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(54) BLOOD PRESSURE DECREASE PREDICTION DEVICE

(57) A blood pressure decrease prediction apparatus
is provided with: a pulse rate calculating device (110) for
calculating a pulse rate of a living body, based on a blood
flow waveform which represents a temporal variation of
a blood flow volume of the living body; a blood flow vol-

ume calculating device (120) for calculating the blood
flow volume of the living body, based on the blood flow
waveform; and a blood pressure decrease predicting de-
vice (140) for predicting the decrease of the blood pres-
sure, based on a variation of each of the calculated pulse
rate and the calculated blood flow volume.
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Description

Technical Field

[0001] The present invention relates to a blood pres-
sure decrease prediction apparatus which predicts a de-
crease of a blood pressure of a living body (a biological
object, an organism).

Background Art

[0002] There is a possibility of a decrease of a patient’s
blood pressure during an artificial dialysis, because of a
decrease of a circulating blood volume due to removal
of water. If the blood pressure is decreased, the patient
may be in a state of shock. So, patent documents 1 and
2 propose the technology which is to promptly measure
the blood pressure of the patient on the artificial dialysis.
For example, the patent document 1 discloses a tech-
nology which continuously monitors the blood pressure
of the patient on a dialysis therapy by continuously cal-
culating a correlation value of the blood pressure based
on a difference between a phase of heart electronic po-
tential (electronic potential of a heart) and a phase of
volume pulse wave (PTG: PleThysmoGram). For exam-
ple, the patent document 2 discloses a technology which
detects the decrease of the blood pressure by dividing a
period for a hemodialysis into a plurality of periods for
each patient and measuring the blood pressure in  each
of the plurality of the divided periods with a cuff.
[0003] On the other hand, a non patent document 1
discloses a technology which predicts the decrease of
the blood pressure by monitoring variation of a blood flow
volume (a volume of the blood flow) at a head. Inciden-
tally, a non patent document 2 suggests that there is a
correlation between the blood flow volume at the head
and an average arterial blood pressure if the average
arterial blood pressure is equal to or less than 60 mmHG
or is equal to or more than 120 mmHG.

Background Art Document

Patent Document

[0004]

Patent document 1: Japanese Patent Application
Laid Open No. Hei05-285218
Patent document 2: Japanese Patent Application
Laid Open No. 2000-000217

Non Patent Document

[0005]

Non Patent Document 1: Jun Niwayama et al. Pre-
diction method for decreases in blood pressure dur-
ing hemocatharsis therapy by arteriolar blood flow

measurement. Journal of Artificial Organs Volume
10, Number 1, 36 to 41
Non Patent Document 2: LASSEN NA. Cerebral
blood flow and oxygen consumption in man. Physiol
Rev. 1959 Apr: 39(2): 183-238
Non Patent Document 3: Yoshiharu Tsubakihara.
How to improve the continuous low blood pressure
of the patient who receives  dialysis for long period ?
Dialysis Care 8(12): 19 to 24. 2002
Non Patent Document 4: Takahiro Niizato. Abnormal
blood pressure which occurs during the hemodialy-
sis. Clinical Engineering 13(10) 2002

Disclosure of Invention

Subject to be Solved by the Invention

[0006] However, according to the technology dis-
closed in the above described patent document 1, there
is a technical problem which may causes large burden
on the patient, for example, may give unfree feeling to
the patient, because the heart electronic potential is de-
tected while an electrode (a heart electrical potential
measurement sensor) is attached to the patient. Moreo-
ver, according to the technology disclosed in the above
described patent document 2, there is a technical prob-
lem which may causes large burden on the patient due
to a pressure (a press) of the cuff, because the blood
pressure is repeatedly measured with the cuff.
[0007] Furthermore, according to the technology dis-
closed in the above described patent documents 1 and
2, the blood pressure is already decreased when the de-
crease of the blood pressure is detected, because the
decrease of the blood pressure is detected by continu-
ously measuring the blood pressure. Thus, there is such
a technical problem that it is difficult to predict the de-
crease of the blood pressure. The decrease of the blood
pressure may cause the delay of the treatment for the
patient. Moreover, according to the technology disclosed
in the above described  non patent document 1, the blood
pressure is already decreased when the decrease of the
blood pressure is detected, because the decrease of the
blood pressure is detected based on only the blood flow
volume at a head. Thus, there is such a technical problem
that it is difficult to actually predict the decrease of the
blood pressure.
[0008] In view of the aforementioned problem, it is
therefore an object of the present invention to provide,
for example, a blood pressure decrease prediction ap-
paratus which is configured to precociously predict the
decrease of the blood pressure of the living body without
causing the burden on the living body.

Means for Solving the Subject

[0009] In order to solve the above object, a blood pres-
sure decrease prediction apparatus of the present inven-
tion is a blood pressure decrease prediction apparatus
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which is configured to predict a decrease of a blood pres-
sure of a living body, and the blood pressure decrease
prediction apparatus is provided with: a pulse rate calcu-
lating device which is configured to calculate a pulse rate
of the living body, based on a blood flow waveform which
represents a temporal variation of a blood flow volume
of the living body; a blood flow volume calculating device
which is configured to calculate the blood flow volume of
the living body, based on the blood flow waveform; and
a blood pressure decrease predicting device which is
configured to predict the decrease of the blood pressure,
based on a variation of each of the calculated pulse rate
and the calculated blood flow volume.
[0010] These operation and other advantages of the
present invention will become more apparent from the
embodiment explained below.

Brief Description of Drawings

[0011]

[FIG. 1] FIG. 1 is a block diagram illustrating a con-
figuration of a blood pressure decrease prediction
apparatus in a first example.
[FIG. 2] FIG. 2 is an explanatory diagram for explain-
ing a method of calculating pulse rate, blood flow
volume and pulse wave amplitude, based on blood
flow waveform in the first example.
[FIG. 3] FIG. 3 is a flowchart illustrating a flow of
pulse rate calculation process in the first example.
[FIG. 4] FIG. 4 is a flowchart illustrating a flow of
blood flow volume calculation process in the first ex-
ample.
[FIG. 5] FIG. 5 is a flowchart illustrating a flow of
pulse wave amplitude calculation process in the first
example.
[FIG. 6] FIG. 6 is a flowchart illustrating a flow of
determination process of blood pressure decrease
risk level in the first example.
[FIG. 7] FIG. 7 is a conceptual diagram conceptually
illustrating a variation pattern table in the first exam-
ple.
[FIG. 8] FIG. 8 is a graph illustrating one example of
a temporal variation of the pulse rate, the blood flow
volume and the pulse wave amplitude of a living body
(a patient) during an artificial dialysis.
[FIG. 9] FIG. 9 is a conceptual diagram conceptually
illustrating a variation pattern table in a modified ex-
ample.

Mode for Carrying Out the Invention

[0012] Hereinafter, an embodiment of the present in-
vention will be described.
[0013] In order to solve the above subject, a blood pres-
sure decrease prediction apparatus of a first embodiment
is a blood pressure decrease prediction apparatus which
is configured to predict a decrease of a blood pressure

