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PULSE WAVE ANALYZER

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application is based upon and claims the
benefit of priority from prior Japanese patent application No.
2015-205535, filed on Oct. 19, 2015, the entire contents of
which are incorporated herein by reference.

BACKGROUND

[0002] The presently disclosed subject matter relates to an
apparatus for analyzing a pulse wave which is acquired from
a subject.

[0003] The respiratory variation of the arterial pressure
may be an important index for knowing the circulatory
dynamics in the subject. In the case where the circulatory
blood volume in the subject is not sufficient, the value of the
respiratory variation of the arterial pressure is large. In the
case where the circulatory blood volume in the subject is
sufficient, by contrast, the value of the respiratory variation
of the arterial pressure is small. JP-T-2011-511686 discloses
an apparatus for measuring the pulse pressure variation
(respiratory variation) in the respiratory cycle.

[0004] In the case where the respiration of the subject is
assisted by using an artificial respirator, it is contemplated
that the acquisition of the circulatory dynamics in the subject
is effective for determining whether the respiration assis-
tance using the artificial respirator is adequately performed
or not.

[0005] Therefore, the inventors studied a method of
acquiring the circulatory dynamics in the subject in whom
the respiration is assisted by an artificial respirator, based on
the respiratory variation. However, it has been often that, in
the case where the respiratory variation is used as an index
for knowing the circulatory dynamics in the subject, the
accuracy of the respiratory variation which is calculated by
using a related-art apparatus is low.

SUMMARY

[0006] The presently disclosed subject matter may provide
a pulse wave analyzer in which the accuracy of the calcu-
lation of the respiratory variation that is an index for
knowing the circulatory dynamics in the subject can be
improved.

[0007] The pulse wave analyzer may comprise: a pulse
wave acquirer which is configured to acquire a pulse wave
of a subject; a respiration information acquirer which is
configured to acquire respiration information of the subject;
and an analyzing section which includes: a detector which,
based on the respiration information, is configured to detect
that spontaneous respiration is generated, and to detect an
end-tidal phase of the spontaneous respiration; and an elimi-
nator which is configured to eliminate a unit pulse wave that,
in the pulse wave, is generated immediately after the end-
tidal phase of the spontaneous respiration, from the pulse
wave, wherein the analyzing section is configured to calcu-
late a respiratory variation from the pulse wave from which
the unit pulse wave has been eliminated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a diagram illustrating a pulse wave
analyzer of an embodiment of the presently disclosed sub-
ject matter.
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[0009] FIG. 2 is a view illustrating the respiratory varia-
tion which is calculated by the analyzer.

[0010] FIG. 3 is a view illustrating vital signs of the
subject which are acquired by the analyzer.

[0011] FIG. 4 is a flowchart illustrating the operation of
the analyzer.
[0012] FIG. 5 is a view illustrating an example of an

analysis result which is displayed on a displaying section of
the analyzer.

[0013] FIG. 6 is a view in which the respiratory variation
calculated by the analyzer is compared with that calculated
by a related-art calculation method.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0014] Hereinafter, an embodiment of the presently dis-
closed subject matter will be described in detail with refer-
ence to the drawings. FIG. 1 is a functional block diagram
illustrating a pulse wave analyzer 1. The pulse wave ana-
lyzer 1 has a function of calculating the respiratory variation
in a subject to whom an artificial respirator is attached. For
example, the value indicating the respiratory variation may
be selected from the PPV (Pulse Pressure Variation) indi-
cating the change rate of the pulse pressure, the SPV
(Systolic Pressure Variation) indicating the variation rate of
the systolic pressure of the pulse pressure, the SVV (Stroke
Volume Variation) indicating the change rate of the stroke
volume, the PVI (Pleth Variability Index) indicating the
variation rate of the pulse wave in the arterial oxygen
saturation (SpO,), and the like.

[0015] As illustrated in FIG. 1, the pulse wave analyzer 1
may include a pulse wave acquirer 2, a respiration informa-
tion acquirer 3, an analyzing section 4, a controller 5, a
displaying section 6, and a notifying section 7.

