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Fig. 1 
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Fig. 2 
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Fig. 3 
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Fig. 4 
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ELECTRONIC SPHYGMOMANOMETER AND 
BLOOD PRESSURE MEASUREMENT 

METHOD 

TECHNICAL FIELD 

0001. The present invention relates to an electronic sphyg 
momanometer including a cuff to be attached to a blood 
pressure measurement site and a blood pressure calculation 
unit for calculating a blood pressure value from a cuff pres 
Sure, and a blood pressure measuring method using the same. 

BACKGROUND ART 

0002. A blood pressure is one type of index for analyzing 
a circulatory disease. Performing risk analysis based on the 
blood pressure is effective in preventing cardiovascular 
related diseases such as apoplexy, cardiac arrest, and cardiac 
infarction. Conventionally, a diagnosis for performing the 
risk analysis is made from the blood pressure (occasional 
blood pressure) measured in medical institutions at the time 
of hospital visits and checkups. However, it is recognized 
from recent research that the blood pressure (home blood 
pressure) measured at home is more useful in diagnosing the 
circulatory disease than the occasional blood pressure. 
Accompanied therewith, the sphygmomanometer used at 
home is being widely used. 
0003 Most of the electronic sphygmomanometers cur 
rently being widely used use a blood pressure calculation 
algorithm of an oscillometric method. In the oscillometric 
method, a cuff is wrapped around a measurement site such as 
an upper arm and pressurized up to a predetermined pressure, 
and then depressurized gradually or in a step-wise manner. 
The oscillometric method is a method of detecting a change in 
arterial volume that occurs in the middle of depressurization 
as a pressure change (pressure pulse wave amplitude) Super 
imposed on the cuff pressure, and applying a predetermined 
algorithm on the change in pressure pulse wave amplitude to 
determine the systolic blood pressure and the diastolic blood 
pressure. Generally, a point where the pressure pulse wave 
amplitude Suddenly becomes large obtained during the 
depressurization is approximated as the systolic blood pres 
Sure, and a point where the pressure pulse wave amplitude 
Suddenly becomes Small is approximated as the diastolic 
blood pressure. Various algorithms have been reviewed to 
detect Such points. 
0004 For instance, as shown in FIG. 5 and equation 1 
below, a value obtained by multiplying a predetermined ratio 
to a maximum value of the pressure pulse wave amplitude is 
set as a blood pressure calculation parameter, and the cuff 
pressure at which the pressure pulse wave amplitude that 
matches (or closest to) with the relevant parameter is obtained 
is calculated as the blood pressure value (see patent document 
1). 

Systolic blood pressure calculation 
parameter maximum value of pressure pulse wave 
amplitudex.C. 

Diastolic blood pressure calculation 
parameter maximum value of pressure pulse wave 
amplitudex 

0005 Patent Document 1: Japanese Unexamined Patent 
Publication No. 3-81375 
0006. However, there is no theoretical evidence that the 
point where the pressure pulse wave amplitude Suddenly 
changes matches with the systolic blood pressure and the 

Equation 1 
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diastolic blood pressure. Thus, the ratios (C., B) for determin 
ing the blood pressure calculation parameter had to be experi 
mentally or statistically determined based on the change pat 
tern (hereinafter referred to as “envelope curve') of a great 
number of blood pressure values and pressure pulse wave 
amplitudes. 
0007 First, the pressure pulse wave amplitude is obtained 
by detecting a Volume change of an artery transmitted to the 
cuff attached to the measurement site as the pressure change. 
The pressure pulse wave amplitude is thus subjected to the 
influence of the properties of the cuff. One of the properties of 
the cuff is an air flow rate (hereinafter referred to as cuff 
compliance) necessary for changing the pressure in the cuff 
(hereinafter referred to as cuff pressure) by 1 mmHg as shown 
in the graph of FIG. 6. 
0008. The cuff compliance, which is a characteristic of the 
cuff differs depending on the quality (hardness) of the mea 
Surement site. For instance, in the conventional blood pres 
Sure measurement, when two users with a different quality 
(hardness) of the measurement site having a change of the 
pressure pulse wave amplitude Such that the envelope curve 
shape (change pattern shape of pressure pulse wave ampli 
tude) becomes the same are measured, there is a difference in 
the measurement accuracy because the pressure pulse wave 
amplitude detected by the sphygmomanometer, that is, the 
envelope curve shape differs depending on the quality (hard 
ness) of the measurement site. 
0009. Therefore, one or more embodiments of the present 
invention provides an electronic sphygmomanometer and a 
blood pressure measurement method for accurately acquiring 
the blood pressure value by correcting the blood pressure 
calculation parameter based on the information on the quality 
of the measurement site, thereby enhancing the satisfaction 
level of the user. 

