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(7) ABSTRACT

A vital signs information measuring apparatus includes a
calculating section which calculates a baroreflex index, a
sympathetic nerve index, a heart rate, an estimated cardiac
output, and an alternative index of blood pressure by using
at least one of an electrocardiographic signal of a living
body, and a pulse wave of the living body and a displaying
section that displays changes of the baroreflex index, sym-
pathetic nerve index, heart rate, estimated cardiac output,
and alternative index of blood pressure that are calculated by
the calculating section.
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VITAL SIGNS INFORMATION MEASURING
APPARATUS AND VITAL SIGNS
INFORMATION MEASURING METHOD

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is based on Japanese Patent Appli-
cations No. 2015-148096 filed on Jul. 27, 2015, the contents
of which are incorporated herein by reference.

BACKGROUND

[0002] The presently disclosed subject matter relates to a
vital signs information measuring apparatus and a vital signs
information measuring method which can comprehensively
evaluate the autonomic nervous function and the heart
function.

[0003] The autonomic nerves include sympathetic nerves
which function mainly in an active state, and parasympa-
thetic nerves which function mainly in a resting state. When
a living body is in a tense or active state, the sympathetic
nerves are in the sympathetic nerve dominant state, and the
blood pressure and the pulse rate are raised. When a living
body is in a resting state, the sympathetic nerves are in the
parasympathetic nerve dominant state, and the blood pres-
sure and the pulse rate are lowered. In this way, the auto-
nomic nervous function and the heart function are closely
correlated with each other.

[0004] As an apparatus for detecting whether the auto-
nomic nervous function is normal or not conventionally,
known are an autonomic nervous function diagnostic appa-
ratus and autonomic nervous function measuring apparatus
which are disclosed in Japanese Patent Nos 5,480,800 and
5,408,751, respectively. As an apparatus for detecting
whether the heart function is normal or not, there is a blood
volume measuring apparatus which is disclosed in Japanese
Patent No. 5,432,765,

[0005] When the apparatus disclosed in Japanese Patent
No. 5,480,800 or that disclosed in Japanese Patent No.
5,408,751 is used, it is possible to diagnose whether the
autonomic nervous function normally operates or not. When
the apparatus disclosed in Japanese Patent No. 5,432,765 is
used, it is possible to diagnose whether the heart function
normally operates or not.

[0006] As described above, however, the autonomic ner-
vous function and the heart function mutually influence each
other. Therefore, it is preferable to simultaneously diagnose
both whether the autonomic nervous function normally
operates or not, and whether the heart function normally
operates or not. In the case where the cause of a disease
called orthostatic hypotension is to be detected, for example,
it is preferable to simultaneously measure both the auto-
nomic nervous function and the heart function.

[0007] The orthostatic hypotension disease shows a symp-
tom that, immediately after rising up from the lying state or
the sitting state, the blood pressure is largely lowered, and
dizziness or syncope occurs. Immediately after rising up
from the lying state, usually, the blood pressure in the head
is temporarily lowered because the head is located above the
position of the heart. Immediately: after rising up from the
sitting state, the blood pressure in the head is temporarily
lowered by influences of the acceleration and gravity acting
on the heart and the blood. In a usual case, it is expected that
the reduction of the blood pressure is rapidly detected, the
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activity of the heart is revitalized, and the blood pressure is
quickly raised. In a patient with orthostatic hypotension,
however, the blood pressure is not quickly raised, and
dizziness or syncope occurs.

[0008] The cause of the symptom that the blood pressure
is hardly raised immediately after the patient rises can be
more clarified by simultaneously measuring the autonomic
nervous function and the heart function. Conventionally,
however, there is no apparatus which can simultaneously
measure the autonomic nervous function and the heart
fanction.

[0009] The presently disclosed subject matter has been
conducted in order to solve the problem with the prior art.
It is an object of the presently disclosed subject matter to
provide a vital signs information measuring apparatus and
method which can comprehensively evaluate the autonomic
nervous function and the heart function.

SUMMARY

[0010] According to an aspect of the presently disclosed
subject matter, a vital signs information measuring apparatus
includes a calculating section which calculates a baroreflex
index, a sympathetic nerve index, a heart rate, an estimated
cardiac output, and an alternative index of blood pressure by
using at least one of an electrocardiographic signal of a
living body, and a pulse wave of the living body and a
displaying section that displays changes of the baroreflex
index, sympathetic nerve index, heart rate, estimated cardiac
output, and alternative index of blood pressure that are
calculated by the calculating section.

