial oxy-
gen saturation (Spo2) based on the pule wave and amounts of
received light of the wavelengths (the red light and the infra-
red light) which are detected by the band sensor 40. A calcu-
lation of the arterial oxygen saturation by the SpO2 calculator
214 s the same as the calculation using a pulse oximeter (see,
e.g., JP6-30915A).

[0074] The blood refill time measuring section 212 per-
forms the process shown in FIG. 2 to measure the blood refill
time.

[0075] Although, in the above, the configuration where the
light emitter 11 emits light of two wavelengths has been
described, the invention is not limited to this. A configuration
where light of three or more wavelengths is emitted may be
employed.

[0076] Advantages of the band sensor 40 and biological
signal measuring apparatus 20 of the embodiment will be
described. Since the band sensor 40 has the configuration
where an expandable band is used, the sensor can be attached
to various locations on a subject. Therefore, like the example
of the cuff, it is useful also in the case where the subject is a
child or the like, and can measure the blood refill time to
which the condition of the central circulation is reflected.
[0077] Inthe above-described configuration, the light emit-
ter 11 emits light of two or more wavelengths, and the light
receiver 13 receives light. The configuration is identical with
that of a usual pulse oximeter, and therefore the blood refill
time and the arterial oxygen saturation can be measured by
using one identical apparatus.

[0078] Next, amodified example of the band sensor 40 will
be described with reference to FIG. 10. In this example, the
band sensor 40 is provided as two parts (a thin-film sheet 42
and a holding band 43). The thin-film sheet 42 is configured
to contact the surface of the living tissue of the subject, and
forms a sheet structure as shown in F1G. 3. The material of the
thin-film sheet 42 has a light blocking property. That is, the
thin-film sheet 42 functions as the light blocking member 15
that blocks the direct light transmission between the light
emitter 11 and the light receiver 13. The holding band 43 has
the bag 41, and holds the thin-film sheet 42 and the bag 41
onto the subject. The holding band 43 is provided in a form of
a band like the example of FIG. 8. The thin-film sheet 42 and
the holding band 43 are connected to the biological signal
measuring apparatus 20 through a tube and wiring which are
not shown.

[0079] When gas (mainly air) is sent into the bag 41, pres-
sure is applied on the living tissue at a location where the
thin-film sheet 42 is held. The methods of measuring the
blood refill time and the SpO2 may be the same as the meth-
ods described above.

[0080] Also in the configuration (FIG. 10), the blood refill
time of the subject who is a child or the like can be correctly
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measured, and a correct measurement value of the blood refill
time to which the condition of the central circulation is
reflected can be obtained.

[0081] While the configuration of FIG. 10 has been
described with the thin-film sheet 42 attached to the forehead
and the holding band 43 wrapped around the head, the present
invention is not limited to this. The holding band 43 is merely
an example of a holding member, which may not be in a form
of aband. The thin-film sheet 42 may be configured such that
it is attached to a non-flat portion of a body of a subject, like
a finger or the like. For example, when the thin-film sheet 42
1s wrapped around the finger, a holding member having an air
bag may be attached on the thin-film sheet 42 so that pressure
1s applied to the living tissue by inflating the air bag.

[0082] According to another exemplary embodiment of the
present invention, the contact surface 16 of the sensor 10 may
have adhesiveness, so that the sensor 10 is attached to a
subject by the contact surface 16 adhered to the subject.
[0083] FIGS.11A and 11B are views of apatch sensor 50 as
another example of the sensor 10 shown in FIG. 3. FIG. 11A
is an external view of the patch sensor 50, and FIG. 11B is a
sectional view of the patch sensor 50 taken along the line A-A
in FIG. 11A. The configuration of the patch sensor 50 will be
described with reference to both FIGS. 11A and 11B. The
configuration of the biological signal measuring apparatus 20
is substantially identical with the configurations shown in
FIGS. 4 and 9, and therefore its illustration and detailed
description are omitted.

[0084] The contact surface 16 of the patch sensor 50 is
provided by an adhesive material which can be adhered to the
subject. Specifically, the contact surface 16 may be formed by
aadhesive agent which is known as a medical adhesive agent.
More specifically, an acrylic-based adhesive agent, a rubber-
based adhesive agent, asilicone-based adhesive agent, a vinyl
ether-based adhesive agent, and the like may be used as it is or
mixed with each other.

