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(57) An autonomic nerve activity measuring appara-
tus includes: a pulse wave acquiring unit, configured to
acquire atleast two pulse wave signals from a living body;
an electric stimulation unit, configured to apply electric

Autonomic nerve activity measuring apparatus and autonomic nerve activity measuring

stimulation to the living body; a comparison unit, config-
ured to compare the pulse wave signals acquired by the
pulse wave acquiring unit; and an analysis unit, config-
ured to analyze comparison result provided by the com-
parison unit.
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Description

BACKGROUND OF THE INVENTION

[0001] This invention relates to an autonomic nerve
activity measuring apparatus and an autonomic nerve
activity measuring method for applying electric stimula-
tion to a living body and measuring autonomic nerve ac-
tivity from a pulse wave signal reflecting the constriction
of a peripheral blood vessel by an autonomic nerve (sym-
pathetic nerve and parasympathetic nerve).

[0002] A skin blood volume, an electrocardiogram
waveform, etc., is representative biological information
to measure the autonomic nervous system and an at-
tempt has been made to evaluate the state of the auto-
nomic nervous and the balance and the functionality as
to which of the sympathetic nerve and the parasympa-
thetic nerve is dominant from the heart rate and the blood
pressure and frequency analysis and chaos analysis of
the digital pulse volume and further pulse wave acceler-
ation of the digital pulse volume, etc.

[0003] For example, there are a related art of evaluat-
ing the autonomic nerve function from the a-a (systolic
early positive wave) time pulse wave acceleration (refer
to JP-A-2004-358022), and a related art of measuring a
pulse wave for about 20 seconds and determining auto-
nomic nerve imbalance from a distribution of peak and
bottom times for each beat (refer to JP-A-2007-61572,
particularly "embodiment 2").

[0004] However, although qualitative evaluation and
analysis of the autonomic nerve can be conducted, dis-
turbance of the visual sense, the acoustic sense, the
smell sense, etc., has an effect on evaluating of the au-
tonomic nerve and it is difficult to selectively evaluate the
function of the sympathetic nerve and the function of the
parasympathetic nerve.

[0005] Generally, if the measuring time is short, infor-
mation required for diagnosis is insufficient and an error
becomes large. On the other hand, considering that heart
rate fluctuation has periodicity, if the measuring time is
simply prolonged, the effect of the disturbance is easily
received and it cannot be said that the prolonged meas-
uring time is advantageous. That s, to conduct autonom-
ic nerve activity measurement with no error, how long
the measuring time is to be set cannot quantitatively be
determined.

[0006] With the circumstances as described above as
the background, an objective diagnosis of the state of
the autonomic nerve is conducted by applying stimulation
by an acoustic signal and an image signal and keeping
track of the response time and the restoration potential
ofthe autonomic nerve from fluctuation of vital sign (Refer
to JP-A-2005-329148, particularly 0033). However, a
problem remains in that the diagnosis can be applied
only to a person having a normal audio visual function,
and under the present circumstances, there is a demand
for realizing an apparatus and a method for performing
excellent autonomic nerve activity measurement.
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[0007] Further, generally inspiration in respiration of a
living body derives from the sympathetic nerve and ex-
piration derives from the parasympathetic nerve. There-
fore, the expiration becomes a disturbance factor of sym-
pathetic nerve measurement from the relation between
the respiration and the sympathetic nerve.

SUMMARY

[0008] It is therefore an object of the invention to pro-
vide an autonomic nerve activity measuring apparatus
and measuring method capable of conducting autonomic
nerve activity measuring more than was previously pos-
sible.

[0009] It is another object of the invention to provide
an apparatus and a method capable of excluding distur-
bance deriving from respiration and determining the na-
ture inspection of a sympathetic nerve.

[0010] In order to achieve the object, according to the
invention, there is provided an autonomic nerve activity
measuring apparatus comprising:

a pulse wave acquiring unit, configured to acquire at
least two pulse wave signals from a living body;

an electric stimulation unit, configured to apply elec-
tric stimulation to the living body;

a comparison unit, configured to compare the pulse
wave signals acquired by the pulse wave acquiring
unit; and

an analysis unit, configured to analyze comparison
result provided by the comparison unit.

