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Description
Technical Field

[0001] The present disclosure relates to a lifesaving
assisting apparatus for determining whether to perform
an act of lifesaving.

[0002] Use of an AED (Automatic External Defibrilla-
tor) can be exemplified as an act of lifesaving. The AED
is an apparatus which delivers an electric shock to a pa-
tient in which fatal arrhythmia such as ventricular fibrilla-
tion or pulseless ventricular tachycardia has been detect-
ed, in order to revive the patient. Specifically, when the
patient has no consciousness and respiration, electrode
pads of the AED are pasted on the naked chest of the
patient. The AED analyzes an electrocardiogram ac-
quired through the electrode pads to detect the fatal ar-
rhythmia (for example, see Patent Literature 1).

[0003] Patent Literature 2 relates to a display appara-
tus which can prevent erroneous recognition of a result
of measurement of biological information from occurring
and assist prompt determination. The display apparatus
includes an instruction receiving section for receiving in-
structions from a user, a signal receiving section, a con-
trolling section, and a displaying section. A probe is con-
nected to the display apparatus and includes a light emit-
ting section which emits afirstlight beam with a first wave-
length and a second light beam with a second wavelength
and a light receiving section which receives the first and
second light beams passed through for example the fin-
ger of a patient and outputs a first and second signal.
The signal receiving section supplies the first and second
signal to the controlling section which performs meas-
urements based on the received signals and acquires
the light attenuation of the first light beam based on the
first signal and the light attenuation of the second light
beam based on the second signal. The display section
displays a graph showing the temporal change of a blood-
derived light attenuation as a blood refill curve such that
the medical person is enabled to accurately recognize
the blood refill time and the blood refill curve.

[0004] Patent Literature 3 relates to the detection of a
cardiac pulse and the use of pulse detection in delivering
therapy, wherein physiological signals in a patient are
evaluated. A medical device evaluates optical character-
istics of light transmitted into a patient to ascertain phys-
iological signals such as pulsating changes in general
blood volume proximate a light detector module. Using
these features, the medical device determines whether
a cardiac pulse is present in the patient.

Citation List
Patent Literature
[0005]
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2012-061361A
[PTL 2] US 2014/247274 A1
[PTL 3] US 2004/116969 A1

Summary of Invention
Technical Problem

[0006] In a case where a general citizen who is not a
health care provider encounters a patient falling down in
front of the citizen, even if the citizen can bring the AED
to the patient, the citizen tends to hesitate about using
the AED. Particularly, a patient who is in an agonal stage
has unique respiration called gasping respiration though
the patient is in a cardiopulmonary arrest state. There-
fore, it is difficult for the citizen to ac-curately judge an
unconscious and breathless state. As a result, the citizen
may delay applying an electric shock to the patient. This
contributes to the lowering of a lifesaving rate.

[0007] In addition, unconscious patients include pa-
tients caused by encephalophy, low blood sugar, hem-
orrhagic shock, drowning, carbon monoxide poisoning,
etc. Although it is unnecessary to use the AED on such
a patient, it is difficult for a general citizen to make an
accurate judgment on this. Accordingly, in some cases,
privacy of the patient may be unable to be sufficiently
protected because the chest of the patientis made naked
unnecessarily in front of the general public. In addition,
the necessity of a measure to make the chest naked also
contributes to the hesitation of a lifesaver in using the
AED.

[0008] Accordingly, there is an object to provide a life-
saver with proper information about whether to perform
an act of lifesaving in order to assist the lifesaver while
taking privacy of a patient into consideration.

Solution to Problem

[0009] The object of the invention is achieved by the
subject-matter of the independent claims. Advantageous
embodiments are defined in the dependent claims. Fur-
ther examples are provided for facilitating the under-
standing of the invention. For example, there is provided
a lifesaving assisting apparatus comprising:

a light-emitting section configured to emit light to be
irradiated on a body of a patient;

a light-receiving section configured to output a signal
corresponding to an intensity of light which has been
transmitted through or reflected from the body of the
patient; a pulse-amplitude Index acquiring section
configured to analyze amplitude of the signal to ac-
quire a pulse-amplitude Index of the patient; a pulse
determining section configured to determine pres-
ence or absence of a pulse of the patient in accord-
ance with the pulse-amplitude Index; and a notifying
section configured to notify a result of determination
made by the pulse determining section.
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[0010] Itisdifficultevenforan experttojudge presence
or absence of the pulse accurately and rapidly. Particu-
larly, a patient who is in an agonal stage has unique res-
piration called gasping respiration though the patient is
in a cardiopulmonary arrest state. Therefore, there may
be a case where presence of the pulse may be judged
based on the fact of breathing. According to the above
configuration, an objective parameter which is the pulse-
amplitude Index of the patient is used. Accordingly, pres-
ence or absence of the pulse of the patient can be de-
termined accurately no matter who handles the lifesaving
assisting apparatus. In addition, presence or absence of
the pulse can be determined by the pulse determining
section as long as a pulse wave signal corresponding to
several cycles to about ten cycles can be acquired. Ac-
cordingly, presence or absence of the pulse of the patient
can be determined rapidly no matter who handles the
lifesaving assisting apparatus.

[0011] A lifesaver can be notified of an accurate deter-
mination result about presence or absence of the pulse
of the patient. Accordingly, for example, the lifesaver can
avoid unnecessarily undressing the patient when it is not
necessary to use the AED. In this manner, it is possible
to protect privacy of the patient. Thus, it is possible to
provide the lifesaver with proper information about
whether to perform an act of lifesaving in order to assist
the lifesaver while taking the privacy of the patient into
consideration. The invention is defined in claim 1. Pre-
ferred embodiments are defined in the dependent claims.

Brief Description of Drawings
[0012]

Fig. 1 is a diagram showing the functional configu-
ration of a lifesaving assisting apparatus according
to one embodiment.

Fig. 2A is a diagram for explaining a definition of a
pulse rate.

Fig. 2B is a diagram for explaining a definition of an
inflection point number.

