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APPARATUS FOR DETERMINING
RESPIRATORY CONDITION

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application is based upon and claims the ben-
efit of priority from prior Japanese patent application No.
2013-137019, filed on Jun. 28, 2013, the entire contents of
which are incorporated herein by reference.

BACKGROUND

[0002] The presently disclosed subject matter relates to an
apparatus for determining the respiratory condition of the
subject in order to examine or monitor sleep respiratory dis-
order.

[0003] As one of apnea/hypopnea conditions occurring
during sleep, there is obstructive apnea/hypopnea in which a
respiratory effort is continued in an airway obstruction con-
dition. In other words, when the respiratory effort of the
subject is detected, it is possible to determine that sleep res-
piratory disorder occurs. A respiratory effort is recognized by
measuring the airway pressure. There is an apparatus for
determining the respiratory condition in which a sensor cath-
eter is inserted into the esophagus of the subject to measure
the airway pressure (for example, see JP-T-2010-540118).
[0004] In examination or monitoring of sleep respiratory
disorder, it is required to perform a long-term overnight mea-
surement. A long-term measurement in a state where catheter
is inserted into the esophagus inevitably imposes significant
botheration and burden on the subject. Under such a situation,
the subject cannot sleep, and it is difficult to adequately per-
form a sleep test. For a person who performs diagnosis, on the
other hand, a work of visually determining the respiratory
condition of the subject from an enormous number of mea-
surement signal waveforms which have been measured over-
night causes a very large burden. In the case where the deter-
mination is performed based on visual observation,
moreover, 1t 1s difficult to eliminate differences in determina-
tion results due to the subjectivity and experience of the
observer.

SUMMARY

[0005] The presently disclosed subject matter may provide
a technique which can determine sleep respiratory disorder
correctly and easily while reducing botheration and burden of
the subject.

[0006] An apparatus for determining a respiratory condi-
tion may comprise: a signal acquiring section which is con-
figured to acquire a signal corresponding to a respiratory flow
of a subject; a first index producing section which is config-
ured to produce a first index related to the respiratory flow of
the subject obtained from the signal; a second index produc-
ing section which is configured to produce a second index
related to a respiratory demand of the subject predicted from
the first index; a third index producing section which is con-
figured to produce a third index related to a respiratory effort
of the subject based on the first index and the second index;
and an outputting section which is configured to output the
third index.

[0007] The first index may be a signal waveform corre-
sponding to the respiratory flow of the subject, and the second
index may be a sinusoidal waveform, which is approximated
so as to include: a first portion including a starting point of
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inspiration of the subject in the signal waveform; and a second
portion indicating an ending point of inspiration of the sub-
ject, based on: a gradient of the first portion; and the second
portion.

[0008] The third index producing section may be config-
ured to set an amplitude of the sinusoidal waveform as the
third index, and the third index may indicate a degree of the
respiratory effort of the subject.

[0009] The apparatus may further comprise an integral
value acquiring section which is configured to acquire an
integral value of the sinusoidal waveform and an integral
value of the signal waveform, between the inspiration starting
point and the inspiration ending point, wherein the third index
producing section may be configured to set a ratio of the
integral value of the signal waveform to the integral value of
the sinusoidal waveform, as the third index, and the third
index may indicate a degree of attainment of ventilation due
to the respiratory effort of the subject.

[0010] The apparatus may further comprise a displaying
section which is configured to display the first index, wherein
the outputting section may be configured to output the third
index so as to be displayed synchronously with the first index
on the displaying section.

[0011] The signal acquiring section may be configured to
acquire the signal based on a respiratory pressure of the
subject, which is output from a pressure sensor configured to
measure the respiratory pressure.

[0012] The signal acquiring section may be configured to
perform a square root correction on the signal.

[0013] The signal acquiring section may be configured to
acquire the signal based on a respiratory gas which is intro-
duced through a nasal cannula which is adapted to be attached
to the subject.

