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VENOUS PRESSURE TESTING APPARATUS , 
NON - TRANSITORY COMPUTER READABLE 

STORAGE MEDIUM , AND VENOUS 
PRESSURE TESTING METHOD 

CROSS - REFERENCE TO RELATED 
APPLICATIONS 

[ 0001 ] The present application claims priority from Japa 
nese Patent Application No. 2021-031491 , filed on Mar. 1 , 
2021 , the entire content of which is incorporated herein by 
reference . 

TECHNICAL FIELD 

[ 0002 ] The presently disclosed subject matter relates to a 
venous pressure testing apparatus , a non - transitory computer 
readable storage medium , and a venous pressure testing 
method . 

the measurement position of the target person who assumes 
a particular posture with which a water - gauge pressure 
corresponding to a vertical distance between the heart of the 
target person and a peak point , in the vertical direction , of a 
vein leading from the heart to the measurement position 
coincides with the reference venous pressure . 
[ 0010 ] A non - transitory computer readable storage 
medium that stores a venous pressure testing program for 
testing a central venous pressure of a target person by 
measuring a venous pulse by a sensor at a predetermined 
measurement position of the target person , the venous 
pressure testing program causing a computer to execute 
processing of estimating that the central venous pressure of 
the target person is lower than a predetermined reference 
venous pressure if the venous pulse is not detected by the 
sensor at the measurement position of the target person who 
assumes a particular posture with which a water - gauge 
pressure corresponding to a vertical distance between the 
heart of the target person and a peak point , in the vertical 
direction , of a vein leading from the heart to the measure 
ment position coincides with the reference venous pressure . 
[ 0011 ] A venous pressure testing method for estimating a 
central venous pressure of a target person by measuring a 
venous pulse by a sensor at a predetermined measurement 
position of the target person , comprising an estimation step 
of estimating that the central venous pressure of the target 
person is lower than a predetermined reference venous 
pressure if the venous pulse is not detected by the sensor at 
the measurement position of the target person who assumes 
a particular posture with which a water - gauge pressure 
corresponding to a vertical distance between the heart of the 
target person and a peak point , in the vertical direction , of a 
vein leading from the heart to the measurement position 
coincides with the reference venous pressure . 

BACKGROUND ART 

[ 0003 ] A venous pressure in the vicinity of the right 
atrium , which is called a central venous pressure , is an 
important index for recognizing circulatory dynamics . 
[ 0004 ] A central venous pressure can be measured inva 
sively by inserting a catheter to the vicinity of the right 
atrium . On the other hand , in recent years , noninvasive 
venous pressure testing apparatuses that enable measure 
ment of a central venous pressure and are low in the load of 
a patient have been being developed . 
[ 0005 ] JP - A - 2019-076120 discloses the following prior 
art technique . Inclination angles of the body longer axis of 
a measurement target person with respect to the horizontal 
plane and heartbeat intensity values , corresponding to the 
respective inclination angles , of an internal jugular vein at a 
measurement position are measured and stored successively . 
A boundary inclination angle between a heartbeat detectable 
range and a heartbeat undetectable range is calculated based 
on the stored data , and an internal jugular vein pressure is 
calculated from the calculated inclination angle and a dis 
tance from the right atrium to the measurement position . 
[ 0006 ] However , in clinical sites , there is a need to quickly 
judge only whether a central venous pressure is higher than 
or lower than a certain reference value . The above - described 
prior art technique has a problem that it cannot satisfy this 
need . 

a BRIEF DESCRIPTION OF DRAWINGS 

a 

a 

a 

SUMMARY 

[ 0007 ] The presently disclosed subject matter has been 
conceived to solve the above problem , and an object of the 
presently disclosed subject matter is therefore to provide a 
venous pressure testing apparatus and a venous pressure 
testing method that make it possible to estimate quickly 
whether a central venous pressure is lower than an optional 
reference value . 
[ 0008 ] The above - mentioned object of the presently dis 
closed subject matter can be attained by the following 

[ 0012 ] FIG . 1 is a block diagram illustrating a rough 
hardware configuration of a venous pressure testing system 
of a First embodiment . 
[ 0013 ] FIG . 2 is a diagram illustrating a rough hardware 
configuration of a control unit . 
[ 0014 ] FIG . 3 is a block diagram illustrating functions of 
the control unit . 
[ 0015 ] FIG . 4 illustrates veins that lead from the heart to 
an upper arm . 
[ 0016 ] FIG . 5 illustrates a particular posture . 
[ 0017 ] FIG . 6 illustrates a vertical distance between the 
heart and a peak point of the veins . 
[ 0018 ] FIG . 7 is a table illustrating a relationship between 
the reference venous pressure and the bend angle of a 
posture guide tool . 
[ 0019 ] FIG . 8 is a flowchart illustrating how the venous 
pressure testing system operates . 
[ 0020 ] FIG . 9 illustrates an example modified particular 
posture . 
[ 0021 ] FIG . 10 illustrates another example modified par 
ticular posture . 
[ 0022 ] FIG . 11 is a block diagram illustrating a rough 
hardware configuration of another venous pressure testing 
system of a Second embodiment . 
[ 0023 ] FIG . 12 is a flowchart illustrating how the venous 
pressure testing system operates . 

a 

means . 

