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Description
Title of Invention: BLOOD PRESSURE MEASURING

APPARATUS
Technical Field

The present disclosure relates to a blood pressure measuring apparatus for measuring
a blood pressure of a subject using a cuff attached to the subject.
Background Art

Japanese Patent Publication No. 2002-078685A discloses what is called an inflation
blood pressure measuring apparatus for determining a systolic blood pressure etc. of a

subject while increasing the inner pressure of a cuff attached to the subject.
Summary of Invention

Technical Problem

Fig. 6A shows a common operation of the above type of inflation blood pressure
measuring apparatus. In Fig. 6A, the dashed line represents the inner pressure of the
cuff and the solid line represents the amplitude of a pulsation signal generated by a
pressure sensor or the like. The amplitude of the pulsation signal corresponds to the
magnitude of vibration that is caused by beating of an artery being pressed by the cuff.
How the amplitude of the pulsation signal varies is monitored while the cuff pressure is
being increased, and blood pressures (systolic blood pressure, diastolic blood pressure,
etc.) are determined on the basis of magnitudes of amplitudes. Thus, to determine
blood pressures correctly, it is necessary to detect a pulsation signal accurately.

An event may occur that, for example, the position of the cuff attached to a subject is
deviated or the cuff becomes loose during inflation of the cuff. Fig. 6B shows how the
inner pressure of the cuff and the pulsation signal vary over time in a case that such an
event has occurred. If, for example, the cuff position is deviated or the cuff becomes
loose, periodical noise is superimposed on the pulsation signal. In the interval that is
circled in Fig. 6B, periodical noise due to deviation of the cuff position, cuff loosening,
or the like is superimposed on the pulsation signal. Also being periodic, this noise is
hard to discriminate from the intrinsic pulsation signal. This may cause a problem that
blood pressures cannot be determined correctly because amplitudes of the intrinsic
pulsation signal cannot be detected accurately.

An object of the present disclosure is to enable detection of an inappropriate at-
tachment state of a cuff in order to avoid a situation that a blood pressure is measured

with the cuff being in the inappropriate attachment state.
Solution to Problem

According to one aspect of the disclosure, there is provided a blood pressure
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measuring apparatus for measuring a blood pressure of a subject using a cuff attached
to the subject, comprising:

a processor; and

a memory configured to store instructions that is readable by the processor,

wherein the blood pressure measuring apparatus is configured to, as the instructions
are executed by the processor:

acquire pulsation information of the subject that is to be used to determine the blood
pressure, while increasing an inner pressure of the cuff;

acquire first-order differential values of the pulsation information; and

detect an inappropriate attachment state of the cuff on the basis of at least one of:

a local minimal value of the first-order differential values;

a first variation of the first-order differential values including the local minimal value
in a unit time;

a first relationship between a local maximal value and the local minimal value of the
first-order differential values; and

a second relationship between the first variation and a second variation of the first-
order differential values including the local maximal value in a unit time.

A pressure variation due to beating of an artery acts so as to increase the inner
pressure of the cuff. This variation is reflected so as to increase the first-order dif-
ferential value. On the other hand, noise due to positional deviation or loosening of the
cuff acts so as to decrease the inner pressure of the cuff. This variation is reflected so
as to decrease the first-order differential value. Thus, in the case where the cuff is not
attached appropriately, the first-order differential values have a remarkable profile in
an area of the local minimal value thereof than an area of the local maximal value
thereof.

Accordingly, with the above configuration, an inappropriate attachment state of the
cuff can be detected using the simple processing of differentiating once the pulsation
information that is acquired in processing of inflating the cuff. A situation can thereby
be avoided that a blood pressure is measured with the cuff being in an inappropriate at-
tachment state.