[0014] The outputting section may be configured to output
an alarm which is based on the third index.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a functional block diagram showing the
configuration of a monitoring apparatus of an embodiment of
the presently disclosed subject matter.

[0016] FIG. 2 is a view illustrating signal processing per-
formed by the monitoring apparatus of FIG. 1.

[0017] FIG. 3 is a view showing an example of a signal
waveform displayed ona displaying section of the monitoring
apparatus of FIG. 1.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0018] Hereinafter, an embodiment of the presently dis-
closed subject matter will be described in detail with refer-
ence to the accompanying drawings.

[0019] FIG. 1 is a functional block diagram showing the
configuration of a monitoring apparatus 10 which is an appa-
ratus for determining the respiratory condition according to
an embodiment of the presently disclosed subject matter. The
monitoring apparatus 10 may include a signal acquiring sec-
tion 11, a high-frequency filter 12, a controller 13, and a
displaying section 14.

[0020] A nasal cannula 21 is a device in which a pair of pipe
portions are to be inserted to the nostrils of the subject to
guide the nasal respiratory gas of the subject to a pressure
sensor 23 through a tube 22. The pressure sensor 23 is a sensor
which measures a pressure change caused by respiration of
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the subject, and outputs a measurement signal having a wave-
form corresponding to the respiratory condition (respiratory
pressure) of the subject (in following description, the signal is
referred to merely as the measurement waveform).

[0021] Originally, it is preferable to determine the respira-
tory condition of the subject through measurement of the
respiratory flow. However, such measurement requires a
countermeasure for preventing the respiratory gas from leak-
ing. By contrast, it is known that a good approximate value of
the respiratory flow is obtained by multiplying the value of the
respiratory pressure by a predetermined constant and then
extracting the square root. This calculation process is referred
to as the square root correction. In the embodiment, in order
to more facilitate the measurement, the signal acquiring sec-
tion 11 acquires a signal waveform S1 by performing the
square root correction on the measurement waveform input-
ted from the pressure sensor 23.

[0022] The high-frequency filter 12 is an electrical filter
which removes high-frequency components of the signal
waveform S1 which is acquired by the signal acquiring sec-
tion 11 by means of the square root correction. When com-
ponents which are higher in frequency than a predetermined
frequency are removed away, the signal waveform is
smoothed, and the correctness of the calculation process
which will be described later is improved. The signal which
has passed through the high-frequency filter 12 is inputted to
the controller 13.

[0023] The controller 13 may include: a CPU which per-
forms various calculation processes; a ROM which stores
various control programs; a RAM which is used as a working
area for storing data and executing the programs; and the like,
and performs various controls in the monitoring apparatus 10.
[0024] Thecontroller 13 functions as an example of the first
index producing section, and produces a signal waveform S1
from the signal inputted from the high-frequency filter 12.
The signal waveform S1 whichis an example of the first index
shown in FIG. 2 indicates the respiratory flow of the subject
obtained from the signal.

[0025] The inspiratory flow limitation is a phenomenon
which is generated when the airway is obstructed during
inspiration, and corresponds to a condition where, even when
the patient wishes to breathe, the patient cannot breathe. As
indicated by the broken line S2 in FIG. 2, in a normal condi-
tion, the respiratory pressure is lowered (the negative pressure
is increased) as inspiration progresses. The signal waveform
S1 in the figure shows a condition where inspiratory flow
limitation occurs. As a result of inhibition of inspiration
caused by airway obstruction, a phenomenon occurs in which
the respiratory pressure is not lowered in a portion where the
pressure should be originally lowered, but rather is raised.
[0026] Thetimingt1 when the value of the amplitude of the
signal waveform S1 is changed from positive to negative is
referred to as the inspiration starting point, and the timing t2
when the value is changed from negative to positive is
referred to as the inspiration ending point. In this case, the
waveform indicated by the broken line S2 corresponds to a
part of a sinusoidal waveform which is approximated so as to
start with a gradient that is equal to the gradient of the signal
waveform S1 at the timing t1, and end at the timing t2.
[0027] The larger the gradient at the timing t1, the larger
amplitude the approximated sinusoidal waveform S2 has.
The fact that the gradient at the timing t1 is large corresponds
to that in which the subject wants more strongly to perform
inspiration. Therefore, the magnitude of the amplitude of the
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approximated signal waveform S2 can function as an index
indicating the degree of the respiratory effort of the subject. It
is said that a state where a strong respiratory effort is continu-
ously performed is that where sleep apnea/hypopnea occurs.
When the index is evaluated, therefore, it is possible to deter-
mine whether sleep respiratory disorder occurs in the subject
or not.