Fig. 2C is a diagram for explaining the definition of
the inflection point number.

Fig. 2D is a diagram for explaining the definition of
the inflection point number.

Fig. 3Ais a flowchart showing process performed by
the lifesaving assisting apparatus of Fig. 1.

Fig. 3B is a diagram showing a typical normalized
pulse wave determined as presence of the pulse.
Fig. 3C is a diagram showing a typical normalized
pulse wave determined as absence of the pulse.
Fig. 4Ais a flowchart showing process performed by
the lifesaving assisting apparatus of Fig. 1.

Fig. 4B is a flowchart showing process performed by
the lifesaving assisting apparatus of Fig. 1.

Fig. 5 is a diagram showing one example of how to
use the lifesaving assisting apparatus of Fig. 1.
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Description of Embodiment

[0013] Exemplary embodiments will be described be-
low in detail with reference to the accompanying draw-
ings. The respective drawings which will be used in the
following description are changed in scale suitably to
make the sizes of respective members recognizable.
[0014] Fig. 1 shows the functional configuration of a
lifesaving assisting apparatus 1 according to one embod-
iment. The lifesaving assisting apparatus 1 is an appa-
ratus which detects presence or absence of a pulse of a
patient 100 to thereby determine whether to perform an
act of lifesaving.

[0015] The lifesaving assisting apparatus 1 is provided
with a light-emitting section 21. The light-emitting section
21 is configured to emit light to be irradiated on the body
of the patient 100. The body of the patient 100 means
tissues where a blood flow exists. For example, a semi-
conductorlight-emitting elementwhich can emitlight hav-
ing a predetermined wavelength may be used as the light-
emitting section 21. Examples of the semiconductor light-
emitting element include a light-emitting diode (LED), a
laser diode, an organic EL element, etc. Infrared light IR
and red light R may be used as examples of the light
having the predetermined wavelength.

[0016] The lifesaving assisting apparatus 1 is provided
with a light emission controlling section 31. The light
emission controlling section 31 is configured to control
switching on/off of a light source in the light-emitting sec-
tion 21.

[0017] The lifesaving assisting apparatus 1 is provided
with a light-receiving section 22. The light-receiving sec-
tion 22 is configured to output a signal corresponding to
intensity of the light transmitted through or reflected from
the body of the patient 100. For example, an optical sen-
sor having sensitivity to the wavelength of the light emit-
ted from the light-emitting section 21 may be used as the
light-receiving section 22. Examples of the optical sensor
include a photodiode, a phototransistor and a photore-
sistor.

[0018] The lifesaving assisting apparatus 1 is provided
with a pulse-amplitude Index acquiring section 32. The
pulse-amplitude Index acquiring section 32 is configured
to analyze amplitude of a signal outputted from the light-
receiving section 22 to acquire a pulse-amplitude Index
of the patient 100. The pulse-amplitude Index will be de-
scribed with reference to Fig. 2A.

[0019] When the patient 100 has a pulse, a blood
amount in the tissues on which the light is irradiated by
the light-emitting section 21 changes. Accordingly, the
intensity of the light detected by the light-receiving sec-
tion 22 changes, and the amplitude of the signal outputted
from the light-receiving section 22 changes. That is, the
signal outputted from the light-receiving section 22 is a
pulse wave.

[0020] The pulse-amplitude Index acquiring section 32
is provided with a filter which extracts a DC component
from the pulse wave. That is, the pulse-amplitude Index
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acquiring section 32 is configured to obtain a pulsating
component and a non-pulsating component from the
pulse wave signal outputted from the light-receiving sec-
tion 22. When the light emitted from the light-emitting
section 21 is infrared light IR or red light R, the pulsating
component during the change of the intensity of the light
detected by the light-receiving section 22 is mainly an
amount of contribution from arterial blood, and the non-
pulsating component is mainly an amount of contribution
from the tissues or venous blood. The pulse-amplitude
Index acquiring section 32 is configured to acquire a nor-
malized pulse wave PW in order to eliminate a compo-
nent depending on the patent 100 personally. The nor-
malized pulse wave PW is obtained by dividing the pul-
sating component by the non-pulsating component.
[0021] Amplitude of the normalized pulse wave PW is
defined as pulse-amplitude Index X. There is however a
case where the amplitude may change between a max-
imum value P1 and a next maximum value P2 which exist
before and behind a minimum value B of a certain specific
wave because the normalized pulse wave PW drifts. On
this occasion, the amplitude in the minimum value B takes
a value between (P1-B) and (P2-B). Accordingly, the
pulse-amplitude Index X can be expressed by the follow-
ing expression by way of example.

X =(Al+A2)/2

[0022] Here, A1 designates a difference in amplitude
(absolute value) between the maximum value P1 at a
time point at which the amplitude of the normalized pulse
wave PW takes the maximum value P1 and the minimum
value B. A2 designates a difference in amplitude (abso-
lute value) between the maximum value P2 at a time
pointatwhich the amplitude of the normalized pulse wave
PW takes the maximum value P2 and the minimum value
B. That is, the pulse-amplitude Index X in the example
is given as an average value of A1 and A2. However, the
pulse-amplitude Index X may be set atany value between
A1 and A2.

[0023] Similarly, the pulse-amplitude Index acquiring
section 32 acquires a pulse-amplitude Index X as to a
next signal cycle defined by the maximum value P2 and
a maximum value P3. The pulse-amplitude Index acquir-
ing section 32 is configured to acquire a representative
pulse-amplitude Index based on a plurality of pulse-am-
plitude Indices X acquired thus within a predetermined
period. The representative pulse-amplitude Index is de-
fined as an average value of the plurality of pulse-ampli-
tude Indices X.

[0024] Incidentally, in order to acquire the representa-
tive pulse-amplitude Index, it is preferable that samples
accounting for a predetermined percentage are removed
from the plurality of pulse-amplitude Indices X acquired
within the predetermined period and an average value
of the remaining samples is obtained. For example, top
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25% may be used as the predetermined percentage. For
example, in a case where eight samples have been ac-
quired, two samples are removed in descending order in
the value of the pulse-amplitude Index X from the eight
samples and a representative pulse-amplitude Index is
obtained as an average value of the remaining six sam-
ples.

