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Description
Field of the Invention

[0001] The present invention relates to a circulatory dynamics measurement apparatus that measures the condition
of a living body based on a pulse wave obtained from the living body.

Background of the Invention

[0002] Lifestyle-related diseases have been increasing over these recent years. Lifestyle-related diseases are asso-
ciated with circulatory dynamics such as the heart and blood vessels of the body. In one method for diagnosing arteri-
osclerosis, cuffs are attached to the two arms and two, pulse waves are detected while keeping a predetermined pressure
applied to the locations where the cuffs are attached for a certain time, and a pulse wave propagation velocity PWV is
calculated from the pulse wave propagation time between two locations and the distance between the two areas to
measure the blood vessel hardness as the circulatory dynamics (JP-A-2003-126054). In another method, the blood
vessel hardness is measured based on a CAVI (cardio ankle vascular index) that is less likely to be dependent on the
blood pressure than the pulse wave propagation velocity PWV (JP-A-2006-6893). However, in the conventional testing
methods, the measured subject needs to lie on a bed and have the four limbs constrained. Further, the measurement
apparatus that performs the conventional testing method is expensive and cannot be easily used in general households.
[0003] Thus, a method that can be used in general households, specifically, a technique for measuring the blood
vessel hardness from the pulse wave value obtained while measuring the blood pressure at the upper arm has been
proposed (for example, refer to JP 2938238). In the measuring method of JP 2938238, a compression pressure is raised
to a target pressure and the compression pressure is then gradually reduced. As the pressure decreases, the amplitude
value of the pulse wave is sequentially detected to obtain the relationship of the compression pressure and the amplitude
value of the pulse wave. It is known that the relationship of the compression pressure and the amplitude value of the
pulse wave may be shown by an envelope in which the amplitude value of the pulse wave is maximal when the com-
pression pressure substantially conforms to the average blood pressure value. An inclination angle 6 of a line in the
envelope connecting the point corresponding to the systolic blood pressure value and the point corresponding to the
amplitude value of 63.2% of the maximum amplitude value is obtained to determine the degree of arteriosclerosis of the
measured subject in accordance with the inclination angle 6.

[0004] In the measuring method of JP-A-2001-104258, a signal in which a pulse wave amplitude component is su-
perimposed on the cuff pressure is time differentiated and the maximum value for each heartbeat is plotted to form the
envelope. Then, the pressure width corresponding to the value of the time differentiated signal is used to determine the
degree of arteriosclerosis of the measured subject.

[0005] In the measuring method of JP-A-2005-278708, the amplitude values of the pulse waves are plotted relative
to the compression pressure to form an envelope, the compression pressure is divided to a high pressure side and a
low pressure side using the maximum amplitude value as a reference, and a plurality of pressure values at the high
pressure side and the low pressure side of a predetermined amplitude value is used to determine the degree of arteri-
osclerosis of the measured subject.

[0006] The relationship of the amplitude value of the pulse wave and the compression pressure forms an envelope
because the change in blood vessel volume is small when the difference is large between the blood pressure and the
pressure applied from the exterior to the blood vessel, or the so-called blood vessel interior-exterior pressure difference,
and because the change in blood vessel volume is large when the blood vessel interior-exterior pressure difference is
around zero. This is known as a pressure-volume curve of the blood vessel, and the inclination of the pressure-volume
curve is an index representing the hardness of the blood vessel.

[0007] Reference US 2005-256412 (A1) discloses a cardiovascular evaluation apparatus that includes a pulse wave
detection means for detecting pulse wave generated while external pressure is applied to the artery, a pulse wave pattern
formulation means for formulating a pulse wave amplitude pattern that indicates the dependency characteristic of the
pulse wave amplitude in regard to said external pressure, a pattern shape matching means for matching general poly-
angular patterns to a pattern portion of said pulse wave amplitude pattern that includes at least a part of the envelope
curve where the area of the general pattern, and an index derivation means for deriving a cardiovascular dynamics index
related to arterial mechanical characteristics and/or cardiac function.

[0008] Reference EP 1715429 (A1)discloses abioinformation outputting device that comprises obtaining unit adapted
to obtaining two or more pairs of blood pressure values including the systolic blood pressure value and the diastolic
blood pressure value, layout unit adapted to generate a report for presenting the two or more pairs of blood pressure
values in a shared two-dimensional region, and outputting unit adapted to output the report. The layout unit lays out, in
the two-dimensional region, a plurality of pulse wave patterns each having a pair of the systolic blood pressure value
and the diastolic blood pressure value as peak values, so that the report is generated. The report allows intuitive rec-
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ognition of the relationship with other measured values while facilitating recognition of specific measurement values.
[0009] In a conventional measurement apparatus such as an automatic electronic sphygmomanometer that allows
forthe blood pressure to be easily measured athome, the blood pressure and the blood vessel hardness are independently
displayed. With regard to the blood pressure, there is a conventional measurement apparatus that shows the systolic
blood pressure and the diastolic blood pressure in a two-dimensional graph. However, there are no measurement
apparatuses that visually show the relationship of the blood pressure and the blood vessel hardness.

[0010] More specifically, the blood pressure represents the pumping function ofthe heart, and the blood vessel hardness
represents the flexibility of the blood vessel. Thus, the blood pressure and the blood vessel hardness are different
parameters. However, when the conventional measurement apparatus is used at home where there are no healthcare
professionals such as a doctor, it would be difficult for the measured subject, who is not a healthcare professional, to
understand the condition indicated by the blood pressure and the blood vessel hardness shown on the measurement
apparatus.

[0011] Itis an object of the present invention to provide a circulatory dynamics measurement apparatus that visually
shows the relationship of the blood pressure and the circulatory dynamics.

[0012] This is achieved by the features of the independent claim. Preferred embodiments are the subject matter of
dependent claims.

Fig. 1 is a block diagram of a circulatory function measurement apparatus according to a first embodiment of the
present invention.

Fig. 2 is a graph showing changes in the compression pressure from when starting the compression of a brachial
artery to when ending the compression.

Fig. 3 is a graph showing the relationship of a cuff pressure and the amplitude value of a detected pulse wave.
Fig. 4A is a graph showing a measurement example of the amplitude of the detected pulse wave corresponding to
the cuff pressure, and Fig. 4B is a graph showing a cumulatively added pulse wave corresponding to the amplitude
of the detected pulse wave of Fig. 4A.

Fig. 5 is a diagram showing a characteristic line representing the relationship of the cumulatively added pulse wave
value and the cuff pressure.

Fig. 6 is a graph showing the relationship of the cumulatively added pulse wave value ratio and the cuff pressure.
Fig. 7 is a graph showing the relationship of the cumulatively added pulse wave value ratio and the cuff pressure.
Fig. 8 is a schematic diagram of a graph shown on a display unit.

Fig 9 is a schematic diagram of a graph shown on the display unit.

Fig. 10 is a schematic diagram of a graph shown on the display unit.

Fig. 11 is a schematic diagram of a graph shown on the display unit.

Fig. 12 is a schematic diagram of a graph shown on the display unit.

Fig. 13 is a schematic diagram of a graph shown on the display unit.

Fig. 14A and Fig. 14B are graphs showing the relationship of the cuff pressure and the amplitude value of the
detected pulse wave.

Fig. 15 is a schematic diagram of a graph shown on the display unit.

Fig. 16A and Fig. 16B are graphs showing the relationship of the cumulatively added pulse wave value ratio and
the cuff pressure.

Fig. 17 is a schematic diagram of a graph shown on the display unit.

Fig. 18A and Fig. 18B are graphs showing the relationship of the cumulatively added pulse wave value ratio and
the cuff pressure.

Fig. 19 is a schematic diagram of a graph shown on the display unit.

Fig. 20 is a schematic diagram of a graph shown on the display unit.

Fig. 21 is a block diagram of a circulatory function measurement apparatus according to a tenth embodiment.

Fig. 22 is a schematic diagram of a graph shown on the display unit.

Fig. 23 is a schematic diagram of a graph shown on the display unit.

Fig. 24 is a schematic diagram of a graph shown on the display unit.

Fig. 25 is a schematic diagram of a graph shown on the display unit.

First Embodiment

[0013] A circulatory dynamics measurement apparatus according to a first embodiment of the present invention will
now be described.

[0014] Asshown inFig. 1, a circulatory dynamics measurement apparatus 10 includes a cuff 11 serving as a pressure
application member for compressing a predetermined region of a body of a measured subject. The predetermined region
of the measured subject is, for example, an upper arm. The cuff 11 is wound around and attached to the upper arm of
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the measured subject when measuring the blood pressure and the blood vessel hardness, which is one type of a
circulatory dynamics other than the blood pressure, of the measured subject. The cuff 11 compresses the upper arm
(brachial artery) of the measured subject as the interior air pressure (compression pressure) changes when attached to
the upper arm of the measured subject. In a non-restrictive example, the cuff 11 may be a belt-shaped member including
a rubber pressurizing bag.

[0015] The cuff 11 is connected to a pressure control unit 12 that changes the compression pressure of the cuff 11.
The pressure control unit 12 may include a pressurization pump (not shown), which is capable of feeding gas under
pressure to the cuff 11 through a tube 11a, and a discharge valve (not shown), which discharges the gas from the cuff
11. The pressure control unit 12 controls the pressurization pump and the discharge valve to change the compression
pressure of the cuff 11.

[0016] The cuff 11 is connected to a pressure detection unit 13 that detects the compression pressure of the cuff 11
through a tube 11b. The pressure detection unit 13 is connected to a pulse wave detection unit 14. The pulse wave
detection unit 14 detects a pulse wave value, which is related to the magnitude of the pulse wave generated at the upper
arm when the pressure control unit 12 changes the compression pressure, in association with the compression pressure.
The pressure detection unit 13 includes a pressure sensor (not shown) and an A/D converter (not shown). The pressure
detection unit 13 converts the compression pressure of the cuff 11 detected by the pressure sensor to a pressure signal
formed by a digital signal with the A/D converter, and provides the pressure signal to the pulse wave detection unit 14.
The pulse wave detection unit 14 includes a filter circuit (not shown) and generates a pulse wave signal by removing a
predetermined frequency component such as a DC component from the pressure signal of the pressure detection unit
13 with the filter circuit, and detects the amplitude value of the pulse wave (detected pulse wave) from the generated
pulse wave signal. The amplitude value of the pulse wave may be referred to as the height of the pulse wave.

[0017] A pulse wave computation unit 15 is connected to the pulse wave detection unit 14. The pulse wave computation
unit 15 cumulatively adds the amplitude values of the pulse waves provided from the pulse wave detection unit 14 to
generate a cumulatively added pulse wave value. The cumulatively added pulse wave value includes a cumulatively
added value of the amplitudes of the pulse waves detected at various compression pressures. The pressure detection
unit 13 and the pulse wave computation unit 15 are connected to a pulse wave storage unit 16 and respectively provide
the compression pressure and the cumulatively added pulse wave value to the pulse wave storage unit 16. The pulse
wave storage unit 16 stores the provided compression pressure and the cumulatively added pulse wave value in asso-
ciation with each other. A blood vessel hardness computation unit 17 is connected to the pulse wave storage unit 16
and reads the compression pressure and the cumulatively added pulse wave value associated with the compression
pressure from the pulse wave storage unit 16. Further, the blood vessel hardness computation unit 17 calculates a blood
vessel hardness index indicating the hardness of the brachial artery (hereinafter may be referred to as "blood vessel
hardness"), which is one of the circulatory dynamics, with a predetermined algorithm based on the read compression
pressure and cumulatively added pulse wave value. Then, the blood vessel hardness computation unit 17 provides the
blood vessel hardness index to a display unit 19. The blood vessel hardness computation unit 17 may include a ROM
that stores a program for measuring and computing the blood vessel hardness of the measured subject, a program for
controlling each unit of the circulatory dynamics measurement apparatus 10, and the like, a RAM that temporarily saves
data generated during and after the execution of a program, a CPU that reads and executes various types of programs
from the ROM, and the like.