[0028] The controller 13 is configured so as to acquire the
approximated sinusoidal waveform S2 from the signal wave-
form S1 which corresponds to the respiratory flow acquired
from the subject. Moreover, the controller 13 is configured so
as to produce an index S3 relating to the respiratory effort of
the subject based on the sinusoidal waveform S2. The process
will be specifically described.

[0029] First, the controller 13 identifies the timing t1 when
the value of the amplitude of the signal waveform S1 in FIG.
2is changed from positive to negative, and the timing t2 when
the value is changed from negative to positive. As described
above, the timing t1 indicates the inspiration starting point,
and the timing t2 the inspiration ending point.

[0030] Next, thecontroller 13 functions as the second index
producing section to acquire the gradient of the signal wave-
form S1 at the timing t1. Strictly speaking, the gradient of a
first portion of the signal waveform S1 corresponding to a
minute zone in which the timing t1 is the starting point is
acquired. Then, the sinusoidal waveform S2 (an example of
the second index) which is approximated so as to include the
first portion and the timing t2 functioning as a second portion
of the signal waveform S1 is acquired by calculation. Here,
the term “include the first portion” means that the gradient of
the signal waveform S1 at the timing t1 is equal to that of the
approximated sinusoidal waveform S2.

[0031] Then, the controller 13 functions as the third index
producing section to produce the amplitude of the sinusoidal
waveform S2 as an index S3 (an example of the third index)
indicating the degree of the respiratory effort of the subject.
Furthermore, the controller 13 functions as the outputting
section to output the index S3 together with the signal wave-
form S1 to the displaying section 14 (see FIG. 1). The con-
troller 13 may output an alarm which is based on the index S3.
The above expression “produce” means that data or signal
corresponding to the manner of outputting the index S3 to the
displaying section 14 are produced.

[0032] FIG. 3 is a view showing a state where the signal
waveform S1 and the index S3 are displayed in real time on
the displaying section 14 including a display device. The
figure shows that data are temporally newer with progression
toward the right side of the figure. The controller 13 outputs
the signal S1 and the index S3 to the displaying section 14 so
that the index S3 is displayed temporally synchronously with
the signal waveform S1.

[0033] Inthe example, the index S3 is the sinusoidal wave-
form S2 itself which is approximated by the broken line in
FIG. 2.

[0034] As seen from the figure, the amplitude of the signal
waveform S1 and that of the index S3 do not always have
positive correlation with each other. In the case where,
although the respiratory effort, i.e., the amplitude of the index
S3 is large, the respiratory flow, i.e., the amplitude of the
signal waveform S1 is small, it is highly probable that the
subject is in the obstructive apnea’hypopnea condition in
which a respiratory effort is continued in an airway obstruc-
tion condition.
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[0035] Even based only on the index S3 indicating the
degree of the respiratory effort, it is possible to determine the
occurrence of sleep respiratory disorder. In the case where a
state where the amplitude of the index S3 is larger than a given
value is continued for a predetermined period of time or
longer, for example, it is possible to determine that sleep
respiratory disorder occurs. When the index is displayed syn-
chronously with the signal waveform S1 as shown in FIG. 3,
even the kind of sleep respiratory disorder can be determined
more correctly.