SUMMARY OF INVENTION 

0010. According to one or more embodiments of the 
present invention, an electronic sphygmomanometer includes 
a cuff to be attached to a blood pressure measurement site, 
pressurization and depressurization means for adjusting pres 
Sure to be applied on the cuff, pressure detection means for 
detecting pressure in the cuff, blood pressure calculating 
means for calculating a blood pressure value from the cuff 
pressure, recording means for recording the blood pressure 
value, operation means for carrying out operations such as 
blood pressure measurement, correcting means for correcting 
the blood pressure value calculated by the blood pressure 
calculating means based on separately acquired correction 
information; and information acquiring means for acquiring 
information on quality of the measurement site as the correc 
tion information; wherein when the information on the qual 
ity of the measurement site is acquired as the correction 
information by the information acquiring means, the correct 
ing means corrects the blood pressure calculation parameter 
based on the information on the quality of the measurement 
site. 
0011. Therefore, an optimum blood pressure calculation 
parameter can be set for every quality of the measurement site 
according to the information on the quality of the measure 
ment site, and the measurement error can be reduced. 
0012. Further, according to one or more embodiments of 
the invention, information on the quality of the measurement 
site may be information of body fat percentage, Subcutaneous 
fat percentage, or BMI. 
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0013 Further, one or more embodiments of the invention 
may further include display means for displaying the infor 
mation on the quality of the measurement site applied when 
the correcting means corrects the blood pressure calculation 
parameter. 
0014. According to one or more embodiments of the 
present invention, there is provided a blood pressure measure 
ment method for adjusting pressure to be applied to a cuff 
with pressurization and depressurization means when the cuff 
is attached to a blood pressure measurement site, and calcu 
lating a blood pressure value by blood pressure calculating 
means based on a cuff pressure detected by pressure detection 
means, the blood pressure measurement method including 
the step of correcting the blood pressure value calculated by 
the blood pressure calculating means based on separately 
acquired correction information; wherein the step of correct 
ing by the correcting means includes acquiring information 
on quality of the measurement site as the correction informa 
tion by information acquiring means, and when the informa 
tion on the quality of the measurement site is acquired as the 
correction information by the information acquiring means, 
correcting the blood pressure calculation parameter based on 
the information on the quality of the measurement site. 
0015. According to one or more embodiments of the 
present invention, a process of setting an optimum blood 
pressure calculation parameter for every quality of the mea 
Surement site of the user and reducing the measurement error 
can be executed. 
0016. According to one or more embodiments of the 
present invention, the electronic sphygmomanometer and the 
blood pressure measuring method for accurately acquiring 
the blood pressure value using the acquired data are provided, 
so that the satisfaction level of the user can be enhanced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017 FIG. 1 is a block diagram showing a configuration of 
an electronic sphygmomanometer according to one or more 
embodiments of the present invention. 
0018 FIG. 2 is a flowchart showing a blood pressure mea 
Surement operation according to one or more embodiments of 
the present invention. 
0019 FIG. 3 is a table showing ratios for determining 
blood pressure calculation parameter for every body fat per 
centage. 
0020 FIG. 4 is a view showing a display example in the 
display unit. 
0021 FIG. 5 is a graph describing a blood pressure calcu 
lation algorithm of the oscillometric sphygmomanometer. 
0022 FIG. 6 is a graph showing an example of the prop 
erties of the cuff (cuff compliance). 