[0016] The pulse wave acquirer 2 is communicably con-
nected to a recording unit A. The pulse wave acquirer 2
acquires the arterial pressure of the subject from the record-
ing unit A, and produces the blood pressure waveform (pulse
wave) from the arterial pressure. The pulse wave is config-
ured by a plurality of continuous unit pulse waves. A unit
pulse wave means a unit of pulse wave corresponding to one
heart beat. The recording unit A is configured by, for
example, a catheter or the like which is to be inserted into
the blood vessel of the subject. As the recording unit A,
alternatively, a blood pressure measurement cuff which is to
be attached to an upper arm portion, an pulse oximeter in
which a probe is attached to the finger tip or the ear, or the
like may be used.

[0017] The respiration information acquirer 3 is commu-
nicably connected to a recording unit B. The respiration
information acquirer 3 acquires the respiration information
from the recording unit B. The recording unit B is configured
by, for example, an artificial respirator which supplies and
discharges (ventilates) the air through a tube attached to the
subject, to assist the respiration of the subject. For example,
the respiration information includes the cycle of forced
ventilation which is controlled by the artificial respirator,
timings when spontaneous respiration of the subject is
generated, the respiratory rate in the subject, the concentra-
tion of carbon dioxide (CO, concentration) in the respiration
of the subject, etc. The artificial respirator is configured so
as to be able to assist also a subject in whom spontaneous
respiration is generated. The artificial respirator has venti-
lation modes such as the A/C (Assist Control), the SIMV
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(Synchronized Intermittent Mandatory Ventilation), the PSY
(Pressure Support Ventilation), and the CPAP (Continuous
Positive Airway Pressure).

[0018] The analyzing section 4 calculates the value of the
respiratory variation based on the pulse wave acquired from
the subject. In the embodiment, the analyzing section 4
selects unit pulse waves by using the respiration informa-
tion, and calculates the value of the respiratory variation.
The analyzing section 4 may include a detector 71 and an
eliminator 72.

[0019] The detector 71 detects that spontaneous respira-
tion is generated in the subject, based on the respiration
information. The detector 71 further detects the end-tidal
phase of the detected spontaneous respiration.

[0020] The eliminator 72 identifies, in the pulse wave
acquired from the subject, a unit pulse wave which is
generated immediately after the end-tidal phase of sponta-
neous respiration of the subject. The eliminator 72 elimi-
nates the identified unit pulse wave from the pulse wave of
the subject.

[0021] The controller 5 controls the contents to be dis-
played on the displaying section 6, and those to be notified
by the notifying section 7, and the like. The displaying
section 6 displays analysis information of the pulse wave
which is output from the analyzing section 4. The displaying
section 6 is configured by, for example, a touch-panel liquid
crystal display device. The notifying section 7 notifies of an
abnormality of an analysis result. The notifying section 7 is
configured by, for example, a speaker.

[0022] Next, the respiratory variation calculated by the
analyzing section 4 will be described with reference to FIG.
2. The respiratory variation (in the embodiment, the PPV is
used) is obtained from following Expression 1:

PPV=(PPmax-PPmin)/(PPmax+PPmin)/2)x100[%)] (Expression 1)

[0023] The respiratory variation which is obtained from
the expression is a value which is obtained by dividing the
difference between the maximum amplitude (PPmax) and
the minimum amplitude (PPmin) of the pulse wave in one
cycle of respiration, by the average of the maximum ampli-
tude and the minimum amplitude of the pulse wave, and
indicates the variation rate of the amplitude level of the pulse
wave in one reciprocation cycle. The calculation is com-
pleted by computation on time-axis data, and obtains one
variation rate per reciprocation cycle.

[0024] Next, vital signs acquired by the pulse wave
acquirer 2 and the respiration information acquirer 3 will be
described with reference to FIG. 3.

[0025] In the two graphs illustrated in FIG. 3, the upper
graph indicates the pulse wave of the subject acquired by the
pulse wave acquirer 2, and the lower graph indicates the
CO, concentration of the subject acquired by the respiration
information acquirer 3. The pulse wave acquirer 2 and the
respiration information acquirer 3 are configured so that the
timing when the pulse wave acquirer 2 acquires the pulse
wave is synchronized with that when the respiration infor-
mation acquirer 3 acquires the CO, concentration.

