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FIG. 6
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FIG. 12
Cuff Pressure (mmHg)

A

ASP
SBP
SBPP .
DBPP j< :
DBP : .

Lo | Time (sec)
Korotkoff Sound Level i | ' E

\ L E
TK -- -- - -r e
e b --------~—~~~i --------

Time (sec)

With Blood Congestion



U.S. Patent

May 9, 2017

f‘ST3

Operate Power Switch
IR
Initialization
IR
Output Guidance
v ST
Operate Measurement
Switch
v ST
TP=0
VST
Start Inflation
| STI3
Add TP

ST15

Cuff
Pressure =
Predetermined

Pressure
?

| NO

Sheet 13 of 14

US 9,642,541 B2

l fSTW
Stop Pump
IRE

Determine Extent
of Blood Congestion

l ~ST20

Determined
Threshold Value

FIG. 13

b



U.S. Patent

D

May 9, 2017

Sheet 14 of 14

],‘ ~S121

Deflate Cuff Pressure

Korotkoff

S125a

< Threshold Value

Sound Level
?

Korotkoff

Sounds First

Appeared
5 ‘

> Threshold Value
ST25b

YES fST25C

ST25d

Korotkoff

Sounds First

Disappeared
?

NO

YES fST25€

Determined Current
Cuff Pressure Is SBP

Determined Current
Cuff Pressure Is DBP

Y Y
S127
Blood
Pressure NO
Determined
?
YES ,/ST29
Release Air
l /ST31
Display
l ~ST33
Store
FIG. 14

US 9,642,541 B2




US 9,642,541 B2

1
BLOOD PRESSURE MEASUREMENT
DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a blood pressure mea-
surement device, and more particularly to a blood pressure
measurement device that measures blood pressure taking
into account congestion occurred at a peripheral side of the
measurement location.

2. Description of the Related Art

Blood pressure is one indicator for analyzing circulatory
diseases and is effective at preventing diseases of the car-
diovascular system such as strokes, heart failure, heart
attacks, and the like by performing risk analysis based on
blood pressure.

Recent research indicates that blood pressure measured at
home (home blood pressure) is more useful in the diagnosis
of circulatory diseases than blood pressure measured by a
health care facility (casual blood pressure). In conjunction
with this, electronic sphygmomanometers that can be used at
home are growing in popularity.

Oscillometric methods and microphone methods are
mainly used as measurement principles for electronic sphyg-
momanometers for home use. With oscillometric methods, a
cuff is wrapped around a measurement location such as an
upper arm and the pressure inside the cuff (cuff pressure) is
quickly increased to a predetermined pressure (for example,
systolic blood pressure+30 mmHg) and then the cuff pres-
sure is gradually decreased. Volume change occurring in the
artery at that time is detected as a slight pressure fluctuation
(pressure pulse wave amplitude) superimposed on the cuff
pressure. The cuff pressure detected when the pressure pulse
wave amplitude suddenly increases determines the systolic
blood pressure, and the cuff pressure detected when the
pressure pulse wave amplitude suddenly decreases deter-
mines the diastolic blood pressure. Furthermore, blood pres-
sure may also be determined from the detected pressure
pulse wave amplitude at the time when the cuff pressure
gradually increases. An electronic sphygmomanometer that
uses an oscillometric method is represented in, for example,
Japanese Unexamined Patent Application No. S62-268532

Meanwhile, with microphone methods, similar to that
with the oscillometric method, a cuff is wrapped around a
measurement location such as an upper arm, and the cuff
pressure is quickly increased to a predetermined pressure
(for example, systolic blood pressure+30 mmHg) and then
the cuff pressure is gradually decreased. Sounds generated in
conjunction with blood flow of an artery as cuff pressure is
adjusted by increasing or decreasing pressure, so called
Korotkoff sounds, are detected by a microphone embedded
within the cuff. Based on the detected result, the cuff
pressure detected at the time that the Korotkoff sounds
appear determines the systolic blood pressure, and the cuff
pressure detected at the time when the Korotkoff sounds
weaken or disappear determines the diastolic blood pressure.

