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(57) ABSTRACT

In wrapping a blood pressure measurement cuff enclosing
therein a bladder, which is inflated when supplied with air,
around a region for measurement, first, a predetermined
amount of air is supplied to the bladder and then enclosed
therein. Then, the blood pressure measurement cuff is
wrapped around the region for measurement of a subject for
the purpose of measuring his/her blood pressure. During this
wrapping process, relative variations in the pressure in the
bladder are sequentially detected. The time period in which
the detection results indicate that the variation has not reached
a predetermined threshold value, the wrapping proceeds.
When the detection results indicate that the variation has
reached the predetermined threshold value, the wrapping is
terminated.
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FIG.3
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FIG.6B
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BLOOD PRESSURE MEASUREMENT CUFF
WRAPPING CONTROL DEVICE AND
METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to devices and method for
controlling wrapping of a blood pressure measurement cuff
including a bladder around a region for measurement of a
living body. More particularly, the present invention relates to
blood pressure measurement cuff wrapping control devices
and method for making the strength of wrapping around the
region for measurement to be appropriate.

2. Description of the Background Art

In conventional electronic blood pressure measurenent
devices, a measurement cuff including a bladder is wrapped
around a region for measurement of a living body in advance
for blood pressure measurements. However, the strength of
wrapping, namely the degree of pressurization on the living
body caused by the wrapping, has not been grasped, thereby
making it difficult to prescribe a proper wrapping strength. In
order to overcome the problem, there has been suggested, for
example, a method disclosed in Japanese Laid-Open Patent
Publication No. 6-237906. This publication discloses a con-
figuration for enclosing gas within a bladder, in advance, and
then wrapping it around a region for measurement. Further,
the publication prescribes that a proper wrapping condition
has been achieved when the pressure of gas within the bladder
reaches a predetermined pressure.

However, with the configuration disclosed in this publica-
tion, in the case where the amount of air enclosed within the
bladder or the size of the bladder is changed, this will change
the pressure applied to the artery in the region for measure-
ment and therefore the predetermined pressure must be
altered to a proper pressure in association therewith.

Further, since the same preset pressure is applied to all
subjects for blood pressure measurement, there has been
inconvenience that, even when it is determined that a proper
wrapping condition is achieved, the setting of wrapping will
be tight for subjects having a thicker arm which is the region
for measurement, while it will be loose for subjects having a
thinner arm. Also, in the case where the measurement cuff is
to be manually wrapped around the region for measurement,
the subject can not know the required wrapping strength (the
pressurization level), thus preventing proper blood pressure
measurements.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide blood
pressure measurement cuff wrapping control devices and
method which enable properly wrapping a blood pressure
measurement cuff around a region for measurement.

A device according to an aspect of the present invention
wraps a blood pressure measurement cuff including a bladder,
which s inflated when supplied with fluid, around a region for
measurement. The device includes a fluid enclosure portion
for supplying a predetermined amount of fluid to the bladder
and enclosing it therein in wrapping, and a pressure variation
detection portion for detecting whether or not a relative varia-
tion in the pressure in the bladder has reached a predeter-
mined level during the wrapping of the blood pressure mea-
surement cuffin which the fluid has been enclosed by the fluid
enclosure portion, around the region for measurement for
blood pressure measurements.

Therefore, the pressure variation detection portion detects
whether or not a relative variation in the pressure in the
bladder has reached a predetermined level during the wrap-
ping of the blood pressure measurement cuff around the
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region for measurement. By setting the predetermined level to
a proper level for blood pressure measurement and referring
thereto, it can be detected that the wrapping state has become
appropriate for blood pressure measurement, based on rela-
tive variations in the pressure within the bladder, regardless of
the circumferential length of the region for measurement and
regardless of the size or the capacity of the bladder.

Preferably, the device further includes a wrapping stop
operation portion for performing an operation for stopping
the wrapping of the blood pressure measurement cuff when
the pressure variation detection portion detects that the rela-
tive variation has reached the predetermined level.

Therefore, when the pressure variation detection portion
detects that the relative variation in the pressure in the bladder
has reached the predetermined level during the wrapping of
the blood pressure measurement cuff around the region for
measurement, it is determined that the wrapping state has
become appropriate for blood pressure measurements and the
wrapping stop operation portion performs the operation for
stopping the wrapping of the blood pressure measurement
cuff.

Preferably, the wrapping stop operation portion includes a
portion for giving an instruction for stopping the wrapping to
the outside. Therefore, in the case where the wrapping is
manually performed, the subject is informed that the wrap-
ping state has become appropriate for blood pressure mea-
surements, since an instruction for stopping the wrapping is
given to the outside. Thus, the subject can cease the manual
wrapping operation when the wrapping state has become
appropriate for blood pressure measurements. Consequently,
the subject will be released from stress caused by the deter-
mination of the time point at which the wrapping should be
stopped, thus enabling accurate blood pressure measure-
ments. Also, in the case of automatically-wrapping type
device, the subject can know that the wrapping state has
become appropriate for blood pressure measurements and the
subsequent pressurization step is entered, since an instruction
that the wrapping state has become appropriate for blood
pressure measurements is given to the outside.

Preferably, the pressure variation detection portion
includes an enclosure pressure detection portion for detecting
the pressure within the bladder when the blood pressure mea-
surement cuff is wrapped around the region for measurement
after the fluid is enclosed within the bladder by the fluid
enclosure portion, a wrapping pressure detection portion for
sequentially detecting the pressure within the bladder during
further wrapping the blood pressure measurement cuff
around the region for measurement after the enclosure pres-
sure detection portion detects the pressure, and a determina-
tion portion for determining, each time the wrapping pressure
detection portion detects the pressure, whether or not the
difference between this detected pressure and the pressure
detected by the enclosure pressure detection portion has
reached the predetermined level.

Therefore, the difference between the pressure within the
bladder when the blood pressure measurement cuff is
wrapped and mounted around the region for measurement
after the fluid is enclosed therein and the pressure in the
bladder which is sequentially detected during further wrap-
ping the blood pressure measurement cuff around the region
for measurement reaches the predetermined level, it can be
detected that the wrapping state has become appropriate for
blood pressure measurements.

