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(54) Biological signal measuring apparatus and biological signal measuring method

(57) A biological signal measuring apparatus in-
cludes: a light emitter which emits at least two light beams
having different wavelengths to living tissue of a subject;
a light receiver which receives the light beams that are
emitted from the light emitter and transmitted through or
reflected from the living tissue, and which converts at
least one of the light beams to at least one electric signal
that corresponds to a reception light intensity of the at
least one of the light beams; a detector which detects
temporal variation of the reception light intensity from the
electric signal; a selector which selects a pulse oximeter
mode in which at least one of an oxygen saturation and
a pulse rate is calculated and a capillary refilling time
measurement mode in which a capillary refilling time is
calculated; and a calculator which, based on the temporal
variation of the reception light intensity, performs a cal-
culation in the mode that is selected by the selector.
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a pulse oxime-
ter and a method of measuring the capillary refilling time,
and more particularly to a pulse oximeter which, in addi-
tion to a calculation function that is provided in a related-
art pulse oximeter and that calculates the blood oxygen
saturation of an artery or the pulse rate based on pulse
waves acquired from periodic variation components of
the reception light intensities in the case where at least
two light beams of different wavelengths are transmitted
through or reflected from living tissue, includes a calcu-
lator that detects variations of the reception light intensi-
ties due to release of a state where the living tissue is
pressed and that calculates the capillary refilling time,
and also to a method of measuring the capillary refilling
time.
[0002] In a related art, the capillary refilling time (CRT)
is acquired in the manner in which a finger tip of the sub-
ject is pressed, the pressing is then released, the color
of the skin after releasing is visually checked, and the
time elapsed until the original color is regained is meas-
ured. However, such a visual measurement has poor
quantitative performance, and an error due to a user eas-
ily occurs. Therefore, an apparatus has been proposed
in which a finger tip is inserted into a probe having a clip-
like shape, the finger tip is pressed by an actuator incor-
porated in the probe, and, when the pressing is then re-
leased, the capillary refilling time is detected (see U.S.
Patent Application Publication No. 2007/0282182).
[0003] The measurement of the capillary refilling time
is often performed in an emergency situation such as a
case where an unconscious patient is transported by am-
bulance, and therefore easiness of measurement, and
operation in parallel with other measurement are required
in addition to measurement accuracy. In the related-art
apparatus disclosed in U.S. Patent Application Publica-
tion No. 2007/0282182, although special devices such
as the actuator is necessary and therefore preparation
for measurement and measurement itself require a pro-
longed time, the possible measurement is substantially
limited only to measurement of the capillary refilling time.
Therefore, the apparatus is not popularly used at emer-
gency sites where an emergency medical person is ac-
customed to performing rapid visual measurement.

SUMMARY

[0004] According to the invention, there is provided a
biological signal measuring apparatus comprising: a light
emitter which emits at least two light beams having dif-
ferent wavelengths to living tissue of a subject; a light
receiver which receives the light beams that are emitted
from the light emitter and transmitted through or reflected
from the living tissue, and which converts at least one of
the light beams to at least one electric signal that corre-

sponds to a reception light intensity of the at least one of
the light beams; a detector which detects temporal vari-
ation of the reception light intensity from the electric sig-
nal; a selector which selects a pulse oximeter mode in
which at least one of an oxygen saturation and a pulse
rate is calculated and a capillary refilling time measure-
ment mode in which a capillary refilling time is calculated;
and a calculator which, based on the temporal variation
of the reception light intensity, performs a calculation in
the mode that is selected by the selector.
[0005] The selector may select only one of the pulse
oximeter mode and the capillary refilling time measure-
ment mode.
[0006] The calculator may detect that the living tissue
is released from a pressed state in which the living tissue
is pressed, in accordance with that a level of the reception
light intensity or a time differential of a temporal reduction
of the reception light intensity becomes less than a pre-
determined threshold.
[0007] In a case where the capillary refilling time meas-
urement mode is selected, the calculator may calculate,
as the capillary refilling time, a time which, after detecting
that the living tissue is released from the pressed state,
is required for the reception light intensity to be reduced
to a predetermined rate with respect to a difference be-
tween levels of the reception light intensity before and
after the living tissue is pressed.
[0008] The calculator may average a variation of the
reception light intensity in a predetermined time in each
of the pressed state and a state before the living tissue
is pressed, and calculate, as the difference, a difference
between the averaged variation in the pressed state and
the averaged variation in the state before the living tissue
is pressed.
[0009] The calculator may apply notch filtering cen-
tered at frequency components of a pulse wave on a
variation of the reception light intensity in a predeter-
mined time.
[0010] The calculator may change a detection sensi-
tivity of the electric signal so that the electric signal can
be detected in the pressed state, in accordance with that
a level of the reception light intensity or a time differential
of a temporal increase of the reception light intensity ex-
ceeds a predetermined threshold.
[0011] The biological signal measuring apparatus may
further comprise an operation acceptor which accepts an
operation of starting measurement of the capillary refilling
time. The calculator may change a detection sensitivity
of the electric signal so that the electric signal can be
detected in the pressed state, in accordance with that
the operation acceptor accepts the operation of starting
measurement of the capillary refilling time.
[0012] The calculator may maintain the detection sen-
sitivity constant during a period from a time when the
detection sensitivity is changed to a time when the cap-
illary refilling time is calculated.
[0013] The biological signal measuring apparatus may
further comprise a display which displays the capillary
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refilling time and the temporal variation of the reception
light intensity.
[0014] In a case where a plurality of the capillary refill-
ing time are calculated, under a condition that one of the
plurality of the capillary refilling time which is newly cal-
culated satisfies a predetermined reject condition, the
calculator may display an average of the other of the
plurality of the capillary refilling time, as a latest capillary
refilling time on the display.
[0015] The display may display a time waveform indi-
cating the temporal variation of the reception light inten-
sity and information for selecting time width correspond-
ing to a part of the time waveform, and the calculator may
calculate the time width based on the information dis-
played on the display.
[0016] In a case where the detection sensitivity is
changed, the calculator may correct the temporal varia-
tion of the reception light intensity before the detection
sensitivity is changed to the temporal variation of the re-
ception light intensity after the detection sensitivity is
changed.
[0017] The biological signal measuring apparatus may
further comprise an instructing unit which provides an
instruction of at least one of a timing when the living tissue
is pressed and a timing when a pressed state in which
the living tissue is pressed is released, to a user by a
visual or auditory manner.
[0018] The biological signal measuring apparatus may
further comprise a pressure sensor which detects at least
one of a timing when the living tissue is pressed and a
timing when a pressed state in which the living tissue is
pressed is released. The calculator may perform the cal-
culation based on the temporal variation of the reception
light intensity and the timing that is detected by the pres-
sure sensor.
[0019] According to the invention, there is also provid-
ed a method of measuring a biological signal, the method
comprising: emitting at least two light beams having dif-
ferent wavelengths to living tissue of a subject; receiving
the light beams transmitted through or reflected from the
living tissue; converting at least one of the light beams
to at least one electric signal that corresponds to a re-
ception light intensity of the at least one of the light beams;
detecting temporal variation of the reception light inten-
sity from the electric signal; selecting a pulse oximeter
mode in which at least one of an oxygen saturation and
a pulse rate is calculated and a capillary refilling time
measurement mode in which a capillary refilling time is
calculated; and performing a calculation in the selected
mode based on the temporal variation of the reception
light intensity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

