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CONCENTRATION-MEASUREMENT
DEVICE AND
CONCENTRATION-MEASUREMENT
METHOD

TECHNICAL FIELD

[0001] The present invention relates to a concentration
measurement apparatus and a concentration measurement
method.

BACKGROUND ART

[0002] An example of a device for noninvasively measur-
ing hemoglobin concentration information inside a living
body is described in Patent Document 1. With this device,
light is made incident inside the living body, and thereafter,
light scattered inside the living body is detected by each of
a plurality of photodiodes. Then, based on the intensities of
the detected light components, a rate of change of the
detected light amount in the direction of distance from the
light incidence point is calculated. Hemoglobin oxygen
saturation is calculated based on a predetermined relation-
ship of the rate of change of the detected light amount and
the light absorption coefficient. Also, based on a predeter-
mined relationship of the temporal change of the rate of
change of the detected light amount and the temporal change
of the light absorption coefficient, respective concentration
changes of oxygenated hemoglobin (O,Hb), deoxygenated
hemoglobin (HHb), and total hemoglobin (cHb) are calcu-
lated.

CITATION LIST

Patent Literature

[0003] Patent Document 1: Japanese Patent Application
Laid-Open No. H7-255709

Non Patent Literature

[0004] Non-Patent Document 1: Susumu Suzuki et al.,
“Tissue oxygenation monitor using MR spatially resolved
spectroscopy,” Proceedings of SPIE 3597, pp. 582-592

SUMMARY OF INVENTION

Technical Problem

[0005] The primary patients in the emergency medical
field in recent years are those suffering cardiopulmonary
arrest outside a hospital. The number of out-of-hospital
cardiopulmonary arrest persons exceeds 100 thousand per
year, and emergency medical care of these persons is a major
social demand. An essential procedure for out-of-hospital
cardiopulmonary arrest persons is chest compression per-
formed in combination with artificial respiration. Chest
compression is an act where the lower half of the sternum is
cyclically compressed by another person’s hands to apply an
artificial pulse to the arrested heart. A primary object of chest
compression is to supply blood oxygen to the brain of the
cardiopulmonary arrest person. Whether or not chest com-
pression is being performed appropriately thus has a large
influence on the life or death of the cardiopulmonary arrest
person. Methods and devices that are useful for objectively
judging whether or not chest compression is being per-
formed appropriately are thus being demanded.
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[0006] The present invention has been made in view of the
above situation, and an object thereof is to provide a
concentration measurement apparatus and a concentration
measurement method that enable objective judgment of
whether or not chest compression is being performed appro-
priately.

Solution to Problem

[0007] In order to solve the above-described problem, a
concentration measurement apparatus according to the pres-
ent invention is a concentration measurement apparatus
measuring a temporal relative change amount of at least one
of total hemoglobin concentration and oxygenated hemo-
globin concentration in the head that vary due to repetition
of chest compression, and includes a light incidence section
making measurement light incident on the head, a light
detection section detecting the measurement light that has
propagated through the interior of the head and generating a
detection signal in accordance with an intensity of the
measurement light, and a calculation section determining,
based on the detection signal, the temporal relative change
amount of at least one of the total hemoglobin concentration
and the oxygenated hemoglobin concentration, and perform-
ing a filtering process of removing frequency components
less than a predetermined frequency from frequency com-
ponents contained in the relative change amount.

[0008] Further, a concentration measurement method
according to the present invention is a concentration mea-
surement method of measuring a temporal relative change
amount of at least one of total hemoglobin concentration and
oxygenated hemoglobin concentration in the head that vary
due to repetition of chest compression, and includes a light
incidence step of making measurement light incident on the
head, a light detection step of detecting the measurement
light that has propagated through the interior of the head and
generating a detection signal in accordance with an intensity
of the measurement light, and a calculation step of deter-
mining, based on the detection signal, the temporal relative
change amount of at least one of the total hemoglobin
concentration and the oxygenated hemoglobin concentra-
tion, and performing a filtering process of removing fre-
quency components less than a predetermined frequency
from frequency components contained in the relative change
amount.

[0009] The present inventors used a concentration mea-
surement apparatus using near-infrared light to measure
relative change amounts of total hemoglobin concentration
and oxygenated hemoglobin concentration in the head at a
frequency sufficiently higher than the heartbeat frequency.
As a result, the present inventors found that, in chest
compression, certain changes occur in the total hemoglobin
concentration and the oxygenated hemoglobin concentration
of the interior of the head (that is, the brain) each time the
sternum is compressed cyclically. This phenomenon is con-
sidered to be due to increase of blood flow within the brain
by the chest compression, and may be usable as a material
for objectively judging whether or not chest compression is
being performed appropriately. However, the amplitude (for
example, of approximately 1 pmol) of such a concentration
change due to chest compression is extremely small in
comparison to the amplitudes (normally of not less than
several pmol) of changes of even longer cycle that occur in
anormally active state of a healthy person or in a state where
various procedures are being performed on a cardiopulmo-
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nary arrest person. It is thus extremely difficult to observe
the variations due to chest compression if simply values
corresponding to the total hemoglobin concentration and the
oxygenated hemoglobin concentration are measured.
[0010] Therefore, with the above-described concentration
measurement apparatus and concentration measurement
method, in addition to determining the temporal relative
change amount of either or both of the total hemoglobin
concentration and the oxygenated hemoglobin concentra-
tion, the frequency components less than the predetermined
frequency are removed from the frequency components
contained in the relative change amount in the calculation
section or the calculation step. Normally, the cycle of
concentration changes due to chest compression (that is, the
preferable compression cycle in the chest compression pro-
cess) is shorter than the cycles of the primary concentration
changes in the state where various procedures are being
performed on a cardiopulmonary arrest person. Therefore,
by removing the low frequency components (that is, the long
cycle components) from the measured relative change
amount as in the above-described concentration measure-
ment apparatus and concentration measurement method,
information on concentration changes due to chest compres-
sion can be extracted favorably. Further, based on this
information, a performer can objectively judge whether or
not the chest compression is being performed appropriately.
Tt thus becomes possible for the performer to perform or
maintain the chest compression more appropriately. Here,
the “filtering process of removing frequency components
less than a predetermined frequency” in the above-described
concentration measurement apparatus and the concentration
measurement method refers to a process of decreasing the
proportion of frequency components less than the predeter-
mined frequency until the frequency component due to chest
compression appears at a sufficiently recognizable level, and
is not limited to completely removing the frequency com-
ponents less than the predetermined frequency.

Advantageous Effects of Invention

[0011] In accordance with the concentration measurement
apparatus and concentration measurement method according
to the present invention, whether or not chest compression
is being performed appropriately can be judged objectively.

BRIEF DESCRIPTION OF DRAWINGS

[0012] FIG. 1 is a conceptual diagram of a concentration
measurement apparatus according to an embodiment.
[0013] FIG. 2 includes (a) a plan view of a configuration
of aprobe, and (b) a sectional side view taken along line II-1I
of (a).