[0018] As shown in Fig. 1, the pressure detection unit 13 and the pulse wave detection unit 14 are each connected to
a blood pressure computation unit 18. The blood pressure computation unit 18 calculates a systolic blood pressure and
a diastolic blood pressure of the measured subject with a predetermined algorithm such as the oscillometric method
from the compression pressure detected by the pressure detection unit 13 and the amplitude value of the pulse wave
detected by the pulse wave detection unit 14. Then, the blood pressure computation unit 18 provides the systolic blood
pressure and the diastolic blood pressure to the display unit 19. The display unit 19, which is connected to the blood
vessel hardness computation unit 17 and the blood pressure computation unit 18, shows the blood vessel hardness
index and the blood pressure respectively provided from the blood vessel hardness computation unit 17 and the blood
pressure computation unit 18.

[0019] The blood vessel hardness computation unit 17 and the blood pressure computation unit 18 are included in a
calculation unit. The blood pressure may be referred to as a first circulatory dynamics index. The blood vessel hardness
index is an example of a second circulatory dynamics index and a non-blood pressure circulatory dynamics index.
[0020] The operation of the circulatory dynamics measurement apparatus 10 will now be described.

[0021] As shown in Fig. 1, when the cuff 11 attached to the upper arm of the measured subject, the pressure control
unit 12 raises the compression pressure of the cuff 11 so that the brachial artery of the measured subject is gradually
compressed by the cuff 11. Specifically, as shown in Fig. 2, the pressure control unit 12 suddenly raises the compression
pressure of the cuff 11 to a predetermined pressure value (indicated by line M1) that is higher than the expected systolic
blood pressure of the measured subject.

[0022] The pressure control unit 12 then gradually reduces the compression pressure from the predetermined pressure
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value at a low speed (indicated by line M2). The pressure control unit 12 discharges air from the cuff 11 when the
compression pressure reaches a predetermined pressure value that is lower than the expected diastolic blood pressure
of the measured subject during the low speed pressure reduction. This readily cancels the compression of the brachial
artery of the measured subject with the cuff 11.

[0023] When the compression pressure of the cuff 11 changes, in particular, during the low speed pressure reduction,
the pulsation of the heart generates a pulse wave W1. The amplitude value of the pulse wave W1 is continuously or
intermittently detected by the pulse wave detection unit 14. The relationship of the amplitude value of the pulse wave
W1 and the compression pressure of the cuff 11 will now be described with reference to Fig. 3. The detected amplitude
value X of the pulse wave W1 changes in accordance with the compression pressure P of the cuff 11 as shown by an
envelope L1 in Fig. 3. Specifically, as the compression pressure P of the cuff 11 increases from the low pressure side
toward the high pressure side, the amplitude value X of the pulse wave W1 first gradually rises and then suddenly rises.
The amplitude value X takes a maximum value at a predetermined compression pressure, which corresponds to the
compression pressure at an average blood pressure, and then decreases. In Fig. 3, in the amplitude values having a
magnitude of a predetermined ratio relative to the maximum amplitude value of the pulse wave W1, the cuff pressure
corresponding to an intersection at the high pressure side indicates a systolic blood pressure value SYS, and the cuff
pressure corresponding to an intersection at the low pressure side indicates a diastolic blood pressure value DIA. The
blood pressure computation unit 18 computes the systolic blood pressure value SYS and the diastolic blood pressure
value DIA in accordance with the envelope L1 and the amplitude value having a magnitude of a predetermined ratio
relative to the maximum amplitude value of the pulse wave W1.

[0024] The pulse wave computation unit 15 calculates the cumulatively added pulse wave value by cumulatively adding
the amplitude values X of the pulse wave W1, and stores the cumulatively added pulse wave value in the pulse wave
storage unit 16 in association with the compression pressure P. In the example shown in Fig. 4A, the pulse wave detection
unit 14 detects the amplitude value X1 of the pulse wave W1 at compression pressure P1, the amplitude value X2 of
the pulse wave W1 at compression pressure P2, and the amplitude value X3 of the pulse wave W1 at compression
pressure P3. In this example, the compression pressure P3 is the largest in the order of compression pressure P1 <
compression pressure P2 < compression pressure P3. In this case, as shown in Fig. 4B, the pulse wave computation
unit 15 calculates the cumulatively added pulse wave value X1 at compression pressure P1, calculates the cumulatively
added pulse wave value X1+X2 at compression pressure P2, and calculates the cumulatively added pulse wave values
X1+X2+X3 at compression pressure P3. The pulse wave computation unit 15 thus continuously or intermittently acquires
the amplitude value of the pulse wave W1 while the compression pressure is changing, and cumulatively adds the
amplitude values of the pulse wave W1. The pulse wave computation unit 15 stores the amplitude value of the pulse
wave W1 from when the compression of the brachial artery starts to when the compression ends. Then, the pulse wave
computation unit 15 calculates the cumulatively added pulse wave value in order from the low pressure based on the
stored amplitude value and the compression pressure. The pulse wave storage unit 16 stores the calculated cumulatively
added pulse wave value in association with the compression pressure.

[0025] The cumulatively added pulse wave value and the associated compression pressure form a characteristic line
L2 shown in Fig. 5. In other words, as the compression pressure of the cuff 11 increases, the calculated cumulatively
added pulse wave value first gradually rises and then suddenly rises when the compression pressure of the cuff 11
reaches a predetermined compression pressure Ps. The rising degree gradually becomes smaller as the compression
pressure of the cuff 11 becomes higher than the predetermined compression pressure Ps. The predetermined compres-
sion pressure Ps is the compression pressure when the cumulatively added pulse wave value is increased to the highest
level.

[0026] The blood vessel hardness computation unit 17 computes the blood vessel hardness in accordance with a
predetermined algorithm from the relationship of the cumulatively added pulse wave value and the compression pressure
stored in the pulse wave storage unit 16. Specifically, the blood vessel hardness computation unit 17 calculates a
standardized cumulatively added pulse wave value ratio for each compression pressure by setting the total cumulatively
added pulse wave value, which is generated by cumulatively adding the amplitude values of all of the pulse waves
obtained during the blood pressure measurement, as 100%. That is, the blood vessel hardness computation unit 17
calculates, for each compression pressure, the cumulatively added pulse wave value ratio indicating the percentage of
the cumulatively added pulse wave value associated with each compression pressure when the total cumulatively added
pulse wave value generated by cumulatively adding the amplitude values of all of the pulse waves obtained during the
blood pressure measurement is 100%. The blood vessel hardness computation unit 17 obtains the width of the com-
pression pressure that changes during a period corresponding to a range (e.g., 20% to 80%) of the cumulatively added
pulse wave value ratio determined in advance in the calculated cumulatively added pulse wave value ratio. Then, the
blood vessel hardness computation unit 17 provides the obtained width of the compression pressure to the display unit
19 as a blood vessel hardness index VSI. The value of the blood vessel hardness index VSI is small if the blood vessel
is soft, and the value of the blood vessel hardness index VSI is large if the blood vessel is hard. For example, Fig. 6
shows the blood vessel hardness index VSI corresponding to a soft blood vessel, and Fig. 7 shows the blood vessel
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hardness index VSI corresponding to a hard blood vessel. The blood vessel hardness index VSI corresponds to the
amount of work of the compression pressure necessary for compressing the blood vessel. For example, the amount of
work of the compression pressure necessary for compressing a soft blood vessel is small, and the amount of work of
the compression pressure necessary for compressing a hard blood vessel is large.

[0027] The display of the systolic blood pressure value SYS calculated by the blood pressure computation unit 18 and
the blood vessel hardness index VSI calculated by the blood vessel hardness computation unit 17 will now be described.
[0028] As shown in Fig. 8, the display unit 19 shows a graph including a horizontal axis, which indicates the systolic
blood pressure value SYS, and a vertical axis, which indicates the blood vessel hardness index VSI. In one example,
the graph is a scatter diagram. The display unit 19 plots a position (also referred to as resulting position or measurement
point) defined by the systolic blood pressure value SYS calculated by the blood pressure computation unit 18 and the
blood vessel hardness index VSI calculated by the blood vessel hardness computation unit 17. The measured subject
can recognize the relationship of the systolic blood pressure value SYS and the blood vessel hardness index VSI at a
glance from the resulting position plotted in the plotting area. This allows the condition of the measured subject to be
recognized.

[0029] A systolic blood pressure reference value S1 is shown at a central position of the horizontal axis. A blood vessel
hardness reference value S2 is shown at a central position of the vertical axis. The systolic blood pressure reference
value S1 divides the plotting area of the graph into two, namely, the left half and the right half. The blood vessel hardness
reference value S2 divides the plotting area of the graph into two, namely, the upper half and the lower half. Therefore,
the plotting area of the graph is divided into sub-regions E1 to E4 by the reference values S1 and S2.

[0030] Forexample, if the resulting position is plotted in the lower left sub-region E1, the systolic blood pressure value
SYS is lower than the reference value S1 and the blood vessel hardness index VSI is lower than the reference value
S2. Thus, the measured subject can determine that the measurement result of the circulatory dynamics measurement
apparatus 10 indicates "risk 1", which is a rank in which the risk of cardiovascular disease is the lowest. This allows for
the measured subject to assume that he or she is in normal health. If the resulting position is plotted in the lower right
sub-region E2, the systolic blood pressure value SYS is higher than the reference value S1 and the blood vessel hardness
index VSl is lower than the reference value S2. Thus, the measured subject can determine that the measurement result
of the circulatory dynamics measurement apparatus 10indicates "risk 2", whichis a rank in which the risk of cardiovascular
disease is the second lowest (risk is third highest). This allows for the measured subject to recognize that he or she
should undergo treatment (medication etc.) to lower the blood pressure. If the resulting position is plotted in the upper
left sub-region E3, the systolic blood pressure value SYS is lower than the reference value S1 and the blood vessel
hardness index VSl is higher than the reference value S2. Thus, the measured subject can determine that the meas-
urement result of the circulatory dynamics measurement apparatus 10 indicates "risk 3", which is a rank in which the
risk of cardiovascular disease is the third lowest (risk is second highest). This allows for the measured subject to recognize
that he or she should undergo treatment (medication etc.) to soften the blood vessel. If the resulting position is plotted
in the upper right sub-region E4, the systolic blood pressure value SYS is higher than the reference value S1 and the
blood vessel hardness index VSl is higher than the reference value S2. Thus, the measured subject can determine that
the measurement result of the circulatory dynamics measurement apparatus 10 indicates "risk 4", which is a rank in
which the risk of cardiovascular disease is the highest. This allows for the measured subject to recognize that he or she
should undergo treatment (medication etc.) to lower the blood pressure value and soften the blood vessel. In this manner,
under a situation in which the measured subject would have assumed that he or she is in normal health due to the
conventional scheme that is based on only the blood pressure value even though there is a relatively high risk of a
cardiovascular disease such as "risk 3", the circulatory dynamics measurement apparatus 10 allows for the measured
subject to notice such a situation. Even when the blood pressure value is about the same, the measurement results are
classified into "risk 2" and "risk 4" in accordance with the blood vessel hardness index VSI. This allows for the measured
subject to recognize whether or not the blood vessel hardness is normal. If the systolic blood pressure value SYS or the
blood vessel hardness index VSl is greatly separated from the reference value S1 or S2, the resulting position is plotted
at a position (e.g., edge of plotting area) remote from the corresponding reference value.