of a living body, and the blood pressure decrease pre-
diction apparatus is provided with: a pulse rate calculat-
ing device which is configured to calculate a pulse rate
of the living body, based on a blood flow waveform which
represents a temporal variation of a blood flow volume
of the living body; a blood flow volume calculating device
which is configured to calculate the blood flow volume of
the living body, based on the blood flow waveform; and
a blood pressure decrease predicting device which is
configured to predict the decrease of the blood pressure,
based on a variation of each of the calculated pulse rate
and the calculated blood flow volume.
[0014] According to the blood pressure decrease pre-
diction apparatus of the present embodiment, when the
blood pressure decrease prediction apparatus operates,
the blood flow waveform (i.e. waveform signal which rep-
resents the temporal variation of the blood flow volume)
of the living body who is an analyte or a patient is inputted
from a laser blood flow meter which uses LDF (Laser
Doppler Flowmetry) method, for example, and the pulse
rate and the blood flow volume of the living body are
calculated by the pulse rate calculating device and the
blood flow volume calculating device, respectively,
based on the inputted blood flow waveform. The pulse
rate calculating device typically calculates, as the pulse
rate, an oscillation frequency (i.e. an inverse number of
a cycle) corresponding to pulse wave of the blood flow
waveform. The blood flow volume calculating device typ-
ically calculates, as the blood flow volume, an average
value of the blood flow waveform during a predetermined
time period.
[0015] Particularly in the present invention, the blood
pressure decrease predicting device predicts the de-
crease of the blood pressure of the living body, based on
the variation of each of the calculated pulse rate and the
calculated blood flow volume. For example, the blood
pressure decrease predicting device performs a process
of determining a risk level which indicates a risk for an
occurrence of the decrease of the blood pressure (i.e. a
possibility for the occurrence of the decrease of the blood
pressure), as a process of predicting the decrease of the
blood pressure of the living body. For example, the blood
pressure decrease predicting device determines the risk
level (i.e. predicts the decrease of the blood pressure)
by referring to a predetermined risk level determination
table in which a combination of the variation of the pulse
rate and the variation of the blood flow volume is asso-
ciated with the risk level. Specifically, for example, the
blood pressure decrease predicting device determines
that the risk level is "low" which indicates that the risk is
low, if the pulse rate increases and the blood flow volume
does not vary. For example, the blood pressure decrease
predicting  device determines that the risk level is "mid-
dle" which indicates that the risk is higher than the "low",
if the pulse rate increases and the blood flow volume
decreases. For example, the blood pressure decrease
predicting device determines that the risk level is "high"
which indicates that the risk is higher than the "middle",
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if both of the pulse rate and the blood flow volume de-
crease.
[0016] Here, the blood pressure is determined based
on the product of a beat volume (cardiac output, heart
output) and a peripheral vascular resistance (PVR). The
"beat volume" is a volume of the blood pumped (trans-
ferred) from the heart every one minute and varies de-
pending on a heart rate (a cardiac rate) which varies due
to an operation of an autonomic nervous system (a sym-
pathetic nervous / parasympathetic nervous system).
The beat volume is determined based on the product of
a one-time beat volume, which is a volume of the blood
pumped from the heart every one pumping, and the heart
rate. Therefore, the blood pressure is determined based
on the product of the heart rate, the one-time beat volume
and the peripheral vascular resistance (see the non pat-
ent document 3). The "peripheral vascular resistance" is
a resistance to the flow of the blood in the peripheral
artery and varies due to the operation of the autonomic
nervous system (especially, the sympathetic nervous
system). If the living body is a healthy people, usually,
the living body automatically adjusts the heart rate and
the peripheral vascular resistance in order to maintain
the blood pressure. In other words, the living body main-
tains the blood pressure by automatically adjusting the
heart rate and the peripheral vascular  resistance, if the
blood pressure almost decreases (see the non patent
document 4). Therefore, the heart rate and the peripheral
vascular resistance often vary before the blood pressure
decreases.
[0017] As described above, the blood pressure de-
crease predicting device predicts the decrease of the
blood pressure of the living body based on the variation
of each of the calculated pulse rate and the calculated
blood flow volume. It is considered that the pulse rate
corresponds to the heart rate and the blood flow volume
often varies depending on the variation of the peripheral
vascular resistance. Thus, the blood pressure decrease
predicting device can predict the decrease of the blood
pressure (for example, appropriately determine the risk
level which indicates the risk for the occurrence of the
decrease of the blood pressure) precociously before the
decrease of the blood pressure occurs. Therefore, it is
possible to inform the living body who is the analyte or
the patient and an involved person who is a doctor or a
nurse of the risk of the decrease of the blood pressure,
by outwardly outputting a result of the prediction (for ex-
ample, the risk level which indicates the risk for the oc-
currence of the decrease of the blood pressure) by the
blood pressure decrease predicting device as color(s),
number(s), character(s), sentence(s), diagram(s), sign
(s), sound or the like for example. As a result, it is possible
to reduce or prevent a delay of a treatment for the living
body whose blood pressure is predicted to decrease (i.e.
it is possible to precociously treat the living body who has
the risk of the decrease of the blood pressure).
[0018]   Furthermore, especially in the present inven-
tion, there is such an advantageous effect that it is pos-

sible to mostly or completely eliminate the burden on the
living body, in comparison with the case where the blood
pressure is measured by using the cuff or the electrode
for example, because the pulse rate and the blood flow
volume are calculated based on the blood flow waveform
inputted from the laser blood flow meter for example.
[0019] As described above, according to the blood
pressure decrease prediction apparatus of the present
invention, it is possible to precociously predict the de-
crease of the blood pressure of the living body without
causing the burden on the living body
[0020] In one aspect of the blood pressure decrease
prediction apparatus of the first embodiment, the blood
pressure decrease predicting device is provided with a
risk level determining device which is configured to de-
termine a risk level which indicates a risk for an occur-
rence of the decrease of the blood pressure, based on
the variation of each of the calculated pulse rate and the
calculated blood flow volume.
[0021] According to this aspect, the prediction of the
decrease of the blood pressure performed by the blood
pressure decrease predicting device is realized by the
determination of the risk level by the risk level determining
device. For example, the risk level determining device
determines the risk level by referring to the predeter-
mined risk level determination table in which the combi-
nation of the variation of the  pulse rate and the variation
of the blood flow volume is associated with the risk level.
Therefore, it is possible to precociously predict the de-
crease of the blood pressure of the living body.
[0022] In an aspect of the above blood pressure de-
crease prediction apparatus in which the blood pressure
decrease predicting device may be provided with the risk
level determining device, the risk level determining de-
vice may determine the risk level by referring to a prede-
termined risk level determination table in which a com-
bination of the variation of the pulse rate and the variation
of the blood flow volume is associated with the risk level.
[0023] According to this aspect, the risk level determin-
ing device determines the risk level which indicates the
risk for the occurrence of the decrease of the blood pres-
sure by referring to the predetermined risk level determi-
nation table. The risk level determination table is a pre-
determined look-up table which is for determining the risk
level and in which the combination of the variation of the
pulse rate and the variation of the blood flow volume is
associated with the risk level in the case where the re-
spective combination occurs. For example, in the risk
level determination table, the risk level "low" is stored in
association with the combination of the increase of the
pulse rate and no-variation of the blood flow volume, the
risk level "middle" is stored in association with the com-
bination of the increase of the pulse rate and the decrease
of the blood flow volume, and the risk level "high" is stored
in association with the combination of the decrease of
both of the pulse rate and the  blood flow volume. Inci-
dentally, the risk level determination table can be pre-
pared by presuming, experimentally, experientially or by
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a simulation in advance, the risk for the occurrence of
the decrease of the blood pressure in the case where the
combination of the variation of the pulse rate and the
variation of the blood flow volume occurs. When the com-
bination of the variation of the calculated pulse rate and
the variation of the calculated blood flow volume matches
the combination of the variation of the pulse rate and the
variation of the blood flow volume stored in the risk level
determination table, the risk level determining device de-
termines that the risk level is one that is associated with
the matched combination. Incidentally, when the combi-
nation of the variation of the calculated pulse rate and
the variation of the calculated blood flow volume does
not match all of the combination of the variation of the
pulse rate and the variation of the blood flow volume
stored in the risk level determination table, it may be de-
termined that the risk level is "none" which indicates that
the risk is very few or very low. Therefore, according to
this aspect, it is possible to precociously and more cer-
tainly predict the decrease of the blood pressure of the
living body and to appropriately determine the risk level
which indicates the risk for the occurrence of the de-
crease of the blood pressure.
[0024] In another aspect of the blood pressure de-
crease prediction apparatus of the first embodiment, the
blood pressure decrease prediction apparatus is further
provided with a pulse wave amplitude calculating device
which is configured to calculate a pulse wave amplitude
of the living body, based on the blood flow waveform, the
blood  pressure decrease predicting device predicts the
decrease of the blood pressure, based on a variation of
the calculated pulse wave amplitude in addition to the
variation of each of the calculated pulse rate and the cal-
culated blood flow volume.
[0025] According to this aspect, it is possible to more
precociously and more appropriately predict the de-
crease of the blood pressure, because the blood pres-
sure decrease predicting device predicts the decrease
of the blood pressure of the living body based on the
variation of the calculated pulse wave amplitude in addi-
tion to the variation of each of the calculated pulse rate
and the calculated blood flow volume.
[0026] In an aspect of the blood pressure decrease
prediction apparatus which is further provided with the
pulse wave amplitude calculating device, the blood pres-
sure decrease predicting device may be provided with a
risk level determining device which is configured to de-
termine a risk level which indicates a risk for an occur-
rence of the decrease of the blood pressure, based on
the variation of each of the calculated pulse rate, the cal-
culated blood flow volume and the calculated pulse wave
amplitude.
[0027] According to this aspect, the prediction of the
decrease of the blood pressure performed by the blood
pressure decrease predicting device is realized by the
determination of the risk level by the risk level determining
device. For example, the risk level determining device
determines the risk level by referring to a predetermined