DETAILED DESCRIPTION OF INVENTION 

0023 Embodiments of the present invention will be 
described below with reference to the drawings. 
0024. As shown in FIG. 1, an electronic sphygmomanom 
eter 2500 according to one or more embodiments of the 
present invention includes a cuff 2101, an air tube 2102, a 
pressure sensor 2103, a pump 2104, a valve 2105, an oscilla 
tion circuit 2111, a pump drive circuit 2112, a valve drive 
circuit 2113, a timing unit 2115, a power supply 2116, a CPU 
2120, a display unit 2121, a memory (for processing) 2122, a 
memory (for recording) 2123, an operation unit 2530, an 
interface 2171, and an external memory 2172. 
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0025 FIG. 1 is a block diagram showing a configuration of 
the electronic sphygmomanometer 2500 according to one or 
more embodiments of the present invention. 
0026. The cuff 2101 is a band shaped member that is 
connected to the air tube 2102 and that is attached to a blood 
pressure measurement site of the user to pressurize by air 
pressure. 
0027. The pressure sensor 2103 is an electrostatic capaci 
tance type pressure sensor, in which a capacitance value 
changes according to the pressure in the cuff (cuff pressure). 
0028. The pump 2104 and the valve 2105 apply pressure to 
the cuff and adjust (control) the pressure in the cuff. 
0029. The oscillation circuit 2111 outputs a signal of the 
frequency corresponding to the capacitance value of the pres 
sure sensor 2103. 
0030. The pump drive circuit 2112 and the valve drive 
circuit 2113 drive the pump 2104 and the valve 2105, respec 
tively. 
0031. The timing unit 2115 is a device for timing the 
current date and time, and transmitting the timed date and 
time to the CPU 2120 as necessary. 
0032. The power supply 2116 supplies power to each con 
figuring unit. 
0033. The CPU 2120 executes the control of the pump 
2104, the valve 2105, the display unit 2121, the memories 
2122, 2123, the operation unit 2530, the interface 2171, the 
blood pressure determination process, and the management 
of the recording values. 
0034. The display unit 2121 is configured by a display 
device such as a liquid crystal screen, and displays a blood 
pressure value and user information, to be described later, 
according to a signal transmitted from the CPU 2120. 
0035. The memory (for processing) 2122 stores a ratio (to 
be described later) for determining a blood pressure calcula 
tion parameter and a control program of the sphygmomanom 
eter. 

0036. The memory (for recording) 2123 stores the blood 
pressure value, and also stores the user information by asso 
ciation in addition to the date and time, the user, and the 
measurement value (blood pressure value etc.). 
0037. The operation unit 2530 includes a power supply 
switch 2131, a measurement switch 2132, a stop switch 2133, 
a record callout switch 2141, a user selection switch 2142, 
and a user information input switch 2543, permits the opera 
tion input such as power ON/OFF of the sphygmomanometer 
and the start of measurement, and transmits the input input 
signal to the CPU 2120. 
0038. The interface 2171 records/reads out the blood pres 
sure to and from the external memory 2171 according to the 
control of the CPU 2120. 
0039. The user information input switch 2543 can input 
body fat percentage, Subcutaneous fat percentage, BMI or the 
like for the information of the user, where the user informa 
tion related to the quality (hardness) of the measurement site 
of the user can be acquired according to one or more embodi 
ments of the present invention. 
0040. The blood pressure measurement operation using 
the electronic sphygmomanometer 2500 configured as above 
will be described according to the flowchart of FIG. 2. 
0041 FIG. 2 is a flowchart showing the blood pressure 
measurement operation according to one or more embodi 
ments of the present invention. 
0042 First, when the power supply switch 2131 of the 
sphygmomanometer is pushed (step S2501), the CPU 2120 
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initializes the operation memory of the sphygmomanometer, 
and carries out 0 mmHg adjustment of the pressure sensor 
2103 (step S2502). 
0043. When the information of the user (body fat percent 
age, Subcutaneous fat percentage, BMI, etc.) is input (step 
S2503), the CPU 2120 determines a blood pressure calcula 
tion parameter most Suited for the user information (step 
S2504). 
0044) The cuff 2101 is then wrapped around the measure 
ment site of the user, and the measurement switch 2132 is 
pushed (step S2505), so that the CPU 2120 pressurizes the 
cuff pressure up to a predetermined pressure with the pump 
2104 (steps S2506 to S2507), and gradually depressurizes the 
cuff pressure with the valve 2105 (step S2508). 
0045. The CPU 2120 extracts the pressure change compo 
nent involved in the Volume change of the artery Superim 
posed on the cuff pressure obtained during the depressuriza 
tion, and calculates the blood pressure through a 
predetermined calculation using the optimized blood pres 
sure calculation parameter (step S2509). 
0046. After calculating the blood pressure value (step 
S2510: YES), the CPU 2120 opens the valve 2105 and 
exhausts the air in the cuff. 