[0014] FIG. 3 is a block diagram of a configuration
example of the concentration measurement apparatus.
[0015] FIG. 4 is a flowchart of a concentration measure-
ment method according to an embodiment.

[0016] FIG. 5 includes (a) a diagram of incidence timings
of laser light beams of wavelengths A; to A,, and (b) a
diagram of output timings of digital signals from an A/D
converter circuit.

[0017] FIG. 6is a graph of filter characteristics of a digital
filter.
[0018] FIG. 7 is a graph of results of using the digital filter

having the characteristics shown in FIG. 6 to remove fre-
quency components less than a predetermined frequency
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from frequency components contained in a temporal relative
change amount (AO,Hb) of oxygenated hemoglobin to
thereby extract a temporal variation component due to a
spontaneous heartbeat that simulates the repetition of chest
compression.

[0019] FIG. 8 is a graph of results of using a filtering
process by smoothing to remove frequency components less
than a predetermined frequency from frequency components
contained in a temporal relative change amount (AcHb) of
total hemoglobin to thereby extract a temporal variation
component due to a spontaneous heartbeat that simulates the
repetition of chest compression.

[0020] FIG. 9 shows diagrams for describing concepts of
a filtering process by which maximal portions or minimal
portions of a variation are uniformized.

[0021] FIG. 10 shows diagrams of examples of a display
screen in a display section.

DESCRIPTION OF EMBODIMENTS

[0022] Hereinafter, an embodiment of a concentration
measurement apparatus and a concentration measurement
method according to the present invention will be described
in detail with reference to the accompanying drawings. In
the description of the drawings, elements that are the same
are provided with the same reference symbols, and redun-
dant description is omitted.

[0023] FIG. 1 is a conceptual diagram of a concentration
measurement apparatus 1 according to an embodiment of the
present invention. To provide information for objectively
judging whether or not chest compression (arrow A in the
figure) is being performed appropriately on a cardiopulmo-
nary arrest person 50, the concentration measurement appa-
ratus 1 measures respective temporal variations (relative
change amounts) from initial amounts of total hemoglobin
(cHb) concentration, oxygenated hemoglobin (O,Hb) con-
centration, and deoxygenated hemoglobin concentration of
the head 51 that vary due to repeated chest compression and
displays the measurement results on a display section 15 to
notify a person performing the chest compression. The
concentration measurement apparatus 1 makes light beams
of predetermined wavelengths (A, .., and A;) be incident on
a predetermined light incidence position from a probe 20
fixed to the head 51, and detects intensities of light compo-
nents emitted from predetermined light detection positions
on the head 51 to examine the effects of the oxygenated
hemoglobin (O,Hb) and the deoxygenated hemoglobin
(HHb) on the light, and based thereon, repeatedly calculates
the temporal relative change amounts of the oxygenated
hemoglobin (O,Hb) and the deoxygenated hemoglobin
(HHb). Also, the apparatus applies a filtering process to time
series data that are the calculation results, and thereby
removes low frequency components to extract a short-cycle
temporal variation component due to the repetition of chest
compression, and displays the temporal variation component
in a visible manner. As the light of predetermined wave-
lengths, for example, near-infrared light is used.

[0024] (a) in FIG. 2 is a plan view of a configuration of a
probe 20. (b) in FIG. 2 is a sectional side view taken along
line II-1T of (a) in FIG. 2. The probe 20 has a light incidence
section 21 and a light detection section 22. The light
incidence section 21 and the light detection section 22 are
disposed with an interval, for example, of 5 cm from each
other, and are practically integrated by a holder 23 made of
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flexible, black silicone rubber. Here, the interval suffices to
be not less than approximately 3 to 4 cm.

[0025] The light incidence section 21 includes an optical
fiber 24 and a prism 25, and has a structure that makes the
measurement light, transmitted from a main unit section 10
of the concentration measurement apparatus 1, incident
substantially perpendicularly on the skin of the head. The
measurement light is, for example, a laser light beam of
pulse form, and is transmitted from the main unit section 10.
[0026] The light detection section 22 detects measurement
light components that have propagated through the interior
of the head, and generates detection signals that are in
accordance with the intensities of the measurement light
components. The light detection section 22 is, for example,
a one-dimensional photosensor having an array of N pho-
todetection elements 26 aligned in a direction of distance
from the light incidence section 21. Also, the light detection
section 22 further has a pre-amplifier section 27 that inte-
grates and amplifies photocurrents output from the photo-
detection elements 26. By this arrangement, weak signals
can be detected with high sensitivity to generate detection
signals, and the signals can be transmitted via a cable 28 to
the main unit section 10. Here, the light detection section 22
may instead be a two-dimensional photosensor, or may be
configured by a charge coupled device (CCD). The probe 20
is, for example, fixed by an adhesive tape or a stretchable
band, etc., onto a forehead portion without hair.

[0027] FIG. 3 is a block diagram of a configuration
example of the concentration measurement apparatus 1. The
concentration measurement apparatus 1 shown in FIG. 3
includes the main unit section 10 in addition to the probe 20
described above. The main unit section 10 includes a light
emitting section (for example, a laser section) 11, a sample
hold circuit 12, an A/D converter circuit 13, a CPU 14, a
display section 15, aROM 16, aRAM 17, and a data bus 18.
[0028] The light emitting section 11 is configured by a
laser diode and a circuit that drives the laser diode. The light
emitting section 11 is electrically connected to the data bus
18 and receives an instruction signal for instructing the
driving of the laser diode from the CPU 14 that is likewise
electrically connected to the data bus 18. The instruction
signal contains information on the light intensity and wave-
length (for example, a wavelength among wavelengths A,
A, and 2.5) of the laser light output from the laser diode. The
light emitting section 11 drives the laser diode based on the
instruction signal received from the CPU 14 and outputs
laser light as measurement light to the probe 20 via the
optical fiber 24. Here, the light emitting element of the light
emitting section 11 does not have to be a laser diode, and
suffices to be an element that can successively output light
beams of a plurality of wavelengths in the near-infrared
region. Also, a light emitting diode such as an LED that is
built into the probe 20 may be used as the light incidence
section 21.

[0029] The sample hold circuit 12 and the A/D converter
circuit 13 input the detection signals transmitted via the
cable 28 from the probe 20 and perform holding and
conversion of the signals to digital signals that are then
output to the CPU 14. The sample hold circuit 12 simulta-
neously holds the values of N detection signals. The sample
hold circuit 12 is electrically connected to the data bus 18,
and receives a sample signal, indicating the timing of
holding of the detection signals, from the CPU 14 via the
data bus 18. Upon receiving the sample signal, the sample
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hold circuit 12 simultaneously holds N detection signals
input from the probe 20. The sample hold circuit 12 is
electrically connected to the A/D converter circuit 13, and
outputs each of the held N detection signals to the A/D
converter circuit 13.

