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1
APPARATUS FOR DETERMINING
RESPIRATORY CONDITION

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application is based upon and claims the benefit of
priority from prior Japanese patent application No. 2012-
123248, filed on May 30, 2012, the entire contents of which
are incorporated herein by reference.

BACKGROUND

The presently disclosed subject matter relates to an appa-
ratus for determining the presence of inspiratory flow limi-
tation which is known as a symptom of a sleep disorder, and
the kind of the apnea/hypopnea condition based on the
respiration of the subject.

As an apparatus of this kind, there is an apparatus in
which a signal waveform corresponding to the respiratory
condition of the subject is acquired overnight, and the
presence of inspiratory flow limitation is visually deter-
mined from the shape of the signal waveform (for example,
see U.S. Pat. No. 7,325,545).

As disclosed in Japanese Patent No. 4,588,461, a strip-
like strain gauge is wound around the chest or the abdomen
to detect a motion of the portion, and a result of the detection
is collated with a signal waveform corresponding to the
respiratory condition, to detect an apnea’hypopnea condition
during sleep and to determine the kind thereof. Apnea/
hypopnea conditions are roughly classified into two catego-
ries, namely, obstructive apnea/hypopnea in which a respi-
ratory effort is continued in an airway obstruction condition,
and central apnea/hypopnea in which a respiratory effort
itself stops to cease the ventilation. The inspiratory flow
limitation is used as an index indicating the obstructive
apnea’hypopnea condition.

Attachments of various kinds of sensors for detecting an
apnea/hypopnea condition during sleep to the body impose
a large burden on the subject. On the other hand, the work
of visually determining the presence of inspiratory flow
limitation from an enormous number of measurement signal
waveforms that were obtained from the respiration of the
subject by an overnight measurement, and determining the
kind of the apnea/hypopnea condition constitutes a very
large burden on the person performing the diagnosis. In the
case of a determination based on visual observations, it is
difficult to eliminate differences in the determination due to
the subjectivity and experience of the observer.

SUMMARY

The presently disclosed subject matter may provide a
technique in which the presence of inspiratory flow limita-
tion during sleep, and the kind of the apnea/hypopnea
condition can be determined correctly and easily while
reducing the botheration and burden on the subject.

There is provided an apparatus for determining a respi-
ratory condition, the apparatus comprising: a signal acquirer
which is configured to acquire a signal waveform corre-
sponding to a respiratory flow of a subject; a differential
calculator which is configured to acquire a differential
waveform which is obtained by performing differentiation of
the signal waveform; and a first determiner which is con-
figured to determine that inspiratory flow limitation occurs
in the subject, when the differential waveform satisfies a
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predetermined condition in a portion of the signal wave-
form, which corresponds to inspiration of the subject.

The differential calculator may acquire a secondary dif-
ferential waveform which is obtained by performing sec-
ondary differentiation of the signal waveform, as the differ-
ential waveform, and the first determiner may determine that
the inspiratory flow limitation occurs in the subject, based on
a time period during which an amplitude of the secondary
differential waveform is smaller than a predetermined
threshold.

The first determiner may determine that the inspiratory
flow limitation occurs in the subject, based on a time period
during which the amplitude of the secondary differential
waveform has a negative value.

The first determiner may identify start and end phases of
the inspiration of the subject based on a gradient of the
signal waveform, and may perform the determination based
on the time period in a region excluding the start and end
phases.

The apparatus may further comprise: a second determiner
which is configured to determine an apnea‘hypopnea con-
dition of the subject, based on an average value of an
amplitude of the signal waveform in a predetermined past
time period; and a third determiner which is configured to
determine whether kind of the apnea/hypopnea condition is
obstructive or central, based on a presence of the inspiratory
flow limitation which is determined by the first determiner
and the apnea/hypopnea condition which is determined by
the second determiner.

The apparatus may further comprise: a display which is
configured to display the signal waveform; and a display
controller which is configured to cause at least one of an
index indicating the presence of the inspiratory flow limi-
tation which is determined by the first determiner, an index
indicating the apnea/hypopnea condition which is deter-
mined by the second determiner, and an index indicating the
kind of the apnea’hypopnea condition which is determined
by the third determiner, to be displayed on the display
together with the signal waveform.

The apparatus may further comprise: a pressure sensor
which is configured to measure a respiratory pressure of the
subject, and the signal acquirer may acquire the signal
waveform based on a measurement waveform correspond-
ing to the respiratory pressure which is output from the
pressure sensor.