According to one aspect of the disclosure, there is provided a blood pressure
measuring apparatus for measuring a blood pressure of a subject using a cuff attached
to the subject, comprising:

a processor; and

a memory configured to store instructions that is readable by the processor,

wherein the blood pressure measuring apparatus is configured to, as the instructions
are executed by the processor:

acquire pulsation information of the subject that is to be used to determine the blood
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pressure, while increasing an inner pressure of the cuff;

acquire second-order differential values of the pulsation information; and

detect an inappropriate attachment state of the cuff on the basis of at least one of:

a local minimal value of the second-order differential values;

a first variation of the second-order differential values including the local minimal
value in a unit time;

a first relationship between a local maximal value and the local minimal value of the
second-order differential values; and

a second relationship between the first variation and a second variation of the second-

order differential values including the local maximal value in a unit time.
Since features relating to an inappropriate attachment state of the cuff may be

reflected in the second-order differential values more remarkably than the first-order
differential values, the use of the second-order differential values makes it possible to
detect the inappropriate attachment state of the cuff more correctly. Thus, it becomes
possible to avoid more reliably a situation that a blood pressure is measured with the
cuff being in an inappropriate attachment state.
Brief Description of Drawings
[fig.1]Fig. 1 illustrates a functional configuration of a blood pressure measuring system
according to one embodiment.
[fig.2]Fig. 2 illustrates an operation example of a blood pressure measuring apparatus
shown in Fig. 1.
[fig.3A]Fig. 3A is a diagram for explaining operations of the blood pressure measuring
apparatus shown in Fig. 1.
[fig.3B]Fig. 3B is a diagram for explaining operations of the blood pressure measuring
apparatus shown in Fig. 1.
[fig.4]Fig. 4 is a diagram for explaining operations of the blood pressure measuring
apparatus shown in Fig. 1.
[fig.5]Fig. 5 illustrates an operation example of a blood pressure measuring apparatus
shown in Fig. 1.
[fig.6A]Fig. 6A illustrates an operation example of an inflation blood pressure
measuring apparatus.
[fig.6B]Fig. 6B illustrates an operation example of an inflation blood pressure
measuring apparatus.
Description of Embodiments

Embodiments will be described below in detail with reference to the accompanying
drawings. Fig. 1 shows a functional configuration of a blood pressure measuring

system 1 according to one embodiment. The blood pressure measuring system 1
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comprises a blood pressure measuring apparatus 2 and a cuff 3.

The blood pressure measuring apparatus 2 is an apparatus for measuring a blood
pressure of a subject 100 using the cuff 3 attached to the subject 100, and comprises an
inflating mechanism 21, a controller 22, and a pulse acquiring section 23.

The inflating mechanism 21, which is connected to the cuff 3 by a tube 31, has a
pump function and a valve function. The pump function serves to increase the inner
pressure of the cuff 3 by sending air to it through the tube 31. The valve function
serves to connect or disconnect the tube 31 to or from the external air. The inner
pressure of the cuff 3 lowers if the tube 31 is connected to the external air in a state
that the pump function is not in operation.

The controller 22 comprises processor 221 and a memory 222. As the processor 221,
a CPU and an MPU can be exemplified. The processor 221 may include a plurality of
cores. Examples of the memory 222 include a ROM and a RAM. The ROM may be
stored with various computer-readable instructions. The processor 221 may designates
at least a part of the instructions stored in the ROM that is to be executed on the RAM.
The processor 221 may cooperate with the RAM in order to execute operations as
described below in detail.

The pulse acquiring section 23 is implemented by a sensor for acquiring pulsation in-
formation of the subject 100. The pulse acquiring section 23 is configured to output a
pulsation signal P corresponding to beating of an artery of the subject 100. More
specifically, the pulse acquiring section 23 generates a pulsation signal P by causing an
output signal of a pressure sensor for detecting an inner pressure of the cuff 3 to pass
through a highpass filter. Thus, it can be said that the pulsation signal P is a high-
frequency signal indicating a temporal variation of the inner pressure of the cuff 3. The
pulsation signal P that is output from the pulse acquiring section 23 is input to the
controller 22.