[0030] The A/D converter circuit 13 is means for convert-
ing the detection signals from analog signals to digital
signals. The A/D convertor circuit 13 successively converts
the N detection signals received from the sample hold circuit
12 into digital signals. The A/D convertor circuit 13 is
electrically connected to the data bus 18, and outputs the
converted detection signals to the CPU 14 via the data bus
18.

[0031] The CPU 14 is a calculation section in the present
embodiment and, based on the detection signals received
from the A/D converter circuit 13, calculates the required
amounts among the temporal relative change amount
(AO,Hb) of the oxygenated hemoglobin concentration con-
tained in the interior of the head, the temporal relative
change amount (AHHb) of the deoxygenated hemoglobin
concentration, and the temporal relative change amount
(AcHb) of the total hemoglobin concentration, which is the
sum of the above two concentrations. Further, the CPU 14
applies a filtering process to the temporal relative change
amounts (AO,Hb, AHHb, and AcHb) to remove frequency
components less than a predetermined frequency from fre-
quency components contained in the amounts to thereby
extract a temporal variation component due to repetition of
chest compression. After performing such a process, the
CPU 14 transmits the results via the data bus 18 to the
display section 15. Here, a method of calculating the tem-
poral relative change amounts (AO,Hb, AHHb, and AcHb)
based on the detection signals and a method of the filtering
process shall be described later. The display section 15 is
electrically connected to the data bus 18, and displays the
results transmitted from the CPU 14 via the data bus 18.

[0032] The operation of the concentration measurement
apparatus 1 shall now be described. In addition, the con-
centration measurement method according to the present
embodiment shall be described. FIG. 4 is a flowchart of the
concentration measurement method according to the present
embodiment.

[0033] First, the light emitting section 11 successively
outputs the laser light beams of wavelengths A, to A5 based
on the instruction signal from the CPU 14. The laser light
beams (measurement light beams) propagate through the
optical fiber 24, reach the light incidence position at the
forehead portion, and enter inside the head from the light
incidence position (light incidence step, S11). The laser light
beam made to enter inside the head propagates while being
scattered inside the head and being absorbed by measure-
ment object components, and parts of the light reach the
light detection positions of the forehead portion. The laser
light components that reach the light detection positions are
detected by the N photodetection elements 26 (light detec-
tion step, S12). Each photodetection element 26 generates a
photocurrent in accordance with the intensity of the detected
laser light component. These photocurrents are converted
into voltage signals (detection signals) by the pre-amplifier
section 27, and the voltage signals are transmitted to and
held by the sample hold circuit 12 of the main unit section
10, and thereafter, converted to digital signals by the A/D
converter circuit 13.
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[0034] Here, (a) in FIG. 5 is a diagram of incidence
timings of the laser light beams of wavelengths A, to A5, and
(b) in FIG. 5 is a diagram of output timings of the digital
signals from the A/D converter circuit 13. As shown in FIG.
5, when the laser light of wavelength A, is made incident, N
digital signals D, (1) to D,(N) corresponding to the N pho-
todetection elements 26 are obtained sequentially. Next,
when the laser light of wavelength %, is made incident, N
digital signals D,(1) to D,(N) corresponding to the N
photodetection elements 26 are obtained sequentially. Thus,
(3xN) digital signals D, (1) to D,(N) are output from the A/D
converter circuit 13.

[0035] Subsequently, the calculation section 14 calculates
the hemoglobin oxygen saturation (TOT) based on the digital
signals D(1) to D(N). Also, the calculation section 14 uses
at least one digital signal from the digital signals D(1) to
D(N) to calculate the temporal relative change amount
(AO,Hb) of the oxygenated hemoglobin concentration, the
temporal relative change amount (AHHb) of the deoxygen-
ated hemoglobin concentration, and the temporal relative
change amount (AcHb) of the total hemoglobin concentra-
tion, which is the sum of these (calculation step, step S13).
Then, of the frequency components contained in the relative
change amounts (AcHb, AO,Hb, and AHHDb), the frequency
components less than the predetermined frequency are
removed by a filtering process (calculation step, S14). The
relative change amounts (AcHb, AO,Hb, and AHHb) after
the filtering process are displayed on the display section 15
(step S15). In the concentration measurement apparatus 1
and the concentration measurement method according to the
present embodiment, the above-described steps S11 to S15
are repeated.

[0036] The above-described calculation performed by the
calculation section 14 in the calculation steps S13 and S14
shall now be described in detail.

[0037] If D, (T,) to D,5(T,) are values of the detection
signals, respectively corresponding to the laser light wave-
lengths A, to A3, at a time T, at a certain light detection
position, and D, ,(T,)~D, 3(T)) are likewise values at a time
T,, the change amounts of the detected light intensities in the
time T, to T, are expressed by the following formulas (1) to

3).

[Formula 1]
sonty -2
[Formula 2]
sy 22
[Formula 3]
A0Dy(T)) = 1og(§ij$;§) ;

Here, in the formulas (1) to (3). AOD,(T),) is the temporal
change amount of the detected light intensity of wavelength
Ay, AOD,(T)) is the temporal change amount of the detected
light intensity of wavelength A,, and AOD,(T,) is the
temporal change amount of the detected light intensity of
wavelength 2.
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[0038] Further, if AO,Hb(T,) and AHHb(T,) are the tem-
poral relative change amounts of the concentrations of
oxygenated hemoglobin and deoxygenated hemoglobin,
respectively, in the period from time T, to time T, these can
be determined by the following formula (4).

[Formula 4]
AOD| (T, 4
AO Hb(Ty) an an @3 Iy @
arny ) ey an a ) 2022
1 u oA @) on

[0039] Here, in the formula (4), the coefficients all to a23
are constants determined from absorbance coefficients of
0O,Hb and HHb for light components of wavelengths A, A,
and A;. Also, the temporal relative change amount AcHb(T))
of the total hemoglobin concentration in the head can be
determined by the following formula (5).

[Formula 5]
AcHb(T')=AO,Hb(T)+AHHb(T}) (5)

[0040] The CPU 14 performs the above calculation on
detection signals from one position among the N light
detection positions to calculate the respective temporal
relative change amounts (AO,Hb, AHHb, and AcHb) of the
oxygenated hemoglobin concentration, deoxygenated hemo-
globin concentration, and total hemoglobin concentration.
Further, the CPU 14 performs, for example, any of the
following filtering processes on the temporal relative change
amounts (AO,Hb, AHHb, and AcHb) that have thus been
calculated.

[0041] (1) Filtering Process by a Digital Filter

[0042] Let X(n) be a data string related to a temporal
relative change amount (AO,Hb, AHHb, or AcHb) obtained
at a predetermined cycle. Here, n is an integer. By multi-
plying the respective data of the data string X(n) by, for
example, the following filter coeflicients A(n), with n=0
being the time center, an acyclic linear phase digital filter is
realized.