[0011] The comparison unit may compare the pulse
wave signals acquired by the pulse wave acquiring unit
before and after the electric stimulation is applied to the
living body.

[0012] The electric stimulation may include a first elec-
tric stimulation and a second electric stimulation which
are different from each other in intensity. The comparison
unit may compare the pulse wave signals acquired by
the pulse wave acquiring unit when the first electric stim-
ulation and the second electric stimulation are applied to
the living body.

[0013] The first electric stimulation may have low in-
tensity that the living body does not feel. The second
electric stimulation may have high intensity that the living
body feels.

[0014] The pulse wave signal may be at least one of
amplitude of a P wave, amplitude of a T wave, amplitude
of a D wave, amplitude of pulse wave velocity, amplitude
of pulse wave acceleration, a pulse wave amplitude ratio,
a pulse wave velocity amplitude ratio, a pulse wave ac-
celeration amplitude ratio, a power fluctuation pattern of
each wavelength provided by pulse wave frequency anal-
ysis, and an elastic coefficient.

[0015] The pulse wave amplitude ratio may include the
ratio between the P wave and the D wave.

[0016] The pulse wave acceleration amplitude ratio
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may include the ratio between a b wave and a d wave.
[0017] The autonomic nerve activity measuring appa-
ratus may further include a respiration detection unit, con-
figured to detect a respiration signal from the living body.
The electric stimulation unit may apply the electric stim-
ulation to the living body in response to the detected res-
piration signal.

[0018] The respiration detection unit may detect the
respiration signal by using one of an airway flow sensor,
athermistor sensor, an airway pressure sensor, a carbon
dioxide concentration sensor, animpedance sensor, and
a photoplethysmographic sensor.

[0019] The respiration signal may include at least one
of expiration and inspiration.

[0020] The electric stimulation unit may apply the elec-
tric stimulation to the living body in either an expiratory
phase or an inspiratory phase.

[0021] In order to achieve the object, according to the
invention, there is also provided a method of measuring
autonomic nerve activity of a living body, the method
comprising:

acquiring at least two pulse wave signals from the
living body;

applying electric stimulation to the living body;
comparing the acquired pulse wave signals; and
analyzing comparison result.

[0022] The pulse wave signals, which are acquired be-
fore and after the electric stimulation is applied to the
living body, may be compared.

[0023] The electric stimulation may include afirst elec-
tric stimulation and a second electric stimulation which
are different from each other in intensity. The pulse wave
signals, which are acquired when the first electric stim-
ulation and the second electric stimulation are applied to
the living body, may be compared.

[0024] The first electric stimulation may have low in-
tensity that the living body does not feel. The second
electric stimulation may have high intensity that the living
body feels.

[0025] The pulse wave signal may be at least one of
amplitude of a P wave, amplitude of a T wave, amplitude
of a D wave, amplitude of pulse wave velocity, amplitude
of pulse wave acceleration, a pulse wave amplitude ratio,
a pulse wave velocity amplitude ratio, a pulse wave ac-
celeration amplitude ratio, a power fluctuation pattern of
eachwavelength provided by pulse wave frequency anal-
ysis, and an elastic coefficient.

[0026] The pulse wave amplitude ratio may include the
ratio between the P wave and the D wave.

[0027] The pulse wave acceleration amplitude ratio
may include the ratio between a b wave and a d wave.
[0028] The method may furtherinclude detectingares-
piration signal from the living body. The electric stimula-
tion may be applied to the living body in response to the
detected respiration signal.

[0029] Therespiration signal may be detected by using
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one of an airway flow sensor, a thermistor sensor, an
airway pressure sensor, a carbon dioxide concentration
sensor, an impedance sensor, and a photoplethysmo-
graphic sensor.

[0030] The respiration signal may include at least one
of expiration and inspiration.

[0031] The electric stimulation may be applied to the
living body in either an expiratory phase or an inspiratory
phase.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032]

FIG. 1 is a block diagram of an embodiment of an
autonomic nerve activity measuring apparatus ac-
cording to the present invention.

FIGs. 2A and 2B are drawings to describe the names
of partsin a pulse wave and pulse wave acceleration,
respectively.