SUMMARY OF THE INVENTION

In either of the measurement methods given above,
wherein the measurement location is at the upper arm, the
cuff is wrapped around the upper arm and as the cuff
pressure is increased, veins that have a low internal pressure
are obstructed by the cuff pressure that is lower than the
diastolic blood pressure (for example, 40 mmHG). However,
because the arteries are not obstructed, the blood flow
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2

collects at the peripheral side (forearm) of the upper arm.
The phenomenon of blood collecting at this peripheral side
location is known as “congestion.”

As congestion occurs at the peripheral side location, the
likelihood of errors in blood pressure measurement accuracy
increases. In other words, the difference in artery pressures
between the measurement location and the peripheral side
location gets smaller due to congestion at the peripheral side
location, which results in a reduction in the blood flow
amount.

Therefore, with the oscillometric method, because blood
pressure is determined by detecting artery volume changes
due to blood flow as pressure pulse wave amplitude supet-
imposed on cuff’ pressure, the artery volume change is
smaller as congestion occurs at the peripheral side location
and the blood flow amount decreases. As a result, the
detected pressure pulse wave amplitude is smaller, and thus,
errors may be included in the detected blood pressure value.
Further, with the microphone method, because blood pres-
sure is determined by detecting Korotkoff sounds generated
within an artery due to blood flow, the Korotkoff sounds
become smaller as the blood flow amount is reduced due to
the generation of congestion at the peripheral side location.
Thus, errors may be included in the detected blood pressure
value.

However, because neither the conventional oscillometric
method nor the microphone method as given in Patent
Document 1 and the like are measurement methods that
consider congestion, accurately measuring blood pressure is
difficult.

Therefore, one or more embodiments of the present
invention provide a blood pressure measurement device that
measures blood pressure with high precision.

According to one or more embodiments of the present
invention, a blood pressure measurement device comprises:
a cuff for wrapping around a measuring location of an arm
of a patient; an inflation/deflation control unit that controls
inflation and deflation of the cuff;, a pressure sensor con-
nected to the cuff for detecting a cuff pressure and pulse
waves that are superimposed on the cuff pressure; a CPU
stored in the body of the device, the CPU comprising; a
blood pressure measurement section that calculates value of
blood pressure of the patient based on the cuff pressure and
pulse waves detected by the pressure sensor; a blood con-
gestion determination section that determines a degree of
blood congestion occurred at a peripheral side of the mea-
surement location due to the cuff pressure on the measure-
ment location in accordance with a predetermined method,
and a blood pressure correction section that calculates
corrected blood pressure value based on the degree of the
blood congestion; and a display that displays the corrected
blood pressure value.

According to one or more embodiments of the present
invention, a blood pressure measurement device comprises:
a cuff for wrapping around a measuring location of an arm
of a patient; an inflation/deflation control unit connected to
the cuff for controlling inflation and deflation of the cuff; a
cuff pressure detecting unit connected to the cuff for detect-
ing a cuff pressure at the measurement location; a micro-
phone connected to the cuff for collecting Korotkoff sounds
at the measurement location, a blood pressure measurement
unit that measures blood pressure value of the patient based
on the Korotkoff sounds collected during the inflation or
deflation of the cuff; a blood congestion determination unit
that determines a degree of blood congestion occurred at a
peripheral side of the measurement location due to the cuff
pressure on the measurement location in accordance with a
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predetermined method; and a threshold value determination
unit for setting a threshold value based on the degree of
blood congestion; a blood pressure calculation unit that
compares voltage value input based on the degree of blood
congestion and calculates systolic and diastolic blood pres-
sure value based on the cuff pressure of at the time when the
input voltage is found to be over or below the threshold
value; and a display that displays the systolic and diastolic
blood pressure value calculated by the blood pressure cal-
culation unit.

According to one or more embodiments of the present
invention a method of measuring blood pressure comprises:
inflating or deflating a cuff that is wrapped around a mea-
surement location of an arm of a patient; detecting a cuff
pressure and pulse waves that are superimposed on the cuff
pressure; measuring blood pressure of the patient based on
the cuff pressure and pulse waves; measuring a degree of
blood congestion occurred at a peripheral side of the mea-
surement location due to the cuff pressure on the measure-
ment location in accordance with a predetermined method;
correcting the measured blood pressure based on the degree
of blood congestion; displaying the corrected blood pressure
value of a display.