The blood pressure measuring apparatus 2 is configured to execute processing shown
in Fig. 2 as instructions stored in the memory 222 are executed by the processor 221 in
the controller 22.

First, at step S1, the blood pressure measuring apparatus 2 activates the pump
function of the inflating mechanism 21 and thereby increases the inner pressure of the
cuff 3 at a prescribed inflation rate.

At step S2, the blood pressure measuring apparatus 2 acquires a pulsation signal P of
the subject 100 via the pulse acquiring section 23. The pulsation signal P is an example
of pulsation information. Alternatively, acquisition of a pulse rate may be started
before the inflating operation of the inflating mechanism 21.

At step S3, the blood pressure measuring apparatus 2 generates a first-order dif-

ferential signal PD1 by performing first-order differentiation on the pulsation signal P
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acquired from the pulse acquiring section 23. That is, the controller 22 acquires first-
order differential values of the pulsation information of the subject 100.

Fig. 3A shows waveforms of a pulsation signal P and a first-order differential signal
PD1 in a case that the cuff 3 is attached appropriately. Fig. 3B shows waveforms of a
pulsation signal P and a first-order differential signal PD1 in a case that the position of
the cuff 3 is deviated or the cuff 3 is loose (i.e., the cuff 3 is not attached appro-
priately). In each of Figs. 3A and 3B, the horizontal chain line indicates the zero level
of the first-order differential signal PD1.

A pressure variation due to beating of an artery acts so as to increase the inner
pressure of the cuff 3. This variation is reflected in the first-order differential signal
PD1 in such a direction as to increase its amplitude. On the other hand, noise due to
positional deviation or loosening of the cuff 3 acts so as to decrease the inner pressure
of the cuff 3. This variation is reflected in the first-order differential signal PD1 in such
a direction as to decrease its amplitude. Thus, as shown in Fig. 3B, in the case where
the cuff 3 is not attached appropriately, the first-order differential signal PD1 becomes
such that a waveform element that is convex downward is dominant over or more re-
markable than a waveform element that is convex upward.

At step S4 (see Fig. 2), the blood pressure measuring apparatus 2 judges whether the
cuff 3 is attached appropriately on the basis of the above fact relating to the first-order
differential signal PD1.

In a first example, the blood pressure measuring apparatus 2 makes a judgment on
the basis of a bottom value PD1b of the first-order differential signal PD1 in a certain
cycle (a prescribed period of the pulsation signal P). The bottom value PD1b is an
example of a local minimal value of first-order differential values. More specifically,
the blood pressure measuring apparatus 2 judges that the cuff 3 is not attached appro-
priately if a bottom value PD1b that appears immediately before a peak value PD1p in
the first-order differential signal PD1 in a certain cycle is smaller than a prescribed
value. An example of the prescribed value is a value that is smaller than the amplitude
reference level R shown in Fig. 3 by 1 mmHg.

In a second example, the blood pressure measuring apparatus 2 makes a judgment on
the basis of the sharpness of a waveform portion including a bottom value PD1b of the
first-order differential signal PD1 in a certain cycle. More specifically, the blood
pressure measuring apparatus 2 makes a judgment on the basis of an amplitude
variation in a unit time containing a bottom value PD1b that appears immediately
before a peak value PD1p in the first-order differential signal PD1 in a certain cycle.
The amplitude variation in the unit time containing the bottom value PD1b is an
example of a first variation.