[0025] The lifesaving assisting apparatus 1 is provided
with a pulse determining section 33. The pulse determin-
ing section 33 is configured to determine presence or
absence of the pulse of the patient 100 based on the
pulse-amplitude Indices X acquired by the pulse-ampli-
tude Index acquiring section 32. Specifically, the pulse
determining section 33 is configured to determine pres-
ence or absence of the pulse of the patient 100 based
on whether the representative pulse-amplitude Index ac-
quired by the pulse-amplitude Index acquiring section 32
is lower than a predetermined threshold. For example,
1% may be used as the threshold. The pulse determining
section 33 is configured as follows. That is, in a case
where the representative pulse-amplitude Index is lower
than the threshold, the pulse determining section 33 de-
termines that the patient 100 has no pulse. When the
representative pulse-amplitude Index is no lower than
the threshold, the pulse determining section 33 deter-
mines that the patient 100 has a pulse.

[0026] The lifesaving assisting apparatus 1 is provided
with a notifying section 34. The notifying section 34 is
configured to notify a result of the determination made
by the pulse determining section 33. The notification is
performed by at least one of optical notification (light
emission of an LED, display of a message on a display
device, etc.), acoustic notification (a guidance message,
a melody, a beep, etc.), and vibratory notification.
[0027] As described above, there are various reasons
causing the patient’s syncope. In some cases, it is not
necessary to use the AED to deliver an electric shock.
Cardiogenic syncope belongs to a case in which an elec-
tric shock does not have to be delivered. The cardiogenic
syncope can be judged based on the fact that there is no
pulse. Syncope caused by encephalopathy, massive
bleeding, low blood sugar, anemia, hypocapnia, etc. be-
longs to a case in which an electric shock does not have
to (or must not) be delivered. Such cardiogenic syncope
can be judged based on the fact that there is a pulse.
[0028] However, itis difficulteven foran experttojudge
presence or absence of the pulse accurately and rapidly.
Particularly, a patient who is in an agonal stage has
unique respiration called gasping respiration though the
patient is in a cardiopulmonary arrest state. Therefore,
there may be a case where presence of the pulse may
be judged based on the fact of breathing. According to
the configuration of the lifesaving assisting apparatus 1
according to the embodiment, an objective parameter
which is the pulse-amplitude Index X of the patient 100
is used. Accordingly, presence or absence of the pulse
of the patient 100 can be determined accurately no matter
who handles the lifesaving assisting apparatus 1. In ad-
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dition, presence or absence of the pulse can be deter-
mined by the pulse determining section 33 as long as a
pulse wave signal corresponding to several cycles to
about ten cycles can be acquired. Accordingly, presence
or absence of the pulse of the patient 100 can be deter-
mined rapidly no matter who handles the lifesaving as-
sisting apparatus 1.

[0029] The lifesaver can be notified of an accurate de-
termination result about presence or absence ofthe pulse
of the patient 100. Accordingly, for example, the lifesaver
can avoid unnecessarily undressing the patient 100 when
it is not necessary to use the AED. In this manner, it is
possible to protect privacy of the patient 100. Thus, it is
possible to provide the lifesaver with proper information
about whether to perform an act of lifesaving in order to
assist the lifesaver while taking the privacy of the patient
into consideration.

[0030] The pulse-amplitude Index acquiring section 32
is configured to acquire the pulse-amplitude Index X
based on the infrared light IR emitted from the light-emit-
ting section 21.

[0031] Accordingtosucha configuration, alightsource
used in a probe of a pulse oximeter generally used in
critical care can be used. It is unnecessary to prepare a
separate light source. Therefore, it is possible to sup-
press the total cost for providing the lifesaving assisting
apparatus 1. In addition, the infrared light is hardly affect-
ed by the color of skin when it is transmitted through or
reflected from the body of the patient 100. In this manner,
accuracy of the acquired pulse-amplitude Index X is im-
proved, and accuracy of determination of presence or
absence of the pulse made by the pulse determining sec-
tion 33 in the subsequent stage is also improved. Accord-
ingly, itis possible to provide the lifesaver with more prop-
er information about whether to perform an act of lifesav-
ing in order to assist the lifesaver while taking the privacy
of the patient into consideration.

[0032] The pulse determining section 33 may be con-
figured to determine presence or absence of the pulse
of the patient 100 based on not only the aforementioned
pulse-amplitude Index X but also an inflection point
number N within a predetermined time duration in the
signal outputted from the light-receiving section 22. For
example, one second may be used as the predetermined
time duration.

[0033] AsshowninFigs.2B, 2C and 2D, the "inflection
point number" herein is defined as the number of times
in which a differential value of a normalized pulse wave
PW alternates between positive and negative. In the ex-
ample shown in Fig. 2B, the differential value of the nor-
malized pulse wave PW changes from positive to nega-
tive and changes to positive again. Accordingly, the in-
flection point number N is 2. On the other hand, in the
examples shownin Figs. 2C and 2D, the differential value
of the normalized pulse wave PW reaches zero in the
middle but does not alternate between positive and neg-
ative before and behind the zero. Accordingly, the inflec-
tion point number N is 0.
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[0034] Fig. 3A is a flowchart showing a determination
process performed by the pulse determining section 33
in this embodiment. First, the pulse determining section
33 determines whether the pulse-amplitude Index X (rep-
resentative pulse-amplitude Index) of the patient 100 ac-
quired by the pulse-amplitude Index acquiring section 32
is lower than a predetermined threshold (step S11).
[0035] When itis determined that the pulse-amplitude
Index X is lower than the predetermined threshold (Y in
the step S11), the pulse determining section 33 counts
the inflection point number N of the normalized pulse
wave PW in a predetermined period, and determines
whether the inflection point number N is lower than a first
threshold (step S12). For example, 10 may be used as
the first threshold.