According to one or more embodiments of the present
invention, a method of measuring blood pressure comprises:
inflating or deflating a cuff that is wrapped around a mea-
surement location of an arm of a patient; collecting Korot-
koff sounds occurred during the inflation or deflation of the
cuff; measuring blood pressure of the patient based on
collected Korotkoff' sounds; determining a degree of blood
congestion occurred at a peripheral side of the measurement
location due to the cuff pressure on the measurement loca-
tion in accordance with a predetermined method; correcting
the measured blood pressure based on the degree of blood
congestion; displaying the corrected blood pressure value of
a display.

According to one or more embodiments of the present
invention, blood pressure can be measured illuminating the
effects of congestion by acquiring a blood pressure using
congestion at a peripheral side from the measured location.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an outline perspective view of an electronic
sphygmomanometer according to an embodiment of the
present invention.

FIG. 2 1s a diagram of a hardware configuration of an
electronic sphygmomanometer according to an embodiment
of the present invention.

FIG. 3 is a functional configuration diagram of an elec-
tronic sphygmomanometer according to an embodiment of
the present invention.

FIG. 4 is a diagram to explain measurement data stored in
memory according to an embodiment the present invention.

FIG. 5 is a graph illustrating a relationship between a
degree of blood congestion and inflation time according to
an embodiment of the present invention.

FIG. 6 is a diagram illustrating a table containing inflation
time and degree of blood congestion according to an
embodiment of the present invention.

FIG. 7 is a graph illustrating a relationship between
pressure pulse wave amplitude value and cuff' pressure
according to an embodiment of the present invention.

FIG. 8 is a process flowchart according to an embodiment
of the present invention.

10

15

20

25

40

45

60

65

4
FIG. 9 is a diagram of a hardware configuration of an
electronic  sphygmomanometer according to another

embodiment of the present invention.

FIG. 10 is a functional configuration diagram of an
electronic  sphygmomanometer according to another
embodiment of the present invention.

FIG. 11 is a graph for explaining changes in threshold
value due to the presence or absence of blood congestion
according to another embodiment of the present invention.

FIG. 12 is a graph for explaining changes in threshold
value due to the presence or absence of blood congestion
according to another embodiment of the present invention.

FIG. 13 is a process flowchart according to another
embodiment of the present invention.

FIG. 14 is a process flowchart according to another
embodiment of the present invention.

DETAILED DESCRIPTION OF INVENTION

Hereinafter, embodiments of the present invention will be
described in detail with reference to drawings. Like elements
in the various figures are denoted by like reference numerals
for consistency and the description thereof will not be
repeated.

The electronic sphygmomanometer according to this
embodiment determines parameter values for use in blood
pressure calculations of systolic blood pressure and diastolic
blood pressure based on “degree of blood congestion,”
which is the extent of “congestion” described above. Here,
a large amount of blood flow collecting at the peripheral side
due to congestion will be referred to as high, and a small
amount will be referred to as low.

(Appearance and Configuration)

One example of a blood pressure measurement device
will be given in an embodiment of the present invention
using an electronic sphygmomanometer 1.

FIG. 1 is an outline perspective view of an electronic
sphygmomanometer 1 according to an embodiment of the
present invention. Referencing FIG. 1, the electronic sphyg-
momanometer 1 is provided with a main body section 10, a
cuff 20 that manually wraps around, for example, an upper
arm that is a measurement location of a patient, and an air
tube 31 for connecting the main body section 10 to the cuff
20.

The main body section 10 has an installation surface that
contacts a platform such as a desk, a top surface 10A made
of the installation surface and a predetermined angle, two
side surfaces 10B that are perpendicular surfaces to the
installation surface, and a back surface (not shown). The air
tube 31 1s connected to the left side surface 10B of the main
body section 10.