risk level  determination table in which a combination of
the variation of the pulse rate, the variation of the blood
flow volume and the variation of the pulse wave amplitude
is associated with the risk level. Therefore, it is possible
to precociously and appropriately predict the decrease
of the blood pressure of the living body while segmenting
the risk level more finely.
[0028] Furthermore, in this case, the risk level deter-
mining device may determine the risk level by referring
to a predetermined risk level determination table in which
a combination of the variation of the pulse rate, the var-
iation of the blood flow volume and the variation of the
pulse wave amplitude is associated with the risk level.
[0029] According to this aspect, the risk level determin-
ing device determines the risk level which indicates the
risk for the occurrence of the decrease of the blood pres-
sure by referring to the predetermined risk level determi-
nation table. The risk level determination table is a pre-
determined look-up table which is for determining the risk
level and in which the combination of the variation of the
pulse rate, the variation of the blood flow volume and the
variation of the pulse wave amplitude is associated with
the risk level in the case where the respective combina-
tion occurs. For example, in the risk level determination
table, the risk level "low" is stored in association with the
combination of the increase of the pulse rate, no-variation
of the blood flow volume and the decrease of the pulse
wave amplitude, the risk level "middle" is stored in asso-
ciation with the combination of the increase of the pulse
rate, the  decrease of the blood flow volume and the de-
crease of the pulse wave amplitude, and the risk level
"high" is stored in association with the combination of the
decrease of all of the pulse rate, the blood flow volume
and the pulse wave amplitude. Incidentally, the risk level
determination table can be prepared by presuming, ex-
perimentally, experientially or by a simulation in advance,
the risk for the occurrence of the decrease of the blood
pressure in the case where the combination of the vari-
ation of the pulse rate, the variation of the blood flow
volume and the variation of the pulse wave amplitude
occurs. When the combination of the variation of the cal-
culated pulse rate, the variation of the calculated blood
flow volume and the variation of the calculated pulse
wave amplitude matches the combination of the variation
of the pulse rate, the variation of the blood flow volume
and the variation of the pulse wave amplitude stored in
the risk level determination table, the risk level determin-
ing device determines that the risk level is one that is
associated with the matched combination. Incidentally,
when the combination of the variation of the calculated
pulse rate, the variation of the calculated blood flow vol-
ume and the variation of the calculated pulse wave am-
plitude does not match all of the combination of the var-
iation of the pulse rate, the variation of the blood flow
volume and the variation of the pulse wave amplitude
stored in the risk level determination table, it may be de-
termined that the risk level is "none" which indicates that
the risk is very few or very low. Therefore, according to
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this aspect, it is possible to precociously and more cer-
tainly predict the decrease of the blood pressure of the
living body and to appropriately determine the risk level
which indicates the risk for the  occurrence of the de-
crease of the blood pressure because of the segmenta-
tion of the risk level.
[0030] In an another aspect of the blood pressure de-
crease prediction apparatus of the first embodiment, the
blood pressure decrease predicting device determines
whether or not one of the calculated pulse rate and the
calculated blood flow volume changes, and predicts the
decrease of the blood pressure based on the result of
the determination.
[0031] According to this aspect, it is possible to preco-
ciously and more appropriately predict the decrease of
the blood pressure of the living body based on the vari-
ation of each of the pulse rate and the blood flow volume
of the living body.
[0032] In an aspect of the blood pressure decrease
prediction apparatus which is further provided with the
pulse wave amplitude calculating device, the blood pres-
sure decrease predicting device determines whether or
not one of the calculated pulse rate, the calculated blood
flow volume and the calculated pulse wave amplitude
changes, and predicts the decrease of the blood pressure
based on the result of the determination.
[0033] According to this aspect, it is possible to preco-
ciously and more appropriately predict the decrease of
the blood pressure of the living body based on the vari-
ation of each of the pulse rate, the blood flow volume and
the pulse wave amplitude of the living body.
[0034]   In an aspect of the blood pressure decrease
prediction apparatus in which the blood pressure de-
crease predicting device is further provided with the risk
level determining device, the blood pressure decrease
prediction apparatus may be further provided with an out-
putting device which is configured to outwardly output
the risk level determined by the risk level determining
device.
[0035] According to this aspect, the outputting device
outwardly outputs the risk level determined by the risk
level determining device with using color(s), number(s),
character(s), sentence(s), diagram(s), sign(s), sound or
the like for example. Therefore, it is possible to inform
the living body who is the analyte or the patient and the
involved person who is the doctor or the nurse of the risk
of the decrease of the blood pressure. As a result, it is
possible to reduce or prevent the delay of the treatment
for the living body whose blood pressure is predicted to
decrease (i.e. it is possible to precociously treat the living
body who has the risk of the decrease of the blood pres-
sure).
[0036] These operations and other advantages of the
present invention will become more apparent from the
examples explained below.

Examples

[0037] Hereinafter, examples of the driving apparatus
of the present invention will be described with reference
to the drawings.

<First Example>

[0038] A blood pressure decrease prediction appara-
tus in a first example will be explained with reference to
FIG. 1 to FIG. 8.
[0039] Firstly, a configuration of the blood pressure de-
crease prediction apparatus in the first example will be
explained with reference to FIG. 1.
[0040] FIG. 1 is a block diagram illustrating the config-
uration of the blood pressure decrease prediction appa-
ratus in the first example.
[0041] In FIG. 1, the blood pressure decrease predic-
tion apparatus 100 in the first example is an apparatus
for predicting a decrease of a blood pressure of a living
body 900 while the living body 900 who is a patient re-
ceives an artificial dialysis, and is provided with a pulse
rate calculating device 110, a blood flow volume calcu-
lating device 120, a pulse wave amplitude calculating
device 130, a blood pressure decrease predicting device
140 which includes a risk level determining device 150,
and the outputting device 160. The blood pressure de-
crease prediction apparatus 100 is configured such that
a blood flow waveform which is outputted from a blood
flow waveform output apparatus 800 is inputted. The
blood flow waveform output apparatus 800 is a laser
blood flow meter using LDF (Laser Doppler Flowmetry)
method for example, and outputs the blood flow wave-
form of the living body 900 (i.e. a waveform signal which
represents a temporal variation of a blood flow volume).
[0042] The pulse rate calculating device 110, the blood
flow volume  calculating device 120 and the pulse wave
amplitude calculating device 130 calculate a pulse rate,
the blood flow volume and a pulse wave amplitude of the
living body 900, respectively, based on the blood flow
waveform inputted from the blood flow waveform output
apparatus 800.
[0043] FIG. 2 is an explanatory diagram for explaining
a method of calculating the pulse rate, the blood flow
volume and the pulse wave amplitude, based on the
blood flow waveform in the first example. Incidentally, in
FIG. 2, one example of the blood flow waveform which
is outputted from the blood flow waveform output appa-
ratus 800 is illustrated.
[0044] In FIG. 2, the pulse rate calculating device 110
calculates, as the pulse rate, an oscillation frequency of
a waveform corresponding to pulse wave of the blood
flow waveform, i.e. an inverse number (1/A) of a cycle A
of the blood flow waveform. Incidentally, another calcu-
lation method such as a Fast Fourier Transform (FFT)
may be used as a method of calculating the pulse rate.
[0045] The blood flow volume calculating device 120
calculates, as the blood flow volume, an average value
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B of the blood flow waveform during a predetermined
time period.
[0046] The pulse wave amplitude calculating device
130 calculates, as the pulse wave amplitude, an ampli-
tude C of the waveform corresponding to the pulse wave
of the blood flow waveform. Incidentally, another calcu-
lation method such as a Fast Fourier Transform (FFT)
may be used as a method of calculating the pulse wave
amplitude.
[0047] As described above, the blood pressure de-
crease prediction apparatus 100 is configured to obtain
three variable parameters such as the pulse rate, the
blood flow volume and the pulse wave amplitude, from
the blood flow waveform which is outputted from the
blood flow waveform output apparatus 800.
[0048] Here, a pulse rate calculation process which is
performed by the pulse rate calculating device 110, a
blood flow volume calculation process which is per-
formed by the blood flow volume calculating device 120
and a pulse wave amplitude calculation process which
is performed by the pulse wave amplitude calculating de-
vice 130 will be explained with reference to FIG. 3, FIG.
4 and FIG. 5.
[0049] FIG. 3 is a flowchart illustrating a flow of the
pulse rate calculation process in the blood pressure de-
crease prediction apparatus 100.
[0050] In FIG. 3, in the pulse rate calculation process,
firstly, an initial value of the pulse rate is recorded by the
pulse rate calculating device 110 (step S10). Namely,
the pulse rate calculating device 110 calculates the pulse
rate based on the blood flow waveform which is inputted
from the blood flow waveform output apparatus 800 when
the artificial  dialysis starts, and records, as the initial
value HR0 of the pulse rate, the calculated pulse rate
into a memory for example.
[0051] Next, a current average value HRt of the pulse
rate is calculated by the pulse rate calculating device 110
(step S11). Namely, the pulse rate calculating device 110
calculates the average value of the pulse rate during a
predetermined period including a current time point
based on the blood flow waveform which is inputted from
the blood flow waveform output apparatus 800, and
records, as the current average value HRt, the calculated
average value into the memory for example.
[0052] Next, it is determined by the pulse rate calcu-
lating device 110 whether or not the current average val-
ue HRt varies in comparison with the last average value,
more specifically, whether or not the current average val-
ue HRt "decreases", "increases" or "does not vary" in
comparison with the last average value (step S12).
Namely, the pulse rate calculating device 110 calculates
the average value HRt of the pulse rate for each prede-
termined period, determines that the pulse rate decreas-
es if the current average value HRt is smaller than the
last average value HRt, determines that the pulse rate
increases if the current average value HRt is larger than
the last average value HRt, and determines that the pulse
rate does not vary if the current average value HRt is