[0036] The mode of the index S3 is not limited to that
shown in FIG. 3. For example, the controller 13 may be
configured so as to perform processes of acquiring the maxi-
mum value of the amplitude of the approximated sinusoidal
waveform S2 which is produced for each inspiration, produc-
ing a bar index having a length which corresponds to the
magnitude of the value, and outputting the produced index to
the displaying section 14. Alternatively, the controller 13 may
be configured so as to perform processes of producing a
symbol in which the color or the shape is changed in accor-
dance with the magnitude of the value, and outputting the
symbol to the displaying section 14.

[0037] The controller 13 may acquire the degree of attain-
ment of the ventilation due to the respiratory effort of the
subject, as the index relating to the respiratory effort The
degree of attainment of the ventilation is expressed as a ratio
of the amount of ventilation which was able to actually per-
formed, to the amount of ventilation which is originally
required by the subject oneself.

[0038] When the controller 13 acquires the above-de-
scribed degree of attainment of the ventilation as an index in
addition to the index indicating the degree of the respiratory
effort, it is possible to analyze and acquire in more detail the
condition of sleep respiratory disorder of the subject.

[0039] Specifically, the controller 13 functions as an
example of the integral value acquiring section to acquire
integral values of the signal waveform S1 and the approxi-
mated sinusoidal waveform S2 between the inspiration start-
ing point t1 and the inspiration ending point t2. In the example
shown in FIG. 2, the area A1 of the signal waveform S1 which
exists below the time axis, and the area A2 of the approxi-
mated sinusoidal waveform S2 are acquired.

[0040] In the embodiment, the integral value of the
approximated sinusoidal waveform S2 (i.e., the area A2) is
deemed as the amount of ventilation which is originally
required by the subject. By contrast, the integral value of the
signal waveform S1 (i.e., the area A1) indicates the amount of
ventilation which was able to actually performed. When the
ratio of the area A1 to the area A2 is calculated, therefore, the
degree of attainment of the ventilation can be acquired. The
controller 13 functions as the third index producing section to
produce the area ratio A1/A2 (the ratio of integral values) as
an index S4 (an example of the third index) indicating the
degree of attainment of the ventilation.

[0041] The controller 13 outputs the produced index S4 to
the displaying section 14 so that the index S4 is displayed
temporally synchronously with the signal waveform S1 and
the index S3 as shown in FIG. 3. Here, a bar index having a
length corresponding to the value of the ratio which is
obtained by the calculation is produced. Alternatively,
another configuration may be employed where a symbol in
whichthe color or the shape is changed in accordance with the
value of the ratio is produced, and then displayed.
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[0042] According to the configuration, the signal waveform
S1 corresponding to the respiratory flow of the subject, the
index S3 indicating the degree of the respiratory effort, and
the index S4 indicating the degree of attainment of the ven-
tilation are displayed on the displaying section 14. When a
medical person adequately compares them to one another, it is
possible to determine in detail and compositely the respira-
tory condition of the subject. In the time domain indicated by
the reference letter A in F1G. 3, for example, it is seen that the
degree of attainment of the ventilation is relatively low. In the
succeeding time domain indicated by the reference letter B,
the signal waveform S1 of a large amplitude can be seen, and
it is presumed that this is arousal caused for ensuring venti-
lation. Moreover, each of the indexes is produced based on the
constant criterion. Therefore, the respiratory condition of the
subject can be determined easily and correctly without visu-
ally observing a measurement waveform. Consequently, the
determination result is highly reliable.

[0043] According to the monitoring apparatus 10 of the
embodiment, the determination of the respiratory condition
of the subject through the above-described series of processes
can be performed simply by measuring the respiratory pres-
sure of the subject. It is not necessary to insert a sensor
catheter which directly measures the airway pressure, into the
esophagus, and therefore botheration and pain which may be
felt by the subject can be reduced. In the embodiment, pat-
ticularly, only the nasal cannula which is small in size, and
which is relatively light in weight is attached to the subject,
and therefore interference with sleep can be suppressed. Fora
person who performs diagnosis, on the other hand, the index
indicating the degree of attainment of the ventilation func-
tions as an objective index of the determination result, and
moreover it is possible to easily identify a problematic wave-
form from an enormous number of measurement signal wave-
forms which have been measured overnight.