FIGs. 3A and 3B are drawings to show trends of
pulse waves and pulse wave acceleration provided
by the embodiment of the autonomic nerve activity
measuring apparatus according to the invention.
FIG. 4 is a drawing to show pulse wave amplitude
ratio trends of a normal person with no electric stim-
ulation, provided by the embodiment of the autonom-
ic nerve activity measuring apparatus according to
the invention.

FIG. 5 is a drawing to show pulse wave amplitude
ratio trends of the normal person with electric stim-
ulation applied at the 11th pulse, provided by the
embodiment of the autonomic nerve activity meas-
uring apparatus according to the invention.

FIG. 6 is a drawing to show acceleration pulse wave
amplitude ratio trends of the normal person with no
electric stimulation, provided by the embodiment of
the autonomic nerve activity measuring apparatus
according to the invention.

FIG. 7 is a drawing to show acceleration pulse wave
amplitude ratio trends of the normal person with elec-
tric stimulation applied at the 11th pulse, provided
by the embodiment of the autonomic nerve activity
measuring apparatus according to the invention.
FIG. 8 is a drawing to show pulse wave amplitude
ratio trends of an abnormal person with electric stim-
ulation applied at the 11th pulse, provided by the
embodiment of the autonomic nerve activity meas-
uring apparatus according to the invention.

FIG. 9 is a drawing to show acceleration pulse wave
amplitude ratio trends of the abnormal person with
electric stimulation applied at the 11th pulse, provid-
ed by the embodiment of the autonomic nerve activ-
ity measuring apparatus according to the invention.
FIG. 10is a drawing to show a frequency distribution
of a normal subject before and after the 14th pulse
when an electric stimulation unit does not apply elec-
tric stimulation, provided by the embodiment of the
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autonomic nerve activity measuring apparatus ac-
cording to the invention.

FIG. 11 is a drawing to show a frequency distribution
of the normal subject before and after the 14th pulse
when the electric stimulation unit applies electric
stimulation, provided by the embodiment of the au-
tonomic nerve activity measuring apparatus accord-
ing to the invention.

FIG. 12is a drawing to show a frequency distribution
of the abnormal subject before and after the 14th
pulse when the electric stimulation unit applies elec-
tric stimulation, provided by the embodiment of the
autonomic nerve activity measuring apparatus ac-
cording to the invention.

FIG. 13 is a block diagram of an embodiment of an
autonomic nerve activity measuring apparatus pro-
vided with a mechanism for excluding the effect of
disturbance caused by respiration according to the
invention.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0033] An embodiment of an autonomic nerve activity
measuring apparatus and an autonomic nerve activity
measuring method according to the invention will be dis-
cussed with reference to the accompanying drawings.
FIG. 1 is a block diagram of the embodiment of the au-
tonomic nerve activity measuring apparatus. A pulse
wave signal is obtained using a pulse wave sensor 11
and is amplified by a pulse wave amplifier 12 according
to a predetermined gain and then is fed into a central
control section 20. A sensor including a light receiving
element and a right transmitting element disclosed in JP-
A-2001-78990 or the like can be used as the pulse wave
sensor 11.

[0034] The pulse wave sensor 11 and the pulse wave
amplifier 12 are a pulse wave acquiring unit for acquiring
a pulse wave signal from a living body. The pulse wave
acquiring unit may be capable of measuring at least one
or more of photoplethysmograph, pressure pulse wave,
blood flow, and blood pressure.

[0035] A stimulation generation section 13 containing
an electrode put on a living body and a trigger generation
section 14 are connected to the central control section
20. The stimulation generation section 13 and the trigger
generation section 14 may make up an electric stimula-
tion unit for applying electric stimulation to a living body
by predetermined operation. As electric stimulation is
generated from the stimulation generation section 13,
the trigger generation section 14 generates a trigger sig-
nal and sends the trigger signal to the central control
section 20.

[0036] Anoperationsection 15is connected tothe cen-
tral control section 20. The operation section 15 may be
provided with keys, etc., for enabling the user to set a
voltage value, a frequency, etc., to be generated from
the stimulation generation section 13. The keys and the
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trigger generation section 14 may be connected to the
stimulation generation section 13 to make up an electric
stimulation unit. The operation section 15is also provided
with keys for entering a command, data, etc., given to
the central control section 20.