A0
A(3)=A(-3)=Y%
A(6)=A(-6)—Y%
A(9)=A(-9)=Yi>

[0043] To describe in further detail, a delay operator for
the data string X(n) is represented by the following formula
(6). Here, fis the time frequency (units: 1/sec). Also, w is the
angular frequency, and w=2xf. T is the cycle at which the
data string X(n) is obtained, and is set, for example, to a
cycle of 120 seconds for measuring a variation waveform at
approximately 150 times per minute (2.5 Hz).

[Formula 6]
& T=COS(0nT)+ SIN(wnT)
e 7" T=COS(onT)~j SIN(wnT) (6)

In this case, the digital filter characteristics when the above-
described filter coefficients A(n) are used are described by
the following formula (7).
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[Formula 7]
301 4. . 1 .. ; O
-~ _2 jwT +3jwTy _ ~ o ,~6jeT +6jwTy _
R(w)_4 6(e +e ) 8(@ +e )
1 . .
96T +9jewT
12(@ +e )
—3 1COS?’ T 1COS6 T 1COS9 T
=173 (W)—Z1 (w)—g (9wT)

The digital filter is thus expressed by a product-sum opera-
tion of the data string X(n) and the corresponding coeffi-
cients. Further, by converting the time frequency f in for-
mula (7) to a time frequency F per minute (units: 1/min), the
following formula (8) is obtained.

[Formula 8]
31 3 L 6r 1 On (&
R(F)= 1 §COS(@F)— ZCOS(mF) - ECOS(@F]
[0044] FIG. 6 is a graph of R(F), and shows the filter

characteristics of the digital filter. In FIG. 6, the horizontal
axis represents the number of heartbeats per minute, and the
vertical axis represents the value of R(F). Further, FIG. 7 is
a graph of results of using the digital filter shown in FIG. 6
to remove (reduce) frequency components less than the
predetermined frequency from the frequency components
contained in the temporal relative change amount (AO,Hb)
of oxygenated hemoglobin to extract a temporal variation
component due to a spontaneous heartbeat that simulates the
repetition of chest compression. In FIG. 7, a graph G31
represents the relative change amount (AO,Hb) before the
filtering process, a graph (32 represents the long cycle
components (frequency components less than the predeter-
mined frequency) contained in the relative change amount
(AO,Hb) before the filtering process, and a graph G33
represents the relative change amount (AO,Hb) after the
filtering process. As shown in FIG. 7, by the above digital
filter, the temporal variation component due to the sponta-
neous heartbeat or the repetition of chest compression can be
extracted favorably.

[0045] (2) Filtering Process by a Smoothing Calculation
(Least Square Error Curve Fitting)

[0046] A least square error curve fitting using a high-order
function (for example, a fourth-order function) is performed
on a data string X(n), within the above-described data string
X(n), that is obtained in a predetermined time (for example,
3 seconds, corresponding to 5 beats) before and after n=0 as
the time center. The constant term of the high-order function
obtained is then deemed to be a smoothed component
(frequency component less than the predetermined fre-
quency) at n=0. That is, by subtracting the smoothed fre-
quency component from the original data X(0), the fre-
quency component less than the predetermined frequency
can be removed from the frequency components contained
in the relative change amount to separate/extract the tem-
poral variation component due to repeated chest compres-
sion.

[0047] FIG. 8 is a graph of results of using such a filtering
process to remove (reduce) frequency components less than
the predetermined frequency from the frequency compo-
nents contained in the temporal relative change amount
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(AcHDb) of the total hemoglobin to extract a temporal varia-
tion component due to a spontaneous heartbeat that simu-
lates the repetition of chest compression. In FIG. 8, a graph
G41 represents the relative change amount (AcHb) before
the filtering process, a graph G42 represents the long cycle
components (frequency components less than the predeter-
mined frequency) contained in the relative change amount
(AcHb) before the filtering process, a graph G43 represents
the relative change amount (AcHb) after the filtering pro-
cess, and a graph G44 indicates the 5-second average
amplitudes in the relative change amount (AcHb) after the
filtering process. As shown in FIG. 8, by the filtering process
by the above-described smoothing calculation, the temporal
variation component due to the spontaneous heartbeat or the
repetition of chest compression can be extracted favorably.
[0048] (3) Filtering Process of Uniformizing the Maximal
Portions or Minimal Portions of Variation

[0049] (a) in FIG. 9 and (b) in FIG. 9 are diagrams for
describing the concepts of the present filtering process. In
this filtering process, for example, the maximal values in the
temporal variation of the relative change amount (AO,Hb,
AHHb, or AcHb) are determined, and by deeming the
maximal values P1 in the temporal variation graph G51 to be
of fixed value as shown in (a) in FIG. 9, the frequency
components less than the predetermined frequency that are
contained in the relative change amount (AO,Hb, AHHb, or
AcHb) are removed. Or, for example, the minimal values in
the temporal variation of the relative change amount
(AO,Hb, AHHD, or AcHb) are determined, and by deeming
the minimal values P2 in the temporal variation graph G51
to be of fixed value as shown in (b) in FIG. 9, the frequency
components less than the predetermined frequency that are
contained in the relative change amount (AQ,Hb, AHHb, or
AcHb) are removed. By thus making either or both the
maximal values P1 and minimal values P2 closer to fixed
values, the temporal variation component due to the repeti-
tion of chest compression can be extracted favorably.

[0050] The effects of the concentration measurement
apparatus 1 and the concentration measurement method
according to the present embodiment with the above
arrangements shall now be described. In view of the problem
to be solved described above, present inventors used a
concentration measurement apparatus using near-infrared
light to measure the relative change amounts (AcHb and
AO,Hb) of the total hemoglobin concentration and the
oxygenated hemoglobin concentration in the head at a
frequency sufficiently higher than the heartbeat frequency.
As a result, the present inventors found that, in chest
compression, certain changes occur in the total hemoglobin
concentration and the oxygenated hemoglobin concentration
of the interior of the head (that is, the brain) each time the
sternum is compressed cyclically. This phenomenon is con-
sidered to be due to increase of blood flow within the brain
by the chest compression, and may be usable as information
for objectively judging whether or not chest compression is
being performed appropriately. However, the amplitude (for
example, of approximately 1 pmol) of such a concentration
change due to chest compression is extremely small in
comparison to the amplitudes (normally of not less than
several pmol) of changes of even longer cycle that occur in
anormally active state of a healthy person or in a state where
various procedures are being performed on a cardiopulmo-
nary arrest person. It is thus extremely difficult to observe
the variations due to chest compression if simply values
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corresponding to the total hemoglobin concentration and the
oxygenated hemoglobin concentration are measured.
[0051] Therefore, in the concentration measurement appa-
ratus 1 and the concentration measurement method accord-
ing to the present embodiment, in addition to the CPU 14
determining the temporal relative change amounts (AcHb,
AO,Hb, and AHHDb) of the total hemoglobin concentration,
the oxygenated hemoglobin concentration, and the deoxy-
genated hemoglobin concentration in the calculation step
S13, the frequency components less than the predetermined
frequency are removed from the frequency components
contained in the relative change amounts (AcHb, AO,Hb,
and AHHbD). Normally, the cycle of concentration changes
due to chest compression (that is, the preferable compres-
sion cycle of the chest compression process) is shorter than
the cycles of the primary concentration changes in the state
where various procedures are being performed on a cardio-
pulmonary arrest person. Therefore, by removing the low
frequency components (that is, the long cycle components)
from the measured relative change amounts (AcHb, AO,Hb,
and AHHDb) as in the concentration measurement apparatus
1 and the concentration measurement method according to
the present embodiment, information on the concentration
changes due to chest compression can be extracted favor-
ably. Further, based on this information, a performer can
objectively judge whether or not the chest compression is
being performed appropriately. It thus becomes possible for
the performer to perform or maintain the chest compression
more appropriately.