Fig. 1 is an external view of a biological signal meas-
uring apparatus of an embodiment of the invention.

Fig. 2 is a schematic diagram of the biological signal
measuring apparatus.
Fig. 3 is a view showing an example of a time wave-
form corresponding to IR among measurement
waveforms acquired by the biological signal meas-
uring apparatus.
Fig. 4 is a view showing a temporal change of a value
which is acquired by time-differentiating the wave-
form of Fig. 3.
Fig. 5 is a view showing an example of a procedure
of measuring the arterial oxygen saturation, the
pulse rate, and the capillary refilling time by using
the biological signal measuring apparatus.
Fig. 6 is a view showing an example of a flow of a
measurement procedure in the case where the mode
of the biological signal measuring apparatus can be
switched depending on whether an end button is
pushed down after the capillary refilling time is dis-
played on a display or not.
Fig. 7 is a view showing an example of a flow of a
measurement procedure in the case where the bio-
logical signal measuring apparatus can instruct the
user a timing when living tissue of the subject is
pressed, or that when the pressing is released.
Fig. 8 is a view showing an example of a flow of
calculating the capillary refilling time by using the
biological signal measuring apparatus.
Fig. 9 is a view showing an example of a screen of
the display on which cursors for selecting time width
tx are displayed together with the measurement
waveform.

DETAILED DESCRIPTION OF EMBODIMENTS

[0021] Hereinafter, the invention will be described
through an embodiment of the invention. The following
embodiment is not intended to limit the invention defined
in the appended claims. Moreover, all combinations of
features described in the embodiment are not necessarily
essential in the solving means of the invention.
[0022] Fig. 1 is an external view of a biological signal
measuring apparatus 10 of the embodiment of the inven-
tion, and Fig. 2 is a schematic diagram of the biological
signal measuring apparatus 10. As shown in Fig. 1, the
biological signal measuring apparatus 10 can measure
biological signals of the subj ect such as the arterial ox-
ygen saturation and the capillary refilling time, and in-
cludes an apparatus body unit 20, a probe 30, and a
cable 40. As shown in Fig. 2, more specifically, the bio-
logical signal measuring apparatus 10 is configured by
LED drivers 21a, 21b, an LED selecting unit 22, a CPU
23, a display 24, a storage 25, an operation acceptor 26,
a current/voltage converter 27, a pulse wave demodulat-
ing circuit 28, an A/D converter 29, light emitting elements
31, 32, and a photodiode 33.
[0023] In the embodiment, among the components,
the light emitting elements 31, 32 and the photodiode 33
are incorporated in the probe 30, and the other compo-
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nents are incorporated in the apparatus body unit 20.
The cable 40 plays a role of transmitting signals between
the components in the probe 30 and those in the appa-
ratus body unit 20. The light emitting elements 31, 32 are
examples of the light emitter in the invention, and the
photodiode 33 is an example of the light receiver in the
invention.
[0024] The light emitting element 31 (LED R) is a light
emitting diode which is caused to emit light by a current
supplied from the LED driver 21a, and the light emitting
element 32 (LED IR) is a light emitting diode which is
caused to emit light at a wavelength that is different from
that of the light emitting element 31, by a current supplied
from the LED driver 21b. In the embodiment, the light
emitting element 31 emits red light (for example, a wave-
length of 660 (nm) ) which is more sensitive to a change
of the arterial oxygen saturation, and the light emitting
element 32 emits infrared light (for example, a wave-
length of 940 (nm) ) which is less affected by the arterial
oxygen saturation.
[0025] The LED selecting unit 22 controls the LED driv-
ers 21a, 21b so that the light emitting elements 31, 32
alternately emit light at predetermined intervals. The pho-
todiode 33 receives light which is emitted from the light
emitting elements 31, 32 toward living tissue 500 such
as the finger of the subject inserted into the probe 30, to
be transmitted through the living tissue 500, and converts
the light to a current. In place of the configuration, a con-
figuration may be employed where the photodiode 33 is
disposed at a position where light which is emitted from
the light emitting elements 31, 32 and reflected from the
living tissue 500 can be received, so as to receive the
light reflected from the living tissue 500.
[0026] The current/voltage converter 27 converts the
current output from the photodiode 33, to a voltage signal
(hereinafter, referred to as "electric signal"). The pulse
wave demodulating circuit 28 receives a lighting timing
signal indicative of lighting timings of the light emitting
elements 31, 32, from the LED selecting unit 22, and,
based on the lighting timing signal, divides the electric
signal from the current/voltage converter 27 to electric
signals respectively corresponding to reception light in-
tensities of the red light (R) and infrared light (IR) which
are received by the photodiode 33. The A/D converter
29 applies analog-digital conversion on the electric sig-
nals which correspond to the reception light intensities
of the red light and the infrared light, respectively, and
which are divided in the pulse wave demodulating circuit
28, and supplies the resulting signals to the CPU 23.
[0027] The CPU 23 controls portions of the biological
signal measuring apparatus 10, and executes various
calculation processes. Furthermore, the CPU 23 func-
tions as the detector, selector, and calculator in the in-
vention. Namely, the CPU 23 detects temporal variations
of the reception light intensities of R light and IR light from
the electric signals supplied from the A/D converter 29.
During measurement of a biological signal, the CPU 23
selects one of a pulse oximeter mode and a capillary