The top surface 10A of the main body section 10 is
disposed with a display unit 40 for displaying measured
results and the like in an operation unit 41 that is operated
by a user (represented by a patient) to input instructions. The
display unit 40 may be configured by, for example, a display
made of liquid crystal or the like. The operation unit 41
includes a power switch 41A that receives an operation for
switching the power on and off, a measurement switch 41B
and stop switch 41C that receives an operation for instruc-
tion input to start and stop measurement, a memory switch
41D, and a user selection switch 41E for receiving an
operation that selectively designates a user (patient) of the
electronic sphygmomanometer 1. The memory switch 41D
is operated to read a previously measured result from
memory and to instruct display of the read measured result.



US 9,642,541 B2

5

The cuff 20 is a belt shaped bag having a substantial
rectangular shape, and an air bladder 21 is built-in within the
bag (see FIG. 2 described below). The cuff 20 wraps such
that the extended edge in the long direction follows along the
circumference of the measurement location (e.g., arm cir-
cumference).

FIG. 2 is a block diagram of a hardware configuration of
an electronic sphygmomanometer 1 according to an embodi-
ment of the present invention.

Referencing FIG. 2, the air bladder 21 is connected to a
system 30 via the air tube 31. The main body section 10
includes a central processing unit (CPU) 100 that centrally
controls each part of the air system 30, in addition to the
display unit 40, an operation unit 41 that provides all types
of arithmetic processing, a memory unit 42 for storing a
program and various data to run predetermined operations
by the CPU 100, flash memory 43, which is one example of
nonvolatile memory, for storing measure blood pressure,
power source 44 for supplying power to the CPU 100, a
timer 45 for keeping track of time, and an interface part 46
for reading and writing a program and data from a remov-
able storage medium 132.

In this embodiment, the electronic sphygmomanometer 1
is used for a plurality of patients and is thus provided with
auser selection switch 41E; however, if not for common use,
the user selection switch 41E may be omitted. Further, the
measurement switch 41B and the power switch 41A may be
used commonly. In such case, the measurement switch 41B
may be omitted.

The air system 30 includes a pressure sensor 32 to detect
the pressure within the air bladder 21 (hereinafter referred to
as cuff pressure), a pump 51 to supply air to the air bladder
21 to increase cuff pressure, and an opening and closing
valve 52 to fill and release air for the air bladder 21.

The main body section 10 includes, related to the air
system 30, an oscillating sensor 33, a pump drive circuit 53,
and a valve drive circuit 54.

The pressure sensor 32 is a capacitance type pressure
sensor in which the capacitance value changes depending on
the cuff pressure. The oscillating circuit 33 outputs signals of
an oscillation frequency that corresponds to the capacitance
value of the pressure sensor 32 (hereinafter referred to as
pressure signal) to the CPU 100. The CPU 100 detects
pressure by converting the signals obtained from the oscil-
lating signal 33 to pressure. The pump drive circuit 53
controls the pump 51 based on control signals given from the
CPU 100. The valve drive circuit 54 controls the opening
and closing of the valve 52 based on control signals given
from the CPU 100.

Note that although the air bladder 21 is included in the
cuff 20, the fluid supplied to the cuff 20 is not limited to air
and may be, for example, a liquid or gel. Or, it is not limited
to a fluid, but may also be a uniform fine particle such as
microbeads.

(Function Configuration)

FIG. 3 is a function block diagram illustrating a function
configuration of the electronic sphygmomanometer 1
according to an embodiment of the present invention. Ref-
erencing FIG. 3, the CPU 100 is provided with a pulse wave
detection unit 118 and a pressure detection unit 112 that
inputs the output signal from the oscillating circuit 33, a
related information acquisition unit 113 that includes a blood
pressure estimation unit 402, a target pressure acquisition
unit 114, a blood congestion determination unit 123 that
determines the degree of blood congestion, a parameter
determination section 125 for variably determining a value
of a parameter for calculating blood pressure (systolic blood
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pressure and diastolic blood pressure) based on the degree of
blood congestion, an inflation control unit 115 and deflation
control unit 116 that outputs control signals to the pump
drive circuit 53 and the valve drive circuit 54, a blood
pressure calculation unit 117 for calculating a blood pressure
value according to a predetermined operation using a param-
eter according to an oscillometric method, a memory pro-
cessor 119 for reading and writing (accessing) data of flash
memory 43, a display control unit 120 to control display of
the display unit 40, and a notification unit 130 for outputting
guidance based on the degree of blood congestion deter-
mined at a time of a previous blood pressure measurement.