[0026] As indicated in the graph of the CO, concentration,
the cycle of the forced ventilation which, in the embodiment,
is controlled by the artificial respirator is set so as to be 2
seconds in inspiration, and 3 seconds in expiration. A
waveform 40 is generated between expiration 41 and expi-
ration 42. This indicates a change of the CO, concentration
due to spontaneous respiration in the subject. The time
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period of the expiration 44 is shorter than 3 seconds. This
indicates that the subject generates spontaneous respiration
45 during the expiration 44.

[0027] As indicated in the graph of the pulse wave, a unit
pulse wave 21 in which the variation rate is large (the
amplitude is low) with respect to the amplitude of the
immediately preceding unit pulse wave 20 is generated in
synchronization with the generation timing of the sponta-
neous respiration (waveform 40) in the subject. In accor-
dance with the generation of the spontaneous respiration 45
in the subject, a unit pulse wave 23 in which the variation
rate is large (the amplitude is low) with respect to the
amplitude of the immediately preceding unit pulse wave 22
is generated after the expiration 44 ends. In the embodiment,
among unit pulse waves in which the amplitude is varied by
spontaneous respiration, arrhythmia, a change of the body
posture, a body motion, or the like, a unit pulse wave in
which the amplitude is varied by spontaneous respiration is
detected and eliminated.

[0028] In the elimination of such a unit pulse wave, the
inventors have paid attention on a phenomenon in which the
amplitude of a pulse wave tends to be varied in inspiration
immediately after the end-tidal phase of the respiration.
Firstly, therefore, a unit pulse wave which is detected in the
end-tidal phase was eliminated in inspiration phases imme-
diately after all the end-tidal phases. In this case, however,
even a unit pulse wave which is effective (which should not
be eliminated) in calculation of the respiratory variation was
eliminated, and the respiratory variation was not accurately
calculated.

[0029] Next, the inventors have studied the elimination
with consideration of generation/non-generation of sponta-
neous respiration in the subject. In the case where a subject
to whom an artificial respirator is attached generates spon-
taneous respiration, the timing when inspiration assisted by
the artificial respirator starts is delayed by the time period
corresponding to the response time of the respirator, and
therefore the intrathoracic pressure during inspiration is a
negative pressure which is higher than that in a subject to
whom an artificial respirator is not attached. When the
intrathoracic pressure is negative, the blood is sucked into
the pleural cavity, and accumulated therein. Therefore, the
discharge amount is reduced at the timing, and the amplitude
of a pulse wave occurring thereafter is varied. The lowering
rate of the intrathoracic pressure is changed also by the
strength of inspiration, and the amplitude of a pulse wave
occurring thereafter is varied also by lowering of the
intrathoracic pressure. Consequently, the inventors cause a
unit pulse wave (for example, the unit pulse wave 23
illustrated in FIG. 3) in which, when spontaneous respiration
is generated, the variation rate of the amplitude in inspiration
immediately after the end-tidal phase of the spontaneous
respiration is large, to be eliminated.

[0030] Next, the operation of the pulse wave analyzer 1
will be described with reference to FIGS. 4 and 5.

[0031] As a preparatory step, a catheter (the recording unit
A) is inserted into the blood vessel of the subject. An
artificial respirator (the recording unit B) is previously
attached to the subject.

[0032] When the operation of analyzing the pulse wave is
started, the pulse wave acquirer 2 acquires the arterial
pressure recorded by the catheter, from the catheter, and
applies signal processing on the acquired arterial pressure to
take out the blood pressure waveform (pulse wave) (step
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S101, the upper graph of FIG. 3). Moreover, the respiration
information acquirer 3 acquires the respiration information
of the subject such as the CO, concentration (the lower
graph of FIG. 3), the respiratory cycle, timings when spon-
taneous respiration is generated, and the respiratory rate,
from the artificial respirator (step S101).

[0033] The detector 71 of the analyzing section 4 acquires
the respiration information from the respiration information
acquirer 3. detects that the subject generates spontaneous
respiration, and further detects the end-tidal phase of the
generated spontaneous respiration (step S102).