[ 0009 ] A venous pressure testing apparatus for estimating 
a central venous pressure of a target person by measuring a 
venous pulse by a sensor at a predetermined measurement 
position of the target person , comprising an estimation unit 
which estimates that the central venous pressure of the target 
person is lower than a predetermined reference venous 
pressure if the venous pulse is not detected by the sensor at 
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DESCRIPTION OF EMBODIMENTS 

[ 0024 ] Embodiments of the presently disclosed subject 
matter will be described in detail by referring to the accom 
panying drawings . In the drawings , the same members are 
given the same symbols , respectively . Furthermore , in the 
drawings , ratios between dimensions may be exaggerated 
for convenience of description and hence be different from 
actual ones . 

First Embodiment 

a 

a 

a 

[ 0025 ] FIG . 1 is a block diagram illustrating a rough 
hardware configuration of a venous pressure testing system 
100 according to this embodiment . FIG . 2 is a diagram 
illustrating a rough hardware configuration of a control unit 
150 . 
[ 0026 ] The venous pressure testing system 100 is a system 
for estimating a central venous pressure of a target person . 
Estimation of a central venous pressure includes , in addition 
to estimation of a central venous pressure value , estimation 
as to whether a central venous pressure is higher than or 
lower than an optional reference value etc. The central 
venous pressure is an index that reflects a pressure measured 
in the right atrium ( right atrium pressure ) and reflects an 
amount of blood to return to the heart and a preload of the 
right atrium . 
[ 0027 ] As shown in FIG . 1 , the venous pressure testing 
system 100 can include a cuff 111 and a venous pressure 
testing apparatus 160. The cuff 111 is configured so as to be 
able to be connected to the venous pressure testing apparatus 
160. The venous pressure testing apparatus 160 can include 
a booster pump 112 , an exhaust valve 113 , a pressure sensor 
114 , a cuff pressure detection unit 115 , an AD converter 
( ADC ) 116 , an input device 120 , output devices 130 , a 
network interface 140 , and the control unit 150 . 
[ 0028 ] The cuff 111 , the booster pump 112 , the exhaust 
valve 113 , the pressure sensor 114 , the cuff pressure detec 
tion unit 115 , and the ADC 116 are an example configuration 
for performing sensing processing for measurement of a 
venous pulse of a target person and constitutes a sensor . 
[ 0029 ] The cuff 111 is an air bag to be wound around an 
upper arm of a patient . The booster pump 112 sends air to the 
cuff 111 according to an instruction from the control unit 150 
and thereby increases the pressure in the air bag ( called a 
" cuff internal pressure ” ) . In this manner , the pressure for 
pressing the upper arm of a patient ( hereinafter referred to as 
a “ cuff pressure ” ) by means of the cuff 111 can be increased . 
The exhaust valve 113 evacuates the cuff 111 gradually by 
opening the inside of the airbag to the atmosphere and 
thereby decreases the cuff internal pressure . In this manner , 
the cuff pressure can be decreased . 
[ 0030 ] The pressure sensor 114 detects a cuff internal 
pressure . A pulse wave of a patient ( hereinafter referred to 
as a " cuff pulse wave ” ) that occurs in a process that the cuff 
pressure is increased and decreased is superimposed on a 
cuff internal pressure . As described later , a cuff pulse wave 
can have a waveform that is obtained through superimpo 
sition of a venous pulse and an arterial pulse . The cuff 
pressure detection unit 115 extracts , from a detected cuff 
internal pressure , a cuff pulse wave that is superimposed on 
it and outputs the cuff internal pressure and the extracted cuff 
pulse wave to the ADC 116 as analog signals . The ADC 116 
converts the analog signals of the cuff internal pressure and 
the cuff pulse wave into digital signals and sends the latter 

to the control unit 150. A configuration may be employed 
that the pressure sensor 114 , the cuff pressure detection unit 
115 , and the ADC 116 are integrated with the cuff 111. A 
configuration that the pressure sensor 114 and the cuff 
pressure detection unit 115 are integrated with the cuff 111 
and the ADC 116 is provided in the venous pressure testing 
apparatus 160 is also possible . 
[ 0031 ] The input device 120 receives an input manipula 
tion of a user who has manipulated the venous pressure 
testing apparatus 160 and generates an input signal corre 
sponding to the received input manipulation . For example , 
the input device 120 includes a touch panel that is laid on a 
display 131 of the output devices 130 , manipulation buttons 
attached to the body of the venous pressure testing apparatus 
160 , a mouse , a keyboard , or the like . The input signal 
generated by the input device 120 is sent to the control unit 
150. The control unit 150 performs predetermined process 
ing according to the input signal . As described later , input 
manipulations include input of a reference venous pressure . 
The reference venous pressure is a venous pressure to serve 
as a reference to be used for judging whether a central 
venous pressure of a target person is high or low . 
[ 0032 ] The output devices 130 output estimation results of 
a central venous pressure of a target person . The estimation 
results include a result of estimation as to whether a central 
venous pressure of the target person is lower than or higher 
than or equal to the reference venous pressure . The output 
devices 130 include the display 131 and a speaker 132. The 
display 131 can be a liquid crystal display , an organic EL 
display , or the like that is attached to the body of the venous 
pressure testing apparatus 160. The display 131 may be a 
display device to be attached to the head of a user such as 
a transmission - type or non - transmission - type head - mount 
display . 
[ 0033 ] The speaker 132 is attached to the body of the 
venous pressure testing apparatus 160 and can output an 
estimation result of a central venous pressure in the form of 
a voice . 
[ 0034 ] The output devices 130 are not limited to the 
display 131 and the speaker 132 and may be , for example , 
a printer for printing and outputting an estimation result of 
a central venous pressure . 
[ 0035 ] The network interface 140 is configured so as to 
connect the control unit 150 to a communication network . 
More specifically , the network interface 140 includes pro 
cessing circuits for various interfaces for communication 
with external devices over the communication network and 
is configured to as to be compatible with communication 
standards for communication over the communication net 
work . Examples of the communication network are a LAN 
( local area network ) , a WAN ( wide area network ) , the 
Internet , etc. 
[ 0036 ] The control unit 150 estimates a central venous 
pressure of a target person . The control unit 150 may be 
software or hardware that performs main control on the 
venous pressure testing apparatus 160 and may be an 
independent device . For example , the control unit 150 may 
be either a dedicated medical device for performing a central 
venous pressure test or a personal computer , a smartphone , 
a tablet terminal , or the like in which programs for perform 
ing a central venous pressure test are installed . As a further 
alternative , the control unit 150 may be a wearable device or 
the like that can be attached to the body ( e.g. , upper arm ) of 
a target person . 