Preferably, the pressure variation detection portion
includes a wrapping pressure detection portion for sequen-
tially detecting the pressure within the bladder during further
wrapping the blood pressure measurement cuff around the
region for measurement for blood pressure measurements
after the fluid is enclosed in the bladder by the fluid enclosure
portion and then the blood pressure measurement cuff is
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wrapped and mounted around the region for measurement,
and a determination portion for determining whether or not
the variation per unit time in the pressure detected by the
wrapping pressure detection portion has reached the prede-
termined level.

Therefore, during wrapping after the fluid is enclosed and
then the blood pressure measurement cuff is wrapped and
mounted around the region for measurement, when the varia-
tion per unit time in the pressure within the bladder, which is
sequentially detected, has reached the predetermined level, it
can be detected that the wrapping state has become appropri-
ate for blood pressure measurements.

Preferably, the determination portion includes a portion for
determining whether or not the variation per unit time in the
pressure detected by the wrapping pressure detection portion
has reached a maximum.

Therefore, during wrapping after the fluid is enclosed and
then the blood pressure measurement cuff is wrapped and
mounted around the region for measurement, when the varia-
tion per unit time in the pressure within the bladder, which is
sequentially detected, has reached a maximum, it can be
detected that the wrapping state has become appropriate for
blood pressure measurements.

Preferably, the blood pressure measurement cuff is manu-
ally wrapped around the region for measurement such that the
wrapping size thereof in a radial direction for the region for
measurement is reduced.

Therefore, the aforementioned process for detecting that
the wrapping state has become appropriate for blood pressure
measurements may be applied for cases where the blood
pressure measurement cuff is manually wrapped around the
region for measurement.

Preferably, the tension in the blood pressure measurement
cuffis increased such that the wrapping size thereof in aradial
direction for the region for measurement is reduced.

Therefore, the aforementioned process for detecting that
the wrapping state has become appropriate for blood pressure
measurements may be applied for cases where the blood
pressure measurement cuff is wrapped around the region for
measurement through the tension therein.

Preferably, the wrapping size of the blood pressure mea-
surement cuffin aradial direction for the region for measure-
ment is reduced by the effect of the inflation of a securing bag,
wherein the securing bag is inflated when supplied with fluid
in order to press the bladder for securing the bladder.

Therefore, the aforementioned process for detecting that
the wrapping state has become appropriate for blood pressure
measurements may be applied for cases where the blood
pressure measurement cuff is wrapped around the region for
measurement through the inflation force of a securing bag.

Preferably, the device includes a circumferential length
detection portion for detecting the circumferential length of
the region for measurement, and a predetermined level deter-
mination portion for determining the predetermined level
based on the circumferential length detected by the circum-
ferential length detection portion.

Therefore, the predetermined level which is referred for
determining whether or not the wrapping state has become
appropriate for blood pressure measurements may be vari-
ably set based on the circumferential length of the region for
measurement. Thus, it can be more accurately detected that
the wrapping state has become appropriate.

A method for controlling wrapping of a blood pressure
measurement cuff including a bladder, which is inflated when
supplied with fluid, around a region for measurement, accord-
ing to another aspect of the present invention, includes a fluid
enclosure step of supplying a predetermined amount of fluid
to the bladder and enclosing it therein for wrapping, and a
pressure change detection step of detecting whether or not a
relative variation in the pressure in the bladder has reached a

5

10

15

20

25

30

35

40

45

50

55

60

65

4

predetermined level during wrapping the blood pressure mea-
surement cuff around the region for measurement for blood
pressure measurements, after the fluid is enclosed in the blad-
der in the fluid enclosure step.

Therefore, in the pressure change detection step, it is
detected whether or not a relative change in the pressure in the
bladder has reached a predetermined level during the wrap-
ping of the blood pressure measurement cuff around the
region for measurement. By setting the predetermined level to
a proper level for blood pressure measurement and referring
thereto, it can be detected that the wrapping state has become
appropriate for blood pressure measurement, based on rela-
tive variations in the pressure within the bladder, regardless of
the circumferential length of the region for measurement and
regardless of the size or the capacity of the bladder.

Preferably, the method further includes a wrapping stop
operation step of performing an operation for stopping the
wrapping of the blood pressure measurement cuff around the
region for measurement, when it is detected that the relative
variation has reached the predetermined level in the pressure
change detection step.

Therefore, when it is detected in the pressure change detec-
tion step that the relative variation in the pressure in the
bladder has reached the predetermined level during the wrap-
ping of the blood pressure measurement cuff around the
region for measurement, it is determined that the wrapping
state has become appropriate for blood pressure measure-
ments and, in the wrapping stop operation step, an operation
for stopping the wrapping of the blood pressure measurement
cuff is performed.

The foregoing and other objects, features, aspects and
advantages of the present invention will become more appat-
ent from the following detailed description of the present
invention when taken in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1 is a flowchart of blood pressure measurement which
is common to a manually-wrapping type and automatically-
wrapping type electronic blood pressure measurement
devices according to an embodiment of the present invention.

FIG. 2 is a block diagram of the manually-wrapping type
electronic blood pressure measurement device applied to an
embodiment of the present invention.

FIG. 3 shows an external view of the manually-wrapping
type electronic blood pressure measurement device.

FIG. 4 is a block diagram of the automatically-wrapping
type electronic blood pressure measurement device applied to
an embodiment of the present invention.

FIG. 5 shows a view illustrating an air system for the
automatically-wrapping type electronic blood pressure mea-
surement device.

FIG. 6A and FIG. 6B show view schematically illustrating
the outward appearance and the used state, respectively, of the
automatically-wrapping type electronic blood pressure mea-
surement device.

FIG. 7 is a flowchart of a first exemplary determination.

FIG. 8 shows a view for describing the first exemplary
determination.

FIG.9 is a flowchart of a second exemplary determination.

FIG. 10 shows a view for describing the second exemplary
determination.

FIG. 11 shows a view for describing the second exemplary
determination.

FIG. 12 is a flowchart of a third exemplary determination.

FIG. 13 shows a view for describing the third exemplary
determination.