[0037] The central control section 20 is implemented
as a CPU, etc., and has a comparison unit for making a
comparison using a pulse wave signal acquired by the
pulse wave acquiring unit and the trigger signal and an
analysis unit for analyzing the comparison result.
[0038] A display section 16 of an LCD, etc., a record
section 17 of a printer, etc. , and a storage section 18
made up of various memory devices are connected to
the central control section 20. The display section 16 and
the record section 17 output the analysis result, etc., of
the comparison unit and the analysis unit included in the
central control section 20. Particularly, they make up an
output unit for obtaining and outputting the result of com-
parison and analysis of pulse wave signals acquired be-
fore and after electric stimulation based on a trigger signal
is applied and the result of comparison and analysis of
pulse wave signals acquired when different intensity
electric stimulations are applied. The acquired pulse
waves, result, and the like are stored in the storage sec-
tion 18. The expression "before and after electric stimu-
lation based on a trigger signal" contains the case where
the electric stimulation unit does not apply stimulation; if
the electric stimulation unit applies stimulation, the ex-
pression contains obtaining the separate analysis results
before and after the stimulation. It further contains ob-
taining the result across the time intervals before and
after the stimulation containing the timing at which sim-
ulation is applied by the electric stimulation unit.

[0039] Computation of the comparison unit and the
analysis unit will be discussed. The pulse wave signal is
a generic name for signals deriving from pulse waves
described below. Specifically, the pulse wave signal is
any one or more of the amplitude of a P wave, the am-
plitude of a T wave, the amplitude of a D wave, the am-
plitude of pulse wave velocity, the amplitude of pulse
wave acceleration, a pulse wave amplitude ratio, a pulse
wave velocity amplitude ratio, a pulse wave acceleration
amplitude ratio, a power fluctuation pattern of each wave-
length provided by pulse wave frequency analysis, and
an elastic coefficient.

[0040] A one-period pulse wave is as shown in FIG.
2A. First derivative of the pulse wave is computed to pro-
vide a pulse wave velocity and further second derivative
is computed by the comparison unitto provide pulse wave
acceleration shown in FIG. 2B. The first peak in the one-
period pulse wave is P wave called Percussion wave.
The second peak in the one-period pulse wave is T wave
called Tidal wave. The third peak in the one-period pulse
wave is D wave called Dicrotic wave. The elastic coeffi-
cient is the height ratio between the two waves of the
Percussion wave (P wave) and the Tidal wave (T wave).
[0041] The comparison unit performs computation for
obtaining trends of the P wave and the D wave and also
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trends of pulse wave amplitude ratios containing the ratio
between the P wave and the D wave (P/D and D/P).
[0042] As another example, in the pulse wave accel-
eration shown in FIG. 2B, a positive wave having the first
local maximum point is called a wave (systolic early pos-
itive wave) and a negative wave following the a wave is
called b wave (systolic early negative wave), followed by
¢ wave (systolic medium re-ascending wave), d wave
(systolic late re-descending wave), and e wave (diastolic
early positive wave). The comparison unit may perform
computation for obtaining trends of b/a, c/a, d/a, e/a, and
b/d as pulse wave acceleration amplitude ratios.

[0043] As still another example, the comparison unit
may perform frequency resolution relative to the pulse
wave and may perform computation for making a histo-
gram with the frequency as an axis.

[0044] Each of the computations described above is
also performed before and after stimulation of the electric
stimulation unit and when different stimulation is applied,
thereby finding the pulse wave signal comparison results
such as a trend curve of pulse wave amplitude ratio (P/D,
D/P), atrend curve of pulse wave acceleration amplitude
ratio (b/a, c/a, d/a, e/a, b/d), and a pulse wave frequency
component distribution. Further, the analysis unit evalu-
ates the nature inspection of the sympathetic nerve ac-
cording to change appearing in the pulse wave signal
caused by the presence or absence of stimulation and
the stimulation intensity difference based on the compar-
ison results. The evaluation result may be output from
the display section 16 and the record section 17.
[0045] The measuring result of the apparatus of the
embodiment is shown. FIG. 3A shows pulse wave and
pulse wave acceleration when the electric stimulation unit
applies electric stimulation of extremely low intensity that
a living body does not feel (the intensity may be zero),
and FIG. 3B shows pulse wave and pulse wave acceler-
ation when the electric stimulation unit applies electric
stimulation of high intensity that a living body feels (here,
0.4-mA square-wave current with duration of 0.5 ms is
used and five train stimulations are applied at 5.0-ms
intervals) ; a trigger signal applies stimulation at time t.
Itis seen from FIG. 3A that the sympathetic nerve scarce-
ly responds to the electric stimulation of low intensity and
no change occurs in the pulse wave. On the other hand,
it is seen from FIG. 3B that the sympathetic nerve re-
sponds to the electric stimulation of high intensity, con-
striction of a peripheral blood vessel occurs, and change
occurs in the waveforms of the pulse wave and the ac-
celeration pulse wave.