a 
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[ 0037 ] The details of the functions of the control unit 150 
will be described later . 
[ 0038 ] As shown in FIG . 2 , the control unit 150 may 
include a CPU ( central processing unit ) 151 , a memory 152 , 
an auxiliary storage unit 153 , and an input / output interface 
154 . 
[ 0039 ] The memory can include a ROM ( read - only 
memory ) and a RAM ( random access memory ) . The ROM 
is stored with various programs , various parameters , etc. The 
RAM has a work area for storing various programs to be run 
by the CPU 151. The CPU 151 is configured so as to 
develop , on the RAM , specified ones of various programs 
stored in the ROM and the auxiliary storage unit 153 and 
perform various kinds of processing by cooperating with the 
RAM . 
[ 0040 ] The auxiliary storage unit 153 can be equipped 
with a storage device ( storage ) such as an HDD ( hard disk 
drive ) , an SSD ( solid - state drive ) , or a USB flash memory . 
The auxiliary storage unit 153 is stored with various pro 
grams , various parameters , etc. Furthermore , the auxiliary 
storage unit 153 stores an estimation result of a central 
venous pressure . 
[ 0041 ] The input / output interface 154 functions as an 
interface between the CPU 151 , the input device 120 , and 
the output devices 130. The input / output interface 154 can 
include various communication modules for performing 
communication with the input device such as a mouse or a 
keyboard , drive modules for driving the display 131 and the 
speaker 132 , etc. 
[ 0042 ] By causing the CPU 151 to run programs , the 
control unit 150 controls the individual units of the venous 
pressure testing system 100 and thereby realizes various 
functions . 
[ 0043 ] FIG . 3 is a block diagram illustrating functions of 
the control unit 150. The control unit 150 functions as a 
reception unit 201 , a specification unit 202 , a measurement 
control unit 203 , an estimation unit 204 , and a display 
control unit 205. The measurement control unit 203 consti 
tutes a setting unit . 
[ 0044 ] The reception unit 201 receives a reference venous 
pressure ( a reference venous pressure value ) that has been 
input to the input unit 120. The reference venous pressure is 
input to the input unit 120 by a user ( or target person ) . For 
example , the reference venous pressure is input according to 
circulatory dynamics that a user who is a healthcare profes 
sional desires to check . For example , for the purpose of 
systemic congestion diagnosis , “ 10 mmHg " can be input as 
a reference venous pressure . 
[ 0045 ] The specification unit 202 determines a particular 
posture for estimation as to whether a central venous pres 
sure of a target person is lower than or higher than or equal 
to the reference venous pressure based on the reference 
venous pressure . 
[ 0046 ] FIG . 4 illustrates veins that lead from the heart to 
an upper arm . FIG . 5 illustrates a particular posture . FIG . 6 
illustrates a vertical distance between the heart and a peak 
point P of the veins ( hereinafter also referred to simply as a 
" vertical distance ” ) . 
[ 0047 ] As indicated by thick arrows in FIG . 4 , a vein 
signal ( venous pulse ) that is output from the heart ( right 
atrium ) can reach the veins ( right upper arm veins etc. ) of the 
upper arm that is a measurement position and to which the 
cuff 111 is attached past the right subclavian vein . Thus , a 
cuff pulse wave detected by the cuff 111 can include a 

venous pulse . In the following , detection of a cuff pulse 
wave including a venous pulse is also referred to simply as 
detection of a venous pulse . However , the veins that lead 
from the right atrium to the upper arm has a peak point P in 
the vertical direction near the right subclavian vein . The 
peak point is a highest point in the vertical direction of veins 
from the atrium to the measurement position ( in the example 
shown in FIG . 5 , upper arm ) of a target person who assumes 
a predetermined posture . Thus , for a venous pulse to be 
detected at the upper arm ( measurement position ) , venous 
blood that is output from the heart needs to go over the peak 
point . That is , a venous pulse is detected at the upper arm 
only when the central venous pressure is higher than or equal 
to a water - gauge pressure corresponding to a vertical dis 
tance . 