[0034] The eliminator 72 acquires pulse waves from the
pulse wave acquirer 2, and identifies the pulse wave which
is acquired in synchronization with the end-tidal phase of the
generated spontaneous respiration. In the identified pulse
wave, the eliminator 72 identifies a unit pulse wave which
is generated immediately after the end-tidal phase of the
spontaneous respiration, and eliminates the identified unit
pulse wave from pulse waves in one cycle of respiration
(step S103).

[0035] The analyzing section 4 calculates the respiratory
variation in each respiration cycle based on the pulse wave
after the elimination processed in step S103 (step S104).

[0036] Then, the controller 5 causes the vital signs, and
generation/non-generation and generation timing of sponta-
neous respiration which are acquired by the pulse wave
acquirer 2 and the respiration information acquirer 3 in step
S101, the values of the respiratory variations in respective
respiration cycles which are calculated in step S104, and the
like to be displayed on the display device of the displaying
section 6 (step S105, FIG. 5).

[0037] In the case where the value of the calculated
respiratory variation exceeds a predetermined threshold, the
controller 5 causes the notifying section 7 to output, for
example, a warning alarm (step S106).

[0038] The respiratory variation (for example, the PPV) is
expected as an important parameter for transfusion manage-
ment due to insufficiency of the circulatory blood volume. In
the prior art, however, the respiratory variation is obtained
with many restrictions, and under the specifications that it
can be measured only during stable positive-pressure respi-
ration which is caused by an artificial respirator, and in
which arrhythmia and spontaneous respiration are not gen-
erated. In, for example, an ICU (Intensive Care Unit), when
the patient generates spontaneous respiration, by contrast, a
ventilation mode of an artificial respirator in which the
spontaneous respiration is used is frequently employed.
Therefore, it is often that the value of the respiratory
variation becomes unstable due to a unit pulse wave which
is varied in accordance with the generation of spontaneous
respiration.

[0039] According to the configuration of the presently
disclosed subject matter, by contrast, a unit pulse wave
which is generated immediately after the end-tidal phase of
spontaneous respiration, i.e., a unit pulse wave which is
discontinuously changed (the variation rate of the amplitude
is large) can be eliminated in the calculation of the respira-
tory variation. In the case where the respiration of the
subject is assisted by, for example, using an artificial respi-
rator, even when the subject generates spontaneous respira-
tion, therefore, it is possible to accurately obtain the respi-
ratory variation which is an index for knowing the
circulatory dynamics in the subject.
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[0040] FIG. 6 is a graph in which the value of the
respiratory variation calculated according to the presently
disclosed subject matter is compared with that of the respi-
ratory variation calculated by a related-art method. In FIG.
6, the abscissa indicates the sample number of one cycle of
respiration in which the respiratory variation is calculated,
and the ordinate indicates the value of the respiratory
variation. The symbol denoted by the reference numeral 61
indicates the value of the respiratory variation that was
calculated by the related-art calculation method in which all
unit pulse waves were used irrespective of generation/non-
generation of spontaneous respiration (a pulse wave was not
eliminated). The symbol denoted by the reference numeral
62 indicates the value of the respiratory variation that was
calculated by the presently disclosed subject matter where a
unit pulse wave was eliminated in which the variation rate
when spontaneous respiration is generated is large.

[0041] In the respiratory variation in one cycle of respi-
ration in which a change of the body posture, a body motion,
spontaneous respiration, arrhythmia, and the like do not
occur in the subject (for example, Sample No. 1), the value
of the respiratory variation calculated by the related-art
method is approximately equal to that of the respiratory
variation calculated by the presently disclosed subject mat-
ter. In the respiratory variation in one cycle of respiration in
which spontaneous respiration occurs in the subject (for
example, Sample No. 4), the value calculated by the related-
art method is largely varied from the value of spontaneous
respiration in Sample No. but the value calculated by the
presently disclosed subject matter is approximately equal to
the value of spontaneous respiration in Sample No. 1. In the
case of respiratory variation in one cycle of respiration in
which a cough or a body motion occurs in the subject (for
example, Sample No. 3), the value calculated by the related-
art method is varied similarly with that of the respiratory
variation calculated by the presently disclosed subject mat-
ter.