[0085] Similarly with the case of FIG. 3, the light emitter 11
emits light ofa predetermined wavelength to the living tissue.
The light emitted by the light emitter 11 passes through the
first light transmitting member 12 and enters the living tissue.
The light receiver 13 receives light (reflected light or trans-
mitted light) from the living tissue through the second light
transmitting member 14.

[0086] The biological signal measuring apparatus 20
causes gas (mainly air) to be flown into a bag 51 through a
tube 52, thereby performing pressure rise and fall on the
living tissue. The bag 51 functions as the light blocking mem-
ber 15 in FIG. 3, and further applies and releases pressure on
the living tissue. As illustrated, the bag 51 may be placed so as
to be interposed between the contact surface 16 and an elastic
film 53. Preferably, the elastic film 53 is made of a material
having a greater elastic modulus than that of the bag 51. With
the elastic film 53 having greater elastic modulus than the bag
51, a force due to the inflation of the bag 51 is efficiently
applied toward the living tissue. This enables efficient appli-
cation of pressure on the living tissue. The method of mea-
suring the blood refill time is the same as the previously
described examples.

[0087] Advantages of the patch sensor 50 and biological
signal measuring system 1 of the embodiment will be
described. The patch sensor 50 can be easily pasted to the
subject by using a usual adhesive member (acrylic-based
adhesive agent or the like). Moreover, the patch sensor 50 can
be attached to various locations on the subject. Therefore, the
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blood refill time can be measured irrespective of situations
such as injury or sickness, clothing, or the like of the subject.
Like to the example of the cuff, itis useful also in a case where
the subject is a child or the like, and can measure the blood
refill time to which the condition of the central circulation is
reflected.

[0088] While the present invention has been described with
reference to certain exemplary embodiments thereof, the
scope of the present invention is not limited to the exemplary
embodiments described above, and it will be understood by
those skilled in the art that various changes and modifications
may be made therein without departing from the scope of the
present invention as defined by the appended claims.

[0089] For example, the cuff 30 of FIG. 5 may emit light of
a plurality of wavelengths. The cuff 30 may be configured so
as to emit light having wavelengths of about 660 nm, 940 nm,
and 1,300 nm. The light of 1,300 nm is more largely absorbed
by water than hemoglobin. When the cuff 30 is wrapped
around the arm, and the received amount of the light of 1,300
nm is measured, therefore, it is possible to detect also the
possibility of edema or the like.

What is claimed is:

1. A sensor configured to measure a blood refill time of a
living tissue of a subject, the sensor comprising:

apressure applying portion configured to apply pressure on
the living tissue of the subject;

a light emitter configured to emit light toward the living
tissue of the subject;

a light receiver configured to receive reflected light or
transmitted light from the living tissue of the subject;

a first light transmitting member made of a light transmit-
ting material, the first light transmitting member having
one end configured as a contact surface contacting the
light emitter and another end forming a contact surface
to contact the subject;

a second light transmitting member made of a light trans-
mitting material, the second light transmitting member
having one end configured as a contact surface contact-
ing the light receiver and another end forming the con-
tact surface to contact the subject; and

alight blocking member configured to block light between
the light emitter and the light receiver.

2. The sensor according to claim 1, wherein the pressure
applying portion comprises a bag configured to apply pres-
sure on the living tissue of the subject when the bag is inflated.

3. The sensor according to claim 2, wherein the sensor is
configured as a cuff that is wrapped around the subject to be
held onto the subject.

4. The sensor according to claim 1, wherein a time constant
of pressure reduction of the pressure applying portion is equal
to or less than two seconds.

5. The sensor according to claim 1, wherein the contact
surface to contact the subject comprises an adhesive material.

6. The sensor according to claim 5, wherein the pressure
applying portion comprises a bag configured to apply pres-
sure on the living tissue of the subject,

wherein the sensor further comprises an elastic film pro-
vided on a surface opposite to the contact surface to
cover the bag, and

wherein an elastic modulus of the elastic film is greater
than an elastic modulus of the bag.

7. The sensor according to claim 1, wherein the light emit-

ter is configured to emit light of two or more wavelengths.
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8. The sensor according to claim 1, further comprising a
holding member on which the pressure applying portion is
provided,

wherein the light blocking member comprises a thin-film
sheet on which the light emitter and the light receiver are
provided,

wherein the holding member is configured to hold the
thin-film sheet and the pressure applying portion onto
the subject.