As shown in Fig. 4, the first-order differential signal PD1 consists of plural first-
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order differential values that respectively correspond to plural measured values con-
stituting the pulsation signal P. Since the plural measured values are acquired at a fixed
time interval, the plural measured values are also acquired at the fixed time interval.
For example, the above-mentioned unit time may be defined as a time taken to acquire
five first-order differential values that are the bottom value PD1b, two first-order dif-
ferential values preceding the bottom value PD 1b, and two first-order differential
values following the bottom value PD1b. In this case, the above-mentioned “amplitude
variation in the unit time containing the bottom value PD1b” can be defined as the sum
of variations delta-bl and delta-b2 shown in Fig. 4. The blood pressure measuring
apparatus 2 judges that the cuff 3 is not attached appropriately if the sum of the
variations delta-b1 and delta-b2 is larger than a prescribed value.

In a third example, the blood pressure measuring apparatus 2 makes a judgment on
the basis of a relationship between a bottom value PD1b and a peak value PD1p of the
first-order differential signal PD1 in a certain cycle. More specifically, the blood
pressure measuring apparatus 2 judges that the cuff 3 is not attached appropriately if
the absolute value of a bottom value PD1b that appears immediately before a peak
value PD1p in the first-order differential signal PD1 in a certain cycle is larger than the
absolute value of the peak value PD1p. The peak value PD1p is an example of a local
maximal value of first-order differential values.

In a fourth example, the blood pressure measuring apparatus 2 makes a judgment on
the basis of a relationship between the sharpness of a waveform portion including a
bottom value PD1b of the first-order differential signal PD1 in a certain cycle and the
sharpness of a waveform portion including a peak value PD1p of the first-order dif-
ferential signal PD1 in the certain cycle. More specifically, the blood pressure
measuring apparatus 2 judges that the cuff 3 is not attached appropriately if a
waveform portion including a bottom value PD1b of the first-order differential signal
PD1 in a certain cycle is sharper than a waveform portion including a peak value PD1p
of the first-order differential signal PD1 in the certain cycle.

The method for determining the sharpness of a waveform portion including a bottom
value PD1b is the same as described above. The sharpness of a waveform portion
including a peak value PD1p may be determined as an amplitude variation of the first-
order differential signal PD1 in a unit time containing the peak value PD1p. The
amplitude variation in the unit time containing the peak value PD1p is an example of a
second variation. The unit time may be defined as a time taken to acquire five first-
order differential values that are the peak value PD1p, two first-order differential
values preceding the peak value PD1p, and two first-order differential values following
the peak value PD1p. In this case, the above-mentioned “amplitude variation in the

unit time containing the peak value PD1p” can be defined as the sum of variations
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delta-p1 and delta-p2 shown in Fig. 4. The blood pressure measuring apparatus 2
judges that the cuff 3 is not attached appropriately if the sum of the variations delta-b1
and delta-b2 is larger than the sum of the variations delta-p1 and delta-p2.

The blood pressure measuring apparatus 2 may employ either only one or plural ones
of the above four judgment criteria. In the latter case, the blood pressure measuring
apparatus 2 may judge that the cuff 3 is not attached appropriately if at least one of the
criteria employed is satisfied.

As shown in Fig. 2, if judging that the cuff 3 is attached appropriately (S4: Y), at step
S5 the blood pressure measuring apparatus 2 determines a blood pressure of the subject
100 on the basis of the pulsation signal P.

On the other hand, if judging that the cuff 3 is not attached appropriately (S4: N), at
step S6 the blood pressure measuring apparatus 2 notifies the fact with at least one of a
visual notification, an auditory notification, and a tactile notification.

With the above configuration, an inappropriate attachment state of the cuff 3 can be
detected using the simple processing of differentiating once a pulsation signal P that is
acquired in processing of inflating the cuff 3. A situation can thereby be avoided that a
blood pressure is measured with the cuff 3 being in an inappropriate attachment state.

Determination itself of a blood pressure may be done at step S5 parallel with the noti-
fication. In this case, a judgment as to whether a determined blood pressure is ap-
propriate is left to a health care professional who should also take the notification into
consideration.