0047. The CPU 2120 displays the calculated blood pres 
Sure value, the user information, and the like on the display 
unit 2121 (step S2511), and records the same in the memory 
(for recording) 2123 in association with the user information 
in addition to the measurement date and time, and the user 
(step S2512). 
0048. The optimization process of the blood pressure cal 
culation parameter is carried out in the following manner in 
step S2504. 
0049. When, for example, the body fat percentage is input 
for the user information (step S2503), the CPU 2120 deter 
mines the ratios C. B corresponding to the range of the body 
fat percentage in which the input body fat percentage is input 
based on a table, in which the ratios C. B for determining the 
blood pressure calculation parameter are categorized for 
every value of the body fat percentage as shown in FIG. 3, 
recorded in the memories 2122, 2123, and determines the 
blood pressure calculation parameter obtained by multiply 
ing the ratios C, B by a maximum value of the pressure pulse 
wave amplitudes as the optimum parameter. 
0050. Similarly for the subcutaneous fat percentage and 
the BMI, the CPU2120 determines the blood pressure calcu 
lation parameter as the optimum parameter using the table 
(not shown) corresponding to the table shown in FIG. 3, in 
which the ratios C, B for determining the optimum parameter 
are categorized with respect to the body fat percentage. 
0051. The CPU 2120 determines the optimum parameter 
based on the user information input in step S2503 in this 
a. 