FIG. 14 is a flowchart of a fourth exemplary determination.
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FIG. 15 shows a view for describing the fourth exemplary
determination.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, embodiments of the present invention will be
described with reference to the drawings. An electronic blood
pressure measurement device according to the present inven-
tion may utilize either a blood-pressure measuring method
according to the oscillometric method or a measuring method
using Korotkoff sound.

It is assumed, in the present embodiment, that the elec-
tronic blood pressure measurement device is a manually-
wrapping type electronic blood pressure measurement device
and an automatic-wrapping type electronic blood pressure
measurement device both including a cuff which is a bag
containing fluid such as air and is to be wrapped around a
region for measurement for blood pressure measurements.
Such a manually-wrapping type electronic blood pressure
measurement device is configured such that a subject manu-
ally wraps the cuff around the region for measurement while
reducing the wrapping size in a radial direction, while such an
automatic-wrapping type electronic blood pressure measure-
ment device is configured such that the cuff is automatically
wrapped around the region for measurement. Further, it is
assumed, in the present embodiment, that the cuffis a bladder
and the region for measurement around which the cuffis to be
wrapped is an arm. However, the region for measurement is
not limited to an arm.

Further, in the present embodiment, as an automatically-
wrapping type electronic blood pressure measurement
device, there will be exemplified an electronic blood pressure
measurement device which wraps a blood pressure measure-
ment bladder around an arm through the effect of the inflation
of a pressing-securing air bag. However, the present invention
is not limited to this. For example, instead of a pressing-
securing air bag, a mechanically-stretchable mechanism may
be used to vary the distance between the living body and the
blood pressure measurement bladder for wrapping the blood
pressure measurement bladder around the arm. Also, as in
Japanese Laid-Open Patent Publication No. 6-237906, an
arm cuff may be wrapped around the region for measurement
through the tension of the arm cuff induced by securing one
end of the arm cuff while causing the other end thereof to be
pulled in conjunction with the rotation of a motor.

FIG. 1 illustrates a flowchart of blood pressure measure-
ment which is common to the manually-wrapping type and
automatically-wrapping type electronic blood pressure mea-
surement devices according to the present embodiment of the
present invention. FIG. 2 illustrates block structure of the
manually-wrapping type electronic blood pressure measure-
ment device applied to the present embodiment of the present
invention and F1G. 3 illustrates the outward appearance of the
manually-wrapping type electronic blood pressure measure-
ment device. FIG. 4 illustrates the block structure of the
automatically-wrapping type electronic blood pressure mea-
surement device applied to the present embodiment of the
present invention, FIG. 5 illustrates an air system of the auto-
matically-wrapping type electronic blood pressure measure-
ment device, and FIG. 6A and FIG. 6B schematically illus-
trate the outward appearance and the used state of the
automatically-wrapping type electronic blood pressure mea-
surement device.

(Device Configuration)

Referring to FIG. 2, a manually-wrapping type electronic
blood pressure measurement device 1 includes a cuff 11
(blood pressure measurement bladder) enclosed within an
arm cuff 23, which will be described later, to be mounted
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6

around the region for measurement of the subject, a pressure
sensor 12 for detecting the pressure within cuff 11 (hereinaf-
ter, referred to as a cuff pressure) and outputting detection
signals, a pump 13 and a valve 14 for controlling the pressure
within cuff 11, an amplifier 15 for amplifying the output
signals from pressure sensor 12, a pump driving circuit 16 for
controlling the driving of pump 13, a valve driving circuit 17
for controlling opening and closing of valve 14, an A/D (ana-
log/digital) converter 18 for converting analog signals output
from amplifier 15 into digital signals and outputting the digi-
tal signals, a memory 19 for storing various information
including measured blood pressure values, a display portion
20 for displaying various information such as measured blood
pressure values, an operating portion 21 which is operated
from the outside for inputting commands such as ON/OFF of
the power supply of electronic blood pressure measurement
device 1 and the start of measurement, and a CPU (Central
Processing Unit) 10 for controlling the respective sections.
CPU 10 includes a timer 101 for measuring the current time
and memory 19 stores a table TB which will be described
later.

Referring to FIG. 3, manually-wrapping type electronic
blood pressure measurement device 1 further includes an arm
cuff 23 adapted to be wrapped around the arm through a
manual wrapping operation, and a main portion which is
coupled to arm cuff 23 through a rubber tube 22. The main
portion includes a lamp 25 and an LCD (Liquid Crystal Dis-
play) 26 as display portion 20 and further includes a power
supply switch 27 and a pressurization switch 28 which is
operated for starting a blood pressure measurement, as opet-
ating portion 21. Arm cuff 23 includes cuff 11 constituted by
arubber bag or a vinyl bag, a cloth belt enclosing cuff 11 and
a ring 24 attached to one end of the belt for passing an end
portion therethrough.

In wrapping arm cuff 23 around the region for measure-
ment, the subject folds back the other end of the belt passed
through ring 24 and removably secures it to the outer surface
of the belt through a removable tape which is not shown.
Thus, the subject can wrap arm cuff 23 around the arm by
wrapping it along the outer surface of the belt by holding the
other end thereof while passing his arm through the cylinder
formed by the belt when the other end of the belt of arm cuff
23 has been passed through ring 24.

It is assumed that, in an appropriate wrapping determina-
tion process which will be described later, arm cuff 23 is
manually and gradually wrapped around the arm while pump
13 is maintained at a stop.

Referring to FIG. 4 and FIG. 5, an automatically-wrapping
type electronic blood pressure measurement device 2
includes a blood-pressure measurement bladder 50, a press-
ing-securing air bag 51 for pressing blood pressure measure-
ment bladder 50 and securing it around the region for mea-
surement, a blood pressure measurement air system 52 for
supplying or discharging air to or from blood pressure mea-
surement bladder 50 through a tube 53, an amplifier 35, a
pump driving circuit 36, a valve driving circuit 37 and an A/D
converter 38 provided in relation to blood pressure measure-
ment air system 52. Further, automatically-wrapping type
electronic blood pressure measurement device 2 includes a
pressing-securing air system 54 for supplying or discharging
air to or from pressing-securing air bag 51 through a tube 55,
an amplifier 45, a pump driving circuit 46, a valve driving
circuit 47 and an A/D converter 48 provided in relation to
pressing-securing air system 54. Automatically-wrapping
type electronic blood pressure measurement device 2 further
includes a CPU 30 for centrally controlling and monitoring
the respective sections, a memory 39 for storing various infor-
mation such as measured blood pressure values, display por-
tion 40 for displaying various information including the



US 7,611,468 B2

7

results of blood pressure measurements, and an operating
portion 41 which is operated for inputting various commands
for measurements.