The inflation control unit 115 and the deflation control
unit 116 send control signals to the pump drive circuit 53 and
the valve drive circuit 54 to regulate cuff pressure. Specifi-
cally, the inflation control unit 115 and the deflation control
unit 116 output control signals to inflate cuff pressure and to
deflate cuff pressure. In this embodiment, a blood pressure
derivation process is performed by the blood pressure cal-
culation unit 117 during the process of decompressing cuff
pressure at a constant rate. The pulse wave detection unit 118
detects a pulse wave signal superimposed on a pressure
signal from the oscillating circuit 33. The pressure detection
unit 112 converts the pressure signal from the oscillating
circuit 33 to a pressure value and outputs.

The target pressure acquisition unit 114 acquires a target
pressure value for the time of blood pressure measurement
using a blood pressure estimated by the blood pressure
estimation unit 402.

Here, a measurement section is configured to include the
timer 45, cuff 20, pressure regulator, and pressure detection
unit 112 described above. The pressure regulator includes
the inflation control unit 115 and the deflation control unit
116 for regulating by increasing or decreasing cuff pressure.

The blood pressure calculation unit 117 calculates a blood
pressure value using a parameter based on cuff pressure
detected by the pressure detection unit 112 during a process
where the cuff pressure is regulated by the pressure regula-
tor. More specifically, blood pressure (systolic blood pres-
sure and diastolic blood pressure) as well as pulse rate are
calculated using the parameter and pulse wave signals input
from the pulse wave detection unit 118 and the pressure
value from the pressure detection unit 112. The pulse rate is
calculated according to a known procedure using a pulse rate
signal and therefore a detailed description thereof is omitted.

The related information acquisition unit 113 acquires
information related to the blood pressure measurement
based on information output from the measurement section.
The blood congestion determination unit 123 determines the
degree of blood congestion at a peripheral side of the
measurement location using the acquired related informa-
tion.

(Example of Storing Measurement Data)

FIG. 4 is a diagram to explain measurement data stored in
memory according to an embodiment the present invention.
Measurement data that includes a blood pressure value is
stored in table 431 of flash memory 43, and each section of
the electronic sphygmomanometer 1 accesses (reads and
writes) data of the table 431 via the memory processor 119.

Measurement time and date 421, degree of blood conges-
tion 422, estimated systolic blood pressure 423, and blood
pressure value/pulse rate 427 are associated with ID data
that identifies the patient and is stored in the table 431.

The ID data indicates an identifier according to an opera-
tion of the user selection switch 41E. The measurement time
and date 421 indicates a blood pressure measurement time,
and more typically indicates the date and time based on time
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data received from the timer 45 at the time of completing
blood pressure measurement. The degree of blood conges-
tion 422 indicates the degree of blood congestion C (such as
Cl, C2, and the like) determined by the blood congestion
determination unit 123. The estimated systolic blood pres-
sure 423 indicates systolic blood pressure estimated by the
blood pressure estimation unit 402 (estimated systolic blood
pressure ESBP) based on pressure signals after starting
blood pressure measurement. The blood pressure value/
pulse rate 427 indicates a blood pressure value acquired by
the blood pressure calculation unit 117 (systolic blood
pressure SBP and diastolic blood pressure DBP) and a pulse
rate PLS at the time of blood pressure measurement.

Here, although each of the data is associated by storing
these data points in a table format, as long as an association
can be identified in the flash memory 43, the storage format
is not limited to a table.

(Determining Degree of Blood Congestion)

The degree of blood congestion is calculated (determined)
using information related to the blood pressure measure-
ment. In this embodiment, different types of blood conges-
tion can be calculated by differentiating information related
to blood pressure measurement used in the calculation of the
degree of blood congestion. First, an explanation will be
given of determining the degree of blood congestion using
inflation time as information related to blood pressure mea-
surement.