[0031] As described above in detail, the first embodiment has the following advantages.

(1) The display unit 19 shows a graph, which include axes representing the systolic blood pressure value SYS and
the blood vessel hardness index VSI, and a resulting position, which is defined by the systolic blood pressure value
SYS and the blood vessel hardness index VSI in the plotting area of the graph. The measured subject can recognize
the relationship of the systolic blood pressure value SYS and the blood vessel hardness index VSI at a glance from
the resulting position defined by the systolic blood pressure value SYS and the blood vessel hardness index VSI
shown in the graph. This allows the measured subject to recognize his or her condition.

(2) The display unit 19 displays the systolic blood pressure reference value S1 and the blood vessel hardness
reference value S2 in the plotting area of the graph. The plotting area of the graph is divided into four sub-regions
E1 to E4 by the reference values S1 and S2. The measured subject can easily assume the type and extent of the
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risk of cardiovascular disease from the resulting position defined by the systolic blood pressure value SYS and the
blood vessel hardness index VSI. The measured subject can accurately and easily assume the extent of risk based
on the distance from the resulting position, which is defined by the systolic blood pressure value SYS and the blood
vessel hardness index VSI, to the reference values S1 and S2. For example, if the resulting position is shown in the
sub-region E4 of risk 4, the risk is assumed to be higher as the resulting position becomes farther from the reference
value S1 or S2, and the risk is estimated to be lower as the resulting position becomes closer to the reference value
S1 or S2. It may be determined whether the blood pressure is high (or low) based on the distance from the resulting
position to the systolic blood pressure reference value S1. In the same manner, it may be determined how hard (or
soft) the blood vessel based on the distance of the resulting position from the blood vessel hardness reference value
S2.

(3) The circulatory dynamics measurement apparatus 10 calculates the blood vessel hardness index VSI based on
the pulse wave value acquired from the upper arm. Thus, the circulatory dynamics measurement apparatus 10 may
easily be incorporated in a household sphygmomanometer. The circulatory dynamics measurement apparatus 10
acquires both of the systolic blood pressure value SYS and the blood vessel hardness index VSI. This shortens the
measurement time of the systolic blood pressure value SYS and the blood vessel hardness index VSI. The display
unit 19 shows the graph including the resulting position defined by the systolic blood pressure value SYS and the
blood vessel hardness index VSI. The resulting position is statistically correlated with the extent of risk of cardio-
vascular disease such as arteriosclerosis disease. Accordingly, the resulting position in the graph allows for the
measured subject to find, at an early stage, an arteriosclerosis disease, which would have been unnoticed when
performing only the conventional blood pressure measurement. Thus, the circulatory dynamics measurement ap-
paratus 10 is advantageous for preventing and treating lifestyle-related diseases.

Second Embodiment

[0032] A circulatory dynamics measurement apparatus according to a second embodiment of the present invention
will now be described. In each embodiment described hereafter, same reference characters are given to those compo-
nents that are the same as the corresponding components of the first embodiment. Such components will not be described
in detail.

[0033] The reference value of the blood vessel hardness index VSI is known to differ depending on the age of the
measured subject. Thus, the reference value of the blood vessel hardness index VSl is set in accordance with the age
of the measured subject. In the example shown in Fig. 9, the display unit 19 shows a reference value S40 at the middle
of the vertical axis that corresponds to a measured subject who is in the forties, a reference value S30 that corresponds
to a measured subject who is in the thirties, and a reference value S50 corresponding to a measured subject who is in
the fifties. The reference values S30 and S50 are shown at positions that differ from the position of the reference value
S40. The measured subject can perform risk assumption based on one or more of the reference values S30, S40, S50
corresponding to his or her age and the sub-region including the resulting position shown in the graph.

[0034] As described above in detail, the second embodiment has the following advantage.

[0035] (4) The display unit 19 shows the resulting position, which is defined by the systolic blood pressure value SYS
and the blood vessel hardness index VSI, and the reference values S30 to S50, which corresponding to the age of the
measured subject in the graph. This allows for the measured subject to accurately estimate his or her circulatory dynamics.

Third Embodiment

[0036] A third embodiment of the present invention will now be described focusing on differences from the first em-
bodiment.

[0037] In the third embodiment, a blood vessel hardness index VSI1 obtained by dividing the blood vessel hardness
index VSI with the systolic blood pressure value SYS is used as a non-blood pressure circulatory dynamics index. The
blood vessel hardness index VSI1 is obtained from equation (V1).

VSH=VSI/SYS (V1)

[0038] As shown in Fig. 10, the display unit 19 shows a graph including a horizontal axis representing the systolic
blood pressure value SYS and a vertical axis representing the blood vessel hardness index VSI1. The reference value
S2 of the blood vessel hardness index VSI1 is shown at the middle of the vertical axis.
[0039] As described above in detail, the third embodiment has the following effects.
[0040] (5) The blood vessel hardness index VSI1 calculated by dividing the blood vessel hardness index VSI with the
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systolic blood pressure value SYS (i.e., by correcting with the systolic blood pressure value SYS) indicates a ratio relative
to the systolic blood pressure value SYS. Accordingly, the circulatory dynamics measurement apparatus 10 presents
the blood vessel hardness index to the measured subject in an easily understandable manner.

Fourth Embodiment

[0041] A fourth embodiment of the present invention will now be described focusing on differences from the first
embodiment.

[0042] In the fourth embodiment, a blood vessel hardness index VSI2 that takes into consideration the physical infor-
mation of the measured subject is used as the non-blood pressure circulatory dynamics index. The blood vessel hardness
index VSI2 is obtained from equation (V2).

VSI2 = A x VSI/SYS + B x age + C x weight + D x height + E (V2)

[0043] Here, A, B, C, D, E are constants.

[0044] As shown in Fig. 11, the display unit 19 shows a graph including a horizontal axis representing the systolic
blood pressure value SYS and a vertical axis representing the blood vessel hardness index VSI2. The reference value
S2 of the blood vessel hardness index VSI2 is shown at the middle of the vertical axis.

[0045] The circulatory dynamics measurement apparatus 10 includes a nonvolatile memory (not shown) for storing
the physical information of the measured subject provided through an input unit arranged in or connected to the circulatory
dynamics measurement apparatus 10.

[0046] As described above in detail, the fourth embodiment has the following advantages.

[0047] (6) The blood vessel hardness index VSI2 serving as the non-blood pressure circulatory dynamics index is
generated by correcting the blood vessel hardness index VSI with the systolic blood pressure value SYS and the one
or plurality of physical information such as age, weight, height, and the like of the measured subject. Thus, the circulatory
dynamics measurement apparatus 10 presents the measured subject with the blood vessel hardness index VSI2 that
takes into consideration the physical information of the measured subject.

Fifth Embodiment

[0048] A fifth embodiment of the present invention will now be described focusing on differences from the first embod-
iment.

[0049] The display unit 19 of the fifth embodiment shows the most recent measurement result and the past measure-
mentresultsinthe graph. In the example shownin Fig. 12, measurementresult marks and measurement order information
are shown in the same graph. The measurement order information may be a character that indicates how many times
before the measurement result was taken or may be a measurement date. As shown in Fig. 12, the measurement order
information may be a figure such as an arrow shown between the marks to indicate the measurement order.

[0050] As described above in detail, the fifth embodiment has the following advantage.

[0051] (7) The display unit 19 shows marks, which indicate the most recent measurement result and the past meas-
urement result, and the measurement order information in a graph. Therefore, the measured subject easily recognizes
changes in the measurementresultovertime, and easily determines whether or not the measurementresult has improved.
When arrows indicating the measurement order are shown, the measured subject can further easily recognize the
measurement order.

Sixth Embodiment

[0052] A sixth embodiment of the present invention will now be described focusing on differences from the first em-
bodiment.

[0053] The reference value of the blood vessel hardness index VSI is known to differ in accordance with the physical
information such as sex, age, weight, height, and the like of the measured subject. Thus, in the sixth embodiment, the
blood vessel hardness computation unit 17 calculates the blood vessel hardness index VSI in accordance with the
physical information of the measured subject.

[0054] For example, the blood vessel hardness computation unit 17 corrects the blood vessel hardness index VSI
with the physical information including sex, age, weight, and height of the measured subject to calculates a blood vessel
hardness index VSI3 for a male or a blood vessel hardness index VS|4 for a female. The blood vessel hardness index
VSI3 for a male is obtained from equation (V3).
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VSI3 = A1 x VSI/SYS + B1 x age + C1 x weight + D1 x height + E1  (V3)

[0055] Here, A1, B1, C1, D1, E1 are constants.
[0056] The blood vessel hardness index VSI4 for a female is obtained from equation (V4).

VSi4 = AZ x VSI/SYS + B2 x age + C2 x weight + D2 x height + E2 (V4)

[0057] Here, A2, B2, C2, D2, E2 are constants.

[0058] When the measured subject is a male (when input as male), the display unit 19 shows a graph including a
horizontal axis representing the systolic blood pressure value SYS and a vertical axis representing the male blood vessel
hardness index VS13. The reference value S3 of the male blood vessel hardness index VS13 is shown at the middle of
the vertical axis.

[0059] When the measured subject is a female (when input as female), the display unit 19 shows a graph including a
horizontal axis representing the systolic blood pressure value SYS and a vertical axis representing the female blood
vessel hardness index VS14. The reference value S4 of the female blood vessel hardness index VS14 is shown at the
middle of the vertical axis.

[0060] The circulatory dynamics measurement apparatus 10 includes a nonvolatile memory (not shown) for storing
the physical information of the measured subject provided through the input unit arranged in or connected to the circulatory
dynamics measurement apparatus 10.

[0061] As described above in detail, the sixth embodiment has the following advantage.

[0062] (8) The display unit 19 shows the blood vessel hardness indices VS13 and VS14 in which the blood vessel
hardness index VSl is corrected with the systolic blood pressure value SYS and the physical information including the
sex, age, weight, and height of the measured subject. Thus, the measured subject recognizes a further accurate blood
vessel hardness index that takes into consideration the physical information of the measured subject.

Seventh Embodiment

[0063] A seventh embodiment of the present invention will now be described focusing on differences from the first
embodiment.