The signal acquirer may perform a square root correction
on the measurement waveform to acquire the signal wave-
form.

The apparatus may further comprise: a nasal cannula
which is to be attached to the subject, and the signal acquirer
may acquire the signal waveform based on a respiratory
pressure which is introduced through the nasal cannula.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a functional block diagram showing the con-
figuration of a monitoring apparatus of an embodiment of
the presently disclosed subject matter.

FIGS. 2A, 2B and 2C are views illustrating signal pro-
cessing performed by the monitoring apparatus of FIG. 1.

FIG. 3 is a view showing an example of a signal wave-
form displayed on a display of the monitoring apparatus of
FIG. 1.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Hereinafter, an embodiment of the presently disclosed
subject matter will be described in detail with reference to
the accompanying drawings.
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FIG. 1 is a functional block diagram showing the con-
figuration 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 includes a signal acquirer 11,
a high-frequency filter 12, a controller 13, and a display 14.

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 respi-
ration of the subject, and outputs a measurement signal
having a waveform corresponding to the respiratory condi-
tion (respiratory pressure) of the subject (in following
description, the signal is referred to merely as the measure-
ment waveform).

Originally, it is preferable to determine the respiratory
condition of the subject through measurement of the respi-
ratory flow. However, such measurement requires a coun-
termeasure for preventing the respiratory gas from leaking.
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
acquirer 11 acquires a signal waveform S1 by performing
the square root correction on the measurement waveform
supplied from the pressure sensor 23. An example of the
acquired signal waveform S1 is shown in FIG. 2A.

The high-frequency filter 12 is an electrical filter which
removes high-frequency components of the signal wave-
form S1 which is acquired by the signal acquirer 11 by
means of the square root correction. When components
which are higher in frequency than a predetermined fre-
quency are removed away, the signal waveform is smoothed,
and the correctness of the calculation process which will be
described later is improved. FIG. 2B shows a signal wave-
form S2 from which high-frequency components contained
in the signal waveform S1 of FIG. 2A are removed.

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 in FIG. 2A, in a normal condition, 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.

In a measurement waveform of the respiratory pressure,
therefore, an upward convex portion appears in a region
which indicates inspiration, and in which a downwardly
convex waveform should originally appear. In the monitor-
ing apparatus 10 of the embodiment, the presence of the
convex portion is detected from the acquired signal wave-
form S2, thereby determining whether inspiratory flow
limitation presents or not.

The controller 13 extracts a region which corresponds to
inspiration of the subject, from the signal waveform S2
shown in FIG. 2B. It is requested to extract a region in which
the respiratory pressure is negative. Therefore, the controller
13 identifies a time t1 when the amplitude of the signal
waveform S2 is changed from a positive value to a negative
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value, and a time t4 when the amplitude is changed from a
negative value to a positive value.

Next, the controller 13 acquires the value of the gradient
of the signal waveform S2 in the region from the time t1 to
the time t4. In this case, the gradient value has the maximum
value and then gradually decreases. The controller 13 iden-
tifies a time t2 when the gradient value is equal to or smaller
than a predetermined rate with respect to the maximum
value. Moreover, the controller 13 similarly acquires the
value of the gradient of the signal waveform S2 in the region
from the time t4 to the time t1. Also in this case, the gradient
value has the maximum value and then gradually decreases.
The controller 13 identifies a time t3 when the gradient value
is equal to or smaller than a predetermined rate with respect
to the maximum value. As a result, the zone between the
times t1 and t2 is deemed as the start phase of inspiration,
and that between the times t3 and t4 is deemed as the end
phase of inspiration. In the embodiment, both the predeter-
mined rates are 20% or less. This is because waveforms in
the start and end phases of inspiration which are hardly
distinguished from the waveform during normal inspiration
are eliminated from the analysis target and a waveform
region where inspiratory flow limitation notably occurs is
extracted. At this time, the controller 13 functions as the
differential calculator in the presently disclosed subject
matter, and performs the above-described process based on
the value of the gradient i.e., first differential of the signal
waveform S2.

Moreover, the controller 13 which functions as the dif-
ferential calculator acquires, as the differential waveform in
the presently disclosed subject matter, a waveform that, as
shown in FIG. 2C, is obtained by performing secondary
differentiation of the signal waveform S2 from which high-
frequency components are removed by the high-frequency
filter 12. In the following description, the differential wave-
form is referred to as the secondary differential waveform
S3.