[0036] When it is determined that the inflection point
number N is lower than the first threshold (Y in the step
S12), the pulse determining section 33 determines that
the patient 100 has a pulse (step S13). This situation
means that the result determined as absence of the pulse
based on the pulse-amplitude Index X is reversed by the
determination based on the inflection point number N.
[0037] When it is determined that the inflection point
number N is no lower than the first threshold (N in the
step S12), the pulse determining section 33 determines
that the patient 100 has no pulse (step S14). This situa-
tion means that the result determined as absence of the
pulse based on the pulse-amplitude Index X is confirmed
by the determination based on the inflection point number
N.

[0038] When itis determined that the pulse-amplitude
Index X is no lower than the predetermined threshold (N
in the step S11), the pulse determining section 33 counts
the inflection point number N of the normalized pulse
wave PW within the predetermined period and deter-
mines whether the inflection point number N is lower than
a second threshold (step S15). For example, 15 may be
used as the second threshold.

[0039] When it is determined that the inflection point
number N is lower than the second threshold (Y in the
step S15), the pulse determining section 33 determines
thatthe patient 100 has a pulse (step S16). This situation
means that the result determined as presence of the
pulse based on the pulse-amplitude Index X is confirmed
by the determination based on the inflection point number
N.

[0040] When it is determined that the inflection point
number N is no lower than the second threshold (N in
the step S15), the pulse determining section 33 deter-
mines that the patient 100 has no pulse (step S17). This
situation means that the result determined as presence
of the pulse based on the pulse-amplitude Index X is
reversed by the determination based on the inflection
point number N.

[0041] Fig. 3B shows a typical normalized pulse wave
PW determined as presence of the pulse. The inflection
point number N in an illustrated period is lower than 10.
Fig. 3C shows a typical normalized pulse wave PW de-
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termined as absence of the pulse. The inflection point
number N in the illustrated period is higher than 100.
[0042] Asshowninthe situation of the step S130rS17,
the inflection point number N is added to determination
criteria. In this manner, accuracy of determination of
presence or absence of the pulse is improved. Accord-
ingly, itis possible to provide the lifesaver with more prop-
er information about whether to perform an act of lifesav-
ing in order to assist the lifesaver while taking the privacy
of the patient into consideration.

[0043] The pulse determining section 33 is configured
to acquire the inflection point number N based on the
infrared light IR emitted from the light-emitting section 21.
[0044] According to such a configuration, it is possible
to use a light source used in a probe of a pulse oximeter
generally used in critical care. Itis therefore unnecessary
to prepare a separate light source. Accordingly, it is pos-
sible to suppress the total cost for providing the lifesaving
assisting apparatus 1. In addition, the infrared light is
hardly affected by the color of skin when it is transmitted
through or reflected from the body of the patient 100. In
this manner, accuracy of the acquired inflection point
number N is improved, and accuracy of determination of
presence or absence of the pulse made by the pulse
determining section 33 in the subsequent stage is also
improved. Accordingly, it is possible to provide the life-
saver with more proper information about whether to per-
form an act of lifesaving in order to assist the lifesaver
while taking the privacy of the patient into consideration.
[0045] As shown in Fig. 1, the lifesaving assisting ap-
paratus 1 may be provided with a pulse re-determining
section 35. In this case, the light-emitting section 21 is
configured to emit infrared light IR and red light R. In
addition, the light-receiving section 22 is configured to
output signals respectively corresponding to intensities
of the infrared light IR and the red light R transmitted
through or reflected from the body of the patient 100. The
pulse re-determining section 35 is configured as follows.
That is, in a case where it is determined by the pulse
determining section 33 that the patient 100 has a pulse,
the pulse re-determining section 35 acquires arterial ox-
ygen saturation (SpO2) and a heart rate of the patient
100 based on the signals outputted from the light-receiv-
ing section 22 and re-determines presence or absence
of the pulse of the patient 100 based on these biological
parameters.

[0046] A process for acquiring the arterial oxygen sat-
uration and the heart rate from the intensities of the in-
frared light and the red light transmitted through or re-
flected from biological tissues is based on the principles
of the pulse oximeter. Since the process per se is widely
known, detailed description thereof will be omitted.
[0047] Fig. 4A is a flowchart illustrating operation of
the pulse re-determining section 35 in the example. As
described previously, a determination process is per-
formed by the pulse determining section 33 (step S1).
When the determination process results in a conclusion
that the patient 100 has a pulse, a re-determination proc-
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ess is executed by the pulse re-determining section 35
(step S2).

[0048] Fig. 4B is a flowchart showing a specific flow of
the re-determination process. First, the pulse re-deter-
mining section 35 determines whether the acquired ar-
terial oxygen saturation of the patient 100 is lower than
a predetermined threshold (step S21). For example, 85%
may be used as the threshold.

[0049] When it is determined that the arterial oxygen
saturation of the patient 100is no lower than the threshold
(N in the step S21), the pulse re-determining section 35
determines whether the acquired heart rate of the patient
100 is lower than a predetermined threshold (step S22).
For example, 40 times per minute may be used as the
threshold.

[0050] When itis determined that the heart rate of the
patient 100 is no lower than the threshold (N in the step
S22), the pulse re-determining section 35 determines
that the patient 100 has a pulse (step S23). This situation
means that the result determined as presence of the
pulse by the pulse determining section 33 is confirmed
by the re-determination made by the pulse re-determin-
ing section 35.

[0051] When it is determined that the arterial oxygen
saturation of the patient 100 is lower than the predeter-
mined threshold (Y in the step S21) or in a case where
it is determined that the heart rate of the patient 100 is
lower than the predetermined value (Y in the step S22),
the pulse re-determining section 35 determines that the
patient 100 has no pulse (step S24). This situation means
that the result determined as presence of the pulse by
the pulse determining section 33 is reversed by the re-
determination made by the pulse re-determining section
35.