[0064] In the seventh embodiment, based on a characteristic line of the cumulatively added pulse wave value ratio
and predetermined first and second values (first value < second value), the blood vessel hardness computation unit 17
obtains a compression pressure PO, which corresponds to when the cumulatively added pulse wave value ratio is the
first value, and a compression pressure P1, which corresponds to when the cumulatively added pulse wave value ratio
is the second value. The blood vessel hardness computation unit 17 calculates the ratio (P1/P0) of the obtained com-
pression pressures, and provides the display unit 19 with the ratio (P1/P0) as a blood vessel hardness index VSI5.
[0065] In the illustrated example, the blood vessel hardness computation unit 17 specifies the compression pressure
PO of when the cumulatively added pulse wave value ratio is 20% (first value) and the compression pressure P1 of when
the calculated cumulatively added pulse wave value ratio is 80% (second value). The blood vessel hardness computation
unit 17 calculates a ratio (P1/P0) of the specified compression pressures, and provides the same to the display unit 19
as the blood vessel hardness index VSI5.

[0066] The operation of the display unit 19 will now be described.

[0067] As shown in Fig. 15, the display unit 19 shows a graph including a horizontal axis representing the systolic
blood pressure value SYS and a vertical axis representing the blood vessel hardness index VSI5. A reference value S5
of the blood vessel hardness index VSI5 is shown at the middle of the vertical axis. The display unit 19 shows a resulting
position (mark) R1 defined by the systolic blood pressure value SYS provided from the blood pressure computation unit
18 and the blood vessel hardness index VSI5 provided from the blood vessel hardness computation unit 17.

[0068] The relationship of the characteristic line of the cumulatively added pulse wave value ratio and the blood vessel
hardness index VSI5 will now be described.

[0069] Fig. 16A shows a characteristic line L3 of the cumulatively added pulse wave value ratio generated based on
the pulse wave detected from a soft blood vessel. Fig. 16B shows a characteristic line L4 of the cumulatively added
pulse wave value ratio generated based on the pulse wave detected from a hard blood vessel.

[0070] When comparing the characteristic line L3 and the characteristic line L4, the ratio (P1/P0) of the compression
pressure is smaller in the soft blood vessel than in the hard blood vessel. Accordingly, the ratio (P1/P0) can indicate the
blood vessel hardness.

[0071] As described above in detail, the seventh embodiment has the following advantage.
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[0072] (9) The blood vessel hardness computation unit 17 calculates the blood vessel hardness index VSI5 by acquiring
the ratio (P1/P0) of the compression pressures. Thus, compared to when calculating the blood vessel hardness index
VSL1 by dividing the blood vessel hardness index VSL with the systolic blood pressure value SYS or when calculating
the blood vessel hardness index VSI2 to VSI4 that takes into consideration the physical information, the computation
load of the blood vessel hardness computation unit 17 required for the calculation of the blood vessel hardness index
VSI5 is small. The blood vessel hardness computation unit 17 may calculate the ratio (P1/P0) using the characteristic
line L2 of the cumulatively added pulse wave value shown in Fig. 5 instead of the characteristic lines L3, L4 of the
cumulatively added pulse wave value ratio.

Eighth Embodiment

[0073] An eighth embodiment of the present invention will now be described focusing on differences from the first
embodiment.

[0074] In the eighth embodiment, based on the characteristic line of the cumulatively added pulse wave value ratio
and predetermined first and second values (first value < second value), the blood vessel hardness computation unit 17
obtains a cumulatively added pulse wave value ratio U0 corresponding to when the compression pressure is the first
value and a cumulatively added pulse wave value ratio U1 corresponding to when the compression pressure is the
second value. The blood vessel hardness computation unit 17 calculates a ratio (U1/U0) of the obtained cumulatively
added pulse wave value ratios, and provides the display unit 19 with the ratio (U1/U0) of the calculated cumulatively
added pulse wave value ratios as a blood vessel hardness index VSI6.

[0075] Intheillustrated example, the blood vessel hardness computation unit 17 obtains the cumulatively added pulse
wave value ratio U0 of when the compression pressure is 80 mmHg (first value) and the cumulatively added pulse wave
value ratio U1 of when the compression pressure is 120 mmHg (second value). The blood vessel hardness computation
unit 17 calculates the ratio (U1/U0) of the specified cumulatively added pulse wave value ratios, and provides the display
unit 19 with the ratio as the blood vessel hardness index VSI6.

[0076] The operation of the display unit 19 will now be described.

[0077] As shown in Fig. 17, the display unit 19 shows a graph including a horizontal axis representing the systolic
blood pressure value SYS and a vertical axis representing the blood vessel hardness index VSI6. A reference value S6
of the blood vessel hardness index VSI6 is shown at the middle of the vertical axis. The display unit 19 shows a resulting
position (mark) R2 defined by the systolic blood pressure value SYS provided from the blood pressure computation unit
18 and the blood vessel hardness index VSI6 provided from the blood vessel hardness computation unit 17.

[0078] Therelationship of the characteristic line of the cumulatively added pulse wave value ratio and the blood vessel
hardness index VSI6 will now be described.

[0079] Fig. 18A shows a characteristic line L5 of the cumulatively added pulse wave value ratio generated based on
the pulse wave detected from the soft blood vessel. Fig. 18B shows a characteristic line L6 of the cumulatively added
pulse wave value ratio generated based on the pulse wave detected from the hard blood vessel.

[0080] When comparing the characteristic line L5 and the characteristic line L6, the ratio (U1/U0) of the cumulatively
added pulse wave value ratios, that is, the blood vessel hardness index VSI6 is greater in the soft blood vessel than in
the hard blood vessel. Therefore, the ratio (U1/U0) can indicate the blood vessel hardness.

[0081] As described above in detail, the eighth embodiment has the following advantage.

[0082] (10) The blood vessel hardness computation unit 17 calculates the blood vessel hardness index VSI6 by
acquiring the ratio (U1/U0) of the cumulatively added pulse wave value ratio. Thus, compared to when calculating the
blood vessel hardness index VSL1 by dividing the blood vessel hardness index VSL with the systolic blood pressure
value SYS or when calculating the blood vessel hardness indices VSI2 to VSI4 that take into consideration the physical
information, the computation load of the blood vessel hardness computation unit 17 required for the calculation of the
blood vessel hardness index VSUG is small. The blood vessel hardness computation unit 17 may calculate the ratio
(U1/U0) using the characteristic line L2 of the cumulatively added pulse wave value ratio shown in Fig. 5 instead of the
characteristic lines L5, L6 of the cumulatively added pulse wave value ratio.

Ninth Embodiment

[0083] A ninth embodiment of the present invention will now be described focusing on differences from the first em-
bodiment.

[0084] The circulatory dynamics measurement apparatus 10 of the ninth embodiment includes a condition determi-
nation unit that executes a process for determining whether or not the systolic blood pressure value SYS exceeds the
reference value S1 by comparing the systolic blood pressure value SYS and the reference value S1 and a process for
determining whether or not the blood vessel hardness index VSI exceeds the reference value S2 by comparing the blood
vessel hardness index VSI and the reference value S2. The condition determination unit is incorporated in, for example,
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the display unit 19, and can acquire the systolic blood pressure value SYS and the blood vessel hardness index VSI
provided to the display unit 19.

[0085] The condition determination unit determines which one of the sub-regions E1 to E4 the resulting position is
shown in by performing the process for determining whether or not the blood vessel hardness index VS| exceeds the
reference value S2 together with the process for determining whether or not the systolic blood pressure value SYS
exceeds the reference value S1 to.

[0086] For example, the condition determination unit determines that the systolic blood pressure value SYS and the
blood vessel hardness index VSI exceed the reference values S1, S2, respectively. The condition determination unit
determines that the systolic blood pressure value SYS exceeds the reference value S1 and the blood vessel hardness
index VSI does not exceed the reference value S2. The condition determination unit determines that the systolic blood
pressure value SYS does not exceed the reference value S1 and the blood vessel hardness index VSI exceeds the
reference value S1. The condition determination unit determines that the systolic blood pressure value SYS does not
exceed the reference value S1 and the blood vessel hardness index VSI does not exceed the reference value S2. The
condition determination unit then determines (obtains) the sub-region E1 to E4 corresponding to the determination result.
[0087] More specifically, the condition determination unit determines that the resulting position is shown in the sub-
region E4 when the systolic blood pressure value SYS exceeds the references value S1 and the blood vessel hardness
index VSI exceeds the reference value S2. The condition determination unit determines that the resulting position is
shown in the sub-region E2 when the systolic blood pressure value SYS exceeds the references value S1 and the blood
vessel hardness index VS| does not exceed the reference value S2. The condition determination unit determines that
the resulting position is shown in the sub-region E3 when the systolic blood pressure value SYS does not exceed the
references value S1 and the blood vessel hardness index VS| exceeds the reference value S2. The condition determi-
nation unit determines that the resulting position is shown in the sub-region E1 when the systolic blood pressure value
SYS does not exceed the references value S1 and the blood vessel hardness index VSI does not exceed the reference
value S2.

[0088] In accordance with the determination result of the condition determination unit, the display unit 19 shows a
message or an image of the content corresponding to the sub-region in which the resulting position is shown. The
circulatory dynamics measurement apparatus 10 may include a nonvolatile memory (not shown) for storing predetermined
messages or images corresponding to the sub-regions E1 to E4.

[0089] In the example of Fig. 19, the systolic blood pressure value SYS does not exceed the reference value S1 and
the blood vessel hardness index VSI exceeds the reference value S2. Thus, the display unit 19 shows the resulting
position (mark) R3 in the sub-region E3.

[0090] In accordance with the determination result of the condition determination unit, the display unit 19 shows a
message in the sub-region E3. The text of the message corresponds to the sub-region E3, specifically, "suspicion of
hidden risk of cardiovascular disease". The content of the message is an example and may be changed The position
where the message or the image is shown may be changed.

[0091] In cardiovascular diseases such as arteriosclerosis, diabetes, kidney disease, and the like, the blood vessel
flexibility may start to deteriorate when the blood pressure is still normal. Accordingly, by showing the message of
"suspicion of hidden risk of cardiovascular disease" on the display unit 19, the type and extent of risk of the cardiovascular
disease of the measured subject can be presented so that it can be easily understood. This allows for a cardiovascular
disease to be found at an earlier stage.

[0092] When the condition determination unit determines that the resulting position is shown in the sub-region E4, the
display unit 19 shows a message, the content of which corresponds to the sub-region E4, specifically, "high risk".
[0093] As described above in detail, the ninth embodiment has the following advantage.

[0094] (11) The condition determination unit performs the process for determining whether or not the systolic blood
pressure value SYS exceeds the reference value S1 and the process for determining whether or not the blood vessel
hardness index VSI exceeds the reference value S2. As a result, the condition determination unit determines which one
of the sub-regions E1 to E4 in the display unit 19 shows the resulting position. The display unit 19 shows an image of
the determination result of the condition determination unit, that is, the content (text message in the ninth embodiment)
corresponding to the sub-region E1 to E4 in which the resulting position is shown. In particular, when determined that
the resulting position is shown in the sub-region E3, "suspension of hidden risk of cardiovascular disease" is shown.
Thus, the circulatory dynamics measurement apparatus 10 presents the circulatory dynamics of the measured subject
in a manner that is further easier to understand. This allows for the measured subject to find a vascular disease at an
early stage.