Blood pressure measurenient air system 52 includes a pres-
sure sensor 32 for detecting and outputting the pressure in
blood pressure measurement bladder 50 (hereinafter, referred
to as a cuff pressure), a pump 33 for supplying air to blood
pressure measurement bladder 50, and a valve 34 which is
opened or closed in order to discharge or enclose air from or
into blood pressure measurement bladder 50. Amplifier 35
amplifies output signals from pressure sensor 32 and outputs
them to A/D converter 38, and A/D converter 38 converts the
output analog signals into digital signals and outputs the
converted signals to CPU 30. Pump driving circuit 36 controls
the driving of pump 33 based on control signals from CPU 30.
Valve driving circuit 37 executes the opening/closing control
for valve 34 based on control signals from CPU 30.

Pressing-securing air system 54 includes a pressure sensor
42 for detecting and outputting the pressure in pressing-se-
curing air bag 51, a pump 43 for supplying air to pressing-
securing air bag 51, and a valve 44 which is opened or closed
in order to discharge or enclose air from or into pressing-
securing air bag 51. Amplifier 45 amplifies output signals
from pressure sensor 42 and outputs them to A/D converter
48, and A/D converter 48 converts the output analog signals
into digital signals and outputs the converted signals to CPU
30. Pump driving circuit 46 controls the driving of pump 43
based on control signals from CPU 30. Valve driving circuit
47 executes opening/closing control for valve 44 based on
control signals from CPU 30.

Referring to FIG. 6A, automatically-wrapping type elec-
tronic blood pressure measurement device 2 includes a secur-
ing cylindrical case 57 for securing the arm, which is the
region for measurement, of the subject and a blood-pressure
measurement device main portion 58. Blood-pressure mea-
surement device main portion 58 includes an L.CD 59 and a
lamp 60 as display portion 40. Blood-pressure measurement
device main portion 58 further includes a power-supply
switch 61, a start switch 62 and a stop switch 63 for dictating
the start and the stop of a blood pressure measurement, as
operating portion 41, in order to enable external operation.
Securing cylindrical case 57 includes, on its inner surface,
blood-pressure measurement bladder 50 to be mounted
around the region for measurement. In FIG. 6B, there is
illustrated a state where the arm, which is the region for
measurement, of the subject is inserted through securing
cylindrical case 57 from the front side thereofin the figure, in
order to measure the blood pressure.

FIG. 5 schematically illustrates a cross sectional view of
securing cylindrical case 57 at the state illustrated in FIG. 6B.
Securing cylindrical case 57 is provided with measurement
bladder 50, a pressing-securing curled elastic member 56, the
size of which in a radial direction is expansible, and pressing-
securing air bag 51, from the outer circumference of the arm
which is the region for measurement toward the inner surface
of securing cylindrical case 57. When pressing-securing air
bag 51 is inflated by supplying air thereto through pressing-
securing air system 54, the size of pressing-securing curled
elastic member 56 in a radial direction is decreased by the
effect thereof. Thus, in association with this, measurement
bladder 50 interposed between pressing-securing curled elas-
tic member 56 and the human body (arm) is pressed against
the region for measurement. Thus, measurement bladder 50 is
wrapped and secured around the human body (arm) through
pressing-securing curled elastic member 56 and pressing-
securing air bag 51, thereby enabling blood-pressure mea-
surements.

It is assumed that, in the appropriate wrapping determina-
tion process which will be described later, pump 43 is driven
while pump 33 is maintained at a stop, and thus pressing-
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securing air bag 51 is gradually supplied with air to be
inflated, thereby causing measurement bladder 50 to be auto-
matically wrapped around the arm.

(Blood Pressure Measurement Process)

There will be described, according to FIG. 1, the general
outlines of the blood pressure measurement process using
manually-wrapping type electronic blood pressure measure-
ment device 1 or automatically-wrapping type electronic
blood pressure measurement device 2.

A program according to the flowchart of FIG. 1 is stored in
an internal memory, which is not shown, in CPU 10 or 30 and
read out therefrom and executed under the control of CPU 10
or 30.

When the power supply is turned on at first and switch 28
or 62 is operated, CPU 10 or 30 initializes the blood pressure
measurement device. Thus, the cuff pressure in cuff 11 or
blood pressure measurement bladder 50 or the internal pres-
sure in pressing-securing air bag 51 is initialized to, for
example, an atmospheric pressure (step ST1). Then, pre-
pressurization is performed (step ST2). Namely, CPU 10 or
30 closes valve 34 or valve 14 for blood pressure measure-
ment bladder 50 or cuff 11 and then supplies, thereto through
pump 33 or pump 13, a predetermined amount of air which
causes the cuff pressure to be within a pressure-level range
which enables the appropriate wrapping determination,
which will be described later. Then CPU 10 or 30 stops pump
33 or pump 13. Data of the pressure level is prestored in a
memory in the CPU. The amount of air to be supplied thereto
is small and has been empirically determined in advance. This
amount will vary depending on the size of cuff 11 or blood
pressure measurement bladder 50. Then, CPU 10 causes lamp
25 to light up in a color giving instruction of “Please, wrap”,
for example, in a green color (step ST3). In the case of
automatically-wrapping type electronic blood pressure mea-
surement device 2, valve 44 is closed and pressing-securing
air bag 51 is supplied with air through pump 43, thus starting
the wrapping of blood pressure measurement bladder 50.