[ 0048 ] A posture guide tool 300 is a tool capable of 
adjusting the angle o formed by the upper part and the lower 
part of the body of a target person by bending a back contact 
surface 301 that is in contact with the back of the target 
person . The example of FIG . 5 shows a bed as an example 
of the posture guide tool 300. The posture guide tool 300 
may be a tool other than a bed , such as a chair . The angle o 
formed by the upper part and the lower part of the body ( i.e. , 
posture ) of a target person whose arms hang down can be 
adjusted by bending the back contact surface 301 that is in 
contact with the back of the target person lying on his or her 
back on the posture guide tool 300 . 
[ 0049 ] As shown in FIG . 6 , a distance across the body 
surface of a target person ( hereinafter also referred to simply 
as a " body surface distance " ) between points corresponding 
to the heart ( more specifically , right atrium ) and a peak point 
P , respectively , on the body surface of the target person is 
measured in advance as a distance between the heart of the 
target person and the peak point . A bend angle of the posture 
guide tool 300 ( i.e. , an angle o formed by the upper part and 
the lower part of the body of the target person ) when the 
vertical distance between the heart and the peak point P 
corresponds to the reference venous pressure can be calcu 
lated by substituting the measurement value into the 
Pythagorean theorem . That is , an angle o formed by the 
upper part and the lower part of the body of the target person 
whose arms hang down can be specified as a particular 
posture based on the length ( body surface distance ) of a line 
segment connecting points corresponding to the heart and 
the peak point P on the body surface of the target person , 
respectively , and an angle formed by this line segment and 
the horizontal direction ( this angle corresponds to a bend 
angle of the posture guide tool 300 ) . A vertical distance 
corresponds to the reference venous pressure when a water 
gauge pressure corresponding to this vertical distance 
approximately coincides with the reference venous pressure . 
[ 0050 ] A body surface distance may be calculated using a 
corresponding relationship between the body surface dis 
tance and the body information ( e.g. , an approximate equa 
tion determined through calculation based on sample data of 
the corresponding relationship between the body surface 
distance and the body information of plural persons ) by 
calculating the corresponding relationship in advance and 
storing it in the auxiliary storage unit 153 and receiving body 
information of a target person additionally by the reception 
unit 201. For example , the body information includes a 
height , a gender , a physique ( large - framed or small - framed ) , 
etc. 

a 

a 

m 

a 
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a followed by the control unit 150 according to programs 
stored in the auxiliary storage unit 153 . 
[ 0061 ] The control unit 150 receives a reference venous 
pressure ( a reference venous pressure value ) that has been 
input to the input unit 120 by a user ( S101 ) . 
[ 0062 ] The control unit 150 specifies a particular posture 
based on the reference venous pressure ( S102 ) . 
[ 0063 ] The control unit 150 controls the bend angle of the 
posture guide tool 300 so that a target person assumes the 
particular posture ( S103 ) . The method for causing the target 
person to assume the particular posture is not restricted to 
this method . For example , the control unit 150 may guide the 
target person so that he or she will assume the particular 
posture by displaying the particular posture ( e.g. , an angle 
formed by the upper part and the lower part of the body ) on 
the display 131 or causing the speaker 132 to output a voice 
indicating the particular posture . 
[ 0064 ] The control unit 150 sets , at the reference venous 
pressure , the cuff pressure and detects a venous pulse by 
means of the cuff 111 attached to an upper arm of the target 
person who assumes the particular posture ( S104 ) . 
[ 0065 ] The control unit 150 judges whether a venous pulse 
is detected ( S105 ) . If judging that a venous pulse is not 
detected ( S105 : no ) , the control unit 150 estimates that the 
central venous pressure of the target person is lower than the 
reference venous pressure ( S106 ) . 
[ 0066 ] If judging that a venous pulse is detected ( S105 : 
yes ) , the control unit 150 estimates that the central venous 
pressure of the target person is higher than or equal to the 
reference venous pressure ( S107 ) . 

[ 0051 ] FIG . 7 is a table illustrating a relationship between 
the reference venous pressure and the bend angle of the 
posture guide tool 300. In the example of FIG . 7 , the body 
surface distance is assumed to be 15 cm . 
[ 0052 ] For example , when the bend angle of the posture 
guide tool 300 is 15 ° , the reference venous pressure is 
calculated to be 2.9 mmHg ( 15.sin 15º = 3.89 cm , 3.89 
cmH2O = 2.9 mmHg ) . When the bend angle of the posture 
guide tool 300 is 30 ° , the reference venous pressure is 
calculated to be 5.6 mmHg ( 15.sin 30 ° = 7.5 cm , 7.5 
cmH2O = 5.6 mmHg ) . 
[ 0053 ] In this manner , the specification unit 202 specifies , 
as a particular posture , an angle o formed by the upper part 
and the lower part of the body of the target person . 
[ 0054 ] The measurement control unit 203 bends the back 
contact surface 301 of the posture guide tool 300 by trans 
mitting a control signal to the posture guide tool 300 ( see 
FIG . 5 ) via the network interface 140. In this manner , the 
measurement control unit 203 causes the target person to 
assume a particular posture . 
[ 0055 ] The measurement control unit 203 sets the cuff 
pressure at the reference venous pressure by increasing the 
cuff internal pressure of the cuff 111 that is attached to the 
upper arm of the target person who assumes the particular 
posture and detects a cuff pulse wave . The measurement 
control unit 203 detects a venous pulse by extracting it from 
the cuff pulse wave by a known method . A time during 
which to detect a venous pulse may be set at a time in which 
at least one heartbeat occurs . For example , the measurement 
control unit 203 can extract a venous pulse from a cuff pulse 
wave by a known pattern matching method . 
[ 0056 ] When a venous pulse has been detected , the mea 
surement control unit 203 can further vary the cuff pressure 
from the reference venous pressure and estimate that a cuff 
pressure at which the venous pulse amplitude takes a maxi 
mum value is a central venous pressure . 
[ 0057 ] If a venous pulse is not detected by the measure 
ment control unit 203 , the estimation unit 204 estimates that 
the central venous pressure of the target person is lower than 
the reference venous pressure . If a venous pulse is detected 
by the measurement control unit 203 , the estimation unit 204 
can estimate that the central venous pressure of the target 
person is higher than or equal to the reference venous 
pressure . 
[ 0058 ] If a central venous pressure is estimated by the 
measurement control unit 203 by varying the cuff pressure 
from the reference venous pressure , the estimation unit 204 
can newly estimate whether the estimated central venous 
pressure is higher than or equal to the reference venous 
pressure by comparing the estimated central venous pressure 
with the reference venous pressure . 
[ 0059 ] The display control unit 205 displays a result of 
estimation by the estimation unit 204 on the display 131 . 
That is , the display control unit 205 displays whether the 
central venous pressure of the target person is lower than or 
higher than or equal to the reference venous pressure . The 
display control unit 205 may output a result of estimation of 
the estimation unit 204 in the form of a voice that is output 
from the speaker 132. Alternatively , the display control unit 
205 may output ( transmit ) a result of estimation of the 
estimation unit 204 to , for example , an external terminal via 
the network interface 140 . 
[ 0060 ] FIG . 8 is a flowchart illustrating how the venous 
pressure testing system 100 operates . This flowchart is 