[0095] Inthe ninth embodiment, the display unit 19 shows the message or the image for notifying the measured subject
of the "suspicion of hidden risk of the cardiovascular disease". In the example shown in Fig. 20, instead of showing the
message or image, the display unit 19 patterns the sub-region E3 to indicate that this region is where there is the
"suspension of hidden risk of cardiovascular disease". The pattern may be shading, hatching, a different color, and the
like. In this case, the measured subject can visually recognize the "suspicion of hidden risk of cardiovascular disease"
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by looking at the resulting position shown in the sub-region E3. In this case, the circulatory dynamics measurement
apparatus 10 does not have to include the condition determination unit.

Tenth Embodiment

[0096] A tenth embodiment of the present invention will now be described focusing on differences from the first em-
bodiment.

[0097] The circulatory dynamics measurement apparatus 10 of the tenth embodiment shown in Fig. 21 includes a
blood pressure computation unit 18 that calculates the blood pressure as a first circulatory dynamics index, a blood
vessel hardness computation unit 17 that calculates a blood vessel hardness index serving as a second circulatory
dynamics index, and a circulatory dynamics index computation unit 30 that calculates a third circulatory dynamics index,
which differs from the blood pressure and the blood vessel hardness. The blood pressure computation unit 18, the blood
vessel hardness computation unit 17, and the circulatory dynamics index computation unit 30 are included in a calculation
unit.

[0098] The well-known Framingham score, for example, is used as the third circulatory dynamics index. The Fram-
ingham score is an index that is calculated using the factors of age, sex, total cholesterol in blood, HDL cholesterol,
systolic blood pressure, smoker or non-smoker, suffering from diabetes. The index indicates the probability for the
occurrence of a coronary artery disease within ten years. For example, if the Framingham score is 10, the probability
for the occurrence of a coronary artery disease within ten years is estimated to be 11%. If the Framingham score is 15,
the probability for the occurrence of a coronary artery disease within 10 years is estimated to be 24%.

[0099] In the tenth embodiment, an input unit included in or connected to the circulatory dynamics measurement
apparatus 10 is used to input test values (total cholesterol etc.) obtained through tests conducted in advance, age, and
sex to the circulatory dynamics index computation unit 30. The circulatory dynamics index computation unit 30 is con-
nected to the blood pressure computation unit 18, and the systolic blood pressure value SYS is provided from the blood
pressure computation unit 18. Based on the input test values, age, sex, and systolic blood pressure value SYS, the
circulatory dynamics index computation unit 30 executes a calculation program, which is stored in advance, to calculate
the Framingham score. The circulatory dynamics index computation unit 30 provides the display unit 19 with the calculated
Framingham score.

[0100] The display unit 19 shows a mark at the resulting position obtained from the systolic blood pressure value SYS
and the blood vessel hardness index VSI. The mark is shown in a display mode (shape, color, flashing, pattern, etc.)
corresponding to the Framingham score.

[0101] The display mode of the mark will now be described with reference to Fig. 22.

[0102] For example, when the Framingham score is less than or equal to 10, the display unit 19 shows a mark R11
having the shape of a solid circle. When the Framingham score is between 10 and 20, the display unit 19 shows a mark
R12 having the shape of a solid triangle. When the Framingham score is greater than or equal 20, the display unit 19
displays a mark R13 having the shape of a solid square. In Fig. 22, the marks are separated from one another so that
the shapes of the marks R11 to R13 can be easily understood.

[0103] As described above in detail, the tenth embodiment has the following advantage.

[0104] (12) Thedisplay unit19 shows a markin a display mode corresponding to the Framingham score (third circulatory
dynamics index) at the resulting position obtained from the systolic blood pressure value SYS and the blood vessel
hardness index VSI. Thus, even if the resulting position is shown in the same sub-region, the display mode of the mark
may be changed by the third circulatory dynamics index. The measured subject can easily recognize, from the display
mode of the mark, the difference in the extent of the third circulatory dynamics index. For example, if the resulting position
is shown in the sub-region E4, the measured subject can assume, in detail, the extent of a risk of a disease based on
the display mode of the mark.

[0105] Even if the resulting position is in the sub-region E3 showing that there is a high hidden risk of a cardiovascular
disease, the measured subject can easily assume that the blood vessel is hard due to age if the Framingham score is
less than or equal to 10. That is, the circulatory dynamics measurement apparatus 10 notifies the measured subject the
circulatory dynamics in further detail. By changing the display mode of the mark, more information on the circulatory
dynamics can be shown. This allows for the measured subject to recognize the condition of the circulatory dynamics at
a glance.

[0106] The embodiments described above may be modified as described below.

[0107] In the second embodiment, the display unit 19 shows the reference value S2 of the blood vessel hardness
index VSI in correspondence with age but may show the reference value S2 of the blood vessel hardness index VSI in
correspondence with physical information other than age. For example, it is known that the reference value S2 differs
between male and female. Thus, the display unit 19 may show the reference values S11 and S12 in correspondence
with sex, as shown in Fig. 13. The display unit 19 may also show the reference value S2 in correspondence with physical
information such as weight. The display unit 19 may show the reference value S1 of the systolic blood pressure value
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SYS in correspondence with the physical information.

[0108] Inthe second embodiment, the display unit 19 shows the reference values for a plurality of blood vessel hardness
indices VSI. However, the display unit 19 may show only the reference value corresponding to the input physical infor-
mation (age etc.) of the measured subject. This allows for the measured subject to easily recognize the region including
the resulting position.

[0109] Inthe embodiments described above, the blood vessel hardness index VSl is calculated using the cumulatively
added pulse wave value ratio, in which the cumulatively added pulse wave value generated by cumulatively adding the
amplitude values of all of the pulse waves obtained during the blood pressure measurement is standardized as 100%.
However, the blood vessel hardness index VSI may be calculated from the envelope L1 indicating the relationship of
the amplitude value of the pulse wave and the present compression pressure. For example, as shown in Fig. 14, the
pressure width 26 at the position lower by a predetermined ratio from the vertex of the envelope L1 may be set as the
blood vessel hardness index VSI. The envelope L1 of when the blood vessel is soft is shown in Fig. 14A, and the envelope
L1 of when the blood vessel is hard is shown in Fig. 14B.

[0110] In the third embodiment, the systolic blood pressure value SYS is used to correct the blood vessel hardness
index VSI. However, the diastolic blood pressure value DIA or the average blood pressure value MEAN may be used
in the same manner to correct the blood vessel hardness index VSI.

[0111] Inthe embodiments described above, the display unit 19 shows the graph, which includes the axes representing
the systolic blood pressure value SYS and the blood vessel hardness index VSI, and the resulting position in the graph.
In a further example, the display unit 19 may display a graph, which includes the axes representing the diastolic blood
pressure value DIA and the blood vessel hardness index VSI, and the resulting position in the graph. In another example,
the display unit 19 may display a graph, which includes axes representing the average blood pressure value MEAN and
the blood vessel hardness index VSI, and the resulting position in the graph.

[0112] In the fourth embodiment, BMI (weight/height2) that combines weight and height may be used in equation (V2).
[0113] In the embodiments described above, the display unit 19 displays the resulting position, which is defined by
the calculated systolic blood pressure value SYS and the calculated blood vessel hardness index VSI, with a mark so
that the measured subject can determine what kind of a risk exist. In another example, the circulatory dynamics meas-
urement apparatus 10 includes a determination unit that determines what kind of a risk exists based on the calculated
systolic blood pressure value SYS and the calculated blood vessel hardness index VSI. For example, the calculated
systolic blood pressure value SYS and the blood vessel hardness index VSI are input to the determination unit. The
determination unit compares the reference value S1 and the calculated systolic blood pressure value SYS and determines
whether or not the reference value S1 has been exceeded. The determination unit also compares the reference value
S2 and the calculated blood vessel hardness index VSI to determine whether or not the reference value S2 has been
exceeded. The determination unit sets risk 1 when determining that the systolic blood pressure value SYS and the blood
vessel hardness index VSI both do not exceed the reference values S1 and S2. The determination unit sets risk 2 when
determining that the systolic blood pressure value SYS exceeds the reference value S1 but the blood vessel hardness
index VSI does not exceed the reference value S2. The determination unit sets risk 3 when determining that the systolic
blood pressure value SYS does not exceed the reference value S1 but the blood vessel hardness index VSI exceeds
the reference value S2. The determination unit sets risk 1 when determining that the systolic blood pressure value SYS
does not exceed the reference value S1 and the blood vessel hardness index VS| does not exceed the reference value
S2. The display unit 19 shows a message, image, or pattern indicating the determination result of the determination unit.
This allows for the measured subject to easily determine what kind of risk there is. In this case, the mark indicating the
resulting position may not be shown in the plotting area of the graph.

[0114] In the fifth embodiment, an arrow indicating the measurement order is shown but does not have to be shown.
[0115] In the tenth embodiment, the display mode may be changed for each display region in the graph. For example,
the display mode of the sub-region E3 may differ from the other sub-regions E1, E2, and E4.

[0116] Inthe example of Fig. 23, the sub-region E3is shaded, which indicates "suspicion of hidden risk of cardiovascular
disease". In this configuration, the "suspicion of hidden risk of cardiovascular disease" is automatically shown when the
resulting position is in the sub-region E3.

[0117] In the tenth embodiment, an index other than the Framingham score may be used as the third circulatory
dynamics index. For example, eGFR (estimated glomerular filtration amount) may be used as the third circulatory
dynamics index. Here, eGFR is calculated by inputting the serum creatine in the blood, age, and sex. Here, eGFR is an
index representing chronic kidney disease, in which a normal value is assumed to be greater than or equal to 60
ml/min/1.73 m2,

[0118] The circulatory dynamics index computation unit 30 calculates the eGFR based on a test value (serum creatine
in the blood) obtained through a test conducted in advance, the age, and the sex, which are provided to the circulatory
dynamics index computation unit 30. Then, the circulatory dynamics index computation unit 30 provides the calculation
result to the display unit 19.

[0119] In the example shown in Fig. 24, the display unit 19 displays a resulting position mark R21 having the shape
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of a solid circle at the resulting position defined by the systolic blood pressure value SYS and the blood vessel hardness
index VSI when the eGFR is greater than or equal to 60 (e.g., 80). The display unit 19 displays a resulting position mark
R22 having the shape of a triangle at the resulting position defined by the systolic blood pressure value SYS and the
blood vessel hardness index VSI when the eGFR is smaller than 60 (e.g., 50). Thus, even if the resulting positions are
both within the same sub-region E4, the display mode of the mark is changed in accordance with the third circulatory
dynamics index. The measured subject can estimate, in detail, the extent of risk of the disease based on the display
mode of the mark.

[0120] An intima-media thickness IMT of the carotid artery may be used as the third circulatory dynamics index. The
intima-media thickness IMT of the carotid artery can be measured with an ultrasonic tomography device.

[0121] The circulatory dynamics index computation unit 30 acquires the intima-media thickness IMT of the carotid
artery measured in advance through the input unit. The intima-media thickness IMT is a standard index of an early
arteriosclerosis diagnosis, and a guideline defines a thickness of greater than or equal to 1.1 mm to be a plaque.
[0122] The display unit 19 shows a mark in the display mode corresponding to the intima-media thickness IMT at the
resulting position obtained with the systolic blood pressure value SYS and the blood vessel hardness index VSI. In the
example of Fig. 25, the display unit 19 displays a resulting position mark R31 having the shape of a solid circle at the
resulting position when the intima-media thickness IMT is smaller than 1.1 mm (e.g., 0.6 mm). The display unit 19 displays
aresulting position mark R32 having the shape of a solid triangle at the resulting position when the intima-media thickness
IMT is greater than or equal to 1.1 mm (e.g., 2.0 mm). Thus, even if the resulting positions are both within the same
display region, the measured subject can estimate, in more detail, the extent of the risk of disease based on the display
mode of the mark.