Then, a process for determining whether or not measure-
ment bladder 50 or cuff 11 has been wrapped around the
region for measurement with a proper pressure for blood
pressure measurements regardless of the length around the
arm which is the region for measurement (hereinafter,
referred to as an appropriate wrapping determination process)
is executed (step ST4). When it is determined in the appro-
priate wrapping determination process that blood pressure
measurement bladder 50 or cuff 11 has been properly
wrapped around the region for measurement of the subject,
CPU 10 causes lamp 25 to light up in a red color and instructs,
through the lighting thereof, the subject to cease the operation
of wrapping arm cuff 23 (step ST5). In the case of automati-
cally-wrapping type electronic blood pressure measurement
device 2, pump 43 is stopped to terminate the wrapping of
blood pressure measurement bladder 50.

While the instructions in steps ST3 and ST5 are given using
lamp 25 herein, a buzzer which is not shown may be provided
and the instructions may be given through the buzzer. Also,
such instructions may be displayed on LCD 26.

Then, it is determined whether or not the wrapping of the
arm cuff has been ceased (stop ST6). In the case of an auto-
matically-wrapping type electronic blood pressure measure-
ment device 2, the determination is performed based on
whether ornot pump 43 has been stopped, while in the case of
manually-wrapping type electronic blood pressure measure-
ment device 1 the determination is performed based on
whether or not the cuff pressure indicated by output signals
from pressure sensor 12 is maintained constant for a prede-
termined time period. Ifthe result of the determination reveals
that the wrapping has not been ceased (N in step ST6), a
predetermined error process (step ST12) is executed and the
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blood pressure measurement is terminated. On the other
hand, if the result of the determination reveals that the wrap-
ping has been ceased (Y in step ST6), the process proceeds to
subsequent blood pressure measurement processes.

In measuring the blood pressure, at first, pump 13 or pump
33 is driven to supply air to cuff 11 or blood pressure mea-
surement bladder 50, thereby gradually raising the cuff pres-
sure. When it is determined, based on output signals from
pressure sensor 12 or 32, that the cuff pressure has reached a
predetermined level indicated by data prestored in a memory,
which is not shown, in the CPU (step ST7), CPU 10 or 30
controls valve 14 or valve 34 such that it is gradually opened
to cause slow discharge, thus gradually reducing the cuff
pressure (step ST8). In parallel with the depressurization
process, CPU 10 or 30 calculates the values of blood pres-
sures (systolic blood pressure and diastolic blood pressure),
based on pulse pressure signals superimposed on signals
detected by pressure sensor 12 or pressure sensor 32, accord-
ing to a predetermined process (step ST9). The blood pressure
calculation process is well known and is not described herein.
The obtained blood pressure values are displayed on display
device 20 or 40 (step ST10). Subsequently, CPU 10 or 30
controls valve 14 or valve 34 and valve 44 such that they are
fully opened to discharge air from cuff 11 or blood pressure
measurement bladder 50 and pressing-securing air bag 51
(step ST11). Thus, the blood pressure measurement process is
completed.

(Appropriate Wrapping Determination Process)

Next, processes in the appropriate wrapping determination
process in FIG. 1 (step ST4) will be described. In the present
embodiment, any of the following first to fourth exemplary
determinations may be employed as the process. The first to
fourth exemplary determinations may be similarly applied to
manually-wrapping type electronic blood pressure measure-
ment device 1 and automatically wrapping type electronic
blood pressure measurement device 2.

(First Exemplary Determination)

In the first exemplary determination according to the pro-
cess of FIG. 7, in focusing attention on the fact that the cuff
pressure varies depending on the length around the arm (here-
inafter, referred to as an arm circumferential length L) after
the completion of pre-pressurization, the appropriate wrap-
ping determination is performed based on the relative differ-
ence between the cuff pressure just after the completion of
pre-pressurization and the cuff pressure detected during the
manual wrapping or the inflation of pressing-securing air bag
51 after the completion of pre-pressurization. Therefore, a
determination threshold value FIT1 indicative of a relative
difference for use in the appropriate wrapping determination
is set to be constant, regardless of the value of arm circum-
ferential length L.

FIG. 8 illustrates, for describing the first exemplary deter-
mination, the variation in the measurement bladder pressure
P(i) (cuff pressure) with time. The subscript character “1” of
measurement bladder pressure P(i) designates the counting
value of the number of samplings, in order to acquire the cuff
pressure by sampling. The sampling period, which is mea-
sured by timer 101, is 5.12 msec, for example. FI1G. 8 illus-
trates, with a curve, the variation in the value of measurement
bladder pressure P(i) with time. As can be seen from FIG. 8,
in the case where the arm is thicker (the value of the arm
circumferential length L is larger), the cuff pressure has been
sufficiently raised already at the completion of the pre-pres-
surization by the pressure caused by the arm itself, and there-
fore the relative difference reaches the determination thresh-
old value FIT1 with an early timing T1, when the wrapping is
started after the completion of pre-pressurization. On the
contrary, in the case where the arm is thinner (the value of the
arm circumferential length L is smaller), the relative differ-
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ence reaches the determination threshold value FIT1 with a
timing T2 later than timing T1.

In the process of FIG. 7, first, at the completion of pre-
pressurization, CPU 10 or 30 acquires (detects) the measure-
ment bladder pressure Pe, which is the cuff pressure, based on
output signals from pressure sensor 12 or 32, (step SA1).
Then, in the case of manually-wrapping type electronic blood
pressure measurement device 1, the subject gradually wraps
an end portion of the belt enclosing cuff 11 around the arm.
Also, in the case of automatically-wrapping type electronic
blood pressure measurement device 2, CPU 30 drives pump
43 to gradually supply air to pressing-securing air bag 51,
thus gradually wrapping measurement bladder 50 around the
arm through curled elastic member 56.