Then, the controller 13 functions as the first determiner in
the presently disclosed subject matter, and determines the
occurrence of inspiratory flow limitation based on the time
period which is indicated by hatching in F1G. 2C, and during
which the amplitude of the secondary differential waveform
S3 has a negative value. Specifically, a threshold is set to 0,
and, when the rate of the time period during which the
amplitude of the secondary differential waveform S3 has a
negative value, with respect to the duration time (the zone
between the times t1 and t4) of the portion which is in the
signal waveform S2, and which corresponds to inspiration of
the subject is equal to or larger than a predetermined value,
it is determined that inspiratory flow limitation occurs. The
threshold and the predetermined value can be adequately set
by the user while considering individual difference in the
subject and operation guidelines of the facility. When sev-
eral thresholds are set in a stepwise manner, for example, the
degree of intensity of inspiratory flow limitation can be
determined.

In the embodiment, namely, the controller 13 which
functions as the first determiner is configured so as to, when
the differential waveform in the portion which is in the
signal waveform S2, and which corresponds to inspiration of
the subject satisfies predetermined conditions, determine
that inspiratory flow limitation occurs in the subject. There-
fore, the presence of inspiratory flow limitation can be
uniformly determined without performing visual observa-
tion of the measurement waveform.

Moreover, the controller 13 which functions as the dif-
ferential calculator acquires the secondary differential wave-
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form S3 from the signal waveform S2, and the controller 13
which functions as the first determiner is configured so as to,
when the rate of the time period during which the amplitude
of the secondary differential waveform S3 has a negative
value, with respect to the duration time of the portion which
is in the signal waveform S2, and which corresponds to
inspiration of the subject is equal to or larger than the
predetermined value, determine that inspiratory flow limi-
tation occurs. Consequently, it is possible to detect an
upward convex portion which appears in a signal waveform
corresponding to the respiratory pressure during inspiration,
and which is large to some extent, and therefore it is possible
to surely determine an occurrence of inspiratory flow limi-
tation.

Moreover, the controller 13 which functions as the dif-
ferential calculator acquires the gradient (primary differen-
tial value) of the signal waveform S2, and the controller 13
which functions as the first determiner is configured so as to
identify the start and end phases of inspiration of the subject
based on the gradient of the signal waveform, and acquire
the time period during which the secondary differential
waveform S3 has a negative value in the region excluding
the start and end phases. While waveforms in the start and
end phases of inspiration which are hardly distinguished
from those of normal inspiration are eliminated from the
analysis target, therefore, the presence of inspiratory flow
limitation can be determined more surely.

Furthermore, the controller 13 functions as the display
controller in the presently disclosed subject matter, and, as
shown in FIG. 3, causes the display 14 including a display-
ing device to display the signal waveform S2 in real time.
The controller 13 which functions as the display controller
causes the display 14 to display an index indicating the
presence of inspiratory flow limitation which is detected
through the above-described process. Specifically, a dot
index D is displayed above the signal waveform S2 indi-
cating inspiration which is determined that inspiratory flow
limitation occurs. Therefore, a waveform in which inspira-
tory flow limitation occurs can be identified at a glance from
an enormous number of respiration signal waveforms, and
correct diagnosis which is not based on the subjectivity of
the observer is enabled.

On the other hand, the controller 13 functions as the
second determiner in the presently disclosed subject matter,
and determines the apnea’hypopnea condition of the subject
by means of a related-art technique based on the average
value of the amplitude of the signal waveform S2 in a
predetermined past time period. Here, the predetermined
past time period is preferably set to, for example, a time
period which is several minutes before the time when the
analysis is to be performed.

Moreover, the controller 13 functions as the third deter-
miner in the presently disclosed subject matter, and, based
on the presence of inspiratory flow limitation which is
determined as the first determiner, and that of the apnea/
hypopnea condition which is determined as the second
determiner, determines whether the apnea/hypopnea condi-
tion is obstructive or central. Specifically, when the occur-
rence of inspiratory flow limitation is detected in the signal
waveform S2 which is determined to be in the apnea
condition or the hypopnea condition, or in the signal wave-
form S2 which is in constant respiratory periods before and
after of the signal waveform, the condition is determined to
be obstructive. This is because the occurrence of inspiratory
flow limitation means the existence of a respiratory effort.
By contrast, when the occurrence of inspiratory flow limi-
tation is not detected in the signal waveform S2 which is
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determined to be in the apnea condition or the hypopnea
condition, or in the signal waveform S2 which is in the
constant respiratory periods before and after of the signal
waveform, it is determined that the condition is central
apnea’hypopnea in which a respiratory effort does not exist.