[0052] Thatis, the pulse re-determining section 35 pro-
vides a fail-safe function in the lifesaving assisting appa-
ratus 1. In this manner, even when the patient 100 who
should be essentially determined as having no pulse has
been determined as having a pulse by the pulse deter-
mining section 33 for some reason, the patient 100 can
be determined as having no pulse by the pulse re-deter-
mining section 35. Accordingly, it is possible to provide
the lifesaver with more proper information about whether
to perform an act of lifesaving in order to assist the life-
saver while taking the privacy of the patient into consid-
eration.

[0053] In the re-determination process shown in Fig.
4B, the sequence of the determination about the arterial
oxygen saturation (step S21) and the determination
about the heart rate (step S22) may be reverse to each
other. In addition, configuration may be made so thatonly
one of the determination about the arterial oxygen satu-
ration (step S21) and the determination about the heart
rate (step S22) is performed.

[0054] Fig. 5schematically shows one example of how
to use the lifesaving assisting apparatus 1. The lifesaving
assisting apparatus 1 is provided with a probe 2 and a
casing 3. The probe 2 includes the light-emitting section
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21 and the light-receiving section 22. The light emission
controlling section 31, the pulse-amplitude Index acquir-
ing section 32, the pulse determining section 33, the no-
tifying section 34 and the pulse re-determining section
35 are received in the casing 3.

[0055] The probe 2 including the light-emitting section
21 and the light-receiving section 22 is configured to be
able to be mounted on a forehead 101 of the patient 100.
[0056] According to such a configuration, it is not nec-
essary to undress the patient 100 when it is first deter-
mined whether the patient 100 has a pulse. In addition,
the forehead 101 is a region which is hardly affected by
body motion. Itis therefore possible to improve accuracy
of determination of presence or absence of the pulse.
Accordingly, it is possible to provide the lifesaver with
more proper information about whether to perform an act
of lifesaving in order to assist the lifesaver while taking
the privacy of the patient into consideration.

[0057] When the light-emitting section 21 is configured
to emit infrared light or red light, a probe of a pulse oxi-
meter can be used. Since a separate probe does not
have to be prepared, it is possible to suppress the total
cost for providing the lifesaving assisting apparatus 1.
[0058] Asshownin Fig.4A, the lifesaving assisting ap-
paratus 1 executes a notification process (step S3) when
the determination process (step S1) results in a conclu-
sion that the patient 100 has no pulse or when the re-
determination process (step S2) results in a conclusion
that the patient 100 has no pulse. Specifically, the noti-
fying section 34 provides information for promoting the
lifesaver to use the AED. For example, voice guidance
"No pulse can be detected. Please use AED." can be
outputted. As shown in Fig. 5, the lifesaver mounts elec-
trodes 201 of an AED 200 on a chest 102 of the patient
100 and executes a lifesaving measure in accordance
with the voice guidance of the AED 200.

[0059] According to such a configuration, it is possible
to expect an effect to strongly promote the hesitating life-
saver to use the AED 200. In addition, for example, the
lifesaver may be replaced by another lifesaver who can
use the AED 200. Thus, certainty of leading to use of the
AED 200 can be improved.

[0060] In addition to or in place of this, the notifying
section 34 provides information for promoting the lifesav-
er to perform sternum compressions. For example, voice
guidance "No pulse can be detected. Please perform
sternum compressions." can be outputted. The lifesaver
performs sternum compressions on the chest 102 of the
patient 100.

[0061] According to such a configuration, it is possible
to expect an effect to strongly promote the hesitating life-
saver to perform a specific action. In addition, for exam-
ple, the lifesaver may be replaced by another lifesaver
who can perform a measure. Thus, certainty of leading
to lifesaving can be improved.

[0062] Even after determining that the patient 100 has
no pulse, the pulse determining section 33 can continu-
ously perform the determination process for determining
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presence or absence of the pulse. In this case, the noti-
fying section 34 may be configured to provide information
for promoting the lifesaver to suspend performance of
sternum compressions in a case where it is determined
that the patient 100 has a pulse although it has been
once determined as having no pulse. For example, voice
guidance "Pulse has been restarted. Please do not per-
form sternum compressions." can be outputted.

[0063] According to such a configuration, it is possible
to properly deal with the case where the condition of the
patient 100 determined once as having no pulse has been
improved. That is, it is possible to avoid performing un-
necessary chest compressions on the patient 100 whose
heart has restarted beating. Accordingly, it is possible to
prevent an unnecessary load from being imposed on the
sternum of the patient 100.

[0064] When the re-determination process (step S2)
made by the pulse re-determining section 35 results in a
conclusion that the patient 100 has a pulse as designated
by a dashed line in Fig. 4A, the lifesaving assisting ap-
paratus 1 may perform the notification process (step S3)
for sending notification of the fact that the patient 100
has a pulse. Then, the lifesaving assisting apparatus 1
re-execute the determination process (step S1) with the
pulse determining section 33. In other words, the pulse
determining section 33 continuously performs the deter-
mination process for determining presence or absence
of the pulse even after determining that the patient 100
has a pulse.

[0065] According to such a configuration, it is possible
to properly deal with the case where the condition of the
patient 100 who was determined once as having a pulse
has changed suddenly. That is, the aforementioned no-
tification process is performed in a case where the de-
termination process performed continuously results in a
conclusion that the patient 100 has fallen into a no-pulse
condition.

[0066] In the embodiment, the functions of the light
emission controlling section 31, the pulse-amplitude In-
dex acquiring section 32, the pulse determining section
33, the notifying section 34 and the pulse re-determining
section 35 are at least partially achieved by software ex-
ecuted by the cooperation of a processor and a memory
which are connected to each other communicably. A
CPU or an MPU may be used as the processor by way
of example. An RAM or an ROM may be used as the
memory by way of example. However, the functions of
the light emission controlling section 31, the pulse-am-
plitude Index acquiring section 32, the pulse determining
section 33, the notifying section 34 and the pulse re-de-
termining section 35 may be at least partially achieved
by hardware such as an ASIC and an FPGA, or by a
combination of hardware and software.