same as the last average value HRt.
[0053] If it is determined that the pulse rate decreases
(step S12: "decrease"), a value of a pulse rate variation
flag HR1 is set to "-1" (step  S13), if it is determined that
the pulse rate does not vary (step S12: "not vary"), the
value of the pulse rate variation flag HR1 is set to "0"
(step S14), and if it is determined that the pulse rate in-
creases (step S12: "increase"), the value of the pulse
rate variation flag HR1 is set to "1" (step S15). Inciden-
tally, the pulse rate variation flag HR1 is a storing device
for storing a determination result obtained by determining
that the current average value of the pulse rate "decreas-
es", "increases" or "does not vary" in comparison with
the last average value.
[0054] After the value of the pulse rate variation flag
HR1 is set to "-1" (step S13), the process in the step S11
is performed again.
[0055] After the value of the pulse rate variation flag
HR1 is set to "1" (step S15), the process in the step S11
is performed again.
[0056] After the value of the pulse rate variation flag
HR1 is set to "0" (step S14), it is determined by the pulse
rate calculating device 110 whether or not the current
average value HRt is same as the initial value HR0 (step
S16). Namely, the pulse rate calculating device 110 de-
termines whether or not the average value HRt which is
calculated as the current average value of the pulse rate
of the living body 900 is same as the initial value HR0
which is calculated as the pulse rate when the artificial
dialysis starts, namely, whether or not the pulse rate of
the living body 900 does not vary after the artificial dialysis
starts and remains in the initial value HR0. In other words,
in the case where the pulse rate does not vary, the pulse
rate calculating device 110  determines whether the pulse
rate remains in the initial value HR0 which is a value
when the artificial dialysis starts or whether the pulse rate
varies after the artificial dialysis starts and remains in a
value which is different from the initial value HR0.
[0057] If it is determined that the current average value
HRt is same as the initial value HR0 (step S16: YES),
the process in the step S11 is performed again.
[0058] If it is determined that the current average value
HRt is not same as (i.e. is different from) the initial value
HR0 (step S16: NO), a value of a pulse rate saturation
flag HR2 is set to "1" (step S17). Incidentally, the pulse
rate saturation flag HR2 is a storing device for storing a
determination result obtained by determining whether or
not the current average value HRt is same as the initial
value HR0, and an initial value of the pulse rate saturation
flag HR2 is set to "0" which indicates that the current
average value HRt is same as the initial value HR0.
[0059] As described above, in the pulse rate calcula-
tion process, the pulse rate (specifically, the average val-
ue of the pulse rate during the predetermined period) is
calculated for each predetermined period based on the
blood flow waveform which is outputted from the blood
flow waveform output apparatus 800 after the artificial
dialysis starts, it is determined whether the calculated
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pulse rate varies and the determination result is recorded
into the pulse rate variation flag HR1  and the pulse rate
saturation flag HR2.
[0060] FIG. 4 is a flowchart illustrating a flow of the
blood flow volume calculation process in the blood pres-
sure decrease prediction apparatus 100.
[0061] In FIG. 4, in the blood flow volume calculation
process, firstly, an initial value of the blood flow volume
is recorded by the blood flow volume calculating device
120 (step S20). Namely, the blood flow volume calculat-
ing device 120 calculates the blood flow volume based
on the blood flow waveform which is inputted from the
blood flow waveform output apparatus 800 when the ar-
tificial dialysis starts, and records, as the initial value BF0
of the blood flow volume, the calculated blood flow vol-
ume into a memory for example.
[0062] Next, a current average value BFt of the blood
flow volume is calculated by the blood flow volume cal-
culating device 120 (step S21). Namely, the blood flow
volume calculating device 120 calculates the average
value of the blood flow volume during a predetermined
period including a current time point based on the blood
flow waveform which is inputted from the blood flow
waveform output apparatus 800, and records, as the cur-
rent average value BFt, the calculated average value into
the memory for example.
[0063] Next, it is determined by the blood flow volume
calculating device 120 whether or not the current average
value BFt varies in  comparison with the last average
value, more specifically, whether or not the current av-
erage value BFt "decreases", "increases" or "does not
vary" in comparison with the last average value (step
S22). Namely, the blood flow volume calculating device
120 calculates the average value BFt of the blood flow
volume for each predetermined period, determines that
the blood flow volume decreases if the current average
value BFt is smaller than the last average value BFt, de-
termines that the blood flow volume increases if the cur-
rent average value BFt is larger than the last average
value BFt, and determines that the blood flow volume
does not vary if the current average value BFt is same
as the last average value BFt.
[0064] If it is determined that the blood flow volume
decreases (step S22: "decrease"), a value of a blood flow
volume variation flag BF1 is set to "-1" (step S23), if it is
determined that the blood flow volume does not vary (step
S22: "not vary"), the value of the blood flow volume var-
iation flag BF1 is set to "0" (step S24), and if it is deter-
mined that the blood flow volume increases (step S22:
"increase"), the value of the blood flow volume variation
flag BF1 is set to "1" (step S25). Incidentally, the blood
flow volume variation flag BF1 is a storing device for stor-
ing a determination result obtained by determining that
the current average value of the blood flow volume "de-
creases", "increases" or "does not vary" in comparison
with the last average value.
[0065] After the value of the blood flow volume varia-
tion flag BF1 is set to "-1" (step S23), the process in the