[0123] In the tenth embodiment, the Framingham score, the eGFR, and the intima-media thickness IMT of the carotid
artery may be simultaneously used as the third circulatory dynamics index. For example, when indicating the Framingham
score in three stages, the eGFR in two stages, and the IMT in two stages, the display unit 19 prepares 12 types of marks.
For example, a mark having the shape of a hollow circle is shown when the Framingham score is less than or equal to
10, the eGFR is greater than or equal to 60, and the IMT is less than 1.1. A mark having the shape of a hollow triangle
is shown when the Framingham score is between 10 and 20, the eGFR is greater than or equal to 60, and the IMT is
less than 1.1. A mark having the shape of a hollow square is shown when the Framingham score is greater than or equal
to 20, the eGFR is greater than or equal to 60, and the IMT is less than 1.1. A mark having the shape of a solid circuit
is shown when the Framingham score is less than or equal to 10, the eGFR is less than 60, and the IMT is less than
1.1. A mark having the shape of a solid triangle is shown when the Framingham score is between 10 and 20, the eGFR
is less than 60, and the IMT is less than 1.1. A mark having the shape of a solid square is shown when the Framingham
score is greater than or equal to 20, the eGFR is less than 60, and the IMT is less than 1.1. A mark having the shape
of a hollow diamond is shown when the Framingham score is less than or equal to 10, the eGFR is greater than or equal
to 60, and the IMT is greater than or equal to 1.1. A mark having the shape of a hollow reversed triangle is shown when
the Framingham score is between 10 and 20, the eGFR is greater than or equal to 60, and the IMT is greater than or
equal to 1.1. A mark having the shape of a hollow star is shown when the Framingham score is greater than or equal
to 20, the eGFR is greater than or equal to 60, and the IMT is greater than or equal to 1.1. A mark having the shape of
a solid diamond is shown when the Framingham score is less than or equal to 10, the eGFR is less than 60, and the
IMT is greater than or equal to 1.1. A mark having the shape of a solid reversed triangle shape is shown when the
Framingham score is between 10 and 20, the eGFR is less than 60, and the IMT is greater than or equal to 1.1. A mark
having the shape of a solid star is shown when the Framingham score is greater than or equal to 20, the eGFR is less
than 60, and the IMT is greater than or equal to 1.1.

[0124] In the embodiments described above, the blood vessel hardness index VSI may be changed to that obtained
from one of equations X1 to X30. Here, PO shown below is the compression pressure corresponding to when the
calculated cumulatively added pulse wave value ratio is a predetermined first value in the characteristic line. P1 is the
compression pressure corresponding to when the calculated cumulatively added pulse wave value ratio is a predeter-
mined second value (where, first value <second value). UO is the cumulatively added pulse wave value ratio corresponded
when the compression pressure is a predetermined third value. U1 is the cumulatively added pulse wave value ratio
corresponding to when the compression pressure is a predetermined fourth value (where, third value < fourth value).
Here, log is the logarithmic function Further, In is the function that returns the base - constant e logarithm (natural
logarithm).

VSI=P0/P1 (equation X1)

VSi=tU0o/MU {equation X2)
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VSI=(P1/POY(U1/UO)

VSI=(PO/P1)/(UO/UT)

VSI=(U1/U0)/(P1/P0)

VSI=(UO/U)(PO/P1)

VSi=log(P1/P0)

VSI=In(P1/P0)

VSI=(P1/P0)?

VSl=log(PO/P1)

VSI=In(PO/P1)

VSI=(PO/P1)

VSi=log(U1/U0)

VSI=In(U1/UQ)

VSI=(U1/U0)Y

VSi=log(U0/U1)

VSI=in(Uo/U1)

VSI=(U0/U1)?

VSI=log{(P1/P0)/(U1/U0)}

VSI=In{(P1/P0)/(U1/U0)}

VSI={(P1/P0)/(U1/U0))

15

{equation X3)

(equation X4)

(egquation X5)

(equation XB)

(equation X7)

{equation X8)

(equation X8)

(eguation X10)

{equation X11)

(equation X12)

(equation X13)

(equation X14)

(equation X15)

{equation X16)

(equation X17)

(equation X18)

{equation X19)

(equation X20)

(equation X21)
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VSI=log{(PO/P1)/(U0/U1)}  (equation X22)

VSI=In{(PO/P1)(UO/UT)}  (equation X23)

VSI={(PO/P1)/(UO/UT)?  (equation X24)

VSI=log{(U1/U0)/(P1/P0)}  (equation X25)

VSI=In{(U1/UO)(P1/PO)}  (equation X26)

VSI={(U1/UOY(P1/PO)Y  (equation X27)

VSI=log{(UO/UT)(PO/P1)}  (equation X28)

VSI=In{(UO/UND/PO/P1}  (equation X29)

VSI={(UOUT(PO/P1)Y  (equation X30)

[0125] In the embodiments described above, the cumulatively added pulse wave value ratio is used to calculate the
blood vessel hardness index VSI. However, the cumulatively added pulse wave value may be used in lieu of the cumu-
latively added pulse wave value ratio to calculate the blood vessel hardness index VSI.

[0126] The cumulatively added pulse wave value is generated by cumulatively adding the pulse wave values (amplitude
value X of the pulse wave W1) in the order of the corresponding compression pressures, as described above. In other
words, the amplitude value of the measured pulse wave W1 is sequentially added when the compression pressure
changes, and the cumulatively added pulse wave value is calculated in correspondence with the compression pressure.
The obtained cumulatively added pulse wave values are plotted in the order of the corresponding compression pressures
to obtain the characteristic line.

[0127] The blood vessel hardness computation unit 17 calculates the blood vessel hardness index VSI based on the
ratio of the cumulatively added pulse wave value corresponding to the predetermined first compression pressure and
cumulatively added pulse wave value corresponding to the second compression pressure, which differs from the first
compression pressure value, in the characteristic line.

[0128] The blood vessel hardness computation unit 17 can calculate the blood vessel hardness index VSI based on
the ratio of the compression pressure corresponding to the predetermined first cumulatively added pulse wave value
and the compression pressure corresponding to the second cumulatively added pulse wave value, which differs from
the first cumulatively added pulse wave value, in the characteristic line.

[0129] In the seventh embodiment, the compression pressure value corresponding to when the cumulatively added
pulse wave value ratio is 20% (first value) is represented by PO, and the compression pressure value corresponding to
when the cumulatively added pulse wave value ratio is 80% (second value) is represented by P1. As long as the first
value and the second value differ from each other, the first value and the second value may be changed to acquire PO
and P1. For example, the first value may be 10%, and the second value may be 90%.

[0130] In the eighth embodiment, the cumulatively added pulse wave value ratio of when the compression pressure
is 80 mmHg (first value) is represented by U0, and the cumulatively added pulse wave value ratio of when the compression
pressure is 120 mmHg (second value) is represented by U1 with reference to the characteristic line. As long as the first
value and the second value differ from each other, the first value and the second value may be changed to acquire U0
and U1. For example, the first value may be 70 mmHg, and the second value may be 100 mmHg.
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Claims

1.

A circulatory dynamics measurement apparatus (10), comprising:

a pressure application member (11) configured to compress a predetermined region of a body of a measured
subject;

a pressure detection unit (13) configured to detect a compression pressure of the pressure application member
(11);

a pressure control unit (12) configured to change the compression pressure of the pressure application member
(11);

a storage unit (16) configured to store a pulse wave value, which is an amplitude value of a pulse wave generated
at the predetermined region based on the compression pressure,

and a compression pressure (P1, P2 or P3), which is detected by the pressure detection unit (13), in association
with each other as the pressure control unit (12) changes the compression pressure;

a calculation unit (17, 18; 30) configured to calculate a non-blood pressure circulatory dynamics index and at
least either one of a systolic blood pressure and a diastolic blood pressure and using the compression pressure
and the pulse wave value that are associated with each other; and

a display unit (19) configured to show a graph including an axis indicating blood pressure and an axis indicating
a non-blood pressure circulatory dynamics index, wherein the display unit (19) shows in a plotting area of the
graph a position defined by the calculated blood pressure and the calculated non-blood pressure circulatory
dynamics index,

wherein the non-blood pressure circulatory dynamics index includes at least a blood vessel hardness index,
and the calculation unit (17, 18; 30) is configured to calculate the blood vessel hardness index based on an
envelope formed by a cumulatively added pulse wave value (X1+X2+X3) generated by cumulatively adding the
pulse wave values (X1, X2, X3) and by the compression pressure (P1, P2 or P3) associated with the pulse
wave value (X1, X2, or X3).

The circulatory dynamics measurement apparatus according to claim 1, further comprising:

a determination unit configured to determine whether or not the calculated blood pressure exceeds a blood
pressure reference value and determines whether or not the calculated non-blood pressure circulatory dynamics
index exceeds a non-blood pressure circulatory dynamics index reference value to generate a determination
result of the circulatory dynamics; and

the display unit (19) is configured to display the determination result of the determination unit.

The circulatory dynamics measurement apparatus according to claim 1, wherein the display unit (19) is configured
to show a blood pressure reference value and a non-blood pressure circulatory dynamics index reference in the
graph to divide a plotting area of the graph into a plurality of sub-regions.

The circulatory dynamics measurement apparatus according to claim 2 or 3, wherein the blood pressure reference
value and the non-blood pressure circulatory dynamics index reference value are set in accordance with physical
information of the measured subject.

The circulatory dynamics measurement apparatus according to any one of claims 1 to 4, wherein the display unit
(19) is configured to show a most recent measurement result and a past measurement result in the graph.

The circulatory dynamics measurement apparatus according to any one of claims 1 to 5, wherein the blood vessel
hardness index is a value corrected by a blood pressure.

The circulatory dynamics measurement apparatus according to any one of claims 1 to 6, wherein the calculation
unit (17, 18; 30) is configured to

calculate a cumulatively added pulse wave value for each compression pressure by cumulatively adding the pulse
wave values acquired continuously or intermittently acquired as the compression pressure changes in a detection
order of the corresponding compression pressures,

obtain a characteristic line generated by plotting the cumulatively added pulse wave values in the detection order
of the corresponding compression pressures, and

calculate the blood vessel hardness index based on at least one of

a ratio of a cumulatively added pulse wave value corresponding to a predetermined first compression pressure in
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the characteristic line and a cumulatively added pulse wave value corresponding to a second compression pressure
that differs from the first compression pressure value in the characteristic line, and

a ratio of a compression pressure corresponding to a predetermined first cumulatively added pulse wave value in
the characteristic line and a compression pressure corresponding to a second cumulatively added pulse wave value
that differs from the first cumulatively added pulse wave value in the characteristic line.