refilling time measurement mode in accordance with a
manual operation by the user or an automatic operation
(for example, with default setting). In the pulse oximeter
mode, the CPU 23 calculates the blood oxygen saturation
(arterial oxygen saturation) of the artery in the living tissue
500 and the pulse rate, and, in the capillary refilling time
measurement mode, detects a variation of the reception
light intensity of each light due to release from the state
where the living tissue 500 is externally pressed, from
the electric signals to calculate the capillary refilling time.
The calculations will be described later in more detail.
[0028] The display 24 is a displaying device such as
an LCD. As shown in Fig. 1, the display screen of the
display is configured by: an arterial oxygen saturation
display window 24a in which the arterial oxygen satura-
tion in the living tissue 500 of the subject is displayed as
a numeric value together with a display of "SpO2"; a pulse
rate display window 24b in which the pulse rate of the
subject is displayed together with a heart-shaped symbol;
a capillary refilling time display window 24c in which the
capillary refilling time of the subject is displayed together
with a display of "CRT"; and a status display window 24d
in which, for example, various messages such as setting
information of the biological signal measuring apparatus
10 are displayed.
[0029] The storage 25 may be one of related-art stor-
age devices such as a flash memory or a hard disk drive,
and stores control programs for controlling the biological
signal measuring apparatus 10, and various measure-
ment results calculated by the CPU 23. The operation
acceptor 26 has a measurement button 26a, an end but-
ton 26b, a menu button 26d, and a lighting/determination
button 26e.
[0030] In the biological signal measuring apparatus 10
of the embodiment, the pulse oximeter mode for meas-
uring the arterial oxygen saturation (SpO2) is set by de-
fault, and, when a power supply (not shown) is turned
on, the measurement in the pulse oximeter mode is start-
ed. When the user pushes down the measurement button
26a, as described later, the biological signal measuring
apparatus 10 is switched from the pulse oximeter mode
to the capillary refilling time measurement mode, and
measures the capillary refilling time of the subject. Also
in the capillary refilling time measurement mode, the bi-
ological signal measuring apparatus 10 can measure the
pulse wave except when the living tissue 500 of the sub-
ject is pressed, and therefore may measure the SpO2
and the pulse rate and display them. The means for
switching the pulse oximeter mode to the capillary refilling
time measurement mode is not limited to the pushing
down of the measurement button 26a by the user, and
the switching may be performed by other switching
means.
[0031] In the biological signal measuring apparatus 10
of the embodiment, when the menu button 26d is pushed
down, a menu for changing various settings of the bio-
logical signal measuring apparatus 10 can be referred,
and, when the lighting/determination button 26e is
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pushed down, a specific item can selected in the menu
so as to change the setting. When the menu is not called
up by means of the menu button 26d, a backlight for the
display screen of the display 24 is turned on by pushing
down the lighting/determination button 26e.
[0032] In the above, the functions of the portions of the
biological signal measuring apparatus 10 have been
schematically described. Next, the operation which is
conducted in the CPU 23 until the arterial oxygen satu-
ration and the capillary refilling time are calculated will
be described in more detail. Based on the electric signals
respectively corresponding to the reception light intensi-
ties of R and IR supplied from the pulse wave demodu-
lating circuit 28 through the A/D converter 29, the CPU
23 detects periodic variation components of the reception
light intensities of R light and IR light, and calculates the
blood oxygen saturation (arterial oxygen saturation) of
the artery in the living tissue 500 of the subject.
[0033] The calculation of the arterial oxygen saturation
in the CPU 23 may be performed by any related-art meth-
od. For example, the CPU 23 separates each of the elec-
tric signals respectively corresponding to the reception
light intensities of R light and IR light, into AC and DC
components, and calculates the arterial oxygen satura-
tion based on the attenuation ratio (AC/DC) which is ac-
quired on the basis of R and IR. The CPU further calcu-
lates the pulse rate from the AC component which reflects
the artery.
[0034] Furthermore, the CPU 23 calculates the capil-
lary refilling time based on the electric signals which are
supplied from the pulse wave demodulating circuit 28
through the A/D converter 29. More specifically, when
the skin of the finger of the subject inserted into the probe
30 is externally pressed to cause a pressed state, the
blood flow flowing through the capillary in the finger is
significantly lowered. When the pressing is stopped (the
pressed state is released), the blood flow which again
flows through the capillary is increased as time progress-
es, and returns to the state which is attained before the
pressing.
[0035] By the change of the blood flow in the capillary
when the living tissue 500 of the subject is released from
the pressed state as described above, the reception light
intensities (transmitted light quantities) of R light and IR
light which are transmitted through the living tissue 500
are changed. The changes of the transmitted light quan-
tities appear as changes of the values (voltages) of the
electric signals supplied from the pulse wave demodu-
lating circuit 28 to the CPU 23 through the A/D converter
29. The CPU 23 detects the changes, and calculates the
capillary refilling time.
[0036] Hereinafter, while exemplifying measurement
waveforms appearing during the measurement by the
biological signal measuring apparatus 10, the procedure
of measuring the arterial oxygen saturation, the pulse
rate, and the capillary refilling time by using the biological
signal measuring apparatus 10 will be specifically de-
scribed.