step S21 is performed again.
[0066] After the value of the blood flow volume varia-
tion flag BF1 is set to "1" (step S25), the process in the
step S21 is performed again.
[0067] After the value of the blood flow volume varia-
tion flag BF1 is set to "0" (step S24), it is determined by
the blood flow volume calculating device 120 whether or
not the current average value BFt is same as the initial
value BF0 (step S26). Namely, the blood flow volume
calculating device 120 determines whether or not the av-
erage value BFt which is calculated as the current aver-
age value of the blood flow volume of the living body 900
is same as the initial value BF0 which is calculated as
the blood flow volume when the artificial dialysis starts,
namely, whether or not the blood flow volume of the living
body 900 does not vary after the artificial dialysis starts
and remains in the initial value BF0. In other words, in
the case where the blood flow volume does not vary, the
blood flow volume calculating device 120 determines
whether the blood flow volume remains in the initial value
BF0 which is a value when the artificial dialysis starts or
whether the blood flow volume varies after the artificial
dialysis starts and remains in a value which is different
from the initial value BF0.
[0068] If it is determined that the current average value
BFt is same as the initial value BF0 (step S26: YES), the
process in the step S21 is performed again.
[0069] If it is determined that the current average value
BFt is not  same as (i.e. is different from) the initial value
BF0 (step S26: NO), a value of a blood flow volume sat-
uration flag BF2 is set to "1" (step S27). Incidentally, the
blood flow volume saturation flag BF2 is a storing device
for storing a determination result obtained by determining
whether or not the current average value BFt is same as
the initial value BF0, and an initial value of the blood flow
volume saturation flag BF2 is set to "0" which indicates
that the current average value BFt is same as the initial
value BF0.
[0070] As described above, in the blood flow volume
calculation process, the blood flow volume (specifically,
the average value of the blood flow volume during the
predetermined period) is calculated for each predeter-
mined period based on the blood flow waveform which
is outputted from the blood flow waveform output appa-
ratus 800 after the artificial dialysis starts, it is determined
whether the calculated blood flow volume varies and the
determination result is recorded into the blood flow vol-
ume variation flag BF1 and the blood flow volume satu-
ration flag BF2.
[0071] FIG. 5 is a flowchart illustrating a flow of the
pulse wave amplitude calculation process in the blood
pressure decrease prediction apparatus 100.
[0072] In FIG. 5, in the pulse wave amplitude calcula-
tion process, firstly, an initial value of the pulse wave
amplitude is recorded by the pulse wave amplitude cal-
culating device 130 (step S30). Namely, the  pulse wave
amplitude calculating device 130 calculates the pulse
wave amplitude based on the blood flow waveform which
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is inputted from the blood flow waveform output appara-
tus 800 when the artificial dialysis starts, and records, as
the initial value PW0 of the pulse wave amplitude, the
calculated pulse wave amplitude into a memory for ex-
ample.
[0073] Next, a current average value PWt of the pulse
wave amplitude is calculated by the pulse wave ampli-
tude calculating device 130 (step S31). Namely, the pulse
wave amplitude calculating device 130 calculates the av-
erage value of the pulse wave amplitude during a prede-
termined period including a current time point based on
the blood flow waveform which is inputted from the blood
flow waveform output apparatus 800, and records, as the
current average value PWt, the calculated average value
into the memory for example.
[0074] Next, it is determined by the pulse wave ampli-
tude calculating device 130 whether or not the current
average value PWt varies in comparison with the last
average value, more specifically, whether or not the cur-
rent average value PWt "decreases", "increases" or
"does not vary" in comparison with the last average value
(step S32). Namely, the pulse wave amplitude calculating
device 130 calculates the average value PWt of the pulse
wave amplitude for each predetermined period, deter-
mines that the pulse wave amplitude decreases if the
current average value PWt is smaller than the last aver-
age value PWt, determines that the pulse wave amplitude
increases if the current average value PWt is larger than
the last average value PWt, and  determines that the
pulse wave amplitude does not vary if the current average
value PWt is same as the last average value PWt.
[0075] If it is determined that the pulse wave amplitude
decreases (step S32: "decrease"), a value of a pulse
wave amplitude variation flag PW1 is set to "-1" (step
S33), if it is determined that the pulse wave amplitude
does not vary (step S32: "not vary"), the value of the
pulse wave amplitude variation flag PW1 is set to "0"
(step S34), and if it is determined that the pulse wave
amplitude increases (step S32: "increase"), the value of
the pulse wave amplitude variation flag PW1 is set to "1"
(step S35). Incidentally, the pulse wave amplitude vari-
ation flag PW1 is a storing device for storing a determi-
nation result obtained by determining that the current av-
erage value of the blood flow volume "decreases", "in-
creases" or "does not vary" in comparison with the last
average value.
[0076] After the value of the pulse wave amplitude var-
iation flag PW1 is set to "-1" (step S33), the process in
the step S31 is performed again.
[0077] After the value of the pulse wave amplitude var-
iation flag PW1 is set to "1" (step S35), the process in
the step S31 is performed again.
[0078] After the value of the pulse wave amplitude var-
iation flag PW1 is set to "0" (step S34), it is determined
by the pulse wave amplitude calculating device 130
whether or not the current average value PWt is same
as the initial value PW0 (step S36). Namely, the pulse
wave  amplitude calculating device 130 determines

whether or not the average value PWt which is calculated
as the current average value of the pulse wave amplitude
of the living body 900 is same as the initial value PW0
which is calculated as the pulse wave amplitude when
the artificial dialysis starts, namely, whether or not the
pulse wave amplitude of the living body 900 does not
vary after the artificial dialysis starts and remains in the
initial value PW0. In other words, in the case where the
pulse wave amplitude does not vary, the pulse wave am-
plitude calculating device 130 determines whether the
pulse wave amplitude remains in the initial value PW0
which is a value when the artificial dialysis starts or wheth-
er the pulse wave amplitude varies after the artificial di-
alysis starts and remains in a value which is different from
the initial value PW0.
[0079] If it is determined that the current average value
PWt is same as the initial value PW0 (step S36: YES),
the process in the step S31 is performed again.
[0080] If it is determined that the current average value
PWt is not same as (i.e. is different from) the initial value
PW0 (step S36: NO), a value of a pulse wave amplitude
saturation flag PW2 is set to "1" (step S37). Incidentally,
the pulse wave amplitude saturation flag PW2 is a storing
device for storing a determination result obtained by de-
termining whether or not the current average value PWt
is same as the initial value PW0, and an initial value of
the pulse wave amplitude saturation flag PW2 is set to
"0" which indicates that the current average value PWt
is same as the initial value PW0.
[0081] As described above, in the pulse wave ampli-
tude calculation process, the pulse wave amplitude (spe-
cifically, the average value of the pulse wave amplitude
during the predetermined period) is calculated for each
predetermined period based on the blood flow waveform
which is outputted from the blood flow waveform output
apparatus 800 after the artificial dialysis starts, it is de-
termined whether the calculated pulse wave amplitude
varies and the determination result is recorded into the
pulse wave amplitude variation flag PW1 and the pulse
wave amplitude saturation flag PW2.
[0082] Again in FIG. 1, the blood pressure decrease
predicting device 140 is provided with the risk level de-
termining device 150 and predicts the decrease of the
blood pressure of the living body 900.
[0083] The risk level determining device 150 deter-
mines a blood pressure decrease risk level which indi-
cates a risk for an occurrence of the decrease of the blood
pressure of the living body 900 (i.e. indicates a possibility
for the occurrence of the decrease of the blood pressure),
based on the result of the above pulse rate calculation
process, the above blood flow volume calculation proc-
ess and the above pulse wave amplitude calculation
process. In this embodiment, the blood pressure de-
crease risk level is determined to be one of the "LV0",
"LV1", "LV2" and "LV3". Incidentally, a method of deter-
mining the blood pressure decrease risk level will be ex-
plained below in detail with reference to  FIG. 6 to FIG. 8.
[0084] The outputting device 160 is an outputting de-
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vice for outwardly outputting the blood pressure decrease
risk level which is determined by the risk level determining
device 150, and displays any one color of green color,
yellow color, orange color and red color, in accordance
with the blood pressure decrease risk level which is de-
termined by the risk level determining device 150. Spe-
cifically, the outputting device 160 displays the green
color if the blood pressure decrease risk level is "LV0",
displays the yellow color if the blood pressure decrease
risk level is "LV1", displays the orange color if the blood
pressure decrease risk level is "LV2", and displays the
red color if the blood pressure decrease risk level is "LV3".
Namely, the outputting device 160 outwardly outputs, as
the color, the blood pressure decrease risk level.
[0085] Next, the operation of the above configured
blood pressure decrease prediction apparatus 100 will
be explained with reference to FIG. 6 to FIG. 8.
[0086] FIG. 6 is a flowchart illustrating a flow of deter-
mination process of the blood pressure decrease risk lev-
el in the blood pressure decrease prediction apparatus
100.
[0087] In FIG. 6, when the blood pressure decrease
prediction apparatus 100 operates, the green color is dis-
played by the outputting device 160 (step S110). Namely,
the risk level determining device 150  sets, as an initial
value, the blood pressure risk level to "LV0" which indi-
cates the risk of the decrease of the blood pressure is
very few or very low, and the outputting device 160 out-
wardly displays the green color in accordance with the
set blood pressure decrease risk level (i.e. "LV0"). Inci-
dentally, when the blood pressure decrease prediction
apparatus 100 operates, the above described pulse rate
calculation process, the above described blood flow vol-
ume calculation process and the above described pulse
wave amplitude calculation process are repeatedly per-
formed.
[0088] Next, it is determined (judged) by the risk level
determining device 150 whether or not any one of the
pulse rate, the blood flow volume and the pulse wave
amplitude varies (step S120). Namely, the risk level de-
termining device 150 determines whether or not any one
of the pulse rate which is calculated by the pulse rate
calculation process, the blood flow volume which is cal-
culated by the blood flow volume calculation process and
the pulse wave amplitude which is calculated by the pulse
wave amplitude calculation process decreases or in-
creases. Specifically, the risk level determining device
150 determines whether or not any one of the above de-
scribed pulse rate variation flag HR1, the above de-
scribed blood flow volume variation flag BF1 and the
above described pulse wave amplitude variation flag
PW1 is different from "0" (i.e. is "1" or "-1").
[0089] If it is determined that all of the pulse rate, the
blood flow volume and the pulse wave amplitude do not
vary (step S120: NO), the process in the step S110 is
performed again. Namely, the risk level  determining de-
vice 150 maintains the blood pressure decrease risk level
as it remains in "LV0".