The circulatory dynamics measurement apparatus according to any one of claims 1 to 7, wherein the calculation
unit (17, 18; 30) is configured to

calculate a cumulatively added pulse wave value for each compression pressure by cumulatively adding the pulse
wave values acquired continuously or intermittently acquired as the compression pressure changes in a detection
order of the corresponding compression pressures,

divide each cumulatively added pulse wave value by a total cumulatively added pulse wave value generated by
cumulatively adding all of the pulse wave values acquired during a blood pressure measurement to calculate a
cumulatively added pulse wave value ratio for each compression pressure,

obtain a characteristic line generated by plotting the cumulatively added pulse wave value ratio in the detection
order of the corresponding compression pressure, and

calculate the blood vessel hardness index based on at least one of

aratio of the cumulatively added pulse wave value ratio corresponding to a predetermined first compression pressure
in the characteristic line and the cumulatively added pulse wave value ratio corresponding to a second compression
pressure that differs from the first compression pressure in the characteristic line, and

a ratio of a compression pressure corresponding to a predetermined first cumulatively added pulse wave value ratio
in the characteristic line and a compression pressure corresponding to a predetermined second cumulatively added
pulse wave value ratio in the characteristic line.

The circulatory dynamics measurement apparatus according to any one of claims 1 to 8, wherein the blood vessel
hardness index is corrected in accordance with physical information of a measured subject.

The circulatory dynamics measurement apparatus according to any one of claims 1 to 9, wherein the blood vessel
hardness index is corrected in accordance with sex.

The circulatory dynamics measurement apparatus according to any one of claims 1 to 10, further comprising:

a condition determination unit configured to determine whether or not the calculated blood pressure exceeds
a blood pressure reference value and determines whether or not the calculated non-blood pressure circulatory
dynamics index exceeds the non-blood pressure circulatory dynamics index reference value to generate a
determination result of the circulatory dynamics,

wherein the display unit (19) shows a message or an image corresponding to the determination result of the
condition determination unit.

The circulatory dynamics measurement apparatus according to any one of claims 1 to 11, wherein

the calculation unit (17, 18; 30) is configured to calculate the blood pressure as a first circulatory dynamics index,
the non-blood pressure circulatory dynamics index as a second circulatory dynamics index, and a third circulatory
dynamics index that differs from the first and second circulatory dynamics indices;

the display unit (19) is configured to show a graph including an axis representing the blood pressure and an axis
representing the non-blood pressure circulatory dynamics index, and a mark at a position defined by the blood
pressure and the non-blood pressure circulatory dynamics index in a plotting area of the graph; and

the display unit (19) is configured to change a display mode of the mark in accordance with a value of the third
circulatory dynamics index.

The circulatory dynamics measurement apparatus according to claim 12, wherein the third circulatory dynamics
index is at least one selected from a Framingham score, an eGFR, or an intima-media thickness of a carotid artery.

Patentanspriiche

1.

Vorrichtung zur Messung von Zirkulationsdynamik (10), mit:

einem Druckausibungselement (11), das ausgebildet ist, ein vorbestimmtes Gebiet eines Teils eines Messob-

18



10

15

20

25

30

35

40

45

50

55

EP 2769 670 B1

jekts mit Druck zu beaufschlagen;

einer Druckerfassungseinheit (13), die ausgebildetist, einen Kompressionsdruck des Druckausiibungselements
(11) zu erfassen;

einer Drucksteuerungseinheit (12), die ausgebildet ist, den Kompressionsdruck des Druckaustbungselements
(11) zu &ndern;

einer Speichereinheit (16), die ausgebildet ist, einen Pulswellenwert, der ein Amplitudenwert einer in dem
vorbestimmten Gebiet auf der Grundlage des Kompressionsdrucks erzeugten Pulswelle ist, und einen Kom-
pressionsdruck (P1, P2 oder P3), der von der Druckerfassungseinheit (13) erfasst wird, zugeordnet zueinander
zu speichern, wenn die Drucksteuerungseinheit (12) den Kompressionsdruck andert;

einer Berechnungseinheit (17, 18; 30), die ausgebildet ist, einen Nicht-Blutdruckzirkulationsdynamikindex und
einen systolischen Blutdruck und/oder einen diastolischen Blutdruck zu berechnen und den Kompressionsdruck
und den Pulswellenwert, die einander zugeordnet sind, zu verwenden; und

einer Anzeigeeinheit (19), die ausgebildet ist, einen Graphen zu prasentieren, der eine Achse enthélt, die einen
Blutdruck angibt, und eine Achse enthalt, die einen Nicht-Blutdruckzirkulationsdynamikindex angibt, wobei die
Anzeigeeinheit (19) in einem Graphikbereich des Graphen eine Position zeigt, die durch den berechneten
Blutdruck und den berechneten Nicht-Blutdruckzirkulationsdynamikindex definiert ist,

wobei der Nicht-Blutdruckzirkulationsdynamikindex zumindest einen BlutgefalRharteindex enthalt, und die Be-
rechnungseinheit (17, 18; 30) ausgebildet ist, den Blutdruckhéarteindex auf der Grundlage einer Hullkurve zu
berechnen, die durch einen kumulativ addierten Pulswellenwert (X1+X2+X3), der durch kumulatives Addieren
der Pulswellenwerte (X1, X2, X3) erzeugt wird, und durch den Kompressionsdruck (P1, P2 oder P3) gebildet
wird, der dem Pulswellenwert (X1, X2 oder X3) zugeordnet ist.

Vorrichtung zur Messung von Zirkulationsdynamik nach Anspruch 1, die ferner aufweist:

eine Ermittlungseinheit, die ausgebildet ist zu ermitteln, ob der berechnete Blutdruck einen Blutdruckreferenz-
wert Ubersteigt oder nicht, und ermittelt, ob der berechnete Nicht-Blutdruckzirkulationsdynamikindex einen Nicht-
Blutdruckzirkulationsdynamikindex-Referenzwert tibersteigt oder nicht, um ein Ermittlungsergebnis fir die Zir-
kulationsdynamik zu erzeugen; und

wobei die Anzeigeeinheit (19) ausgebildet ist, das Ermittilungsergebnis der Ermittlungseinheit anzuzeigen.

Vorrichtung zur Messung von Zirkulationsdynamik nach Anspruch 1, wobei die Anzeigeeinheit (19) ausgebildet ist,
einen Blutdruckreferenzwert und einen Nicht-Blutdruckzirkulationsdynamikindex-Referenzwert in dem Graphen zu
zeigen, um einen Anzeigebereich der Graphik in mehrere Teilgebiete zu unterteilen.

Vorrichtung zur Messung von Zirkulationsdynamik nach Anspruch 2 oder 3, wobei der Blutdruckreferenzwert und
der Nicht-Blutdruckzirkulationsdynamikindex-Referenzwert entsprechend einer physikalischen Information Giber das
Messobjekt festgelegt sind.

Vorrichtung zur Messung von Zirkulationsdynamik nach einem der Anspriiche 1 bis 4, wobei die Anzeigeeinheit
(19) ausgebildet ist, ein aktuellstes Messergebnis und ein vergangenes Messergebnis in dem Graphen zu zeigen.

Vorrichtung zur Messung von Zirkulationsdynamik nach einem der Anspriiche 1 bis 5, wobei der BlutgefaRharteindex
ein Wert ist, der entsprechend einem Blutdruck korrigiert ist.

Vorrichtung zur Messung von Zirkulationsdynamik nach einem der Anspriiche 1 bis 6, wobei die Berechnungseinheit
(17, 18; 30) ausgebildet ist zum

Berechnen eines kumulativ addierten Pulswellenwerts fiir jeden Kompressionsdruck durch kumulatives Addieren
der Pulswellenwerte, die kontinuierlich oder in unterbrochener Weise erhalten werden, wenn sich der Kompressi-
onsdruck &ndert, in einer Erfassungsreihenfolge der entsprechenden Kompressionsdriicke,

Erhalten einer charakteristischen Linie, die durch Aufzeichnen der kumulativ addierten Pulswellenwerte in der Er-
fassungsreihenfolge der entsprechenden Kompressionsdriicke aufgetragen werden, und

Berechnen des BlutgefaRharteindex auf der Grundlage von

einem Verhaltnis eines kumulativ addierten Pulswellenwerts, der einem vorbestimmten ersten Kompressionsdruck
in der charakteristischen Linie entspricht, zu einem kumulativ addierten Pulswellenwert, der einem zweiten Kom-
pressionsdruck entspricht, der sich von dem ersten Kompressionsdruck in der charakteristischen Linie unterscheidet,
und/oder

einem Verhaltnis eines Kompressionsdrucks, der einem vorbestimmten ersten kumulativ addierten Pulswellenwert
in der charakteristischen Linie entspricht, zu einem Kompressionswert, der einem zweiten kumulativ addierten
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Pulswellenwert entspricht, der sich von dem ersten kumulativ addierten Pulswellenwert in der charakteristischen
Linie unterscheidet.

Vorrichtung zur Messung von Zirkulationsdynamik nach einem der Anspriiche 1 bis 7, wobei die Berechnungseinheit
(17, 18; 30) ausgebildet ist zum

Berechnen eines kumulativ addierten Pulswellenwerts fiir jeden Kompressionsdruck durch kumulatives Addieren
der Pulswellenwerte, die kontinuierlich oder in unterbrochener Weise erhalten werden, wenn sich der Kompressi-
onsdruck &ndert, in Erfassungsreihenfolge der entsprechenden Kompressionsdriicke,

Teilen jedes kumulativ addierten Pulswellenwerts durch einen gesamten kumulativ addierten Pulswellenwert, der
durch kumulatives Addieren aller Pulswellenwerte, die wahrend einer Blutdruckmessung erhalten werden, erzeugt
wird, um ein Verhaltnis kumulativ addierter Pulswellenwerte fiir jeden Kompressionsdruck zu berechnen,

Erhalten einer charakteristischen Linie, die erzeugt wird, indem das Verhaltnis der kumulativ addierten Pulswellen-
werte in der Erfassungsreihenfolge des entsprechenden Kompressionsdrucks aufgetragen wird, und

Berechnen des BlutdruckgefalRharteindex auf der Grundlage

eines Verhaltnisses des kumulativ addierten Pulswellenwertverhaltnisses, das einem vorbestimmten ersten
Kompressionsdruck in der charakteristischen Linie entspricht, zu dem kumulativ addierten Pulswellenwertver-
haltnis, das einem zweiten Kompressionsdruck entspricht, der sich von dem ersten Kompressionsdruck in der
charakteristischen Linie unterscheidet, und/oder

eines Verhaltnisses eines Kompressionsdrucks, der einem vorbestimmten ersten kumulativ addierten Pulswel-
lenwertverhaltnis in der charakteristischen Linie entspricht, zu einem Kompressionsdruck, der einem vorbe-
stimmten zweiten kumulativ addierten Pulswellenwertverhaltnis in der charakteristischen Linie entspricht.

Vorrichtung zur Messung von Zirkulationsdynamik nach einem der Anspriiche 1 bis 8, wobei der Blutgefa3harteindex
gemal einer physikalischen Information eines Messobjekts korrigiert ist.

Vorrichtung zur Messung von Zirkulationsdynamik nach einem der Anspriiche 1 bis 9, wobei der Blutgefa3harteindex
gemal dem Geschlecht korrigiert ist.