[0037] Fig. 3 shows an example of a time waveform
corresponding to IR among measurement waveforms ac-
quired by the biological signal measuring apparatus 10,
and Fig. 4 shows a temporal change of a value which is
acquired by time-differentiating the waveform of Fig. 3.
Although a pulse wave is drawn in Fig. 3, the capillary
refilling time may be calculated after pulsation compo-
nents are removed by performing moving average or
notch filtering. In this case, it is possible to acquire a
stable measurement result which is not affected by pul-
sation. Figs. 5 to 7 show an example of a procedure of
measuring the arterial oxygen saturation, the pulse rate,
and the capillary refilling time by using the biological sig-
nal measuring apparatus 10. In the procedure which will
be described, the user may be identical with the subject.
[0038] First, the measurement procedure shown in the
flow of Fig. 5 will be described. When the arterial oxygen
saturation, the pulse rate, and the capillary refilling time
are to be measured by using the biological signal meas-
uring apparatus 10, the user first attaches the probe 30
to the finger (living tissue 500) of the subject, and then
turns on the power supply (not shown) of the apparatus
body unit 20 (step 5100). Then, the biological signal
measuring apparatus 10 starts to measure the transmit-
ted light quantity in the pulse oximeter mode (SpO2
mode) which is set by default (step S110), and measures
the pulse rate and arterial oxygen saturation of the sub-
ject. The arterial oxygen saturation of the subject is dis-
played in the arterial oxygen saturation display window
24a, and the pulse rate is displayed in the pulse rate
display window 24b.
[0039] When the arterial oxygen saturation of the sub-
ject is measured, the user pushes down the measure-
ment button 26a to select the capillary refilling time meas-
urement mode (CRT mode) (step 5120) . This causes
the biological signal measuring apparatus 10 to start the
measurement of the transmitted light quantity in the cap-
illary refilling time measurement mode (step S130).
When the measurement is started in the capillary refilling
time measurement mode, the biological signal measur-
ing apparatus 10 first detects whether the portion of the
finger (living tissue 500) of the subject to which the probe
30 is attached is pressed by the user or not (step S140) .
More specifically, when the living tissue 500 of the subject
is pressed at the timing of 5 to 6 sec. in the time axis
which is shown as the abscissa in Fig. 3, the blood flow
through the capillary is lowered as described above and
the transmitted light quantity (the value of the electric
signal corresponding to the quantity) of the living tissue
500 is rapidly increased. If it is detected that the time
differential of a variation of the transmitted light quantity
exceeds predetermined threshold "Th1" at time "To" as
shown in Fig. 4, the biological signal measuring appara-
tus 10 (CPU 23) determines that the living tissue 500 is
pressed at time "To" . The level of threshold "Th1" may
be set to a desired value in accordance with the detection
sensitivity of the pressed state or the like. In place of the
time differential, the biological signal measuring appara-
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tus 10 (CPU 23) may set the state where the transmitted
light quantity (the level of the reception light intensity)
exceeds a preset threshold, as the detection conditions
of the pressing of the living tissue 500.
[0040] If the pressing of the living tissue 500 is detected
(step S140: YES), the biological signal measuring appa-
ratus 10 determines whether the transmitted light quan-
tity is stable in the pressed state or not (step 5150) . The
determination will be described specifically by exempli-
fying the waveform shown in Fig. 3. At time Ts" when
time width "tA" has elapsed from time "To" when the
pressing of the living tissue 500 is detected, the biological
signal measuring apparatus 10 (CPU 23) determines that
the transmitted light quantity of IR is stable in the pressed
state. Then, the biological signal measuring apparatus
10 displays a message indicating that the measurement
of the capillary refilling time is enabled, in the status dis-
play window 24d of the display screen of the display 24
(for example, message "Standby" or the like is displayed
as sown in Fig. 1). As described above, the conditions
that the biological signal measuring apparatus 10 (CPU
23) determines that the living tissue 500 is in the stable
pressed state are not particularly limited. For example,
the variation width during a constant time period or the
like may be set as the conditions.
[0041] If it is determined in step S150 that the trans-
mitted light quantity is stable in the pressed state (step
S150: YES), the biological signal measuring apparatus
10 determines whether the living tissue 500 is released
from the pressed state or not (step S160). More specifi-
cally, when the living tissue 500 is released from the
pressed state, the blood flow through the capillary is in-
creased, and, in accordance with this, the quantity of light
which is transmitted through the living tissue 500 is re-
duced. In the waveform shown in Fig. 3, for example, the
living tissue 500 of the subject is released from the
pressed state at the timing of 11 to 12 sec., and, at this
time, the transmitted light quantity of the living tissue 500
is rapidly reduced in accordance with the increase of the
blood flow through capillary. If such a reduction of the
transmitted light quantity is detected, the biological signal
measuring apparatus 10 determines that the living tissue
500 is released from the pressed state.
[0042] If it is determined in step S160 that the living
tissue 500 is released from the pressed state (step S160:
YES), the biological signal measuring apparatus 10 cal-
culates the capillary refilling time (step S170). More spe-
cifically, for example, the biological signal measuring ap-
paratus 10 calculates the time which, after the detection
that the living tissue 500 is released from the pressed
state, is required for the transmitted light quantity to be
reduced to a predetermined rate with respect to the dif-
ference between reception light intensities before and
after the pressing of the living tissue 500, as the capillary
refilling time. The flow of calculating the capillary refilling
time by using the biological signal measuring apparatus
10 will be described later in more detail.
[0043] The capillary refilling time which is calculated