[0090] If it is determined that any one of the pulse rate,
the blood flow volume and the pulse wave amplitude var-
ies (step S120: YES), the blood pressure decrease risk
level is determined by referring to a variation pattern ta-
ble, and the color corresponding to the determined blood
pressure decrease risk level is outwardly displayed (step
S130, S140 and S150). Specifically, the risk level deter-
mining device 150 determines the blood pressure de-
crease risk level by referring to the variation pattern table
149 illustrated in FIG. 7. Incidentally, the variation pattern
table 149 is one example of the "risk level determination
table" of the present invention.
[0091] FIG. 7 is a conceptual diagram conceptually il-
lustrating the variation pattern table 149 in the blood pres-
sure decrease prediction apparatus 100.
[0092] In FIG. 7, the variation pattern table 149 is a
look-up table which is for determining the blood pressure
decrease risk level and which preliminarily stores com-
binations of applicable values of each of the pulse rate
variation flag HR1, the pulse rate saturation flag HR2,
the pulse wave amplitude variation flag PW1, the pulse
wave amplitude saturation flag PW2, the blood flow vol-
ume variation flag BF1 and the blood flow volume satu-
ration flag BF2, and the blood pressure decrease risk
levels respectively corresponding to these combinations.
In other  words, the variation pattern table 149 is a look-
up table in which the combinations of the variations of
each of the pulse rate, the blood flow volume and the
pulse wave amplitude are respectively associated with
the risk levels which is anticipated when the respective
combination occurs.
[0093] Specifically, in the variation pattern table 149,
"LV0" which indicates that the risk of the decrease of the
blood pressure is very few or very low is stored as the
blood pressure decrease risk level corresponding to the
combination (hereinafter, this combination is referred to
as "0th variation patter") of the pulse rate variation flag
HR1 being "0", the pulse rate saturation flag HR2 being
"0", the pulse wave amplitude variation flag PW1 being
"-1", the pulse wave amplitude saturation flag PW2 being
"0", the blood flow volume variation flag BF1 being "0"
and the blood flow volume saturation flag BF2 being "0".
Moreover, in the variation pattern table 149, "LV1" which
indicates that the risk of the decrease of the blood pres-
sure is higher than "LV0" is stored as the blood pressure
decrease risk level corresponding to the combination
(hereinafter, this combination is referred to as "first var-
iation patter") of the pulse rate variation flag HR1 being
"1", the pulse rate saturation flag HR2 being "0", the pulse
wave amplitude variation flag PW1 being "-1", the pulse
wave amplitude saturation flag PW2 being "0", the blood
flow volume variation flag BF1 being "0" and the blood
flow volume saturation flag BF2 being "0". Moreover, in
the variation pattern table 149, "LV1" is stored as the
blood pressure decrease risk level corresponding to the
combination (hereinafter, this combination is  referred to
as "second variation patter") of the pulse rate variation
flag HR1 being "0", the pulse rate saturation flag HR2
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being "0", the pulse wave amplitude variation flag PW1
being " -1", the pulse wave amplitude saturation flag PW2
being "0", the blood flow volume variation flag BF1 being
"-1" and the blood flow volume saturation flag BF2 being
"0". Moreover, in the variation pattern table 149, "LV2"
which indicates that the risk of the decrease of the blood
pressure is higher than "LV1" is stored as the blood pres-
sure decrease risk level corresponding to the combina-
tion (hereinafter, this combination is referred to as "third
variation patter") of the pulse rate variation flag HR1 be-
ing "1", the pulse rate saturation flag HR2 being "0", the
pulse wave amplitude variation flag PW1 being "-1", the
pulse wave amplitude saturation flag PW2 being "0", the
blood flow volume variation flag BF1 being "-1" and the
blood flow volume saturation flag BF2 being "0". Moreo-
ver, in the variation pattern table 149, "LV3" which indi-
cates that the risk of the decrease of the blood pressure
is higher than "LV2" is stored as the blood pressure de-
crease risk level corresponding to the combination (here-
inafter, this combination is referred to as "fourth variation
patter") of the pulse rate variation flag HR1 being "0", the
pulse rate saturation flag HR2 being "1", the pulse wave
amplitude variation flag PW1 being "-1", the pulse wave
amplitude saturation flag PW2 being "0", the blood flow
volume variation flag BF1 being "-1" and the blood flow
volume saturation flag BF2 being "0". Moreover, in the
variation pattern table 149, "LV3" is stored as the blood
pressure decrease risk level corresponding to the com-
bination (hereinafter, this combination is referred to as
"fifth variation patter") of the pulse rate variation flag  HR1
being "1", the pulse rate saturation flag HR2 being "0",
the pulse wave amplitude variation flag PW1 being " - 1",
the pulse wave amplitude saturation flag PW2 being "0",
the blood flow volume variation flag BF1 being "0" and
the blood flow volume saturation flag BF2 being "1".
Moreover, in the variation pattern table 149, "LV3" is
stored as the blood pressure decrease risk level corre-
sponding to the combination (hereinafter, this combina-
tion is referred to as "sixth variation patter") of the pulse
rate variation flag HR1 being "0", the pulse rate saturation
flag HR2 being "1", the pulse wave amplitude variation
flag PW1 being "-1", the pulse wave amplitude saturation
flag PW2 being "0", the blood flow volume variation flag
BF1 being "0" and the blood flow volume saturation flag
BF2 being "1". Moreover, in the variation pattern table
149, "LV3" is stored as the blood pressure decrease risk
level corresponding to the combination (hereinafter, this
combination is referred to as "seventh variation patter")
of the pulse rate variation flag HR1 being "-1", the pulse
rate saturation flag HR2 being "0", the pulse wave am-
plitude variation flag PW1 being " - 1", the pulse wave
amplitude saturation flag PW2 being "0", the blood flow
volume variation flag BF1 being "-1" and the blood flow
volume saturation flag BF2 being "0".
[0094] Furthermore, in the variation pattern table 149,
display colors which are to be respectively displayed in
accordance with the blood pressure decrease risk levels
are stored. Specifically, "green color" is stored as the

display color corresponding to the blood pressure de-
crease risk level "LV0", "yellow color" is stored as the
display color  corresponding to the blood pressure de-
crease risk level "LV1", "orange color" is stored as the
display color corresponding to the blood pressure de-
crease risk level "LV2" and "red color" is stored as the
display color corresponding to the blood pressure de-
crease risk level "LV3".
[0095] The above described variation pattern table 149
can be preliminarily prepared by presuming, experimen-
tally, experientially or by a simulation in advance, the risk
for the occurrence of the decrease of the blood pressure
in the case where the combination of the variation of the
pulse rate, the blood flow volume and the pulse wave
amplitude occurs.
[0096] In FIG. 6 and FIG. 7, the risk level determining
device 150 determines whether the variation pattern of
the pulse rate, the blood flow volume and the pulse wave
amplitude (namely, the combination of the pulse rate var-
iation flag HR1, the pulse rate saturation flag HR2, the
pulse wave amplitude variation flag PW1, the pulse wave
amplitude saturation flag PW2, the blood flow volume
variation flag BF1 and the blood flow volume saturation
flag BF2) matches any one of the variation patterns
(namely, 0th to seventh variation patterns) in the variation
pattern table 149 (step S140).
[0097] If it is determined that the variation pattern of
the pulse rate, the blood flow volume and the pulse wave
amplitude does not match all of the variation patterns in
the variation pattern table 149 (step S140: NO), the proc-
ess in the step S110 is performed again.
[0098] If it is determined that the variation pattern of
the pulse rate, the blood flow volume and the pulse wave
amplitude matches any one of the variation patterns in
the variation pattern table 149 (step S140: YES), the dis-
play color corresponding to the blood pressure decrease
risk level which is associated with the matched variation
pattern is outputted (step S150). Namely, the blood pres-
sure decrease risk level stored in association with the
variation pattern, which matches the variation pattern of
the current pulse rate, the current blood flow volume and
the current pulse wave amplitude, from among the vari-
ation patterns in the variation pattern table 149 is deter-
mined as the current blood pressure decrease risk level
by the risk level determining device 150, and the display
color corresponding to the determined blood pressure
decrease risk level is displayed by the outputting device
160.
[0099] As described above, in the present example,
the risk level determining device 150 determines the
blood pressure decrease risk level by referring to the var-
iation pattern table 149, based on the variations of the
current pulse rate, the current blood flow volume and the
current pulse wave amplitude which are obtained by the
pulse rate calculation process, the blood flow volume cal-
culation process and the pulse wave amplitude calcula-
tion process. Therefore, according to the risk level deter-
mining device 150, it is possible to precociously predict
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the decrease of the blood pressure before the decrease
of the blood pressure occurs based on the variation of
each of the pulse rate, the blood flow volume and the
pulse wave amplitude, and to appropriately determine
the blood  pressure decrease risk level which indicates
the risk for occurrence of the decrease of the blood pres-
sure. Incidentally, when the blood pressure decrease risk
level is determined, next (new) risk level may be deter-
mined based on current risk level in addition to the vari-
ation of each of the pulse rate, the blood flow volume and
the pulse wave amplitude. Namely, in the case where
the current blood pressure decrease risk level is "LV0",
if the variation of each of the pulse rate, the blood flow
volume and the pulse wave amplitude matches the var-
iation pattern (namely, any one of the fourth to seventh
variation pattern) corresponding to the blood pressure
decrease risk level "LV3" on the variation pattern table
149, the blood pressure decrease risk level may be de-
termined to be "LV1" which is one step higher blood pres-
sure decrease risk level than the current blood pressure
decrease risk level. Namely, the blood pressure de-
crease risk level may be determined such that the blood
pressure decrease risk level is escalated step by step
(i.e. the blood pressure decrease risk level is escalated
step by step in the order of "LV0", then "LV1", then "LV2"
and then "LV3"). In other words, for example, in the case
where the blood pressure risk level is "LV0" and the green
color is outwardly displayed currently, if the variation of
each of the pulse rate, the blood flow volume and the
pulse wave amplitude matches the variation pattern
(namely, any one of the fourth to seventh variation pat-
tern) corresponding to the blood pressure decrease risk
level "LV3" on the variation pattern table 149, the display
color may be changed from the green color to the yellow
color instead of instead of being changed from the green
color to the red color.
[0100]   Here, FIG. 8 is a graph illustrating one example
of a temporal variation of the pulse rate, the blood flow
volume and the pulse wave amplitude of the living body
900 during the artificial dialysis. Incidentally, in FIG. 8, a
horizontal axis is a time length (i.e. a dialysis time) that
has elapsed since the artificial dialysis starts. Moreover,
in FIG. 8, a solid line L1 is one example of a temporal
variation of the pulse rate, a solid line L2 is one example
of a temporal variation of the blood flow volume and a
solid line L3 is one example of a temporal variation of the
pulse wave amplitude.
[0101] In FIG. 8, the case is illustrated as one example
where the circulating blood volume decreases due to the
removal of water caused by the artificial dialysis and the
pulse wave amplitude which may often vary depending
on the variation of the one-time beat volume decreases
along with the dialysis time. In the example of FIG. 8,
after the artificial dialysis starts, the pulse rate of the living
body 900 starts to increase at a timing when a time T1
has elapsed and becomes a constant value at a timing
when a time T3 has elapsed because of saturation, the
blood flow volume of the living body 900 starts to de-