[0052] Here, in the present embodiment, the “filtering
process of removing frequency components less than a
predetermined frequency” refers to a process of decreasing
the proportion of frequency components less than the pre-
determined frequency until the frequency component due to
chest compression appears at a sufficiently recognizable
level, and is not restricted to completely removing the
frequency components less than the predetermined fre-
quency.

[0053] Also, the calculation cycle of the relative change
amounts (AcHb, AO,Hb, and AHHDb) is preferably not more
than 0.2 seconds (not less than S Hz as calculation fre-
quency). A favorable cycle of chest compression is generally
said to be not less than approximately 100 times per minute
(that is, once every 0.6 seconds). If the calculation cycle of
the relative change amount is not more than one-third of the
chest compression cycle, the concentration changes due to
the chest compression can be detected favorably.

[0054] Further, in the filtering process described above,
the frequency components less than the predetermined fre-
quency are removed from the frequency components con-
tained in the relative change amounts (AcHb, AO,Hb, and
AHHD) to extract the temporal variation component due to
the repetition of sternal compression. The predetermined
frequency is preferably not more than 1.66 Hz. Information
on the concentration changes due to the not less than
approximately 100 times per minute of chest compression
can thereby be extracted favorably.

[0055] Here, a screen display on the display section 15
shall now be described. (a) in F1G. 10 and (b) in FIG. 10 are
examples of a display screen on the display section 15. In the
display screen shown in (a) in FIG. 10, the temporal relative
change amount (AO,Hb) of the oxygenated hemoglobin
concentration after the filtering process and the temporal
relative change amount (AHHb) of the deoxygenated hemo-

Jan. 25,2018

globin concentration after the filtering process are displayed
respectively as individual graphs G11 and G12. In one
example, the horizontal axis of the graphs G11 and G12
represents time, and the vertical axis represents the change
amount.

[0056] Further, in the display screen shown in (b) in FIG.
10, a graph G21 representing the temporal relative change
amount (AcHb) of the total hemoglobin concentration after
the filtering process is displayed, and further, a region B22
of the amplitude of the graph G21 that is taken up by the
temporal relative change amount (AO,Hb) of the oxygen-
ated hemoglobin concentration, and a region B23 taken up
by the temporal relative change amount (AHHb) of the
deoxygenated hemoglobin concentration are displayed in a
color-coded manner. In one example, the horizontal axis of
the graph G21 represents time, and the vertical axis repre-
sents the change amount. By thus displaying the region B22
and the region B23 in a color-coded manner, the chest
compression performer can refer to the displayed informa-
tion to visually and intuitively recognize the proportion of
oxygenated hemoglobin in the blood delivered to the head,
and thereby rapidly judge the need for artificial respiration.
[0057] The display section 15 may also display informa-
tion (first information) of numerical values, etc., related to a
ratio (A2/A1) of the amplitude (the amplitude Al shown in
(b) in FIG. 10) of the temporal variation of the temporal
relative change amount (AcHb) of the total hemoglobin
concentration and the amplitude (A2 shown in (b) in FIG.
10) of the temporal variation of the temporal relative change
amount (AO,Hb) of the oxygenated hemoglobin concentra-
tion. Or, the display section 15 may display information
(second information) of numerical values, etc., related to a
ratio (I2/11) of the integrated value I1 (the sum of the areas
of the region B22 and the region B23 shown in (b) in FIG.
10) of the temporal variation of the temporal relative change
amount (AcHb) of the total hemoglobin concentration and
the integrated value 12 (the area of the region B22 shown in
(b) in FIG. 10) of the temporal variation of the temporal
relative change amount (AO,Hb) of the oxygenated hemo-
globin concentration. By displaying either or both of the
above, the chest compression performer can refer to the
displayed information to know the proportion of oxygenated
hemoglobin in the blood delivered to the head, and thereby
favorably judge the need for artificial respiration. Here, the
above information is calculated by the CPU 14 and trans-
mitted to the display section 15. Further, the above infor-
mation may be average values for a predetermined time (for
example, 5 seconds).

[0058] Further, the CPU 14 may issue a warning to the
chest compression performer, when the calculated value of
the ratio (A2/A1) or ratio (12/11) is less than a predetermined
threshold value (for example, 90%). The chest compression
performer can thereby be more reliably notified of the
lowering of the proportion of oxygenated hemoglobin in the
blood delivered to the head. As a method for such warning,
for example, an output of a warning sound or an indication
of a warning display on the display section 15 is preferable.
[0059] Also, the display section 15 may display informa-
tion (third information) related to variation frequencies of
the temporal relative change amounts (AcHb and AO,Hb) of
either or both of the total hemoglobin concentration and the
oxygenated hemoglobin concentration after the filtering
process has been performed. The performer can thereby be
notified of the current frequency (cycle) of chest compres-



US 2018/0020959 A1

sion, and urged to make it approach an appropriate fre-
quency (cycle), for example, of 100 times per minute. Here,
the above information is calculated by the CPU 14 and
transmitted to the display section 15. Further, the above
information may be an average value for a predetermined
time (for example, 5 seconds).

[0060] Also, the display section 15 may display the
numerical value of the amplitude (Al shown in (b) in FIG.
10) of the temporal variation of the temporal relative change
amount of the total hemoglobin concentration. The chest
compression performer can thereby refer to the displayed
numerical values to know the blood amount delivered into
the brain, and thereby favorably judge whether or not the
strength of chest compression is sufficient. Here, the above
numerical value may be an average value for a predeter-
mined time (for example, 5 seconds). Further, the main unit
section 10 may also output a sound (for example, a simu-
lated pulse sound such as blip, blip) each time the numerical
value of the amplitude is not less than a predetermined
value. The performer can thereby be notified more reliably
of whether or not an appropriate blood amount is being
delivered into the brain.

[0061] The concentration measurement apparatus and the
concentration measurement method according to the present
invention are not limited to the embodiment described
above, and various modifications are possible. For example,
although with the concentration measurement apparatus 1
and the concentration measurement method according to the
above-described embodiment, the respective relative change
amounts (AcHb, AO,Hb, and AHHDb) of the total hemoglobin
concentration, oxygenated hemoglobin concentration, and
deoxygenated hemoglobin concentration are determined,
with the concentration measurement apparatus and concen-
tration measurement method according to the present inven-
tion, information for making an objective judgment of
whether or not chest compression is being performed appro-
priately can be indicated by determining at least one of the
respective relative change amounts (AcHb and AO,Hb) of
the total hemoglobin concentration and oxygenated hemo-
globin concentration.