In the wrapping process, CPU 10 or 30 acquires (detects)
the measurement bladder pressure P(i), which is the cuff
pressure (step SA2) and then determines whether or not the
value of the acquired measurement bladder pressure P(i) has
reached the value of a predetermined determination start pres-
sure PS, which has been prestored (step SA3). The predeter-
mined determination start pressure PS corresponds to a level
(which has been empirically determined in advance) suffi-
ciently lower then pressure levels at appropriate wrapping
states. Ifit has not reached the determination start pressure PS
(N in step SA3), a next measurement bladder pressure P(i) is
determined (steps SA6 and SA2). On the other hand, if mea-
surement bladder pressure P(i) has reached the determination
start pressure PS (Y in step SA3), CPU 10 or 30 determines
whether or not the relative difference between measurement
bladder pressure Pe acquired at the completion of pre-pres-
surization and the current measurement bladder pressure P(i)
is above the predetermined determination threshold value
FIT1 (for example, 20 mmHg) which has been prestored (step
SA4). If it is above the predetermined determination thresh-
old value FIT1 (Y in step SA4), it is determined that the
appropriate wrapping state has been achieved and then the
process proceeds to the next process (step ST5). At this time,
in the case of automatically-wrapping type electronic blood
pressure measurement device 2, pump 43, which has been
driven for blood pressure measurement bladder 50, is
stopped.

If the relative difference is below the determination thresh-
old value FIT1 (N in step SA4), it is determined whether or
not the current measurement bladder pressure P(i) is above a
determination termination pressure PE required for terminat-
ing the appropriate wrapping determination, namely a pre-
stored predetermined pressure level required for starting
blood pressure measurements (step SAS). As a result of the
determination, if the current measurement bladder pressure
P(i) has not reached the predetermined determination termi-
nation pressure PE, a next measurement bladder pressure P(i)
is determined (steps SA6 and SA2) and the subsequent pro-
cesses are repeated. On the other hand, if it has reached, it is
determined that the appropriate wrapping state has been
achieved and thus the process proceeds to the next process
(step ST5). At this time, in the case of automatically-wrap-
ping type electronic blood pressure measurement device 2,
pump 43, which has been driven for wrapping measurement
bladder 50, is stopped.

The aforementioned process in step SAS is provided in
consideration of the fact that, in the case where the arm is
extremely thick, the measurement bladder pressure P(i)
reaches the pressure required for starting a blood pressure
measurement before the relative difference reaches the deter-
mination threshold value FIT1.

(Second Exemplary Determination)

In the second exemplary determination, appropriate wrap-
ping detection is performed based on relative variations in the
cuff pressure during the raising process thereof FIG. 9 illus-
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trates the process thereof and FIG. 10 and FIG. 11 illustrate
the variation in the measurement bladder pressure P(i) with
time and the variation in the measurement bladder pressure
variation AP(i) with time. In FIG. 10, there are illustrated the
operation (ON) and the stop (OFF) of pump 33 and pump 43
in relation to the aforementioned variations.

Referring to F1G. 9, CPU 10 or 30 acquires (detects) the
measurement bladder pressure P(i) through pressure sensor
12 or 32, after the completion of pre-pressurization (step
SB1).

It is determined whether or not the acquired measurement
bladder pressure P(i) has reached a predetermined determi-
nation starting pressure PS which has been prestored (see
FIG. 10) (step SB2). If it has not reached (N in step SB2), the
process returns to step SB1 through the process in step SB7 in
order to newly acquire the measurement bladder pressure
P(i). On the other hand, if it has reached the predetermined
determination starting pressure PS (see a timing T1 in FIG.
10), the measurement bladder pressure variation AP(i) is
determined based on the equation: (P(1)-P(i-n)) (step SB3).
At this time, the measurement bladder pressure P(i) is
acquired once every 5.12 msec, for example, and the value of
the variable n in the aforementioned equation is, for example,
3.

It is determined whether or not the determined measure-
ment bladder pressure variation AP(i), which is a relative
change, has reached a prestored determination threshold
value FIT2 illustrated in FIG. 10. Even when it has reached,
the variation AP(i) may have merely reached the determina-
tion threshold value FIT2 due to temporary noise. Therefore,
the duration of time it reaches the determination threshold
value FIT2 is measured using a counter t and it is monitored,
based on the value of counter t, whether or not the condition
where it reaches the determination threshold value FIT?2 con-
tinues for a prestored predetermined determination time DT
illustrated in FIG. 10 (steps SB8 and SB9). Ifit has continued
(Y in step SB9Y), it is determined that appropriate wrapping is
achieved and the process ends. In the case of automatically-
wrapping type electronic blood pressure measurement device
2, pump 43 which has been driven for wrapping measurement
bladder 50 is stopped, at the completion of the determination
process.

On the other hand, if the measurement bladder pressure
variation AP(i) has not reached the determination threshold
value FIT2 (N in step SB4), the value of counter t is set to 0
(step SB5) and it is determined whether or not the measure-
ment bladder pressure P(i) has reached the prestored deter-
mination termination pressure PE illustrated in FIG. 10 (step
SBé). If it has reached, a appropriate wrapping state has been
achieved and therefore the process ends. Further, when it is
determined in step SB9 that the condition has not continued
for the determination time DT, it is determined whether or not
the measurement bladder pressure P(i) has reached the deter-
mination termination pressure PE (step SB6). If it has not
reached (N in step SB6), the process proceeds to a step SB7
and then a next measurement bladder pressure P(i) is acquired
(step SB1). If it has reached (see a timing T2 in FIG. 10), the
appropriate wrapping state has been achieved and therefore
the process ends.

With reference to FIG. 11, there will be described the
relationship between the arm circumferential length [ and the
variation in the measurement bladder pressure P(i) during the
raising process thereof, in relation to the second exemplary
determination. As illustrated in the upper area in FIG. 11, the
variation in the measurement bladder pressure P(i) with time
varies depending on the value of arm circumferential length L
designated by an arrow. In association with this, the variation
in the measurement bladder pressure variation AP(i) varies
depending on the value of arm circumferential length L, as
illustrated in the lower area in FIG. 11. Therefore, by using
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the measurement bladder pressure variation AP(i), appropri-
ate wrapping determination can be performed regardless of
the value of arm circumferential length L.

(Third Exemplary Determination)

With reference to FIG. 13, third exemplary determination
will be described according to a flowchart of FIG. 12.