<Determination According to Inflation Time>

An explanation will be given for determining a degree of
blood congestion with reference to FIGS. 5§ and 6. In FIG.
5, the relationship between the degree of blood congestion
and inflation time, which is the elapsed time from the start
of increasing pressure, is illustrated by a graph in this
embodiment. The vertical axis of the graph indicates the
degree of blood congestion, and the horizontal axis indicates
inflation time (unit: sec), and the graph indicates the experi-
mental results of the inventors. According to the graph,
when increasing pressure at a constant rate, the degree of
blood congestion increases as inflation time increases.

The graph of FIG. 5 can be replaced by the following
equation (1). The blood congestion determination unit 123
determines the degree of blood congestion by calculating
congestion C according to equation (1).

C=0x12+pxi+y Equation (1)

Variables in equation (1) are as follows: C indicates the
degree of blood congestion, t indicates inflation time, o, f3,
and y indicate constants found by experiment in advance.

In FIG. 6, table 441 shows the stored inflation time and
congestion C associations illustrated by the graph of FIG. 5.
Table 441 is stored in advance in flash memory 43. The
degree of blood congestion may be determined by searching
table 441 as an alternative to equation (1). Specifically, the
blood congestion determination unit 123 reads the degree of
blood congestion C that corresponds to the inflation time by
searching table 441 based on the inflation time indicated by
time data from the timer 45. The degree of blood congestion
is determined accordingly.

(Determining Parameter Values for Blood Pressure Cal-
culation)

In this embodiment, the parameter determination section
125 determines the parameter values according to the osc-
illometric method using a degree of blood congestion deter-
mined by the blood congestion determination unit 123.

First, blood pressure according to the oscillometric
method is calculated by the blood pressure calculation unit
117. This process is explained in reference to FIG. 7. The
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graph of FIG. 7 is disclosed in Patent Document 1 described
above and is taken by cuff pressure (unit: mmHg) detected
according to the pressure detection unit 112 for the horizon-
tal axis and the pulse wave amplitude value (unit: mmHg)
detected by the pulse wave detection unit 118 during the
process of deflation for the vertical axis.

Plotting pressure pulse wave amplitude values detected in
conjunction with changes in cuff pressure is referred to as an
envelope curve, and two envelope curves are expressed in
FIG. 7 shown by a solid line and a broken line according to
experiments by the inventors. The envelope curve illustrated
by the solid line indicates where congestion did not occur at
a peripheral side, and the envelope curve illustrated by the
broken line indicates where congestion occurred.

Here, when looking at the envelope curve of the solid line
in FIG. 7, the parameter determination section 125 multi-
plies the maximum amplitude value Ampmax of the pulse
wave amplitude by a predetermined ratio and then adds a
predetermined offset value, and this calculated value is
determined to be the parameter value. The parameter ThSBP
used for calculating systolic blood pressure and the param-
eter ThDBP used for calculating diastolic blood pressure can
be calculated according to the following equations (2) and
(3), respectively.

ThSBP=AmpmaxxaSBP+5SBP equation (2)

ThDBP=AmpmaxxaDBP+sDBP equation (3)

The variables given above are values that were deter-
mined by prior testing and the like, and aSBP and aDBP
indicate predetermined ratios, while bSBP and bDBP indi-
cate predetermined offset values.

The blood pressure calculation unit 117 synchronizes and
inputs the pressure pulse wave input from the pulse wave
detection unit 118 at the time of measurement with cuff
pressure input from the pressure detection unit 112, and
stores each of these input data into flash memory 43 accord-
ing to a time series based on time data of the timer 45. By
this, the data stored in the flash memory 43 is indicated in
the envelope curve. Further, the values for the parameters
ThSBP and ThDBP calculated by equations (2) and (3) from
the parameter determination section 125 are input. Further,
the blood pressure calculation unit 117 extracts the cuff
pressure that corresponds to the intersecting point for the
input parameter value and the envelope curve of the solid
line in FIG. 7 according to the data in flash memory 43, and
the systolic blood pressure (SBP) at the high pressure side
and the diastolic blood pressure (DBP) at the low pressure
side are, respectively, determined from among the extracted
cuff pres