BRIEF DESCRIPTION OF DRAWINGS

[0011] FIG. 1 is a block diagram of a vital signs informa-
tion measuring apparatus of an embodiment.

[0012] FIG. 2 is is a block diagram of a calculator illus-
trated in FIG. 1.

[0013] FIG. 3 is a flowchart illustrating a procedure of a
vital signs information measuring method of the embodi-
ment.

[0014] FIG. 4 is a subroutine flowchart illustrating a
procedure of calculation of a baroreflex index in step S160
of the flowchart illustrated in FIG. 3.

[0015] FIG. 5 is a subroutine flowchart illustrating a
procedure of calculation of a sympathetic nerve index in step
S160 of the flowchart illustrated in FIG. 3.

[0016] FIG. 6 is a subroutine flowchart illustrating a
procedure of calculation of the heart rate in step S160 of the
flowchart illustrated in FIG. 3.

[0017] FIG. 7 is a subroutine flowchart illustrating a
procedure of calculation of an estimated cardiac output in
step S160 of the flowchart illustrated in FIG. 3.

[0018] FIG. 8 is a subroutine flowchart illustrating a
procedure of calculation of a alternative index of blood
pressure in step S160 of the flowchart illustrated in FIG. 3.
[0019] FIG. 9 is a view illustrating an electrocardiogram
waveform, a pulse wave, the RR interval, and the PWTT.
[0020] FIG. 10 is a view illustrating modes of displaying
the baroreflex index, sympathetic nerve index, heart rate,
estimated cardiac output, and alternative index of blood
pressure which are finally obtained by the vital signs infor-
mation measuring apparatus and method of the embodiment.
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DETAILED DESCRIPTION OF EMBODIMENTS

[0021] Next, the vital signs information measuring appa-
ratus and method of the presently disclosed subject matter
will be described in detail with reference to the drawings.
FIG. 1 is a block diagram of a vital signs information
measuring apparatus of an embodiment.

[0022] The vital signs information measuring apparatus
100 of the embodiment has a patient information inputting
section 112, electrocardiographic signal acquiring electrodes
114, a pulse wave acquiring probe 116, a posture detecting
sensor 118, a controller 120, a patient information storing
section 130, a calculator 140, and a displaying section 150.
[0023] The name, age, and sex of the patient who is to be
subjected to the measurement by the vital signs information
measuring apparatus 100 are input to the patient information
inputting section 112. Also the cardiac output in a resting
state of the patient which is measured by using the thoracic
impedance method is input to the patient information input-
ting section 112. The patient information which is input to
the patient information inputting section 112 is stored in the
patient information storing section 130 through the control-
ler 120.

[0024] The patient information inputting section 112 may
be an inputting device which is to be operated by an
operator, such as a keyboard or a mouse, or an interface to
which an external computer is connected.

[0025] The electrocardiographic signal acquiring elec-
trodes 114 are attached to the body surface of the patient to
acquire the electrocardiographic signal of the patient. Usu-
ally, the electrocardiographic signal acquiring electrodes 114
are attached to six portions, namely, the right and left wrists,
the right and left ankles, and the right and left chests. The
electrocardiographic signal acquired by the electrocardio-
graphic signal acquiring electrodes 114 is supplied to the
calculator 140 through the controller 120.

[0026] The pulse wave acquiring probe 116 has a clip-like
shape. and is attached to the fingertip of the hand of the
patient to acquire the pulse wave of the patient. The pulse
wave acquired by the pulse wave acquiring probe 116 is
supplied to the calculator 140 through the controller 120.
[0027] The posture detecting sensor 118 is attached to the
body surface of the patient to detect the posture of the patient
by using an acceleration change. Postures which can be
detected by the posture detecting sensor 118 are static states
such as the supine position, the sitting position, and the
standing position, and dynamic states such as a change from
the supine position or the sitting position to the standing
position, and that from the standing position to the supine
position or the sitting position.

[0028] The controller 120 controls individually and com-
prehensively the operations of the patient information input-
ting section 112, electrocardiographic signal acquiring elec-
trodes 114, pulse wave acquiring probe 116, posture
detecting sensor 118, patient information storing section
130, calculator 140, and displaying section 150 which
constitute the vital signs information measuring apparatus
100.

[0029] The patient information storing section 130 stores
the patient information which is supplied from the patient
information inputting section 112. For example, the patient
information includes the name, age, and sex of the patient,
and the cardiac output in a resting state of the patient. Since
the patient information storing section 130 stores the cardiac

Feb. 2, 2017

output in a resting state of the patient, the calculator 140 can
calculate an estimated cardiac output.