( Modification 1 ) 
[ 0067 ] FIG . 9 illustrates an example modified particular 
posture . 
[ 0068 ] As shown in FIG . 9 , the specification unit 202 can 
specify , as a particular posture , an angle 0 , formed by the 
upper part of the body and an upper arm of a target person 
who is lying on his or her back with his or her upper arm 
raised higher than the heart toward the vertical direction . 
[ 0069 ] In the example of FIG . 9 , the peak point P is a 
measurement position at which the cuff 111 is attached . A 
vertical distance is a height of the peak point P in the vertical 
direction minus a height of the heart in the vertical direction 
( it corresponds to a distance from the back to the heart ) . A 
height of the peak point P in the vertical direction can be 
calculated based on a distance from the shoulder joint to the 
attachment position of the cuff 111 and an angle , formed 
by the upper part of the body and the upper arm . The 
distance from the shoulder joint to the attachment position of 
the cuff 111 and the distance from the back to the heart can 
be measured in advance , stored in the auxiliary storage unit 
153 , and used . The specification unit 202 specifies an angle 
0 , indicating a vertical distance corresponding to a reference 
venous pressure . 

1 

( Modification 2 ) 

[ 0070 ] FIG . 10 illustrates another example modified par 
ticular posture . 
[ 0071 ] As shown in FIG . 10 , the specification unit 202 can 
specify , as a particular posture , an angle o formed by the 
upper part and the lower part of the body of a target person 
who has raised an upper arm higher than the heart toward the 
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vertical direction and an angle o2 formed by the upper arm 
and the upper part of the body . 
[ 0072 ] In the example of FIG . 10 , as in Modification 1 , the 
peak point P is a measurement position at which the cuff 111 
is attached . A vertical distance is a height of the peak point 
Pin the vertical direction minus a height of the heart in the 
vertical direction . The vertical distance can be calculated 
based on a distance from the back to the heart , a distance 
from the shoulder joint to the attachment position of the cuff 
111 , an angle o formed by the upper part and the lower part 
of the body , and an angle 0 , formed by the upper arm and 
the upper part of the body . The distance from the shoulder 
joint to the attachment position of the cuff 111 and the 
distance from the back to the heart can be measured in 
advance , stored in the auxiliary storage unit 153 , and used . 
The specification unit 202 specifies angles 0 and 02 that 
indicate a vertical distance corresponding to a reference 
venous pressure . 

2 

pulse is detected at a measurement position of an upper arm 
when the target person is in a particular posture . Since this 
embodiment is the same as the first embodiment in the other 
points , redundant descriptions will be omitted . 
[ 0076 ] FIG . 11 is a block diagram illustrating a rough 
hardware configuration of a venous pressure testing system 
100 according to this embodiment . 
[ 0077 ] An angle sensor 161 detects an angle formed by 
the upper part and the lower part of a target person . The 
angle sensor 161 is part of a posture detection unit . The 
angle sensor 161 can be an acceleration sensor , for example . 
The angle sensor 161 outputs the angle o to an ADC 162 in 
the form of an analog signal . The ADC 162 converts the 
analog signal indicating the angle o into a digital signal and 
sends the latter to the control unit 150 . 

[ 0078 ] The estimation unit 204 ( see FIG . 3 ) of the control 
unit 150 judges whether a posture ( angle 0 ) of a target 
person is a particular posture . If a venous pulse is not 
detected by the measurement control unit 203 when the 
posture of the target person is judged to be the particular 
posture , the estimation unit 204 estimates that a central 
venous pressure of the target person is lower than a reference 
venous pressure . If a venous pulse is detected by the 
measurement control unit 203 when the posture of the target 
person is judged to be the particular posture , the estimation 
unit 204 estimates that a central venous pressure of the target 
person is higher than or equal to the reference venous pulse . 
[ 0079 ] The display control unit 205 can display a particu 
lar posture on the display 131. Thus , the target person is 
urged to have his or her posture coincide with the particular 
posture . This makes it possible to estimate a central venous 
pressure in a short time . 