in step S170 is displayed in the capillary refilling time
display window 24c of the display 24 (step S180). When
the power supply of the apparatus body unit 20 is then
turned off (step S190: YES) , the measurement is ended.
In a state where the power supply is on, after the value
of the capillary refilling time is displayed on the display
24, the mode is automatically switched to the pulse oxi-
meter mode, and the measurement of the transmitted
light quantity is started in the pulse oximeter mode (step
S110).
[0044] If the pressing of the living tissue 500 is not de-
tected in step S140 (step S140: NO), the biological signal
measuring apparatus 10 is set to the standby state until
the pressing of the living tissue 500 is detected in the
capillary refilling time measurement mode. Until it is de-
termined in step S150 that the transmitted light quantity
is stable in the pressed state (step S150: NO), the bio-
logical signal measuring apparatus 10 continues to re-
peat the calculation for comparing the conditions for de-
termining stabilization with the transmitted light quantity.
Until it is determined in step S160 that the living tissue
500 is released from the pressed state (step S160: NO),
moreover, the biological signal measuring apparatus 10
continues to repeat the calculation for comparing the con-
ditions for detecting release from the pressed state with
the transmitted light quantity.
[0045] In the measurement procedure, the user man-
ually switches the mode from the pulse oximeter mode
to the capillary refilling time measurement mode. Alter-
natively, the mode may be automatically switched. For
example, the biological signal measuring apparatus 10
(CPU 23) may be automatically switched from the pulse
oximeter mode to the capillary refilling time measurement
mode at the timing when, in step S140 of the measure-
ment procedure, it is detected that the time differential of
a variation of the transmitted light quantity exceeds
threshold "Th1" shown in Fig. 4.
[0046] In the flow, after the value of the capillary refilling
time is displayed in step S180 on the display 24, the mode
is automatically switched to the pulse oximeter mode.
Depending on whether the end button 26b is pushed
down after the display on the display 24 is performed or
not, for example, it is possible to select whether the mode
is to be switched to the pulse oximeter mode or not. Fig.
6 shows an example of a flow of a measurement proce-
dure in the case where the mode of the biological signal
measuring apparatus 10 can be switched depending on
whether the end button 26b is pushed down after the
capillary refilling time is displayed on the display 24 or
not. In the flow shown in Fig. 6, the steps which are com-
mon to those of the flow shown in Fig. 5 are denoted by
the same reference numerals, and their description will
be omitted.
[0047] In the embodiment, in the case where the end
button 26b is pushed down after the display on the display
24 is performed (step S200: YES), if the mode is again
switched to the pulse oximeter mode and the power sup-
ply is not turned off (step S190: NO), the measurement
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of the transmitted light quantity is started in the pulse
oximeter mode (step S110) . By contrast, if the end button
26b is not pushed down after the display on the display
24 is performed (step S200: NO), the measurement of
the transmitted light quantity is again started in the cap-
illary refilling time measurement mode (step S130) . In
the biological signal measuring apparatus 10, the pulse
oximeter mode and the capillary refilling time measure-
ment mode may be simultaneously performed. In the
state where the living tissue 500 is pressed, however,
the measurement values of the arterial oxygen saturation
and the pulse rate in the pulse oximeter mode often ex-
hibit abnormal values. Therefore, it is preferable that one
of the pulse oximeter mode and the capillary refilling time
measurement mode is exclusively performed.
[0048] Fig. 7 shows an example of a flow of a meas-
urement procedure in the case where the biological sig-
nal measuring apparatus 10 can instruct the user a timing
when the living tissue 500 of the subject is pressed, or
that when the pressing is released. In the flow showing
in Fig. 7, the steps which are common to those of the
flow shown in Fig. 5 or 6 are denoted by the same refer-
ence numerals, and their description will be omitted. In
the embodiment, the biological signal measuring appa-
ratus 10 includes means for transmitting visually or au-
dibly information to the user, such as an alarming device
or a warning lamp. For example, the biological signal
measuring apparatus 10 starts the measurement of the
transmitted light quantity in the capillary refilling time
measurement mode (step S130), and thereafter instructs
the user the timing when the living tissue 500 of the sub-
ject is pressed (step S300). If it is determined that the
transmitted light quantity is stable in the pressed state
(step S150: YES), the biological signal measuring appa-
ratus 10 counts the elapsed time from this, and, after
elapse of a predetermined time, instructs the user the
timing when the pressing is released (step S310). In
measurement of the capillary refilling time, usually, the
pressing time is set to 5 sec. Therefore, the predeter-
mined time is usually set to about 5 sec., but it is prefer-
able that the user can set the predetermined time. Since
the biological signal measuring apparatus 10 has the
above-described function, the burden of time measure-
ment on the subject can be reduced, and measurement
which is more accurate can be performed.
[0049] Here, the flow of calculating the capillary refilling
time in step S170 will be described with reference to Fig.
8. In the calculation of the capillary refilling time by the
biological signal measuring apparatus 10, first, the CPU
23 reads the data of the transmitted light quantity which
are measured in a preset time range from a predeter-
mined timing, from the storage 25 (step S171).
[0050] Here, the predetermined timing may be the tim-
ing when the measurement button 26a is pushed in step
S120, or the timing preceding the time (To) when the
CPU 23 detects the start of the pressing of the living
tissue 500 as described later, by a constant time. The
time range includes a sufficiently long time before the