Alternatively, the blood pressure measuring apparatus 2 may be configured to refrain
from determining a blood pressure on the basis of the pulsation signal P if that a
prescribed criterion is satisfied in making the above judgment, the prescribed criterion
(the satisfaction of which means a high probability of inappropriate attachment of the
cuff 3) being at least one of the following requirements 1 and 2:

Requirement 1: The ratio of the absolute value of a bottom value PD1b that appears
immediately before a peak value PD1p in the first-order differential signal PD1 in a
certain cycle to the absolute value of the peak value PD1p is larger than or equal to a
prescribed ratio. For example, the prescribed ratio is 1.5. This requirement is an
example of a first relationship.

Requirement 2: The ratio of an amplitude variation indicating the sharpness of a
waveform portion including a bottom value PD1b that appears immediately before a
peak value PD1p in the first-order differential signal PD1 in a certain cycle to an
amplitude variation indicating the sharpness of a waveform portion including the peak
value PDl1p is larger than or equal to a first prescribed ratio and the ratio of the
absolute value of the bottom value PD1b to that of the peak value PD1p is larger than

or equal to a second prescribed ratio. For example, the first prescribed ratio is 2 and the
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second prescribed ratio is 0.5. This requirement is an example of a second relationship.

With the above configuration, it is made easier to avoid a situation that a blood
pressure is measured with the cuff 3 being in an inappropriate attachment state.

In each of the above examples of the processing of judging whether the cuff 3 is in
an inappropriate attachment state, a judgment is made on the basis of a peak value
PD1p and a bottom value PD1b of the first-order differential signal PD1 of the
pulsation signal P in a certain cycle as well as amplitude variations of the first-order
differential signal PD1 including the peak value PD1p and the bottom value PD1b.
Each of the peak value PD1p and the bottom value PD1b may be an average of plural
values acquired in a prescribed time period (a time period corresponding to five
pulsations of the subject 100, for example).

With the above configuration, it is possible to increase the correctness, in a statistical
sense, of the processing of judging whether the cuff 3 is in an inappropriate attachment
state. That is, it becomes easier to avoid a situation that the cuff 3 is judged in an inap-
propriate attachment state as a result of an event that the above parameters of the first-
order differential signal PD1 satisfy the criterion by chance. Thus, it becomes easier to
avoid a situation that a blood pressure is measured with the cuff 3 being in an inap-
propriate attachment state.

Figs. 3A and 3B also show a waveform of a second-order differential signal PD2 of
the pulsation signal P. In each of Figs. 3A and 3B, the horizontal reference level R also
coincides with the zero level of the second-order differential signal PD2. It is found
from comparison between the first-order differential signal PD1 and the second-order
differential signal PD2 that the second-order differential signal PD2 exhibits, in a more
emphasized manner, the tendency that a waveform element that is convex downward is
more remarkable in the case that the cuff 3 is not attached appropriately. It is also
found that the second-order differential signal PD2 exhibits, in a more emphasized
manner, the tendency that a maximum value is reached earlier in the case that the cuff
3 is not attached appropriately. It is noted that a case having only one of these two
tendencies may occur.

Based on the above discussion, the blood pressure measuring apparatus 2 may
acquire a second-order differential signal PD2 in addition to or in place of a first-order
differential signal PD1 by differentiating the pulsation signal P twice. The second-
order differential signal PD2 is an example of the second-order differential values of
the pulsation information. A criterion for judging whether the cuff 3 is in an inap-
propriate attachment state may be such as to correspond to at least one of the above-
mentioned four criteria.

The blood pressure measuring apparatus 2 may be configured to execute the

judgment step using the second-order differential signal PD2 if it is judged that the
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judgment as to whether the cuff 3 is in an inappropriate attachment state cannot be
made properly as long as only the first-order differential signal PD1 is used. Alter-
natively, the process may always proceed to acquisition of a second-order differential
signal PD2 and judgment using the acquired second-order differential signal PD2.