crease at a timing when a time T2 which is longer than
the time T1 and shorter than the time T3 has elapsed,
and the pulse wave amplitude of the living body starts to
decrease before the time T1 has elapsed and continues
to decrease after the time T3 has elapsed.
[0102] The blood pressure is determined based on the
product of a beat volume (i.e. the product of the one-time
beat volume and the heart rate) and a peripheral vascular
resistance (PVR). The living body 900 maintains the
blood pressure by automatically adjusting the heart rate
and the peripheral vascular resistance, if the blood pres-
sure almost decreases. Namely, the heart rate and the
peripheral vascular resistance often vary before the
blood pressure decreases. The pulse rate corresponds
to the heart rate, the blood flow volume often varies de-
pending on the variation of the peripheral vascular resist-
ance and the pulse wave amplitude varies depending on
the one-time beat volume. In the example of FIG. 8, the
pulse rate increases at the dialysis time T1. This indicates
that the living body maintains the blood pressure by in-
creasing the pulse rate. Moreover, in the example, of
FIG. 8, the blood flow volume decreases at the dialysis
time T2. This indicates that the living body maintains the
blood pressure by increasing the peripheral vascular re-
sistance. If the peripheral vascular resistance increases,
the blood flow volume decreases. Namely, in the exam-
ple of FIG. 8, a period from the dialysis time T1 to the
dialysis time T2 is a stage (hereinafter, it is referred to
as "a first blood pressure maintenance stage" as occa-
sion demand) at which the living body maintains the blood
pressure by increasing the pulse rate and a period from
the dialysis time T2 to the dialysis time T3 is a stage
(hereinafter, it is referred to as "a second blood pressure
maintenance stage" as occasion demand) at which the
living body maintains the blood pressure by increasing
the peripheral vascular resistance. Moreover, a period
after the dialysis time T3 is a period when the blood pres-
sure cannot be maintained by varying the pulse rate and
the peripheral vascular resistance, namely, a stage
(hereinafter, it is referred to as "blood pressure mainte-
nance  impossible stage" as occasion demand) at which
the decrease of the blood pressure occurs. As illustrated
in FIG. 8, before the decrease of the blood pressure oc-
curs, the pulse rate, the blood flow volume and the pulse
wave amplitude vary depending on the degree for the
possibility of the occurrence of the decrease of the blood
pressure.
[0103] Therefore, in the blood pressure decrease pre-
diction apparatus 100 of the present example, the blood
pressure decrease risk level is determined by the risk
level determining device 150 based on the variation pat-
tern of the pulse rate, the blood flow volume and the pulse
wave amplitude which are obtained from the blood flow
waveform. Therefore, it is possible to precociously pre-
dict the decrease of the blood pressure before the de-
crease of the blood pressure occurs and to appropriately
determine the blood pressure decrease risk level which
indicates the risk of the occurrence of the decrease of
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the blood pressure. Thus, it is possible to inform the living
body 900 who is the patient and an involved person who
is a doctor or a nurse of the risk of the decrease of the
blood pressure, by outwardly outputting the blood pres-
sure decrease risk level determined by the risk level de-
termining device 150. As a result, it is possible to reduce
or prevent a delay of a treatment for the living body 900
whose blood pressure is predicted to decrease (i.e. it is
possible to precociously treat the living body 900 who
has the risk of the decrease of the blood pressure).
[0104] Incidentally, the blood pressure decrease pre-
diction apparatus 100 is configured such that the varia-
tion pattern table 149 which is  above described with ref-
erence to FIG. 7 can be re-written by a user (for example,
the living body 900 who is the patient and the involved
person who is the doctor or the nurse). Thus, it is possible
to determine the blood pressure decrease risk level more
appropriately (i.e. it is possible to precociously predict
the decrease of the blood pressure more accurately).
[0105] Moreover, although the present example uses
the example in which four levels, i.e. "LV0", "LV1", "LV2"
and "LV3", are set, the number of the blood pressure
decrease risk level may be increased by subdividing each
level based on a variation rate (i.e. a variation volume
per a predetermined time) of each of the pulse rate, the
blood flow volume and the pulse wave amplitude. More-
over, the blood pressure decrease risk level may be set
depending on whether the status of the living body 900
is the above first or second blood pressure maintenance
stage.
[0106] Furthermore, especially in the present example,
there is such an advantageous effect that it is possible
to mostly or completely eliminate the burden on the living
body 900, in comparison with the case where the blood
pressure is measured by using the cuff or the electrode
for example, because the pulse rate and the blood flow
volume are calculated based on the blood flow waveform
inputted from the blood flow waveform output apparatus
800 which is the laser blood flow meter.
[0107] In addition, in the present example, as de-
scribed above, the  outputting device 160 outwardly dis-
play any one color of the green color, the yellow color,
the orange color and the red color, depending on the
blood pressure decrease risk level determined by the risk
level determining device 150. Therefore, it is possible for
the living body 900 who is the patient and the involved
person who is the doctor or the nurse to intuitively rec-
ognize the blood pressure decrease risk level. Inciden-
tally, the outputting device 160 may be configured to out-
put number(s), character(s), sentence(s), diagram(s),
sign(s), sound or the like which depends on the blood
pressure decrease risk level determined by the risk level
determining device 150. Moreover, the outputting device
160 may make an external equipment such as a blood
pressure meter automatically operate, by sending a sig-
nal to the external equipment such as the blood pressure
meter depending on the blood pressure decrease risk
level determined by the risk level determining device 150.