( Modification 3 ) 

Third Embodiment 

[ 0073 ] A venous pulse in an upper arm can be detected 
using another sensor for measuring a venous pulse in place 
of the cuff 111 , the booster pump 112 , the exhaust valve 113 , 
the pressure sensor 114 , and the cuff pressure detection unit 
115 which are employed in the first embodiment . The other 
sensor can be a sensor that detects a venous pulse by 
detecting a physical quantity of at least one of light , an 
electrical impedance , and an ultrasonic wave . The place 
where the other sensor is attached to the body of a target 
person is not limited as long as a venous pulse can be 
detected there . For example , the other sensor can be attached 
to one of the arms and legs . 
[ 0074 ] Whereas the above examples are such that the 
angle of the posture guide tool 300 is changed , the system 
may operate with a prerequisite that a target person has 
already assumed a particular posture . That is , the above 
described steps S102 and S103 may be omitted . Where it is 
known that a target person is in a particular posture ( e.g. , it 
is known that a target person is in such a posture that the 
above - mentioned angle 0 is equal to 30 ° ) , it is not necessary 
to detect an angle o formed by the upper part and the lower 
part of the body of the target person . Furthermore , the 
estimation unit 204 of the control unit 150 need not judge 
whether the posture ( angle ( ) of the target person is a 
particular posture . That is , since in this case it is a prereq 
uisite that the target person has already assumed a particular 
posture , the estimation unit 204 estimates that a central 
venous pressure of the target person is lower than a reference 
venous pressure if a venous pulse is not detected by the 
measurement control unit 203. If a venous pulse is detected 
by the measurement control unit 203 , the estimation unit 204 
estimates that a central venous pressure of the target person 
is higher than or equal to the reference venous pressure . 

a a 

[ 0080 ] In the first embodiment , a reference venous pres 
sure is received and a particular posture is specified based on 
the reference venous pressure . On the other hand , in this 
embodiment , a posture of a target person is received as a 
particular posture and a reference venous pressure is calcu 
lated based on the particular posture . Then whether a central 
venous pressure of the target person is lower than or higher 
than or equal to the reference venous pressure based on 
whether a venous pulse is detected . Since this embodiment 
is the same as the first embodiment in the other points , 
redundant descriptions will be omitted . 
[ 0081 ] FIG . 12 is a flowchart illustrating how the venous 
pressure testing system 100 according to this embodiment 
operates . 
[ 0082 ] The control unit 150 receives , as a particular pos 
ture , a posture of a target person that has been input by a user 
or the like ( S201 ) . For example , the posture of the target 
person includes an angle formed by the upper part and the 
lower part of the body of the target person . The control unit 
150 may receive a posture of a target person as a particular 
posture by detecting a posture of the target person . 
[ 0083 ] The control unit 150 calculates a reference venous 
pressure based on the particular posture ( S202 ) . A reference 
venous pressure can be calculated based on the particular 
posture by performing an operation that is reverse to the 
operation by which a particular posture is calculated from a 
reference venous pressure in the first embodiment . 

Second Embodiment 
[ 0075 ] In the first embodiment , the posture of a target 
person is guided to a particular posture forcibly by the 
posture guide tool 300. On the other hand , in this embodi 
ment , the posture of a target person is not restricted , an angle 
O formed by the upper part and the lower part of the body 
of the target person is detected as a posture of the target 
person by an angle sensor , and a central venous pressure of 
the target person is estimated based on whether a venous 
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[ 0084 ] The control unit 150 sets the cuff pressure at the 
reference venous pressure using the cuff 111 that is attached 
to an upper arm of the target person and detects a venous 
pulse ( S203 ) . 
[ 0085 ] The control unit 150 judges whether a venous pulse 
is detected ( S204 ) . If judging that a venous pulse is not 
detected ( S204 : no ) , the control unit 150 estimates that the 
central venous pressure of the target person is lower than the 
reference venous pressure ( S205 ) . 
[ 0086 ] If judging that a venous pulse is detected ( S204 : 
yes ) , the control unit 150 estimates that the central venous 
pressure of the target person is higher than or equal to the 
reference venous pressure ( S206 ) . The estimation result can 
be , for example , displayed on the display 131 together with 
the calculated reference venous pressure . 
[ 0087 ] The embodiments provide the following advan 
tages . 
[ 0088 ] Presence / absence of a venous pulse is detected at a 
predetermined measurement position of a target person who 
assumes a particular posture with which a water - gauge 
pressure corresponding to a vertical distance between the 
heart and a peak point , in the vertical direction , of a vein 
leading from the heart to the predetermined measurement 
position coincides with a predetermined reference venous 
pressure . If a venous pulse is not detected , it is estimated that 
a central venous pressure is lower than the reference venous 
pressure . This estimation makes it possible to estimate 
quickly whether a central venous pressure is lower than an 
optional reference value merely by pressing a target person 
who assumes the particular posture for a time corresponding 
to only about one heartbeat . That is , whether circulatory 
dynamics of a target person is good or bad can be recognized 
merely by performing , for a short time , cuff pressurization 
which is very low in invasiveness . 
[ 0089 ] Furthermore , it is estimated that a central venous 
pressure of the target person is higher than or equal to the 
reference venous pressure if a venous pulse is detected by 
the sensor at the measurement position of the target person 
who assumes the particular posture . This makes it possible 
to estimate quickly whether a central venous pressure is 
higher than or equal to an optional reference value . 
[ 0090 ] Furthermore , the reference venous pressure is 
received and the particular posture of the target person is 
specified based on the received reference venous pressure . 
This makes it possible to estimate , flexibly and quickly , 
whether a central venous pressure is higher than or equal to 
or lower than an optional reference value . 
[ 0091 ] Moreover , the predetermined measurement posi 
tion is an upper arm the sensor is a cuff . It is estimated that 
a central venous pressure of the target person is lower than 
the reference venous pressure if a venous pulse is not 
detected by the cuff that is attached to the upper arm of the 
target person and the cuff pressure of which is set at the 
reference venous pressure . It is estimated that a central 
venous pressure of the target person is higher than or equal 
to the reference venous pressure if a venous pulse is detected 
by the cuff . This makes it possible to estimate more easily 
whether a central venous pressure is higher than or equal to 
or lower than an optional reference value . 
[ 0092 ] Furthermore , an angle formed by the upper part 
and the lower part of the body of the target person whose 
arms hang down is specified as the particular posture . This 
makes it possible to lower the load , imposed on the target 
person , of estimation of a central venous pressure . 