Fig. 5 is a flowchart of such processing of the blood pressure measuring apparatus 2.
Steps that are substantially the same as those in the processing of Fig. 2 are designated
with the same reference symbols as the latter. Step S13 is a step of acquiring a second-
order differential signal PD2. Alternatively, the processing may always proceed to ac-
quisition of a second-order differential signal PD2 and comparison between a result of
a judgment using the first-order differential signal PD1 and a result of a judgment
using the second-order differential signal PD2.

Since features relating to an inappropriate attachment state of the cuff 3 may be
reflected in the second-order differential signal PD2 more remarkably than the first-
order differential signal PD1, the use of the second-order differential signal PD2 makes
it possible to detect an inappropriate attachment state of the cuff 3 more correctly.
Thus, it becomes possible to avoid more reliably a situation that a blood pressure is
measured with the cuff 3 being in an inappropriate attachment state.

The above-described embodiment is just an example for facilitating understanding of
the present disclosure, and the configuration of the embodiment can be modified or
improved as appropriate without departing from the fundamental concept of the
present disclosure.

The inflating mechanism 21 and the controller 22 of the blood pressure measuring
apparatus 2 need not always be disposed in a common casing. At least part of the
functions of the controller 22 may be implemented by a computing device of a
computer that is connected to the blood pressure measuring apparatus 2.

The pulse acquiring section 23 need not always be disposed in the blood pressure
measuring apparatus 2, and may be configured to be attachable to the body of a
subject.

The present application is based on Japanese Patent Application No. 2017-065003
filed on March 29, 2017, the entire contents of which are hereby incorporated by

reference.
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Claims

A blood pressure measuring apparatus for measuring a blood pressure
of a subject using a cuff attached to the subject, comprising:

a processor; and

a memory configured to store instructions that is readable by the
processor,

wherein the blood pressure measuring apparatus is configured to, as the
instructions are executed by the processor:

acquire pulsation information of the subject that is to be used to
determine the blood pressure, while increasing an inner pressure of the
cuff;

acquire first-order differential values of the pulsation information; and
detect an inappropriate attachment state of the cuff on the basis of at
least one of:

a local minimal value of the first-order differential values;

a first variation of the first-order differential values including the local
minimal value in a unit time;

a first relationship between a local maximal value and the local
minimal value of the first-order differential values; and

a second relationship between the first variation and a second variation
of the first-order differential values including the local maximal value
in a unit time.

The blood pressure measuring apparatus according to claim 1,

wherein the blood pressure is not determined if at least one of the first
relationship and the second relationship is satisfied.

The blood pressure measuring apparatus according to claim 1 or 2,
wherein at least one of the local minimal value, the first variation, the
local maximal value, and the second variation is calculated as a mean
value of plural values acquired in a prescribed time period.

A blood pressure measuring apparatus for measuring a blood pressure
of a subject using a cuff attached to the subject, comprising:

a processor; and

a memory configured to store instructions that is readable by the
processor,

wherein the blood pressure measuring apparatus is configured to, as the
instructions are executed by the processor:

acquire pulsation information of the subject that is to be used to
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determine the blood pressure, while increasing an inner pressure of the
cuff;

acquire second-order differential values of the pulsation information;
and

detect an inappropriate attachment state of the cuff on the basis of at
least one of:

a local minimal value of the second-order differential values;

a first variation of the second-order differential values including the
local minimal value in a unit time;

a first relationship between a local maximal value and the local
minimal value of the second-order differential values; and

a second relationship between the first variation and a second variation
of the second-order differential values including the local maximal
value in a unit time.

The blood pressure measuring apparatus according to claim 4,
wherein the blood pressure is not determined if at least one of the first
relationship and the second relationship is satisfied.

The blood pressure measuring apparatus according to claim 4 or 5,
wherein at least one of the local minimal value, the first variation, the
local maximal value, and the second variation is calculated as a mean

value of plural values acquired in a prescribed time period.
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