[0046] Further, FIGs. 4 to 7 show the measuring result
of the apparatus of the embodiment. FIG. 4 shows pulse
wave amplitude trends of a normal subject when the elec-
tric stimulation unit applies stimulation of low intensity.
FIG. 5 shows pulse wave amplitude trends of the normal
subject when the electric stimulation unit applies stimu-
lation of high intensity. FIG. 6 shows acceleration pulse
wave amplitude trends of a normal subject when the elec-
tric stimulation unit applies stimulation of low intensity.
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FIG. 7 shows pulse wave acceleration amplitude trends
of the normal subject when the electric stimulation unit
applies stimulation of high intensity. The horizontal axis
indicates what number pulse each pulse of the pulse
wave is, the left vertical axis indicates the amplitude val-
ue, and the right vertical axis indicates the amplitude ratio
value. In this example, it is obvious from FIG. 5 that if
electric stimulation of high intensity that a living body feels
is applied at the 11th pulse, large change occurs at the
14th pulse. This means that response to applying electric
stimulation is noticeable according to the computation
result of the embodiment providing the ratio. Likewise, it
can be acknowledged in FIG. 7 that noticeable change
is measured in the ratio between the b and d waves in
the acceleration pulse wave.

[0047] Further, FIGs. 8 and 9 show the measuring re-
sult of the apparatus of the embodiment. FIG. 8 shows
pulse wave amplitude trends of an abnormal subject as
for the autonomic nerve (simply, abnormal person) when
the electric stimulation unit applies stimulation of high
intensity. FIG. 9 shows acceleration pulse wave ampli-
tude trends of the abnormal subject when the electric
stimulation unit applies stimulation of high intensity.
[0048] FIG. 8 corresponds to FIG. 5, and FIG. 9 cor-
responds to FIG. 7. Although the same electric stimula-
tion as the normal person is applied at the 11th pulse,
change is not observed in the pulse wave or the accel-
eration pulse wave of the abnormal person after the elec-
tric stimulation, and the computation resultis in large con-
trast with the computation result for the pulse wave of
the normal person wherein change occurs at the 14th
pulse. That is, it is considered that a nerve impulse
caused by pain responsive to the electric stimulation is
induced and the sympathetic nerve state as the reflection
is measured, and the advantage of making it possible to
easily measure abnormal response of the sympathetic
nerve can be provided.

[0049] FIGs. 10to 12 show the measuring result of the
apparatus ofthe embodiment. FIG. 10 shows afrequency
distribution of the normal subject before and after the
11th pulse when the electric stimulation unit applies elec-
tric stimulation of extremely low intensity that a living body
does not feel. Frequency is taken on the horizontal axis,
and power is taken on the vertical axis. From the result,
it is seen that a frequency distribution be forming the
pulse wave before the 11th pulse and a frequency distri-
bution af forming the pulse wave after the 11th pulse
scarcely differ in pulse wave signal.

[0050] FIG. 11 shows a frequency distribution of the
normal subject before and after the 11th pulse when the
electric stimulation unit applies electric stimulation that a
living body feels. Frequency is taken on the horizontal
axis, and power is taken on the vertical axis. From the
result, it is seen that the arterial volume decreases be-
cause of constriction of a peripheral blood vessel and a
low frequency componentincreases in the frequency dis-
tribution af forming the pulse wave after the 11th pulse
as compared with the frequency distribution be forming
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the pulse wave before the 11th pulse.