[0030] The calculator 140 calculates a baroreflex index, a
sympathetic nerve index, the heart rate, the estimated car-
diac output, and an alternative index of blood pressure, by
using the electrocardiographic signal of the patient which is
acquired by the electrocardiographic signal acquiring elec-
trodes 114, the pulse wave of the patient which is acquired
by the pulse wave acquiring probe 116, the posture of the
patient which is detected by the posture detecting sensor
118, and the cardiac output in a resting state of the patient
which is supplied from the patient information inputting
section 112.

[0031] The baroreflex index is an index which indicates
the sensitivity of a function of holding the blood pressure in
a fixed range, and which relates to the autonomic nervous
function. The sympathetic nerve index is an index which
relates to an increase of the heart rate, and which relates to
the autonomic nervous function. The heart rate is a number
at which the heart beats for a fixed period of time, and an
index which relates to the heart function. The estimated
cardiac output is an estimated amount of blood which is
carried out from the heart, and an index which relates to the
heart function. The alternative index of blood pressure is the
so-called PWTT (Pulse Wave Transit Time), and an index
which relates to the heart function. FIGS. 4 to 8 illustrate
procedures of calculating the baroreflex index, the sympa-
thetic nerve index, the heart rate, the estimated cardiac
output, and the alternative index of blood pressure, respec-
tively. The procedures will be described later in detail.
[0032] The displaying section 150 displays graphically
and time sequentially changes of the baroreflex index,
sympathetic nerve index, heart rate, estimated cardiac out-
put, and alternative index of blood pressure which are
calculated by the calculator 140. When the five indexes are
displayed graphically and time sequentially, the doctor can
comprehensively evaluate in an easy manner the autonomic
nervous function and the heart function. FIG. 10 illustrates
manners of displaying the baroreflex index, the sympathetic
nerve index, the heart rate, the estimated cardiac output, and
the alternative index of blood pressure. The display manners
will be described later in detail.

[0033] FIG. 2 is is a block diagram of the calculator 140
illustrated in FIG. 1. The calculator 140 may include a
baroreflex index calculating section 141, a sympathetic
nerve index calculating section 143, a heart rate calculating
section 145, an estimated-cardiac output calculating section
147, and a blood pressure alternative index calculating
section 149.

[0034] The baroreflex index calculating section 141 cal-
culates the baroreflex index by using the electrocardio-
graphic signal acquired by the electrocardiographic signal
acquiring electrodes 114, and the pulse wave acquired by the
pulse wave acquiring probe 116. Specifically, the baroreflex
index calculating section 141 calculates the low frequency
spectral component of RR interval of the electrocardiogram
waveform by using the electrocardiographic signal, and the
low frequency PWTT by using the electrocardiogram wave-
form and the pulse wave. Furthermore, the baroreflex index
is calculated by calculating a ratio of the low frequency
spectral component of RR interval to the low frequency
PWTT (hereinafter, the ratio is referred to as Low frequency
spectral component of RR interval/Low frequency PWTT).
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[0035] When the baroreflex index calculating section 141
calculates the baroreflex index, it is possible to determine the
degree of the sensitivity of a function of holding the blood
pressure in a fixed range.

[0036] The sympathetic nerve index calculating section
143 calculates the sympathetic nerve index by using the
electrocardiographic signal acquired by the electrocardio-
graphic signal acquiring electrodes 114. Specifically, the
sympathetic nerve index calculating section 143 calculates
the low frequency spectral component of RR interval and
high frequency spectral component of RR interval of the
electrocardiogram waveform by using the electrocardio-
graphic signal, and further calculates a ratio of the low
frequency spectral component of RR interval to the high
frequency spectral component of RR interval (hereinafter,
the ratio is referred to as Low frequency RR/High frequency
RR), thereby calculating the sympathetic nerve index.

[0037] When the sympathetic nerve index calculating sec-
tion 143 calculates the sympathetic nerve index, it is pos-
sible to determine the degree of the autonomic nervous
function relating to the increase of the heart rate.

[0038] Theheart rate calculating section 145 calculates the
heart rate by using the electrocardiographic signal. The heart
rate is a number at which the heart beats for a fixed period
of time, and therefore it is possible to determine the degree
of the heart function.