Vorrichtung zur Messung von Zirkulationsdynamik nach einem der Anspriiche 1 bis 10, die ferner aufweist:

eine Zustandsermittlungseinheit, die ausgebildet ist zu ermitteln, ob der berechnete Blutdruck einen Blutdruck-
referenzwert Uibersteigt oder nicht, und ausgebildet ist zu ermitteln, ob der berechnete Nicht-Blutdruckzirkula-
tionsdynamikindex den Nicht-Blutdruckzirkulationsdynamikindex-Referenzwert ibersteigt oder nicht, um ein
Ermittlungsergebnis fiir die Zirkulationsdynamik zu erzeugen,

wobei die Anzeigeeinheit (19) eine Nachricht oder ein Bild, die bzw. das dem Ermittlungsergebnis der Zustand-
sermittlungseinheit entspricht, anzeigt.

Vorrichtung zur Messung von Zirkulationsdynamik nach einem der Anspriiche 1 bis 11, wobei

die Berechnungseinheit (17, 18; 30) ausgebildet ist, den Blutdruck als einen ersten Zirkulationsdynamikindex zu
berechnen, den Nicht-Blutdruckzirkulationsdynamikindex als einen zweiten Zirkulationsdynamikindex zu berechnen
und einen dritten Zirkulationsdynamikindex zu berechnen, der sich von dem ersten und dem zweiten Zirkulations-
dynamikindex unterscheidet;

die Anzeigeeinheit (19) ausgebildet ist, einen Graphen anzuzeigen, der eine den Blutdruck reprasentierende Achse
und eine den Nicht-Blutdruckzirkulationsdynamikindex reprasentierende Achse enthalt, und ferner ausgebildet ist,
eine Markierung an einer Position, die durch den Blutdruck und den Nicht-Blutdruckzirkulationsdynamikindex defi-
niert ist, in einem Anzeigebereich des Graphen anzuzeigen; und

die Anzeigeeinheit (19) ausgebildet ist, einen Anzeigemodus fiir die Markierung gemafR einem Wert des dritten
Zirkulationsdynamikindex zu &ndern.

Vorrichtung zur Messung von Zirkulationsdynamik nach Anspruch 12, wobei der dritte Zirkulationsdynamikindex
mindestens einer ist, der ausgewahlt ist aus: einem Framingham-Auswerteergebnis, einem eGFR, oder einer Intima-
Media-Dicke einer Halsschlagader.

Revendications

1.

Appareil de mesure de dynamique circulatoire (10), comprenant :
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un élément d’application de pression (11) configuré pour comprimer une région prédéterminée d’un corps d’'un
sujet mesuré ;

une unité de détection de pression (13) configurée pour détecter une pression de compression de I'élément
d’application de pression (11) ;

une unité de commande de pression (12) configurée pour changer la pression de compression de I'élément
d’application de pression (11) ;

une unité de stockage (16) configurée pour stocker une valeur d’'onde de pouls, qui est une valeur d’amplitude
d’'une onde de pouls générée au niveau de la région prédéterminée sur la base de la pression de compression,
et une pression de compression (P1, P2 ou P3), qui est détectée par l'unité de détection de pression (13), en
association 'une avec I'autre lorsque I'unité de commande de pression (12) modifie la pression de compression ;
une unité de calcul (17, 18 ; 30) configurée pour calculer un indice de dynamique circulatoire non lié a la pression
artérielle et au moins I'une parmi une pression artérielle systolique et une pression artérielle diastolique et
utilisant la pression de compression et la valeur d’'onde de pouls qui sont associées a I'une a l'autre ; et

une unité d’affichage (19) configurée pour présenter un graphique comprenant un axe indiquant une pression
artérielle etun axe indiquant un indice de dynamique circulatoire non lié a la pression artérielle, 'unité d’affichage
(19) présentant dans une zone de tracé du graphique une position définie par la pression artérielle calculée et
l'indice calculé de dynamique circulatoire non lié a la pression artérielle,

dans lequel I'indice de dynamique circulatoire non lié a la pression artérielle comprend au moins un indice de
dureté de vaisseau sanguin, et I'unité de calcul (17, 18 ; 30) est configurée pour calculer I'indice de dureté de
vaisseau sanguin sur la base d’'une enveloppe formée par une valeur d’onde de pouls ajoutée de maniere
cumulative (X1+X2+X3) générée par I'addition cumulative des valeurs d’'onde de pouls (X1, X2, X3) et par la
pression de compression (P1, P2 ou P3) associée a la valeur d’'onde de pouls (X1, X2 ou X3).

2. Appareil de mesure de dynamique circulatoire selon la revendication 1, comprenant en outre :

une unité de détermination configurée pour déterminer si la pression artérielle calculée dépasse ou non une
valeur de référence de pression artérielle et détermine si I'indice calculé de dynamique circulatoire non lié¢ a la
pression artérielle dépasse ou non une valeur de référence d’indice de dynamique circulatoire non lié a la
pression artérielle pour générer un résultat de détermination de la dynamique circulatoire ; et

'unité d’affichage (19) est configurée pour afficher le résultat de détermination de I'unité de détermination.

Appareil de mesure de dynamique circulatoire selon la revendication 1, dans lequel I'unité d’affichage (19) est
configurée pour présenter une valeur de référence de pression artérielle et une référence d’'indice de dynamique
circulatoire non lié a la pression artérielle dans le graphique pour diviser une zone de tracé du graphique en une
pluralité de sous-régions.

Appareil de mesure de dynamique circulatoire selon la revendication 2 ou 3, dans lequel la valeur de référence de
pression artérielle et la valeur de référence d’'indice de dynamique circulatoire non lié a la pression artérielle sont
établies conformément a des informations physiques du sujet mesuré.

Appareil de mesure de dynamique circulatoire selon 'une quelconque des revendications 1 a 4, dans lequel I'unité
d’affichage (19) est configurée pour présenter un résultat de mesure le plus récent et un résultat de mesure passé
dans le graphique.

Appareil de mesure de dynamique circulatoire selon I'une quelconque des revendications 1 a 5, dans lequel I'indice
de dureté de vaisseau sanguin est une valeur corrigée par une pression artérielle.

Appareil de mesure de dynamique circulatoire selon I'une quelconque des revendications 1 a 6,

dans lequel 'unité de calcul (17, 18 ; 30) est configurée pour

calculer une valeur d'onde de pouls ajoutée de maniére cumulative pour chaque pression de compression en
ajoutant de maniére cumulative les valeurs d’onde de pouls acquises de maniére continue ou intermittente acquises
lorsque la pression de compression change dans un ordre de détection des pressions de compression correspon-
dantes,

obtenir une ligne caractéristique générée en tracant les valeurs d’'onde de pouls ajoutées de maniére cumulative
dans l'ordre de détection des pressions de compression correspondantes, et

calculer I'indice de dureté de vaisseau sanguin sur la base d’au moins I'un parmi

un rapport entre une valeur d’'onde de pouls ajoutée de maniére cumulative correspondant a une premiére pression
de compression prédéterminée dans la ligne caractéristique et une valeur d'onde de pouls ajoutée de maniére
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cumulative correspondant a une seconde pression de compression qui differe de la premiere valeur de pression
de compression dans la ligne caractéristique, et

un rapport entre une pression de compression correspondant a une premiere valeur d’'onde de pouls ajoutée de
maniére cumulative prédéterminée dans la ligne caractéristique et une pression de compression correspondant a
une seconde valeur d’'onde de pouls ajoutée de maniére cumulative qui différe de la premiére valeur d’onde de
pouls ajoutée de maniére cumulative dans la ligne caractéristique.

Appareil de mesure de dynamique circulatoire selon I'une quelconque des revendications 1 a 7, dans lequel I'unité
de calcul (17, 18 ; 30) est configurée pour calculer une valeur d’onde de pouls ajoutée de maniére cumulative pour
chaque pression de compression en ajoutant de maniére cumulative les valeurs d’onde de pouls acquises de
maniére continue ou intermittente acquises lorsque la pression de compression change dans un ordre de détection
des pressions de compression correspondantes,

diviser chaque valeur d’onde de pouls ajoutée de maniére cumulative par une valeur totale d’'onde de pouls ajoutée
de maniere cumulative générée en ajoutant de maniére cumulative toutes les valeurs d’'onde de pouls acquises lors
d’'une mesure de pression artérielle afin de calculer un rapport de valeur d’'onde de pouls ajoutée de maniéere
cumulative pour chaque pression de compression,

obtenir une ligne caractéristique générée en tracant le rapport de valeur d'onde de pouls ajoutée de maniere cu-
mulative dans I'ordre de détection de la pression de compression correspondante, et

calculer l'indice de dureté de vaisseau sanguin sur la base d’au moins I'un parmi un rapport entre le rapport de
valeur d’onde de pouls ajoutée de maniére cumulative correspondant a une premiére pression de compression
prédéterminée dans la ligne caractéristique et le rapport de valeur d’'onde de pouls ajoutée de maniere cumulative
correspondant a une seconde pression de compression qui difféere de la premiére pression de compression dans
la ligne caractéristique, et

un rapport entre une pression de compression correspondant a un premier rapport de valeur d’'onde de pouls ajoutée
de maniere cumulative prédéterminée dans la ligne caractéristique et une pression de compression correspondant
a un second rapport de valeur d’'onde de pouls ajoutée de maniére cumulative prédéterminée dans la ligne carac-
téristique.

Appareil de mesure de dynamique circulatoire selon 'une quelconque des revendications 1 a 8, dans lequel I'indice
de dureté de vaisseau sanguin est corrigé conformément a des informations physiques d’un sujet mesuré.

Appareil de mesure de dynamique circulatoire selon 'une quelconque des revendications 1 a 9, dans lequel I'indice
de dureté de vaisseau sanguin est corrigé en fonction du sexe.

Appareil de mesure de dynamique circulatoire selon I'une quelconque des revendications 1 a 10, comprenant en
outre :

une unité de détermination de condition configurée pour déterminer si la pression artérielle calculée dépasse
ou non une valeur de référence de pression artérielle et déterminer si lI'indice de dynamique circulatoire non lié
a la pression artérielle calculé dépasse ou non la valeur de référence d’'indice de dynamique circulatoire non
lié a la pression artérielle pour générer un résultat de détermination de la dynamique circulatoire,

dans lequel I'unité d’affichage (19) présente un message ou une image correspondant au résultat de détermi-
nation de l'unité de détermination de condition.

Appareil de mesure de dynamique circulatoire selon I'une quelconque des revendications 1 a 11, dans lequel
I'unité de calcul (17, 18 ; 30) est configurée pour calculer la pression artérielle en tant que premier indice de dynamique
circulatoire, I'indice de dynamique circulatoire non lié a la pression artérielle en tant que deuxiéme indice de dyna-
mique circulatoire, et un troisieme indice de dynamique circulatoire différent des premier et deuxiéme indices de
dynamique circulatoire ;

'unité d’affichage (19) est configurée pour présenter un graphique comprenant un axe représentant la pression
artérielle et un axe représentant I'indice de dynamique circulatoire non lié a la pression artérielle, et une marque a
une position définie par la pression artérielle et I'indice de dynamique circulatoire non lié a la pression artérielle
dans une zone de tracé du graphique ; et

I'unité d’affichage (19) est configurée pour changer un mode d’affichage de la marque en fonction d’'une valeur du
troisiéme indice de dynamique circulatoire.

Appareil de mesure de dynamique circulatoire selon larevendication 12, dans lequel le troisieme indice de dynamique
circulatoire est au moins I'un parmi un score de Framingham, un eGFR ou une épaisseur intima-média d’une artére
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