[0108] Incidentally, the blood pressure decrease pre-
diction apparatus 100 may be configured to display a
graph which simultaneously illustrate the variation of
each of the pulse rate calculated by the pulse rate cal-
culating device 110, the blood flow volume calculated by
the blood flow volume calculating device 120 and the
pulse wave amplitude calculated by the pulse wave am-
plitude calculating device 130. In this case, the living body
900 who is the patient and the involved person who is
the doctor or the nurse can intuitively recognize the risk
for occurrence of the decrease of the blood pressure,
and it is practically very usable.
[0109]   Moreover, the blood pressure decrease pre-
diction apparatus 100 may not necessarily use the risk
level determination table.
[0110] Moreover, the risk level determining device 150
may be configured to determine the blood pressure de-
crease risk level based on the dialysis time in addition to
the variation pattern of the pulse rate, the blood flow vol-
ume and the pulse wave amplitude (i.e. the combination
of the variation of each of the pulse rate, the blood flow
volume and the pulse wave amplitude). In this case, it is
possible to determine the blood pressure decrease risk
level more appropriately.
[0111] Moreover, the risk level determining device 150
may be configured to calculate a correlation value be-
tween the blood flow volume and the pulse wave ampli-
tude and to determine the blood pressure decrease risk
level based on the calculated correlation value. For ex-
ample, the risk level determining device 150 may deter-
mine that the blood pressure decrease risk level is a rel-
atively high level if the blood flow volume and the pulse
wave amplitude decreases with being correlated (i.e. the
correlation value between the blood flow volume and the
pulse wave amplitude is more than a predetermined val-
ue, and the blood flow volume and the pulse wave am-
plitude decrease). In this case, it is possible to determine
the blood pressure decrease risk level more appropriate-
ly.
[0112] Moreover, the risk level determining device 150
may be configured to determine the blood pressure de-
crease risk level based on a  deviation of an average of
each of the pulse rate, the blood flow volume and the
pulse wave amplitude. In this case, it is possible to de-
termine the blood pressure decrease risk level more ap-
propriately.
[0113] Moreover, the blood pressure decrease predic-
tion apparatus 100 may be configured to determine the
blood pressure decrease risk level based on other infor-
mation related to the decrease of the blood pressure
which is obtained from the blood flow waveform in addi-
tion to the pulse rate, the blood flow volume and the pulse
wave amplitude. In this case, it is possible to determine
the blood pressure decrease risk level more appropriate-
ly. In this case, the blood pressure decrease prediction
apparatus 100 may determine the blood pressure de-
crease risk level based on information related to the de-
crease of the blood pressure of the patient who received
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the artificial dialysis in the past.
[0114] Moreover, the blood pressure decrease predic-
tion apparatus 100 may be configured to ask the living
body 900 who is the patient and the involved person who
is the doctor or the nurse to measure the blood pressure
of the living body 900 by using the blood pressure meter,
depending on the blood pressure decrease risk level de-
termined by the risk level determining device 150.

<Modified Example>

[0115] Although the above described embodiment us-
es the example in which the risk level determining device
150 determines the blood pressure decrease risk level
by referring to the variation pattern table  149 illustrated
in FIG. 7 based on the result of the pulse rate calculation
process, the blood flow volume calculation process and
the pulse wave amplitude calculation process, the risk
level determining device 150 may determine the blood
pressure decrease risk level by referring to the variation
pattern table 149b illustrated in FIG. 9 based on the result
of the pulse rate calculation process and the blood flow
volume calculation process.
[0116] FIG. 9 is a conceptual diagram conceptually il-
lustrating a variation pattern table 149b in a modified ex-
ample.
[0117] In FIG. 9, the variation pattern table 149b is a
look-up table which is for determining the blood pressure
decrease risk level and which preliminarily stores com-
binations of applicable values of each of the pulse rate
variation flag HR1, the pulse rate saturation flag HR2,
the blood flow volume variation flag BF1 and the blood
flow volume saturation flag BF2, and the blood pressure
decrease risk levels respectively corresponding to these
combinations. In other words, the variation pattern table
149b is a look-up table in which the combinations of the
variations of each of the pulse rate and the blood flow
volume are respectively associated with the risk levels
which is anticipated when the respective combination oc-
curs.
[0118] The above described variation pattern table
149b can be preliminarily prepared by presuming, exper-
imentally, experientially or by a simulation in advance,
the risk for the occurrence of the decrease of  the blood
pressure in the case where the combination of the vari-
ation of the pulse rate and the blood flow volume occurs.
[0119] According to this modified example, it is possi-
ble to precociously predict the decrease of the blood pres-
sure by referring to the variation pattern table 149b based
on the variation of the pulse rate and the blood flow vol-
ume and to appropriately determine the blood pressure
decrease risk level.
[0120] As described above, it is possible to precocious-
ly predict the decrease of the blood pressure of the living
body 900 without causing the burden on the living body
900 and to appropriately determine the blood pressure
decrease risk level which indicates the risk for the occur-
rence of the blood pressure. Furthermore, it is possible

to inform the living body 900 who is the patient and the
involved person who is the doctor or the nurse of the risk
of the decrease of the blood pressure. As a result, it is
possible to precociously treat the living body 900 who
has the risk of the decrease of the blood pressure.
[0121] The present invention is not limited to the afore-
mentioned embodiments, but various changes may be
made, if desired, without departing from the essence or
spirit of the invention which can be read from the claims
and the entire specification. A blood pressure decrease
prediction apparatus, which involves such changes, is
also intended to be within the technical scope of the
present invention. Moreover, the present invention can
be applied to an apparatus which predicts  symptom of
dehydration of the living body. Namely, it is possible to
determine level of the symptom of the dehydration based
on the blood pressure decrease risk level.

Description of Reference Signs

[0122]

100 blood pressure decrease prediction apparatus
110 pulse rate calculating device
120 blood flow volume calculating device
130 pulse wave amplitude calculating device
140 blood pressure decrease predicting device
149 variation pattern table
150 risk level determining device
160 outputting device
800 blood flow waveform output apparatus
900 living body

Claims

1. A blood pressure decrease prediction apparatus
which is configured to predict a decrease of a blood
pressure of a living body,
the blood pressure decrease prediction apparatus
comprising:

a pulse rate calculating device which is config-
ured to calculate a pulse rate of the living body,
based on a blood flow waveform which repre-
sents a temporal variation of a blood flow volume
of the living body;
a blood flow volume calculating device which is
configured to calculate the blood flow volume of
the living body, based on the blood flow wave-
form; and
a blood pressure decrease predicting device
which is configured to predict the decrease of
the blood pressure, based on a variation of each
of the calculated pulse rate and the calculated
blood flow volume.

2. The blood pressure decrease prediction apparatus
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according to claim 1, wherein
the blood pressure decrease predicting device com-
prises a risk level determining device which is con-
figured to determine a risk level which indicates a
risk for an occurrence of the decrease of the blood
pressure, based on the variation of each of the cal-
culated pulse rate and the calculated blood flow vol-
ume.

3. The blood pressure decrease prediction apparatus
according to claim 2, wherein
the risk level determining device determines the risk
level by  referring to a predetermined risk level de-
termination table in which a combination of the var-
iation of the pulse rate and the variation of the blood
flow volume is associated with the risk level.

4. The blood pressure decrease prediction apparatus
according to claim 1, wherein
the blood pressure decrease prediction apparatus
further comprises a pulse wave amplitude calculat-
ing device which is configured to calculate a pulse
wave amplitude of the living body, based on the blood
flow waveform,
the blood pressure decrease predicting device pre-
dicts the decrease of the blood pressure, based on
a variation of the calculated pulse wave amplitude
in addition to the variation of each of the calculated
pulse rate and the calculated blood flow volume.

5. The blood pressure decrease prediction apparatus
according to claim 4, wherein
the blood pressure decrease predicting device com-
prises a risk level determining device which is con-
figured to determine a risk level which indicates a
risk for an occurrence of the decrease of the blood
pressure, based on the variation of each of the cal-
culated pulse rate, the calculated blood flow volume
and the calculated pulse wave amplitude.

6. The blood pressure decrease prediction apparatus
according to claim 5, wherein
the risk level determining device determines the risk
level by  referring to a predetermined risk level de-
termination table in which a combination of the var-
iation of the pulse rate, the variation of the blood flow
volume and the variation of the pulse wave amplitude
is associated with the risk level.

7. The blood pressure decrease prediction apparatus
according to any one of claims 1 to 3, wherein
the blood pressure decrease predicting device de-
termines whether or not one of the calculated pulse
rate and the calculated blood flow volume changes,
and predicts the decrease of the blood pressure
based on the result of the determination.

8. The blood pressure decrease prediction apparatus

according to any one of claims 4 to 6, wherein
the blood pressure decrease predicting device de-
termines whether or not one of the calculated pulse
rate, the calculated blood flow volume and the cal-
culated pulse wave amplitude changes, and predicts
the decrease of the blood pressure based on the
result of the determination.

9. The blood pressure decrease prediction apparatus
according to claim 2 or 5, wherein
the blood pressure decrease prediction apparatus
further comprises an outputting device which is con-
figured to outwardly output the risk level determined
by the risk level determining device.
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