[0039] The estimated-cardiac output calculating section
147 calculates the heart rate by using the electrocardio-
graphic signal which is acquired in a resting state of the
living body by the electrocardiographic signal acquiring
electrodes 114, and further calculates the PWTT by using the
electrocardiographic signal and pulse wave in a resting state
of the living body. Moreover, the estimated-cardiac output
calculating section 147 calculates an estimated-cardiac out-
put calculation coefficient by using the cardiac output in a
resting state of the living body which is stored in the patient
information storing section 130, and the calculated heart rate
and PWTT. Then, the estimated-cardiac output calculating
section 147 calculates the heart rate by using the electro-
cardiographic signal in a load state of the living body,
calculates the PWTT by using the electrocardiographic
signal and pulse wave in a load state of the living body, and
calculates an estimated cardiac output by using the heart rate
in a load state of the living body, the PWTT, and the
above-described estimated-cardiac output calculation coef-
ficient.

[0040] Therefore, the estimated-cardiac output calculating
section 147 can calculate the estimated cardiac output which
is an estimated amount of blood that is carried out from the
heart in a load state of the patient, and can determine the
degree of the heart function.

[0041] The blood pressure alternative index calculating
section 149 calculates an alternative index of blood pressure
by using the electrocardiographic signal acquired by the
electrocardiographic signal acquiring electrodes 114, and the
pulse wave acquired by the pulse wave acquiring probe 116.
Specifically, the blood pressure alternative index calculating
section 149 calculates the PWTT by using the electrocar-
diographic signal and the pulse wave, and outputs the PWTT
as the alternative index of blood pressure. The alternative
index of blood pressure relates to the heart function, and
therefore it is possible to determine the degree of the heart
function.
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[0042] As described above, the calculator 140 can obtain
the five indexes, i.e., the baroreflex index, the sympathetic
nerve index, the heart rate, the estimated cardiac output, and
the alternative index of blood pressure. Therefore, the doctor
can comprehensively evaluate the autonomic nervous func-
tion and the heart function.

[0043] FIG. 3 is a flowchart illustrating the procedure of
the vital sips information measuring method of the presently
disclosed subject matter. The flowchart is also a flowchart
illustrating the operation of the vital signs information
measuring apparatus 100 of the presently disclosed subject
matter.

[0044] First, the cardiac output in a resting state of the
patient is measured by using a cardiac output measuring
device based on the thoracic impedance method (step S100).
Various methods are known as a method of measuring the
cardiac output in a resting state of the patient. In the
embodiment, a non-invasive continuous method of measur-
ing the cardiac output based on the thoracic impedance
method can be performed. The cardiac output in a resting
state of the patient is measured by using, for example, a task
force monitor.

[0045] Next, the patient information and the cardiac out-
put are input (step S110). Specifically, the name, age, and
sex of the patient, and the cardiac output in a resting state of
the patient which 1s measured in step S100 are input through
the patient information inputting section 112.

[0046] The electrocardiographic signal acquiring elec-
trodes 114, the pulse wave acquiring probe 116, and the
posture detecting sensor 118 are attached to the patient (step
S120). Specifically, total six electrocardiographic signal
acquiring electrodes 114 are attached to the right and left
wrists, right and left ankles, and right and left chests of the
patient, respectively, one pulse wave acquiring probe 116 is
attached to the fingertip of the hand of the patient, and one
posture detecting sensor 118 is attached to the lumbar part of
the patient.

[0047] Next, the electrocardiographic signal, pulse wave,
posture change in a resting state of the patient are continu-
ously measured (step S130). In a state where the patient lies,
specifically, a change of the electrocardiographic signal is
continuously measured, that of the pulse wave is continu-
ously measured, and that of the posture is continuously
measured. As a result of the measurements, as seen from the
graphs illustrated in FIG. 9 which is a view illustrating the
electrocardiogram waveform, the pulse wave, the RR inter-
val, and the PWTT, for example, it is possible to obtain time
sequential changes of the electrocardiogram waveform and
the pulse wave. In a resting state, the posture is not largely
changed.

[0048] The estimated-cardiac output calculation coeffi-
cient is calculated by using the input cardiac output, and the
measured electrocardiographic signal and pulse wave in a
resting state (step S140). Specifically, the PWTT and the
heart rate are calculated by using the cardiac output in a
resting state of the patient which is input in step S110 from
the patient information inputting section 112, and the elec-
trocardiographic signal and pulse wave in a resting state
which are measured in step S130, and the estimated-cardiac
output calculation coeflicient is calculated by using the
PWTT and heart rate which are calculated.

[0049] The cardiac output is the amount of blood which is
carried out from the heart, and an index for measuring the
heart function. When the cardiac output is indicated by Co,
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the PWTT is indicated by PW, and the heart rate is indicated
by HR, the cardiac output Co is expressed by the following
expression.

Co=K{c:PW+B)-HR.