0.052 As the user information, the value recorded in an 
external recording medium (USB memory, etc.) or a personal 
computer, or a server through the Internet may be used, or the 
body fat meter or the like is connected to measure the body fat 
percentage for every blood pressure measurement, and thus, a 
measured value may be used. 
0053 According to one or more embodiments of the 
present invention, the body fat percentage is divided into a 
plurality of (e.g., four) sections for every predetermined 
range, and the ratio C. for determining the systolic blood 
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pressure calculation parameter and the ratio B for determining 
the diastolic blood pressure calculation parameter are set in 
advance for each section. 
0054 The ratio C. is the largest and 52% in the section of 
smaller than or equal to 19.9%, and becomes smaller as the 
body fat percentage becomes greater (as the body type 
approaches the obese body type from the standard body type). 
The ratio C. is the smallest and 46% in the section of greater 
than or equal to 35%. 
0055. The ratio B is the smallest and 68% in the section of 
smaller than or equal to 19.9%, and becomes greater as the 
body fat percentage becomes greater. The ratio B is the largest 
and 74% in the section of greater than or equal to 35%. 
0056. In step S2511, a display as shown in FIG. 4 is made 
on the display unit 2121. In the display 2121, a blood pressure 
display portion 2121a, a body fat percentage section display 
portion 2121b, and a date and time display portion 2121c are 
set. The calculated blood pressure value is displayed in the 
blood pressure display portion 2121a, the body fat percentage 
information of the user input in step S2503 is displayed in the 
body fat percentage section display portion 2121b, and the 
current date and time timed by the timing unit 2115 is dis 
played in the date and time display portion 2121c. 
0057. In the body fat percentage section display portion 
2121b, a list is displayed according to the body fat percentage 
section set in the table of FIG. 3. An input result display 
portion M (black triangular mark in the figure) is displayed at 
the side of the display site of the section to which the body fat 
percentage input in step S2503 belongs, so that which section 
the input body fat percentage, that is, the body fat percentage 
applied when setting the blood pressure calculation param 
eter in step S2504, belongs can be indicated. In FIG. 4, the 
input result display portion M is displayed at the side of the 
section of smaller than or equal to 19.9%, which indicates that 
the numerical value of smaller than or equal to the body fat 
percentage of 19.9% is input in step S2503. 
0.058 However, the display method of the body fat per 
centage section display portion 2121b is not necessarily lim 
ited thereto, and only the section to which the body fat per 
centage input in step S2503 belongs may be displayed. 
0059. As described above, an electronic sphygmomanom 
eter 2500 includes biological information acquiring means 
for measuring a blood pressure value, recording means 
(memory 2123) for recording the blood pressure value, means 
(memory 2122) for storing ratios for determining the blood 
pressure calculation parameters and a control program of the 
sphygmomanometer, operation means (operation unit 2530) 
for performing operations such as blood pressure measure 
ment, correcting means (CPU 2120) for correcting the bio 
logical information acquired by the biological information 
acquiring means based on the separately acquired correction 
information, and output means (display unit 2121) for out 
putting the corrected information (blood pressure value) after 
the correction, the biological information acquiring means 
including a cuff 2101 to be attached to a blood pressure 
measurement site, pressurization and depressurization means 
2104, 2105 for adjusting the pressure to be applied to the cuff 
2101, pressure detection means (pressure sensor 2103) for 
detecting the pressure in the cuff, and blood pressure calcu 
lation means (CPU 2120) for calculating the blood pressure 
value from the cuff pressure, the electronic sphygmomanom 
eter further including information acquiring means (CPU 
2120 that executes step S2503) for acquiring information on 
quality (hardness) of the measurement site of the user, where 
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the correcting means (CPU 2120 that executes step S2504) is 
configured to correct the blood pressure calculation param 
eter based on the quality of the measurement site. 
0060 According to one or more embodiments of the 
present invention, the optimum blood pressure calculation 
parameter is set for every quality (hardness) of the measure 
ment site of the user, so that the measurement error can be 
reduced. 

0061 The user information such as the body fat percent 
age, the Subcutaneous fat percentage, and the BMI is an index 
indicating the quality (hardness) of the measurement site of 
the user, and the quality of the measurement site can be 
numerically converted by the body fat percentage, the Subcu 
taneous fat percentage, and the BMI. Therefore, the correct 
ing means (CPU2120 that executes step s2504) can easily set 
the blood pressure calculation parameter based on the 
numerically converted information by acquiring various 
types of user information as the information related to the 
quality of the measurement site. 
0062. When the user information (information related to 
the quality of the measurement site of the user) is not appro 
priately input in step S2503, the blood pressure calculation 
parameter is not appropriately determined in step S2504. 
Thus, according to one or more embodiments of the present 
invention, the user information input before the start of the 
blood pressure measurement, that is, the user information 
applied when setting the blood pressure calculation param 
eter in step S2504, is displayed on the display means (display 
unit 2121), so that the user can check whether or not the user 
information is appropriately input, and the necessity to redo 
the blood pressure measurement can be easily recognized 
based on the display of the display unit 2121 when the input 
user information is not appropriate. Thus, the user is able to 
know the accurate blood pressure value. 
0063 Embodiments of the present invention are not lim 
ited only to the above-described embodiments, and a great 
number of embodiments can be realized. 