[0062] Also, the filtering process in the concentration
measurement apparatus and concentration measurement
method according to the present invention is not limited to
those given as examples in regard to the embodiment, and
any filtering process capable of removing frequency com-
ponents less than a predetermined frequency from the rela-
tive change amounts (AcHb and AO,Hb) may be used
favorably in the present invention.

[0063] Also with the present invention, the hemoglobin
oxygen saturation (TOI), determined by near-infrared spec-
troscopic analysis in a manner similar to the respective
relative change amounts (AcHb, AO,Hb, and AHHb) of the
total hemoglobin concentration, oxygenated hemoglobin
concentration, and deoxygenated hemoglobin concentration,
may be displayed in a graph or as a numerical value together
with the relative change amounts on the display section.
Improvement of the brain oxygen state by the chest com-
pression can thereby be confirmed to maintain the motiva-
tion of the performer. The TOI may be an average value for
a predetermined time (for example, 5 seconds).

[0064] In the concentration measurement apparatus
according to the above-described embodiment, a configura-
tion of a concentration measurement apparatus measuring a
temporal relative change amount of at least one of total
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hemoglobin concentration and oxygenated hemoglobin con-
centration in the head that vary due to repetition of sternal
compression, and including a light incidence section making
measurement light incident on the head, a light detection
section detecting the measurement light that has propagated
through the interior of the head and generating a detection
signal in accordance with the intensity of the measurement
light, and a calculation section determining, based on the
detection signal, the temporal relative change amount of at
least one of the total hemoglobin concentration and the
oxygenated hemoglobin concentration, and performing a
filtering process of removing frequency components less
than a predetermined frequency from frequency components
contained in the relative change amount, is used.

[0065] Further, in the concentration measurement method
according to the above-described embodiment, a configura-
tion of a concentration measurement method of measuring a
temporal relative change amount of at least one of total
hemoglobin concentration and oxygenated hemoglobin con-
centration in the head that vary due to repetition of sternal
compression, and including a light incidence step of making
measurement light incident on the head, a light detection
step of detecting the measurement light that has propagated
through the interior of the head and generating a detection
signal in accordance with the intensity of the measurement
light, and a calculation step of determining, based on the
detection signal, the temporal relative change amount of at
least one of the total hemoglobin concentration and the
oxygenated hemoglobin concentration, and performing a
filtering process of removing frequency components less
than a predetermined frequency from frequency components
contained in the relative change amount, is used.

[0066] The concentration measurement apparatus and the
concentration measurement method may be of a configura-
tion where a calculation cycle of the relative change amount
is not more than 0.2 seconds. A favorable cycle of chest
compression is generally said to be not less than approxi-
mately 100 times per minute (that is, once every 0.6 sec-
onds). If the calculation cycle of the relative change amount
is not more than one-third of the chest compression cycle,
the concentration changes due to the chest compression can
be detected. That is, by the calculation cycle of the relative
change amount being not more than 0.2 seconds, the con-
centration change due to the chest compression can be
detected favorably.

[0067] Further, the concentration measurement apparatus
and the concentration measurement method may be of a
configuration where the predetermined frequency is not
more than 1.66 Hz. Infoiination on the concentration
changes due to the chest compression can thereby be
extracted favorably.

[0068] Further, the concentration measurement apparatus
may be of a configuration that further includes a display
section displaying the calculation result by the calculation
section, and where the calculation section determines the
temporal relative change amount of the total hemoglobin
concentration and the temporal relative change amount of
the oxygenated hemoglobin concentration, and determines
first information related to a ratio (A2/A1) of an amplitude
(A1) of the temporal variation of the temporal relative
change amount of the total hemoglobin concentration and an
amplitude (A2) of the temporal variation of the temporal
relative change amount of the oxygenated hemoglobin con-
centration, after the filtering process, and the display section
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displays the first information. Similarly, the concentration
measurement method may be of a configuration where, in
the calculation step, the temporal relative change amount of
the total hemoglobin concentration and the temporal relative
change amount of the oxygenated hemoglobin concentration
are determined, first information related to a ratio (A2/A1)
of an amplitude (A1) of the temporal variation of the
temporal relative change amount of the total hemoglobin
concentration and an amplitude (A2) of the temporal varia-
tion of the temporal relative change amount of the oxygen-
ated hemoglobin concentration, after the filtering process, is
determined, and the first information is displayed. By the
above, the performer can refer to the displayed first infor-
mation to know the proportion of oxygenated hemoglobin in
the blood delivered into the brain, and thereby favorably
judge the need for artificial respiration.

[0069] Further, the concentration measurement apparatus
may be of a configuration where the calculation section
performs at least one of an output of a warning sound and an
indication of a warning display on the display section when
the ratio (A2/A1) is less than a predetermined threshold.
Similarly, the concentration measurement method may be of
a configuration where at least one of an output of a warning
sound and a warning display is performed when the ratio
(A2/A1) is less than a predetermined threshold in the
calculation step. The performer can thereby be more reliably
notified of the lowering of the proportion of oxygenated
hemoglobin in the blood delivered into the brain.

[0070] Further, the concentration measurement apparatus
may be of a configuration that further includes a display
section displaying the calculation result by the calculation
section, and where the calculation section determines the
temporal relative change amount of the total hemoglobin
concentration and the temporal relative change amount of
the oxygenated hemoglobin concentration, and determines
at least one of an integrated value (I1) of the temporal
variation of the temporal relative change amount of the total
hemoglobin concentration and an integrated value (I12) of the
temporal variation of the temporal relative change amount of
the oxygenated hemoglobin concentration, after the filtering
process, and the display section displays at least one of the
integrated value (I1) and the integrated value (12). Similarly,
the concentration measurement method may be of a con-
figuration where, in the calculation step, the temporal rela-
tive change amount of the total hemoglobin concentration
and the temporal relative change amount of the oxygenated
hemoglobin concentration are determined, at least one of an
integrated value (I1) of the temporal variation of the tem-
poral relative change amount of the total hemoglobin con-
centration and an integrated value (I12) of the temporal
variation of the temporal relative change amount of the
oxygenated hemoglobin concentration, after the filtering
process, is determined, and at least one of the integrated
value (I1) and the integrated value (I2) is displayed. The
performer can thereby refer to the displayed values to judge
whether or not the strength of chest compression is suffi-
cient.

[0071] Further, the concentration measurement apparatus
may be of a configuration where the calculation section
determines both the integrated value (I1) and the integrated
value (I12), and thereafter, further determines second infor-
mation related to a ratio (12/11) of the integrated value (I1)
and the integrated value (12), and the display section further
displays the second information. Similarly, the concentra-
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tion measurement method may be of a configuration where,
in the calculation step, both of the integrated value (I1) and
the integrated value (I12) are determined, second information
related to a ratio (I2/11) of the integrated value (I1) and the
integrated value (12) is further determined thereafter, and the
second information is further displayed. The performer can
thereby refer to the displayed second information to know
the proportion of oxygenated hemoglobin in the blood
delivered into the brain, and favorably judge the need for
artificial respiration.