[0050] When Co indicating the cardiac output, PW indi-
cating the PWTT, and HR indicating the heart rate are
known, therefore, the estimated-cardiac output calculation
coeflicients K, «, and {§ can be calculated by using the least
squares method.

[0051] Next, the electrocardiographic signal, pulse wave,
posture change in a load state of the patient are continuously
measured (step S150). The load state means a change of the
posture of the patient from the supine position or the sitting
position to the standing position, or from the standing
position to the supine position or the sitting position.
[0052] In this step, therefore, changes of the electrocar-
diographic signal and the pulse wave are continuously
measured when the posture of the patient is changed from
the supine position or the sitting position to the standing
position. On the contrary, also changes of the electrocardio-
graphic signal and the pulse wave can be continuously
measured when the posture of the patient is changed from
the standing position to the supine position or the sitting
position.

[0053] The calculator 140 calculates five parameters, i.e.,
the baroreflex index, sympathetic nerve index, heart rate,
estimated cardiac output, and alternative index of blood
pressure in an arbitrary posture of the patient by using at
least one of the electrocardiographic signal and pulse wave
in a load state of the patient which are measured in step S150
(step S160). The procedures of calculating the five param-
eters will be described later in detail with reference to the
flowcharts of FIGS. 4 to 8.

[0054] The displaying section 150 displays changes of the
five parameters, i.e., the baroreflex index, sympathetic nerve
index, heart rate. estimated cardiac output, and alternative
index of blood pressure which are calculated by the calcu-
lator 140, graphically and time sequentially as shown in, for
example, FIG. 10 (step S170).

[0055] FIG. 4 is a subroutine flowchart illustrating the
procedure of calculating the baroreflex index in step S160 of
the flowchart illustrated in FIG. 3.

[0056] The baroreflex index calculating section 141 draws
an electrocardiogram waveform such as illustrated in FIG. 9
by using the electrocardiographic signal in a load state of the
patient, and calculates the interval between the R waves of
two heart beats of the electrocardiogram waveform, i.e., the
RR interval (step S161-1). Preferably, the RR interval is
obtained with respect to all of heart beats which are con-
tinuously measured.

[0057] Usually, the RR interval which is calculated in step
S161-1 is not constant among all heart beat intervals, and
fluctuates with the heart beat intervals. Therefore, the
baroreflex index calculating section 141 calculates the low
frequency spectral component of RR interval which is a
low-frequency component of the fluctuation, from the cal-
culated RR interval (step S161-2). In the calculation of the
low frequency spectral component of RR interval, a con-
ventionally commonly used frequency analysis method such
as the FFT is employed.

[0058] Next, the baroreflex index calculating section 141
draws an electrocardiogram waveform and pulse wave such
as illustrated in FIG. 9 by using the electrocardiographic

Feb. 2, 2017

signal and pulse wave in a load state of the patient, and
calculates the time difference between the peak of the R
wave of the electrocardiogram waveform and the rising of
the pulse wave, i.e., the PWTT (step S161-3).

[0059] Usually, the PWTT which is calculated in step
S161-3 is not constant in all heart beats, and fluctuates with
heart beats. Therefore, the baroreflex index calculating sec-
tion 141 calculates the low frequency PWTT which is a
low-frequency component of the fluctuation, from the cal-
culated PWTT (step S161-4). In the calculation of the low
frequency PWTT, a conventionally commonly used fre-
quency analysis method such as the FFT is employed.
[0060] The baroreflex index calculating section 141 cal-
culates Low frequency RR/Low frequency PWTT by using
the low frequency spectral component of RR interval which
is calculated in step S161-2, and the low frequency PWTT
which is calculated in step S161-4, to calculate the barore-
flex index (step S161-5).

[0061] The baroreflex index calculating section 141 out-
puts the calculated baroreflex index to the displaying section
150 (step S161-6). The displaying section 150 displays
graphically and time sequentially a change of the baroreflex
index.

[0062] When the baroreflex index is calculated, it is pos-
sible to deter mine the degree of the sensitivity of the
function of holding the blood pressure in a fixed range.
[0063] FIG. 5 is a subroutine flowchart showing the pro-
cedure of calculating the sympathetic nerve index in step
S160 of the flowchart illustrated in FIG. 3.

[0064] The sympathetic nerve index calculating section
143 calculates the RR interval from the electrocardiographic
signal in a load state of the patient in a procedure similar to
that of above-described step S161-1 (step S162-1).