[0044] The above-described functions of the controller 13,
i.e., those as the first to third index producing sections, the
integral value acquiring section, and the outputting section
can be realized by the operation of hardware such as circuit
devices constituting the controller 13, that of software such as
programs stored in an arithmetic device, or a combination of
these operations.

[0045] The embodiment has been described in order to
facilitate understanding of the presently disclosed subject
matter, and is not intended to limit the presently disclosed
subject matter.

[0046] Itis a matter of course that the presently disclosed
subject matter may be changed or improved without depart-
ing the spirit thereof, and includes equivalents thereof.
[0047] Theinspiration starting point t1 and inspiration end-
ing point t2 shown in FIG. 2 are not always required to be
points where the sign of the amplitude of the signal waveform
S1is switched. The points may be adequately set as far as they
comply with given requirements.

[0048] Itis not always necessary to acquire and output both
of the indexes S3, S4. Alternatively, a configuration may be
employed where only one of the indexes which is required for
determining the respiratory condition of the subject is
acquired and output.

[0049] The “output” of the indexes S1, S3, S4 from the
controller 13 is not limited to that for the purpose of display-
ing on the displaying section 14. Alternatively, for example,
the output may be performed for the purpose of printing in a
printer which is not shown, or for the purpose of storing in a
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storage device which is not shown. In the alternatives, the
controller 13 produces the indexes S1, S3, S4 in the form of
signals or data according to the purpose, and transmits the
indexes toward an output target apparatus. In the case where
the output target apparatus is a ventilator, settings and the like
can be changed in accordance with the transmitted indexes.
[0050] It is not always necessary to dispose the pressure
sensor 23 outside of the main unit of the monitoring apparatus
10. Alternatively, the pressure sensor may be configured so as
to be incorporated in the monitoring apparatus 10 as a com-
ponent which constitutes a part of the signal acquiring section
11.

[0051] A respiration flow sensor or a temperature sensor
may be used in place of the pressure sensor 23 as far as the
alternative sensor can measure a signal waveform corre-
sponding to the respiratory condition of the subject.

[0052] The signal waveform which is inputted to the signal
acquiring section 11, and which corresponds to the respira-
tory condition of the subject is not necessary to be the mea-
surement waveform of the respiratory pressure of the subject.
A configuration may be employed where the measurement
waveform of the respiratory flow of the subject is directly
inputted to the signal acquiring section 11. In this case, the
process of square root correction in the signal acquiring sec-
tion 11 is not required.

[0053] The device which guides the respiratory gas of the
subject to the pressure sensor 23 or the monitoring apparatus
10 is not limited to the nasal cannula 21. In addition to or in
place of this, a mask which covers the mouth of the subject
may be used.

[0054] The displaying section 14 is not always required to
be disposed as a part of the monitoring apparatus 10. A
configuration may be employed where a displaying device
which is disposed outside the monitoring apparatus 10, and
which is communicably connected to the controller 13 func-
tions as the displaying section 14.

[0055] Since the apparatus for determining the respiratory
condition, includes: a signal acquiring section which is con-
figured to acquire a signal corresponding to a respiratory flow
of a subject; a first index producing section which is config-
ured to produce a first index related to the respiratory flow of
the subject obtained from the signal; a second index produc-
ing section which is configured to produce a second index
related to a respiratory demand of the subject predicted from
the first index; a third index producing section which is con-
figured to produce a third index related to a respiratory effort
of the subject based on the first index and the second index;
and an outputting section which is configured to output the
third index, the index relating to the respiratory effort can be
obtained from the signal corresponding to the respiratory flow
of the subject. It is not necessary to insert a sensor catheter
which directly measures the airway pressure, into the esopha-
gus. Therefore, botheration and burden imposed on the sub-
ject can be reduced.