0064. For example, the electronic sphygmomanometer 
2500 may be configured to download an appropriate param 
eter, threshold value, algorithm, or the like from a dedicated 
server to expand the function. In this case, the version of the 
Software may be upgraded with the hardware as is, or opti 
mization can be easily realized by the user. 
0065. The function expansion of the electronic sphygmo 
manometer 2500 may be executed from a user terminal such 
as a personal computer possessed by the user without using 
the server. In this case, the parameter, the threshold value, the 
algorithm, and the like may be downloaded from a recording 
medium such as a CD-ROM. 

0066. The electronic sphygmomanometer 2500 may be 
directly and communicably connected wirelessly or by wire 
to other biological information acquiring device such as a 
body composition meter, a pedometer, or an electronic ther 
mometer. In this case as well, data may be mutually transmit 
ted and received to enhance the individual accuracy. 
0067 Embodiments of the present invention can be used 
in an electronic sphygmomanometer adopting an oscillomet 
ric method that uses a cuff. 

0068 While the invention has been described with respect 
to a limited number of embodiments, those skilled in the art, 
having benefit of this disclosure, will appreciate that other 
embodiments can be devised which do not depart from the 
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Scope of the invention as disclosed herein. Accordingly, the 
scope of the invention should be limited only by the attached 
claims. 

DESCRIPTION OF REFERENCE NUMERALS 

0069 2500 electronic sphygmomanometer 
0070 2101 cuff 
(0071. 2103 pressure sensor 
(0072) 2104 pump 
0073 2105 valve 
(0074 2115 timing unit 
0075 2120 CPU 
(0076) 2121 display unit 
0077. 2122 memory (for processing) 
(0078 2123 memory (for recording) 
(0079 2530 operation unit 
0080) 2141 record callout switch, display unit 
0081. 2142 user selection switch 
I0082) 2543 user information input switch 

1. An electronic sphygmomanometer comprising: 
a cuff to be attached to a blood pressure measurement site; 
pressurization and depressurization means for adjusting a 

pressure applied on the cuff; 
pressure detection means for detecting the pressure in the 

cuff 
blood pressure calculating means for calculating a blood 

pressure value from the cuff pressure; 
recording means for recording the blood pressure value; 
operation means for carrying out a blood pressure mea 

Surement, 
correcting means for correcting the blood pressure value 

calculated by the blood pressure calculating means 
based on a separately acquired correction information; 
and 

information acquiring means for acquiring information on 
a quality of the measurement site as the correction infor 
mation, 

wherein when the information on the quality of the mea 
Surement site is acquired as the correction information 
by the information acquiring means, the correcting 
means corrects a blood pressure calculation parameter 
based on the information on the quality of the measure 
ment site. 

2. The electronic sphygmomanometer according to claim 
1, wherein the information on the quality of the measurement 
site is information selected from the group consisting of body 
fat percentage, Subcutaneous fat percentage, and BMI. 

3. The electronic sphygmomanometer according to claim 
1, further comprising display means for displaying the infor 
mation on the quality of the measurement site applied when 
the correcting means corrects the blood pressure calculation 
parameter. 

4. A blood pressure measurement method for adjusting a 
pressure to be applied to a cuff with pressurization and 
depressurization means when the cuff is attached to a blood 
pressure measurement site, and calculating a blood pressure 
value by blood pressure calculating means based on a cuff 
pressure detected by pressure detection means, the blood 
pressure measurement method comprising the step of: 

correcting the blood pressure value calculated by the blood 
pressure calculating means based on a separately 
acquired correction information, 

wherein the step of correcting by the correcting means 
comprises: 
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acquiring information on a quality of the measurement information acquiring means, correcting a blood pres 
site as the correction information by information Sure calculation parameter based on the information 
acquiring means; and on the quality of the measurement site. 

when the information on the quality of the measurement 
site is acquired as the correction information by the ck 