[ 0093 ] Furthermore , an angle formed by the upper part of 
the body and an upper arm of the target person who lies on 
his or her back with the upper arm raised toward the vertical 
direction is specified as the particular posture . This makes it 
possible to lower the load , imposed on the target person , of 
estimation of a central venous pressure . 
[ 0094 ] Furthermore , an angle formed by the upper part 
and the lower part of the body of the target person who has 
raised an upper arm above the heart toward the vertical 
direction and an angle formed by the upper arm and the 
upper part of the body are specified as the particular posture . 
This makes it possible to lower the load , imposed on the 
target person , of estimation of a central venous pressure . 
[ 0095 ] Still further , the cuff pressure is varied from the 
reference venous pressure and a cuff pressure obtained when 
the venous pulse has a maximum amplitude is estimated to 
be a central venous pressure . This makes it possible to 
increase the accuracy of estimation of a reference venous 
pressure . 
[ 0096 ] Furthermore , the target person is caused to assume 
the particular posture by setting a bend angle of a back 
contact surface , being in contact with the back of the target 
person , of a posture guide tool capable of adjusting the angle 
formed by the upper part and the lower part of the body of 
the target person by bending the back contact surface , at the 
angle formed by the upper part and the lower part of the 
body . This makes it possible to further lower the load , 
imposed on the target person , of estimation of a central 
venous pressure . 
[ 0097 ] Furthermore , the particular posture is specified 
based on a length of a line segment drawn on a body surface 
of the target person so as to connect respective points 
corresponding to the heart and the peak point and an angle 
formed by the line segment and a horizontal direction . This 
makes it possible to estimate a central venous pressure easily 
with high accuracy . 
[ 0098 ] A display unit which displays the particular posture 
is provided further . This makes it possible to estimate a 
central venous pressure in a short time by urging the target 
person to change his or her posture so that it coincides with 
the displayed particular posture . 
[ 0099 ] Moreover , body information of the target person is 
received and the length of the line segment drawn on the 
body surface of the target person so as to connect the 
respective points corresponding to the heart and the peak 
point is calculated based on the received body information . 
This makes it possible to lower the load , imposed on the 
target person , of estimation of a central venous pressure . 
[ 0100 ] Furthermore , an angle formed by the upper part 
and the lower part of the body of the target person is detected 
as a posture of the target person based on an output of an 
angle sensor which detects an angle formed by the upper part 
and the lower part of the body of the target person . It is 
estimated that a central venous pressure of the target person 
is lower than the reference venous pressure if a venous pulse 
is not detected when the detected posture is the particular 
posture . This makes it possible to further lower the load , 
imposed on the target person , of estimation of a central 
venous pressure . 
[ 0101 ] Although the embodiments of the presently dis 
closed subject matter have been described above in detail , 
the presently disclosed subject matter is not limited to the 
above - described embodiments . 

a 

a 

a 

a 

a 
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[ 0102 ] For example , all or part of the functions realized by 
the programs in each of the above - described embodiments 
can be implemented by hardware such as circuits . 
[ 0103 ] Furthermore , part of the steps of each of the 
above - described flowcharts may be omitted and another or 
other steps may be added . Part of the steps may be executed 
at the same time and one step may be executed in such a 
manner as to be divided into plural steps . 
[ 0104 ] According to the above disclosure , presence / ab 
sence of a venous pulse is detected at a predetermined 
measurement position of a target person who assumes a 
particular posture with which a water - gauge pressure cor 
responding to a vertical distance between the heart and a 
peak point , in the vertical direction , of a vein leading from 
the heart to the measurement position coincides with a 
prescribed reference venous pressure . If a venous pulse is 
not detected , it is estimated that a central venous pressure is 
lower than the reference venous pressure . This makes it 
possible to estimate quickly whether a central venous pres 
sure is lower than an optional reference value . 
What is claimed is : 
1. A venous pressure testing apparatus for estimating a 

central venous pressure of a target person by measuring a 
venous pulse by a sensor at a predetermined measurement 
position of the target person , comprising : 

an estimation unit which estimates that the central venous 
pressure of the target person is lower than a predeter 
mined reference venous pressure if the venous pulse is 
not detected by the sensor at the measurement position 
of the target person who assumes a particular posture 
with which a water - gauge pressure corresponding to a 
vertical distance between the heart of the target person 
and a peak point , in the vertical direction , of a vein 
leading from the heart to the measurement position 
coincides with the reference venous pressure . 