[0051] FIG. 12 shows a frequency distribution of the
abnormal subject before and after the 11th pulse when
the electric stimulation unit applies electric stimulation.
Frequency is taken on the horizontal axis, and degree
(relative value) is taken on the vertical axis. From the
result, it is seen that a frequency distribution be forming
the pulse wave before the 11th pulse and a frequency
distribution af forming the pulse wave after the 11th pulse
scarcely differ although electric stimulation is applied,
and it is understood that if high electric stimulation is ap-
plied, the sympathetic nerve does not appropriately re-
spond to the electric stimulation and constriction of a pe-
ripheral blood vessel does not occur. This means that
abnormal response of the sympathetic nerve can be ac-
knowledged.

[0052] The embodiment described above can be ap-
plied not only to inspection of the nerve function, but also
to evaluation of abnormal pain sense caused by diabetes,
sympathoplegia caused by Parkinson’s disease, etc.
[0053] Further, an embodiment for excluding the effect
of disturbance caused by respiration will be discussed
with FIG. 13. The configuration differs from that of the
embodiment in FIG. 1 only in a respiration detection unit
19. The respiration detection unit 19 contains atleastone
of an airway flow sensor, a thermistor (temperature) sen-
sor, an airway pressure sensor, a carbon dioxide con-
centration sensor, an impedance sensor, and a photop-
lethysmographic sensor.

[0054] The respiration detection unit 19 detects an air-
way (respiration) signal of a living body, for example, ex-
piration and inspiration. When detecting expiration or in-
spiration, the respiration detection unit 19 sends a noti-
fication of detection of expiration or inspiration to a central
control section 20. Upon reception of the notification, the
central control section 20 instructs an electric stimulation
generation section 13 to apply stimulation in an expiratory
phase or an inspiratory phase of respiration.

[0055] Electric stimulation is applied at the timing of
the expiratory phase or the inspiratory phase of respira-
tion, whereby it is made possible to lessen the distur-
bance factor of sympathetic nerve measuring caused by
respiration.

[0056] According to an aspect of the invention, a nerve
impulse caused by pain responsive to the electric stim-
ulationis induced and the pulse wave signal deriving from
constriction of a peripheral blood vessel appearing as
the reflection is measured, whereby it is made possible
to evaluate the nature inspection of a sympathetic nerve.
Further, itis also made possible to easily detect abnormal
response of the homeostatic of the sympathetic nerve.
Response of a pulse wave signal can be quickly obtained
by applying electric stimulation different from a sound or
light. Reaction can be displayed distinctly according to
the pulse wave amplitude ratio and the pulse wave ac-
celeration amplitude ratio. The range is widened accord-
ing to the frequency component and the measurement
result can be provided for facilitating analysis and eval-
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uation.

[0057] The pulse wave amplitude ratio includes the ra-
tio between the P wave and the D wave, and the pulse
wave acceleration amplitude ratio includes the ratio be-
tween the b wave and the d wave, so that reaction can
be displayed distinctly according to the ratios.

[0058] It is made possible to exclude the effect of dis-
turbance caused by respiration and evaluate the nature
inspection of a sympathetic nerve with high accuracy.
[0059] The possibility is also high that the invention
may be applied not only to inspection of the nerve func-
tion, but also to fields of evaluation of abnormal pain
sense caused by diabetes, sympathoplegia caused by
Parkinson’s disease, etc., and the like.

Claims

1. An autonomic nerve activity measuring apparatus
comprising:

a pulse wave acquiring unit, configured to ac-
quire atleast two pulse wave signals from aliving
body;

an electric stimulation unit, configured to apply
electric stimulation to the living body;

a comparison unit, configured to compare the
pulse wave signals acquired by the pulse wave
acquiring unit; and

an analysis unit, configured to analyze compar-
ison result provided by the comparison unit.

2. The autonomic nerve activity measuring apparatus
as claimed in claim 1, wherein
the comparison unit compares the pulse wave sig-
nals acquired by the pulse wave acquiring unit before
and after the electric stimulation is applied to the liv-
ing body.

3. The autonomic nerve activity measuring apparatus
as claimed in claim 1, wherein
the electric stimulation includes a first electric stim-
ulation and a second electric stimulation which are
different from each other in intensity, and
the comparison unit compares the pulse wave sig-
nals acquired by the pulse wave acquiring unit when
the first electric stimulation and the second electric
stimulation are applied to the living body.