[0072] Further, the concentration measurement apparatus
may be of a configuration where the calculation section
performs at least one of an output of a warning sound and an
indication of a warning display on the display section when
the ratio (I2/I1) is less than a predetermined threshold.
Similarly, the concentration measurement method may be of
a configuration where at least one of an output of a warning
sound and a warning display is performed when the ratio
(I2/11) is less than a predetermined threshold in the calcu-
lation step. The performer can thereby be more reliably
notified of the lowering of the proportion of oxygenated
hemoglobin in the blood delivered into the brain.

[0073] Further, the concentration measurement apparatus
may be of a configuration that further includes a display
section displaying the calculation result by the calculation
section, and where the calculation section determines an
amplitude (A1) of the temporal variation of the temporal
relative change amount of the total hemoglobin concentra-
tion after the filtering process, and the display section
displays the numerical value of the amplitude (Al). Simi-
larly, the concentration measurement method may be of a
configuration where, in the calculation step, an amplitude
(A1) of the temporal variation of the temporal relative
change amount of the total hemoglobin concentration after
the filtering process is determined, and the numerical value
of the amplitude (Al) is displayed. The performer can
thereby refer to the displayed numerical value to know the
blood amount delivered into the brain, and thereby favorably
judge whether or not the strength of chest compression is
sufficient.

[0074] Further, the concentration measurement apparatus
may be of a configuration where the calculation section
performs an output of a sound each time the numerical value
of the amplitude (A1) is not less than a predetermined value.
Similarly, the concentration measurement method may be of
a configuration where a sound is output each time the
numerical value of the amplitude (A1) is not less than a
predetermined value in the calculation step. The performer
can thereby be more reliably notified that the blood amount
being delivered into the brain is insufficient.

[0075] Further, the concentration measurement apparatus
may be of a configuration that further includes a display
section displaying the calculation result by the calculation
section, and where the calculation section determines the
temporal relative change amount of the total hemoglobin
concentration and the temporal relative change amount of
the oxygenated hemoglobin concentration, and the display
section displays graphs of the temporal relative change
amount of the oxygenated hemoglobin concentration and the
temporal relative change amount of the deoxygenated hemo-
globin concentration contained in the total hemoglobin
concentration, after the filtering process, in a color-coded
manner. Similarly, the concentration measurement method
may be of a configuration where, in the calculation step, the
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temporal relative change amount of the total hemoglobin
concentration and the temporal relative change amount of
the oxygenated hemoglobin concentration are determined,
and graphs of the temporal relative change amount of the
oxygenated hemoglobin concentration and the temporal
relative change amount of the deoxygenated hemoglobin
concentration contained in the total hemoglobin concentra-
tion, after the filtering process, are displayed in a color-
coded manner. The performer can thereby refer to the
displayed information to visually and intuitively recognize
the proportion of oxygenated hemoglobin in the blood
delivered into the brain, and thereby more rapidly judge the
need for artificial respiration.

[0076] Further, the concentration measurement apparatus
may be of a configuration that further includes a display
section displaying the calculation result by the calculation
section, and where the calculation section calculates third
information related to a variation frequency of the relative
change amount after the filtering process, and the display
section displays the third information. Similarly, the con-
centration measurement method may be of a configuration
where, in the calculation step, third information related to a
variation frequency of the relative change amount after the
filtering process is calculated, and the third information is
displayed. The performer can thereby be notified of the
current frequency (cycle) of chest compression, and urged to
make it approach the appropriate frequency (cycle).

[0077] Further, the concentration measurement apparatus
may be of a configuration where the calculation section
removes the frequency components less than the predeter-
mined frequency from the frequency components contained
in the relative change amount by a digital filter. Similarly,
the concentration measurement method may be of a con-
figuration where, in the calculation step, the frequency
components less than the predetermined frequency are
removed from the frequency components contained in the
temporal relative change amount by a digital filter. Long
cycle components can thereby be removed favorably from
the measured relative change amount, and information
related to the concentration changes due to chest compres-
sion can be extracted with high precision.

[0078] Further, the concentration measurement apparatus
may be of a configuration where the calculation section
calculates data resulting from smoothing of the temporal
variation of the relative change amount, and subtracts the
data from the relative change amount to remove the fre-
quency components less than the predetermined frequency
from the frequency components contained in the relative
change amount. Similarly, the concentration measurement
method may be of a configuration where, in the calculation
step, data resulting from smoothing of the temporal variation
of the temporal relative change amount are calculated, and
the data are subtracted from the temporal relative change
amount to remove the frequency components less than the
predetermined frequency from the frequency components
contained in the temporal relative change amount. Long
cycle components can thereby be removed favorably from
the measured relative change amount, and information
related to the concentration changes due to chest compres-
sion can be extracted with high precision.

[0079] Further, the concentration measurement apparatus
may be of a configuration where the calculation section
determines at least one of a maximal value and a minimal
value in the temporal variation of the relative change
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amount, and removes the frequency components less than
the predetermined frequency from the frequency compo-
nents contained in the relative change amount based on at
least one of the maximal value and the minimal value.
Similarly, the concentration measurement method may be of
a configuration where, in the calculation step, at least one of
a maximal value and a minimal value in the temporal
variation of the temporal relative change amount is deter-
mined, and the frequency components less than the prede-
termined frequency are removed from the frequency com-
ponents contained in the temporal relative change amount
based on at least one of the maximal value and the minimal
value. Long cycle components can thereby be removed
favorably from the measured relative change amount, and
information related to the concentration changes due to chest
compression can be extracted with high precision.

INDUSTRIAL APPLICABILITY

[0080] The present invention can be used as a concentra-
tion measurement apparatus and a concentration measure-
ment method that enable objective judgment of whether or
not chest compression is being performed appropriately.

REFERENCE SIGNS LIST

[0081] 1—concentration measurement  apparatus,
10—main unit section, 11—light emitting section,
12—sample hold circuit, 13—converter circuit,
14—calculation  section, 15—display  section,
16—ROM, 17—RAM, 18—data bus, 20—probe,
21—light incidence section, 22—light detection sec-
tion, 23—holder, 24—optical fiber, 25—prism,
26—rphotodetection element, 27—pre-amplifier sec-
tion, 28—cable, 50—cardiopulmonary arrest person,
51—head, P1—maximal value, P2—minimal value.

1-12. (canceled)

13. A method for analyzing chest compression, the

method comprising:

performing chest compression on a cardiopulmonary
arrest person,

irradiating the head of the cardiopulmonary arrest person
with measurement light;

detecting the measurement light that has propagated
through the interior of the head and generating a
detection signal in accordance with an intensity of the
detected measurement light;

determining a temporal variation of at least one of total
hemoglobin concentration, oxygenated hemoglobin
concentration, and

deoxygenated hemoglobin concentration, based on the
detection signal; and

calculating information related to a variation frequency of
the temporal variation corresponding to a current fre-
quency of the chest compression.