2. The venous pressure testing apparatus according to 
claim 1 , wherein the estimation unit estimates that the 
central venous pressure of the target person is higher than or 
equal to the reference venous pressure if the venous pulse is 
detected by the sensor at the measurement position of the 
target person who assumes the particular posture . 

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

a reception unit which receives the reference venous 
pressure ; and 

a specification unit which specifies the particular posture 
of the target person based on the received reference 
venous pressure . 

4. The venous pressure testing apparatus according to 
claim 2 , wherein : 

the measurement position is an upper arm ; 
the sensor is a cuff ; 
the venous pressure testing apparatus further comprises a 

setting unit which sets a cuff pressure of the cuff at the 
reference venous pressure ; and 

the estimation unit which estimates that the central venous 
pressure of the target person is lower than the reference 
venous pressure if the venous pulse is not detected by 
the cuff that is attached to the upper arm of the target 
person and the cuff pressure of which is set at the 
reference venous pressure , and estimates that the cen 
tral venous pressure of the target person is higher than 
or equal to the reference venous pressure if the venous 
pulse is detected by the cuff . 

5. The venous pressure testing apparatus according to 
claim 3 , wherein the specification unit specifies , as the 
particular posture , an angle formed by an upper part and a 
lower part of a body of the target person whose arms hang 
down . 

6. The venous pressure testing apparatus according to 
claim 3 , wherein the specification unit specifies , as the 
particular posture , an angle formed by an upper part of a 
body and an upper arm of the target person who lies on his 
or her back with the upper arm raised toward the vertical 
direction . 

7. The venous pressure testing apparatus according to 
claim 3 , wherein the specification unit specifies , as the 
particular posture , an angle formed by an upper part and a 
lower part of the body of the target person who has raised an 
upper arm above the heart toward the vertical direction and 
an angle formed by the upper arm and the upper part of the 
body . 

8. The venous pressure testing apparatus according to 
claim 4 , wherein the estimation unit varies the cuff pressure 
from the reference venous pressure and estimates that a cuff 
pressure obtained when the venous pulse has a maximum 
amplitude is a central venous pressure . 

9. The venous pressure testing apparatus according to 
claim 5 , further comprising a control unit which causes the 
target person to assume the particular posture by setting a 
bend angle of a back contact surface , the back contact 
surface being in contact with the back of the target person , 
of a posture guide tool capable of adjusting the angle formed 
by the upper part and the lower part of the body of the target 
person by bending the back contact surface , at the angle 
formed by the upper part and the lower part of the body of 
the target person that has been specified as the particular 
posture by the specification unit . 

10. The venous pressure testing apparatus according to 
claim 5 , wherein the specification unit specifies the particu 
lar posture based on a length of a line segment drawn on a 
body surface of the target person so as to connect respective 
points corresponding to the heart and the peak point and an 
angle formed by the line segment and a horizontal direction . 

11. The venous pressure testing apparatus according to 
claim 3 , further comprising a display unit which displays the 
particular posture specified by the specification unit . 

12. The venous pressure testing apparatus according to 
wherein : 

the reception unit further receives body information of the 
target person ; and 

the specification unit calculates the length of the line 
segment drawn on the body surface of the target person 
so as to connect the respective points corresponding to 
the heart and the peak point based on the received body 
information . 

13. The venous pressure testing apparatus according to 
claim 5 , further comprising a posture detection unit which 
detects an angle formed by the upper part and the lower part 
of the body of the target person as a posture of the target 
person based on an output of an angle sensor which detects 
an angle formed by the upper part and the lower part of the 
body of the target person , wherein : 

the estimation unit estimates that the central venous 
pressure of the target person is lower than the reference 
venous pressure if the venous pulse is not detected by 

a 

claim 10 , 
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the sensor at the measurement position of the target 
person when the detected posture is the particular 
posture . 

a 14. A non - transitory computer readable storage medium 
that stores a venous pressure testing program for testing a 
central venous pressure of a target person by measuring a 
venous pulse by a sensor at a predetermined measurement 
position of the target person , the venous pressure testing 
program causing a computer to execute processing of : 

estimating that the central venous pressure of the target 
person is lower than a predetermined reference venous 
pressure if the venous pulse is not detected by the 
sensor at the measurement position of the target person 
who assumes a particular posture with which a water 
gauge pressure corresponding to a vertical distance 
between the heart of the target person and a peak point , 

in the vertical direction , of a vein leading from the heart 
to the measurement position coincides with the refer 
ence venous pressure . 

15. A venous pressure testing method for estimating a 
central venous pressure of a target person by measuring a 
venous pulse by a sensor at a predetermined measurement 
position of the target person , comprising : 

an estimation step of estimating that the central venous 
pressure of the target person is lower than a predeter 
mined reference venous pressure if the venous pulse is 
not detected by the sensor at the measurement position 
of the target person who assumes a particular posture 
with which a water - gauge pressure corresponding to a 
vertical distance between the heart of the target person 
and a peak point , in the vertical direction , of a vein 
leading from the heart to the measurement position 
coincides with the reference venous pressure . 

* * 