With reference to FIG. 13, there will be described the arm
circumferential length I designated by an arrow and the
variation in measurement bladder pressure P(i) during the
raising process thereof. As illustrated in the upper area in FIG.
13, the variation in measurement bladder pressure P(i) with
time varies depending on the value of arm circumferential
length L. In association with this, the variation in the mea-
surement bladder pressure variation AP(i) varies depending
on the value of arm circumferential length L, as illustrated in
the lower area. Further, the peak value (maximum value)
APmax of measurement bladder pressure variation AP(i) also
varies depending on the value of arm circumferential length
L. When measurement bladder pressure variation AP(1)
reaches a peak value APmax, cuff 11 or blood pressure mea-
surement bladder 50 has been properly brought into intimate
contact with the region for measurement, namely into the
appropriate wrapping state, after the start of wrapping. If the
wrapping is further advanced from this state, the region for
measurement will be squeezed, thus degrading the accuracy
of subsequent blood pressure measurements or inflicting pain
on the subject.

In the present exemplary determination, as illustrated in
FIG. 13, when the time measurement bladder pressure varia-
tion AP(i) reaches a peak value APmax, it is determined that
appropriate wrapping has been achieved, in focusing atten-
tion on the fact that the peak value (maximum value) APmax
varies depending on the value of arm circumferential length
L, Thus, appropriate wrapping states can be accurately
detected regardless of the value of arm circumferential length
L.

Referring to FIG. 12, CPU 10 or 30 acquires measurement
bladder pressure P(i) after the completion of pre-pressuriza-
tion (step SC1) and then determines whether or not the
acquired measurement bladder pressure P(i) has reached the
determination starting pressure PS (step SC2). If it has not
reached determination starting pressure PS, the process
returns to step SC1 through the process in step SC6 in order to
determine the next measurement bladder pressure. If it has
reached determination starting pressure PS, a measurement
bladder pressure variation AP(i) is determined similarly to in
the second exemplary determination (step SC3). Then, it is
determined whether or not the determined measurement blad-
der pressure variation AP(i) has reached a peak value APmax
(step SC4). When it has reached a peak value APmax, it is
determined that appropriate wrapping has been achieved (Y
in step SC4), and the appropriate wrapping determination
process ends. At the completion of the determination, in the
case of automatically-wrapping type electronic blood pres-
sure measurement device 2, pump 43, which has been driven
for wrapping measurement bladder 50, is stopped.

On the other hand, when it has not reached a peak value
APmax, it is determined whether or not the measurement
bladder pressure P(1) has reached a determination termination
pressure PE (step SC5). When it has not reached (N in step
SC5), the process proceeds to the process in step SC6, then
the next measurement bladder pressure P(i) is determined,
again (step SC1) and then the subsequent processes are
repeated. When it has reached, it is determined that appropri-
ate wrapping has been achieved and the appropriate wrapping
determination process ends.

For example, it can be determined, from the following
process, that the measurement bladder pressure variation
AP(i) has reached a peak value APmax. Namely, during rais-



US 7,611,468 B2

13

ing the measurement bladder pressure P(i), each time a mea-
surement bladder pressure variation AP(i) is calculated in step
SC3, the current calculated measurement bladder pressure
variation AP(i) is compared with the previously-calculated
measurement bladder pressure variation AP(i). When the
result of the comparison indicates that the current calculated
measurement bladder pressure variation AP(i) is smaller than
the previously-calculated measurement bladder pressure
variation AP(i), CPU 10 or 30 can determines that the mea-
surement bladder pressure variation AP(i) has reached a peak
value APmax. This process will be more apparently under-
stood with reference to FIG. 13.

(Fourth Exemplary Determination)

With reference to FIG. 14 and FIG. 15, a fourth exemplary
appropriate wrapping determination will be described. While
threshold values FIT1 and FIT2 are fixed values in the afore-
mentioned first and second determination, these values may
be altered depending on the arm circumferential length L as
will be described in the fourth exemplary determination.

In FIG. 15, there is shown that the arm circumferential
length L is estimated based on the variation (gradient) in the
detected measurement bladder pressure P(i) (or the measure-
ment bladder pressure variation AP(i)) at a predetermined arm
circumferential length determination time TW since the
appropriate wrapping determination process is entered after
the completion of pre-pressurization. The estimation is pet-
formed as follows, for example. At first, variations and
respective corresponding arm circumferential length values
are determined in advance by experiments, and a table TB
associating the respective variations with the corresponding
values of arm circumferential length [ and with determina-
tion threshold values is prestored in memory 19 or 39. Then,
by retrieving table TB based on the variation detected at the
arm circumferential length determination time TW since the
start of the appropriate wrapping determination, the corre-
sponding value of arm circumferential length L can be iden-
tified (estimated). At this time, the corresponding determina-
tion threshold value can be identified from table TB. By
reading out both the identified values from table TB, it is
possible to acquire the results of processes in steps SD1, SD2
which will be described later.

Also, the identification of the determination threshold
value is not limited to the aforementioned method which
searches table TB may be attained as follows. For example,
the determination threshold value may be determined based
on the equation (the determination threshold value=cx(arm
circumferential length L)*+px(arm circumferential length
L)+y, wherein a., [} and y are arbitrary values).

Next, the appropriate wrapping determination process of
the present exemplary determination will be described
according to FIG. 14. At first, CPU 10 or 30 estimates the
value of arm circumferential length L, based on the measure-
ment bladder pressure P(i) acquired at predetermined arm
circumferential length determination time TW after the
completion of pre-pressurization, as previously described
(step SD1) and determines the determination threshold value
FITth based on the estimated value of arm circumferential
length L (step SD2). The determined determination threshold
value FITth is represented by a broken line in FIG. 15.

Next, measurement bladder pressure P(i) is acquired (de-
tected) (step SD3) and it is determined whether or not the
acquired measurement bladder pressure P(i) has reached a
determination starting pressure PS (step SD4). If it has not
reached determination starting pressure PS, the process
returns to the process in step SD3 through a step SD7. inorder
to determine a next measurement bladder pressure P(i).

On the other hand, if it has reached determination starting
pressure PS, it is determined whether or not the measurement
bladder pressure P(i) has reached determination threshold
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value FITth for appropriate wrapping determination (step
SDS5). As a result of the determination, if it has reached
determination threshold value FITth, the appropriate wrap-
ping determination ends. At the completion of the determi-
nation process, in the case of automatically-wrapping type
electronic blood pressure measurement device 2, pump 43
which has been driven for wrapping measurement bladder 50
1s stopped. Ifit has not reached determination threshold value
FITth, it is determined whether or not it has reached a deter-
mination termination pressure PE (step SD6). If it has not
reached, the process returns to step SD3 through the process
in step SD7 in order to acquire the next measurement bladder
pressure P(i). On the other hand, if it has reached determina-
tion termination pressure PE, the appropriate wrapping deter-
mination ends.