[0067] The aforementioned embodiment is merely ex-
emplified in order to make the disclosed concept easy to
understand. The configuration according to the afore-
mentioned embodiment can be changed or modified suit-
ably without departing from the disclosed concept. In ad-
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dition, it is obvious that equivalents are contained in the
claimed scope.

[0068] Only the infrared light IR is used for acquiring
the pulse-amplitude Index X and the inflection point
number N in the aforementioned embodiment. However,
both the infrared light IR and the red light R may be used
for acquiring the pulse-amplitude Index X and the inflec-
tion point number N, or only the red light R may be used
for acquiring the pulse-amplitude Index X and the inflec-
tion point number N. Switching on/off of light sources for
emitting the respective lights may be controlled suitably
by the light emission controlling section 31.

[0069] The region where the probe 2 is mounted does
not have to be always the forehead 101 of the patient
100. A transmissive type pulse oximeter may be config-
ured to be mounted on the tip of a finger, the tip of a toe,
an ear, etc. Also in the case, it is possible to determine
presence or absence of the pulse without undressing the
patient 100.

[0070] The probe 2 does not have to be always a probe
of a pulse oximeter. As long as information about the
blood flow can be acquired, the probe 2 may be config-
ured as at least a part of an instrument (an ultrasonic
blood flowmeter, an electromagnetic blood flowmeter, a
laser blood flowmeter, a Doppler blood flowmeter, etc.)
using any of an ultrasonic wave, an electromagnetic
wave and laser light. In this case, the probe 2 may be
mounted on a neck portion, an arm portion or aleg portion
of the patient 100. In any case, it is possible to determine
presence or absence of the pulse while suppressing ex-
posure of the skin of the patient 100 to the minimum.
[0071] The example in which the lifesaver is promoted
to use the AED 200 by the notifying section 34 has been
described in the aforementioned embodiment. The noti-
fying section 34 may be configured to promote the life-
saver to use not just the AED 200 but any general defi-
brillator.

[0072] The present application is based on Japanese
Patent Application No. 2015-143008 filed on July 17,
2015 and Japanese Patent Application No. 2016-096356
filed on May 12, 2016, the contents of which are hereby
incorporated by reference.

Claims
1. Alifesaving assisting apparatus (1) comprising:

a light-emitting section (21) configured to emit
lightto be irradiated on a body of a patient (100);
a light-receiving section (22) configured to out-
put a signal corresponding to an intensity of light
which has been transmitted through or reflected
from the body of the patient (100) ;

a pulse-amplitude Index acquiring section (32)
configured to analyse amplitude of the signal to
acquire a pulse-amplitude Index of the patient
(100) wherein the pulse-amplitude Index acquir-
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ing section (32) is further configured to acquire
a representative pulse-amplitude Index based
on a plurality of pulse-amplitude Indices ac-
quired within a predetermined period and
wherein the representative pulse-amplitude In-
dex is defined as an average value of the plu-
rality of pulse-amplitude Indices;

a pulse determining section (33) configured to
determine presence or absence of a pulse of the
patient (100) in accordance with the represent-
ative pulse-amplitude Index; and

a notifying section (34) configured to notify a re-
sult of determination made by the pulse deter-
mining section (33).

The lifesaving assisting apparatus according to
Claim 1,

wherein the pulse determining section is configured
to determine the presence or absence of the pulse
in accordance with an inflection point number of the
signal within a predetermined time duration, in addi-
tion to the representative pulse-amplitude Index.

The lifesaving assisting apparatus (1) according to
Claim 1 or 2,

wherein the light-emitting section (21) is configured
to emit infrared light as the light; and

wherein the pulse-amplitude Index acquiring section
(32) is configured to acquire the pulse-amplitude In-
dex in accordance with the infrared light.

The lifesaving assisting apparatus (1) according to
Claim 2 or 3,

wherein the light-emitting section (21) is configured
to emit infrared light as the light; and

wherein the pulse-amplitude Index acquiring section
(32) is configured to acquire the inflection point
number in accordance with the infrared light.

The lifesaving assisting apparatus (1) according to
any one of Claims 1 to 4,

wherein the light-emitting section (21) is configured
to emit infrared light and red light as the light; and
wherein the lifesaving assisting apparatus (1) com-
prises a pulse re-determining section (35) configured
to redetermine the presence or absence of the pulse
of the patient (100) in accordance with at least one
of arterial oxygen saturation and a heart rate ob-
tained from the signal, in a case where the pulse
determining section (33) has determined the pres-
ence of the pulse.

The lifesaving assisting apparatus (1) according to
any one of Claims 1 to 5,

wherein the light-emitting section (21) and the light-
receiving section (22) are configured to be attached
on a forehead of the patient (100).
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The lifesaving assisting apparatus (1) according to
any one of Claims 1 to 6,

wherein the notifying section (34) is configured to
provide information promoting usage of a defibrilla-
tor, in a case where the pulse determining section
(33) has determined the absence of the pulse.

The lifesaving assisting apparatus (1) according to
any one of Claims 1to 7,

wherein the notifying section (34) is configured to
provide information promoting to perform sternum
compressions, in a case where the pulse determin-
ing section (33) has determined the absence of the
pulse.

The lifesaving assisting apparatus (1) according to
any one of Claims 1 to 8,

wherein the pulse determining section (33) is con-
figured to continue determining the presence or ab-
sence of the pulse even after the presence of the
pulse has once been determined.

The lifesaving assisting apparatus (1) according to
any one of Claims 7 to 9,

wherein the notifying section (34) is configured to
notify a result of determination as to the presence or
absence of the pulse made by the pulse determining
section (33) after the presence of the pulse has once
been determined.

The lifesaving assisting apparatus (1) according to
any one of Claims 1 to 10,

wherein the pulse determining section (33) is con-
figured to continue determining the presence or ab-
sence of the pulse even after the presence of the
pulse has once determined; and

wherein the notifying section (34) is configured to
provide information promoting to suspend perform-
ance of sternum compressions, in a case where the
pulse determining section (33) determines the pres-
ence of the pulse after the absence of the pulse has
once been determined.