[0065] Same or similarly with above-described step S161-
2, the sympathetic nerve index calculating section 143
calculates the low frequency spectral component of RR
interval which is a low-frequency component of the fluc-
tuation of the calculated RR interval, from the calculated RR
interval, and further calculates the high frequency spectral
component of RR interval which is a high-frequency com-
ponent of the fluctuation of the RR interval (step S162-2). In
the calculation of the high frequency spectral component of
RR interval, a conventionally commonly used frequency
analysis method such as the FFT is employed.

[0066] The sympathetic nerve index calculating section
143 calculates Low frequency RR/High frequency RR by
using the low frequency spectral component of RR interval
and high frequency spectral component of RR interval
which are calculated in step S162-2 to calculate the sym-
pathetic nerve index (step S162-3).

[0067] The sympathetic nerve index calculating section
143 outputs the calculated sympathetic nerve index to the
displaying section 150 (step S162-4). The displaying section
150 displays graphically and time sequentially a change of
the sympathetic nerve index.

[0068] When the sympathetic nerve index is calculated, it
is possible to determine the degree of the balance of the
autonomic nervous function.

[0069] FIG. 6 is a subroutine flowchart showing the pro-
cedure of calculation of the heart rate in step S160 of the
flowchart illustrated in FIG. 3.

[0070] The heart rate calculating section 145 draws an
electrocardiogram waveform by using the electrocardio-
graphic signal in a load state of the patient, and calculates the
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heart rate from the electrocardiogram waveform. The heart
rate is calculated by checking the number at which the
electrocardiogram waveform (P-Q-R-S-T wave) such as
shown in FIG. 9 occurs for a fixed period of time (step
S163-1).

[0071] The heart rate calculating section 145 outputs the
calculated heart rate to the displaying section 150 (step
S163-2). The displaying section 150 displays graphically
and time sequentially a change of the heart rate.

[0072] When the heart rate is calculated, it is possible to
determine the degree of the heart function.

[0073] FIG. 7 is a subroutine flowchart illustrating the
procedure of calculating the estimated cardiac output in step
S160 of the flowchart illustrated in FIG. 3.

[0074] Similarly with step S163-1, the estimated-cardiac
output calculating section 147 draws an electrocardiogram
waveform by using the electrocardiographic signal in a load
state of the patient, and calculates the heart rate from the
electrocardiogram waveform (step S164-1).

[0075] Similarly with step S161-3, the estimated-cardiac
output calculating section 147 draws an electrocardiogram
waveform and pulse wave such as illustrated in FIG. 9 by
using the electrocardiographic signal and pulse wave in a
load state of the patient. and calculates the PWTT from the
time difference between the peak of the R wave of the
electrocardiogram waveform and the rising of the pulse
wave (step S164-2).

[0076] The estimated-cardiac output calculating section
147 calculates the estimated cardiac output in a load state of
the patient from the heart rate which is calculated in step
S164-1, the PWTT which is calculated in step S164-2. and
the estimated cardiac output coeflicient which is calculated
in step S140 (step S164-3).

[0077] When the cardiac output is indicated by Co, the
PWTT is indicated by PW, and the heart rate is indicated by
HR, as described above, the estimated cardiac output Co' is
expressed by Co=Kx(axPW+f)xHR. The estimated-car-
diac output calculation coefficients K, o, and f§ are calcu-
lated in step S140 by using the least squares method. When
the heart rate HR which is calculated in step S164-1, and the
PWTT which is calculated in step S164-2 are substituted
into the above expression, therefore, the estimated cardiac
output Co' can be calculated.

[0078] The estimated-cardiac output calculating section
147 outputs the calculated estimated cardiac output to the
displaying section 150 (step S164-4). The displaying section
150 displays graphically and time sequentially a change of
the estimated cardiac output.

[0079] The estimated cardiac output is an estimated
amount of blood which is carried out from the heart in a load
state of the patient, and an index which relates to the heart
function. When the estimated cardiac output is calculated,
therefore, it is possible to determine the degree of the heart
function.

[0080] FIG. 8 is a subroutine flowchart illustrating the
procedure of calculating the alternative index of blood
pressure in step S160 of the flowchart illustrated in FIG. 3.

[0081] Similarly with step S161-3, the blood pressure
alternative index calculating section 149 draws an electro-
cardiogram waveform and pulse wave such as illustrated in
FIG. 9 by using the electrocardiographic signal and pulse
wave in a load state of the patient, and calculates the PWTT
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from the time difference between the peak of the R wave of
the electrocardiogram waveform and the rising of the pulse
wave (step S165-1).