9. A sheet structure comprising:

a light emitter configured to emit light toward a living
tissue of a subject;

a light receiver configured to receive reflected light or
transmitted light from the living tissue of the subject;

a first light transmitting member made of a light transmit-
ting material, the first light transmitting member having
one end configured as a contact surface contacting the
light emitter and another end forming a contact surface
to contact the subject;

a second light transmitting member made of a light trans-
mitting material, the second light transmitting member
having one end configured as a contact surface contact-
ing the light receiver and another end forming the con-
tact surface to contact the subject; and

athin-film sheet configured to block light between the light
emitter and the light receiver, the light emitter and the
light receiver being provided on the sheet structure.

10. The holding member of the sensor according to claim 8.

11. A biological signal measuring system comprising:

a sensor; and

a biological signal measuring apparatus configured to cal-
culate a blood refill time of a subject, wherein the sensor
comprises:

apressure applying portion configured to apply pressure on
a living tissue of the subject;

a light emitter configured to emit light toward the living
tissue of the subject;

a light receiver configured to receive reflected light or
transmitted light from the living tissue of the subject;

a first light transmitting member made of a light transmit-
ting material, the first light transmitting member having
one end configured as a contact surface contacting the
light emitter and another end forming a contact surface
to contact the subject;

a second light transmitting member made of a light trans-
mitting material, the second light transmitting member
having one end configured as a contact surface contact-
ing the light receiver and another end forming the con-
tact surface to contact the subject; and

a light blocking member configured to block light between
the light emitter and the light receiver,

wherein the biological signal measuring apparatus is con-
figured to calculate the blood refill time based on an
amount of light received by the sensor.

12. A biological signal measuring system comprising:

a sensor configured as a cuff that is wrapped around a
subject to be held onto the subject; and

a biological signal measuring apparatus configured to cal-
culate a blood refill time of the subject and a blood
pressure of the subject,

wherein the sensor comprises:

a pressure applying portion comprising a bag configured to
apply pressure on a living tissue of the subject when the
bag is inflated;
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a light emitter configured to emit light toward the living
tissue of the subject;

a light receiver configured to receive reflected light or
transmitted light from the living tissue of the subject;

a first light transmitting member made of a light transmit-
ting material, the first light transmitting member having
one end configured as a contact surface contacting the
light emitter and another end forming a contact surface
to contact the subject;

a second light transmitting member made of a light trans-
mitting material, the second light transmitting member
having one end configured as a contact surface contact-
ing the light receiver and another end forming the con-
tact surface to contact the subject; and

alight blocking member configured to block light between
the light emitter and the light receiver,

wherein biological signal measuring apparatus is config-
ured to calculate the blood refill time of the subject based
on an amount of light received by the sensor, and to
calculate the blood pressure of the subject based on a
pressure change inside the cuff acquired by the sensor.

13. The biological signal measuring system according to
claim 12, wherein the biological signal measuring apparatus
is configured to calculate one or both of the blood refill time
of the subject and the blood pressure of the subject, in accor-
dance with mode switching.

14. The biological signal measuring system according to
claim 12, wherein the biological signal measuring apparatus
is configured to calculate the blood refill time of the subject at
a timing that has been set.
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15. The biological signal measuring system according to
claim 12, wherein the biological signal measuring apparatus
is configured to calculate the blood pressure of the subject at
a timing that has been set.

16. The biological signal measuring system according to
claim 12, wherein the biological signal measuring apparatus
starts acquiring data to be used for a calculation of the blood
pressure of the subject after the sensor starts an application of
pressure on the living tissue of the subject, ends the applica-
tion of pressure on the living tissue of the subject after acquir-
ing the data to be used for the calculation ofthe blood pressure
is ended, and starts measuring the blood refill time of the
subject by using a change ofamount of received light after the
application of pressure is ended.

17. A sensor configured to measure a blood refill time of a
living tissue of a subject, the sensor comprising:

apressure applying portion configured to apply pressure on
the living tissue of the subject;

a light emitter configured to emit light toward the living
tissue of the subject;

a light receiver configured to receive reflected light or
transmitted light from the living tissue of the subject;
and

alight blocking member arranged between the light emitter
and the light receiver,

wherein the light emitter and the light receiver attached to
the living tissue of the subject via a light transmitting
material having a first light transmission rate, and

wherein the light blocking member has a second light
transmission rate that is lower than the first light trans-
mission rate.
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