Patentanspriiche

1.

Lebensrettende Hilfseinrichtung (1), umfassend:

einen lichtemittierenden Abschnitt (21), der kon-
figuriert ist, um Licht zu emittieren, das auf einen
Korper eines Patienten (100) zu strahlen ist;
einen lichtempfangenden Abschnitt (22), der
konfiguriert ist, um ein Signal auszugeben, das
einer Intensitdt eines Lichts entspricht, das
durch den Korper des Patienten (100) geleitet
oder von diesem zurlickgeworfen wurde;
einen Abschnitt zum Erfassen eines Pulsampli-
tudenindexes (32), der konfiguriert ist, um eine
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Amplitude des Signals zu analysieren, um einen
Pulsamplitudenindex des Patienten (100) zu er-
fassen, wobei der Abschnitt zum Erfassen eines
Pulsamplitudenindexes (32) weiter konfiguriert
ist, um basierend auf einer Vielzahl von
Pulsamplitudenindizes, die innerhalb einer vor-
bestimmten Periode erfasst werden, einen re-
prasentativen Pulsamplitudenindex zu erfas-
sen, und wobei der reprasentative Pulsamplitu-
denindex als ein Durchschnittswert der Vielzahl
von Pulsamplitudenindizes definiert ist;

einen Pulsbestimmungsabschnitt (33), der kon-
figuriert ist, um in Ubereinstimmung mit dem re-
prasentativen Pulsamplitudenindex eine Anwe-
senheit oder Abwesenheit eines Pulses des Pa-
tienten (100) zu bestimmen; und

einen Anzeigeabschnitt (34), der konfiguriert ist,
um ein Ergebnis einer Bestimmung, die durch
den Pulsbestimmungsabschnitt (33) gemacht
wird, anzuzeigen.

Lebensrettende Hilfseinrichtung nach Anspruch 1,
wobei der Pulsbestimmungsabschnitt konfiguriert
ist, um die Anwesenheit oder Abwesenheit des Pul-
ses in Ubereinstimmung mit einer Wendepunktan-
zahl des Signals innerhalb einer vorbestimmten Zeit-
dauer, zusatzlich zum reprasentativen Pulsamplitu-
denindex, zu bestimmen.

Lebensrettende Hilfseinrichtung (1) nach Anspruch
1 oder 2,

wobei der lichtemittierende Abschnitt (21) konfigu-
riert ist, um Infrarotlicht als das Licht zu emittieren;
und

wobei der Abschnitt zum Erfassen eines Pulsampli-
tudenindexes (32) konfiguriert ist, um den Pulsamp-
litudenindex in Ubereinstimmung mit dem Infrarot-
licht zu erfassen.

Lebensrettende Hilfseinrichtung (1) nach Anspruch
2 oder 3,

wobei der lichtemittierende Abschnitt (21) konfigu-
riert ist, um Infrarotlicht als das Licht zu emittieren;
und

wobei der Abschnitt zum Erfassen eines Pulsampli-
tudenindexes (32) konfiguriert ist, um die Wende-
punktanzahl in Ubereinstimmung mit dem Infrarot-
licht zu erfassen.

Lebensrettende Hilfseinrichtung (1) nach einem der
Anspriiche 1 bis 4,

wobei der lichtemittierende Abschnitt (21) konfigu-
riert ist, um Infrarotlicht und Rotlicht als das Licht zu
emittieren; und

wobei die lebensrettende Hilfseinrichtung (1) einen
Pulswiederbestimmungsabschnitt (35) umfasst, der
konfiguriert ist, um in einem Fall, in dem der Pulsbe-
stimmungsabschnitt (33) die Anwesenheit des Pul-
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ses bestimmt hat, die Anwesenheit oder Abwesen-
heit des Pulses des Patienten (100) in Ubereinstim-
mung mit mindestens einem von arterieller Sauer-
stoffsattigung und einer vom Signal erhaltenen Herz-
frequenz wiederzubestimmen.

Lebensrettende Hilfseinrichtung (1) nach einem der
Anspriche 1 bis 5,

wobei der lichtemittierende Abschnitt (21) und der
lichtempfangende Abschnitt (22) konfiguriert sind,
um an eine Stirn des Patienten (100) befestigt zu
werden.

Lebensrettende Hilfseinrichtung (1) nach einem der
Anspriche 1 bis 6,

wobei der Anzeigeabschnitt (34) konfiguriert ist, um
in einem Fall, in dem der Pulsbestimmungsabschnitt
(33) die Abwesenheit des Pulses bestimmt hat, In-
formationen bereitzustellen, die den Gebrauch eines
Defibrillators fordern.

Lebensrettende Hilfseinrichtung (1) nach einem der
Anspriche 1 bis 7,

wobei der Anzeigeabschnitt (34) konfiguriert ist, um
in einem Fall, in dem der Pulsbestimmungsabschnitt
(33) die Abwesenheit des Pulses bestimmt hat, In-
formationen bereitzustellen, die ein Durchfiihren von
Sternumkompressionen férdern.

Lebensrettende Hilfseinrichtung (1) nach einem der
Anspriche 1 bis 8,

wobei der Pulsbestimmungsabschnitt (33) konfigu-
riert ist, um weiterhin die Anwesenheit oder Abwe-
senheit des Pulses zu bestimmen, sogar nachdem
die Anwesenheit des Pulses einmal bestimmt wurde.

Lebensrettende Hilfseinrichtung (1) nach einem der
Anspriche 7 bis 9,

wobei der Anzeigeabschnitt (34) konfiguriert ist, um
ein Ergebnis einer Bestimmung hinsichtlich der An-
wesenheit oder der Abwesenheit des Pulses, die
vom Pulsbestimmungsabschnitt (33) gemacht wird,
anzuzeigen, nachdem die Anwesenheit des Pulses
einmal bestimmt wurde.