[0082] The blood pressure alternative index calculating
section 149 outputs the calculated PWTT to the displaying
section 150 (step S165-2). The displaying section 150 dis-
plays graphically and time sequentially a change of the
PWTT.

[0083] The PWTT is an index which relates to the heart
function. When the PWTT is calculated, therefore, it is
possible to determine the degree of the heart function.
[0084] FIG. 10 illustrates modes of displaying the barore-
flex index, sympathetic nerve index, heart rate, estimated
cardiac output, and alternative index of blood pressure
which are finally obtained by the vital signs information
measuring apparatus and method of the embodiment.
[0085] The display of FIG. 10 is performed by the dis-
playing section 150. FIG. 10 sequentially illustrates from the
top changes of: the baroreflex index calculated by the
baroreflex index calculating section 141; the sympathetic
nerve index calculated by the sympathetic nerve index
calculating section 143; the heart rate calculated by the heart
rate calculating section 145; the estimated cardiac output
calculated by the estimated-cardiac output calculating sec-
tion 147; and the alternative index of blood pressure calcu-
lated by the blood pressure alternative index calculating
section 149. The graphs are displayed while their abscissas
or time axes coincide with one another.

[0086] In FIG. 10, the posture of the patient is changed in
the temporal sequence of the sitting position (seating posi-
tion)—>the rising position—>the standing position—the sit-
ting position. The rising in FIG. 10 is a timing when the
patient rises from the sitting position to the standing posi-
tion, and the sitting is that when the patient sits down from
the standing position to the sitting position.

[0087] In FIG. 10, a starting point on which attention is to
be focused is the rising position, and an ending point on
which attention is to be focused is the time zone in which the
level returns to a level identical with that in a resting state.
When changes of the heart rate in these timings are consid-
ered, the heart rate in the rising position is increased, and,
after the seating position, the level returns to a level identical
with that in a resting state which is before the rising position.
From these changes, it is seen that the patient shows a
normal biological response.

[0088] It is known that a healthy person who is rising
shows the following biological response. When the posture
is first changed from the sitting position to the standing
position, when the person rises, temporary hypotension
occurs. As a result, the baroreflex works, and the baroreflex
index is increased. Next, sympathetic nerves work, the
sympathetic nerve index is increased, and the heart rate is
raised. As a result, the cardiac output is increased, and the
estimated cardiac output is increased. Then, the blood pres-
sure 1s raised, and the alternative index of blood pressure is
lowered.

[0089] A healthy person who is rising shows the above-
described biological response. When the five indexes are
simultaneously displayed side by side as in FIG. 10, there-
fore, the autonomic nervous function and the heart function
can be comprehensively evaluated in an easy manner.
[0090] Although the vital signs information measuring
apparatus and method of the presently disclosed subject
matter have been described in one embodiment, it is a matter
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of course that the technical concept of the vital signs
information measuring apparatus and method of the pres-
ently disclosed subject matter is not limited to the embodi-
ment.

What is claimed is:

1. A vital signs information measuring apparatus com-
prising:

a calculating section which calculates a baroreflex index,

a sympathetic nerve index, a heart rate, an estimated
cardiac output, and an alternative index of blood pres-
sure by using at least one of an electrocardiographic
signal of a living body, and a pulse wave of the living
body; and

a displaying section that displays changes of the barore-
flex index, sympathetic nerve index, heart rate, esti-
mated cardiac output, and the alternative index that are
calculated by the calculating section.

2. The vital signs information measuring apparatus
according to claim I, wherein the calculating section
includes:

a baroreflex index calculating section that calculates a
baroreflex index by using the electrocardiographic sig-
nal and the pulse wave;

a sympathetic nerve index calculating section that calcu-
lates a sympathetic nerve index by using the electro-
cardiographic signal,

a heart rate calculating section that calculates a heart rate
by using the electrocardiographic signal;

an estimated-cardiac output calculating section that cal-
culates an estimated cardiac output by using the elec-
trocardiographic signal and the pulse wave; and

a blood pressure alternative index calculating section that
calculates an alternative index of blood pressure by
using the electrocardiographic signal and the pulse
wave.

3. The vital signs information measuring apparatus
according to claim 2 further comprising a storage that stores
therein a cardiac output in a resting state of the living body.

4. The vital signs information measuring apparatus
according to claim 2, wherein the baroreflex index calcu-
lating section calculates a low frequency spectral component
of RR interval of an electrocardiogram waveform by using
the electrocardiographic signal, and a low frequency PWTT
by using the electrocardiogram waveform and the pulse
wave, and further calculates Low frequency RR/Low fre-
quency PWTT, thereby calculating the baroreflex index.