pressing of the living tissue 500, and also the time which
extends from the start of the pressing to the timing when
the pressed state is stable.
[0051] Then, the CPU 23 specifies the transmitted light
quantity before the pressing of the living tissue 500, from
the measurement data read from the storage 25 (step
S173). In the embodiment, the CPU 23 calculates an
averaged value of the measurement data before To, as
the transmitted light quantity before the pressing of the
living tissue 500.
[0052] Next, the CPU 23 specifies the transmitted light
quantity in the pressed state of the living tissue 500 (step
S175). In the embodiment, in the measurement data read
from the storage 25, the CPU 23 calculates an averaged
value of the measurement data after time "Ts", as the
transmitted light quantity in the pressed state of the living
tissue 500. Measurement data which are subjected to
notch filtering centered at frequency components of the
temporal variations (pulse waves) of the reception light
intensities in the state before the pressing of the living
tissue and the pressed state may be set as the transmit-
ted light quantity in the pressed state.
[0053] Next, the CPU 23 calculates the difference be-
tween the transmitted light quantity in the state where
the living tissue 500 is pressed, and that before the press-
ing of the living tissue 500, as an increment of the trans-
mitted light quantity due to the pressing of the living tissue
500, and also the time which is elapsed from the timing
when the living tissue 500 is released from the pressed
state, to that when the transmitted light quantity attenu-
ates to a predetermined ratio with respect to the incre-
ment, as the capillary refilling time (step S177) . For ex-
ample, the predetermined ratio is preferably 90%. In the
case where the capillary refilling time is very long, how-
ever, the predetermined ratio may be set to a smaller
value such as 70%.
[0054] As shown in 12 to 14 sec. in the time axis which
is shown as the abscissa in Fig. 3, in accordance with
the increase of the blood flow of capillary due to the re-
lease of the pressed state, the transmitted light quantity
is rapidly reduced. When the time differential of a varia-
tion of the transmitted light quantity becomes less than
predetermined threshold "Th2" at time "T1" as shown in
Fig. 4, the CPU 23 detects that the living tissue 500 is
released from the pressed state at time "T1" . The level
of threshold "Th2" may be set to a desired value in ac-
cordance with the detection sensitivity in the detection of
the release from the pressed state, or the like. In place
of the time differential, the CPU 23 may set the state
where the transmitted light quantity (the level of the re-
ception light intensity) becomes less than a preset thresh-
old, as the detection conditions of the release of the living
tissue 500 from the pressed state.
[0055] If it is detected that the living tissue 500 is re-
leased from the pressed state, the CPU 23 continues to
detect the temporal change of the transmitted light quan-
tity of IR, and specifies time "T2" when the transmitted
light quantity of IR attenuates to 90% of the transmitted
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light quantity calculated in step S175 (the transmitted
light quantity in the state where the living tissue 500 is
pressed) . Then, the CPU 23 calculates elapsed time "tB"
from time "T1" to time "T2" as the capillary refilling time.
Then, the flow of calculating the capillary refilling time by
the CPU 23 is ended.
[0056] In the biological signal measuring apparatus 10
of the embodiment, in the case where the detected trans-
mitted light quantity is increased by pressing of the living
tissue 500 to exceed the upper limit of the detection sen-
sitivity of the transmitted light quantity before the pressing
of the living tissue 500 (during the measurement of the
arterial oxygen saturation) , the detection sensitivity of
the transmitted light quantity may be changed to a range
where the transmitted light quantity in the pressed state
of the living tissue 500 can be detected. At the timing
(time "To" shown in Fig. 4) when the time differential of
a variation of the transmitted light quantity exceeds pre-
determined threshold "Th1", for example, the CPU 23
may change the detection sensitivity of the transmitted
light quantity as described above. In this case, the CPU
23 may correct the detection data of the transmitted light
quantity in accordance with the change of the detection
sensitivity.
[0057] In the biological signal measuring apparatus 10
of the embodiment, the CPU 23 may change the detec-
tion sensitivity of the transmitted light quantity in accord-
ance with that the measurement button 26a of the appa-
ratus body unit 20 is pressed in step S110, as described
above. In the embodiment, the CPU 23 maintains the
detection sensitivity of the transmitted light quantity con-
stant, during a period from the change of the detection
sensitivity to the end of the calculation of the capillary
refilling time.
[0058] In the biological signal measuring apparatus 10
of the embodiment, in the case where the capillary refill-
ing time is calculated, the CPU 23 determines whether
the capillary refilling time (newly calculated value) satis-
fies predetermined reject conditions or not. More specif-
ically, for example, the CPU 23 reads out a plurality of
capillary refilling times (already calculated values) which
have been calculated, from the storage 25, and com-
pares them with the newly calculated value. When the
newly calculated value is different from the average of
the already calculated values by a predetermined width
or more, for example, the CPU 23 displays the average
of the already calculated values on the display 24. In this
case, the CPU 23 may display a display (measurement
error display) indicating that the newly calculated value
is a value in which a measurement error is suspected,
together with the average on the display 24.
[0059] In the case where there is only one already cal-
culated value of the capillary refilling time, the user may
determine whether the newly calculated value is a value
in which a measurement error is suspected or not. In this
case, in response to a rejecting operation by the user,
the newly calculated value may be displayed on the dis-
play 24 together with the measurement error display. In