14. The method according to claim 13, further compris-

ing:

calculating information related to an amplitude of the
temporal variation corresponding to a current strength
of the chest compression.

15. The method according to claim 13, further compris-

ing:

calculating information related to an integrated value of
the temporal variation corresponding to a current
strength of the chest compression.
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16. The method according to claim 13, further compris-
ing:
calculating hemoglobin oxygen saturation.
17. The method according to claim 13, wherein a calcu-
lation cycle of the hemoglobin concentration is not more
than 0.2 seconds.
18. The method according to claim 13, further compris-
ing:
performing a filtering process that removes: frequency
components less than a predetermined frequency of not
more than 1.66 Hz to extract information on the tem-
poral variation due to the chest compression.
19. An apparatus for analyzing chest compression which
is performed on a cardiopulmonary arrest person, the appa-
ratus comprising:
a light source configured to output measurement light
with which the head of the cardiopulmonary arrest
person is irradiated;
alight detector configured to detect the measurement light
that has propagated through the interior of the head and
generate a detection signal in accordance with an
intensity of the detected measurement light; and
a processor electrically connected to the light detector and
programmed to:
determine, based on the detection signal, a temporal
variation of at least one of total hemoglobin concen-
tration, oxygenated hemoglobin concentration, and
deoxygenated hemoglobin concentration, and

calculate information related to a variation frequency of
the temporal variation corresponding to a current
frequency of the chest compression.

20. The apparatus according to claim 19, wherein the
processor is programmed to calculate information related to
an amplitude of the temporal variation corresponding to a
current strength of the chest compression.

21. The apparatus according to claim 19, wherein the
processor is programmed to calculate information related to
an integrated value of the temporal variation corresponding
to a current strength of the chest compression.

22. The apparatus according to claim 19, wherein the
processor is programmed to calculate hemoglobin oxygen
saturation.

23. The apparatus according to claim 19, wherein a
calculation cycle of the hemoglobin concentration is not
mote than 0.2 seconds.

24. The apparatus according to claim 19, wherein the
processor is programmed to perform a filtering process that
removes frequency components less than a predetermined
frequency of not more than 1.66 Hz to extract information
on the temporal variation due to the chest compression.

25. A method for analyzing chest compression, the
method comprising:

performing chest compression on a cardiopulmonary
arrest person;

irradiating the head of the cardiopulmonary arrest person
with measurement light;

detecting the measurement light that has propagated
through the interior of the head and generating a
detection signal in accordance with an intensity of the
detected measurement light;

determining a temporal variation of at least one of total
hemoglobin concentration, oxygenated hemoglobin
concentration, and deoxygenated hemoglobin concen-
tration, based on the detection signal; and
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calculating information related to an amplitude of the
temporal variation corresponding to a current strength
of the chest compression.

26. The method according to claim 25, further compris-

ing:

calculating information related to an integrated value of
the temporal variation corresponding to a current
strength of the chest compression.

27. The method according to claim 25, further compris-

ing:
calculating hemoglobin oxygen saturation.
28. The method according to claim 25, wherein a calcu-
lation cycle of the hemoglobin concentration is not more
than 0.2 seconds.
29. The method according to claim 25, further compris-
ing:
performing a filtering process that removes frequency
components less than a predetermined frequency of not
more than 1.66 Hz to extract information on the tem-
poral variation due to the chest compression.
30. An apparatus for analyzing chest compression which
is performed on a cardiopulmonary arrest person, the appa-
ratus comprising:
a light source configured to output measurement light
with which the head of the cardiopulmonary arrest
person is irradiated;
a light detector configured to detect the measurement light
that has propagated through the interior of the head and
generate a detection signal in accordance with an
intensity of the detected measurement light; and
a processor electrically connected to the light detector and
programmed to:
determine, based on the detection signal, a temporal
variation of at least one of total hemoglobin concen-
tration, oxygenated hemoglobin concentration, and
deoxygenated hemoglobin concentration, and

calculate information related to an amplitude of the
temporal variation corresponding to a current
strength of the chest compression.

31. The apparatus according to claim 30, wherein the
processor is programmed to calculate information related to
an integrated value of the temporal variation corresponding
to a current strength of the chest compression.

32. The apparatus according to claim 30, wherein the
processor is programmed to calculate hemoglobin oxygen
saturation.

33. The apparatus according to claim 30, wherein a
calculation cycle of the hemoglobin concentration is not
more than 0.2 seconds.

34. The apparatus according to claim 30, wherein the
processor is programmed to perform a filtering process that
removes frequency components less than a predetermined
frequency of not more than 1.66 Hz to extract information
on the temporal variation due to the chest compression.

35. A method for analyzing chest compression, the
method comprising:

performing chest compression on a cardiopulmonary
arrest person;

irradiating the head of the cardiopulmonary arrest person
with measurement light;

detecting the measurement light that has propagated
through the interior of the head and generating a
detection signal in accordance with an intensity of the
detected measurement light;
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determining a temporal variation of at least one of total
hemoglobin concentration, oxygenated hemoglobin
concentration, and deoxygenated hemoglobin concen-
tration, based on the detection signal; and

calculating information related to an integrated value of

the temporal variation corresponding to a current
strength of the chest compression.

36. The method according to claim 35, further compris-
ing:

calculating hemoglobin oxygen saturation.

37. The method according to claim 35, wherein a calcu-
lation cycle of the hemoglobin concentration is not more
than 0.2 seconds.

38. The method according to claim 35, further compris-
ing:

performing a filtering process that removes frequency

components less than a predetermined frequency of not
more than 1.66 Hz to extract information on the tem-
poral variation due to the chest compression.

39. An apparatus for analyzing chest compression which
is performed on a cardiopulmonary arrest person, the appa-
ratus comprising:

a light source configured to output measurement light

with which the head of the cardiopulmonary arrest
person is irradiated;
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a light detector configured to detect the measurement light
that has propagated through the interior of the head and
generate a detection signal in accordance with an
intensity of the detected measurement light; and
a processor electrically connected to the light detector and
programmed to:
determine, based on the detection signal, a temporal
variation of at least one of total hemoglobin concen-
tration, oxygenated hemoglobin concentration, and
deoxygenated hemoglobin concentration, and

calculate information related to an integrated value of
the temporal variation corresponding to a current
strength of the chest compression.

40. The apparatus according to claim 39, wherein the
processor is programmed to calculate hemoglobin oxygen
saturation.

41. The apparatus according to claim 39, wherein a
calculation cycle of the hemoglobin concentration is not
more than 0.2 seconds.

42. The apparatus according to claim 39, wherein the
processor is programmed to perform a filtering process that
removes frequency components less than a predetermined
frequency of not more than 1.66 Hz to extract information
on the temporal variation due to the chest compression.
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