The controller 13 which functions as the display control-
ler causes the display 14 to display an index indicating the
presence of the apnea/hypopnea condition which is deter-
mined as the second determiner. In the example shown in
FIG. 3, a bar index B1 indicating the time zone where the
condition is determined to be the hypopnea condition is
displayed. Another bar index of a different color is displayed
with respect to the time zone where the condition is deter-
mined to be the apnea condition. Therefore, a time zone in
which the apnea/hypopnea condition occurs can be identi-
fied at a glance from an enormous number of respiration
signal waveforms, and correct diagnosis which is not based
on the subjectivity of the observer is enabled.

The controller 13 which functions as the display control-
ler causes the display 14 to display an index indicating the
kind of the apnea’hypopnea condition which is determined
as the third determiner. In the example shown in FIG. 3, a
bar index B2 indicating the apnea condition is displayed in
the time zone where the condition is determined to be the
hypopnea condition and inspiratory flow limitation occurs.

The embodiment is configured so that the bar index B2 is
displayed in a place where the condition is determined to be
the obstructive apnea/hypopnea condition. Because of this,
the bar index B2 indicating the apnea condition is not
displayed in the time zone where the condition is determined
to be the hypopnea condition and inspiratory flow limitation
is not detected.

In the embodiment, the bar index B2 is displayed for the
obstructive apnea/hypopnea condition, and not displayed for
the central apnea’hypopnea condition. Therefore, the kind of
the apnea/hypopnea condition can be identified at a glance,
and correct diagnosis which is not based on the subjectivity
of the observer is enabled.

The diagnosis through the above-described series of pro-
cesses can be performed simply by measuring the respira-
tory pressure of the subject. It is not necessary to attach
various kinds of sensors to the body, and therefore bother-
ation and pain which may be felt by the subject can be
reduced. In the embodiment, particularly, only the nasal
cannula which is small in size, and which is relatively light
in weight is attached to the subject, and therefore interfer-
ence with sleep can be suppressed.

The above-described functions of the controller 13, i.e.,
those as the differential calculator, the first determiner, the
second determiner, the third determiner, and the display
controller 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.

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. It is 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.

In the case where the controller 13 functions as the first
determiner, it is not always necessary to determine the
occurrence of inspiratory flow limitation based on the time
period during which the amplitude of the secondary differ-
ential waveform S3 has a negative value. Alternatively, the
controller 13 may be configured so as to, when the rate of the
time period during which the amplitude of the secondary
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differential waveform S3 is smaller than a predetermined
threshold, with respect to the duration time of the portion
which is in the signal waveform S2, and which corresponds
to expiration of the subject is equal to or larger than a
predetermined value, determine that inspiratory flow limi-
tation occurs. When the threshold is set with consideration
of individual difference or the like, for example, the deter-
mination accuracy can be improved. When the detection is
performed by using several thresholds which are set in a
stepwise manner, the degree of intensity of inspiratory flow
limitation can be determined.

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 acquirer 11.

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.

The signal waveform which is supplied to the signal
acquirer 11, and which corresponds to the respiratory con-
dition of the subject is not necessary to be the measurement
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
supplied to the signal acquirer 11. In this case, the process
of square root correction in the signal acquirer 11 is not
required.

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.

The display 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 commu-
nicatably connected to the controller 13 functions as the
display 14.

The manner of displaying the indexes indicating the
presence of inspiratory flow limitation, that of the apnea/
hypopnea condition, and the kind of the apnea/hypopnea
condition in the display 14 is not limited to the example
shown in FIG. 3. With respect to the presence of inspiratory
flow limitation, for example, a bar index indicating a time
zone in which inspiratory flow limitation frequently occurs
may be displayed in addition to or in place of the display of
the discrete dot indexes D. A configuration may be employed
where at least one of the indexes indicating the presence of
inspiratory flow limitation, that of the apnea’hypopnea con-
dition, and the kind of the apnea/hypopnea condition is
displayed together with the signal waveform S2.

According to an aspect of the presently disclosed subject
matter, the presence of the inspiratory flow limitation can be
uniformly determined without performing visual observa-
tion of the measurement waveform.