the case where there are two or more already calculated
values, for example, the calculated values and the aver-
age may be displayed on the display 24, and, among the
calculated values, a rejected value may be displayed to-
gether with the measurement error display. In this case,
alternatively, the average of the calculated values ex-
cluding the rejected value may be displayed on the dis-
play 24.
[0060] Together with the measurement waveform,
time width selection information for selecting, by the user,
time width corresponding to a specific part in the time
axis of the measurement waveform may be displayed on
the display 24. More specifically, as shown in Fig. 9, cur-
sors A and B which are movable in the direction of the
time axis in response to the operation by the user may
be displayed in the measurement waveform that is dis-
played in the display 24. In the embodiment, when the
user operates the operation acceptor 26 to move the cur-
sors A and B to both ends of a part of the measurement
waveform, time width of which the user wants to know,
displayed in the display 24, the CPU 23 calculates the
time width tx between the part both ends of which are
indicated by the cursors A and B.
[0061] The CPU 23 outputs the calculated time width
tx to the display 24 and displays it on the display 24, in
real time. In place of the configuration, a configuration
may be employed where the calculated time width tx is
displayed on the display 24 only when the user performs
a predetermined operation for displaying it through the
operation acceptor 26. Since the biological information
measuring apparatus 10 is provided with the function ca-
pable of calculating a time width in a specific part of the
measurement waveform in response to the operation by
the user, the user can select time width which is assumed
as appropriate capillary refilling time and calculate the
time width in a case, for example, where well-defined
noise is mixed in the measurement waveform and the
appropriate capillary refilling time cannot be acquired. In
the embodiment, as shown in Fig. 9, the method of se-
lecting the time width by moving the cursors is described
as one example of the time width selection information.
However, the method of selecting the time width is not
limited to the cursors. The time width may be selected
by moving points (not shown) displayed on the display 24.
[0062] In the biological signal measuring apparatus 10
of the embodiment, in the case where the detection sen-
sitivity of the transmitted light quantity is changed as de-
scribed above, the CPU 23 displays the temporal wave-
form of the transmitted light quantity which is corrected
in accordance with the change of the detection sensitivity,
on the display 24. Although not illustrated, in addition to
the temporal waveform of the transmitted light quantity,
the display 24 may display the time (To) when the press-
ing of the living tissue 500 is detected, the time (Ts) when
the pressed state is determined to be stable, the time
(T1) when the living tissue 500 is determined to be re-
leased from the pressed state, the time (T2) when the
living tissue 500 is determined to be refilled, and the like.
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Since the display 24 has the function of displaying these
times, the user can perform the measurement while
checking the state where stable pressing is applied,
through the display, and, after the measurement is end-
ed, check the right/wrong of the measurement result. Al-
though not illustrated, the biological signal measuring ap-
paratus 10 may include means for instructing the user
timings of pressing tissue and releasing the pressing by
a visual or auditory manner such as that a sound or a
voice message is output, or that light is emitted, as one
function of the biological signal measuring apparatus 10
(CPU 23).
[0063] The probe 30 may be provided with a pressure
sensor (not shown) having a thin film-like shape. In the
case that the capillary refilling time measurement mode
is selected, when the living tissue 500 is pressed, the
pressure sensor detects a timing when the living tissue
500 is in the pressed state and a timing when the living
tissue 500 is released from the pressed state. The pres-
sure sensor may transmit the detected timing to the CPU
23. The CPU 23 performs the calculation by using the
timing received from the pressure sensor, thereby the
accuracy of the calculation of the capillary refilling time
is improved. In the case that the pulse oximeter mode is
selected, the pressure sensor detects a pressure by de-
tecting the abovedescribed timing, it may be deter-
mined that the noise is mixed in the waveform and the
processing may be performed to remove the noise. The
pressure sensor is not limited to the thin film-like pressure
sensor and it is not necessarily provided with the probe.
The pressure sensor may be replaced with any other type
of sensor which can detect the timing when the living
tissue 500 is in the pressed state and the timing when
the living tissue 500 is released from the pressed state.
[0064] In the biological signal measuring apparatus 10
of the embodiment, as described above, also the capillary
refilling time can be measured in addition to measure-
ment of the arterial oxygen saturation. In an emergency
situation or the like, therefore, the condition of the patient
can be checked more accurately and rapidly. In the case
where measurement is to be performed on a finger tip or
the like, release from the state where the finger tip is
pressed is detected, and the capillary refilling time is au-
tomatically measured. Therefore, the capillary refilling
time can be measured quantitatively and objectively
while eliminating the subjectivity of the user, and an error
due to the technique or determination of the user hardly
occurs in the calculation result of the capillary refilling
time.
[0065] In the biological signal measuring apparatus 10
of the embodiment, moreover, the difference between
the averaged values of variations of the transmitted light
quantities in the states before and after the pressing on
the living tissue 500 is used in the measurement of the
capillary refilling time, and hence it is possible to measure
the capillary refilling time in which the pulse wave com-
ponent and the like are canceled out. In the biological
signal measuring apparatus 10 of the embodiment, in the

case where a newly measured capillary refilling time is
largely different from previously measured ones, further-
more, the new measurement result in which a measure-
ment error is suspected is not displayed, and an average
of the previous measurement result is displayed, so that
a diagnosis error hardly occurs.
[0066] Although the invention has been described us-
ing the embodiment, the technical scope of the invention
is not restricted to the scope of the description of the
embodiment. It is obvious to those skilled in the art that
various changes or improvements can be made on the
embodiment.
[0067] According to as aspect of the invention, in ad-
dition to measurement of the blood oxygen saturation
which is performed on most of emergency patients by
using a pulse oximeter, also the capillary refilling time
can be measured by using the same apparatus. There-
fore, the user is puzzled about the operation of the ap-
paratus, and can check the condition of the patient more
accurately and rapidly in an emergency situation or the
like. In the case where measurement is to be performed
on a finger tip or the like, release from the state where
the finger tip is pressed is automatically detected, and
the time required for reduction to a preset rate with re-
spect to the difference between reception light intensities
before and after the pressing of the finger tip is measured.
Therefore, the capillary refilling time can be measured
quantitatively and objectively while eliminating the sub-
jectivity of a user, and a measurement error hardly oc-
curs.
[0068] According to an aspect of the invention, only
one of the pulse oximeter mode and the capillary refilling
time measurement mode is selected, and then measure-
ment is performed. During measurement of the capillary
refilling time, therefore, the blood oxygen saturation and
the pulse rate are not measured, and hence an alarm or
the like indicating an abnormal value of the blood oxygen
saturation or the pulse rate due to pressing of the patient
is not issued. In the biological signal measuring appara-
tus of the invention, moreover, a variation of the reception
light intensity can be displayed by the display. Therefore,
it is possible to easily conduct a visual check whether the
measurement of the capillary refilling time is adequately
performed or not.
[0069] Since the value which is acquired by averaging
variations of the reception light intensities in states before
and after the pressing is used in the calculation of the
difference of the reception light intensities, it is possible
to measure the capillary refilling time in which the pulse
wave component and the like are canceled out. In the
case where a newly measured capillary refilling time is
largely different from previously measured ones, the new
measurement result in which a measurement error is sus-
pected is not displayed, and an average of the previous
measurement result is displayed, so that a diagnosis er-
ror hardly occurs.