5. The vital signs information measuring apparatus
according to claim 3, wherein the baroreflex index calcu-
lating section calculates a low frequency spectral component
of RR interval of an electrocardiogram waveform by using
the electrocardiographic signal, and a low frequency PWTT
by using the electrocardiogram waveform and the pulse
wave, and further calculates Low frequency RR/Low fre-
quency PWTT, thereby calculating the baroreflex index.

6. The vital signs information measuring apparatus
according to claim 2, wherein the sympathetic nerve index
calculating section calculates the low frequency spectral
component of RR interval and high frequency spectral
component of RR interval of an electrocardiogram wave-
form by using the electrocardiographic signal, and further
calculates Low frequency RR/High frequency RR, thereby
calculating the sympathetic nerve index.

7. The vital signs information measuring apparatus
according to claim 3, wherein the sympathetic nerve index
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calculating section calculates the low frequency spectral
component of RR interval and high frequency spectral
component of RR interval of an electrocardiogram wave-
form by using the electrocardiographic signal, and further
calculates Low frequency RR/High frequency RR, thereby
calculating the sympathetic nerve index.

8. The vital signs information measuring apparatus
according to claim 3, wherein the estimated-cardiac output
calculating section calculates:

the heart rate by using the electrocardiographic signal in

a resting state of the living body;
a PWTT by using the electrocardiographic signal and
pulse wave in a resting state of the living body; and
an estimated-cardiac output calculation coeflicient by
using the cardiac output in a resting state of the living
body which is stored in the storing section, and the
calculated heart rate and PWTT, and
the estimated-cardiac output calculating section further cal-
culates:

the heart rate by using an electrocardiographic signal in a

load state of the living body;

the PWTT by using the electrocardiographic signal and

pulse wave in a load state of the living body; and

an estimated cardiac output by using the heart rate in a

load state of the living body, the PWTT, and the
estimated-cardiac output calculation coeflicient.

9. The vital signs information measuring apparatus
according to claim 2, wherein the blood pressure alternative
index calculating section calculates a PWTT by using the
electrocardiographic signal and the pulse wave, and outputs
the PWTT as the alternative index of blood pressure.

10. The vital signs information measuring apparatus
according to claim 3, wherein the blood pressure alternative
index calculating section calculates a PWTT by using the
electrocardiographic signal and the pulse wave, and outputs
the PWTT as the alternative index of blood pressure,

11. The vital signs information measuring apparatus
according to claim 1, wherein the displaying section dis-
plays changes of the baroreflex index, the sympathetic nerve
index, the heart rate, the estimated cardiac output, and the
alternative index of blood pressure, graphically and time
sequentially.

12. A vital signs information measuring method compris-
ing:

calculating an estimated-cardiac output calculation coef-

ficient by using a cardiac output, electrocardiographic
signal, and pulse wave in a resting state of a living
body;
calculating a baroreflex index, a sympathetic nerve index,
a heart rate, and an alternative index of blood pressure
by using at least one of an electrocardiographic signal
and pulse wave in a load state of the living body, and
calculating an estimated cardiac output of the living
body by using the electrocardiographic signal and pulse
wave in a load state of the living body, and the
estimated-cardiac output calculation coeflicient; and

displaying changes of the baroreflex index, sympathetic
nerve index, heart rate, estimated cardiac output, and
alternative index of blood pressure which are calcu-
lated.

13. The vital signs information measuring method accord-
ing to claim 12, wherein the baroreflex index is obtained by
calculating a low frequency spectral component of RR
interval of an electrocardiogram waveform by using the
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electrocardiographic signal, and a low frequency PWTT by
using the electrocardiogram waveform and the pulse wave,
and further calculating Low frequency RR/Low frequency
PWTT.

14. The vital signs information measuring method accord-
ing to claim 12, wherein the sympathetic nerve index is
obtained by calculating a low frequency spectral component
of RR interval and high frequency spectral component of RR
interval of an electrocardiogram waveform by using the
electrocardiographic signal, and further calculating Low
frequency RR/High frequency RR.

15. The vital signs information measuring method accord-
ing to claim 12, wherein the estimated cardiac output is
obtained by calculating the heart rate by using the electro-
cardiographic signal, calculating a PWTT by using the
electrocardiographic signal and the pulse wave, and using
the heart rate, the PWTT, and the estimated-cardiac output
calculation coeflicient.

16. The vital signs information measuring method accord-
ing to claim 12, wherein the alternative index of blood
pressure is obtained by calculating a PWTT by using the
electrocardiographic signal and the pulse wave.
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