The process for variably setting determination threshold
value FITth based on the arm circumferential length L
according to the present exemplary determination may be
applied for the determination threshold values of the afore-
mentioned first to third exemplary determinations to detect
appropriate wrapping states more accurately. As a result, the
accuracy of blood pressure measurements can be also
improved.

Although the present invention has been described and
illustrated in detail, it is clearly understood that the same is by
way of illustration and example only and is not to be taken by
way of limitation, the spirit and scope of the present invention
being limited only by the terms of the appended claims.

What is claimed is:
1. A blood pressure measurement cuff wrapping control
device for controlling wrapping of a blood pressure measure-
ment cuff including a bladder, which is inflated when sup-
plied with fluid, around a region for measurement, said device
comprising:
fluid enclosure portion for supplying a predetermined
amount of fluid to said bladder and enclosing said fluid
therein in order to wrap said blood pressure measure-
ment cuff around said region for measurement; and

pressure variation detection portion for detecting whether
or not a relative variation in the pressure in said bladder
has reached a predetermined level during the wrapping
of said blood pressure measurement cuff around said
region for measurement for blood pressure measure-
ments, after said fluid is enclosed in said bladder by said
fluid enclosure portion and prior to beginning the blood
pressure measurements,

wherein said relative variation is a calculated difference

between the pressure in said bladder detected at a point
in time and the pressure in said bladder detected at a
subsequent point in time during the wrapping of said
blood pressure measurement cuff around said region for
measurement.

2. The blood pressure measurement cuff wrapping control
device according to claim 1, further comprising:

wrapping stop operation portion for executing an operation

for stopping the wrapping of said blood pressure mea-
surement cuff around said region for measurement,
when said pressure variation detection portion detects
that said relative variation has reached the predeter-
mined level.

3. The blood pressure measurement cuff wrapping control
device according to claim 2, wherein

said wrapping stop operation portion includes portion for

announcing an instruction for stopping the wrapping to
the outside.



US 7,611,468 B2

15

4. The blood pressure measurement cuff wrapping control
device according to claim 1, wherein
said pressure variation detection portion includes:
enclosure pressure detection portion for detecting the pres-
sure within said bladder when said blood pressure mea-
surement cuff is wrapped around said region for mea-
surement, after said fluid is enclosed in said bladder by
said fluid enclosure portion;
wrapping pressure detection portion for sequentially
detecting the pressure within said bladder during further
wrapping said blood pressure measurement cuff around
said region for measurement for blood pressure mea-
surements, after said enclosure pressure detection por-
tion detects the pressure; and
determination portion for determining, each time said
wrapping pressure detection portion detects the pres-
sure, whether or not the difference between detected said
pressure and the pressure detected by said enclosure
pressure detection portion has reached said predeter-
mined level.
5. The blood pressure measurement cuff wrapping control
device according to claim 1, wherein
said pressure variation detection portion includes:
wrapping pressure detection portion for sequentially
detecting the pressure within said bladder during further
wrapping said blood pressure measurement cuff around
said region for measurement for blood pressure mea-
surements after said fluid is enclosed in said bladder by
said fluid enclosure portion and then said blood pressure
measurement cuff is wrapped and mounted around said
region for measurement; and
determination portion for determining whether or not the
variation per unit time in the pressure detected by said
wrapping pressure detection portion has reached said
predetermined level.
6. The blood pressure measurement cuff wrapping control
device according to claim 5, wherein
said determination portion has portion for determining
whether or not said variation per said unit time in the
pressure detected by said wrapping pressure detection
portion has reached a maximum.
7. The blood pressure measurement cuff wrapping control
device according to claim 1, wherein
said blood pressure measurement cuff is manually
wrapped around said region for measurement such that
the wrapping size thereof in a radial direction for said
region for measurement is reduced.
8. The blood pressure measurement cuff wrapping control
device according to claim 1, wherein
the tension in said blood pressure measurement cuff is
increased such that the wrapping size thereof in a radial
direction for said region for measurement is reduced.
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9. The blood pressure measurement cuff wrapping control
device according to claim 1, wherein

said blood pressure measurement cuff further includes a
securing bag which is inflated when supplied with said
fluid in order to press said bladder for securing it around
said region for measurement; and

the wrapping size of said blood pressure measurement cuff
in a radial direction for said region for measurement is
reduced by the effect of the inflation of said securing
bag.

10. The blood pressure measurement cuff wrapping control

device according to claim 1, further comprising:
circumnferential length detection portion for detecting the
circumferential length of said region for measurement;
and

predetermined level determination portion for determining
said predetermined level based on said circumferential
length detected by said circumferential length detection
portion.

11. A blood pressure measurement cuff wrapping control
method for controlling wrapping of a blood pressure mea-
surement cuff including a bladder, which is inflated when
supplied with fluid, around a region for measurement, said
method comprising:

a fluid enclosure step of supplying a predetermined amount
of fluid to said bladder and enclosing it therein for said
wrapping; and

a pressure change detection step of detecting whether or
not a relative variation in the pressure in said bladder has
reached a predetermined level during wrapping said
blood pressure measurement cuff around said region for
measurement for blood pressure measurements, after
said fluid is enclosed in said bladder in said fluid enclo-
sure step and prior to beginning the blood pressure mea-
surements,

wherein said relative variation is a calculated difference
between the pressure in said bladder detected at a point
in time and the pressure in said bladder detected at a
subsequent point in time during the wrapping of said
blood pressure measurement cuff around said region for
measurement.

12. The blood pressure measurement cuff wrapping control

method according to claim 11, further comprising:

a wrapping stop operation step of performing an operation
for stopping the wrapping of said blood pressure mea-
surement cuff around said region for measurement,
when it is detected that said relative variation has
reached the predetermined level in said pressure change
detection step.
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