15 16 



EP 2 449 965 A1

10

5

10

15

20

25

30

35

40

45

50

55

Claims

1. A biological signal measuring apparatus comprising:

a light emitter which emits at least two light
beams having different wavelengths to living tis-
sue of a subject;
a light receiver which receives the light beams
that are emitted from the light emitter and trans-
mitted through or reflected from the living tissue,
and which converts at least one of the light
beams to at least one electric signal that corre-
sponds to a reception light intensity of the at least
one of the light beams;
a detector which detects temporal variation of
the reception light intensity from the electric sig-
nal;
a selector which selects a pulse oximeter mode
in which at least one of an oxygen saturation
and a pulse rate is calculated and a capillary
refilling time measurement mode in which a cap-
illary refilling time is calculated; and
a calculator which, based on the temporal vari-
ation of the reception light intensity, performs a
calculation in the mode that is selected by the
selector.

2. The biological signal measuring apparatus accord-
ing to claim 1, wherein the selector selects only one
of the pulse oximeter mode and the capillary refilling
time measurement mode.

3. The biological signal measuring apparatus accord-
ing to claim 1, wherein the calculator detects that the
living tissue is released from a pressed state in which
the living tissue is pressed, in accordance with that
a level of the reception light intensity or a time differ-
ential of a temporal reduction of the reception light
intensity becomes less than a predetermined thresh-
old.

4. The biological signal measuring apparatus accord-
ing to claim 3, wherein, in a case where the capillary
refilling time measurement mode is selected, the cal-
culator calculates, as the capillary refilling time, a
time which, after detecting that the living tissue is
released from the pressed state, is required for the
reception light intensity to be reduced to a predeter-
mined rate with respect to a difference between lev-
els of the reception light intensity before and after
the living tissue is pressed.

5. The biological signal measuring apparatus accord-
ing to claim 4, wherein the calculator averages a var-
iation of the reception light intensity in a predeter-
mined time in each of the pressed state and a state
before the living tissue is pressed, and calculates,
as the difference, a difference between the averaged

variation in the pressed state and the averaged var-
iation in the state before the living tissue is pressed.

6. The biological signal measuring apparatus accord-
ing to claim 1, wherein the calculator applies notch
filtering centered at frequency components of a pulse
wave on a variation of the reception light intensity in
a predetermined time.

7. The biological signal measuring apparatus accord-
ing to claim 1, wherein the calculator changes a de-
tection sensitivity of the electric signal so that the
electric signal can be detected in the pressed state,
in accordance with that a level of the reception light
intensity or a time differential of a temporal increase
of the reception light intensity exceeds a predeter-
mined threshold.

8. The biological signal measuring apparatus accord-
ing to claim 1, further comprising an operation ac-
ceptor which accepts an operation of starting meas-
urement of the capillary refilling time,
wherein the calculator changes a detection sensitiv-
ity of the electric signal so that the electric signal can
be detected in the pressed state, in accordance with
that the operation acceptor accepts the operation of
starting measurement of the capillary refilling time.

9. The biological signal measuring apparatus accord-
ing to claim 7, wherein the calculator maintains the
detection sensitivity constant during a period from a
time when the detection sensitivity is changed to a
time when the capillary refilling time is calculated.

10. The biological signal measuring apparatus accord-
ing to claim 8, wherein the calculator maintains the
detection sensitivity constant during a period from a
time when the detection sensitivity is changed to a
time when the capillary refilling time is calculated.

11. The biological signal measuring apparatus accord-
ing to claim 1, further comprising a display which
displays the capillary refilling time and the temporal
variation of the reception light intensity.

12. The biological signal measuring apparatus accord-
ing to claim 11, wherein, in a case where a plurality
of the capillary refilling time are calculated, under a
condition that one of the plurality of the capillary re-
filling time which is newly calculated satisfies a pre-
determined reject condition, the calculator displays
an average of the other of the plurality of the capillary
refilling time, as a latest capillary refilling time on the
display.

13. The biological signal measuring apparatus accord-
ing to claim 11, wherein
the display displays a time waveform indicating the
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temporal variation of the reception light intensity and
information for selecting time width corresponding
to a part of the time waveform, and
the calculator calculates the time width based on the
information displayed on the display.

14. The biological signal measuring apparatus accord-
ing to claim 7, wherein, in a case where the detection
sensitivity is changed, the calculator corrects the
temporal variation of the reception light intensity be-
fore the detection sensitivity is changed to the tem-
poral variation of the reception light intensity after
the detection sensitivity is changed.

15. The biological signal measuring apparatus accord-
ing to claim 8, wherein, in a case where the detection
sensitivity is changed, the calculator corrects the
temporal variation of the reception light intensity be-
fore the detection sensitivity is changed, to the tem-
poral variation of the reception light intensity after
the detection sensitivity is changed.

16. The biological signal measuring apparatus accord-
ing to claim 1, further comprising an instructing unit
which provides an instruction of at least one of a
timing when the living tissue is pressed and a timing
when a pressed state in which the living tissue is
pressed is released, to a user by a visual or auditory
manner.

17. The biological signal measuring apparatus accord-
ing to claim 1, further comprising a pressure sensor
which detects at least one of a timing when the living
tissue is pressed and a timing when a pressed state
in which the living tissue is pressed is released,
wherein the calculator performs the calculation
based on the temporal variation of the reception light
intensity and the timing that is detected by the pres-
sure sensor.

18. A method of measuring a biological signal, the meth-
od comprising:

emitting at least two light beams having different
wavelengths to living tissue of a subject;
receiving the light beams transmitted through or
reflected from the living tissue;
converting at least one of the light beams to at
least one electric signal that corresponds to a
reception light intensity of the at least one of the
light beams;
detecting temporal variation of the reception
light intensity from the electric signal;
selecting a pulse oximeter mode in which at least
one of an oxygen saturation and a pulse rate is
calculated and a capillary refilling time measure-
ment mode in which a capillary refilling time is
calculated; and

performing a calculation in the selected mode
based on the temporal variation of the reception
light intensity.
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