4. The autonomic nerve activity measuring apparatus
as claimed in claim 3, wherein
the first electric stimulation has low intensity that the
living body does not feel, and
the second electric stimulation has high intensity that
the living body feels.

5. The autonomic nerve activity measuring apparatus
as claimed in claim 1, wherein
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the pulse wave signal is at least one of amplitude of
a P wave, amplitude of a T wave, amplitude of a D
wave, amplitude of pulse wave velocity, amplitude
of pulse wave acceleration, a pulse wave amplitude
ratio, a pulse wave velocity amplitude ratio, a pulse
wave acceleration amplitude ratio, a power fluctua-
tion pattern of each wavelength provided by pulse
wave frequency analysis, and an elastic coefficient.

The autonomic nerve activity measuring apparatus
as claimed in claim 5, wherein

the pulse wave amplitude ratio includes the ratio be-
tween the P wave and the D wave.

The autonomic nerve activity measuring apparatus
as claimed in claim 5, wherein

the pulse wave acceleration amplitude ratio includes
the ratio between a b wave and a d wave.

The autonomic nerve activity measuring apparatus
as claimed in claim 1, further comprising

a respiration detection unit, configured to detect a
respiration signal from the living body,

wherein the electric stimulation unit applies the elec-
tric stimulation to the living body in response to the
detected respiration signal.

The autonomic nerve activity measuring apparatus
as claimed in claim 8, wherein

the respiration detection unit detects the respiration
signal by using one of an airway flow sensor, a ther-
mistor sensor, an airway pressure sensor, a carbon
dioxide concentration sensor, an impedance sensor,
and a photoplethysmographic sensor.

The autonomic nerve activity measuring apparatus
as claimed in claim 8, wherein

the respiration signal includes at least one of expi-
ration and inspiration.

The autonomic nerve activity measuring apparatus
as claimed in claim 8, wherein

the electric stimulation unit applies the electric stim-
ulation to the living body in either an expiratory phase
or an inspiratory phase.

A method of measuring autonomic nerve activity of
a living body, the method comprising:

acquiring at least two pulse wave signals from
the living body;

applying electric stimulation to the living body;
comparing the acquired pulse wave signals; and
analyzing comparison result.

The method as claimed in claim 12, wherein
the pulse wave signals, which are acquired before
and after the electric stimulation is applied to the liv-
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14,

15.

16.

17.

18.

19.

20.

21,

22,

12
ing body, are compared.

The method as claimed in claim 12, wherein

the electric stimulation includes a first electric stim-
ulation and a second electric stimulation which are
different from each other in intensity, and

the pulse wave signals, which are acquired when the
first electric stimulation and the second electric stim-
ulation are applied to the living body, are compared.

The method as claimed in claim 14, wherein

the first electric stimulation has low intensity that the
living body does not feel, and

the second electric stimulation has high intensity that
the living body feels.

The method as claimed in claim 12, wherein

the pulse wave signal is at least one of amplitude of
a P wave, amplitude of a T wave, amplitude of a D
wave, amplitude of pulse wave velocity, amplitude
of pulse wave acceleration, a pulse wave amplitude
ratio, a pulse wave velocity amplitude ratio, a pulse
wave acceleration amplitude ratio, a power fluctua-
tion pattern of each wavelength provided by pulse
wave frequency analysis, and an elastic coefficient.

The method as claimed in claim 16, wherein
the pulse wave amplitude ratio includes the ratio be-
tween the P wave and the D wave.

The method as claimed in claim 16, wherein
the pulse wave acceleration amplitude ratio includes
the ratio between a b wave and a d wave.

The method as claimed in claim 12, further compris-
ing detecting arespiration signal from the living body,
wherein the electric stimulation is applied to the living
body in response to the detected respiration signal.

The method as claimed in claim 19, wherein

the respiration signal is detected by using one of an
airway flow sensor, a thermistor sensor, an airway
pressure sensor, a carbon dioxide concentration
sensor, an impedance sensor, and a photoplethys-
mographic sensor.

The method as claimed in claim 19, wherein
the respiration signal includes at least one of expi-
ration and inspiration.

The method as claimed in claim 19, wherein
the electric stimulation is applied to the living body
in either an expiratory phase or an inspiratory phase.
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