[0042] The above-described embodiment is a mere
example for facilitating understanding of the presently dis-
closed subject matter, and is not intended to limit the
presently disclosed subject matter. The presently disclosed
subject matter may be adequately changed or improved
without departing from the spirit of the presently disclosed
subject matter. Tt is obvious that equivalents are included
within the technical scope of the presently disclosed subject
matter.

[0043] Although, in the embodiment, for example, the
eliminator 72 eliminates, from pulse waves, all unit pulse
waves which are generated immediately after the end-tidal
phase in spontaneous respiration in the subject, the presently
disclosed subject matter is not limited to this. Alternatively,
aunit pulse wave may be eliminated from pulse waves based
on the variation rate of the amplitude of the unit pulse wave.
[0044] In the alternative, the eliminator 72 measures the
amplitudes of unit pulse waves which are generated after the
end-tidal phase of the spontaneous respiration in the subject.
The measurement of the amplitudes is performed by mea-
suring the amplitudes of unit pulse waves included in a
predetermined time period (for example, one cycle of res-
piration immediately after the end-tidal phase). The elimi-
nator 72 compares the measured amplitudes of unit pulse
waves with the average amplitude of unit pulse waves
included in a predetermined time period (for example, one
minute), and eliminates a unit pulse wave having a variation
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rate which is equal to or larger than a predetermined value
(for example, 50%) with respect to the average amplitude.
The predetermined time period when the average amplitude
of unit pulse waves is calculated may be, for example, a time
period of one cycle of respiration in which spontaneous
respiration, a change of the body posture, a body motion,
arrhythmia, and the like do not occur in the subject.
[0045] According to the configuration, it is possible to
eliminate unit pulse waves which are generated in the
predetermined time period after the end-tidal phase of
spontaneous respiration, and which have a large variation
rate. Therefore, the respiratory variation can be obtained
further accurately.

[0046] Although, in the embodiment, for example, the
PPV is used as the value indicating the respiratory variation
as illustrated in FIG. 2, another value such as the SPV may
be used.

[0047] The pulse wave analyzer of the presently disclosed
subject matter includes: a pulse wave acquirer which is
configured to acquire a pulse wave of a subject; a respiration
information acquirer which is configured to acquire respi-
ration information of the subject; and an analyzing section
which includes: a detector which, based on the respiration
information, is configured to detect that spontaneous respi-
ration is generated, and to detect an end-tidal phase of the
spontaneous respiration; and an eliminator which is config-
ured to eliminate a unit pulse wave that, in the pulse wave,
is generated immediately after the end-tidal phase of the
spontaneous respiration, from the pulse wave, wherein the
analyzing section is configured to calculate a respiratory
variation from the pulse wave from which the unit pulse
wave has been eliminated.

[0048] There is medical knowledge that, in a unit pulse
wave which is generated immediately after the end-tidal
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phase of spontaneous respiration, the waveform is disturbed
by abnormal variation of the intrathoracic pressure. Accord-
ing to the above-described configuration, when the respira-
tory variation is to be calculated, a unit pulse wave which is
generated immediately after the end-tidal phase of sponta-
neous respiration is eliminated. When the respiration of the
subject is assisted, for example, by using an artificial respi-
rator, therefore, the respiratory variation which is an index
for knowing the circulatory dynamics in the subject can be
accurately obtained.
[0049] According to the pulse wave analyzer of the pres-
ently disclosed subject matter, the accuracy of the calcula-
tion of the respiratory variation which is an index for
knowing the circulatory dynamics in the subject can be
improved.

What is claimed is:

1. A pulse wave analyzer comprising:

a pulse wave acquirer which is configured to acquire a

pulse wave of a subject;
a respiration information acquirer which is configured to
acquire respiration information of the subject; and

an analyzing section which includes:

a detector which, based on the respiration information,
is configured to detect that spontaneous respiration is
generated, and to detect an end-tidal phase of the
spontaneous respiration; and

an eliminator which is configured to eliminate a unit
pulse wave that, in the pulse wave, is generated
immediately after the end-tidal phase of the sponta-
neous respiration, from the pulse wave, wherein

the analyzing section is configured to calculate a respira-
tory variation from the pulse wave from which the unit
pulse wave has been eliminated.
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