[0056] By referring to the index which is produced based on
the constant criterion, the respiratory condition of the subject
can be determined easily and correctly without visually
observing a measurement waveform. Therefore, the determi-
nation result is highly reliable.

[0057] Since the apparatus further includes a displaying
section which is configured to display the first index, and the
outputting section is configured to output the third index so as
to be displayed synchronously with the first index on the
displaying section, when the first and third indexes are
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adequately compared to each other, the respiratory condition
of the subject can be determined in detail and compositely.
[0058] The signal acquiring section may acquire the signal
based on a respiratory pressure of the subject, which is output
from a pressure sensor configured to measure the respiratory
pressure. In this case, a simpler measurement is enabled as
compared with the case where the respiratory flow of the
subject is measured.

[0059] When the signal acquiring section performs a square
root correction on the measurement waveform, an approxi-
mate value of the respiratory flow can be accurately obtained.
[0060] The signal acquiring section may acquire the signal
based on a respiratory gas which is introduced through a nasal
cannula which is adapted to be attached to the subject. In this
case, it 1s not necessary to attach various kinds of sensors to
the body, and therefore botheration and burden which may be
felt by the subject can be reduced. Particularly, the nasal
cannula is relatively light in weight, and therefore interfer-
ence with sleep can be suppressed.

What is claimed is:

1. An apparatus for determining a respiratory condition, the

apparatus comprising:

a signal acquiring section which is configured to acquire a
signal corresponding to a respiratory flow of a subject;

a first index producing section which is configured to pro-
duce a first index related to the respiratory flow of the
subject obtained from the signal;

a second index producing section which is configured to
produce a second index related to a respiratory demand
of the subject predicted from the first index;

a third index producing section which is configured to
produce a third index related to a respiratory effort ofthe
subject based on the first index and the second index; and

an outputting section which is configured to output the
third index.

2. The apparatus according to claim 1, wherein

the first index is a signal waveform corresponding to the
respiratory flow of the subject, and

the second index is a sinusoidal waveform, which is
approximated so as to include: a first portion including a
starting point of inspiration of the subject in the signal
waveform; and a second portion indicating an ending
point of inspiration of the subject, based on: a gradient of
the first portion; and the second portion.

3. The apparatus according to claim 2, wherein

the third index producing section is configured to set an
amplitude of the sinusoidal waveform as the third index,
and

the third index indicates a degree of the respiratory effort of
the subject.

4. The apparatus according to claim 2, further comprising

an integral value acquiring section which is configured to
acquire an integral value of the sinusoidal waveform and
an integral value of the signal waveform, between the
inspiration starting point and the inspiration ending
point, wherein

the third index producing section is configured to set a ratio
of the integral value of the signal waveform to the inte-
gral value of the sinusoidal waveform, as the third index,
and

the third index indicates a degree of attainment of ventila-
tion due to the respiratory effort of the subject.
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5. The apparatus according to claim 1, further comprising

adisplaying section which is configured to display the first
index, wherein

the outputting section is configured to output the third
index so as to be displayed synchronously with the first
index on the displaying section.

6. The apparatus according to claim 1, wherein

the signal acquiring section is configured to acquire the
signal based on a respiratory pressure of the subject,
which is output from a pressure sensor configured to
measure the respiratory pressure.

7. The apparatus according to claim 6, wherein

the signal acquiring section is configured to perform a
square root correction on the signal.

8. The apparatus according to claim 1, wherein

the signal acquiring section is configured to acquire the
signal based on a respiratory gas which is introduced
through a nasal cannula which is adapted to be attached
to the subject.

9. The apparatus according to claim 1, wherein

the outputting section is configured to output an alarm
which is based on the third index.
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