Lebensrettende Hilfseinrichtung (1) nach einem der
Anspriche 1 bis 10,

wobei der Pulsbestimmungsabschnitt (33) konfigu-
riert ist, um weiterhin die Anwesenheit oder Abwe-
senheit des Pulses zu bestimmen, sogar nachdem
die Anwesenheit des Pulses einmal bestimmt wurde;
und

wobei der Anzeigeabschnitt (34) konfiguriert ist, um
in einem Fall, in dem der Pulsbestimmungsabschnitt
(33) die Anwesenheit des Pulses bestimmt, nach-
dem die Abwesenheit des Pulses einmal bestimmt
wurde, Informationen bereitzustellen, die ein Aus-
setzen einer Durchfiihrung von Sternumkompressi-

10

15

20

25

30

35

40

45

50

55

10

onen fordern.

Revendications

1.

Appareil d'aide au sauvetage (1) comprenant :

une section d’émission de lumiéere (21) configu-
rée pour émettre une lumiére a irradier sur un
corps d’un patient (100) ;

une section de réception de lumiére (22) confi-
gurée pour produire un signal correspondant a
une intensité de lumiére qui a été transmise a
travers ou réfléchie par le corps du patient
(100) ;

une section d’acquisition d’indice d’amplitude de
pouls (32) configurée pour analyser I'amplitude
du signal pour acquérir un indice d’amplitude de
pouls du patient (100) dans lequel la section
d’acquisition de l'indice d’amplitude de pouls
(32) est en outre configurée pour acquérir un
indice d’amplitude de pouls représentatif basé
sur une pluralité d’indices d’amplitude de pouls
acquis durant une période prédéterminée et
dans lequel I'indice d’amplitude de pouls repré-
sentatif est défini comme une valeur moyenne
de la pluralité d’indices d’amplitude de pouls ;
une section de détermination de pouls (33) con-
figurée pour déterminer la présence ou I'absen-
ce d'un pouls du patient (100) selon lindice
d’amplitude de pouls représentatif ; et

une section de notification (34) configurée pour
notifier un résultat de détermination établi par la
section de détermination de pouls (33).

Appareil d’aide au sauvetage selon la revendication
1,

dans lequel la section de détermination de pouls est
configurée pour déterminer la présence ou I'absence
du pouls selon un nombre de points d’inflexion du
signal pendant une durée prédéterminée, outre I'in-
dice d’amplitude de pouls représentatif.

Appareil d’aide au sauvetage (1) selon la revendica-
tion 1 ou 2,

dans lequel la section d’émission de lumiére (21) est
configurée pour émettre une lumiéere infrarouge en
tant que lumiére ; et

dans lequel la section d’acquisition d’indice d’ampli-
tude de pouls (32) est configurée pour acquérir l'in-
dice d’amplitude de pouls selon la lumiére infrarou-

ge.

Appareil d’aide au sauvetage (1) selon la revendica-
tion 2 ou 3,

dans lequel la section d’émission de lumiére (21) est
configurée pour émettre une lumiéere infrarouge en
tant que lumiére ; et
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dans lequel la section d’acquisition d’indice d’ampli-
tude de pouls (32) est configurée pour acquérir le
nombre de points d’inflexion selon la lumiére infra-
rouge.

Appareil d’aide au sauvetage (1) selon I'une quel-
conque des revendications 1 a 4,

dans lequel la section d’émission de lumiéere (21) est
configurée pour émettre une lumiere infrarouge et
une lumiere rouge en tant que lumiére ; et

dans lequel I'appareil d’aide au sauvetage (1) com-
prend une section de re-détermination de pouls (35)
configurée pour redéterminer la présence ou l'ab-
sence du pouls du patient (100) selon au moins une
saturation en oxygéne artériel et une fréquence car-
diaque obtenues du signal, dans un cas ou la section
de détermination de pouls (33) a déterminé la pré-
sence du pouls.

Appareil d’aide au sauvetage (1) selon I'une quel-
conque des revendications 1 a 5,

dans lequel la section d’émission de lumiére (21) et
la section de réception de lumiére (22) sont configu-
rées pour étre fixées sur un front du patient (100).

Appareil d’aide au sauvetage (1) selon I'une quel-
conque des revendications 1 a 6,

dans lequel la section de notification (34) est confi-
gurée pour fournir des informations favorisant I'utili-
sation d’un défibrillateur, dans un cas ou la section
de détermination de pouls (33) a déterminé I'absen-
ce du pouls.

Appareil d’aide au sauvetage (1) selon I'une quel-
conque des revendications 1a 7,

dans lequel la section de notification (34) est confi-
gurée pour fournir des informations favorisant laréa-
lisation de compressions thoraciques, dans un cas
ou la section de détermination d’impulsions (33) a
déterminé I'absence du pouls.

Appareil d’aide au sauvetage (1) selon I'une quel-
conque des revendications 1 a 8,

danslequella section de détermination de pouls (33)
est configurée pour continuer de déterminer la pré-
sence ou l'absence du pouls méme aprés que la
présence du pouls a été déterminée une fois.

Appareil d’aide au sauvetage (1) selon I'une quel-
conque des revendications 7 a 9,

dans lequel la section de notification (34) est confi-
gurée pour notifier un résultat de détermination re-
lativement ala présence ou I'absence du pouls établi
par la section de détermination de pouls (33) aprés
que la présence du pouls a été déterminée une fois.

Appareil d’aide au sauvetage (1) selon I'une quel-
conque des revendications 1 a 10,
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dans lequel la section de détermination de pouls (33)
est configurée pour continuer de déterminer la pré-
sence ou 'absence du pouls méme apres que la
présence du pouls a été déterminée une fois ; et
dans lequel la section de notification (34) est confi-
gurée pourfournir des informations favorisantla sus-
pension de la réalisation de compressions thoraci-
ques, dans un cas ou la section de détermination de
pouls (33) détermine la présence du pouls aprés que
I'absence du pouls a été déterminée une fois.
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