According to an aspect of the presently disclosed subject
matter, it is possible to detect an upward convex portion
which appears in a signal waveform corresponding to the
respiratory pressure during inspiration, and which is large to
some extent, and therefore it is possible to surely determine
an occurrence of the inspiratory flow limitation. When the
threshold is set with consideration of individual difference,
the determination accuracy can be improved. When several
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thresholds are set in a stepwise manner, for example, the
degree of intensity of the inspiratory flow limitation can be
determined.

According to an aspect of the presently disclosed subject
matter, waveforms in the start and end phases of inspiration
which are hardly distinguished from those of normal inspi-
ration can be eliminated from the analysis target, and the
presence of the inspiratory flow limitation can be determined
more surely.

According to an aspect of the presently disclosed subject
matter, the apnea/hypopnea condition of the subject and the
kind thereof can be uniformly determined without perform-
ing visual observation of the measurement waveform.

According to an aspect of the presently disclosed subject
matter, the time zone where the inspiratory flow limitation
occurs, that where an apnea/hypopnea condition occurs, and
the kind of the apnea/hypopnea condition can be identified
at a glance, and correct diagnosis which is not based on the
subjectivity of the observer is enabled.

According to an aspect of the presently disclosed subject
matter, since the pressure sensor which measures the respi-
ratory pressure of the subject is provided, measurement can
be performed more easily as compared with the case where
the respiratory flow of the subject is measured.

According to an aspect of the presently disclosed subject
matter, since a square root correction is performed on the
measurement waveform corresponding to the respiratory
pressure, an approximate value of the respiratory flow can be
accurately obtained.

According to an aspect of the presently disclosed subject
matter, it is not necessary to attach various kinds of sensors
to the body, and therefore botheration and pain 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 an inspiratory flow limi-
tation, the apparatus comprising:

a signal acquirer which is configured to acquire a signal
waveform corresponding to a respiratory flow of a
subject; and

a controller configured to function as (i) a first determiner
to identify start and end phases of inspiration of the
subject based on a gradient of the signal waveform and
to determine that inspiratory flow limitation occurs in
the subject, (ii) an acquirer to acquire a gradient value
of the signal waveform between a time t1 when an
amplitude of the signal waveform changes from a
positive value to a negative value and a time t4 when
the amplitude of the signal waveform changes from a
negative value to a positive value and (iii) a differential
calculator to acquire a secondary differential waveform
by performing secondary differentiation of the signal
waveform,

wherein the first determiner determines that inspiratory
flow limitation occurs when the secondary differential
waveform satisfies a predetermined condition in a
portion of the signal waveform,

wherein the portion of the signal waveform is a time
period excluding the start and end phases of the inspi-
ration of the subject, wherein
the start phase is an amount of time between the time

t1 and a time 12 when the gradient value of the signal
waveform is less than a maximum gradient value and
the end phase is an amount of time between the time t4
and a time t3 when the gradient value of the signal
waveform is less than the maximum gradient value,
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wherein the predetermined condition, is satisfied when an
amount of a time interval, characterized by the second-
ary differential waveform having a negative value, is
equal to or larger than a predetermined value.

2. The apparatus according to claim 1, wherein the

controller is further configured as:

(111) a second determiner to determine an apnea’hypopnea
condition of the subject, based on an average value of
an amplitude of the signal waveform in a predeter-
mined past time petiod; and

(iv) a third determiner which is configured to determine
whether a kind of the apnea/hypopnea condition is
obstructive or central, based on a presence of the
inspiratory flow limitation which is determined by the
first determiner and the apnea/hypopnea condition
which is determined by the second determiner.

3. The apparatus according to claim 2, further comprising:

a display which is configured to display the signal wave-
form; and

a display controller which is configured to cause at least
one of an index indicating the presence of the inspira-
tory flow limitation which is determined by the first
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determiner, an index indicating the apnea/hypopnea
condition which is determined by the second deter-
miner, and an index indicating the kind of the apnea/
hypopnea condition which is determined by the third
determiner, to be displayed on the display together with
the signal waveform.

4. The apparatus according to claim 1, further comprising:

a pressure sensor which is configured to measure a
respiratory pressure of the subject,

wherein the signal acquirer acquires the signal waveform
based on a measurement waveform corresponding to
the respiratory pressure which is output from the pres-
sure sensor.

5. The apparatus according to claim 4, wherein the signal

15 acquirer performs a square root correction on the measure-

ment waveform to acquire the signal waveform.
6. The apparatus according to claim 1, further comprising:
a nasal cannula which is to be attached to the subject,
wherein the signal acquirer acquires the signal waveform
based on a respiratory pressure which is introduced
through the nasal cannula.
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